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v

We are very excited to introduce this new book on spinal surgery, which fol-

lows the curriculum of the EUROSPINE basic and advanced diploma courses. 

The approach we take is a purely case-based one, in which each case illus-

trates the concepts surrounding the treatment of a given pathology, including 

the uncertainties and problems in decision-making. The readers will notice 

that in many instances a lack of evidence for a given treatment exists. So deci-

sions taken are usually not a clearcut matter of black or white, but merely 

different shades of gray. Probably in a lot of cases, there is often more than 

one option to treat the patient. The authors were asked to convey this message 

to the reader, giving him a guidance as what would be accepted within the 

mainstream. In addition, the reader is provided with the most updated litera-

ture and evidence on the topic.

Most of the authors are teachers in the courses of EUROSPINE or other 

national societies with often vast clinical experience and have given their own 

perspective and reasoning.

We believe that the readers will profit very much from this variety and 

bandwidth of knowledge provided for them in the individual chapters. We 

have given the authors extensive liberty as to what they consider the best 

solution for their case. It is thus a representative picture of what is considered 

standard of care for spine pathologies in Europe.

We hope that this book will be an ideal complement for trainees to the 

courses they take.

Munich, Germany Bernhard Meyer

Offenbach, Germany Michael Rauschmann

Preface



vii

Part I  Basic Module 1: Conservative Therapy

 1  Treatment for Acute, Subacute and Chronic Low  

Back Pain . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .   3

Ehab Shiban and Bernhard Meyer

 2  Indications for Emergency Surgical Treatment . . . . . . . . . . . . . .   9

Max Jägersberg and Enrico Tessitore

Part II  Basic Module 2: Surgical Treatment of Degenerative  

Cervical, Thoracic and Lumbar Spinal Pathologies

 3  Anterior Cervical Subaxial Treatment (Fusion)  . . . . . . . . . . . . .  19

Florian Ringel and Sven R. Kantelhardt

 4  Cervical Motion Preserving Procedures (TDR) . . . . . . . . . . . . . .  25

Florian Ringel and Eleftherios Archavlis

 5  Posterior ‘Motion Preserving’ Procedures (Frykholm)  . . . . . . .  33

Florian Ringel and Angelika Gutenberg

 6  Cervical Myelopathy: Indication and Operative Procedure . . . .  39

Marcus Czabanka and Peter Vajkoczy

 7  Cervical Posterior Long Construct Stabilization . . . . . . . . . . . . .  51

Lukas Bobinski

 8  Thoracic Disc Herniation and Myelopathy  . . . . . . . . . . . . . . . . .  59

Bernhard Meyer and Sandro M. Krieg

 9  Lumbar Disc Herniation, Nucleo- and Sequesterectomy  . . . . . .  65

N. A. van der Gaag and Wouter A. Moojen

 10  Lumbar Spinal Stenosis Requiring Decompression  

and Fusion . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  71

Ioannis Magras, Alkinoos Athanasiou, and Vasiliki Magra

 11  Lumbar Spinal Stenosis . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  77

Ioannis Magras, Alkinoos Athanasiou, and Vasiliki Magra

 12  Degenerative Spondylolisthesis  . . . . . . . . . . . . . . . . . . . . . . . . . . .  81

Juan D. Patino and Jesús Lafuente

Contents



viii

 13  Basic Degenerative Lumbar Scoliosis . . . . . . . . . . . . . . . . . . . . . .  87

Sebastian Hartmann, Anja Tschugg, and Claudius Thomé

 14  Thoracolumbar Instrumentation and Fusion  

for Degenerative Disc Disease  . . . . . . . . . . . . . . . . . . . . . . . . . . . .  95

Sven Kevin Tschoeke

 15  Lumbar Non-Fusion Techniques . . . . . . . . . . . . . . . . . . . . . . . . . . 109

Michael Stoffel

 16  Management of Failed Back Surgery Syndrome . . . . . . . . . . . . . 117

Ehab Shiban and Bernhard Meyer

 17  Surgical Treatment Options at the Sacroiliac Joint . . . . . . . . . . . 123

Simon Bayerl, Dimitri Tkatschenko, Julius Dengler,  

and Peter Vajkoczy

 18  Navigation of the Cervical, Thoracic and Lumbar Spine . . . . . . 129

Hanno S. Meyer and Yu-Mi Ryang

Part III  Basic Module 3: Deformity

 19  Natural Course and Classification of Idiopathic Scoliosis  . . . . . 141

Massimo Balsano and Stefano Negri

 20  Diagnosis and Conservative Treatment of Adolescent  

Idiopathic Scoliosis: Case Presentation. . . . . . . . . . . . . . . . . . . . . 149

Massimo Balsano and Stefano Negri

 21  Idiopathic Scoliosis: Operative Treatment . . . . . . . . . . . . . . . . . . 153

Ulf Liljenqvist

 22  A Congenital Scoliosis Case Characterized  

with Contralateral Hemivertebrae  . . . . . . . . . . . . . . . . . . . . . . . . 159

Alpaslan Senkoylu and R. Emre Acaroglu

 23  Delayed Neurological Deficit and Surgical Site Infection  

After Pedicle Subtraction Osteotomy in a Revision Case . . . . . . 165

Susana Núñez-Pereira and Ferran Pellisé

 24  Operative Treatment of High- Grade Spondylolisthesis  . . . . . . . 173

Dezsö Jeszenszky and Markus Loibl

 25  Parameters of Spino-Pelvic Balance, Etiology  

and Pathogenesis of Disturbed Spino-Pelvic Balance  . . . . . . . . . 185

Aurélie Toquart and Cédric Y. Barrey

 26  Diagnosis, Classification and General Treatment  

Options for Hyperkyphosis  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 197

Mohammad Arabmotlagh and Michael Rauschmann

 27  Scheuermann Kyphosis and Ankylosing Spondylitis . . . . . . . . . . 203

Mohammad Arabmotlagh and Michael Rauschmann

 Contents



ix

 28  Surgical Correction and Special Features  

in Traumatic and Congenital Kyphotic Deformities . . . . . . . . . . 211

Sleiman Haddad, Antonia Matamalas,  

and Ferran Pellisé

Part IV  Basic Module 4: Spinal Fractures

 29  Epidemiology & Classification . . . . . . . . . . . . . . . . . . . . . . . . . . . . 223

Matti Scholz and Frank Kandziora

 30  Pre-Hospital Management, Physical Examination  

& Polytrauma Management . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 233

Philipp Schleicher and Frank Kandziora

 31  Spinal Cord Injury . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 243

Sandro M. Krieg

 32  Upper Cervical Spine Trauma . . . . . . . . . . . . . . . . . . . . . . . . . . . . 253

Yu-Mi Ryang

 33  Subaxial Cervical Trauma . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 269

Rodolfo Maduri and John M. Duff

 34  Management Criteria for Thoracic, Thoracolumbar  

and Lumbar Fractures . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 275

Esat Kiter and Nusret Ok

 35  Posterior Surgical Management of Thoracic and Lumbar 

Fractures  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 281

Yann Philippe Charles

 36  Anterior Surgical Management of Thoracic  

and Lumbar Fractures . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 289

Jens Castein and Frank Kandziora

 37  Sacral Fractures  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 299

Ulas Yildiz and Frank Kandziora

 38  Spine Injuries in the Elderly  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 309

Maria Wostrack and Bernhard Meyer

 39  Spinal Trauma in Patients with Ankylosing  

Spinal Conditions  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 319

Dominique A. Rothenfluh and David Kieser

Part V  Basic Module 5: Tumors of Spine  

and Inflammatory Diseases

 40  Vertebral Osteomyelitis: Etiology, Pathogenesis,  

Routes of Spread Symptoms and Diagnosis . . . . . . . . . . . . . . . . . 327

Christoph Fleege and Michael Rauschmann

Contents



x

 41  Pyogenic Infection Following Single Level Nucleotomy  . . . . . . . 339

Andrei Slavici

 42 Diagnostics and Treatment of C1/C2-Instability  

in Rheumatoid Arthritis . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 345

George K. Prezerakos and Adrian T. H. Casey

 43 Treatment Options in Severe Cervico-Thoracal Deformity  

in “Bechterew’s Disease”  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 353

George K. Prezerakos and Adrian T. H. Casey

 44  Diagnosis and Treatment of the Occipito-Atlantoaxial  

Complex and Subaxial Cervical Spine  

in Rheumatoid Diseases  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 363

Marcus Richter

 45  Osteoporosis (Etiology, Diagnosis, Drug Therapy,  

Surgical Therapy) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 369

Haiko Pape and Yu-Mi Ryang

 46  Benign Tumors and Tumor Like Lesions  . . . . . . . . . . . . . . . . . . . 377

Yu-Mi Ryang

 47  Primary Malignant Tumors . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 385

Marcus Rickert and M. Rauschmann

 48  Secondary Malignant Tumors (Diagnosis, Staging, Surgical 

Treatment and Adjuvant Therapy) . . . . . . . . . . . . . . . . . . . . . . . . 401

Jens Gempt

Part VI  Advanced Module 1: Extended Indications  

and Advanced Operative Techniques

 49  Indications for Craniocervical Surgery and Anterior  

Resection Techniques (Endonasal, Transoral) . . . . . . . . . . . . . . . 411

Jens Gempt

 50  C0/C1/C2 Instrumentation Techniques . . . . . . . . . . . . . . . . . . . . . 417

Anja Tschugg, Sebastian Hartmann, and Claudius Thomé

 51  Basilar Invagination . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 423

Anja Tschugg, Sebastian Hartmann, and Claudius Thomé

 52  Corpectomies and Osteotomies in the Upper Thoracic  

Spine and Cervicothoracic Region  . . . . . . . . . . . . . . . . . . . . . . . . 429

Nils Hecht, Marcus Czabanka, and Peter Vajkoczy

 53  Cervicothoracic Kyphosis in Ankylosing Spondilitis . . . . . . . . . . 437

Bernhard Meyer and Lukas Bobinski

 54  Sagittal Balance and Preoperative Planning  . . . . . . . . . . . . . . . . 447

A. El Rahal, F. Solla, V. Fiere, Aurélie Toquart,  

and Cédric Y. Barrey

 Contents



xi

 55  Technical Execution of Correction  

Osteotomies (SPO, PSO, etc.) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 459

Florian Ringel

 56  Instrumentation Techniques Including Sacral  

and Pelvic Fixation . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 465

Yann Philippe Charles

 57  Degenerative Lumbar Scoliosis . . . . . . . . . . . . . . . . . . . . . . . . . . . 473

Sebastian Hartmann, Anja Tschugg, and Claudius Thomé

 58  Long Versus Short Constructs . . . . . . . . . . . . . . . . . . . . . . . . . . . . 481

Sebastian Hartmann, Anja Tschugg, and Claudius Thomé

 59  In Situ Fusion Versus Realignment . . . . . . . . . . . . . . . . . . . . . . . . 489

Lars Wessels and Peter Vajkoczy

 60  Surgical Management of Developmental High-Grade 

Spondylolisthesis . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 495

Sleiman Haddad, Kimia Rahnama Zand, and Ferran Pellisé

 61  Indications and Technique of Thoracic En Bloc Resections . . . . 505

Dominique A. Rothenfluh and Jeremy J. Reynolds

 62  Primary Bone Tumour Indication and Planning  

of En Bloc Resection . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 513

Dominique A. Rothenfluh and Etienne Bourassa-Moreau

 63  Minimally Invasive (Long) Dorsal Instrumentation  

Including Augmentation for Metastasis  . . . . . . . . . . . . . . . . . . . . 523

Ehab Shiban and Bernhard Meyer

 64  En Bloc Resection for Metastatic Disease . . . . . . . . . . . . . . . . . . . 533

Ulf Liljenqvist

 65  Principles of Posterior Surgery in Adolescent  

Idiopathic Scoliosis . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 539

R. Emre Acaroglu and Michael E. Doany

 66  Tumors of the Sacrum  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 547

Sandro M. Krieg and Bernhard Meyer

 67  Radical Excision Is Beneficial for Chordoma? . . . . . . . . . . . . . . . 563

Martin Gehrchen

 68  Intradural Extramedullary Lesions  . . . . . . . . . . . . . . . . . . . . . . . 567

Anna Zdunczyk and Peter Vajkoczy

 69  Indications and Technique for Intradural  

Intramedullary Lesions  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 573

Maria Wostrack

Contents



xii

Part VII  Advanced Module 2: Complications  

and Management

 70  Safety Checklist for Spine Patients . . . . . . . . . . . . . . . . . . . . . . . . 585

Sandro M. Krieg

 71  Positioning of the Patient and Related Complications  . . . . . . . . 599

Florian Ringel and Jens Conrad

 72  Post-laminectomy Kyphosis . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 607

Hanno S. Meyer

 73  Failed Back Surgery Syndrome: The Scar Is a Myth  . . . . . . . . . 613

Sebastian Ille, Sandro M. Krieg, and Bernhard Meyer

 74  Adjacent Segment Disease with 13 Years Follow  

Up and Five Operations . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 621

Jörg Franke and S. Michalitsis

 75  Management of Postoperative Infections . . . . . . . . . . . . . . . . . . . 631

Marcus Rickert

 76  Management of Pseudarthrosis with Implant Failure . . . . . . . . . 641

Christoph Fleege

 77  Proximal Junctional Kyphosis Despite Best  

Efforts in Planning and Execution  . . . . . . . . . . . . . . . . . . . . . . . . 649

Caglar Yilgor and R. Emre Acaroglu

 78  Management of Failure of Osteoporotic Fixation  . . . . . . . . . . . . 659

Andreas Pingel and Frank Kandziora

 79  Postoperative C5 palsy . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 667

David Rodríguez-Rubio and Jesús Lafuente

 80  Nonspinal Complications . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 673

Sandro M. Krieg

 81  Management of CSF Fistula  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 697

John M. Duff and Rodolfo Maduri

Correction to: Diagnosis and Treatment of the  

Occipito-Atlantoaxial Complex and Subaxial Cervical  

Spine in Rheumatoid Diseases  . . . . . . . . . . . . . . . . . . . . . . . . . . .  C1

 Index . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 703

 Contents



xiii

R. Emre Acaroglu Ankara Spine Center, Ankara, Turkey

Mohammad  Arabmotlagh Spine Department, Academic University 

Hospital Sana Klinik Offenbach, Goethe University Frankfurt, Offenbach, 

Germany

Eleftherios  Archavlis Department of Neurosurgery, Universitätsmedizin 

Mainz, Johannes Gutenberg Universität Mainz, Mainz, Germany

Alkinoos Athanasiou First Department of Neurosurgery, AHEPA University 

General Hospital, Aristotle University of Thessaloniki, Thessaloniki, Greece

Massimo  Balsano UOC Ortopedia e Traumatologia, Regional Spinal 

Department, AOUI, Verona, Italy

Cédric Y. Barrey Department of Spine and Spinal Cord Surgery, University 

Hospital Pierre Wertheimer (GHE), Claude Bernard University of Lyon 1, 

Hospices Civils de Lyon, Lyon, France

Simon Bayerl Department of Neurosurgery, Charitè – Universitätsmedizin 

Berlin, Berlin, Germany

Lukas Bobinski Department of Orthopedics, Spine Unit, Umeå University 

Hospital, Umeå, Sweden

Etienne Bourassa-Moreau Oxford University Hospitals NHS Foundation 

Trust, Nuffield Orthopaedic Centre, Oxford, UK

Adrian T. H. Casey Victor Horsley Department of Neurosurgery, The National 

Hospital for Neurology and Neurosurgery, Queen Square, London, UK

Jens Castein Zentrum für Wirbelsäulenchirurgie und Neurotraumatologie, 

BG Unfallklinik Frankfurt am Main, Frankfurt am Main, Germany

Yann  Philippe  Charles Service de Chirurgie du Rachis, Hôpitaux 

Universitaires de Strasbourg, Strasbourg, France

Jens  Conrad Department of Neurosurgery, Universitätsmedizin Mainz, 

Johannes Gutenberg Universität Mainz, Mainz, Germany

Marcus Czabanka Department of Neurosurgery, Charité – Universitätsmedizin 

Berlin, Berlin, Germany

Contributors



xiv

Julius Dengler Department of Neurosurgery, Charitè – Universitätsmedizin 

Berlin, Berlin, Germany

Michael  E.  Doany Department of Orthopedics, Stony Brook University, 

Stony Brook, NY, USA

John M. Duff Department of Clinical Neurosciences, University Hospital of 

Lausanne, CHUV, Lausanne, Switzerland

A.  El Rahal Department of Spine and Spinal Cord Surgery, University 

Hospital Pierre Wertheimer (GHE), Claude Bernard University of Lyon 1, 

Hospices Civils de Lyon, Lyon, France

V.  Fiere Department of Spine Surgery, Mermoz Private Hospital, Lyon, 

France

Christoph  Fleege Spine Department, Orthopaedic University Hospital 

Friedrichsheim, Frankfurt, Germany

Jörg Franke Department of Orthopedics, Klinikum Magdeburg, Magdeburg, 

Germany

Martin  Gehrchen Spine Unit, Department of Orthopaedic Surgery 

Rigshospitalet, University of Copenhagen, Copenhagen, Denmark

Jens  Gempt Department of Neurosurgery, Klinikum rechts der Isar, 

Technische Universität München, Munich, Germany

Angelika  Gutenberg Department of Neurosurgery, Universitätsmedizin 

Mainz, Johannes Gutenberg Universität Mainz, Mainz, Germany

Sleiman  Haddad Department of Orthopaedic Surgery, Spine Unit, 

University Hospital Vall d’Hebron, Barcelona, Spain

Spine Surgery, Hospital Universitari Vall d’Hebron, Spine Institute Hospital 

Quiron, Barcelona, Spain

Sebastian  Hartmann Department of Neurosurgery, Medical University 

Innsbruck, Innsbruck, Austria

Nils  Hecht Department of Neurosurgery, Charité  – Universitätsmedizin 

Berlin, Berlin, Germany

Sebastian  Ille Department of Neurosurgery, Klinikum rechts der Isar, 

Technische Universität München, Munich, Germany

Max Jägersberg Department of Neurosurgery, University Medical Center 

Mainz, Mainz, Germany

Dezsö Jeszenszky Department of Spine Surgery, Schulthess Klinik, Zürich, 

Switzerland

Frank  Kandziora Zentrum für Wirbelsäulenchirurgie und 

Neurotraumatologie, Berufsgenossenschaftliche Unfallklinik Frankfurt 

am Main, Frankfurt am Main, Germany

 Contributors



xv

Sven  R.  Kantelhardt Department of Neurosurgery, Universitätsmedizin 

Mainz, Johannes Gutenberg Universität Mainz, Mainz, Germany

David Kieser University of Otago, Department of Orthopaedic Surgery and 

Musculoskeletal Medicine, Christchurch School of Medicine, Christchurch, 

New Zealand

Esat  Kiter Pamukkale University, Department of Orthopedics, Denizli, 

Turkey

Sandro M. Krieg Department of Neurosurgery, Klinikum rechts der Isar, 

Technische Universität München, Munich, Germany

Jesús Lafuente Servicio de Neurocirugía, Hospital del Mar, Universidad de 

Barcelona, Barcelona, Spain

Ulf  Liljenqvist Department for Spine Surgery, St. Franziskus Hospital, 

Münster, Germany

Markus  Loibl Department of Spine Surgery, Schulthess Klinik, Zürich, 

Switzerland

Rodolfo Maduri Department of Clinical Neurosciences, University Hospital 

of Lausanne, CHUV, Lausanne, Switzerland

Ioannis  Magras First Department of Neurosurgery, AHEPA University 

General Hospital, Aristotle University of Thessaloniki, Thessaloniki, Greece

Vasiliki Magra Plastic Surgery Department, Lister Hospital, East & North 

Hertfordshire NHS Trust, Hertfordshire, UK

Antonia  Matamalas Department of Orthopaedic Surgery, Spine Unit, 

University Hospital Vall d’Hebron, Barcelona, Spain

Bernhard  Meyer Department of Neurosurgery, Klinikum rechts der Isar, 

Technische Universität München, Munich, Germany

Hanno  S.  Meyer Department of Neurosurgery, Klinikum rechts der Isar, 

Technische Universität München, Munich, Germany

S. Michalitsis Department of Orthopedics, Klinikum Magdeburg, Magdeburg, 

Germany

Wouter A. Moojen Haaglanden Medical Center, The Hague, The Netherlands

Haga Teaching Hospital, The Hague, The Netherlands

Leiden University Medical Center, Leiden, The Netherlands

Stefano Negri UOC Ortopedia e Traumatologia, Regional Spinal Department, 

AOUI, Verona, Italy

Susana  Núñez-Pereira Spine Unit, Hospital Universitario Donostia, 

Donostia/San Sebastián, Spain

Nusret  Ok Pamukkale University, Department of Orthopedics, Denizli, 

Turkey

Contributors



xvi

Haiko  Pape Department of Neurosurgery, Klinikum rechts der Isar, 

Technische Universität München, Munich, Germany

Juan D. Patino Neurosurgery Department, Hospital de la Santa Creu i Sant 

Pau, Barcelona, Spain

Ferran Pellisé Department of Orthopaedic Surgery, Spine Unit, University 

Hospital Vall d’Hebron, Barcelona, Spain

Andreas Pingel Zentrum für Wirbelsäulenchirurgie und Neurotraumatologie, 

BG Unfallklinik Frankfurt am Main, Frankfurt, Germany

George  K.  Prezerakos Victor Horsley Department of Neurosurgery, The 

National Hospital for Neurology and Neurosurgery, Queen Square, London, UK

Michael  Rauschmann Department of Spine Surgery, Sana Klinikum 

Offenbach, Offenbach, Germany

Jeremy J. Reynolds Oxford University Hospitals NHS Foundation Trust, 

Nuffield Orthopaedic Centre, Oxford, UK

Marcus Richter Spine Center, St. Josefs-Hospital, Wiesbaden, Germany

Marcus Rickert Orthopaedic University Hospital Friedrichsheim gGmbH 

Frankfurt, Frankfurt am Main, Germany

Florian  Ringel Department of Neurosurgery, Universitätsmedizin Mainz, 

Johannes Gutenberg Universität Mainz, Mainz, Germany

David  Rodríguez-Rubio Servicio de Neurocirugía, Hospital del Mar, 

Universidad de Barcelona, Barcelona, Spain

Dominique  A.  Rothenfluh Oxford University Hospitals NHS Foundation 

Trust, Nuffield Orthopaedic Centre, Oxford, UK

Yu-Mi  Ryang Department of Neurosurgery, Klinikum rechts der Isar, 

Technische Universität München, Munich, Germany

Philipp Schleicher Zentrum für Wirbelsäulenchirurgie und Neuro-

traumatologie, Berufsgenossenschaftliche Unfallklinik Frankfurt am Main, 

Frankfurt am Main, Germany

Matti Scholz Zentrum für Wirbelsäulenchirurgie und Neurotraumatologie, 

Berufsgenossenschaftliche Unfallklinik Frankfurt am Main, Frankfurt am 

Main, Germany

Alpaslan Senkoylu Gazi University, Ankara, Turkey

Ehab  Shiban Department of Neurosurgery, Klinikum rechts der Isar, 

Technische Universität München, Munich, Germany

Andrei Slavici Department of Spine and Reconstructive Orthopedic Surgery, 

Sana Klinikum Offenbach, Offenbach am Main, Germany

F.  Solla Department of Pediatrics Orthopedics, Lenval Hospital, Nice, 

France

 Contributors



xvii

Michael  Stoffel Department of Neurosurgery, Helios Klinikum Krefeld, 

Krefeld, Germany

Enrico  Tessitore Department of Neurosurgery, Faculty of Medicine, 

University of Geneva, Geneva, Switzerland

Claudius Thomé Department of Neurosurgery, Medical University Innsbruck, 

Innsbruck, Austria

Dimitri  Tkatschenko Department of Neurosurgery, Charitè  – 

Universitätsmedizin Berlin, Berlin, Germany

Aurélie Toquart Department of Spine and Spinal Cord Surgery, University 

Hospital Pierre Wertheimer (GHE), Claude Bernard University of Lyon 1, 

Hospices Civils de Lyon, Lyon, France

Sven Kevin Tschoeke Department of Spine Surgery, Klinikum Dortmund 

gGmbH, Dortmund, Germany

Anja Tschugg Department of Neurosurgery, Medical University Innsbruck, 

Innsbruck, Austria

Peter Vajkoczy Department of Neurosurgery, Charitè – Universitätsmedizin 

Berlin, Berlin, Germany

N. A. van der Gaag Haaglanden Medical Center, The Hague, The 

Netherlands

Haga Teaching Hospital, The Hague, The Netherlands

Lars  Wessels Department of Neurosurgery, Charité Universitätsmedizin 

Berlin, Berlin, Germany

Maria  Wostrack Department of Neurosurgery, Klinikum rechts der Isar, 

Technische Universität München, Munich, Germany

Ulas  Yildiz Zentrum für Wirbelsäulenchirurgie und Neurotraumatologie, 

BG Unfallklinik Frankfurt am Main, Frankfurt, Germany

Caglar  Yilgor Acibadem Mehmet Ali Aydinlar University School of 

Medicine, Department of Orthopedics and Traumatology, Istanbul, Turkey

Kimia Rahnama Zand Clinical Neurophysiology, Intraoperative Neuro-

monitoring, Hospital Universitari Vall d’Hebron, Spine Institute Hospital 

Quiron, Barcelona, Spain

Anna Zdunczyk Department of Neurosurgery, Charité Universitätsmedizin 

Berlin, Berlin, Germany

Contributors



Part I

Basic Module 1: Conservative Therapy



3© Springer Nature Switzerland AG 2019 
B. Meyer, M. Rauschmann (eds.), Spine Surgery, https://doi.org/10.1007/978-3-319-98875-7_1

Treatment for Acute, Subacute 
and Chronic Low Back Pain

Ehab Shiban and Bernhard Meyer

1.1  Introduction

Low back pain (LBP) has become the leading 
cause for living with disability in the world [3]. In 
an analysis of two national surveys in the United 
States one third of U.S adult reported having LBP 
at least for 1 day during the last 3 months [4]. In a 
national German survey 25% of women and 17% 
of men reported having LBP lasting for at least 
3 months during the last year [5]. LBP causes also 
a great financial burden to the health care system 
with high direct costs related to treatment as well as 
indirect costs due to sick leave or diminished 
productivity.

In general LBP is classified and treated 
based on duration of symptoms, potential 
cause, presence or absence of radicular symp-
toms and corresponding radiological abnor-
malities [2]. Thereby specific LBP is to be 
distinguished from nonspecific LBP.  Specific 
LBP has a detectable somatic cause and treat-
ment thereof will probably lead to pain reduc-
tion (e.g. herniated disc, spinal canal stenosis, 
infection, vertebral metastasis etc.). On the 
other hand, in nonspecific LBP treatment is 
mainly symptomatic [1]. Acute LBP lasts less 

than 1  month, subacute LBP lasts between 1 
and 3 months and chronic LBP lasts more than 
3  months. In 2017 the German and North 
American national societies each published 
revised guidelines for the treatment of non- 
specific LBP [1, 2]. Thereby the initial evalua-
tion, necessity of further laboratory or imaging 
evaluation as well as the efficacy of treatment 
modalities are discussed.

This chapter will outline these guidelines. 
Moreover, the different treatment modalities are 
discussed with regards to their efficacy and level 
of evidence. At the end of this chapter the readers 
should be able correctly manage patients with 
nonspecific LBP.

The aim of the presented case is to illustrate 
the management algorithms and treatment alloca-
tion for patients with chronic non-specific LBP.

1.2  Case Description

A 48 year-old female patient presented with a 
3-day history of exacerbated LBP. Pain exacer-
bation was following lifting her 3 year-old son. 
The patient reported having episodic LBP for 
the last 18  months. She already had magnetic 
resonance imaging 6  months prior illustrating 
slight degenerative disc changes of the lower 
spine (Fig.  1.1). She already had acupuncture 
and massages that help reduce the pain inter-
mittently. She also reported having facet joint 
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infiltration therapy 2 months prior to presenta-
tion that resulted in markedly reduced pain for 
6 weeks. Upon presentation she was on 800 mg 
Ibuprofen twice daily for the last 6  months. 
Otherwise she was very healthy without any 
other preexisting conditions. She had a normal 
physical examination. The patient was initially 
managed with intravenous Piritramide and oral 
Metamizole. Because there were no new symp-
toms, there was no need for a new MRI. Dynamic 
radiographs ruled out apparent instability 
(Fig. 1.2). In order to facilitate pain relief bilat-
eral facet joint infiltration to L4/5 and L5/S1 
were performed. Thereafter the pain was mark-
edly reduced and the intravenous pain medica-
tion was stopped. The patient was then 
discharged with oral Tramadol (50  mg) twice 
daily for 2 weeks and was referred to multidis-
ciplinary biopsychosocial rehabilitation.

1.3  Discussion of the Case

1.3.1  Why Were Things Done  
This Way

The patient in the above mention clinical vignette 
was suffering form non-specific low back pain. 
MRI imaging 6 months prior to presentation not 
did show any specific pathologies and dynamic 
radiograph ruled out apparent instability. Because 
there were no “red flags” there was also no need 
for any new or further diagnostic imaging. Initial 
short-term intravenous opioids were given to 
facilitate rapid pain reduction. Because the 
patient already had positive experience with facet 
joint infiltration, we decided to repeat them and 
discharge the patient with a short period of oral 
opioids and referral to a multidisciplinary reha-
bilitation program.

Fig. 1.1 Magnetic resonance imaging of the lumbar spine. Slight degenerative changes in L5/S1 are noted. No disc 
herniation or spinal canal stenosis
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1.3.2  Were They in Accordance 
with the Literature Guidelines

In 2017 both the German [1] and the North 
American [2] national societies have each pub-
lished a new version of the guidelines for the 
treatment of LBP. Both guidelines are very simi-
lar and recommend that for patients with acute or 
subacute LBP without any “red flags” (Table 1.1) 
clinicians should avoid unnecessary tests and 
treatments because in most cases the pain will 
resolved in time without a specific treatment.

Initially it is very important to explain to the 
patient that LBP is extremely common, the prog-
nosis is generally very good and that pain does 
not necessarily mean organ damage. At first non- 
medical treatment with or without pain medica-
tion should be recommended. Although there are 
some general recommendations for medical 
treatment (Table 1.2), no clear recommendations 
can be made with regards to any specific treat-
ment modality because the treatment effects are 
small and often show no clear benefit when com-
pared to controls (Tables 1.3 and 1.4). If at this 
stage any psychosocial risk factors are identified 

or are already known, these risk factors need to 
be incorporated in the counseling and should be 
adequately addressed [8].

After 12  weeks of pain and restrictions in 
daily activity despite treatment, a multidisci-
plinary assessment and treatment should be 
done. The goal is to empower patients through 
acceptance- based strategies to actively and 
consciously shape their lives despite the pain. 
Thereby multimodal behavioral therapy strate-
gies seem to be most effective. In a Cochrane 
review of 41 studies and 6858 patients the 

Extension

Flexion

Fig. 1.2 Dynamic radiographs (Flexion/Extension) of the lumbar spine. No signs are apparent instability are noted

Table 1.1 “Red flags” in the assessment of low back pain

Fracture/osteoporosis: severe to moderate trauma 
cases; minimal trauma in the elderly; systemic steroid 
use

Infection: fever, shivering; i.v. Drug abuse; 
immunocompromised, recent infiltration therapy to the 
spine

Neurological compromise: cauda-equina syndrome; 
muscle weakness; genital hypoesthesia; micturition 
problems

Tumor/metastases: History of cancer; B-symptoms 
(fever, night sweats, and weight loss); pain 
exacerbation in prone position

1 Treatment for Acute, Subacute and Chronic Low Back Pain
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Table 1.2 General consideration for medical treatment of LBP

Non-opioid pain medication

Non-steroidal 
antiphlogistics 
(NSAIDs)

1. No clinical superiority of any specific NSAIDs
2. No evidence for parental use, therefore oral application are recommended
3.  Daily dose of 1.2 g of Ibuprofen, 100 mg of Diclofenac or 750 mg of Naproxen 

should not be exceeded. However if the effect is insufficient, the dose may be briefly 
increased to 2.4 g of Ibuprofen, 150 mg of Diclofenac or 1.25 g of Naproxen

4. Concomitant administration of Proton-pump Inhibitors is recommended

COX-2 inhibitors 1.  If NSAIDs are contraindicated
2.  Contraindicated in patients with coronary heart disease, stroke, hart failure or 

peripheral artery disease

Metamizole 1. If NSAIDs are contraindicated
2.  Caution in patients with concomitant long-term Acetaminophen treatment (causes 

platelet aggregation inhibition)
3. Agranulocytosis is a rare but very severe adverse effect

Paracetamol Two high level RCTs did not show any benefit compered to placebo, therefore 
administration is not recommended anymore [9]

Opioids 1.  The opioid therapy should be regularly reevaluated, in acute LBP 4 weeks at the 
latest, in chronic LBP after 3 months at the latest

2.  Opioids are to be used for the long-term treatment of chronic LBP only in the context 
of multimodal behavioral therapy strategies

3. Transdermal opioids should not be used to treat acute and subacute LBP

Muscle relaxants Not recommended for LBP

Antidepressants Only recommended in the presence of comorbid depression or sleep disorder

Antiepileptic drugs Not recommended for LBP

Herbal medicine 1.  Taking into account the side effects and contraindications (similar to those of the 
NSAIDs), a therapy trial with willow bark can be undertaken as part of an overall 
therapeutic concept

2. Due to the lower level of evidence for the use of devil’s claw is not recommended.

Topical applications 1. Moderate level evidence exist for the use of capsaicin
2. Topical NSAIDs are not recommended

Intravenous, 
intramuscular or 
subcutaneous applications

Given the effectiveness of a wide range of oral analgesics the use of injections of 
painkillers, local anesthetics, etc. due to side effects and complications is not 
recommended for LBP

Table 1.3 Medical treatment vs. placebo (acute low back pain)

Magnitude of effect Strength of evidence

Acetaminophen No effect Low (1 RCT)

NSAIDs Small Moderate (5 RCTs)

Muscle relaxants Small Moderate (5 RCTs)

Systemic corticosteroids No effect Low (2 RCTs)

Modified from [2]

Table 1.4 Non-medical treatment vs. sham or usual treatment (acute & subacute low back pain)

Intervention Magnitude of Effect Strength of evidence

Heat wrap vs. placebo Moderate Moderate (4 RCTs)

Exercise vs. usual care No effect Low (6 RCTs)

Acupuncture vs. sham acupuncture Small effect Low (2 RCTs)

Massage vs. sham massage 1 week: Moderate 5 weeks: No effect Low (2 RCTs)

Spinal manipulation vs. inert 
treatment

No effect Low (3 RCTs)

Spinal manipulation vs. sham 
treatment

Small Low (2 RCTs)

Modified from [2]

 E. Shiban and B. Meyer
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superiority of multidisciplinary biopsychoso-
cial rehabilitation compared to usual care and 
physical treatment was illustrated [7]. 

Otherwise like in acute and subacute LBP also 
in chronic LBP there are no clear recommen-
dations for a specific medical or non-medical 
treatment modality because the treatment 
effects are small and often show no clear ben-
efit when compared to controls (Tables 1.5 and 
1.6).

1.3.3  Invasive Treatment Options

1.3.3.1  Percutaneous Therapy

There is insufficient evidence to support the use 
of injection therapy in subacute and chronic low- 
back pain [10]. However, the heterogeneity of the 
included patient groups, the small number of 
patients in the studies, the frequent lack of dif-
ferentiation between specific and nonspecific 
causes of LBP, and inconsistent control interven-
tions make the ability to identify specific sub-
groups that might benefit from a percutaneous 
procedure very difficult [6].

Table 1.5 Non-medical treatment vs. sham or usual treatment (chronic low back pain)

Intervention Magnitude of effect Strength of evidence

Exercise vs. no exercise Small Moderate (19 RCTs)

Exercise vs. usual care Small Moderate (18 RCTs)

Motor control exercise Moderate Low (2 RCTs)

Tai chi vs. wait-list or no tai chi Moderate Low (2 RCTs)

Yoga vs. usual care Moderate Low (1 RCTs)

Yoga vs. education No effect Low (5 RCTs)

Mindfulness-based stress reduction vs. usual care Improved Moderate (3 RCTs)

Progressive relaxation vs. wait list control Moderate Low (3 RCTs)

Electromyography biofeedback vs. wait-list control or 
placebo

Moderate Low (3 RCTs)

Operant therapy vs. wait list Small Low (3 RCTs)

Cognitive behavioral therapy vs. wait-list control Moderate Low (3 RCTs)

Multidisciplinary rehabilitation vs. usual care Small Moderate (9 RCTs)

Multidisciplinary rehabilitation vs. no multidisciplinary 
rehabilitation

Moderate Low (3 RCTs)

Acupuncture vs. sham acupuncture Moderate Low (9 RCTs)

Acupuncture vs. no acupuncture Moderate Moderate (4 RCTs)

Massage vs. usual care No effect Low (1RCT)

Spinal manipulation vs. sham treatment No effect Low (4 RCTs)

Spinal manipulation vs. inert treatment Small Low (7 RCTs)

Ultrasound vs. sham ultrasound No effect Low (5 RCTs)

Ultrasound vs. no ultrasound No effect Low (5 RCTs)

TENS vs. sham treatment No effect Low (4 RCTs)

Laser-therapy vs. sham laser Small Low (3 RCTs)

Kinesio taping vs. sham taping No effect Low (2 RCTs)

Modified from [2]

Table 1.6 Medical treatment vs. placebo (chronic low 
back pain)

Intervention
Magnitude of 
effect

Strength of 
evidence

NSAIDs Small to 
moderate

Moderate  
(6 RCTs)

Strong opioids Small Moderate 
(10 RCTs)

Tramadol Moderate Moderate  
(7 RCTs)

Tetrazepam Small Low (2 
RCTs)

Opioids: buprenorphine 
or sublingual

Small Moderate  
(7 RCTs)

Antidepressants No effect Low (2 
RCTs)

SSRI No effect Moderate  
(3 RCTS)

Duloxetine Small Moderate  
(3 RCTs)

Modified from [2]

1 Treatment for Acute, Subacute and Chronic Low Back Pain
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1.3.3.2  Surgery

Because most surgical studies are performed on 
patients with specific LBP, there are is no data 
available for the use of surgery in acute and 
chronic non-specific LBP.
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Clinical Pearls

 – Acute or subacute low back pain with-
out any “red flags” need to be reassured 
that in most cases the pain will resolve 
in time and therefore potentially harm-
ful and costly tests and treatments 
should be avoided

 – Patients with acute, subacute or chronic 
low back pain should be advised to 
remain active as tolerated and not to 
avoid daily activity

 – Both medical and non-medical treat-
ment options show small improvement 
in pain and often fail to demonstrate 
clear benefits compared to controls

 – There are almost no differences in rec-
ommended therapies when studied in 
head-to-head trials. Therefore, recom-
mendations should primarily be guided 
by the patient’s preferences taking into 
consideration to minimize harms, such 
as long-term opioids

Editorial Comment

The use of Facet Joint Infiltrations in this 
case was thus not in accordance with guide-
lines in a strict sense, but acceptable due to 
the rapid pain relief provided by the 
steroids.

 E. Shiban and B. Meyer
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Indications for Emergency Surgical 
Treatment

Max Jägersberg and Enrico Tessitore

2.1  Introduction

Indications for emergency surgical treatment in 

degenerative spinal conditions are limited to 

those where a delay in surgical management may 

lead to potentially catastrophic and irreversible 

sequelae. Indeed, those conditions are rarely 

encountered during clinical practice. The most 

typical scenarios in the thoraco-lumbar region 

are cauda equina syndrome (CES) and progres-

sive radicular motor deficit (PRMD), both pri-

marily caused by degenerative lumbar pathology. 

Early surgical treatment may influence the partial 

or full recovery and the long-term outcome of 

concerned patients.

CES is a rare condition where the majority of 

cauda equina nerve roots are suddenly com-

pressed with sudden loss of motor function, of 

sensation in the saddle area, of sphincter (bladder 

and/or bowel) and sexual function [1]. PRMD is 

an analogous pathological condition where 

patients present with a progressive motor deficit 

in lower limbs, related to solitary or double nerve 

root involvement. The typically encountered clin-

ical type of PRMD is foot drop due to L5 and/or 

L4 nerve root compression. The severity of motor 

deficit of PRMD is graded by means of the man-

ual muscle testing (MMT) according to the 

Medical Research Council Scale (Table 2.1) [2].

In most of the cases, both CES and PRMD are 

caused by an acute disc prolapse compressing the 

nerve roots, especially if the onset of symptoms 

is sudden. Nevertheless, other degenerative dis-

orders such as synovial cysts, lumbar stenosis, 

spondylolisthesis and other compressive pathol-

ogy (e.g. infections, tumors) can cause the neuro-

logical deficit. MRI should be the radiologic 

imaging of choice since it can not only confirm 

compression of spinal nerve structures, but also 

define the underlying pathology. Additional 

radiographs, with dynamic flexion and extension 

images and CT might be added if the spinal mor-

phology as encountered on MRI demands for 

this.

The aim of this chapter is to illustrate via two 

cases the surgical management of CES and 

PMRD patients, outlining indication and timing 

for surgery as well as discussing the evidences in 

the literature.
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Table 2.1 Manual Muscle Testing (MMT) according to 

the Medical Research Council scale of muscle strength [2]

0 No contraction

1 Flicker or trace of contraction

2 Active movement, with gravity eliminated

3 Active movement against gravity

4 Active movement against gravity and resistance

5 Normal power
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2.2  Case Description

2.2.1  Case 1

A 39 years old male was admitted to a tertiary 

hospital complaining of right sciatic pain with-

out neurological deficit for 10 days. A medical 

therapy with pain killers (NSAID drugs) was 

 prescribed and the patient discharged. Five days 

later, he was admitted in our emergency depart-

ment complaining of acute onset of bilateral 

foot distal weakness, associated with perineal 

loss of sensation, urinary retention and 

constipation.

The neurological exam showed a L4 paraple-

gia with bilateral L5-S1 weakness (MMT 1/5), 

sacral (S1-S5) hypoesthesia, and urinary reten-

tion. The patient was catheterized and sent to 

MRI. The MRI showed a L3-L4 disc prolapse in 

the context of a congenital and acquired multi-

ple level lumbar stenosis. The herniation com-

pressed the cauda equina and the canal sagittal 

diameter was dramatically reduced (Fig. 2.1).

The patient was immediately brought to OR for 

emergency surgical decompression. Surgery con-

sisted of posterior midline approach with L3-L4 

flavectomy, L4 right laminectomy and contralat-

eral undercutting, sequestrectomy and microdis-

cectomy. Surgery was uneventful and the patient 

admitted to the recovery room.

Then, the patient was sent to a specialized 

center for rehabilitation. He underwent physical 

therapy, ergo-therapy, vector physical therapy, 

swimming, and he received psychological sup-

port. Sphincter deficits were treated with anti- 

cholinergic drugs, self-catheterization, and 

manual rectal clear. The patient was discharged 

after 2 months and ambulatory physical therapy 

was prescribed to him.

A one-year postoperative MRI (Fig.  2.2) 

showed no more disc herniation and a persistent 

congenital and acquired lumbar stenosis. The 

patient was able to walk 1 km with crutches. He 

was still performing self-catheterizations and 

manual rectal clear 2 times/day. Persistent neu-

rogenic perineal pain was treated by pregabalin.

Fig. 2.1 Sagittal (left) and axial (right) MRI showing a large, median and downward migrated disc fragment at L3-L4 

level, with cauda equina compression

 M. Jägersberg and E. Tessitore
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2.2.2  Case 2

A 62 years old male patient consulted with left 

irradiating leg pain into the foot and associated 

inability to dorsiflex the left ankle. Onset had 

been 3  months prior to presentation, without 

injury or brisk movement. No bladder or bowel 

problems were reported.

Clinical examination revealed a motor deficit 

MMT 3/5 of both extensor hallucis longus and 

tibialis anterior muscles. The patient showed the 

characteristic foot drop steppage gait. Straight 

leg test was negative. Mechanical back pain test-

ing was low.

The clinical pattern was in line with the radio-

logic finding of compression of the left L4 and 

L5 nerve roots, caused by a synovial cyst of the 

left L4/5 zygoapophyseal joint and by spondylo-

sis and grade I degenerative spondylolisthesis 

with consecutive stenosis of the L5 recess 

(Fig. 2.3).

Because no major instability criteria were evi-

dent, microsurgical decompressive surgery was 

advocated and carried out 10 days later. A left L5 

hemilaminectomy, cyst removal, and L4 and L5 

nerve root decompression were carried out with-

out complications.

Following surgery, the patient was relieved 

from leg pain. However, he did not observe 

improvement of muscle strength. 

Postoperative MRI was carried out but did 

not show residual nerve root compression 

(Fig.  2.4). An ankle-foot orthosis was pre-

scribed, but the patient did not see any func-

tional benefit from it.

The surgical result (relief from leg pain, foot 

drop persistence, MMT 3/5) remained 

unchanged at follow-up at 3 months, 1 year and 

2 years following surgery. Repeated electromy-

ography and nerve conduction studies confirmed 

an L5 nerve root damage that appeared 

permanent.

Fig. 2.2 Sagittal (left) and axial (right) 1 year post-operative MRI showing absence of recurrent disc herniation and a 

complete nerve roots’ decompression

2 Indications for Emergency Surgical Treatment
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2.3  Discussion of the Cases

2.3.1  Case 1

This case illustrates a typical clinical scenario of 

CES related to a disc prolapse.

In this particular case, symptoms started in 

form of severe sciatic pain few days before the 

installation of CES. The surgical decompression 

was immediately performed. Time to decompres-

sion is the best described outcome predictor in 

CES.  Ahn et  al. performed a meta-analysis to 

determine the correlation between timing of 

decompression and clinical outcome in 322 

patients [3]. Significant differences were found in 

resolution of sensory and motor deficits as well 

as urinary and rectal function in patients treated 

within 48  h compared with those treated more 

than 48 h after onset of symptoms.

In that specific case, despite the fact that the 

treatment was performed according to the 

 literature guidelines, the patient kept some 

sequelae of CES at 1 year time follow-up. This 

demonstrate how this condition may be disabling 

even though correctly managed.

Contrary to the well-known and studied preva-

lence and outcome of motor and sensitive sequelae, 

few data are available on the long-term outcome of 

micturition, defecation and sexual function after 

spinal surgery for CES.  A study from a Dutch 

group clearly demonstrated that dysfunction of 

micturition, defecation and sexual functions are 

still highly prevalent in a large number of CES 

patients even years postoperatively [4].

Fig. 2.3 Preoperative dynamic radiographs in flexion and 

extension, showing minor spondylolisthesis between L4/

L5 and L5/S1, without dynamic component. T2-weighted 

MRI in sagittal and axial planes showing radiologic com-

pression of the left L4 nerve root by synovial cyst forma-

tion, left L5 nerve root compression by spondylosis and 

spondylolisthesis with consecutive recess stenosis
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2.3.2  Case 2

This chapter covers the emergency situation of 

severe motor deficit attributable to degenerative 

spinal disorders at the example of the descriptive 

symptom foot drop. The first step in the manage-

ment of this scenario is to rule out alternative 

causes of foot drop (peroneal nerve palsy, brain 

lesions, spinal cord lesions, MS, polyneuropathy, 

etc.). A thorough clinical examination and radio-

logic workup will allow to determine if lumbar 

degenerative disorder can be responsible or not.

Assessment of motor deficit follows the man-

ual muscle testing (MMT) according to the 

Medical Research Council Scale (Table 2.1) [2]. 

It should be mentioned that several studies define 

foot drop as MMT of less than 3 (i.e. 2, 1 or 0), 

and “good” recovery if a postoperative MMT of 3 

is achieved. In contrast, our case presentation 

shows well that MMT 3 effectively remains a 

Fig. 2.4 Postoperative T2-weighted MRI in sagittal and axial planes showing effective decompression of both nerve 

roots by resection of the synovial cyst and recessotomy

2 Indications for Emergency Surgical Treatment



14

foot drop, hence, it should not be considered a 

good recovery result.

Strong evidence of the superiority of decom-

pressive surgery over conservative treatment for 

PRMD in the literature is sparse. One explana-

tion for this is the difficulty to perform a ran-

domized controlled trial on this issue – MMT3 

or less or progressive deficit are considered 

absolute indications for surgery, [5] since defi-

cits of this importance as potential final outcome 

render conservative strategies inappropriate for 

clinicians and patients. Foot drop is a severe 

handicap for daily live and the general paradigm 

to perform surgical decompression of neural 

structures to reduce ongoing compressive sec-

ondary damage has every reason to be applied 

here as long as no opposed evidence is 

published.

Overdevest et  al. have published a sub- 

analysis of 150 patients with sciatic pain and 

PRMD [6]. The data was taken from a formed 

subgroup of the prospective randomized con-

trolled Sciatica Trial of Peul et  al.  – a study 

designed to analyze surgery versus prolonged 

conservative treatment for radicular pain, 

independent from PRMD [7]. The authors of 

the former found a significantly faster recov-

ery of motor deficit following surgery, but no 

remaining difference between motor function 

recovery of the surgical and the conservative 

arms of the sub- group 1 year after randomiza-

tion. The original study of Peul et  al. had 

excluded patients with MMT less than 3 for 

the reason mentioned above, hence the collec-

tive of Overdevest et  al. contained only 

patients with MMT 3 or 4, of which patients 

with MMT 4 showed better recovery. Even if 

the study did not show time to surgery as a fac-

tor for motor recovery, it must be mentioned 

that this interval was fairly long, 11 weeks in 

average due to the design of the original work, 

and it can be argued that faster surgery might 

have further improved the surgical results. 

This is strengthened by retrospective studies 

that focus on preoperative MMT and time to 

surgery as factors influencing recovery [8, 9]. 

Elder patient age and etiology other than soft 

disc hernia are also considered negative pre-

dictive factors [8]. On the basis of the analysis 

of their retrospective work on 102 patients 

with foot drop due to lumbar degenerative dis-

order, Takenaka et  al. have published a deci-

sion support tool that indicates, with reference 

to the respective preoperative MMT and time 

to surgery, the potential of recovery following 

surgery (Table 2.2) [8].

The advantage of surgery might become more 

difficult to advocate when no nerve root pain is 

present upon presentation, since the absence of 

leg pain takes out the best reproducible effect of 

surgery, leg pain reduction. Significant improve-

ment after surgery in painless cases was nonethe-

less observed in 65% of patients in one 

retrospective work dedicated to painless foot 

drop of 20 patients [10].

The available data point on the effect of sur-

gery and furthermore on the importance of time 

to surgery. Hence, it is a logic approach to con-

Table 2.2 Probability estimates of postoperative motor recovery to strength ≥3 or ≥4 MMT according to Takenaka 

et al. [8]

Predictors Outcome

Frequency 

(ntotal = 102)

Pre tibialis anterior 

muscle strength

Duration 

(days)

Post tibialis anterior muscle 

strength ≥3

Post tibialis anterior 

muscle strength ≥4

31.4% (n = 32) 2 or 3− ≤ 30 96.9%(n = 31/32) 87.5% (n = 28/32)

33.3% (n = 34) 2 or 3− > 30 61.7% (n = 21/34) 41.2% (n = 14/34)

14.7% (n = 15) 0 or 1 ≤ 30 53.3% (n = 8/15) 46.7% (n = 7/15)

20.6% (n = 21) 0 or 1 > 30 14.3% (n = 3/21) 9.5% (n = 2/21)

 M. Jägersberg and E. Tessitore
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sider that the earlier the presentation to the sur-

geon, the higher the benefit from early or urgent 

surgery. That is, a patient with MMT 3 since 6 h 

is more urgent than a patient with MMT 2 since 

3 months. In our institution, patients with acute 

onset of MMT 3 or less or progressive deficit are 

operated the same day.

2.4  Conclusions and Take-Home 
Messages

Early surgical decompression for CES or PRMD 

such as foot drop, if attributable to spinal disor-

der, remains the standard of care at date. Urgent 

surgery in less than 48  h should be advocated 

unless in exceptional cases. Even partial func-

tional recovery will make a difference for every 

day life for these patients. Persistent sexual and 

urinary dysfunction should not be trivialized and 

will require close follow-up and neurorehabilita-

tion counseling.
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Pearls

 – Sudden limb weakness or bladder or 

bowel dysfunction requires immediate 

clinical and radiological work-up

 – Profound knowledge of nerve root pat-

terns and a thorough clinical examina-

tion indicate the affected compressed 

nerve root or nerve roots

 – PRMD and CES result in severe handi-

caps. Perform decompression surgery as 

early as possible to maximize recovery 

chances for your patient

Editorial Comment

It is the editors’ strong belief, that a CES is 

always an immediate emergency situation 

and that there is no given time limit for sur-

gery. A motor weakness grade 4 may be 

treated with prolonged conservative care, 

while a greater weakness should prompt 

urgent (<24h) surgery.
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3.1  Introduction

Cervical radiculopathy caused by a soft disc her-

niation or a foraminal stenosis is a common prob-

lem. While symptoms from soft disc herniations 

have high chances to recover after conservative 

therapy persisting radicular pain or a neurologi-

cal deficit are accepted as an indication for surgi-

cal treatment though high class evidence for the 

best timing of surgery is not available.

The surgical technique regarded as gold stan-

dard for cervical radiculopathy in the subaxial 

cervical spine is an anterior cervical discectomy 

followed by fusion as described in the 1950ies 

independently by Smith/Robinson [26], and 

Cloward [7]. With slight modifications from its 

initial description the technique is one of the 

most commonly used in spine surgery at present 

for cervical radiculopathy as well as myelopathy, 

and non-degenerative pathologies. While Smith/

Robinson and Cloward described the use of 

autologous iliac crest bone for segmental fusion 

after a discectomy, nowadays most surgeons do 

use PEEK or titanium interbody cages leading to 

similar high fusion rates [3, 11, 18, 24, 25] but 

avoiding the donor site morbidity of an iliac crest 

harvest [18, 29]. Regarding the necessity of plat-

ing there is still an ongoing and unsolved debate 

and many international differences exist [33].

However, alternatives to ACDF for radiculop-

athy and foraminal stenosis exist for certain indi-

cations with posterior foraminotomy [10, 23] and 

total disc replacement [8].

This chapter will outline the indications for 

anterior cervical discectomy, the clinical and 

radiographic results as well as the potential com-

plications and secondary problems. At the end of 

this chapter the reader should have an under-

standing of the benfits and limitations of anterior 

cervical discectomy and fusion in the subaxial 

cervical spine for degenerative indications as soft 

disc herniations and foraminal stenoses.

3.2  Case Description

A 46 y/o female patient with fluctuating right sided 

brachialgia for 1  year. She presented with acute 

exacerbation of her right sided arm pain (VAS 

8/10), neck pain and dysesthesia of the right arm. 

No motor weakness on exam (Figs. 3.1 and 3.2).

After another course of conservative therapy 

during which the patient initially improved, her 

symptoms relapsed and  after failure of fur-

ther  conservative therapy there was a relative 

indication for surgery. The patient underwent 

anterior cervical discectomy and cage implanta-

tion without plating (Fig. 3.3).
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3.3  Discussion of the Case

3.3.1  Indication

The patient described above suffered from radic-

ular arm pain with sensory deficits but no motor 

deficit. She had a history of recurrent pain during 

conservative treatment with analgetics and phys-

iotherapy for already 1 year.

Though the indication for surgery has not 

been proven unequivocally by large prospective 

randomized trials [16, 17], symptoms refractory 

to conservative therapy are accepted as an indica-

tion for surgery as well as motor deficits. So far, 

from few class II evidence and class III evidence 

the benefits of surgery in comparison to ongoing 

physiotherapy and analgetics have been shown 

[1, 5, 6, 19, 21, 22, 28].

The CASINO trial which randomizes ongoing 

conservative therapy versus surgery in patients 

with cervical radiculopathy is currently recruit-

ing patients [32].

3.3.2  Choice of Surgical Technique

As surgical techniques an anterior cervical dis-

cectomy with fusion, a posterior cervical forami-

notomy or an anterior cervical discectomy with 

total disc replacement are available to treat cervi-

cal soft disc herniations or foraminal stenoses.

However, the so called gold standard tech-

nique to treat a cervical soft disc herniation or a 

cervical foraminal stenosis is an anterior cervical 

discectomy and fusion. The surgical technique 

includes a standard anterior approach to the cer-

vical spine, the disc is excised from anterior and 

completely removed, posteriorly to the posterior 

longitudinal ligament and laterally to the unci-

nate processes. After disc removal uncinate pro-

cesses can be resected in order to decompress any 

bony foraminal stenosis. Finallly, the posterior 

longitudinal ligament is opened and resected to 

clear any disc material from the spinal canal and 

to visualize the exiting nerve roots. Following the 

decompression a fusion of the segment is usually 

performed originally by implantation of iliac 

crest bone but nowadays more commonly by 

implantation of a titanium or PEEK cage. 

Optionally an anterior plate is implanted to addi-

tionally stabilize the operated segment. However, 

the necessity of some of these surgical steps is 

questioned – as implantation of fusion material 

and plating – and will be discussed below.

In comparison to a posterior cervical forami-

notomy and a total disc replacement an ACDF 

can be performed for almost any cervical anterior 

Fig. 3.1 The MRI scan of the cervical spine in the sagittal 

plane shows a large soft disc herniation at the level C5/6

C5/6

Fig. 3.2 The MRI scan of the cervical spine in axial cuts 

shows the broad based herniated disc reaching the fora-

men on the right side

F. Ringel and S. R. Kantelhardt
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degenerative pathology irrespective of mobility 

of the segment or extent of degenerative changes 

of the motion segment.

Clinical results of anterior cervical discec-

tomy are excellent for soft disc herniations as 

well as for foraminal stenoses and show an excel-

lent outcome with a decrease of the mean VAS- 

score by 2.5–5.4 points for radicular symptoms 

and 2.0–6.0 for neck pain [1, 5, 22, 28].

Fusion rates were found to be 85%, 80% and 

65% in one, two and three level ACDFs, respec-

tively as reported in a meta-analysis [9]. Fusion 

rates can be increased by the addition of ante-

rior cervical plates to 92%, 95%, and 83% for 

one to three level ACDFs. However, clinical 

results do not necessarily depend on fusion 

rate. While the implantation of iliac crest bone 

graft was the initial standard for ACDF [7, 25, 

26], since many years cage implantation of 

PEEK or titanium cages is regarded as standard 

[3, 11, 24, 25] as the donor site morbidity of the 

iliac crest graft is omitted. Alternatively, even 

the anterior cervical discectomy without graft-

ing for fusion is popular at some institutions 

[13, 27]. So far, while differences in fusion 

rates occur with iliac crest grafts resulting in 

the highest fusion rates, studies failed to show 

any difference in clinical outcome [13]. 

Therefore, it seems even less justified to per-

form additional instrumentation by anterior 

plates as a clinical standard for ACDF, espe-

cially as most early reoperations after ACDF 

are due to  plate/instrumentation problems [12, 

14, 31]. Only, for cases with a high amount of 

instability requiring immediate stabilization 

anterior plating is mandatory.

Fig. 3.3 Ap and lateral postoperative x-rays of the cervical spine. Postoperative x-ray images of the cervical spine 

demonstrate an adequate cage position and regular alignment of the cervical spine

3 Anterior Cervical Subaxial Treatment (Fusion)
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Typical approach related complications 

include intermittand dysphagia occuring in 

2–83% and esophageal injury in 0.02–1.52% 

of cases [12, 20] and intermittend recurrent 

laryngeal nerve palsy with or without hoars-

ness in 2.3–8.3 and 15.9–24.2%, respectively, 

which led to lasting vocal cord palsy in 0.16–

2.5% [4, 14, 30]. In other studies this rate could 

be significantly reduced from initially 6.5 to 

1.3% by variations of the surgical technique, 

such as left-sided approaches and deflation of 

the endotracheal tube cuff [15, 30]. The only 

relevant long term complication of an anterior 

discectomy and fusion is adjacent level degen-

eration resulting from fusion and increased 

adjacent segment motion and the resulting bio-

mechanical forces. A recent meta- analysis 

which analyzed radiographic adjacent segment 

degeneration and adjacent segment disease 

reported 47.33% (16–96) and 11.99% (1.8–36) 

following 106.5 months (24–296) after ACDF 

[2]. Clinical sequelae however are infrequent.

Alternative techniques to preserve segmental 

motion are available for certain constellations of 

soft disc herniations or foraminal stenoses as pre-

sented in the following chapters.

3.3.3  Accordance 
with the Literature Guidelines

As discussed above, insufficient data is available 

for the indication of surgery. However, the indi-

cation for surgery is in accordance with the gen-

eral accepted criteria for a surgical treatment of a 

cervical disc herniation as well as foraminal ste-

nosis. ACDF is still the gold standard for treat-

ment of a herniated disc or foraminal stenosis 

though alternative techniques are available. The 

cage is the present standard to achieve fusion, the 

necessity of additional instrumentation with an 

anterior plate under ongoing discussion. Though 

different fusion rates exist following fusion with 

iliac crest versus cage and with and without plate, 

the clinical outcome is not different.

3.4  Conclusions and Take Home 
Message

Anterior cervical discectomy is the gold stan-

dard for cervical radiculopathy from a soft disc 

herniation or foraminal stenosis. Clinical out-

come is excellent ragarding arm and neck pain. 

ACDF is suitable for most anterior segmental 

degenerative pathologies with all grades of seg-

mental degeneration and segmental motion. 

Typical early complications of ACDF include 

anterior approach related complications as dys-

phagia and recurrent laryngeal nerve palsies, 

late complications are adjacent segment 

degenerations.

Pearls

 – ACDF as gold-standard for cervical soft 

disc herniation or foraminal stenosis

 – Titanium or PEEK cage are the present 

standard for fusion

 – Anterior plating is not mandatory on 

many cases

 – Clinical outcome does not correlate 

closely with radiographic fusion and/or 

alignment

Editorial Comment

It is our opinion, that it is not worthwhile to 

further discuss the question whether a plate 

is necessary in every case or not. It should 

remain at the discretion of the individual 

surgeon. A pragmatic approach is to add 

plates in cases of more that 2 levels, in seg-

mental instabilities as seen on flexion/

extension films and with risk factors such 

as smoking, osteoporosis etc. Further it is 

unnecessary to fill cervical cages with any 

kind of material.
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4.1  Introduction

Symptomatic cervical degenerative disc disease 

leading to radiculopathy is a common problem 

with an incidence of 0.83–1.79 per 1.000 person 

years. While many episodes of radicular symp-

toms can be successfully managed by conserva-

tive therapy, patients with refractory symptoms 

or a significant paresis are candidates for a surgi-

cal treatment. However, different surgical tech-

niques have been available to treat cervical 

degenerative disc disease for a long period, as 

anterior cervical discectomy without fusion, 

anterior cervical discectomy with fusion or pos-

terior foraminotomy. Anterior cervical discec-

tomy with fusion as described in the 1960’s (Chap. 

3) is currently regarded as the gold standard. 

Although ACDF provides excellent results with 

regard to relief of cervical radicular symptoms 

and neck pain, the loss of motion at the fused 

level might be associated with secondary prob-

lems. Loss of motion at a fused segment is typi-

cally compensated by a significant increase in the 

ROM of flexion/extension, lateral bending and 

rotation at adjacent levels [22] which can acceler-

ate degeneration of these adjacent levels. 

Therefore, up to 25% of cervically fused patients 

develop symptomatic adjacent segment degener-

ation within 10 years after fusion surgery associ-

ated with a high rates of revision surgery [16]. In 

order to overcome this problem the motion pres-

ervation concept developed and cervical disc 

prostheses maintaining segmental motion became 

available in the 1990ies. From there on a large 

selection of different cervical disc prostheses 

became available which are well studied in com-

parison to anterior cervical discectomy and 

fusion in several prospective randomized trials.

This chapter aims to provide indications and 

contraindication for cervical disc prosthesis, 

technical surgical considerations and outcome 

data for cervical disc prosthesis.

4.2  Case Description

A 31 y/o female patient suffered from progres-

sive pain of the left shoulder and neck with radia-

tion along the lateral upper arm reaching into the 

elbow. Additionally she complained of some 

restriction of mobility of the left upper extremity 

over the last 2 weeks. One week after the onset of 

symptoms a reduction in strength of the left upper 

extremity developed with limitation of the eleva-

tion of the left arm above the horizontal plane. A 

MRI scan showed soft herniations of the discs 

C4/5 and C5/6 with spinal cord and radicular 

compression on the left side as well as a slight 

disc protrusion at the level C6/7 (Fig.  4.1). 
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No relevant further degenerative changes of the 

C-spine were seen. X-ray images in neutral posi-

tion and flexion/extension of the C-spine revealed 

a proper lordotic alignment and regular motion of 

the affected segments (Fig. 4.2).

The patient was referred after MRI to our 

department. The neurological examination 

revealed a deltoid paresis 3/5 and a mild biceps 

paresis 4/5 on the left upper extremity. Due to the 

progression of symptoms during initial conserva-

tive management and the paresis there was a clear 

indication for surgical treatment. The patient was 

operated on the day after admission. The patient 

was operated in general anesthesia in supine 

position. The c-spine was positioned in neutral 

alignment any kyphotic or lordotic position was 

avoided. A standard anterior approach to the 

c-spine was performed followed by an anterior 

cervical discectomy at C4/5 and C5/6 with resec-

tion of the posterior longitudinal ligament and 

decompression of the spinal canal and nerve 

roots. After decompression artificial disc prosthe-

ses were implanted at both levels. Surgery was 

eventless.

Pain as well as the preoperative deltoid and 

biceps paresis of the left upper extremity com-

pletely recovered early after surgery. No new 

focal neurological deficits were detectable.

On the 2nd postoperative day, functional x ray 

images were taken and showed a correct position 

of the intervertebral disc prostheses and no 

abnormal segmental mobility (Fig. 4.3).

The patient was discharged on the 3rd postop-

erative day, she had an uneventful recovery with-

out relevant neck pain.

4.3  Discussion of the Case

The patient described suffered from a cervical 

radiculopathy with pain and a motor deficit 

refractory to conservative therapy from cervical 

soft disc herniations involving two segments. 

This is a classical indication for a surgical treat-

ment though not supported by prospective ran-

domized studies which are not available, so far, 

but are currently recruiting patients [26].

The surgical gold standard for the treatment of a 

cervical disc pathology causing radiculopathy or 

myelopathy from a soft disc herniation or spondylo-

sis would be an anterior cervical discectomy fol-

lowed by fusion with or without segmental plating 

(see Chap. 3). While this technique is associated 

with excellent results with regard to the radicular 

symptoms and neck pain in more than 90% of 

patients, follow-up studies after ACDF could dem-

onstrate a degeneration of adjacent segments mostly 

cranial to the fusion with increasing time after 

fusion [16]. Already in 1997 Hillibrand et  al. 

reported a 2.9% revision rate per year after ACDF 

and predicted a 25% revision rate within 10 years 

for adjacent level degeneration [8]. In a systematic 

review the reported incidence of a radiographic 

adjacent segment degeneration ranges from 16-96% 

with a mean of 47.33% after 106 months of follow 

up, while 12% of patients developed a symptomatic 

Fig. 4.1 MRI scan on outpatient visit. The MRI scan 

shows herniated discs in C4/5 and C5/6 and a minor pro-

trusion in C6/7
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adjacent segment degeneration after fusion during 

the same follow-up [4]. Whether this is a natural 

progression of the underlying degenerative disease 

or a consequence of increased adjacent segment 

motion and biomechanical strains after fusion 

remains not fully elucidated at present [15].

However, in order to overcome this problem, the 

concept of motion preservation in contrast to fusion 

evolved to maintain mobility of the treated segment. 

Motion preserving total disc replacements or disc 

arthroplasty became available in the 1990ies and 

gained increasing importance [11]. Aim of total disc 

a b

Fig. 4.2 Preoperative flexion/extension x-ray of the cervical spine. Flexion (a) and extension (b) x-rays demonstrate 

regular motion of the affected segments C4/5 and 5/6

a b c

Fig. 4.3 Postoperative flexion (a), extension (b) and ap (c) x-ray of the cervical spine. The postoperative x-ray images 

show a regular position and function of the prostheses at C4/5 and C5/6

4 Cervical Motion Preserving Procedures (TDR)
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replacement (TDR) is the removal of the pain gen-

erating structure, restoration of disc height, mainte-

nance of segmental kinematics, a natural balance of 

the segment and protection of the adjacent segment. 

Up to now, many different designs of disc prosthe-

ses are available and have been evaluated in large 

multicenter prospective randomized non-inferiority 

trials regarding the clinical and radiographic out-

come in comparison to fusion.

4.3.1  Indications and  
Contraindications for  
Cervical TDR

The best established indication for total disc 

replacement is a soft disc herniation in a biologi-

cally young patient with preserved segmental 

motion and a straight or lordotic alignment of the 

cervical spine. While the most beneficial typi-

cal  indication would be radiculopathy, patients 

with myelopathic symptoms have been included in 

the IDE studies as well showing beneficial results.

TDR is usually limited to a maximum of 2 

segments, in exceptional cases 3 segments. Only 

minor facet joint degeneration as well as no mus-

cular degeneration should be present as this 

might result in persisting neck pain after TDR. In 

addition to soft disc herniation a mild spondy-

lotic stenosis is seen as a good indication for 

TDR and data support the use of TDR in adjacent 

level degeneration following ACDF as well.

However, a significant spondylotic degenera-

tion, ossification of the longitudinal ligament, 

bridging osteophytes, segmental height loss >50%, 

kyphotic deformity, hypo- or hypermobility 

(>3.5 mm sagittal plane translation, >20° sagittal 

plane angulation) of the segment and osteopenia or 

osteoporosis are contraindications for motion pre-

serving techniques as well as non- degenerative 

pathologies as tumors, infection or trauma.

4.3.2  TDR Outcome

So far, several prospective randomized trials 

designed as non-inferiority trials against ACDF 

as IDE studies assessed the outcome up to 7 years 

after single-level TDR using different types of 

prostheses with different designs and thereby dif-

ferent kinematic characteristics [5, 7, 14, 19, 25]. 

All studies could prove, that the motion of the 

index segment is preserved during follow-up in 

comparison to ACDF. The clinical outcome with 

regard to pain and function was slightly but sta-

tistically significantly superior following TDR to 

the results after ACDF irrespective of the type of 

prosthesis implanted. However, the difference is 

small and probably not clinically relevant. The 

frequency of secondary surgery for the index seg-

ment was lower after TDR than after 

ACDF. Furthermore, some studies could reveal a 

lower incidence of adjacent segment degenera-

tion and a lower rate of adjacent segment surgery 

during follow-up in the TDR treated patient 

group providing evidence for adjacent segment 

protection by TDR [3, 9, 18]. Whether any pros-

thesis design and kinematics are superior in com-

parison to others has not been assessed, so far.

While all studies show slightly superior results 

of TDR in comparison to ACDF criticism arose 

that most studies are prone to bias for missing 

blinding leading to confirmation bias and poten-

tial conflict of interest since most larger studies 

are industry-sponsored [21].

While many high quality studies are available 

for single level TDR few studies assessed the 

results of two level TDR as well. In comparison 

to two level ACDF two level TDR resulted in 

improved results for NDI, SF-12 and overall suc-

cess with a lower rate of secondary surgery and 

adjacent segment degeneration [6, 10, 20]. 

Furthermore, no difference was detected in out-

come 4 years after one or two level TDR, with a 

satisfaction rate of 85% and 4% of secondary sur-

gery after two level TDR [1].

Another potential indication for TDR would be 

an adjacent segment disease after cervical fusion. 

Studies with small patient numbers and short fol-

low-up duration show no difference in outcome of 

primary TDR versus TDR for  adjacent segment 

degeneration after previous fusion [17].

Assessing hybrid surgery (ACDF plus TDR) for 

multilevel degeneration yielded similar if not supe-

rior results in comparison to multilevel ACDF [12].

Therefore, TDR is an option for single or two 

level degeneration, for adjacent segment degen-

eration following fusion or as a hybrid concept 
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with ACDF in multilevel degeneration if above 

mentioned exclusion criteria for ACDF are well 

considered.

4.3.3  Problems and Limitations 
of TDR

A common problem following cervical TDR is het-

erotopic ossification (HO) which is defined as an 

abnormal bone formation in extraskeletal tissue. HO 

can potentially reduce the extent of motion and is 

graded from 1–4 with 4 being a fusion of the segment 

[13]. Reported incidences of high grade HO (grade 

III: bridging ossification which still allows move-

ment; grade IV:complete fusion) after 4 years ranges 

between 1.5 and 63% [2, 23, 24, 27]. However, a 

recent meta-analysis on the influence of HO on 

patient outcome could not reveal any significant 

influence [28]. The worst case of a grade 4 HO fol-

lowing TDR does lead to the same results as ACDF, 

i.e. fusion, without any adverse events by HO.

Further problems of TDR are implant failure 

and displacement which might occur as in all 

implants. But, reported numbers of implant- 

related problems are very low.

4.3.4  Accordance with the  
Literature Guidelines

The indication for treatment was given in the 

above described case. While ACDF would have 

been the gold standard for treatment TDR is an 

alternative supported by clinical data, as well as 

for two level indication.

Level of Evidence: I, Grade of 

Recommendation: A

The level of evidence available to date is high 

comprising several prospective randomized trials 

of TDR in comparison to ACDF.

4.4  Conclusions and Take Home 
Message

High quality data support the use of total disc 

replacement in single and two level mild to mod-

erate cervical degeneration. TDR shows at least 

non-inferior clinical outcome in comparison to 

ACDF being superior in many studies. 

Furthermore, radiographic and symptomatic 

adjacent segment degeneration can be reduced by 

TDR in comparison to ACDF.  The problem of 

heterotopic ossification which can lead to fusion 

of an artificial disc does not significantly influ-

ence clinical outcome.

Pearls

 – Same/superior results as ACDF with 

prudent indication

 – Maintained segmental motion, imitating 

the natural process of loss of ROM

 – Reduced adjacent segment degeneration 

seen after long term follow up

Editorial Comment

A number of items in this chapter deserve a 

personal comment. Cervical TDR has 

partly fallen into disgrace, because an over-

use with extended indications has taken 

place and 2 to 4 year follow up data in the 

cohorts of the above mentioned RCTs did 

not prove a significant reduction of ASD as 

compared to fusion, because the overall 

incidence was low. Only after 5 years and 

beyond a difference can be detected in 

favour of TDR. Thus cervical TDR has a 

place in the treatment of soft disc radicu-

lopathy in biologically younger individu-

als, which will then give them a small but 

relevant advantage over ACDF in the long 

term. The key is to stick to a narrow indica-

tion to avoid the downsides such as HO, 

relevant persistent neck pain etc. It should 

be mentioned, that especially complex, i.e. 

3-piece TDR constructs are more prone 

to  produce significant morbidity due to 

implant failure, although this has not found 

its way into the literature. Several products 

had to be taken from the market, because of 

this with relevant liability sequelae.

4 Cervical Motion Preserving Procedures (TDR)
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Posterior ‘Motion Preserving’ 
Procedures (Frykholm)

Florian Ringel and Angelika Gutenberg

5.1  Introduction

Cervical radiculopathy from degenerative dis-

ease is a common problem with an incidence of 

0.83–1.79 per 1000 person years. It can be caused 

by a cervical disc herniation, bony foraminal ste-

nosis or spinal canal stenosis.

Upon failure of conservative therapy or a sig-

nificant motor deficit surgical treatment is indi-

cated. The technique presently regarded as the 

gold standard of surgical treatment is an anterior 

cervical discectomy followed by fusion as 

already described in the 1950ies by Smith/

Robinson and Cloward. However alternative sur-

gical techniques are available for selected cases 

as total disc replacement (Chap. 4) or a posterior 

foraminotomy. Both techniques aim to preserve 

segmental motion by the avoidance of fusion. 

While total disc replacement evolved in the 

1990ies, posterior foraminotomy was already 

described in 1951 by Ragnar Frykholm and still 

carries his name as Frykholm procedure. It 

describes a posterior approach to the cervical 

spine and posterior laminoforaminotomy to 

decompress cervical nerve roots from laterally 

localized disc herniations or foraminal stenoses.

This chapter will outline the indications and 

limitations of posterior cervical foraminotomies, 

briefly the surgical steps and the outcome.

At the end of this chapter the reader should be 

aware of the advantages and disadvantages of 

posterior foraminotomies to treat cervical 

radiculopathy.

5.2  Case Description

A 37 y/o female patient suffered from neck pain 

and right-sided brachialgia with acute onset. Pain 

distribution was according to the dermatome C7, 

her neurological examination revealed a right- 

sided paresis of elbow extension grade 4 out of 5. 

A MRI scan of the cervical spine showed a right- 

sided laterally located disc herniation at the C6/7 

level (Fig. 5.1). A preoperative CT scan excluded 

a relevant bony foraminal stenosis or further 

degenerative osteophytic changes.

After diagnosis of the herniated disc a conser-

vative therapy was initiated. However, as the con-

servative treatment could not control the patient’s 

symptoms, surgical treatment was indicated. A 

posterior tubular transmuscular approach to the 

level C6/7 at the right side was performed. After 

reaching the bony spine the laminas of C6 an C7 

and the joint C6/7 were identified. A partial lami-

notomy of C6 and 7 and partial facet joint resec-

tion was performed as illustrated in Fig. 5.2 and 

thereby creating a posterior foraminotomy at the 

F. Ringel (*) · A. Gutenberg 

Department of Neurosurgery, Universitätsmedizin 

Mainz, Johannes Gutenberg Universität Mainz, 

Mainz, Germany

e-mail: florian.ringel@unimedizin-mainz.de

5

http://crossmark.crossref.org/dialog/?doi=10.1007/978-3-319-98875-7_5&domain=pdf
mailto:florian.ringel@unimedizin-mainz.de


34

level C6/7 (Fig. 5.2). The soft disc fragment was 

removed thus decompressing the nerve root.

Early after surgery the patient was pain-free 

regarding the radicular arm pain. The paresis 

recovered within a few days. The patient initially 

complained of some neck pain which recovered 

completely during follow-up.

5.3  Discussion of the Case

5.3.1  Indication for Surgery

The patient described in the case suffered from a 

cervical radiculopathy with pain and a mild pare-

sis. The causative soft disc herniation was later-

ally localized at the segment C6/7.

Usually, cervical radiculopathies from soft 

disc herniations recover well under conserva-

tive therapy [3, 20], but symptoms refractory to 

conservative therapy as well as significant pare-

ses are an indication for surgery. So far, no data 

from well-designed studies provide informa-

tion on when and who to operate. Few smaller 

studies assessed the difference between ongo-

ing conservative therapy and surgery providing 

contradictory results [8, 11, 16, 18]. The 

CASINO trial is currently examining the differ-

ence of conservative and operative therapy in a 

a b
Fig. 5.1 Preoperative MRI scan 

of the cervical spine in an axial (a) 

and sagittal (b) orientation. The 

MRI scan shows a right-sided 

lateral C6/7 disc herniation 

causing C7 root compression. The 

herniated disc is laterally located 

i.e. the majority of the herniation is 

lateral to the spinal cord

Fig. 5.2 Bony surgical access. A 3D reconstruction of a 

bony spine after a posterior foraminotomy is shown. The 

extent of the bony drilling necessary to achieve posterior 

access to the foramen is shown, the stability of the facet 

joint is maintained
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well-designed prospective randomized con-

trolled study and is still recruiting patients [22].

Due to the lack of conclusive data the decision 

for surgery is mainly based on experience and can 

vary at different centers. A commonly accepted 

indication for surgery would be a persisting, qual-

ity of life reducing, radicular pain despite conser-

vative therapy or a paresis of 3 out of 5 or worse.

However, the question remains which tech-

nique to choose for decompression, or – for this 

chapter – when is a posterior cervical foraminot-

omy an option and what are the potential advan-

tages or disadvantages.

5.3.2  Surgical Technique

For a posterior foraminotomy (PF) the patient 

can be placed either in a prone concorde posi-

tion or a semisitting position. Height localiza-

tion is performed by intraoperative fluoroscopy 

which can be demanding in the lower cervical 

spine in short-necked patients where the shoul-

ders overly the lower cervical spine. The 

approach is either by a medial incision and 

detachment of the muscles from the spine or, 

more commonly, a paramedian transmuscular 

approach. Endoscopic techniques for PF are 

available as well. Target at the bony spine is the 

junction between the laminae of the upper and 

lower vertebra and the facet joint laterally 

(Fig. 5.2). As a next step it is necessary to per-

form lateral partial laminotomy by removing 

4–5 mm from the superior and inferior lamina 

using a high-speed drill to allow visibility of the 

dura [17]. The junction between the medial the-

cal sac and the exiting root is the medial border 

of the exposure, the root can be followed later-

ally as far as necessary. It is safe to remove up to 

5 mm of the lateral mass (for most cases approx-

imately 50% of the facet joint) to allow easy 

mobilization of the nerve root for sequestrec-

tomy without producing instability [1, 4, 25]. 

After removing the bone usually brisk epidural 

bleeding from the venous plexus is experienced. 

A soft disc herniation is usually localized below 

the exiting nerve root and a sequestrectomy can 

be performed here.

5.3.3  Indication, Contraindications, 
Advantages, Disadvantages, 
Complications and Outcome 
of Posterior Foraminotomies

Pathologies which can be approached by a PF are 

unilateral and lateral to the spinal cord, as the 

cord cannot be displaced to get access to more 

medial pathologies. Therefore, a typical indica-

tion for a PF is a unilateral soft disc herniation 

with more than 2/3 of the disc herniation lateral 

to the spinal cord, or a bony foraminal stenosis. 

Paramedian or medially located disc herniations 

are not reachable by a posterior foraminotomy 

and would be a contraindication. Thus, a PF is 

suitable for a small subsets of patients with cervi-

cal radiculopathies only.

However, if patients are well selected, PF pro-

vides as beneficial long-term clinical results as 

the gold-standard ACDF with good to excellent 

success rates of up to 94% in most published 

series [7]. A recent meta-analysis found no dif-

ferences in patients reported outcome measures 

following PF versus ACDF, a sufficient pain 

relief in 75–100% and a success rate of 85% [14].

But why prefer a PF in comparison to ACDF 

or TDR? Advantages of the PF are (i) the lack of 

implants and thereby the reduction of implant- 

related complications and costs, (ii) the non- 

fusion characteristic of the technique maintaining 

segmental motion and thereby potentially reduc-

ing adjacent segment degeneration and (iii) the 

avoidance of complications associated with the 

anterior approach as dysphagia, laryngeal nerve 

palsy and other soft tissue damage. From a health 

care economics perspective the lack of implants 

in PF generates 89% less costs than an ACDF 

[26]. Studies assessing the segmental motion 

after PF elucidate that PF was not associated with 

a reduction of segmental motion in most cases 

and furthermore was not associated with an 

increased adjacent segment motion as following 

an ACDF [6, 13, 19].

However, concerns associated with the tech-

nique of PF are regarding (i) a potential instability 

from a partial resection of the facet joint resulting 

in neck pain and potential deformity, (ii) persist-

ing approach related neck pain from muscular 
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damage, (iii) worse outcomes in bony foraminal 

stenoses and (iv) a higher reoperation rate com-

pared to ACDF at the index level [19]. The com-

plications reported with PF include nerve root 

injury (especially C5 palsy) and dural tear [5, 19].

Some controversies exist regarding the extent 

of facet joint resection associated with a segmen-

tal instability. While some studies report a higher 

incidence of instability after >50% of resection, 

other studies show sufficient stability of the cer-

vical spine even after larger amounts of resection 

[12, 21, 25]. However, for most cases a facet joint 

resection of <50% seems sufficient which does 

not endanger stability [1, 4]. But, as a resection of 

posterior elements is necessary, a segmental 

kyphosis or cervical lordosis <10° is regarded as 

a contraindication for PF as a secondary progres-

sive kyphosis may occur [12].

Faught and colleagues [9] showed an excellent 

long-time quality of life outcome equally for 

patient treated with PF for both soft disc or osteo-

phyte disease. In contrast, excellent results for 

soft disc herniations treated by PF were found in 

92.6% by Yoo et al., while cases with foraminal 

stenosis resulted in excellent results after PF in 

55.0% of cases only [24]. The outcome of forami-

nal stenosis decompression with PF seems to 

depend on the shape and thereby the extent of ste-

nosis [10]. While V-shaped stenoses, i.e. medial 

stenosis opening towards the lateral part of the 

foramen can be treated with good results with PF, 

parallel stenoses, i.e. extending to the lateral part 

of the foramen, are associated with potentially 

inferior results as a decompression far lateral is 

necessary [10]. Therefore, for medial foraminal 

stenoses a posterior decompression seems to be 

suitable. Non good candidates for PF are patients 

with anterior spurs and a foraminal stenosis 

extending far lateral. Overall, reoperation rate at 

the index level after PF receiving ACDF is low 

[23] Regarding reoperation rates after PF and 

ACDF a recent comparisons of propensity 

matched cohort of patients treated with PF versus 

ACDF revealed a reoperation rate of 6.4% versus 

4.8% after PF versus ACDF, respectively, thus 

with no significant difference [15]. Patient lacking 

preoperative neck pain have the lowest rate of 

revision surgery after PF [2].

5.4  Conclusions and Take Home 
Message

The posterior cervical foraminotomy (PF) ini-

tially described by Frykholm is a surgical option 

for unilateral pathologies of cervical foramina, 

i.e. lateral disc herniations or medial bony 

foraminal stenoses. Surgical results in appropri-

ately selected patients do not show significant 

differences to patients treated with ACDFs. An 

advantage of PF is the preservation of motion 

and the lack of necessary implants. Medial or 

mediolateral disc herniations or foraminal ste-

noses reaching far lateral should not be 

approached by a PF. Segmental instability after 

PF is a rare problem. Contraindications include 

radiographic evidence of a central compressive 

pathological entity, kyphosis, or a clinical pre-

sentation consistent with myelopathy.
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Cervical Myelopathy: Indication 
and Operative Procedure

Marcus Czabanka and Peter Vajkoczy

6.1  Introduction

The most common cause of spinal cord dysfunc-

tion is related to nontraumatic, noninfectious 

and nononcologic causes such as degenerative 

disc disease, hypertrophy of the ligamentum fla-

vum, ossification of the posterior longitudinal 

ligament (OPLL) and progressive kyphosis [1, 

2]. Cervical spinal cord dysfunction due to these 

pathologies is referred to as degenerative cervi-

cal myelopathy (DCM) leading to neurological 

deterioration and reduced quality of life [3, 4]. 

Treatment options for DCM range from non-

surgical conservative approaches to surgical 

360° reconstruction procedures of the cervical 

spine [5]. Optimal treatment requires thorough 

knowledge of the natural history of the disease, 

detailed expertise in surgical decision making, 

experience in anterior and posterior approaches 

to the cervical spine as well as medical expertise 

related to intra- and postoperative management 

of patients with (chronic) spinal cord injury [1, 

5]. The following chapter outlines three different 

cases of DCM focusing on timing of treatment 

and treatment indication (Case 1), surgical deci-

sion making (anterior vs. posterior vs. combined 

technique, Case 2) and the special pathology of 

ossification of posterior longitudinal ligament 

(OPLL, Case 3). Rationale for surgical treatment 

derived from typical symptomatology and pre-

operative imaging/diagnostics is demonstrated. 

Surgical techniques, approaches and risks are 

discussed in relation to the pathoanatomical pre-

sentation of DCM based on three exemplary 

cases.

6.2  Case Descriptions

6.2.1  Mild Degenerative 
Myelopathy C5/6

A 45 year old male patient presented with persis-

tent radicular pain for 3–6  months in the right 

arm corresponding to the C6 dermatome paral-

leled by dysesthesia. The patient did not experi-

ence changes in gait or fine motor movements of 

the hands. Furthermore no paresis was detected 

on physical exam. The patient has not performed 

specific therapeutic interventions except for pain 

medication that did not lead to permanent control 

of the radicular symptoms.

Physical exam: visual analogue scale (VAS) 

for radicular pain right arm: 6 points; modified 

Japanese Orthopaedic Association scale (mJOA): 

17 points; NURICK scale grade 0 (Fig. 6.1).

Based on these findings the patient presents 

with a severe spinal canal stenosis and the pres-

ence of myelomalacia in MRI, yet without clini-

cal signs of myelopathy. The radicular pain in the 
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right C6 dermatome may be due to foraminal 

 stenosis and / or to the presence of myelomalacia 

which may not be differentiated clinically. Results 

of the mJOA and Nurick scale underline the clini-

cal diagnosis with very low scores. This clinically 

mild or almost non-present form of myelopathy is 

in clear contrast to the myelomalacia (T2 hyperin-

tensity) demonstrated in MRI.  In these cases, 

electrophysiological assessment adds important 

information beyond findings in physical examina-

tion (e.g. clinically non- detectable compromise of 

MEPs or SEPs). Therefore in order to further 

analyse the patients pathology flexion/extension 

x-ray of the cervical spine and electrophysiologi-

cal analysis of somatosensory evoked (SEP) and 

motor evoked potentials (MEP) was performed. 

No deficits in SEP and MEP analysis were 

detected while x-ray imaging did reveal a non-

moving segment C5/6. Additional CT imaging 

verified a soft disc protrusion causing the spinal 

canal stenosis (Fig. 6.2).

Due to persistent radicular pain and the pres-

ence of severe spinal canal stenosis the decision 

was made to operate the patient using an anterior 

cervical discectomy and fusion (ACDF) in order 

do decompress the spinal canal and the foraminal 

stenosis.

6.2.2  Severe Degenerative 
Multisegmental Myelopathy

A 44 year old female patient presented with pro-

gressive gait ataxia, persistent paresthesia in the 

left arm and left foot. Especially the gait distur-

bance has worsened over the last 12 months. The 

patient had received MRI with the diagnosis of a 

cervical spinal canal stenosis 4 years ago due to 

similar but less pronounced symptoms. The indi-

cation for surgical decompression was already 

seen at that time, however the patient declined 

surgical treatment due to tolerable symptoms 

and decided for conservative management.

Physical exam: mJOA 10 points, NURICK 

scale grade 3, VAS 5 points for neck pain 

(Fig. 6.3).

Additional electrophysiological analysis dem-

onstrated a reduced response in SEPs from the 

upper extremity verifying spinal cord injury. 

Consequently surgical treatment was recom-

mended for that patient. Due to cervical kyphosis 

and the compressive pathology restricted to the 

disc segment without signs of ossification, the 

decision was made to perform three-level ACDF 

in order to decompress the spinal cord and to cor-

rect the kyphotic deformity (Fig. 6.4).

MRI T2 MRI T2 

Fig. 6.1 MRI scan. The MRI scan demonstrates severe cervical spinal canal stenosis in C5/6 with corresponding signs 

of myelomalacia due to a broad based disc protrusion and bilateral foraminal stenosis
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Flexion/extension x ray

CT Postoperative x ray

Fig. 6.2 x-ray and CT imaging of the cervical spine. 

Flexion/extension x-ray of the cervical spine shows a 

fixed C5/6 segment without signs of instability. CT imag-

ing demonstrates a soft disc protrusion without signs of 

ossification in C5/6. A postoperative x-ray control verifies 

a three level discectomy and fusion from C3-6

6 Cervical Myelopathy: Indication and Operative Procedure
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6.2.3  Degenerative Myelopathy 
Due to Ossification 
of the Posterior Longitudinal 
Ligament

A 57 year old male patient presented with coordi-

nation problems and fine motor dysfunction of 

both hands especially when eating and manipulat-

ing small items. Additionally a gait disturbance 

has developed over the last 9 months resulting in 2 

domestic falls while walking to the bathroom at 

night without turning the lights on. The patient had 

received MRI at an external institution demon-

strating severe spinal canal stenosis with a maxi-

mum extension behind C4 and C5. A less 

pronounced spinal canal stenosis is shown in C5/6.

Physical exam: mJOA 13 points, NURICK 

scale grade 2 (Fig. 6.5).

Electrophysiological assessment showed 

delayed latencies in MEPs from the upper and 

lower extremity verifying spinal cord injury. Due 

to the unusual compressive pathology in MR 

imaging a CT scan was initiated which verified a 

broad based OPLL behind the vertebral bodies of 

C4 and C5. In the presence of OPLL surgical 

treatment was recommended using a posterior 

approach with wide laminectomy and posterior 

instrumentation using spinal navigation for the 

placement of cervical pedicle screws (Fig. 6.6).

6.3  Discussion of the Cases

6.3.1  Indication Case 1

The patient in case 1 represents a non- myelopathic 

patient with imaging evidence of cord compres-

sion and radiculopathy. Indication for surgical 

treatment is based upon natural history of the dis-

ease, rates of disease progression/myelopathy 

MRI T2 
MRI T2 – C3/4 

MRI T2 – C4/5 

MRI T2 – C5/6

Fig. 6.3 Preoperative MRI. MRI demonstrates cervical degenerative kyphosis with severe spinal canal stenosis in seg-

ments C3/4, C4/5 and C5/6 and associated myelomalcia
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development and risks of operative intervention 

[1]. Over an observation period of 44  months, 

22.6% of patients with imaging evidence of cord 

compression/cervical spinal canal stenosis 

develop clinically manifest myelopathy [6]. In the 

case of OPLL, the rate may rise up to 61.5% of 

patients developing myelopathy. Presence of 

radiculopathy and electrophysiological compro-

mise (prolonged SEPs and MEPs, evidence of 

anterior horn cell lesion) have been identified as 

distinct and independent risk factors favoring 

early myelopathy development within 12 months 

[6]. Clinical radiculopathy was found in 62.5% of 

patients which eventually developed myelopathy 

as compared to only 26.35% of patients without 

developing myelopathy [6]. Once myelopathic 

symptoms exist more than 50% of patients worsen 

at performing activities of daily living over a 

10  year period and experience a significantly 

higher rate for spinal cord injury-related hospital-

ization [1, 7]. In contrast, non-operative treatment 

is not well-defined consisting of different treatment 

Preoperative flexion/extension x-ray

CT Postoperative x-ray

Fig. 6.4 CT and x-ray imaging. CT imaging verifies soft 

disc protrusions and dorsolateral spondylophytes as cord- 

compression pathology without signs of ossification. 

Flexion/extension x-ray demonstrates preserved motion in 

C2/3 and C6/7 while the degenerated segments are fixed. 

No signs of instability are demonstrated. Postoperative 

X-ray imaging demonstrates ventral discectomy and 

decompression in segments C3/4, C4/5 and C5/6 with 

ventral plating from C3-6 and correction of cervical 

kyphosis
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MRI T2 MRI T2 – C4/5

CT CT – C4/5

Fig. 6.5 MRI and CT.  MRI demonstrates spinal canal 

stenosis and myelomalacia due to a cord compressing 

mass behind the vertebral bodies of C4 and C5 extending 

clearly beyond the disc segment. A moderate spinal canal 

stenosis is verified in C5/6 restricted to the disc segment. 

CT imaging demonstrates a long ossified mass located 

behind vertebral bodies C4 and C5 (continuous OPLL) 

leading to severe spinal canal stenosis in axial view

Postoperative x-ray

Fig. 6.6 Postoperative X-ray. Postoperative imaging verifies posterior decompression and fusion with cervical pedicle 

screws
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algorithms including bed rest, cervical traction, 

cervical immobilization, thermal therapy, physi-

cal therapy and/or non-steroidal anti-inflamma-

tory drugs [1, 3]. In the lack of clear evidence-base 

data, non-surgical treatment does not lead to a 

significant recovery of myelopathic patients with 

the exception for a specific subgroup of patients 

suffering from soft disc herniation and dynamic 

myelopathic symptoms [1]. Additionally, 23–54% 

of patients under non- surgical treatment eventu-

ally undergo surgical decompression due to con-

servative treatment failure [1, 8]. In contrast, the 

cumulative risk for complications after surgical 

treatment is low (overall complication rate 14.1%) 

with major complications ranging from 0.3% to 

3.3% [1]. Based on these data, current treatment 

guidelines recommend either surgical treatment 

or a trial of structured non-operative treatment in 

non- melopathic patients with imaging evidence 

of spinal cord compression and a relevant risk 

profile for developing myelopathic symptoms [1]. 

A shared decision making process between the 

treating physician and the patient must be per-

formed as the use of prophylactic surgery is likely 

costly and of limited benefit. Nevertheless, a 

structured conservative treatment protocol may be 

challenging beyond practicability of every day 

life. Yoshimatsu et  al. proposed a conservative 

treatment protocol of cervical traction of 4 h per 

day for 3 months paralleled by immobilization of 

the cervical spine, exercise therapy, drug and ther-

mal therapy [9]. Furthermore, if patients experi-

ence neurological deterioration during 

conservative treatment they should be advised to 

surgical treatment because a longer duration of 

myelopathic symptoms and a higher severity of 

symptoms reduce the patients` chances to recover 

to a non-myelopathic neurological state [1]. In 

case 1, the indication for surgical intervention was 

seen due to the patients risk profile for developing 

myelopathic symptoms and the long- standing 

severe radiculopathy that significantly reduced 

the patients quality of life.

6.3.2  Choice of Approach

DCM may be caused by compression of the spinal 

cord from either anteriorly located, posteriorly 

located or a combined localization of degenerative 

pathologies. Consequently both anterior and poste-

rior approaches are available for the treatment of 

DCM.  Following evidence based data, surgical 

decompression strategies utilizing both approaches 

have been demonstrated to effectively treat DCM 

[10]. Due to the scientific equiopoise concerning 

the superiority of both approaches current treat-

ment guidelines recommend an individualized 

approach when treating patients with CSM 

accounting for pathoanatomical variations (ventral 

vs. dorsal, focal vs. diffuse, sagittal, dynamic insta-

bility) [5]. The usual recommendation points out 

that if the compression occurs from anterior a ven-

tral approach should be performed, if it occurs 

from posterior a dorsal approach represents the 

strategy of choice. In case 1 we chose an anterior 

approach due to the fact that a broad based soft disc 

protrusion led to an anterior compression of the 

spinal cord and the neuroforamina. Decompression 

of the neuroforamina is more easily achieved via an 

anterior approach compared to a posterior 

approach. Moreover, the compressive pathology is 

restricted to the level of the cervical disc, which can 

be completely addressed by anterior discectomy 

and fusion (ACDF) and the segment shows a slight 

kyphotic alignment, which is better corrected by an 

anterior approach. Additionally, the risk profile for 

postoperative neck pain favours an anterior 

approach [5]. The risk for laryngeal nerve palsy 

and major complications like vessel injury, esopha-

geal injury and tracheal injury is very low (<2%) 

[11]. The rate of transient postoperative dysphagia 

lies around 6% [12].

6.3.3  Accordance 
with the Literature Guidelines

The current guidelines for the treatment of cervi-

cal myelopathy were the basis for the presented 

cases and the discussion of indication and 

approach.

Level of Evidence: C

The level of evidence available to date is low by 

only consisting of metaanalysis based upon 

 retrospective series, cohort studies and few pro-

spective studies.
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6.3.4  Indication Case 2

The patient in case 2 presents clinical symptoms 

of severe DCM in response to a three segmental 

compression of the spinal cord at the disc level 

as a result of a progressive degenerative process 

leading to kyphotic deformity of the cervical 

spine. There is strong recommendation for sur-

gical treatment for patients suffering from 

severe myelopathy as defined by an mJOA score 

of 0–11 [1]. Surgical treatment has been shown 

to significantly improve patients symptoms 

assessed by JOA, mJOA, Neck Disability Index, 

VAS and Nurick scores over a follow-up period 

of up to 36 months [1]. The overall risk profile 

for surgical treatment is very favorable with 

14.1% [1]. Based on the fact that myelopathic 

patients have a high risk for symptom progres-

sion (more than 50% of patients demonstrate a 

decline in symptoms over 10  years) and a 

decline in daily living activities paralleled by a 

high risk for spinal cord injury related hospital-

ization, surgical treatment may be regarded to 

be cost-effective for the health care system [1]. 

Special considerations have to be addressed 

when counseling patients about the effects of 

surgery in the presence of severe myelopathy: 

(1) the duration of symptoms negatively corre-

lates with the odds to recover to a non-myelo-

pathic neurologiocal state (mJOA >16) 

following surgery [13, 14]; (2) the odds to 

achieve a postoperative mJOA score >16 decline 

by 22% if the symptoms persist from a short to 

a long term duration (statistically every 

3  months) [13, 15]; (3) clinical improvement 

compared to baseline level is greater in patients 

with severe DCM as compared to patients with 

mild DCM, however the minimal clinically 

important difference is greater in patients with 

severe DCM as compared to patients with mild 

DCM [1, 4].

This means that patients with severe myelo-

pathic symptoms need to massively improve after 

surgery to experience a minimal clinically impor-

tant difference (MCID) as compared to the pre-

operative state because their baseline level of 

symptoms is very low. This may be the result of 

long lasting myelon compression resulting in 

partially irreversible spinal cord injury. Patients 

suffering from mild myelopathic symptoms need 

small improvements to experience a MCID. The 

overall chances to achieve a clinically relevant 

benefit improve with a shorter duration of symp-

toms and a milder form of DCM. Therefore, sur-

gery should be considered in a timely fashion and 

before symptoms progress to a severe form of the 

disease.

6.3.5  Choice of Approach

The patient demonstrates severe spinal cord com-

pression with signs of myelomalacia in MRI on 

the disc level (C3/4, C4/5 and C5/6) with a regu-

lar width of the spinal canal behind the vertebral 

bodies (multisegmental, focal stenosis). 

Moreover, there is evidence of kyphotic defor-

mity of the cervical spine with remaining mobil-

ity in flexion/extension in the adjacent segments. 

These two factors favor an anterior approach in 

order to decompress the spinal cord and to cor-

rect the deformity while maintaining posterior 

structures, which may beneficial for the develop-

ment of postoperative neck pain and muscle atro-

phy. A posterior approach has the advantage of a 

superior widening of the spinal canal (especially 

behind the vertebral bodies; useful for diffuse 

multisegmental stenosis), yet suffers from 

reduced efficacy to correct the sagittal alignment 

and the higher rate of postoperative neck pain [5]. 

In this patient, widening of the spinal canal 

behind the vertebral bodies of less importance as 

the spinal cord compression is restricted to the 

disc level. Multisegmental anterior discectomies 

with plating have been shown to be superior in 

improvement of clinical outcomes and correction 

of the sagittal alignment compared to ventral cor-

pectomies or hybrid discectomy-corpectomy 

strategies while maintaining a lower risk profile 

for postoperative C5 palsies (1–5%) and a com-

parative risk profile for postoperative dyspha-

gia(<20%), infection(1–2%) and nonunion 

(1–18%) [16]. Consequently, we chose a three 

level discectomy strategy with ventral plating to 

decompress the spinal cord and to restore the sag-

ittal profile.
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6.3.6  Accordance 
with the Literature Guidelines

The current guideline for the treatment of cervical 

myelopathy were the basis for the presented cases 

and the discussion of indication and approach.

Level of Evidence: C

The level of evidence available to date is low by 

only consisting of metaanalysis based upon retro-

spective series, cohort studies and few prospec-

tive studies.

6.3.7  Indication Case 3

The patient in case 3 shows signs of moderate 

DCM in response to an OPLL induced compres-

sion of the spinal chord. MRI demonstrates a spi-

nal canal stenosis which extends beyond the disc 

level of C4/C5. CT imaging demonstrates hall-

marks of a continous OPLL from C4 to C5. 

Following current treatment guidelines, surgical 

decompression is recommended for the treatment 

of mild DCM [1]. The rationale for this indication 

is summarized in Cases 1 and 2. Despite the fact 

the OPLL represents a special cause of DCM, sur-

gical treatment has proved to be equally effective 

in OPLL patients similar to patients suffering 

from other forms of DCM [17]. However, it must 

be mentioned that surgical decompression of 

OPLL may be associated with an increased com-

plication risk of 21.8% [1, 17, 18].CSF leaks, C5 

palsies and implant failure are among the most 

frequent complications following surgical decom-

pression for OPLL [18]. In contrast, non- 

melopathic OPLL-patients should not receive 

prophylactic surgery [18]. The risk to develop 

myelopathy in response to OPLL is quite low with 

>70% of asymptomatic OPLL patients remaining 

without myelopathic symptoms over an observa-

tion period of 30 years [18]. The most important 

risk factor for potential development of myelopa-

thy was spinal canal stenosis due to OPLL of 

>60% [18]. In these cases, surgical decompres-

sion is also recommended as 100% of patients 

with a spinal canal stenosis of more than 60% 

caused by the OPLL develop myelopathy [18].

6.3.8  Choice of Approach

The patient in Case 3 demonstrates severe spinal 

cord compression with signs of myelomalacia in 

MRI due to compression from a continuous 

OPLL. In order to achieve adequate decompres-

sion a posterior approach was chosen to release 

the myelon. Currently both anterior and posterior 

approaches have to be considered equally effec-

tive to treat OPLL induced DCM even though 

there seems to be a higher complication profile for 

anterior approaches [5, 17, 18]. CSF leaks, 

implant failure and dysphagia/hoarseness are 

associated with anterior approaches despite the 

fact that the anterior floating decompression tech-

nique is applied [18]. Usually multilevel corpec-

tomies have to be performed to treat OPLL which 

predisposes to implant failure and non- union [18]. 

In contrast, posterior approaches are associated 

with a lower risk profile for CSF leak, yet they 

represent indirect decompression strategies with a 

higher risk for C5 palsies and axial neck pain 

[18]. Different posterior techniques are available 

like laminoplasty, laminectomy and laminectomy/

fusion. Today, laminectomy is usually not recom-

mended due to the risk of postoperative deformi-

ties [18]. Laminoplasty is described as a useful 

strategy to treat OPLL induced DCM, yet lamino-

plasty is associated with increased rate of postop-

erative neck pain and almost 70% of patients that 

received laminoplasty demonstrate signs of OPLL 

progression [19, 20]. Laminectomy and fusion is 

mostly associated with an increased rate of nerve 

root affections, yet it currently represents a useful 

tool to decompress the spinal cord with a low 

complication profile [18, 20]. In order to decide 

about the optimal approach the K-line may be 

used to differentiate K-line positive from K-line 

negative OPLL patients [18]. The K-line on the 

lateral radiographs connects the midpoints of the 

spinal canal at C2 and C7. In K-line positive 

cases, the OPLL is ventral to the line (recommen-

dation posterior approach) and in K-line-negative 

cases, the OPLL is dorsal to the line (optional 

anterior or posterior approach) [18]. In cases of 

multisegmental anterior corpectomies (2 levels 

and more) an additional posterior instrumentation 

should be considered to reduce the risk of non-
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union and implant failure [18]. For posterior 

approaches decompression of the adjacent seg-

ments above and below the OPLL is recom-

mended to avoid kinking of the myelon after dor-

sal decompression [18].

In our institution OPLL patients are usually 

treated by multisegmental posterior decompres-

sion and fusion except for patients with severe 

kyphotic deformity that require additional cor-

rection of cervical kyphosis. Consequently, the 

patient in Case 3 demonstrates adequate cervi-

cal lordosis with a K-line positive OPLL which 

was treated by posterior decompression and 

fusion.

6.3.9  Accordance 
with the Literature Guidelines

The current guideline for the treatment of cervi-

cal myelopathy were the basis for the presented 

cases and the discussion of indication and 

approach.

Level of Evidence: C

The level of evidence available to date is low by 

only consisting of metaanalysis based upon retro-

spective series, cohort studies and few prospec-

tive studies.

6.4  Conclusions and Take Home 
Message

Patients with DCM should be treated at an early 

time point before the symptoms progress and the 

chances of recovery to a non-myelopathic state 

decline. Treatment of choice is surgical decom-

pression either from an anterior or posterior 

approach depending on the patients pathoana-

tomical characteristics. Non-myelopathic 

patients with imaging signs of spinal cord com-

pression may also receive surgical treatment if 

risk factors for the development of myelopathy 

exist. In OPLL patients, the same rationale for 

surgical treatment as for the other forms of DCM 

exist. However OPLL patients may experience a 

higher complication profile as patients with other 

causes of DCM.
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Cervical Posterior Long Construct 
Stabilization

Lukas Bobinski

7.1  Introduction

The cervical spine has a widest range of motion 

in comparison to the rest of the spine. As part of 

the physiological global sagittal alignment it acts 

as a well-tuned adjustment instrument which sus-

tain the horizontal gaze and supports the mass of 

the head. Due to this complex task, the cervical 

spine is particular susceptible to a variety of dis-

orders that inevitably can warrant surgical con-

sideration. Hence, the choice of surgical 

technique should recognize the importance of 

cervical sagittal alignment as a significant factor 

that prevents late complications like pseudarthro-

sis, adjacent segmental degeneration, pain and 

neurological deterioration.

The typical example of pathology that very 

often requires long posterior cervical instrumen-

tation is the fracture/dislocation in ankylosing 

spondylitis (AS).

AS is a chronic inflammatory disease, caus-

ing ossification of the joints and ligaments with 

auto- fusion and widespread ankylosis, that sec-

ondary leads to atrophy of the surrounding mus-

cles and osteoporosis. During this process, 

patients can develop fixed cervicothoracic 

deformity that leads to difficulty with forward 

gaze and social outlook. The global kyphotic 

sagittal imbalance with anterior displacement 

center of gravity makes patients with AS very 

prone toward fall trauma. The rigid, osteopo-

rotic cervical spine in kyphotic position creates 

long lever arm, which is susceptible to distrac-

tion fractures in close relationship to junctional 

levels, even with a minor trauma. Furthermore, 

even slight displacement of these fractures can 

lead to a catastrophic neurologic deficit as they 

tend to be very unstable, and therefore demand 

a solid construct that withstand shearing forces 

across the fracture site similar to fixations tech-

nique used for long bone fractures.

The authors describe a case of highly unstable 

cervical fracture that preferably should be treated 

with a long posterior cervical screw and rod fixa-

tion. The preoperative radiological evaluation 

provides the reader with visualization of the 

problem to increase understanding of the clinical 

implications essential for surgical planning. 

Furthermore, the applied techniques are explained 

with highlighting their advantages.

This chapter’s objective is to equip the reader 

in sufficient information to be able to plan long 

posterior screw and rod fixation in cervical spine 

in case of complex cervical pathology.

L. Bobinski (*)

Department of Orthopedics, Spine Unit, Umeå 

University Hospital, Umeå, Sweden
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7.2  Case Description

A 66 y/o male with known AS was admitted to the 

local hospital after he fell at his home and suf-

fered a low energy cervical trauma. The patient 

presented with severe pain in cervicothoracic 

region. The neurological exam according to ASIA 

score revealed signs of central-cord syndrome 

with motor weakness (3/5) distally in the upper 

and proximally in the lower extremities with pres-

ervation of sacral function (ASIA D). The initial 

radiological evaluation with computer tomogra-

phy revealed a highly unstable, distraction frac-

ture C7/T1: B3 displaced anteriorly (Fig. 7.1a–c) 

[1]. The left C7 pedicle was intact, however the 

fracture continued through the right C7 pedicle. 

Patient was urgently referred to our unit at univer-

sity hospital, level 1 trauma center. The external 

immobilization was impossible due to severely 

advanced global kyphotic deformity. This was 

also the reason, why the radiological investiga-

tions were not completed with the MRI. The sta-

tus at the admission was unchanged. As a result of 

this highly unstable fracture with serious risk of 

displacement, neurological deterioration and 

threat for free airways, the patient was scheduled 

for emergency surgery with long posterior cervi-

cal fixation bridging across cervicothoracic junc-

tion (CTJ). Unfortunately, the intraoperative 

neuromonitoring was not available in this case.

7.2.1  Surgery

After awake intubation, patient was gently log- 

rolled to prone position with his head secured in 

the head holder on the horse-shoe support with a 

slight traction (3  kg). The effort was made to 

keep the patient’s abdomen completely free, with 

a support on the table on a padded chest plate and 

anterior iliac crest pads. After applying padded 

support to patient’s feet, the table was put in 

reversed Trendelenburg position in order to mini-

mize perioperative bleeding. Due to extreme 

kyphotic deformity, use of intraoperative fluoros-

copy was impossible.

The exposure was carried out from C2 to T3. It 

was then confirmed, intraoperatively, the presence 

of subluxation at C7/T1 level. The cervical spine 

was completely fused. This created two long lever 

arms displaced against each other. Even slightest 

attempt on instrumenting cervical spine above the 

fracture caused eminent thread to further displace-

ment. Moreover, the bone fragment of the right 

broken pedicle injured dura mater in close rela-

tionship to the C8 nerve root with CSF leak.

a b c

Fig. 7.1 CT scan on admission to primary hospital after 

the trauma. The CT scan shows an anteriorly displaced, 

luxated cervical fracture C7/T1: B3 according to AOSpine 

subaxial cervical spine injury classification fracture [1]. 

Typical characteristics of AS with “bamboo spine” 

appearance is clearly visible. Arrows point at three col-

umn disruption and fractured right C7 pedicle. (a) midline 

slice, (b) left side slice, (c) right side slice
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Under direct visualization the short segment 

fixation was carried out on left side between C7 

and T1. This maneuver allowed re-alignment of 

the column. On the right side the C7 pedicle was 

not suitable for instrumentation. This is the rea-

son, C6 pedicle and T1 were used for another 

short instrumentation. This completed reposition 

of the fracture and provided with sufficient seg-

mental stability for further instrumentation at the 

higher levels (Fig.  7.2). The Magerl technique 

was then used at C1/C2 vertebrae bilateral since 

they were already auto-fused. This created a solid 

cranial bone purchase. Lower subaxial segments 

were instrumented with use bi-cortical, lateral- 

mass screw technique. The caudal instrumenta-

tion was extended toward T3 due to of very poor 

bone quality. The four-rods (3.0  mm titanium 

each) technique was applied to connect and close 

the construct (Fig. 7.3a, b). The fixation was fol-

lowed by laminectomy C6-T1 with suturing a 

dural tear and evacuation of minor intraspinal 

hematoma. No attempts were taken to correct the 

Fig. 7.2 Postoperative CT scan. The postoperative CT confirmed realignment of the cervical column with a long pos-

terior screw and rod fixation crossing CTJ

a b c

Fig. 7.3 Enhanced images of the construct. The construct 

consisted of: Magerl screws at most cranial C1/C2 seg-

ments bilateral, followed by lateral-mass screws and ped-

icle screws at levels T2 and T3. Additional two short 

segment fixations: right C6 pedicle screw to T1 pedicle 

screw and left C7 pedicle screw to T1 pedicle screw. (a)  

and (b) coronal and (c) sagittal view
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kyphotic deformity because of the risk of further 

neurological deterioration.

The wound was closed in layers in regular 

fashion. No drain was used to in order to prevent 

development of CSF fistula.

Postoperatively patient presented with 

unchanged neurological status. He was dis-

charged for rehabilitation after a few days at our 

unit.

7.2.2  Follow-Up

The patient presented a full recovery of his neu-

rological deficit at the 3  months follow-up. He 

was also pain-free. The following radiological 

examination at 6 and 12  months showed com-

plete fusion of the segment (Fig. 7.4a, b).

However, due to the global kyphotic defor-

mity, the patient was scheduled for corrective 

surgery with PSO at the lumbar segments and 

instrumentation (Figs. 7.5 and 7.6).

7.3  Discussion of the Case

7.3.1  Indications

This patient suffered from a minimal trauma to 

the neck. Complete ankylosis of the spinal col-

umn sk. “bamboo spine” creates a long lever 

arms that makes the fractures in AS patients 

extremely unstable. Additional kyphosis with 

almost chin-on-chest deformity makes external 

immobilization merely impossible. Patients with 

AS who sustained fracture due to low-energy 

a

b

Fig. 7.4 CT scan at 12 months follow-up. This CT scan 

clearly shows solid, circumferential fusion at the previous 

broken and dislocated segment C7/T1. Images show: (a) 

sagittal and (b) coronal view. There are no signs of hard-

ware failure

Fig. 7.5 Long, standing scoliosis X-ray film. The images 

show a global kyphotic deformity due to AS. Patient pres-

ent with chin-on-chest deformity which impairs forward 

gaze
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trauma tend to deteriorate neurologically and 

have high morbidity and mortality rate [2, 3]. 

This advocates an urgent and aggressive surgical 

treatment. Although, conservative treatment has 

been described in the literature usually is reserved 

to non-displaced fractures without deformity [2].

In this case of a severely displaced, highly 

unstable fracture with a central cord syndrome 

(ASIA D) the surgical option was mandatory.

The neurophysiologic surveillance with 

evoked potentials is recommended because of the 

risk of displacement of the fracture during posi-

tioning and surgery.

7.3.2  Choice of Approach

There are three main approaches to cervical 

spine: anterior, posterior and combined. In gen-

eral, there is no single gold standard which 

approach is the optimal one. Each approach has 

particular advantages and disadvantages thus, 

the decision is made on case to case basis. 

However, the access to CTJ, especially in case 

of distorted anatomy (tumor, displaced fracture, 

deformity), is very limited due to position of 

the sternum and close relationship to major vas-

cular elements as well as lungs and structures 

of mediastinum. The approach, by itself, can 

theoretically, enhance the surgical morbidity. 

The CTJ is a complex anatomical region, where 

very flexible, lordotic cervical spine shifts into 

to a rigid, kyphotic thoracic spine. Therefore, 

surgery in cervical spine in close relationship to 

cervicothoracic junction (CTJ) requires meticu-

lous surgical planning and a surgical approach 

that addresses these challenges. Moreover, the 

biomechanical investigation indicates that ante-

rior stabilization can be insufficient to stabilize 

the CTJ [4].

On opposite to this, posterior stabilization 

with long construct crossing CTJ, reinforced with 

T1 or T2 pedicle screws, provides sufficient sta-

bilization even in a case of multi-segmental fail-

ure of anterior column [5]. Clinical studies 

indicate that a risk for revision due to pseudar-

throsis and hardware failure seems to be much 

higher with short posterior cervical fixations, 

which don’t bridge over CTJ [6, 7].

Posterior instrumented stabilization and 

fusion is a well-established surgical procedure in 

cervical spine. It is a valid surgical option for the 

treatment of a wide variety of cervical patholo-

gies like: cervical spondylotic myelopathy, spinal 

oncology, fractures, infections and deformities.

Lateral mass fixation is very popular and 

accepted technique for achieving stabilization 

and promoting fusion of the subaxial cervical 

spine [8].

Cervical pedicle screws technique remains 

controversial because of the potential risk of 

injuring vertebral arteries. However, cervical 

pedicle screws have twice as high pull-out resis-

tance and can be particular useful for three col-

umn reconstruction, especially in case of cervical 

deformity or poor bone quality [9, 10]. This can 

be especially important in case of AS because of 

high rate of osteoporosis and high instability.

Fig. 7.6 Photography of the patient during the last fol-

low-up. The image confirms a severe global spinal 

kyphotic deformity
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There are several technical issues to be 

addressed when planning for a long posterior cer-

vical instrumentation:

 – most often the CTJ is impossible to visualize 

with the side fluoroscopy

 – surgeon should be familiar with cervical and 

thoracic junctional anatomy and be experi-

enced in both lateral mass and thoracic pedicle 

screw instrumentation techniques

 – in case of osteoporosis and ankylosis, most 

cranial instrumentation can be extended as 

high as to C1 in order to provide the high pull- 

out resistance

 – the rule of thumb is that in case of AS the 

instrumentation should be extended minimal 

to 3 segments above and 3 segments below the 

fracture [3]

 – in case of close relationship to CTJ, the instru-

mentation should always bridge across the 

junction (especially in case of AS)

 – use of the image guidance is advocated espe-

cially when planning CTJ instrumentation 

and/or use of cervical pedicle screw technique 

[11]

 – use of continuous intraoperative neurophysio-

logical surveillance should be mandatory if 

available

Whether the instrumentation should cross the 

CTJ can be questioned since there are available 

studies demonstrating good results with con-

structs ending at C6 and C7 [12]. Nevertheless, 

the authors personal opinion is that thoracic 

instrumentation at T1 and T2 levels does not con-

siderable prolong surgery but creates a solid 

foundation of the construct and protects the cau-

dal anchorage. Therefore, we suggest that long 

posterior cervical fixation should not be stopped 

at CTJ and must always be considered as a valid 

option if there is a doubt regarding bone quality 

and instability.

7.3.3  Accordance with the  
Literature Guidelines

Unfortunately, there is insufficient power of evi-

dence in the current literature to draw conclu-

sions regarding use of long vs short posterior 

cervical fixations and the most caudal point of 

anchoring. Therefore, we cannot apply any gen-

eral guidelines based on these data. However, 

there is informal agreement on indication for use 

of long cervical posterior instrumentation as well 

as the use of this surgical approach in close rela-

tion to CTJ.

Level of Evidence: C

Most available studies regarding this matter are 

larger retrospective single center cohorts and bio-

mechanical cadaver studies. Publication by 

Truumees et al. [12] is the only cited retrospec-

tive multicenter study.

7.4  Conclusions and Take-Home 
Message

Although use of long posterior cervical fixation 

can be debatable, it is relatively straightforward 

technique and can be applied to the various spinal 

pathologies. It offers a strong and solid fixation 

but in the same time can be combined with other 

techniques like: laminectomy, foraminotomy and 

even osteotomy for corrective purposes.

Common consensus is that anterior column 

failure should be managed from anterior approach 

and complete disruption of the cervical column 

from 360° combined anterior and posterior 

approach. This can prolong surgical time and 

enhance surgical trauma. We advocate using only 

long posterior cervical fixation, which is suffi-

cient to support and protect the cervical column 

especially when cervical pedicle and upper tho-

racic pedicle screw fixation has been used.

 L. Bobinski
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Pearls

 – preoperative investigation with CT scan 

and MR images, including upper tho-

racic levels are mandatory

 – long posterior cervical fixation con-

structs can be used as a posterior-only 

strategy even with multi-segmental fail-

ure of the anterior column

 – in case of complete disruption of the 

spinal column at least 3 segments above 

and below should be instrumented

 – CTJ should be crossed with instrumen-

tation on the T1 and T2 pedicles if the 

pathology is close or embodies the 

junction

 – image guided surgery should be used for 

cervical pedicle screws at least

Editorial Comment

The author has chosen a non-degenerative 

case to illustrate the technical principles 

and especially the potential of such con-

structs, which can obviously be applied to 

every other pathology as well. The devel-

opment of these stable screw-rod constructs 

enabled surgeons to treat almost every cer-

vical instabilty with a very high reliability 

regarding strength of instrumentation and 

versatilty in reducing complex 3D deformi-

ties while avoiding the need for any form of 

postoperative bracing. When cervical pedi-

cle screws are applied the biomechanical 

properties allow for a posterior only strat-

egy even in severe multicolumn instabili-

ties. The use of navigation is highly 

recommended for this (see Chap. 18).

7 Cervical Posterior Long Construct Stabilization
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Thoracic Disc Herniation 
and Myelopathy

Bernhard Meyer and Sandro M. Krieg

8.1  Introduction

Thoracic disc herniation is a rare degenerative spine 

disease which only accounts for about 1% of surgi-

cally treated intervertebral disc pathologies [8].

Thus, even experienced spine surgeons only 

see a very limited number of these cases [5].

Typically, thoracic disc herniations cause a range 

of different unspecific symptoms and most patients 

already went through a variety of specialties and 

diagnostics until the proper diagnosis is made [1]. Its 

surgical therapy requires experience in indications 

and knowledge of 360° approaches in order to pro-

vide the optimal solution for each individual case.

This chapter will outline the specifics of tho-

racic disc herniation, its typical symptomatology, 

mandatory preoperative imaging and surgical 

approaches. Moreover, the rationale for the dif-

ferent surgical approaches is discussed.

At the end of this chapter the reader should be 

aware of the problems and pitfalls we face when 

treating thoracic disc herniation.

The aim of the presented case is therefore to 

emphasize these potential problems and lack of 

evidence in the diagnosis and treatment of this 

disease. Such specifics are:

 – prolonged history until diagnosis

 – difficult indication for surgery

 – complex choice of the proper approach 

depending on the lesion location, size and 

consistency

 – giant calcified disc as a unique problem

8.2  Case Description

A 71 y/o female patient suffered from thoracic and 

leg pain over the last years. Her neurological exami-

nation and evoked potentials were normal. She was 

finally referred to a neurologist who ordered a MRI 

scan. The scan showed a medial giant T8/9 disc 

causing severe spinal cord compression (Fig. 8.1). 

The initial CT scan shows calcification (Fig. 8.2).

She was then operated in another center via a pos-

terior approach with instrumentation. An attempt to 

resect the disc herniation via a posterolateral access 

failed. The patient was left with a complete para-

plegia and some sensory function preserved (ASIA 

B). In a second surgery on the same day another 

attempt was made to resect the large calcified disc 

via an anterolateral,  transthoracic approach, again 

without success and change in neurological status 

(Fig. 8.3). The patient was referred to a specialized 

spinal cord injury rehabilitation unit for para- and 

tetraplegic patients, from which our department 

was contacted for further evaluation of the case.
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a b

Fig. 8.1 MRI scan on outpatient visit. The MRI scan shows a giant T8/9 disc herniation causing severe ventral spinal 

cord compression. Sagittal a and, axial slices b

a b

Fig. 8.2 Preoperative CT scan. The CT on sagittal (a) and axial (b) slices confirms the calcification in the center of the 

herniated disc as suspected in the MRI scan

 B. Meyer and S. M. Krieg
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Due to the persistent space-occupying effect 

and small chance of improving the sensory deficit 

her doctors referred the patient to our depart-

ment. Physical examination confirmed persisting 

incomplete spinal cord injury ASIA B at L1. The 

relative indication for surgery was discussed in 

detail with the patient and her family. A postero-

lateral transdural approach was finally chosen to 

resect the calcified disc (Fig. 8.4).

Surgery went without adverse events and the 

patient did not show further deterioration. 

Sufficient decompression was confirmed by post-

operative CT scan on the first postoperative day 

(Fig. 8.5). The patient was transferred back to her 

rehabilitation unit and has no change in status 

3 months after surgery.

8.3  Discussion of the Case

8.3.1  Indication

This patient only suffered from leg and back 

pain. Evoked potentials were normal as well as 

her clinical findings. Patients suffering from axial 

or radicular pain are usually not treated surgi-

a b

c d

Fig. 8.3 CT and MRI scans after the first surgeries. The CT a, b still shows the GIANT calcified disc after the initial 

surgeries. MRI c, d shows still severe spinal cord compression

8 Thoracic Disc Herniation and Myelopathy



62

cally. Conservative treatment by steroidal or non- 

steroidal anti-inflammatory drugs and physical 

therapy are frequently reported options [8]. 

Nonetheless, patient with severe complaints that 

do not improve by conservative therapy can be 

evaluated for surgery. The decision to operate is 

mainly influenced by size, localization, and con-

sistency of the prolapse, i.e. a lateral soft prolapse 

harbors a much lower threshold for surgical treat-

ment, because of a much lower risk profile of the 

procedure.

In this case of a giant calcified disc, the thresh-

old would however be very high, because the 

complication rates for the surgical treatment of 

thoracic disc herniation, being reported to be up 

to 30% [7, 8].

Hence, there is no evidence whom, when, and 

how to operate on thoracic disc herniations 

because no larger series, let alone trials, exist; it 

is a rare disease. Yet, the natural history of tho-

racic disc herniation indicates that patients might 

remain asymptomatic for a long period of time 

and that it is unlikely that they develop any acute 

myelopathy [10].

In patients suffering from myelopathy and 

being diagnosed with a thoracic disc herniation, 

surgery should be discussed since up to 77% of 

patients show an improvement of myelopathic 

symptoms after surgery [7, 9]. In patients without 

a

b

Fig. 8.4 Intraoperative exposure. This intraoperative pic-

ture shows the transdural posterolateral exposure of the 

disc herniation before a and after b resection. The spinal 

cord as the structure at risk can be visualized and therefore 

spared in an optimal way. Cutting the dentate ligaments or 

even a rootlet releases the spinal cord for careful rota-

tional mobilization

a b

Fig. 8.5 Postoperative CT scan. The postoperative CT scan shows the resection of the calcified herniation on sagittal a 

and axial slices b
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apparent symptoms, evoked potentials are rec-

ommended since these allow for early detection 

of clinically unapparent myelopathy. However, it 

is unclear in thoracic myelopathy whether impair-

ment of evoked potentials might then be regarded 

as an indication for surgery.

8.3.2  Choice of Approach

Despite being a rare disease, there are a variety of 

reports describing a range of different approaches. 

In general, there is not one single gold standard 

approach for thoracic disc herniations and each 

approach has particular advantages and disadvan-

tages for a given individual case [8]. The only 

common consensus is that a strictly posterior 

approach, i.e. a laminectomy is no longer consid-

ered an option, because of high risk for neuro-

logical injury [1, 4]. In general one can divide the 

approaches used today into posterolateral and 

anterolateral ones.

It is further commonly accepted that the for-

mer are well suited for lateral and mediolateral 

disc herniations and eventually for medial ones 

which are not calcified. [7, 8].

The latter are classically used for calci-

fied larger medial discs, i.e. giant ones like the 

case described. Potential posterolateral varia-

tions are costotransversectomy, transpedicu-

lar, and  transfacet pedicle-sparing approaches. 

Anterolateral approaches are transthoracic either 

endoscopic or mini-open and transpleural or 

retropleural approaches. For an orphan disease 

according to these authors a redundancy of minor 

variations.

A further debatable issue is which patient 

needs additional instrumented fusion. There is no 

clear guideline for this and left to the individual 

surgeon’s preference [3, 6].

While some authors advocate for lateral 

(transfacet/transpedicular) approaches [11], 

most others agree on the necessity of anterior 

(transthoracic) approaches in cases of calci-

fied large medial discs [2]. In the majority of 

articles published, posterolateral approaches are 

only recommended for soft and lateral calcified 

herniations.

On the presented case, the literature and our 

experience are quite clear and speak against lami-

nectomy. A posterolateral approach to resect the 

lesion is also not considered the best choice now-

adays by the majority of peers, since the exposure 

of the prolapse, especially if calcified is far from 

being easy and the risk for spinal cord injury is 

high, as evidenced by the outcome.

Whether an instrumented fusion would have 

been necessary at all is a matter of debate; to do 

so before resection of the space-occupying lesion, 

as it has been done here, is certainly very risky.

The majority of experienced spine surgeons 

would have used an anterolateral transthoracic 

approach for resection of this giant calcified disc 

provided it would have been symptomatic. The 

default method nowadays would be via a mini- 

open approach as opposed to an endoscopic 

one, which has been popular 10–15  years ago. 

Nowadays the majority of surgeons having used 

endoscopy have gone back to mini-open for this 

indication, due to the intrinsic surgical difficul-

ties in handling this type of pathology with very 

long instruments without adequate 3D vision [7]. 

Specifically, the tight adherence of this pathology 

to the dura prohibits smooth and careful handling. 

As for now the additional use of instrumented 

fusion is up to the discretion of the surgeon and 

follows no clear recommendations.

An alternative to the above more commonly 

accepted solutions for initial surgery in a giant 

calcified disc would be according to us an ini-

tially counterintuitive concept: the posterior 

transdural approach as described by Coppes et al. 

in 2012 [3]. It has evoked quite a lot of resis-

tance, but probably just because it is unusual 

and unknown especially for surgeons not used 

to treat intradural pathology [5]. However look-

ing at it from a more sober perspective it applies 

very sound principles known from other fields of 

surgery, i.e. that the best way to protect a struc-

ture during surgery is to visualize it. Further this 

takes into account that giant calcified discs are 

probably a different entity than the normal disc 

and behave in an OPLL-like fashion being very 

adherent to the dura. In essence, these lesion can 

be resected similar to a ventrally located intradu-

ral meningioma.

8 Thoracic Disc Herniation and Myelopathy
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8.3.3  Accordance with the  
Literature Guidelines

As discussed above, guidelines cannot be derived 

from the literature. However, the indication for 

treatment as well as the surgical approach were 

most probably not in accordance with the current 

common consensus of the majority of peers. Yet 

the same accounts for the authors´ preferred 

method.

Level of Evidence: C

The level of evidence available to date is poor by 

only consisting of larger retrospective single cen-

ter cohorts. Only one series provides data on ret-

rospective data on multiple centers [9].

8.4  Conclusions and Take Home 
Message

Although being seen on MRI scans quiet fre-

quently, symptomatic thoracic disc herniation 

is a very rare disease. These lesions can cause 

myelopathy or radicular pain and should only be 

treated when symptomatic. Common consensus 

is that symptomatic lateral soft disc herniations 

can be treated rather safely with posterolat-

eral approaches alone. Anterolateral mini open 

approaches are the most widely used and saf-

est options for large calcified lesions. However, 

they still have considerable morbidity. Therefore 

the future surgical treatment of the latter lesions 

should eventually be regarded in analogy to 

 intradural extramedullary tumors.
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Lumbar Disc Herniation,  
Nucleo- and Sequesterectomy

Timing and Technique

N. A. van der Gaag and Wouter A. Moojen

9.1  Introduction

The objective of this case is to provide an update 
based on the current highest level of evidence on 
several aspects of one the most commonly per-
formed neurosurgical procedures, lumbar disc 
surgery for sciatica. Using a straightforward case 
we discuss the following issues: timing of sur-
gery for sciatica, surgical approach of symptom-
atic disk herniation surgery (tube, transforaminal 
or microdiscektomy), and technique of removal 
(nucleo- and sequesterectomy).

9.2  Case Description

A 29-year-old female patient suffered from 
radiating leg pain for 6 months. The pain orig-
inated from the back to the lateral side of the 

upper left leg, lower leg to the instep. Bending, 
coughing and sneezing led to aggravation of the 
complaints. She did not have back pain. Over 
the months the course of the disease was pro-
gressively worse. Her medical history consisted 
only of asthma. To reduce current complaints of 
pain she was prescribed paracetamol and opi-
oids. The patient could not fulfill her job as a 
secretary due to the severeness of the pain. She 
did not try any other conservative therapy such 
as physiotherapy.

At examination the straight leg raise test was 
positive at an angle of 45°. A hypesthesia of der-
matome L5 was present, but she had no muscle 
weakness. Deep-tendon reflexes were not differ-
ent between left and right side.

Magnetic Resonance Imaging (MRI) demon-
strated a hypointense signal intensity of the 
nucleus pulposus on T2 sagittal images at the 
level of L4-5 (Fig. 9.1). Disc height was nearly 
normal without the presence of upper and lower 
vertebral endplate changes. Within the disc level 
a clear herniated disc was present. On axial slices 
the disc protrusion obliterated the left sub- 
articular zone with clear compression of the left 
L5 root with flattening of the emerging root 
sheath (Fig. 9.2). All other disc levels had a nor-
mal disc contour and signal intensity.

For the duration of symptoms and progres-
sive course surgery was proposed. The patient 
underwent removal of the symptomatic disk 
herniation through a minimal unilateral trans-
flaval approach with magnification, with the 
patient under general anesthesia. An annular 
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fenestration was performed with curettage, 
and removal of loose degenerated disk material 
from the disk space with the use of a rongeur, 
without attempting to perform a (sub)total 
diskectomy.

She was discharged one day after the surgery 
in good condition. Complaints of pain had nearly 
completely resolved. At follow-up 2 months later 
the patient had a full recovery.

9.3  Discussion of the Case

Sciatica is defined as intense leg pain in an area 
served by one or more spinal nerve roots and can 
be accompanied by neurological deficit. The 
most common cause of sciatica is a herniated 
disc [1]. Lumbar-disk surgery is generally per-
formed for patients with sciatica that does not 
resolve within 6–8 weeks. From the largest ran-
domized controlled trial (RCT) on the subject it 
is demonstrated that surgery results in >80% 
improvement in pain and disability scores in the 
first weeks after surgery [1]. Early surgery pro-
vides relief of symptoms twice as fast compared 
to patients treated conservatively. However, 
compared to prolonged conservative care equal 
outcomes were observed at 1, 2 and even 5 years 
follow-up in this trial. It should be noted that, 
despite at least 6 months of conservative treat-
ment, 46% of the conservatively allocated 
patients were treated surgically for persistent 
severe leg pain and disability [2]. Therefore, 
patients should be informed that prolonged con-
servative care gives them a good chance for reso-
lution of pain and disability in the long run, 
without the need of a surgical intervention. This 
strategy carries a fair chance that waiting with 
pain still ends with surgery. Furthermore, an 
analysis of predictive factors demonstrated that, 
compared to patients with lower scores initially, 
those with more intense leg pain or higher dis-
ability scores were at higher risk to undergo 
delayed surgery.

Although it is generally presumed that late 
surgery is associated with less effectiveness and 
a higher chance of unsatisfactory outcome, due 
to more chronic changes around the disc protru-
sion or sequester, firm evidence is not (yet) 
available. From the RCT we found that early 
surgery resulted in a faster recovery of motor 
deficit accompanying sciatica compared with 
prolonged conservative treatment, but the dif-
ference was no longer significant during the 
final follow-up examination at 1  year [3]. 
Severe motor deficit at baseline (MRC grade 3) 
was a risk factor for persistent deficit at 1 year. 
A recent study suggest that immediate surgery 
resulted in higher recovery for severe paresis 

Fig. 9.1 Sagittal T2 sequence of the lumbar spine show-
ing a disc herniation at the level L4-5

Fig. 9.2 Axial T2 sequence of a cross-section at the level 
L4-5 showing a paramedian herniated disc with compres-
sion of the left L5 root
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(MRC gr 0–3) compared to delayed surgery [4]. 
In our presented case surgery was proposed for 
a 6-month period of pain without improvement 
without paresis, an example of an individual 
surgical decision process, complemented by 
patient preferences.

Magnetic resonance imaging (MRI) is consid-
ered the imaging procedure of choice for patients 
suspected of lumbar herniated discs. Both imag-
ing and clinical findings determine the final deci-
sion of surgery. In a MRI study of the Sciatic 
cohort our group demonstrated that inter-observer 
agreement was excellent to predict the affected 
disc level (kappa range 0.81–0.86) and the nerve 
root (kappa range 0.86–0.89) [5]. However, gen-
erally moderate agreement was found regarding 
the characteristics of the impaired disc level and 
the herniated disc such as signal intensity of the 
nucleus pulposus, loss of disc height, absence of 
epidural fat adjacent to the dural sac or surround-
ing the nerve root sheath, flattening of the dural 
sac or the emerging root sheath, and nerve root 
thickness distal to the site of compression. 
Although the presented case is quite straightfor-
ward these study results prompt for a generally 
critical attitude towards this information nor-
mally enclosed in the radiology report. Therefore, 
to establish the indication for surgery requires 
clinical data and observation together with the 
necessary radiological information as only avail-
able to the clinician. Back pain, as discussed in 
the similar study mentioned above is not a prog-
nostic indicator for good outcome after surgery 
neither did it correlate with the severeness of 
nerve rood compression. No significant differ-
ences existed in prevalence of Vertebral Endplate 
Signal Changes (Modic) between sciatica patients 
with and without disabling back pain (41% vs. 
43%, P  =   0.70). No significant size differences 
were seen on preoperative MR images between 
patients with and without disabling back pain on 
there. Large disc herniations (size >50% of spinal 
canal) were observed in an equal percentage 
(18%) between patients with and without dis-
abling back pain. Also, no significant difference 
existed in extrusions between patients with and 
without disabling back pain (64% vs. 67%, 
P  =  0.66).

With the introduction of magnification, the 
original laminectomy for lumbar-disk sur-
gery as introduced in 1934 was refined into 
open microdiskectomy, to date the most com-
mon procedure. The minimally invasive tech-
nique of intralaminar, transmuscular tubular 
discectomy was introduced in 1997 with the 
rationale of replacing the conventional sub-
periosteal muscle dissection by the muscle-
splitting transmuscular approach of tubular 
discectomy. This should lead to less tissue 
damage, resulting in a faster rate of recovery 
but with similar long-term outcomes. Patients 
are expected to have reduced postoperative 
back pain, thus allowing quicker mobilization 
and contributing to shorter hospitalization and 
faster resumption of work and daily activities. 
In a large multicenter double-blinded (RCT) 
167 patients were assigned to tubular dis-
cectomy versus 161 patients to conventional 
microdiskectomy [6]. The primary outcome 
was functional assessment on the Roland-
Morris Disability Questionnaire (RDQ) for 
sciatica (higher scores indicating worse func-
tional status) at 8 weeks and 1 year after ran-
domization. Secondary outcomes were scores 
on the visual analog scale (VAS) for leg pain 
and back pain. At 1  year follow-up statisti-
cally significant differences for RDQ and VAS 
leg and back pain were observed in favor for 
the conventional microdiskectomy, but the 
differences did not reach published minimal 
clinically important differences. However, a 
10% higher proportion of patients reported a 
perceived a good recovery at the final evalu-
ation point of 52  weeks in the conventional 
microdiskectomy group [79%]. Therefore, the 
minimally invasive technique of tubular diske-
ctomy seems an attractive surgical method for 
treating sciatica, but these data do not support 
a higher rate of recovery when compared with 
conventional microdiskectomy. Furthermore, 
the conventional microdiskectomy had far 
lower recurrence rate (7%) compared with the 
tubular technique (11%).

The increase in minimally invasive tech-
niques to access the disc or sequestered disc 
fragment have led to an alternative, 
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transforaminal route, the percutaneous transfo-
raminal endoscopic discectomy (PTED). For 
this technique a lateral percutaneous technique 
is used to access the herniated disc through a 
small working channel that runs through the 
foramen. A systematic review comparing the 
conventional microdiskectomy technique with 
PTED included 3 RCT’s and three retrospective 
studies [7]. With respect to the key outcomes of 
back pain, leg pain, function and general 
improvement there was moderate to low quality 
evidence of no differences PTED and conven-
tional microdiscectomy. This finding was not 
affected by length of follow-up or inclusion of 
non-randomised studies. However, the authors 
concluded that studies comparing PTED with 
conventional surgery with sufficient sample size 
and methodological robustness are lacking. In 
The Netherlands a pragmatic, multicenter, non-
inferiority, randomised controlled trial is cur-
rently running to determine the effectiveness 
and cost-effectiveness of PTED versus open 
microdiscectomy. Until these results become 
available we consider PTED as an experimental 
treatment option.

Another aspect of lumbar-disk surgery 
addresses the technique of removal of disc frag-
ments only, sequestrectomy, or the removal of the 
disc fragments and disc materials in disc space, in 
this context called conventional microdiscectomy. 
Sequestrectomy may be particularly suitable for 
patients with a small annular defect. A potential 
disadvantage of sequestrectomy versus conven-
tional discectomy is a higher presumed risk of 
recurrent disc herniation, potential advantages are 
more preserved architecture of the spine and less 
back pain after surgery. A recent systematic review 
identified 5 studies (746 participants) of seques-
trectomy versus microdiscectomy of which one 
study was a RCT, the other 4 were nonrandomized 
prospective comparisons [8]. Sequestrectomy and 
standard microdiscectomy were associated with 
similar effects on leg and back pain after surgery, 
and functional outcome. Also complications and 
recurrence rate within 2 years after surgery were 
not different. Possibly the sequestrectomy was 

associated with less postoperative analgesic con-
sumption, with the reservation that all studies were 
assessed as being at a high risk of bias. The only 
RCT in this systematic review assessed health-
related quality of life (QOL), which found seques-
trectomy associated with higher (better) scores 
QOL scores. The authors suggest for this topic that 
well-designed randomized trials are needed to fur-
ther clarify the effects of sequestrectomy versus 
microdiscectomy in patients in whom sequestrec-
tomy is felt to be indicated. Studies with longer-
term follow- up help to determine whether 
sequestrectomy is associated with an increased 
risk of recurrent herniation.

9.4  Conclusions and Take Home 
Message

To conclude, the abovementioned patient was 
treated with the (to-date) gold standard microdis-
kectomy technique with sequesterectomy only. 
PTED treatment is currently considered an 
experimental treatment option. Literature shows 
that prolonged conservative treatment is a valid 
option. Our patient was treated within six months 
because she initially preferred to treat her radicu-
lar pain conservatively. There is no clear scien-
tific proof available which can help us physicians 
selecting the ‘right’ patient to go for surgery. 
Patients should therefore be closely involved to 
decide for the proper treatment.

Pearls

 – early surgery provides relief of symp-
toms twice as fast compared to patients 
treated conservatively

 – mild paresis (MRC grade 4) is not an 
indication for immediate surgery, for 
progressive and severe paresis (MRC 
grade 0–3) the option might be consid-
ered but amount of evidence is restricted

 – back pain is not related to the severeness 
of the nerve root compression neither is 
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Editorial Comment

This chapter summarizes in an excellent 
and sober fashion the state of the art knowl-
edge regarding lumbar disc herniations in 
the year 2019. We strongly recommend to 
apply this knowledge outlined here in the 
counselling of patients with this common 
disease, especially because the level of evi-
dence is extraordinarily high.

severe back pain prognostic for a good 
outcome after treatment

 – sequestrectomy and standard microdis-
cectomy are associated with similar 
effects on leg and back pain after sur-
gery, and functional outcome

 – possibly sequestrectomy is associated 
with less postoperative analgesic con-
sumption, with the reservation that 
available studies were considered high 
risk of bias

 – tubular microdiskectomy is associated 
with a higher recurrence rate compared 
with conventional microdiskectomy and 
less treatment satisfaction

 – PTED is an experimental option
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Decompression and Fusion
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10.1  Introduction

Stenosis due to lumbar degenerative disease is a 
common condition associated with the aging pro-
cess that can eventually cause compression of the 
neural elements in the lumbar canal [1]. The 
degenerative process is considered a reaction to 
pathological hypermobility that induces instabil-
ity of the spine [2]. Conservative treatment is 
always considered the first line of approach but in 
certain cases, symptomatology persists, espe-
cially when it is partially due to the instability 
itself [2]. In cases where decision for operative 
treatment is made, then decompression alone is 
not always enough as it can deteriorate the bal-
ance of the lumbar spine, worsen listhesis if pres-
ent and cause kyphoscoliosis [3]. This is the point 
of interest for lumbar instrumentation and fusion.

Although a lot of surgeons have increased the 
use of materials in lumbar degenerative disease 
and stenosis, performing fusion with screws and 
rods, the decision to fuse is not always applied 
consistently to cases where fusion is indicated 
[4]. Recent literature has limited the potential use 

of fusion material to cases that there is docu-
mented need for fusion and suggests differentiat-
ing them from cases that fusion can be omitted 
[5]. The reasons for this tendency lie not only 
with cost effectiveness and reduced morbidity but 
also with a series of publications that support no 
difference in outcomes when fusion is routinely 
performed [3, 6]. In reality, there are cases that 
show a documented need for fusion and those 
cases should be analyzed separately. While expert 
discussion has not yet clarified the exact indica-
tions for fusion treatment of lumbar degenerative 
disease, experience and recent evidence can help 
drawing solid conclusions at least on a case by 
case basis.

With this case, we would like to illustrate an 
overview of such important decision-making 
problems when treating lumbar stenosis and con-
sidering fusion for instability. We briefly present 
the ongoing discussion on the indications and the 
evidence in favor of fusion in cases where insta-
bility is manifest.

10.2  Case Description

Our case regards a 78-yo female patient, who 
presented at our department with neurological 
claudication for at least 12  months. During the 
neurological examination we performed, no neu-
rological deficit was present. The patient was 
evaluated with lumbar x-rays (Fig.  10.1) and 
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MRI scan (Fig. 10.2). The pre-op x-rays revealed 
lumbar olisthesis at the level L4-L5 (Fig. 10.1). 
MRI scan illustrated severe stenosis due to hyper-
trophy of the ligamentum flavum and mild bulg-
ing of the disc at the L4-L5 level and also 
evidence of lumbar olisthesis at L4-L5 (Fig. 10.2).

The patient was operated using a laminectomy 
of L4, flavectomy and due to instability that was 
checked intraoperatively, also fusion L4-L5 with 
screws and rods. Although from the MRI scan 
there was an impression of disc fragment, no disc 
material was found at this level. Instead severe 
hypertrophy of the ligamentum flavum was 
detected descending bilaterally to the sac. After 
the flavectomy, both L5 nerve roots and the sac 
were decompressed. Post-operatively the patient 
gradually recovered and she was ambulatory 
without presenting claudication. At the routine 
post-op x-ray no further olisthesis was detected 
and the instrumentation material were properly 
placed (Fig. 10.3).

10.3  Discussion of the Case

Due to severe stenosis with instability, that was 
also checked by visual inspection of segmental 
mobility during the operation, the treatment deci-
sion was in favor of performing decompression 
with short segment fixation using pedicle screws 
and rods. Relevant literature has demonstrated 
that decompression while preserving facets mini-
mizes the risk of postoperative instability and slip 
progression [7] but in cases where instrumenta-
tion is performed for fusion of the segment, then 
laminectomy can also be considered. In our case, 
laminectomy was a viable technique to offer 
decompression without causing further instabil-
ity, as stabilization of the posterior elements at 
the L4-L5 would be offered by the instrumenta-
tion materials. Since no disc material was found 
at the level of laminectomy, no discectomy was 
performed.

Fig. 10.1 Pre-op x-rays
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Indeed stenosis due to degenerative disease 
has been argued that is caused by segmental 
instability [2]. Many authors suggest fusion when 
there is evidence of such instability, including 
spondilolisthesis of high degree, segmental path-
ological hypermobility or pain associated with 
the instability [8]. In cases where fusion is 
needed, routine 360° should avoided if possible, 

when the intevertebral disc is checked radio-
graphically and intraoperatively to be relatively 
healthy. Evermore, it should be noted that cur-
rently there is an ongoing discussion on whether 
routine anterior column fusion produces superior 
results when the disc is healthy [9]. Nonetheless, 
iatrogenic hypolordosis can cause severe biome-
chanical sequelae and preservation of the “nor-

Fig. 10.2 Pre-op lumbar MRI imaging
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mal” sagittal balance parameters should be taken 
into account, especially in longer segment fusion 
operations [10]. In such cases, discectomy in 
moderately affected discs could be considered in 
order to perform ALIFF or TLIFF/PLIFF sur-
gery, according to the angulation needed [9].

Fusion and instrumentation are important 
tools in the spine surgeons’ arsenal and when 
applied carefully, under expertise and an 
evidence- based approach, they can offer clinical 
benefit to the patient. Recent literature suggests 
that the need for fusion should be evaluated on a 
case by case basis, taking into account manifesta-
tions of instability (serious spondylolisthesis, 
disruption of sagital balance, pathological hyper-

mobility) and individual patient differences and 
needs [11].

10.4  Conclusions and Take Home 
Message

• When decompression alone is performed, 
preservation of the facet joints leads to better 
outcome and minimally invasive surgical 
techniques can be performed.

• If there is evidence for instability then fusion 
should be considered.

• When fusion is needed then wide laminec-
tomy can be performed.

Fig. 10.3 Post-op lumbar x-ray

 I. Magras et al.



75

References

 1. Covaro A, Vilà-Canet G, de Frutos AG, et  al. 
Management of degenerative lumbar spinal steno-
sis: an evidence-based review. EFORT Open Rev. 
2017;1(7):267–74. https://doi.org/10.1302/2058-
5241.1.000030.

 2. Thomé C, Börm W, Meyer F.  Degenerative lumbar 
spinal stenosis: current strategies in diagnosis and 
treatment. Dtsch Arztebl Int. 2008;105(20):373–9. 
https://doi.org/10.3238/arztebl.2008.0373.

 3. Försth P, Ólafsson G, Carlsson T, et al. A randomized, 
controlled trial of fusion surgery for lumbar spinal 
stenosis. N Engl J Med. 374(15):1413–23. https://doi.
org/10.1056/NEJMoa1513721.

 4. Willems PC, Staal JB, Walenkamp GH, et al. Spinal 
fusion for chronic low back pain: systematic review 
on the accuracy of tests for patient selection. Spine J. 
2013;13(2):99–109.

 5. Kalff R, Ewald C, Waschke A, et  al. Degenerative 
lumbar spinal stenosis in older people: current treat-
ment options. Dtsch Arztebl Int. 2013;110(37):613–
23 quiz 624. https://doi.org/10.3238/
arztebl.2013.0613.

 6. Ghogawala Z, Dziura J, Butler WE, et al. Laminectomy 
plus fusion versus laminectomy alone for lumbar 
spondylolisthesis. N Engl J Med. 2016;374(15):1424–
34. https://doi.org/10.1056/NEJMoa1508788.

 7. Rompe JD, Eysel P, Zöllner J, et  al. Degenerative 
lumbar spinal stenosis. Long-term results after under-
cutting decompression compared with decompres-
sive laminectomy alone or with instrumented fusion. 
Neurosurg Rev. 1999;22(2–3):102–6.

 8. Resnick DK, Choudhri TF, Dailey AT, et al. Guidelines 
for the performance of fusion procedures for degen-
erative disease of the lumbar spine. Part 10: fusion 
following decompression in patients with steno-
sis without spondylolisthesis. J Neurosurg Spine. 
2005;2(6):686–91.

 9. Afathi M, Zairi F, Devos P, et al. Anterior lumbar sagit-
tal alignment after anterior or lateral interbody fusion. 
Orthop Traumatol Surg Res. 2017;103(8):1245–50. 
https://doi.org/10.1016/j.otsr.2017.09.014.

 10. Umehara S, Zindrick MR, Patwardhan AG, et al. The 
biomechanical effect of postoperative hypolordosis 
in instrumented lumbar fusion on instrumented and 
adjacent spinal segments. Spine (Phila Pa 1976). 
2000;25(13):1617–24.

 11. Watters WC 3rd, Bono CM, Gilbert TJ, et  al. An 
evidence- based clinical guideline for the diagno-
sis and treatment of degenerative lumbar spondy-
lolisthesis. Spine J. 2009;9(7):609–14. https://doi.
org/10.1016/j.spinee.2009.03.016.

Pearls

 – Pathological instability is the main indi-
cation for fusion

 – Watch for clinical evidence of 
instability

 – Fusion allows for wider decompression
 – Check sagital balance parameters
 – Evaluate for 360° fusion, do not per-

form routinely

Editorial Comment

The authors had the task to elaborate on a 
common, important and controversial 
topic, i.e. when to fuse or not in patients 
with spinal stenosis plus/minus low grade 
spondylolisthesis. The new level one evi-
dence available in [3, 6] are somewhat 
game-changing for patients without clear 
instabilities in the sense that “if in doubt, 
do less” is the favourable approach. In a 
nutshell there is no difference in the rate of 
reoperation rates whether you fuse or not, 
but simple decompression is the faster and 
safer initial procedure.
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11.1  Introduction

Stenosis due to lumbar degenerative disease is a 
common condition associated with the aging pro-
cess that can eventually cause compression of the 
neural elements in the lumbar canal [1]. Although 
lumbar stenosis does not always become symptom-
atic, symptoms may vary from focal pain to sciat-
ica and neurogenic claudication [2]. When 
conservative therapy fails, decompression surgery 
is required for treatment and alleviation of the 
symptoms. Wide laminectomy, once a the standard 
approach for stenosis cases, has steadily been giv-
ing ground to more minimal procedures, such as 
fenestration and undercutting, that provide decom-
pression while preserving bone structures and 
reduce morbidity and iatrogenic complications [3].

During the last two decades, a lot of spine sur-
geons became more familiar with instrumenta-
tion techniques and materials and subsequently 
increased the use of both for the treatment of 
lumbar degenerative disease/stenosis. Performing 
fixation with screws and rods at various lengths 
became a widely popular tool among spine sur-

geons and can now be even considered among the 
basic techniques of the craft [4].

Recent articles have attempted to limit the 
potential use of fusion materials, investigating 
outcomes and complications related to this prac-
tice and trying to set more concrete indications 
for the implementation of instrumentation [5].

Nowadays, an ongoing discussion, one where 
expert opinions clash more often than not, is held 
regarding the optimal treatment of patients with 
lumbar stenosis. Although this discussion is con-
sidered yet unresolved, accumulated experience 
and recent evidence can help drawing solid con-
clusions in many cases [6].

With this case, we would like to illustrate an 
overview of such important decision-making 
problems when treating lumbar stenosis. Those 
pertain to several questions on decompression, 
implementation of fusion/stabilization (or not) 
and the type thereof, as well as the indications of 
each approach. Regarding decompression one 
should always consider the benefits and draw-
backs of each type (undercutting in our case), the 
need for discectomy and the absolute require-
ment to avoid causing further instability.

11.2  Case Description

Our case regards an 83-yo female patient, complain-
ing of neurological claudication for 12 months who 
presented to our department with severe bilateral 
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paresis of L5 nerve roots since four weeks. Muscle 
strength of extensor hallucis longus and tibialis 
anterior was examined at 3/5 bilaterally while no 
sensory deficit was present. She was investigated 
with flexion-extension lumbar x-rays (Fig.  11.1) 
and an lumbar spine MRI scan (Fig.  11.2). The 
imaging revealed lumbar degenerative disease 
causing severe stenosis at the L4-L5 due to hyper-
trophy of the ligamentum flavum and mild bulg-
ing of the disc at the L5-S1 level (Fig. 11.2). The 
imaging also revealed 1st degree olisthesis at the 
level L4-L5 that remained unchanged in flexion 
and extention x-rays (Fig. 11.1).

The patient was operated using an undercut-
ting technique and bilateral flavectomy at the 
level L4-L5 without performing short-segmen-
tal fusion. No disc material fragments were 
found so no discectomy was performed either. 
Immediatelly post-operatively the patient pre-
sented an almost complete neurological recovery. 
Examination of the affected muscles revealed a 
muscle strenght of 4/5 at the left side and 5/5 at 
the right side. At the routine post-op x-ray no fur-
ther olisthesis was detected (Fig. 11.3).

11.3  Discussion of the Case

Severe motor weakness is an uncommon symp-
tom of lumbar stenosis [7, 8]. Our decision for 
treatment was based on the following factors: (a) 
the patient’s advanced age (83 y.o.) and osteopo-
rosis, (b) the low degree of olisthesis that 
remained unchanged in flexion and extention 
x-ray imaging. Relevant literature has demon-
strated that in older patients decompression while 
preserving facets, without fusion, minimizes the 
risk of postoperative instability and slip progres-
sion and also reduces morbidity associated with 
instrumentation.

Less invasive techniques are preferred over 
laminectomy since they are usually successful in 
adequately decompressing the neural elements 
that are stenosed due to hypertrophy of the liga-
mentum flavum and joint facets. Along these 
lines, undercutting technique has been shown to 
produce sufficient decompression and facet pres-
ervation. Moreover, although stenosis is evident 
of segmental instability [9], the extensive degen-
erative process itself has been shown to prevent 

Fig. 11.1 Pre-op flexion-extension lumbar x-rays
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Fig. 11.2 Pre-op lumbar MRI imaging

progression of instability (increasing olisthesis in 
flexion/extention). Therefore, routine use of 
instrumentation, that is associated with moderate 
risk of added morbidity, does not always provide 
benefits over decompression alone and should 
not be performed without evidence of definite 
need for stabilization. Instead, recent literature 
suggests that the need for fusion should be evalu-
ated on a case by case basis, taking into account 
manifestetions of instability (serious spondylo-
listhesis, disruption of saggital balance, patho-
logical hypermobility) and individual patient 
differences and needs [10]. Thomé et al. [9] sug-
gested a treatment algorithm for lumbar spinal 
stenosis that as a first general rule acknowledges 
indication for surgery in consistent clinical and 
radiological findings after three months of ade-
quate conservative therapeutic treatment. 
Moreover, existing evidence-based clinical 
guidelines should be applied into clinical prac-

tice as they are helpful, and often mandatory, 
tools that help spine surgeons provide the best 
available treatment to lumbar spinal stenosis 
patients [10].

11.4  Conclusions and Take Home 
Message

• In patients with spinal stenosis and severe 
neurological deficits an adequate decompres-
sion is recommended.

• Undercutting provides excellent decompres-
sion without aggravating instability in most 
cases.

• If there is no disc protrusion no discectomy is 
necessary.

• If there is no severe instability in flexion- 
extension plain radiograph, fusion can be 
avoided initially in most patients.
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Fig. 11.3 Post-op lumbar x-ray

Pearls

 – Stenosis in imaging and clinical find-
ings should match

 – Routine fusion should be avoided
 – Decompression should not cause 

instability
 – Preserve facets, consider undercutting 

technique

Editorial Comment

This chapter complements the arguments 
used in chapter 10. The principle “if in 
doubt, do less” was applied here and no 
fusion used. The question whether a less 
invasive decompression technique truly 

reduces the incidence of symptomatic iat-
rogenic instabilities is somewhat ques-
tioned by the editors, although it id often 
propagated by “experts”. Nevertheless, 
unilateral laminotomy and undercutting is 
considered the best standard by us in the 
year 2019.
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Degenerative Spondylolisthesis

Juan D. Patino and Jesús Lafuente

12.1  Introduction

Spondylolisthesis is described as the anterior 
translation of one vertebral body over another 
adjacent vertebra in the absence of a defect of the 
pars interarticularis. Patients with this condition 
can remain asymptomatic with only occasional 
back pain; chronic low back pain with or without 
radicular symptoms; radicular symptoms with or 
without neurologic deficit; and intermittent neu-
rogenic claudication [1]. This condition can 
severely restrict function, walking ability, and 
quality of life.

Classification of spondylolisthesis is based in 
several features. Etiology of this condition is 
variated ranging from dysplastic anterolisthesis 
(type 1) resulting from congenital abnormalities. 
Isthmic anterolisthesis (type 2) caused by a defect 
in the pars interarticularis. Degenerative antero-
listhesis (type 3) which develops as a result of 
degenerative changes of aging, such as interver-
tebral disc degeneration, ligamentous hypertro-
phy or buckling, and osteophyte proliferation. 

Traumatic anterolisthesis (type 4) resulting from 
acute fractures. Pathologic anterolisthesis (type 
5) caused by either infection or a malignancy. 
Iatrogenic (type 6) due to complications after sur-
gery [2]. Meyerding’s classification, perhaps the 
most used in practice takes into account the 
degree of the displacement measured as percent-
age of the width of the vertebral body. Grade I 
(0–25%) and II (25–50%) are commonly seen in 
general practice, meanwhile grade III (50–75%), 
IV (75–100%), and V (greater than 100%) are 
less common.

Surgical treatment is offered to those patients 
with symptomatic spondylolisthesis who fail 
nonoperative treatment measures such as physi-
cal therapy and epidural steroid injections. 
Surgical techniques are variated, for those 
patients who do have spondylolisthesis and who 
also have significant mechanical back pain lum-
bar decompression with or without fusion may be 
offered [3]. An interesting topic is the relation 
between spondylolisthesis and lumbar stenosis, 
recently, conflicting studies have been published 
on the efficacy of decompression alone versus 
decompression with fusion [4, 5].

We present a prototypic case of a 65-year-old 
female patient with spondylolisthesis and radicu-
lar pain, which enlightens the common clinical 
features of this disease, she was treated with a 
combination of anterior/posterior fusion and left 
foramen decompression. Since this condition is 
very common, the purpose of this case is to 
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 highlight the general characteristics and nuances 
that can be found in daily neurosurgical practice 
with special emphasis on the modalities of 
treatment.

12.2  Case Description

A 65-year-old woman with no relevant past med-
ical history presented in our department with low 
lumbar and bilateral radicular pain from approxi-
mately one year. After being treated with analge-
sics and injections no improvement was detected. 
The pain branched from the lower lumbar back 
through the hips and buttocks, and down each leg 
predominantly on the left side. Physical examina-
tion showed sciatic pain in the left side when leg 
was flexed at 45° (Lasègue sign), no motor or 
sensitivity deficits at lower extremities were 
detected with preservation of tone and reflexes.

A lumbar magnetic resonance imaging (MRI) 
showed a L4 degenerative anterolisthesis over 
L5 grade I associated with foraminal stenosis 
on the left side and bilateral facet subluxation 

(Fig. 12.1). Functional flexion/extension X-rays 
demonstrated increased listhesis at L4-L5 level 
within grade I range (Fig. 12.2). Finally, a com-
puter tomography scan (CT-scan) completed the 
study which confirms the presence of the spon-
dylolisthesis and the bilateral facet arthrosis 
(Fig. 12.3).

We perform a transforaminal lumbar inter- 
body fusion (TLIF) in L4-L5 vertebrae level, 
using four transpedicular screws and one inter- 
body cage with autologous bone graft, in order to 
perform maximum stability and fusion rate. 
Instrumentation was carried under intraoperative 
neurophysiological monitoring. We took special 
care in obtaining a complete decompression of 
left foramen since foraminal stenosis contributed 
significantly in the symptoms of the patient. 
Postoperative plain X-rays showed no complica-
tions related with position of the arthrodesis sys-
tem (Fig. 12.4).

Patient underwent an uneventful postopera-
tive recovery, she was mobilized on the first 
postoperative day without any peripheral neuro-
logical symptom and discharged on the third 

Fig. 12.1 T2 weighted images of the Lumbar spine sagit-
tal (Left) and axial (Right) demonstrating L4-L5 degen-
erative spondylolisthesis grade I. Mild-moderate stenosis 

of the spinal canal at level L4-L5. Narrowing of bilateral 
and L4-L5 conjunction foramen, predominantly left
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Fig. 12.2 Flexion (Left) and extension (Right) view of the lumbar vertebrae showed a grade I spondylolisthesis

Fig. 12.3 CT-scan sagittal (Left) and axial (Right) shows the spondylolisthesis and marked facet arthrosis L4-L5

12 Degenerative Spondylolisthesis
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day. Follow-up was carried at 1, 3, 6  months, 
flexion/extension X-rays revealed good align-
ment of the vertebral bodies. The patient was 
free of lumbar or leg pain, she started to work 
and return to his normal activities. A CT scan at 
one year as part of our routine F/U showed, 
maintenance of L4/5 alignment, with radiologi-
cal signs of postero- lateral bony fusion.

12.3  Discussion

Spondylolisthesis can result from degenerative 
disease, current clinical guidelines establish that 
the first-line therapy when dealing with this con-
dition are non-surgical measures, surgical treat-
ment may be offered in the setting of intense back 
or leg pain unresponsive to nonsurgical measures, 

if neurological deficits develop, or if the listhesis 
is shown to be progressive [1]. In our case the 
patient receive a combination of analgesics and 
steroid-injections without any improvement. 
There is poor evidence about what patients had 
better responses to conservative measures. 
However, in the non-surgical cohort of the Spine 
Patient Outcomes Research Trial (SPORT), 
patients with grade I slip and hypermobile slip 
had better outcomes [6]. Therefore, in patients 
with mobile or low-grade spondylolisthesis, 
without neurological deficits, a trial of non- 
operative therapy is indicated and generally asso-
ciated with good clinical outcomes.

In regard of the surgical treatment, several 
studies have been designed to compare treat-
ment approaches [2]. A review from the data of 
the SPORT trial at 8 years shows that 7% were 

Fig. 12.4 Immediate postoperative anteroposterior (Left) and lateral (Right) X-rays showing L4–L5 instrumentation

 J. D. Patino and J. Lafuente



85

treated with decompression alone, 21% were 
treated with non-instrumented fusion, and 71% 
were treated with fusion surgery. The reopera-
tion rate is high at 22% at 8 years after initial 
surgery [7].

A systematic review about the specific surgical 
management of degenerative lumbar spondylolis-
thesis demonstrated that satisfactory outcomes 
were significantly more likely with fusion than 
with decompression alone. In addition, there was a 
significantly greater probability of achieving 
fusion with the use of instrumentation. However, 
use of instrumentation was not associated with a 
significant improvement in clinical outcome [8]. 
In the same line, in a more recent randomized con-
trolled trial of 133 patients, spinal decompression 
versus fusion was compared. There was no signifi-
cant difference in outcomes at 2 years except for 
lower operative time and hospital length of stay 
with decompression [4]. Currently, there is an 
intense debate in the community about the man-
agement of spondylolisthesis associated with lum-
bar spinal stenosis [2, 4, 9].

We decided to perform a TLIF in order to 
achieve greater fusion, better restoration of disc 
height, and indirect decompression of the exit 
foramina. Nonetheless, in spite of this theoretical 
benefits, there is insufficient evidence to make a 
clear recommendation at present time. In a recent 
systemic review [10], the authors concluded that 
there was not sufficient evidence to recommend 
for or against inter-body fusion in the treatment of 
spondylolisthesis. Although, it may play a role in 
cases deemed unstable or excessively mobile. The 
same recommendation was stated in the recent 
North American Spine Society (NASS) guidelines 
for the treatment of spondylolisthesis [1].

Another approaches like anterior lumbar inter-
body fusion (ALIF) has been proposed, when 
compared ALIF versus TLIF in a prospective 
study [11], both anterior and posterior methods 
improved overall patient satisfaction, and low 
back and leg pain. Low back pain was significantly 
improved in the ALIF group compared with those 
in the TLIF group; however, the periods of hospi-
tal stay and of bed rest were significantly longer.

Minimally invasive techniques (MIS) for spine 
surgery are increasingly being utilized to reduce 
surgical morbidity and maintain spine stability. As 
this new field grows, investigation of MIS tech-
niques for treatment of spondylolisthesis has also 
been increasingly studied, nonetheless little high-
quality evidence exists, making it difficult to draw 
definitive conclusions for the moment [1].

Controversy persists in detailing the best sur-
gical option for degenerative spondylolisthesis 
and optimum techniques in certain clinical sce-
narios. Since current guidelines are weak and 
based on limited high-quality evidence [1], each 
case must be individualized, looking at the clini-
cal and radiological features to decide the opti-
mal treatment.

12.4  Conclusions

Current Evidence-Based Clinical Guidelines 
for treatment of spondylolisthesis support 
operative treatment of patients refractory to 
conservative measures. However, the optimal 
operative treatment remains poorly estab-

Fig. 12.5 Postoperative flexion (Left) and extension 
(Right) X-rays showing L4–L5 complete spondylolisthe-
sis reduction at 1 month follow-up
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lished. There is some moderate evidence that 
decompression alone may be a feasible treat-
ment with lower surgical morbidity and similar 
outcomes to fusion when performed in a select 
population. Nonetheless, the optimal treatment 
approach  remains an area of active study.
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Pearls and Pitfalls

 – Many patients will improve with a non-
operative treatment course for some 
time. Surgical treatment should be indi-
vidualized for each patient. Not all 
patients improve significantly after sur-
gery. External factors such as over-
weight and harmful habits must be 
addressed. The future of minimally 
invasive treatment options will continue 
to perfect outcomes. Additional research 
will be directed towards optimizing 
treatment and predicting which patients 
will respond better to surgical 
measures.

Editorial Comment

This chapter complements chapters 10 and 
11. It illustrates a patient with a mobile 
symptomatic degenerative lumbar spondy-
lolisthesis, who was treated according to 
the present state of the art and evidence. 
There is level one evidence supporting sur-
gery for patients with symptoms refarctory 
to conservative treatment, which has mostly 
an transient effect anyway. There is also 
very good evidence that these patients 
profit even more from surgery than patients 
with a spinal stenosis.
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Basic Degenerative Lumbar 
Scoliosis

Sebastian Hartmann, Anja Tschugg, 

and Claudius Thomé

13.1  Introduction

Degenerative lumbar scoliosis (DLS) or “de novo 

scoliosis” represents a pathological condition 

associated with rotational subluxation and 

anteroposterior or lateral olisthesis leading to 

coronal deformity [22]. DLS is defined as a coro-

nal Cobb angle of more than 10° but rarely 

exceeding 50° [1, 12]. The etiological progress is 

multifactorial and still unclear but starting with 

intervertebral disc degeneration, facet joint 

degeneration and changes in canal as well as ped-

icle morphology [15, 25]. The scoliotic curve 

typically develops in the fifth decade of life and is 

not based on idiopathic adolescent scoliosis 

(AIS). Life time prevalence is between 8–13% 

increasing with age, so that the prevalence in the 

sixth decade of life rises up to 60% with women 

being more frequently affected than men [3, 5, 7, 

8, 26, 27]. In contrast to patients with AIS, the 

clinical symptomatology in DLS patients is usu-

ally characterized by low back pain, neurogenic 

claudication associated with neurological deficits 

in the lower extremities and rarely cauda equina 

syndrome. The spinal deformity shows a mean 

annual curvature progression in the coronal plain 

of 3–4°, although the progression does not trans-

late linearly, so that the prognosis which curve is 

progressing cannot be reliably predicted [16]. 

Nevertheless, the literature provides evidence, 

that increased intervertebral disc degeneration, 

lateral translation >6 mm and an intercrest line 

through the L5 vertebra may be considered as 

progression factors of these coronal deformities 

[6]. The majority of DLS show an accompanied 

segmental kyphosis resulting in moderate or 

severe sagittal imbalance [5, 8, 26]. As a result, a 

classification system of degenerative disc disease 

based on the distribution of the diseased seg-

ments and the balance status of the spine has 

been generated to guide the treatment of DLS [2]. 

Therefore, the treatment of DLS patients is char-

acterized by a wide variability of surgical options 

ranging from simple lumbar nerve root decom-

pression to complex thoracolumbar fusions with 

sagittal deformity corrections. The surgical treat-

ment is even more complex due to the accompa-

nied comorbidities associated with the increased 

age in DLS patients.

This chapter will capture the essentials of 

degenerative lumbar scoliosis, the clinical pre-

sentation, the indications and the surgical 

approach.

13.2  Case Description

A 67  year-old female patient presented with 

severe back pain for years and she complained 

about new right-sided radicular pain in the lower 
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extremities for about 4  months (NRS, Numeric 

rating scale 7/10). The patient suffered from neu-

rogenic claudication with a walking distance of 

less than 300 metres. Conservative treatment 

including pain therapy, physical therapy as well 

as behavioural therapy was undertaken with only 

minimal and short-lasting improvement. 

Preoperative long-standing lateral and anteropos-

terior as well as conventional lumbar x-ray 

images revealed a degenerative left convex lum-

bar scoliosis with the apex at the L3/L4 motion 

segment (Fig.  13.1). The end vertebrae were 

identified at the levels L2 and L5 (Fig. 13.1). The 

coronal profile showed a Cobb angle of approxi-

mately 27° with an apical and segmental Cobb 

angle of the motion segment L3/L4 of approxi-

mately 17° accompanied with a rotatory sublux-

ation (Fig. 13.1). A compensatory right thoracic 

curve was observed without any pain or discom-

fort at this region (Fig. 13.1). The sagittal profile 

was appropriately aligned with a lumbar lordosis 

(LL) of approximately 37°, a pelvic incidence 

(PI) of 45° with a corresponding pelvic tilt (PT) 

of 20° and a sagittal vertical axis (SVA) of 

<30  mm. According to the proposed classifica-

tion systems to evaluate the sagittal profile, PI 

and LL did not differ much. Nevertheless, for 

patients with low PI the authors recommend a LL 

in the range of PI plus 10° (PI of 45°, type B or 

type 2 according to the classification system of 

LeHuec and Roussouly, respectively) [10, 17, 

20]. The motion segment of the level L3/L4 

showed a collapsed neuroforamen on the right 

side with L3 and L4 radicular pain without motor 

deficits caused by the right concave degenerative 

lumbar curve (Fig.  13.2). Magnetic resonance 

imaging (MRI) revealed central canal stenosis at 

the level L2/L3 and predominantly lateral recess 

stenosis at the level L3/L4 (Fig. 13.3). Adequate 

decompression followed by dorsal pedicle screw 

Fig. 13.1 Preoperative long-standing lateral and antero-

posterior plus conventional x-rays. Preoperative coronal 

and sagittal x-ray with degenerative coronal malalign-

ment. The coronal Cobb angle demonstrated a degenera-

tive lumbar scoliosis of 27° with a corresponding apical 

and segmental Cobb angle of 17° (L3/L4). Sagittal bal-

ance analysis revealed an aligned profile identified as a LL 

of 37°, a PI of 45° with a corresponding PT of 20° and a 

SVA of <30 mm
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instrumentation L2–L5 with TLIF cage implanta-

tion at L2/L3, L3/L4 and L4/5 was performed. 

Smith-Peterson osteotomies were additionally 

carried out at L3/L4 and L4/L5 with derotation 

manoeuvres to realign the coronal profile 

(Fig.  13.4). Surgery was uneventful and the 

patient was discharged after 7 days.

During the postoperative inpatient stay, no 

additional brace was used and the patient was 

sent to physiotherapy daily. NRS improved to 

5  after surgery and to 3 and 1 after 3 and 

12  months, respectively. The walking distance 

improved to approximately 3000 metres and 

6000 metres after 3 and 12  months. Routine 

postoperative radiological follow-up did not 

reveal any signs of implant-related complica-

tions, adjacent segment disease or proximal 

junctional kyphosis (Fig.  13.4). The LL 

improved to approximately 45° and the coronal 

Cobb angle to 8°.

13.3  Discussion of the Case

DLS is predominantly affecting the aging pop-

ulation and results in asymmetric degeneration 

succeeding in rotatory subluxation of func-

tional spinal units of the lumbar spine [1]. 

Asymmetric degenerative lumbar changes 

caused by intervertebral disc and facet joint 

degeneration leads to a coronal plane deformity 

with lateral slippage. These degenerative 

changes often occur as a focal deformity includ-

ing one motion segment at the mid portion of 

the lumbar spine (L3/L4 and L4/L5) with pro-

gressive degenerative changes adjacently. At 

first, the patients experience low back pain. Due 

to the coronal deformity, the convex curve 

opens the contralateral neural foramen and 

causes radiculopathy at the concave exiting 

nerve root [11]. In some cases, however, the 

degenerative changes affect multiple motion 

Fig. 13.2 Preoperative CT. A collapsed right-sided neu-

roforamen was seen at L3/L4 with a central and right- 

sided lateral recess stenosis aggravating the L3 and L4 

radicular pain of the patient. The apex of the scoliotic 

curve was located at the segment L3/L4 with the end ver-

tebrae L2 and L5 cranially and caudally
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segments, so that extended lumbar curves with 

both sagittal and coronal deformities are pres-

ent. DLS leads than to a significant reduction of 

quality of life with a high “burden of disease” 

level. Nevertheless, the first treatment steps for 

symptomatic adult degenerative lumbar scolio-

sis are non-operative involving pain medica-

tion, injection therapies and physical therapy. 

In case of refractory symptoms, a bundle of dif-

ferent surgical options is available. The surgical 

options largely depend on the clinical presenta-

tion of DLS, so that simple and potentially min-

imally invasive decompression procedures may 

be feasible in patients with predominantly clau-

dicative symptoms.

In patients with multisegmental sagittally 

and/or coronally decompensated curves, the 

procedures might be expanded to long instru-

mented fusions including correction manoeu-

vres in both planes [2, 4, 23, 24]. Osteotomies, 

anterolateral approaches or combined proce-

dures allow the surgeon to increase the degree 

of correction, however, the complication rate is 

simultaneously rising with this complex surgi-

cal armamentarium. The overall complication 

rate of DLS patients treated surgically has been 

Fig. 13.3 Preoperative MRI. MRI confirmed a central and lateral canal stenosis at the levels L2/3 and L3/4, respec-

tively. Additionally, the facet joints at these levels demonstrated effusion and pronounced hypertrophy

 S. Hartmann et al.



91

estimated at approximately 40%, and more than 

half of these patients required revision surgery 

for both mechanical as well as neurological 

complications [4]. In patients requiring osteoto-

mies these rates are even higher. The number of 

instrumented vertebrae, extended fusions to the 

sacrum, osteotomies and a preoperative pelvic 

tilt over 26° have been determined as risk fac-

tors [4]. Due to the associated complication rate, 

however, short fusion techniques may be 

favoured over long constructs, especially in 

older patients with cardiovascular comorbidi-

ties, obesity or osteoporosis [9, 14]. All this 

complicates the treatment of DLS patients and 

questions whether surgical therapy should be 

performed at all and, if so, what surgical option 

should be used to improve the coronal and sagit-

tal profile. To help choosing the appropriate sur-

gical strategy, a bundle of classification systems 

is available. Berjano and Lamartina published a 

classification system based on the distribution 

of the symptomatic segments and the spinal 

alignment [2]. The authors describe the apical 

area of the patients’ degenerative scoliotic curve 

as the apex of the main curve, a vertebra or a 

disc level (in the case presented L3). The end 

area is defined as the non-apical area adjacent to 

the end vertebra of the main lumbar degenera-

tive curve. As a result, four types can be distin-

guished and the invasiveness of the surgical 

procedure increases from type 1 to type 4.

Other classification systems differentiate the 

etiological characteristics of the spinal defor-

mity or morphological aspects based on the 

Fig. 13.4 Postoperative lateral and anteroposterior x-ray. 

Postoperative sagittal and coronal scans showed an 

improvement of LL to 45° and the coronal alignment 

improved to a Cobb angle of 8°. No signs of implant- 

related complications, adjacent segment disease or proxi-

mal junctional kyphosis were observed on follow-up, but 

there was some retrolisthesis at L2/L3

13 Basic Degenerative Lumbar Scoliosis
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surgical outcome. The background of Aebi’s 

classification system describes the cause of the 

deformity and Schwab’s classification deals 

with the severity of the curve. The information 

to identify candidates for selective fusion based 

on the distribution of the symptomatic segments 

and the spinal alignment is still lacking [2, 13, 

18, 19, 21].

13.3.1  Accordance with Literature 
Guidelines

The management of DLS patients remains an 

individual patient to patient decision. New surgi-

cally based classification systems have been pub-

lished to aid in selecting the extent of the required 

procedure.

Level of Evidence: B to C

The level of evidence available is poor to 

moderate.

13.4  Conclusion and Take Home 
Message

The decision-making progress in the manage-

ment of DLS patients is based on several factors 

including the clinical presentation, the age of the 

patient, the associated comorbidities and the spi-

nopelvic sagittal and coronal alignment. Current 

classification systems may help surgeons to 

determine the invasiveness of the procedure 

based on the distribution of the symptomatic seg-

ments and the spinal alignment. Nevertheless, in 

view of the overall high complication and reop-

eration rates of adult deformity surgery, the inva-

siveness of the surgical procedure (simple 

decompression, instrumented fusion or osteoto-

mies) should be determined critically. Overall, 

however, outcome is surprisingly good and 

patient satisfaction high, if patients are selected 

carefully.

Pearls

• Evaluate associated comorbidities to 

anticipate a potentially high complica-

tion rate especially in older patients

• Identify the affected and symptomatic 

segment(s)

• Reserve surgery after failed conserva-

tive treatment

• Always take the spinopelvic alignment 

into account

• Use classification systems to identify 

the cause and the severity of the defor-

mity and use them to determine the 

invasiveness of the surgical 

procedure.

• Prefer simple decompression proce-

dures to (multisegmental) instrumented 

fusion in case of predominant neuro-

genic claudication

• Long-term outcome seems to favour 

surgery over non-operative care

Editorial Comment

Lumbar degenerative scoliosis is a topic 

which is dominated by firm beliefs and 

strong opinions of experts, but almost no 

sound evidence at all. Therefore the decision 

making puts one everytime “between a rock 

and hard place”. This chapter illustrates very 

well all the difficulties in that respect and the 

solution for this case worked well, for the 

time being one may add. Everything sur-

rounding this difficult field is further elabo-

rated in chapters 54–58 and 78 of the 

advanced modules. For the time being the 

message is, that whatever you do has disad-

vantages, like the high likelyhood of early 

adjacent segment degeneration and reopera-

tion with this solution.

 S. Hartmann et al.
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Thoracolumbar Instrumentation 
and Fusion for Degenerative Disc 
Disease

Sven Kevin Tschoeke

14.1  Introduction

With the increase of an aging population world-

wide, patient’s expectations and demands for an 

improved independent lifestyle have led to inno-

vative strategies in the treatment of degenerative 

disc disease. Aside from all conservative modali-

ties, new surgical techniques attempt to enable a 

rapid recovery by reducing iatrogenic injury and 

complications with shorter operative times. Over 

the past two decades, the debate over which 

approach may achieve the highest fusion rates 

has been opened to a more global view on its effi-

cacy of restoring the overall coronal and sagittal 

balance of the spine. Thus, the analyses of respec-

tive spinopelvic interrelations using modern full 

body radiographic imaging in an upright standing 

position have received closer attention and have 

since been fully included in our therapeutic man-

agement and strategical planning. Furthermore, 

the increasing number of failed primary surgeries 

and/or adjacent segment degeneration with sec-

ondary kyphotic deformity constitute a distinct 

entity of challenges with rather individual and 

case-dependent solutions. Today’s advances in 

spinal instrumentation allow almost any opera-

tion to be performed in a minimally-invasive 

fashion. Regardless of selecting either the retro-

peritoneal corridor (ALIF, OLIF, LLIF) or tra-

versing the spinal canal with or without osteotomy 

of the facet joints for segmental mobilsation 

(PLIF, TLIF, minimally-invasive-surgery (MIS)-

TLIF), none of today’s standard techniques have 

proven to be superior to another. Although each 

approach has its own risks and benefits, fusion 

rates or clinical outcomes appear to be similar 

[1]. However, there is fundamental consensus, 

that interbody fusion itself is preferable to pos-

terolateral “on-lay” fusion techniques with less 

postoperative complications and lower rates of 

pseudarthrosis [2–4]. In conclusion, the surgeon 

must always consider all technical options to tai-

lor the treatment to the patient’s individual, but 

none the less realistic expectations.

This chapter aims to outline the individual 

strategical considerations when treating degen-

erative conditions of the thoracolumbar spine and 

highlight the importance of the overall clinical 

evaluation and imaging analyses. The following 

two cases shall demonstrate these objectives with 

regard to their individual surgical management, 

including different techniques targeted at treating 

the ostensible and causally determined clinical 

finding.
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14.2  Case Description

14.2.1  Case 1

49 yo female complaining of progressive low 

back pain and left-sided radiculopathy. Previous 

periradicular and facet joint injections failed to 

permanently improve her overall mobility. Low 

back pain and left-sided leg pain were distrib-

uted equally with the patient-reported VAS being 

7/10 regardless of posture and exposure to every 

day activities. With a past history of idiopathic 

thoracolumbar scoliosis, her main complaints 

were rather focussed on the lumbar spine region. 

After months of unsuccessful conservative treat-

ment, including a multimodal pain management 

(MPM), she was finally admitted to our depart-

ment and scheduled for minimally-invasive 

decompression and fusion surgery.

14.2.2  Case 2

76 yo male with a history of previous decom-

pression and fusion surgery at the L4/5 level in 

2003 (Fig. 14.1a). After a decade of asymptom-

atic recovery, he returned to seek orthopaedic 

treatment for progressive back pain. The poste-

rior screw-and-rod system was removed and the 

decompression and fusion extended to the adja-

cent L3/4 level in PLIF-technique in 2014 

(Fig. 14.1b). With the development of progres-

sive lumbar scoliotic deformity and sagittal 

imbalance, fusion was extended to the lower 

adjacent level 1  year later, thus resulting in a 

spondylodesis from L3 to S1, respectively 

(Figs.  14.1c and 14.2a). However, sagittal 

imbalance advanced to further immobilizing 

low back pain. In addition, the patient then 

developed a pathological fracture of the sacrum 

with further detrioration of his sagittal imbal-

ance (Fig.  14.2b). After an initial uneventful 

conservative recovery, the patient fell a few 

months later and suffered an instable fracture of 

the L1 vertebra and was referred to our depart-

ment for further treatment (Fig.  14.3). 

Consequently, the instrumentation was extended 

cranially to Th10, including a conventional open 

TLIF at the adjacent level L2/3 with multiple 

Ponte osteotomies to combine fracture stabiliza-

tion and deformity correction. Ten months post-

operatively, the patient developed newly 

increasing back pain in the mid and lower tho-

racic region. Follow-up EOS imaging demon-

strated a gradual loss of correction with 

increasing sagittal imbalance (Fig.  14.4). 

Ultimately, the patient’s pain level reached an 

immobilizing intensity, consequently leading to 

a CT of the thoracolumbar spine with subse-

quent confirmation of screw loosening from 

Th10 to Th12 (Fig.  14.5). Finally, the patient 

was scheduled for his fourth revision surgery.

14.3  Discussion of the Cases

14.3.1  Indication

14.3.1.1  Case 1

The indication for decompression and fusion 

surgery was based on the progression of immo-

bilizing symptoms in line with a monthlong his-

tory of unsuccessfull interventional and 

conservative treatments. Although the majority 

of cases with mild radiculopathy in the absence 

of neurological impairment may very well be 

treated conservatively [5, 6], the patient’s his-

tory including MPM was characteristic to revise 

the treatment strategy and not resume a conser-

vative path. With the spine balanced in both the 

coronal and sagittal plane, the predominant 

symptoms were related soley to the lower lum-

bar spine spine region and associated with uni-

lateral leg pain corresponding to an L4 and L5 

radiculopathy, respectively. Moreover, the posi-

tive response to previous periradicular and facet 

joint injections at the L4/5 level confirmed the 

diagnostic findings (Figs. 14.6, 14.7, and 14.8) 

with regard to reducing symptoms temporarily, 

but not permanently. Thus, surgical treatment 

may involve decompression alone or in combi-

nation with a fusion procedure. To date, the 

necessity to add a fusion procedure in symptom-

atic cases with radiating leg pain and low back 

pain with or without spondylolisthesis, remains 

a matter of debate [7]. Although the definition of 

 S. K. Tschoeke
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Fig. 14.1 Past history 

documentation of a 76yo 

male throughout a 

13-year follow-up: (a) 

a.p. and lateral standing 

X-ray in 2003, (b) 2014 

and (c) 2016

a

b
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a b
Fig. 14.2 Upright 

standing lateral total 

spine X-ray in (a) 2016 

and (b) at 6 months 

follow-up after 

conservative treatment 

of a sacral fracture

c
Fig. 14.1 (continued)
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instability is inconsistent [8], there are certain 

imaging characteristics that have been reported 

to predict a negative outcome when applying 

decompression alone in corresponding cases. 

These include a reduced disc space height of 

<6 mm, hypermobility at the spondylolisthetic 

level (<1.25  mm) and a high pelvic incidence 

with anterior sagittal imbalance [9–11]. In our 

Case 1 described here, these diagnostic param-

eters were complemented by the temporary pos-

a

b

Fig. 14.3 (a) MRI showing the fracture at L1 in the T2-weighted (left) and T1-weighted (right) sequence with disc 

degeneration at the L2/3 level, (b) CT showing the instable L1 fracture involving both pedicles

14   Thoracolumbar Instrumentation and Fusion for Degenerative Disc Disease
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a b

Fig. 14.4 (a) Postoperative result after extending the 

posterior screw-and-rod instrumentation to Th10 with 

fracture-level screws at L1 and an additional TLIF at 

L2/3, (b) 6 month postoperative follow-up demonstrating 

a progressive sagittal imbalance

a b

Fig. 14.5 Conventional CT at 1 year post-OP follow-up: 

(a) sagittal plane demonstrating screw loosening at Th10, 

11 and 12 with a consolidated L1 vertebra, (b) axial plane 

at the Th10 level showing the large bony defect and screw 

migration
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itive response to both a periradicular injection 

and injections of the facet joints at the L4/5 

level.

14.3.1.2  Case 2

Despite the previous surgery attempting to not 

only stabilize the L1 fracture, but also implement 

the correction of deformity, sagittal imbalance 

progressed to an immobilizing level of pain. 

Moreover, the patient complained of feeling 

restraint to actively convert any compensatory 

retroflexion of the pelvis or his thoracolumbar 

spine for the purpose of rebalancing a tolerable 

standing or walking posture. In addition to the 

significant screw loosening evident at the Th10, 

Th11 and Th12 level, the indication for revision 

surgery was given to reestablish a functional sag-

ittal profile.

14.3.2  Choice of Approach

14.3.2.1  Case 1

Since the initial description of the PLIF tech-

nique by Briggs and Milligan in 1944, different 

methods of spinal segmental fusions have 

evolved, incorporating a variety of innovative 

implants with the option of autologous and syn-

thetic bone grafting, and the use of pedicle screw 

fixation for posterior instrumentation [3]. In a 

Fig. 14.6 Functional lateral X-rays showing a discrete instability with antelisthesis in anteflexion at the L4/5 level

14   Thoracolumbar Instrumentation and Fusion for Degenerative Disc Disease
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recent meta-analysis by Teng and colleagues, 

however, none of today’s standard techniques 

(ALIF, OLIF/LLIF, TLIF and PLIF) stand out 

with significantly superior outcomes in either a 

direct of indirect comparison to another [1]. In a 

systematical search of the literature and 

 subsequent inclusion of 30 studies, all approaches 

had similar fusion rates with complications such 

Fig. 14.7 Bending X-rays demonstrating translational instability at the L4/5 level

Fig. 14.8 MRI (T2-weighted images) of the lumbar spine demonstrating the degenerative disc in L4/5 with leftsided 

neuroforaminal stenosis
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as incidental dural tears, motor or sensory defi-

cits and visceral or vascular injuries being 

approach- related, but at a comparable rate 

throughout the included studies. Therefore, one 

must be careful in advancing a “one-fits-all” 

solution, since every approach has its own risks 

and benefits. Moreover, the socio-economical 

aspects of perioperative and postoperative care 

should also be taken into account, where a spe-

cific approach may be less effective in terms of 

implant costs, readmission rates, socio-profes-

sional reintegration and overall long-term 

patient-reported outcomes (PRO) [12]. The deci-

sion on which approach may be most appropri-

ate to address all symptomatic and potentially 

modifiable factors is thus tailored to the individ-

ual case. In our Case 1, we therefore chose a 

minimally-invasive posterior procedure. To 

address the symptomatic left-sided radiculopa-

thy and foraminal stenosis, the traversing L4 

nerve root and spinal canal were accessed via a 

mini-open exposure in a modified Wiltse tech-

nique from the left. The two contralateral pedicle 

screws were placed percutaneously and the ipsi-

lateral screws via the mini-open exposure in 

similar fashion. After performing a left-sided 

laminotomy and facetectomie for direct neural 

decompression, the disc space was thoroughly 

debrided and a titanium-coated PEEK cage 

including bone graft inserted in an oblique bridg-

ing fashion. After insertion of both rods, read-

justment of lordosis was achieved via bilateral 

compression to complete the MIS-TLIF proce-

dure. By utilizing the resected facet joint and 

bone from the laminotomy by punching only (no 

burr), this technique provided sufficient autolo-

gous bone graft without the additional need to 

harvest autologous bone from the iliac crest or 

resort any further bone substitution (Fig. 14.9).

In this particular case, a variety of alternative 

approaches would have been acceptable to 

achieve fusion at the L4/5 level. However, ante-

rior approaches including the ALIF, LLIF and 

OLIF technique all require an additional form of 

autologous bone harvesting. In the majority of 

cases, harvesting of autologous bone is limited to 

the iliac crest, yet bearing an additional risk of 

postoperative immobilizing pain. Although there 

is an ongoing debate on whether the incidence of 

pain is strictly related to the harvesting site [13], 

its efficacy regarding fusion rates appears to be 

comparable to local bone harvested through the 

common posterior approaches to the lumbar 

spine, regardless of the choice of incision [14].

Yet, there are some advantages of anterior 

approaches that should be considered. While 

ALIF has proven to achieve a superior radiologi-

cal outcome with improved restoration of postop-

erative disc height and segmental lordosis, OLIF 

and LLIF procedures have rendered the preserva-

tion of the anterior and posterior annular/liga-

mentous structures, equally permitting the 

insertion of wide cages resting bilaterally on the 

dense apophyseal ring and augmentation of disc 

height with indirect decompression of neural ele-

ments [1, 15].

However, ALIF, OLIF or LLIF at the L4/5 

level with instability is not reasonable as a stand- 

alone procedure. Thus, complementing the 

respective treatment of the disc space with a 

 posterior instrumentation (e.g. pedicle screw-

and- rod system) is mandatory and requires a 

repositioning of the patient as an additional step 

in the operation.

Considering similar fusion rates amongst all 

four common approaches to the lumbar spine, 

each specific aspect and approach-related risk 

and benefit must be carefully weighed out with 

regard to the individual therapeutic goal.

14.3.2.2  Case 2

A characteristic challenge to any revision case is 

that there is no gold standard or generally 

accepted treatment guideline. In the particular 

setting of Case 2, the patient presented with all 

lumbar levels fused in addition to an angular 

kyphosis of the sacrum. Thus, all common 

approaches for lumbar fusion were exhausted. 

Furthermore, the cranial pedicle screws at Th10, 

11 and 12 were severely loosened bilaterally due 

to the patient’s repetitive attempt to actively con-

vert to a rebalanced upright standing posture. As 

a result, our strategical considerations regarding 

the posterior instrumentation included two 

options: (1) Remove all loosened screws and 

extend the instrumentation cranially or (2) reduce 
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the instrumentation to the last cranially adjacent 

and intact motion segment.

In the event of any implant loosening or 

pseudarthrosis, insufficient bony fusion or hyper-

mobility of the involved motion segment must be 

assumed. In cases where segmental fusion is 

mandatory to achieve sufficient stability and 

maintain the overall balance along with a func-

tionally appropriate spinal alignment, the partic-

ular region must be addressed accordingly. 

However, in Case 2, the posterior instrumentation 

was initially extended to Th10 for stabilzation of 

an instable L1 fracture with regard to the existing 

lumbar fusion. In consideration of the meanwhile 

consolidated L1 fracture, intact thoracic and tho-

racolumbar discs and the patient’s thoracolumbar 

discomfort, we interpreted his sense to be an 

indication of intact compensatory mechanisms 

a b

Fig. 14.9 EOS total spine imaging. (a) pre-operative upright standing ap and lateral, (b) 1 year post-operative follow-

 up upright standing ap and lateral
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within the lower thoracic spine region. Hence, 

our approach was to follow the conviction, that 

implant removal may reestablish segmental 

motion in analogous manner to previous reports 

on thoracolumbar burst fractures [16–18].

In addition, the decreased lumbar lordosis 

demanded further attention to adequately rebal-

ance the global sagittal profile. For this reason, 

we chose to include a pedicle subtraction osteot-

omy (PSO) at L4 to equally preserve the existing 

instrumentation and stability from L2 to S1 

(Fig. 14.10).

In patients with fixed coronal or sagittal plane 

deformities of the lumbar and thoracolumbar 

spine, a single level PSO may generate a lumbar 

lordosis from 20 to 40 degrees with an approxi-

mate change in the sagittal vertical axis of up to 

12 cm [19–21]. Although other techniques such 

as multiple segment Ponte osteotomies or a verte-

bral column resection (VCR) may similarly 

address hypolordotic or kyphotic deformities 

with subsequent sagittal imbalance, our Case 2 

presented fused lumbar segments with the 

patient’s demand to remobilize the structural 

a b

Fig. 14.10 (a) pre-operative lateral X-ray with sagittal imbalance, (b) 3-month postoperative follow-up after partial 

implant removal and PSO at L4
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dynamics of the thoracic and thoracolumbar 

region. Thus, our stretegy was to limit any manip-

ulation to the already existing length of lumbar 

fusion by equally avoiding further immobiliza-

tion of the cranially adjacent spine.

14.3.3  Accordance with the 
Literature Guidelines

Despite todays technical advances and improved 

surgical techniques, we must always acknowl-

edge the fact that balance is a dynamic property 

which involves more than the bony alignment 

evaluated in diagnostic imaging. This suggests a 

more complex evaluation of the (aging) patient’s 

abilities and requirements by equally considering 

the full portfolio of techniques with respect to the 

related risks and limitations. To date, there are no 

specific guidelines in the literature. Particularly 

revision cases demand an individual approach, 

preferebly managed in an interdisciplinary set-

ting to allow for a patient-tailored and compre-

hensive evaluation.

14.4  Conclusions and Take Home 
Message

Both cases presented here display unexceptional 

encounters to the majority of spine surgeons. 

Careful evaluation and treatment of the major 

and foremost causally determined pathology is 

key to an overall good clinical outcome. In cases 

where the spine is well balanced, instrumentation 

and fusion should be limited to the pathological 

finding and equally preserve all dynamically 

intact structures involved to maintain the respec-

tive coronal and sagittal balance. In contrast, it 

may be very similar to liberate these structures 

and reactivate individual compensatory mecha-

nisms in an otherwise fixed imbalanced posture. 

Despite aiming at correcting deformity by all 

means to restore a functional coronal and sagittal 

balance, soft tissue preparation should always be 

performed with reasonable care in either a 

minimally- invasive or conventional open 

fashion.
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Lumbar Non-Fusion Techniques

Michael Stoffel

15.1  Introduction

Degeneration of the functional spinal unit (FSU) 
can lead to various pathologies like disc hernia-
tion, spinal stenosis, segmental instability, or 
intradiscal pain, respectively. This can result in 
back pain and  – in case of nerve root 
irritation – sciatica.

Since pain educed by a degenerated joint is 
linked to its mobility, suppression of the latter 
should induce pain relief. Hence, spinal fusion 
became the golden standard treatment for disc 
arthrosis, degenerative segmental instability, and 
spondylolisthesis, respectively.

Nowadays, various fusion techniques exist 
with acceptable results. However, disadvantages 
arise from the high surgical effort associated with 
these techniques – where incidence and severity 
of complications rise with increased surgical 
complexity -, the risk of pseudarthrosis, and the 
increased incidence of adjacent level degenera-
tion, resulting from the transfer of mechanical 
stress to adjacent segments [1, 2].

Since fusion rate and clinically successful 
pain relieve are not strictly interrelated in patients 
after spondylodesis, the complete immobilization 
of the FSU might not be an absolute prerequisite 
for pain relief in these patients.

These considerations led to the development 
of non-fusion techniques (AKA: dynamic tech-
niques) in spine surgery with the following goals:

 – relief pain caused by the degenerated FSU,
 – maintenance or regain of stability,
 – maintenance of mobility and function of the 

spine,
 – reduction of stress transfer to adjacent FSUs 

as a longterm goal.

Non-fusion techniques can be divided into (a) 
joint replacement techniques (AKA: arthroplasty, 
prosthetics), where the nucleus pulposus (nucleus 
replacement), the whole disc (total disc replace-
ment = TDR), or the facet joints (facet replace-
ment), respectively, are removed and replaced, or 
(b) dynamic stabilization techniques, where pos-
teriorly placed implants limit the range of motion 
in a FSU thereby leading to a redistribution of 
mechanical stress between the disc, the facet 
joint, and the implant (load sharing). In this 
group, pedicle-screw based dynamic systems 
(PDS) and interspinous process devices (IPD) 
exist.

Aim of the presented cases is to point out,

 – in which clinical scenario the most popular 
non-fusion techniques (IPD, TDR, pedicle-
screw based systems) might be used,M. Stoffel (*)
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 – which pros and cons exist for their use in com-
parison to traditional fusion techniques,

 – which level of evidence exists for clinical 
decision-making.

15.2  Case Description

15.2.1  Case 1

A 79 y/o male patient presents to our outpatient 
clinic with a 1 year history of progressive bilat-
eral neurogenic claudication with a maximal 
walking distance of 200 meters, paravertebral 
and radiating pain (VAS 8) with right-sided pre-
dominance. The physical examination reveals no 
neurological deficit. His complaints are not 
responsive to pain killers or physiotherapy. He is 
a hobby volcanologist and significantly impaired 
in his activities of daily life. Due to a coronary 
heart disease and status post coronary stent (drug- 
eluting) implantation 1.5 years ago, he is on clop-
idogrel 75 mg (Fig. 15.1).

He is sent to his cardiologist for check-up 
prior to surgery, who agrees to the transient 
removal of clopidogrel perioperatively.

Monosegmental decompression via a right- 
sided approach (interlaminar fenestration) and 
bilateral decompression in undercutting tech-
nique is proposed as first tier therapeutic option. 
Implantation of a interspinous process device 

(IPD) is mentioned as alternative. Clopidogrel 
was paused 7 days prior to surgery, surgery was 
uneventful, and the patient left the hospital on 
post-op day 5. Clopidogrel was restarted on post-
 op day 7. Three months later he presented again 
in our outpatient clinic on a routine basis with 
completely resolved claudication.

15.2.2  Case 2

A 42 y/o male patient suffered from low back pain 
for app. 7 years with increasing severity exacerbat-
ing during sitting and trunk rotation with intermit-
tent pseudoradicular bilateral sciatica. Visual 
Analogue Scale (VAS) back 6–7 and leg 4, 
Oswestry Disability Index (ODI) 37. Conservative 
treatment via the local pain clinics and inpatient 
rehabilitation remained without lasting benefit. 
Axial spondyloarthritis was ruled out by a rheuma-
tologist. The patient’s quality of life was signifi-
cantly impaired and he was on sick leave (Fig. 15.2).

Diagnostic bilateral facet joint infiltrations 
L4/5 and sacroiliac joint infiltrations didn’t lead to 
pain relief. Accordingly, the following therapeutic 
options were mentioned: total disc replacement 
(TDR), fusion, spinal cord stimulation, and con-
tinuation of conservative measures. TDR was rec-
ommended, the patient consented to the procedure, 
was operated via a left retroperitoneal approach, 
and a prosthesis was implanted.

a b

Fig. 15.1 (a) T2-weighted lumbar MRI exhibits bilateral 
facet joint hypertrophy causing narrowing of the recesses 
with right-sited predominance. In addition, a small facet 

joint cyst is detected on the right side. (b) Lumbar flexion- 
extension films rule out significant segmental 
hypermobility

 M. Stoffel



111

Surgery was uneventful and the patient was 
discharged on post-op day 4. Post-operative 
physiotherapy was recommended. He came for 
routine follow-up 3 months post-op in our outpa-
tient clinic. He was completely weaned from the 
pain killers, VAS back 2, VAS leg 0, ODI 18, and 
has resumed his work.

15.2.3  Case 3

A 48 y/o female presented to our outpatient clinic 
with a 9months’ history of left-sided sciatica pre-
dominantly in the L5-dermatome (VAS 7), a 
L5-dysesthesia, and back pain of similar inten-
sity. Two years ago, she had surgery for disc her-
niation in L4/5 und L5/S1 on the right side due to 
a foot drop. After surgery, she had good symptom 
relief for app. 15 months. The patient was on opi-
oids and non-steroidals for at least 3 months. On 
physical examination, she was significantly obese 

(BMI 30), had diabetes, L5-hypesthesia, and a 
slight weakness of the left knee extension. The 
mobility of the lumbar spine was significantly 
reduced and she reported exacerbation of the 
back pain on spinal process pressure in the lower 
lumbar region (Fig. 15.3).

Bilateral medial nerve blocks for L4/5 und L5/
S1 led to app. 80% reduction of back pain for 
24 h. Surgery was offered including dynamic sta-
bilization of L4/5 and L5/S1, decompression of 
the spinal recess and the foramina in both seg-
ments on the left side. Spondylodesis was men-
tioned as alternative.

Postoperatively, the sciatica disappeared 
completed, local back pain along the wound 
remained, and the patient was discharged on 
post-op day 8. Inpatient rehab was organized. 
Three months later, the patient exhibited no 
motor deficit anymore, denied sciatica or dyses-
thesia and a reported a VAS (back) 2 without 
pain medication.

a b

c d

Fig. 15.2 (a) T2-weighted lumbar MRI exhibits a mono-
segmental degenerated disc L4/5 with reduced disc height, 
hypointense signal, a dorsal high intensity zone in the 
vicinity of the dorsal annulus and a disc protrusion. (b) 
Lumbar flexion/extension radiographs rule out segmental 

hypermobility. (c  +  d) a.p. and lateral radiographs and 
flexion-extension films on post-op day 2 confirm the ade-
quate position of the implant and the mobility of the 
segment
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15.3  Discussion of the Cases

15.3.1  Case 1

 A. Why were things done this way

Spinal decompression via a microsurgical 
approach sparing the midline structures is cur-
rently the standard surgical option in patients 
with neurogenic claudication significantly 
impaired by their symptoms. Surgery is simple 
and the clinical benefit foreseeable and durable. 
Segment instability was ruled out. Platelet aggre-
gation inhibition could be stopped prior to sur-
gery. Therefore, no potentially increased risk of 
bleeding had to be expected. IPD-implantation 
appears a valid alternative in this case, however, 

much less durable and associated with a much 
higher reoperation rate.

 B. Were they in accordance with the literature 
guidelines

According to the observational cohort of the 
SPORT-trial, patients with symptomatic spi-
nal stenosis have a significantly better outcome 
compared to conservatively treated patients. The 
benefits of surgery are stable up to 8 years after 
surgery [3]. Concerning the technical realiza-
tion of the decompression, laminotomy (uni- or 
bilateral) sparing the midline structures seems 
to be the current standard in Europe. Facet 
sparing laminectomy is still an alternative. A 
Cochrane Review summarizes 4 high-quality and 
6  low- quality RCTs that compare laminotomy 

a b

c d

Fig. 15.3 (a, b) T2-weighted lumbar MRIs reveal disc 
degeneration and protrusion in L4/5 and L5/S1, status 
post interlaminar fenestrations in L4/5 and L5/S1, facet 
joint hypertrophy leading to recess stenosis in both seg-
ments and left-sided foraminal stenosis. The exact dimen-
sion of space occupation in the spinal canal is not 

unequivocally assessable due to scare tissue. (c) 
Myelography shows significant left-sided space occupa-
tion at L4/5 compressing the L4 und L5 root, disc space 
narrowing in L4/5 and L5/S1, and osteochondrosis. (d) 
Lumbar radiographs reveal proper implant placement L4, 
L5, and S1
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with laminectomy. Thereby, laminotomy and 
conventional laminectomy show similar effects 
on functional disability and leg pain. However, 
perceived recovery at final follow-up was bet-
ter after bilateral laminotomy. Furthermore, the 
risk of iatrogenic instability and the severity of 
postoperative low back pain was less after uni- or 
bilateral laminotomy [4].

The effectiveness of IPDs in patients with 
neurogenic claudication was proven in a meta- 
analysis of two RCTs and eight prospective 
cohorts. All studies showed improvement in vali-
dated outcome scores after 6 weeks and 1 year. 
Pooled data based on the Zurich Claudication 
Questionnaire of the RCTs were more in favor of 
IPD compared to conservative treatment [5]. 
Compared to surgical decompression, IPDs 
showed no significant differences for low back 
pain, leg pain, ODI, and Roland Disability 
Questionnaire (RDQ) 12–24  months after the 
procedure, but a significantly higher risk of reop-
eration (odds ratio 3.34) [6]. This was confirmed 
in a recent RCT [7].

In patients dependent on platelet aggregation 
inhibitors, open surgery might be more prone to 
clinically significant rebleeding – a situation that 
might represent a niche for the use of percutane-
ous IPD placement.

As yet, the use of IPDs in the treatment of neu-
rogenic claudication is not covered in a guideline.

 C. How strong is the level of evidence available 
to date

Surgical decompression and the implantation 
of interspinous process devices improve clinical 
outcome in neurogenic claudication compared to 
nonoperative treatment (Level-I Evidence). The 
direct comparison of both procedures shows - at 
least in short-term – similar results in relieving 
symptoms of claudication, however, IPD proved 
to be much less durable than surgical decompres-
sion (Level-I Evidence).

15.3.2  Case 2

 A. Why were things done this way

The patient suffered mainly from severe chronic 
low back pain with significant impact on his activi-
ties of daily life including work, refractory to con-
servative treatment. The MRI exhibited 
monosegmental degenerative disc disease (DDD) 
in L4/5. A significant contribution of the facet 
joints L4/5 and the sacroiliac joints to the genera-
tion of pain was ruled out by diagnostic infiltra-
tions. Accordingly, the degenerated disc itself was 
the supposed pain generator and TDR or fusion 
would have been the first tier therapeutic options. 
TDR was our recommendation due to the potential 
advantages over fusion, i.e. maintenance of mobil-
ity and function of the spine and reduction of stress 
transfer to adjacent FSUs as mentioned above.

 B. Were they in accordance with the literature 
guidelines

Due to results of the Norwegian Spine Study 
Group, patients with a history of low back pain for 
at least 1 year, an ODI of at least 30, and degenera-
tive changes in one or two lower lumbar spine lev-
els exhibit significantly better ODI- reduction after 
TDR than after rehabilitation [8]. Above that, low 
back pain, patients’ satisfaction, SF-36 physical 
component, self efficacy for pain, and Prolo scale 
showed significant differences in favour of surgery 
in this study. Adjacent level disease was observed 
at similar frequencies at the 2-year follow-up in 
the surgical and the rehab group [9].

Six randomized controlled trials (RCTs) com-
paring TDR with spinal fusion for chronic back 
pain were summarized in a Cochrane Review 
[10]. Thereby, patients who underwent TDR had 
slightly better outcomes in terms of back pain 
and function 24 months after surgery than those 
who had fusion surgery, although the differences 
did not appear clinically significant.

Finally, there is growing evidence that the 
clinical outcome after lumbar TDR is durable 
over up to 10 years [11, 12].

 C. How strong is the level of evidence available 
to date

The levels of evidence supporting TDR- 
surgery in this case are as follows:
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 – TDR superior to conservative treatment 
(Level-I Evidence)

 – TDR at least not inferior to fusion surgery 
(Level-I Evidence)

 – durable clinical outcome after TDR up to 
10 years (Level-III Evidence)

As yet, no clear cut guideline for the indica-
tion of TDR is existing.

15.3.3  Case 3

 A. Why were things done this way

The patient suffered from back pain and radic-
ulopathy. Reason for the radiculopathy was com-
pression of the nerve roots L4 and L5 on the left 
side, main reason for the back pain was disc 
degeneration in L4/5 and L5/S1 leading to disc 
height reduction and facet joint irritation in both 
segments, responsive to facet joint infiltration. 
Accordingly, a procedure including nerve root 
decompression and bisegmental stabilization 
seems the obvious causal therapy and only the 
method of stabilization seems questionable. In 
our experience, mono- or bisegmental dynamic 
stabilization in the degenerated spine achieves 
similar results to spondylodesis, however, with 
less surgical effort. Therefore, dynamic stabiliza-
tion is our first choice when stabilization is indi-
cated in degenerative disease other than 
spondylolysis or high-grade spondylolisthesis.

 B. Were they in accordance with the literature 
guidelines

Reoperation for recurrent disc herniation lead-
ing to conservatively refractory pain is well estab-
lished and – as known from a subgroup analysis 
of the SPORT-trial – patients will likely improve 
significantly following surgery, but possibly not 
as much as with primary discectomy [13]. The 
use of medial nerve blocks for short- term relief 
of facet-mediated chronic low back pain is sug-
gested in the “Guideline update for the perfor-
mance of fusion procedures for degenerative 
disease of the lumbar spine” [14]. Unfortunately, 
outcome prediction for subsequent lumbar fusion 

is not possible from the current literature [14]. 
The same guidelines consider lumbar fusion an 
option when disc herniation is associated with 
evidence of instability, chronic low-back pain, 
and/or severe degenerative changes [15]. The 
replacement of spondylodesis by a dynamic pedi-
cle-screw based system seems a valid option in the 
degenerative spine. Thereby, the surgical step that 
provides the basis for solid fusion – e.g. discec-
tomy and intervertebral cage implantation – can 
be spared, rendering the surgical procedure less 
invasive. Thereby, one of the potential advantages 
is that less complex procedures are also less prone 
to complications, a fact that could be proven in 
a RCT comparing different techniques for spon-
dylodesis [2]. Various dynamic pedicle-screw 
based systems are on the market with different 
biomechanical ideas behind them. As yet, the 
most frequently studied systems are the Dynesis 
(Fa. Zimmer) and the Cosmic (Fa. Ulrich) system. 
Both systems have been investigated in numerous 
cohort studies and their efficacy to reduce pre-
operative back pain resulting from degenerative 
disease could be proven – at least on a short term 
basis (e.g. [16, 17]). However, no high-quality 
data comparing spondylodesis with dynamic sta-
bilization are available. The data of an RCT on 
that topic are still pending.

 C. How strong is the level of evidence available 
to date

The levels of evidence for reoperation for 
recurrent disc herniation is derived from sub-
group analysis of an RCT and an observational 
cohort (Level-II Evidence). The decision for 
dynamic pedicle-screw based stabilization is 
based on cohort studies (Level-III Evidence).

15.4  Conclusions and Take Home 
Message

Interspinous process devices exhibit similar 
short-term relief of symptoms from neurogenic 
claudication than open decompression, but with a 
much higher reoperation rate. Accordingly, their 
use is reserved for niche indications  – at 
maximum.
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Patients with significant chronic low back pain 
refractory to conservative treatment, who reveal 
radiological signs of mono- or bisegmental disc 
degeneration, are potential candidates for lumbar 
TDR.  Segment hypermobility and predominant 
facet joint syndrome should be ruled out.

Dynamic pedicle-screw based stabilization 
might be an alternative for spondylodesis in 
mono- or bisegmental degenerative disease, 
although sound data comparing these methods 
are not available so far. References
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 – solid scientific results supporting the 
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systems, although widely used and 
promising, are still pending

Editorial Comment

We strongly recommend to read this excel-
lent chapter on a topic, that has produced 
considerable controversy in the last 20 
years. A “hype” has been provoked initially 
for these new technologies leading to a 
massive overuse in unproven indications, 
which has then triggered an overreaction 
against them. So on most of them the 
majority of the spine community has closed 
the book already. This chapter now pro-
vides a very thorough and sober evaluation 
of the existing high-level evidence in this 
field. Overall it shows for IPDs (that is the 
stand-alone variant replacing decompres-
sion) and lumbar TDR to have a place in 
highly selected patients. However, accep-
tance within the community is questionable 
these days and the industry is probably not 
interested in the production of devices, 
which do not sell in high numbers. As it 

evolves, and evidenced by the preliminary 
data of a RCT comparing fusion with 
dynamic stabilization (unpublished data) 
pedicle-screw-based systems may have a 
place in low grade degenerative instabili-
ties of the lumbar spine.
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Management of Failed Back 
Surgery Syndrome

Ehab Shiban and Bernhard Meyer

16.1  Introduction

Failed back surgery syndrome (FBSS) has been 

initially defined as the end-stage following one or 

several operative procedures on the spine in order 

to relieve axial and/or radicular pain without posi-

tive effect. However, in many of these patients 

there might still be a spinal pathology causing 

their symptoms. The most common causes include 

residual/recurrent disc herniation, spinal stenosis, 

infection or mechanical instability following 

decompression. Therefore, another and much 

more suitable definition of FBSS was provided by 

the international association for the study of pain. 

Thereby FBSS is present when patients are suffer-

ing from spinal pain of unknown origin either per-

sisting despite surgical intervention or appearing 

after surgical intervention for spinal pain origi-

nally in the same topographical location.

Because there is no clear and overall accepted 

definition of FBSS there is no valid data on inci-

dence or prevalence. 20% to 40% of patients 

following spinal procedures are estimated to 

have FBSS. Treatment of FBSS depends on the 

underling condition. For patients with a clear 

patholtogy revision surgery can be recom-

mended. Otherwise a multidisciplinary biopsy-

chosocial rehabilitation or neuromodulation 

may be recommended. However, presence or 

absence of a spinal pathology on spinal imaging 

does not necessarily correspond with clinical 

findings [1]. Therefore treatment allocation of 

FBSS patients remains a challenging task is 

some cases.

This chapter will illustrate the different casus of 

FBSS and discuss the various treatment modalities 

with emphasis to their efficacy and level of evi-

dence. At the end of this chapter the readers should 

be able correctly manage patients with FBSS.

The aim of the presented case is to illustrate a 

management algorithm and treatment allocation 

for patients with FBSS.

16.2  Case Description

A 62 year-old man presented with left sided S1 

sciatica for the last 8 weeks. 6 Months prior the 

patient underwent a left sided microdiskectomy 

L5/S1 due to a soft herniated disc (Fig.  16.1). 

Thereafter he was pain free for 4 months. He had 

no clinically significant medical history and the 

physical examination revealed that he was unable 

to walk on his toes and that the ankle jerk reflex 

was diminished. Also he had severe pain with the 

straight-leg-raising maneuver to 40°. He was on 
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ibuprofen 800 mg twice daily without significant 

pain relief. Magnetic resonance imaging (MRI) 

showed a left sided recurrent herniated disc at 

L5/S1 (Fig. 16.2). The patient underwent elective 

re-microdiskectomy at L5/S1 and was pain free 

thereafter. At 12  months follow up the patient 

was still pain free.

16.3  Discussion of the Case

In this case we chose to perform surgery because 

the patient had a “true” recurrent herniated disc 

and did not achieve significant pain relief for 

8  weeks following conservative treatment. It is 

generally accepted to treat recurrent disc 

Fig. 16.1 MRI of the lumbar spine showing a clear right sided herniated disc at L5/S1

Fig. 16.2 MRI of the lumbar spine showing a clear right sided re-herniated disc at L5/S1
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 herniation microsurgically following failed con-

servative treatment or in the presence of neuro-

logical deficits.

The assessment of patients with FBSS 

begins with a thorough history and physical 

examination. Thereby beside location of the 

pain the temporal relationship between pain 

and primary surgery has to be assessed. In 

cases in which the radicular pain persists in 

the immediate postoperative period is indica-

tive of inadequate surgical treatment. A new 

onset of radicular pain immediately follow-

ing surgery may be indicative of a misplaced 

pedicle screw, whereas a new onset of radicular 

pain one to 3 days following surgery in indica-

tive of a postoperative hematoma or infection. 

Longstanding pain following surgery is how-

ever more difficult to asses, especially in mul-

tisegmental pathologies.

16.3.1  Imaging

The most simple and readably available imag-

ing modality are X-rays. Thereby, spinal defor-

mities, changes in lordosis and sagittal balance 

can be assessed. However, this not adequate fro 

assessment of spinal stenosis, nerve root com-

pression or disc changes. The gold standard is 

gadolinium- enhanced MRI. The use on con-

trast enhancement allows to differentiae 

between postoperative fibrosis and disc hernia-

tion in most cases. However, the presence or 

absence of a recurrent herniated disc on post-

operative imaging is sometime difficult to 

define, as most patients will have changes on 

spinal MRI that do not cause any symptoms 

[1]. In a multicenter randomized trial compar-

ing surgery to prolonged conservative treat-

ment for sciatica in patients with lumbar disk 

herniation, 33% of patients with favorable out-

come and 35% of patients with unfavorable 

outcome had a recurrent disc herniation at one-

year follow-up on magnetic resonance imaging 

[1]. Therefore, in unclear cases a diagnostic 

nerve block with only local anesthesia may be 

helpful in clarifying whether the changes on 

the MRI are symptomatic [4].

16.3.2  Management

For patients with FBSS and clear pathology of 

the index level with a corresponding clinical 

symptom then revision surgery in indicated. In 

the case of postoperative spinal infection, cere-

brospinal fluid fistula or a clear recurrent disk 

herniation then revision surgery should be done 

(Fig. 16.3). For patients with low back pain with-

out radicular pain, spinal claudication or with 

multisegmental degeneration conservative treat-

ment with or without infiltration therapy should 

be initially performed. If there is no sufficient 

pain reduction then a trial of spinal cord stimula-

tion can be recommended (Fig. 16.3).

Conservative treatment may include multiple 

modalities such as physical therapy, psychother-

apy (stress reduction and cognitive behavioral 

therapy) [3] as well as facet joint infiltration or 

acupuncture [2]. All of these conservative mea-

sures should be done in addition to an optimized 

medical treatment plan.

If these conservative measure fail then a spi-

nal cord stimulation (SCS) trial is warranted. 

SCS is an accepted treatment option for chronic 

pain. However, conventional SCS was preserved 

for FBSS patients with predominantly chronic 

neuropathic leg pain. In recent years the emer-

gence of the high frequency stimulation method 

made low back pain a potential treatment target. 

A randomized multicenter RCT involving 198 

participants illustrated the superiority of high-

frequency SCS compared to conventional spinal 

cord stimulation for the treatment of back pain 

and leg pain [5].

16.3.3  Re-herniation: Surgical 
Approach

In those cases with a clear reherniation surgery 

has been shown to lead to favorable results. The 

choice between re-discectomy and re-discectomy 

with fusion for re-herniated disc is still a matter of 

some debate [6]. A survey among spine surgeons 

in the united stats identifying surgical treatment 

for re-herniation found that a surgeon practicing 

for 15–20  years was less likely to  performed 
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fusion for a re-herniated disc and surgeons per-

forming more than 200 cases per year were more 

likely to perform fusion [8]. A recent meta-analy-

sis of 37 studies with 1483 patients demonstrated 

that although greater improvement in back pain 

was achieved in patients undergoing re-discec-

tomy and fusion compared to re- discectomy 

alone, the rate of satisfactory outcome was similar 

in both groups. Moreover, patients undergoing re-

discectomy alone had a lower rate of surgery 

related complications [9]. In a small single center 

study 45 patients with first-time re-herniated disc 

were randomized for re-discectomy alone, re- 

discectomy with transforaminal lumbar interbody 

fusion or re-discectomy with posterolateral 

fusion. The three groups showed no significant 

differences with regard to the mean functional 

outcome, recovery rate or satisfactory rate [7].

16.3.4  Literature Guidelines

To date there are no guidelines or significant 

comparative studies to help surgeons in deter-

mining which approach would be most appropri-

ate to treat re-herniated disc. The American 

Association of Neurologic Surgeons (AANS) 

2014 guidelines report low-level evidence to sup-

port fusion for re-herniated disc. Therefore it is 

recommended to perform only re-discectomy for 

patients with re-herniation and radiculopathy 

without out [10].

16.4  How Strong Is the Level 
of Evidence Available 
to Date

16.4.1  Imaging

There is Level Ib evidence from multicenter RCT 

that there is a lack of distinguishability between 

radiographic evidence of herniation and symp-

tomatic herniation [1].

16.4.2  Treatment

There is Level 2b evidence from a small single 

center RCT showing to difference between re- 

discectomy and re-discectomy and fusion for 

 re- herniated disc [7]. There is Level Ib evidence 

from an industry sponsored multicenter spinal 

cord stimulation RCT showing favorable outcome 
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of both leg and back pain in patients with FBSS 

using high-frequency stimulation compared to 

conventional stimulation [5].

16.5  Conclusions and Take Home 
Message

• In many of the patients with an alleged FBSS 

there might be a spinal pathology causing 

their symptoms. The most common causes 

include residual/recurrent disc herniation, spi-

nal stenosis, infection or mechanical instabil-

ity following decompression

• FBSS is best defined as a suffering from spinal 

pain of unknown origin either persisting 

despite surgical intervention or appearing 

after surgical intervention for spinal pain orig-

inally in the same topographical location

• In the case of postoperative spinal infection, 

cerebrospinal fluid fistula or a clear recurrent 

disk herniation then revision surgery should 

be done

• For patients with low back pain without radic-

ular pain, spinal claudication or with multi-

segmental degeneration conservative 

treatment is recommended

• New SCS stimulation techniques (High- 

frequency Stimulation) may be a promising 

alternative for patients with FBSS with pre-

dominantly low back pain
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17.1  Introduction

This case will address the possible treatment 

options of sacroiliac joint pain (SIP) including 

conservative treatment with intraarticular injec-

tions and radiofrequency denervation as well as 

operative fusion. SIP is a frequent cause for low 

back pain (LBP) with association of poor quality 

of life. Inflammation, pregnancy, trauma and 

especially previous spine surgeries are important 

triggers for SIP.  Therefore Spine surgeons are 

frequently confronted with patients suffering 

from SIP. Making the diagnosis of SIJ dysfunc-

tion in the physical examination is difficult. It 

includes provocative maneuvers as FABER, dis-

traction test, Oestgaard test, Gaenslen test and 

thigh thrust test. Even the diagnostic sensitivity 

of x-Ray, CT scans and MRI for SIP is low, but 

radiological diagnostics are essential to rule out 

other sources of LBP. Conservative treatment of 

LBP includes physical therapy, manual therapy 

and NSAID administration. Injections with ste-

roids and local anesthetics or cryo and radiofre-

quency neurotomy may support the conservative 

treatment. However, in some cases the treatment 

of SIP is very difficult and even interventional 

approaches lead to a temporary pain relief only. 

In these cases fusion surgery of the SIJ can be 

offered. This case report describes a patient, who 

underwent all types of SIP treatment with phys-

iotherapy, pain medication, intraarticular injec-

tions and radiofrequency neurotomy and finally 

minimally invasive fusion of the SIJ.

17.2  Case Description

A 78 y/o male patient presented himself to the 

outpatient department with chronic LBP localized 

in in the lower lumbar spine and the right gluteal 

region. Two years ago, a dorsal instrumentation 

with a dynamic pedicle screw-based system and 

additional microsurgical decompression for a 

L4/5 spinal canal stenosis was performed in an 

external hospital 2  years ago. The patient had 

experienced a pain relief for several months. In 

the further course a differently localized pain syn-

drome occurred, distinct from the initial pain. He 

reported on severe LBP (NRS 8/10) for several 

months with irradiation to the gluteal region and 

dorsal thigh on the right side. The neurological 

examination revealed mild dorsal flexor paresis, 

which had not changed for years. The Lasègue’s 

sign was negative. The Oestgaard test was posi-

tive for the right SIJ. A CT myelogram showed no 

sign of spinal or foraminal stenosis with proper 

implant placement (Fig. 17.1a–c). Physiotherapy 

and pain medication resulted in insufficient pain 

relief.
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The patient received infiltrations of the lum-

bosacral facet joints and the SIJ to detect the pain 

trigger. Repeated SIJ infiltrations under fluoros-

copy resulted in a pain relief of 75% for several 

days, but he experienced an early pain recur-

rence. A right SIJ radiofrequency neurotomy was 

performed (bipolar and monopolar single-strip; 

Simplicity III probe®).

After denervation, the patient was free of pain 

for several months, but again the pain increased 

to the initial level despite an optimized conser-

vative treatment. An additional intraarticular 

injection with contrast enhancement under fluo-

roscopic control resulted in a temporary com-

plete pain relief and verified the diagnosis of 

Sacroiliac Joint Syndrome. As no alternative 

therapy was accessible a minimally invasive 

fusion of the right SIJ was offered. The iFuse 

Implant System® was used and three triangu-

lar titanium implants were placed across the SIJ 

using a lateral transiliac approach under fluoro-

scopic guidance. Postoperative x-ray of the pel-

vis showed proper implant placement (Fig. 17.2). 

The patient left the hospital 3 days after surgery. 

Six weeks of partial stress of the operated SIJ 

were recommended. In the follow-up outpatient 

visits the patient reported to be most of the time 

free of LBP for more than 2 years after surgery.

17.3  Discussion of the Case

The patient suffered from chronic LBP after 

instrumentation and decompression at L4/L5. 

The examination with a pain syndrome localized 

in the lower lumbar spine and irradiation to the 

a b c

Fig. 17.1 CT myelogram. The CT myelogram (Sagittal 

view) shows proper implant placement with no signs of 

foraminal or spinal stenosis. (a) sagittal midline view, (b) 

sagittal right lateral view, (c) sagittal left lateral view. 

Confirmation of lack of spinal canal stenosis, radicular 

compression, or implant failure

Fig. 17.2 SIJ fusion. Fluoroscopy (A/P) of triangular 

titanium implants for minimally-invasive SIJ fusion
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right gluteal region and thigh combined with a 

positive Oestgaard Test was suspicious for 

SIP.  Repeated infiltrations with dramatic pain 

relief confirmed the diagnosis. Foraminal or spi-

nal stenosis and implant failure or loosening were 

ruled out as the cause of LBP by CT myelogram. 

If a Sacroiliac Joint Syndrome is likely a step-

wise escalating local therapy can be performed 

(Fig. 17.3).

The first line therapy for a SIP is a conser-

vative treatment with physiotherapy and 

NSAIDs. If a satisfying pain relief cannot be 

achieved, staged infiltrations of the lumbar 

facet joints and the SIJ can be performed for 

diagnostic and therapeutic purpose. When the 

SIJ is detected as the main cause of LBP by 

provocative maneuvers and infiltrations, inter-

ventional neurotomy can be performed for a 

prolonged pain relief [1]. There are different 

denervation techniques for SIJ neurotomy, 

which can be used. Important is a complete 

denervation of all nerves arising from the dor-

sal foramina.

If radiofrequency therapy fails to enable a dis-

tinct long-term pain relief, a surgical fusion of the 

SIJ can be considered. However, it has to be 

stressed that the indication for surgical fusion of 

the SIJ must be regarded critically and, thus, 

should be limited to the few, selected cases that 

fail conservative therapy  – in our experience 

these are less than 5% of all patients with chronic 

SIJ pain syndromes.

Before surgical fusion we recommend to per-

form an SIJ infiltration with contrast enhance-

ment to prove the intraarticular injection of the 

local anesthetics and demonstrate its effect. Only 

if this injection leads to a drastic pain relief of at 

least 50% a SIJ fusion surgery should be 

performed.

There are many techniques to perform SIJ 

fusion. Already a century ago and lasting until 

today open surgeries were performed for SIJ 

fusion [2]. However, high implant failure rates and 

perioperative complications resulted in the devel-

opment of minimal invasive techniques to perform 

SIJ fusion surgery. There are several techniques 

Patient suffering from LBP

Provocative maneuvers: FABER, Oestgaard test,

Gaenslen test, distraction test, thigh thrust test

Radiographic diagnostics to rule out other causes

of LBP

NSAIDS

Physiotherapy

Manual therapy

Cryodenervation

Radiofrequency denervation

open fusion

minimally-invasive fusion

(Spinal cord stimulation)

Peripheral nerve stimulation?

Intra-articular / intra-ligmentous

injections with corticosteroids and local anesthetics

Positive
for SIP

Conservative therapy

Infiltration therapy

Neurotomy

SIJ fusion

Neuromodulation

Fig. 17.3 Management 

of SIP
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available. The most frequently used devices with 

the best clinical evidence are the distraction inter-

ference arthrodesis with neurovascular anticipa-

tion (DIANA®, SIGNUS Medizintechnik GmbH, 

Germany) and the triangular titanium implants 

(iFuse Implant System®, SI-Bone, Inc., San Jose, 

CA, USA). Results of an prospective observa-

tional study with inclusion of 171 patients with a 

2 year follow-up could illustrate that the implanta-

tion of the DIANA®-device resulted in an 

improvement in pain and disability scores as well 

as in Quality of Life scores in [3]. However, there 

are no RCTs available. The highest amount of 

studies are available for the iFuse implant 

System®. Multicentre randomized controlled tri-

als from a US and a European study group illus-

trated the effectiveness in minimally invasive SIJ 

fusion with this device concerning pain function 

and quality of life [4, 5]. The main complications 

of the surgical procedure are implant-related 

impingements on the S1 root, fractures, implant 

loosenings and hematomas. However, only in 

2–3% of patients a revision surgery is required.

Another possible therapy for treatment of SIP is 

a neuromodulation approach. There is no evidence 

that Spinal Cord Stimulation is a good approach to 

address pain in the gluteal region. However, in a 

small case series peripheral nerve stimulation was 

shown be a promising therapy for SIP [6].

17.4  Conclusions and Take Home 
Message

Patients suffering from LBP due to SIJ dysfunc-

tion are frequently seen after fusion or decompres-

sion surgery of the lumbar spine. They report LBP 

and pain in the gluteal region and possibly pseudo-

radicular pain radiating into the lower extremities. 

Some patients report only temporary relief from 

conservative therapy, LA and steroid injections. To 

preserve the effect of injections a cryo or radiofre-

quency neurotomy of the dorsal rami innervating 

the SIJ is frequently used. Surgical options such as 

minimally-invasive SIJ fusion can be performed, if 

conservative treatment fails and the diagnosis of 

an SIP is confirmed clinically and via intraarticular 

infiltration. Peripheral Nerve Stimulation could 

become future therapy option, if randomized con-

trolled trials confirm its effectivity.

Pearls and Pitfalls

• Conservative treatment for LBP from 

SIJ dysfunction is the gold standard

• Provocative maneuvers and LA injec-

tions to reveal the source of LBP are 

mandatory

• When discussing SIJ fusion intraarticu-

lar (not intraligamentous) injection for 

diagnostic reasons

• Surgical treatment only if all above 

measures fail and test results are 

unambigous

• Minimally-invasive SIJ fusion surgery 

is technically well established

• Peripheral nerve stimulation may be an 

option in the future

Editorial Comment

While we will not discuss probable short-

comings of the RCTs for MIS SIJ fusion 

and instead assume integrity of data, we 

strongly feel that a word of caution is nec-

essary here. The results for efficacy and 

safety have been produced in the highly 

controlled environment of a RCT, where 

foremost indication, but also technique 

etc. are closely monitored. We are con-

vinced, that efficacy rates will drop and 

safety issues increase dramatically when 

this device is used in an uncontrolled fash-

ion outside a trial. SIJ pain is a diffuse and 

ill-defined yet ubiquitous “syndrom” and 

the surgical MIS technique is rather unde-

manding, both of which will set a very low 

threshold to use this device. Apart from 

the immediate increase of direct compli-

cations, we fear that a significant number 

of late low-grade-infection related implant 

loosenings will occur in the longer run. 

We therefore would only accept the use of 

this device under controlled conditions 

with rigid and complete post-market sur-

veillance measures, such as mandatory 

data input into monitored registries 

including pre-, peri and postoperative as 

well as longterm data.
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Navigation of the Cervical, 
Thoracic and Lumbar Spine

Hanno S. Meyer and Yu-Mi Ryang

18.1  Introduction

Computer-assisted navigation (CAN) is a widely 

employed tool in spinal instrumentation surgery. It 

permits high-quality image guided placement of 

pedicle screws based on registration of preoperative 

or intraoperative spinal imaging data (e.g., preoper-

ative or intraoperative CT images, intraoperative 3D 

fluoroscopy). The surgeon is thus provided with 

visual feedback showing the current planned screw 

placement trajectory superimposed on the imaging 

data of the patient. This is supposed to improve the 

safety and accuracy of pedicle screw placement and 

thus reduce complications potentially associated 

with screw misplacement, such as instability, neuro-

logical injury or revision surgery [1, 2].

CAN is applicable to the entire spine, i.e. for 

instrumentation of the cervical, thoracic and lum-

bosacral spine including the pelvis. The follow-

ing case will demonstrate the use of CAN for 

spinal instrumentation.

The case will detail specific advantages and 

disadvantages of spinal navigation techniques 

with regard to:

 – safety and accuracy

 – image quality

 – radiation exposure

 – learning curve

 – location (thoracolumbar versus cervical)

18.2  Case Description

A 64-year-old male patient suffered from tho-

racic back pain after he fell while sailing his 

boat. His neurological examination was normal. 

A CT scan showed a vertebral compression 

fracture of Th 6 and signs of osteoporosis 

(Fig. 18.1). The MRI scan was consistent with a 

recent injury (Fig.  18.2). There was no neural 

compression.

The patient had a history of cigarette smoking 

(50 pack years) and was otherwise healthy.

Analgesics did not provide sufficient pain 

relief. Instead, after a few weeks, the pain was 

increasing. The relative indication for surgery 

was discussed with the patient in detail. Taking 

medical history and age into account, it was 

eventually decided to proceed with minimally-

invasive percutaneous posterior instrumentation. 

As in any spinal instrumentation performed in 

our department, CAN was used for pedicle screw 

placement (Figs. 18.3, 18.4, and 18.5).

As a first step, the navigation reference array 

was tightly attached to a spinous process via a 

small incision of skin and fascia (Fig. 18.3). Then, a 

3D-scan was acquired (Fig. 18.4). During scanning, 
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Fig. 18.1 CT Sagittal (left) and axial (right) slices of a 

CT scan showing a compression fracture of the vertebral 

body of Th 6. Both endplates are affected (white arrows), 

and there is height loss suggesting involvement of the pos-

terior wall as well (red arrows). There is decreased corti-

cal thickness as well as loss of trabecular bone structure, 

consistent with osteoporosis. The pedicles are intact, and 

there is no bony narrowing of the spinal canal

Fig. 18.2 MRI Sagittal (left) and axial (right) MRI slices. 

A STIR (Short Tau Inversion Recovery) sequence was 

acquired, providing sensitivity to bone marrow edema. 

There is substantial edema in the vertebral body of Th 6, 

suggestive of a recent injury. There is no significant spinal 

canal stenosis associated with the fracture
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the OR staff could leave the operating room, elimi-

nating radiation exposure. Anesthesia provided 

apnea to prevent movement artifacts after suffi-

cient preoxigenation of the patient. Both the marker 

spheres of the reference array and the C-arm can 

be detected by the camera of the navigation system, 

permitting registration of the patient’s anatomy with 

the acquired imaging data. The drill guide can be 

detected by the navigation system as well, enabling 

multiplanar visualization of the tip of the drill and 

the current drilling trajectory superimposed on the 

intraoperative 3D scan (Fig.  18.5). First, we con-

firmed that the registration succeeded by making 

sure that intraoperative landmarks (e.g., spinous 

processes) correspond to the respective structure in 

the image set. Then, pedicle screws could be placed 

without the need to expose anatomical landmarks, 

permitting a minimally invasive percutaneous 

approach while maintaining maximum accuracy. 

There was no need to perform imaging during 

screw placement, reducing the radiation exposure 

to surgeon and patient to a minimum as opposed 

to standard free-hand placement procedures using 

biplanar intraoperative fluoroscopy.

Pedicle screws were placed bilaterally in Th 4, 5, 

7 and 8. A final control 3D-scan confirmed accurate 

placement of the screws. Prior to cement augmenta-

tion with PMMA. As a last step, rods were implanted 

using the caudal most existing skin incision.

There were no adverse events during or after 

surgery. The patient reported immediate pain 

relief. Standing radiography confirmed correct 

positioning of the implant (Fig. 18.6).

The patient was mobilized on the day of sur-

gery and discharged home after 2 days. He was 

Fig. 18.3 Navigation reference array. This intraoperative 

picture shows the navigation reference array. Care must be 

taken to ensure tight attachment to the spine, which is usu-

ally achieved by clamping to a spinous process that is 

exposed via a small incision of the skin and fascia. The 

marker spheres can be detected by the navigation system’s 

camera

Fig. 18.4 Acquisition of 3D-fluoroscopy scan. The surgi-

cal field is covered to maintain sterility. The marker 

spheres (red circle) remain exposed to the field of view of 

the navigation system’s camera, permitting 3D registra-

tion of the patient’s anatomy with the acquired imaging 

data. Anesthesia should provide apnea during scanning to 

prevent movement artifacts

Fig. 18.5 Navigated pedicle screw placement. This intra-

operative picture shows navigated placement of pedicle 

screws. Using a navigated drill guide with marker spheres 

that are detectable by the navigation system’s camera, the 

tip of the drill as well as the current drilling trajectory can 

be superimposed on the 3D image set in three planes. This 

enables the surgeon to choose the ideal drilling trajectory 

based on visual feedback. After drilling, a k-wire is placed 

into the drill hole. The screw can then be placed via the 

k-wire along the navigated trajectory
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referred to an endocrinologist to further investi-

gate and treat the newly diagnosed osteoporosis.

18.3  Discussion of the Case

We present a standard case with instrumentation 

of the thoracic spine. We chose to use CAN for 

pedicle screw placement, as we do for any spinal 

instrumentation surgery involving pedicle screw 

placement in our department.

18.3.1  Navigation Techniques: 
Advantages 
and Disadvantages

18.3.1.1  Preop CT imaging 

for intraoperative 

Navigation

There are several CAN systems available, and 

there are also methodical differences. An impor-

tant variable is the imaging modality. Imaging can 

be acquired preoperatively or intraoperatively. 

Excellent image quality is the biggest advantage of 

preoperative imaging (e.g., a CT scan.) A down-

side of preoperative imaging, however, is patient 

positioning for preoperative CT acquisition wich 

usually is supine in constrast to the prone position 

during surgery. This might be a source of possible 

imaging inaccuracy during surgery.

This technique works by point-by-point sur-

face registration of the posterior vertebral lam-

ina with a navigation probe (see Figs.  18.7, 

18.8, and 18.9).

This way every vertebral level needs to be reg-

istered individually prior to instrumentation. This 

might take longer than using navigation systems 

working with intraoperative image acquisition 

techniques which usually have an automated 

registration.

Percutaneous minimally-invasive procedures 

can therefore not be performed since the poste-

rior spinal elements need to be exposed with this 

Fig. 18.6 Postoperative lateral (left) and a.p. (right) standing radiography confirm correct placement of the instrumen-

tation system
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technique. The superior image quality of this 

technique is of particular importance in the cervi-

cal spine where any PS inaccuracy can have dev-

astating effects (vertebral artery injury if PS is 

placed too laterally or spinal cord injury in medial 

displacements). We therefore prefer CT-region 

matching with preoperative CT imaging for pos-

terior instrumentations of the c-spine. Of impor-

tance is the high mobility of the c-spine in 

contrast to the thoracolumbar spine. We highly 

recommend to register every to be navigated ver-

tebra individually prior to pedicle screw place-

ment to enable for the highest possible accuracy.

Obviously, as in the present case, a percutane-

ous approach is not compatible with surface 

matching that requires exposure of at least the 

laminae of the vertebrae to be instrumented.

With the advent of intraoperative CT scanners 

this option might become obsolete one  day, if 

these devices will hopefully become more afford-

able in the future.

18.3.1.2  Intraoperative 

3D-fluoroscopy guided 

Navigation

Besides preop and intraop CT imaging most 

other navigation systems are based on intraopera-

tive 3D-fluoroscopic image- guidance. Images are 
Fig. 18.7 Marked to be navigated posterior lamina of the 

cervical spine for CT-region matching navigation

Fig. 18.8 Point-by-point registration of a posterior cervical spine lamina for CT-region matching registration
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acquired intraoperatively after attachment of the 

reference array and registered automatically. This 

technique is therefore suitable for open as well as 

percutaneous minimally- invasive procedures. 

Depending on the system there are differences in 

image-quality and size of the field of view. In 

general image quality and gantry size are inferior 

to iCT, but these systems are less expensive.

For thoracolumbar instrumentations, we prefer 

intraoperative imaging for several reasons. The 

relatively low mobility of the thoracolumbar spine 

permits using one single scan for instrumentation of 

several segments. Available 3D-fluoroscopy imag-

ing systems can acquire the entire lumbar spine 

and up to six or seven thoracic segments with one 

scan and modern systems with a larger field of view 

even enable navigation of the pelvis for S2-ala iliac 

screw placement. This makes intraoperative imag-

ing the more efficient alternative when compared 

to surface matching in these cases. Moreover, the 

direct registration of the imaging data possibly pro-

vides higher accuracy than surface matching in the 

thoracolumbar spine, where post-scan- movements 

are less likely than in the cervical spine. This is con-

sistent with the findings of a recent study comparing 

intraoperative with preoperative imaging  – based 

navigation in scoliosis surgery [3].

Image quality which is up to date inferior to 

CT-imaging makes these systems less suitable for 

use in the cervical spine and the cervicothoracic 

region.

Patients with pathologically reduced bone min-

eral density or excessive obesity might also ham-

per image quality and reduce safety and accuracy.

18.3.1.3  Intraoperativ CT

Intraoperative CT definitely has advantages over 

other navigation systems. It produces the highest 

Fig. 18.9 Intraoperative CT-region matching based pedicle screw trajectory of the cervical spine
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image quality, has the largest gantry and the 

 largest field of view compared to other systems 

theoretically enabling navigation of the entire 

spine including the pelvis with one scan with a 

comparably low radiation dose. But of course, 

these systems come with a price and are the most 

expensive ones on the market today.

High investment costs are the downside of all 

intraoperative navigation systems available at the 

moment.

In general, CAN has many substantial advan-

tages, accuracy being the obvious one. Based on 

more than 20 clinical trials that evaluated pedicle 

screw placement using CAN, there is no doubt that 

the procedure is safe and that it increases the accu-

racy of pedicle screw placement when compared 

to standard freehand (FH) pedicle screw instru-

mentation [1]. Whether this translates into a better 

clinical outcome for the patient has been analyzed 

by several meta-analyses. Most studies found only 

a trend towards improvement in clinically relevant 

outcome parameters, such as screw revision rates 

or neurological injury [1, 2, 4]. It has been argued 

that the difficulty in proving clinically relevant 

superiority of CAN over FH may be due to the 

known high success rates and safety profile of the 

latter method [1, 5]. Moreover, the variety of dif-

ferent CAN platforms adds heterogeneity to results 

in most studies [1]. Accordingly, using strict exclu-

sion criteria, another meta-analysis found a signifi-

cantly lower rate of screw-related complications in 

the CAN cohort as compared to the FH cohort [1, 

6]. It can be assumed that future studies will add 

further evidence supporting the logical assumption 

that prevention of misplaced pedicle screws is ben-

eficial to the patient.

Our case illustrates that CAN facilitates pedicle 

screw placement substantially. Mid-thoracic 

screws were placed through small skin / fascia 

incisions without the need to expose anatomical 

landmarks for orientation, as is usually required in 

FH instrumentation. One could argue that, given 

the technical effort associated with CAN, it should 

be limited to the most difficult cases only. However, 

in addition to providing facilitation and accuracy, 

there are two more facts supporting use of CAN 

whenever possible: First, CAN has been shown to 

eliminate radiation exposure to the OR staff and to 

significantly reduce the patient’s effective dose of 

radiation exposure in a randomized prospective 

trial [7]. Thus, withholding it from patients and 

personnel is at least questionable. Finally, CAN is 

associated with a learning curve [8]. This needs to 

be overcome to fully benefit from its advantages, 

requiring its application on a regular basis.

Consequently, we argue that CAN should be 

implemented as standard procedure in the daily 

surgical routine of any spine surgery center [9].

As holds true for all navigation systems is the 

obligation of the surgeon to know the patient’s 

anatomy and to check plausibility and accuracy of 

the navigation system repeatedly during surgery. 

All systems are prone to inaccuracy for example 

by unintended displacement or loosening of the 

reference array. Inaccuracy also increases with 

increasing distance of the reference array to the 

camera. The surgeon also needs to check the line 

of sight. Unnoticed blockage of the line of sight 

by an instrument, the surgeon or the instrument-

ing nurse during pedicle screw placement is also a 

possible source of inaccuracy.

Navigation therefore does not guarantee for 

accurate pedicle screw placement if these basic 

rules are not followed.

18.4  Conclusions and Take Home 
Message

CAN is a tool designed to assist in pedicle screw 

placement in spinal instrumentation surgery. It can 

facilitate the procedure, improve its accuracy, 

reduce the rate of revision surgeries by misplaced 

pedicle screws and possibly prevent associated 

complications. With CAN, radiation exposure is 

reduced for the patient and for the medical person-

nel. It is applicable to the cervical, thoracic and lum-

bar spine and to both open and minimally invasive 

approaches. However, there are technical nuances 

that are associated with advantages and disadvan-

tages specific for the spinal region. Knowledge of 

the theory and technical application of CAN is cru-

cial – inaccurate registration is useless, and the sur-

geon must be able to realize inaccurate navigation at 

any time during surgery. There is a learning curve 

for CAN, so it should be employed daily, on a regu-

lar basis. CAN should be used in spinal instrumen-

tation surgery whenever possible.
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• Computer-assisted navigation (CAN) is a use-

ful tool in spinal instrumentation

• CAN increases pedicle screw placement accu-

racy, potentially leading to a better clinical 

outcome

• CAN significantly reduces the rate of revision 

surgeries due to PS screw misplacements

• CAN significantly reduces radiation exposure 

to medical staff and the patient

• CAN is useless when the registration fails, so 

knowledge of the theory and application of the 

technique is crucial

• CAN needs to be practiced, and there is a 

learning curve

• CAN should be standard in spinal instrumen-

tation surgery

• CAN facilitates minimally-invasive spine pro-

cedures, esp. instrumentation

• CAN facilitates the increased use of percuta-

neous minimally-invasive procedures. 

Minimizing approach-related morbidity is 

crucial to reduce wound healing problems and 

infections in spinal tumor patients needing 

postoperative adjuvant radiation therapy

• CAN can help to better understand the com-

plex anatomy of the spine

Pearls and Pitfalls

• Check plausibility and accuracy 

repeatedly

• Know the anatomy

• Do not entirely rely on the navigation

• Intraop imaging is still virtual reality

• Accuracy decreases with increasing dis-

tance of the reference array to the 

camera

• Unnoticed/unintended movement of the 

reference array during surgery can cause 

inaccurate pedicle screw placement

• Do not attach reference array on lamina 

of lytic or mobile spinous processes

• Avoid too tight attachment of the refer-

ence array, which might break the spi-

nous process

• Ensure an unobstructed line of sight

• CT-region matching is not suitable for 

percutaneous procedures

Editorial Comment

Everything that needs to be known about 

spinal navigation today is described and 

discussed in this chapter by the senior 

author (YR), who has done extensive 

clinical research work in this field. 

Similar to chapter 7 the authors have cho-

sen a non-degenerative case, which is not 

important in this instance, because tech-

nical principles are presented applicable 

to all pathologies. It is the editors’ strong 

belief, that in the future navigation will 

be an integral part of all spinal surgeries/

instrumentations. It is proven that it 

increases safety for the patient as well as 

the surgeon, by reducing misplacement 

rates and radiation exposure. It may be 

that these advantages are not “a big step”, 

because adequate accuracy can also be 

achieved with a free-hand technique. 

However, one should remember, that 

progress in clinical science and ulti-

mately patient care comes always in 

small steps. To translate the correspond-

ing German phrase verbatim would be 

“the better is the enemy of the good”. 

Neurosurgeons with a cranial focus are 

familiar with this development from an 

outsider technique to a standard of care 

over a time span of 20 plus years, because 

the beginnings of cranial navigation dates 

back to the late 80ies/early 90ies. The 

authors correctly convey very important 

principles for a successful implementa-

tion of spinal navigation. These include:

 (a) Mandatory use in all (routine) cases 

for a successful integration into clin-

ical routine to create confidence with 

the technique in the difficult cases, 

where it is actually needed and can 

be then applied without distracting 

from the actual surgery. Using it in 

the difficult case only is the most 

fatal mistake to be made.

 (b) Resilience to the hardships of the 

learning curve needs to be anticipated 

and communicated to all team mem-

bers to increase acceptance.
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 (c) The pitfalls of the technique need to be 

known and carefully avoided. As a rule 

of thumb, inaccuracies despite naviga-

tion are basically always related to the 

human factor and not the machine.
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19.1  Introduction

Scoliosis is an elusive pathology in which a ther-

apeutic decision must depend on an accurate 

prognostic stratification. It is defined as a three- 

dimensional deformity of the vertebral column 

which manifests itself in different forms, affect-

ing the cervical, dorsal and lumbar regions. In 

more than 80% of scoliosis cases, a specific cause 

is actually not known (Idiopathic Scoliosis, IS).

Scoliosis Research Society (SRS) classified IS 

in two main categories about the age of onset:

 – Early Onset Scoliosis (EOS) in children under 

10 years old [1];

 – Adolescent Idiopathic Scoliosis (AIS) in 

patients aged from 11 to 18.

AIS represents the 90% of idiopathic scolio-

sis. The estimated prevalence is 0.47–5.2%. 

Females are significantly more affected than 

males (1.5:1–3:1) [2].

19.2  Natural History

Learning about the natural history of idiopathic sco-

liosis is fundamental and the knowledge of it has an 

important role to prevent failures in the treatment.

The natural history of adolescent idiopathic 

scoliosis (AIS) may be divided into the short and 

long term.

A correct estimate of the risk of worsening is 

essential to identify patients worthy of treatment 

and at the same time to define patients who do not 

require it.

There are four major lines of long term studies 

which have investigated the natural history of 

AIS: the Swedish studies [3], the American with 

the Iowa cohort studies [4], the English [5] and 

the Italian [6] series. It is difficult to compare 

results of different studies; nevertheless, the main 

outcomes of these studies are summarized in 

Table 19.1.

Curve progression, back pain incidence, and 

psychosocial implications are the main topics 

analyzed to determine the real impact of scoliosis 

during life.

With skeletal maturity, curve progression 

slows substantially compared with the progres-

sion that is observed during the adolescent growth 

spurt.

In general, the increase in angular entity after 

skeletal maturity (coronal and axial rotation) 

causes a proportional increase of probability of 

progression and therefore decompensation of 

curves. Coronal Cobb >30°, progress at a rate of 

<1° per year [4, 5], where curves of major entity 

(>80–90°) have much slower progression’s rate 

than smaller curves due to rigidity caused by 

degenerative changes.
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Thoracic curves have the highest tendency to 

progression. Thoracolumbar and lumbar curves 

have the highest propensity for developing lateral 

olisthesis during adulthood, and back pain may 

be more prominent and disabling.

The short term natural history of AIS indicates 

the behavior of the curves during growth and 

their tendency of evolution. This period is the 

most important for clinical and instrumental 

monitoring.

School screening programs have the risk of a 

high rate of false positives leading to unnecessary 

concerns for teenagers and their parents, as well 

as contributing to costly, unnecessary x-rays and 

specialist consultations [7].

On the other hand, there is evidence that 

school scoliosis patients detected by screening 

are less likely to need surgery than those patients 

who did not have screening [8].

The main indicator for short term progression 

of curves is the skeletal maturity at the time of 

evaluation. It can be assessed by the popular 

Risser test [9] and more recently by using elbow 

radiographs (AP and lateral projections) [10].

Mineral deposits in the iliac apophyses begin 

to appear at the anterolateral crest and progress 

medially towards the sacrum. Fusion of the calci-

fied apophyses to the ilium then progresses in the 

opposite direction (medial-to-lateral).

According to the progression status of this 

process, which can be evaluated on standard 

radiograms, five progressive degrees (0–4) are 

described (Fig. 19.1).

At Risser 0–1 stages the incidence of progres-

sion is 25% for curves <20°, 70% for curves 

between 20° to 30° and 90% for curves >30°. At 

Risser 2–4 stages the incidence of evolution is 

3% for curves <20°, 20% for curves between 20° 

to 30°, 30% for curves >30° and 50% for curves 

>45° [11].

Finally, we can summarize that age under 12, 

the absence of secondary sexual maturity signs, 

thoracic curves with severe vertebral rotation are 

the most negative prognostic factors for AIS 

progression.

19.3  Classification

The need to postulate shared classification’ s 

principles has emerged to study and compare the 

clinical outcome of different types of curves.

Historically the fundamental curve patterns of 

AIS are:

Table 19.1 The four mayor studies on the natural course of untreated AIS

Study F-U (years)

N. Cases 

at F-U

Mean curve size 

(Cobb)

Progression after 

skeletal maturity Mortality Back Pain/Disability

Nilsonne 

et al. 

(1968) [3]

>45 

(50–70)

52 No rx 48% 9.6% 19.2% (disabled to 

75% or more)

Ascani 

et al. 

(1986) [6]

33 (15–47) 187 37% > 50° All curves progressed 

after skeletal maturity 

(0.4°/yr). Thoracic 

curves between 50° 

and 59° progressed 

0.56°/yr.

17% in 

severe 

curves

61% incidence of 

back pain.

Psychological 

disturbances in 

19%, (curves 

>40°)

Edgar et al. 

(1987) [5]

11 (0–27) 77 73° >55° (>.0.5°/yr) 

Lumbar curves; 

increase in rotation > 

Cobb angle

– Back pain in 79%

Weinstein 

et al. 

(2003) [4]

51 (44–61) 117 Thoracic 85°, 

thoracolumbar 

90°,

Lumbar 50°, 

double major 

76°–79°

– No 

increased 

mortality

61% of pts. had 

chronic pain, 22% 

Dyspnea
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• Single major curve

 – Thoracic

 – Thoraco-lumbar

 – Lumbar

• Double major

 – Double thoracic

 – Double thoracic and lumbar

 – Double thoracic and thoraco-lumbar (Triple 

major).

The King-Moe classification [12] was the first to 

divide the different features of the curves in order to 

define the area of fusion. It derives from the expe-

rience of the surgical treatment of scoliosis with 

Harrington’s instruments. These authors have the 

merit to be the first to describe important concepts, 

such as the stable vertebra, the structured and com-

pensatory curve, but some controversies about suffi-

cient interobserver and intarobserver reliability [13].

Fig. 19.1 Examples of Risser maturity test. Left: AIS with mild toraco-lumbar 25° Cobb (Risser 1) Right: Severe 

progression to 87° (Risser 3)

19 Natural Course and Classification of Idiopathic Scoliosis
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A total of 5 types are identified (Table 19.2, 

Figs. 19.2, 19.3, and 19.4).

Although this classification was widely used 

and has the merit of having guided the surgical 

treatment, there were many critical issues that 

emerged over the years.

First of all, the single thoraco-lumbar and 

lumbar major curves and the thoracic double 

majors were excluded. Second, the structuring 

criteria are not well explained, especially the 

relation to the reducibility of the curve at the side 

bending. Third, the sagittal curves profiles are not 

considered. Finally, the poor reliability of this 

classification combined with the advent of the 

segmental instrumentation and the obsolescence 

of Harrington’s technique, the Lenke classifica-

tion was introduced in 2001 [14]. This classifica-

tion, which progressively becomes the most 

widely used and still considered the gold stan-

dard, is a two-dimensional radiographic assess-

ment, coronal and sagittal, based on studies in 

postero-anterior (PA), latero-lateral (LL) and PA 

lateral bending, designed to determine the most 

appropriate fusion levels. It described six differ-

ent types of curves (Table  19.3, Figs.  19.4 and 

19.5).

In this classification the lumbar spine modifier 

is very important because permits to identify the 

curves in A, B, C, based on the ratio between cen-

tral sacral vertical line (CSVL) and the lumbar 

curve (Fig. 19.4).

The thoracic sagittal modifier permits accord-

ing to thoracic kyphosis (T5-T12) to identify the 

profile as positive if >40° neutral in case of val-

ues included from 10° to 40° and negative if 

kyphosis <10° (Figs. 19.6 and 19.7).

Table 19.2 King-Moe classification [12]

I Primary lumbar curve greater than the 

compensatory thoracic curve

II Primary thoracic curve with compensatory 

lumbar curve

III Short pure thoracic curve

IV Long C-shaped thoracolumbar curve

V Double thoracic curve with extension into 

cervical spine and compensatory lumbar curve

King 1 King 2 King 3 King 4 King 5

Fig. 19.2 Patterns of 

King-Moe classification
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Fig. 19.3 Clinical and radiographic example of a King IV scoliotic curve in a 14 years old girl

13 yrs.

57°

42°

13 yrs.

King II

Fig. 19.4 Clinical and 

radiographic example of a King 

II scoliotic curve in a 13 years 

old girl
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Table 19.3 Lenke classification

Type

Proximal 

Thoracic Main Thoracic Thoracolumbar/Lumbar Curve Type

1 Non-structural Structural 

(majora)

Non-structural Main thoracic (MT)

2 Structural Structural 

(majora)

Non-structural Double thoracic (DT)

3 Non-structural Structural 

(majora)

Structural Double major (DM)

4 Structural Structural 

(majora)

Structural (majora) Triple major (TM)b

5 Non-structural Non-structural Structural (majora) Thoracolumbar/lumbar 

(TL/L)

6 Non-structural Structural Structural (majora) Thoracolumbar/lumbar- main 

thoracic (TL/L – MT)

Minor curve 

structural criteria

Side bending 

cobb ≥25°

T2-T5 

kyphosis ≥ 

+20°

Side bending 

cobb ≥25°

T10-L2 

kyphosis ≥ 

+20°

Side bending cobb ≥25° 

T10-L2 kyphosis ≥ +20°

aMajor Largest Cobb measurement – always structural, Minor All other curves – may be structural or non-structural
bIn type 4 curves (triple major), either the MT or the TL/L curve can be major, depending on the largest Cobb measure-

ment. If the MT and TL/L are equal in magnitude, the MT will be considered the major curve

a b c
Fig. 19.5 Lumbar 

Modifier. (a) CSVL 

Between Pedicles 

(Apical Disc). (b) CSVL 

Touches Apical Pedicle 

(Apical Body). (c) The 

apical vertebral bodies 

are completely lateral to 

the CSVL (Apical Disc
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Fig. 19.6 Example of a Lenke 

VI curve in a 15 years old girl

Fig. 19.7 Example of a Lenke V curve in a 13 years old girl, with high flexibility of both curves at the AP side 

bendings

19 Natural Course and Classification of Idiopathic Scoliosis
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19.4  Conclusions

The knowledge of the natural history of idio-

pathic scoliosis is fundamental, in order to 

understand the possible progression of the curves 

both at long and short term, and therefore helps 

to estimate with certain precision when to face 

the most suitable treatment, either conservative 

or surgical.

An incorrect attitude can lead to catastrophic 

progression of scoliosis, as, on the other hand, an 

incorrect diagnosis can lead to overtreatment.

Moreover, the classification of idiopathic sco-

liosis helps to understand the pathophysiological 

mechanisms that led to deformity and serves a 

great deal for the choice of the fusion area in sur-

gical cases.
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20.1  Patient History

12 years old female referred for scoliosis by a fam-

ily pediatrician. She is 2 months postmenarchal and 

has no medical problems. She is engaged in typical 

activities for an adolescent female including volley-

ball and dance. Past medical history (PMH) and 

past surgical history (PSH) unremarkable.

She complaints of mild back pain localized at 

lumbar region, absent at rest and exacerbated by 

her sporting activities.

20.2  Examination

The patient is a healthy-appearing adolescent with 

near ideal body weight. The right shoulder is 

slightly higher with minimal waist line asymmetry. 

The right rib hump assessed with the Scoliometer® 

is 9° and in the lumbar left area is 10° (Fig. 20.1).

There is no clinical leg-length discrepancy. 

The skin has no abnormalities, and the neurologi-

cal assessment is normal.

Radiographical AP Image (Fig.  20.2a): 

Idiopathic Scoliosis with right thoracic curve of 

24°, apex in T8, and left lumbar curve of 25°, 

apex in L2, with axial rotation of lumbar and tho-

racic vertebral bodies, where in the lumbar curve 

the rotation is prevalent.

20.3  Diagnosis

Adolescent Idiopathic Scoliosis (AIS), Lenke 3, 

Lumbar modifier B, Risser 0.

20.4  Choice of Treatment

The mother is very careful about her daughter 

and seems compliant with medical indications.

Considering the morphological shapes of the 

curves, the clinical aspects, and the possible 

worsening of the scoliosis in a growing spine 

(70%) [1–3], we have treated the girl with a 

Cheneau brace (Fig.  20.3), wearing 22  h/day 

with exercises and physical therapy three times a 

week [4].

The choice of Cheneau brace for the patient 

has resulted from these considerations:

 – It’s a rigid brace, providing a 3D correction;

 – The brace is opened anteriorly, providing a 

better compliance for the pulmonary function, 

chest and breasts;

 – It’s correction mechanism leads to the transfer 

of forces from the convex to the concave side 

of the curves, with a three-point acting sys-

tem, with aimed overcorrection of the curves;

 – It’s well accepted by the patient and her fam-

ily, with a high compliance.
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Fig. 20.1 Clinical image of the patient at the first obser-

vation. Note the shoulder and waists asymmetry

Fig. 20.2 Cheneau brace, posterior and anterior view

Fig. 20.3 Final clinical aspect: full recovery of the shoul-

ders and waists asymmetry
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The purpose of brace treatment is always to 

arrest the possible evolution of the scoliosis and 

to avoid a surgical treatment with fusion.

The patient has followed our strict indications, 

with serial clinical controls every 3 months, and 

radiographic controls, wearing the brace at 3, 9 

and 18 months from the beginning of treatment.

The final result, after 2  years of brace treat-

ment, has showed a very good improving of clini-

cal and radiographics aspects of the patient 

(Figs. 20.3 and 20.4).

20.5  Outcome

At 2-year follow-up, the patient was participating 

in all desired athletic activities without back pain 

or limitation. She was satisfied with her overall 

body alignment and shoulder balance. The tho-

racic scoliometer measurement was 2° and lum-

bar 3°.

20.6  Discussion

The aim of nonoperative treatment of AIS is to 

control the scoliosis either eliminating the need 

for surgery.

In this case the patient was successfully treated 

with the Cheneau brace, improving clinically, 

Functionally and radiographically.

The success of the result seems related to the 

starting point of the treatment, the choice of a 3D 

brace, and the perfect compliance of the patient 

and her family, that have strictly followed the 

medical prescriptions.

a b c

Fig. 20.4 (a) First X-Ray and observation: thoracic and 

lumbar curves (Lenke 3). (b) Second X-Ray after 

3 months (in brace): hypercorrection of the lumbar curve. 

This indicated high flexible curve. (c) Third X-ray: 

9 months later: optimal control of the curves and absence 

of worsening. (d) Fourth X-Ray: mild loss of correction. 

(e) Fifth X-ray: Final follow-up at 2 years

Pearls
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Fig. 20.4 (continued)

Editorial Comment

The right indication for a brace is manda-

tory on the maturity of the sceleton. The 

risser sign and the menarche in females as 

well as the votin break in males are impor-

tant for decisionmaking for a brace. The 

result of treatment is always a progression 

stop. Almost always after treatment the 

scoliosis will have the same shape as at the 

beginning of the treatment.
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21.1  Introduction

This case will detail the aspects of posterior cor-

rection and selective fusion in an adolescent idio-

pathic thoracic scoliosis. It will highlight the 

rules of fusion lengths and the limits of selective 

fusion. The techniques of three-dimensional pos-

terior correction are described.

21.2  Case Description

16 year old girl with a Lenke type 1 C modifier 

thoracic curve of 52° Cobbangle and a flexible 

lumbar curve of 40° that bends down to 12° on 

reverse bending films, thoracic kyphosis 37° 

(Fig. 21.1a–c). She has moderate pain on the con-

cavity of the thoracic curve. Clinically, the left 

shoulder is down by 1,5  cm, rigth ribhump of 

17°, left lumbar hump of 4° (Fig. 21.2a, b).

Operative treatment consisted of posterior 

segmental pedicle screw instrumentation in free- 

hand technique. Correction was done with reduc-

tion screws, segmental translation and derotation. 

Correction of the thoracic curve to 19° with spon-

taneous straigthening of the lumbar curve to 17° 

(Fig. 21.3a) On the left a 5.5 mm, slightly over-

bent Cobalt Chrome rod was placed to control 

thoracic kyphosis (Fig.  21.3b). For arthrodesis 

local bone plus calciumphosphate was used. 

Surgery under controlled hypotension with 

neuromonitoring.

One year postop. the patient is free from any 

pain and has resumed sport activities. Reduction 

of the rib hump to 9°, no lumbar hump 

(Fig.  21.4a, b). X-rays demonstrate slight 

increase of the lumbar curve with a fully bal-

anced spine (Fig. 21.5a, b).

21.3  Discussion

In scoliotic curves exceeding 50° Cobbangle in 

adolescents surgical correction and instru-

mented fusion is recommended. In the majority 

of cases, posterior techniques are indicated 

including segmental pedicle screw instrumenta-

tion, segmental translational and derotation 

maneuvers and control of the sagittal plane [3, 

4, 9]. Anterior correction is indicated in severely 

malrotated thoracolumbar curves and in some 

hypokyphotic thoracic curves with large rib-

humps and larger secondary lumbar curves 

(Lenke type 1 C curves) [2, 6, 8].

The instrumented arthrodesis should include 

all structural curves, secondary flexible curves 

will straighten out spontaneously and do not 
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a cb

Fig. 21.1 (a–c) Preop. standing full spine X-ray ap and lateral (a, b) and reverse bending films (c)

a b

Fig. 21.2 (a, b) Preop. clinical pictures including forward bendning films (b)
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a b

Fig. 21.3 (a, b) Postop. standing full spine X-ray ap and lateral

a b

Fig. 21.4 (a, b) Clinical pictures 1 year postop

21 Idiopathic Scoliosis: Operative Treatment
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need to be included into the fusion. A structural 

curve is characterized by a Cobbangle larger 

than 40–50°, a residual Cobbangle on the 

reverse bending films of >25° and a marked 

clinical malrotation (rib or lumbar hump). 

Accordingly, non- structural curves are flexible 

on the bending films and do have less marked 

malrotation. Severely hypo- or hyperkyphotic 

areas of the spine should be included into the 

fusion, as well [5, 7].

Upper instrumented vertebra is typically the 

upper endvertebra of the upper structural curve. 

The lowest instrumented vertebra (LIV) is nor-

mally the first vertebra of the lower structural 

curve that is touched by the central sacral vertical 

line. The LIV should be neutrally rotated and the 

disc below the LIV should be flexible, i.e. it 

should open up to both sides on both bending 

films [1].

21.4  Conclusions and Take Home 
Message

 – selective thoracic fusion is feasible if the lum-

bar curve of is less than 50°, if it bends down 

to less than 25° on reverse bending films and if 

the lumbar hump is substantially smaller than 

the ribhump.

 – the upper thoracic curve needs to be included 

(i.e. fusion cephalad to T2) if the rigth shoulder 

is down, if the upper thoracic curve is larger 

than 40°, if the residual upper thoracic curve on 

the reverse bending films is larger than 20° and 

if there is a substantial upper left ribhump

 – segmental pedicle screws and a Cobalt Chrome 

rod on the concavity are golden standard

 – anterior correction is indicated in severely malro-

tated thoracolumbar curves and in some hypoky-

photic thoracic curves with large ribhumps

a b

Fig. 21.5 (a, b) 1 year postop. standing full spine X-ray ap and lateral
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Pearls

 – Selective fusion of the structural curve 

in multiple curve scoliosis

 – Freehand segmental pedicle screw 

instrumentation as golden standard

 – Anterior correction still indicated in rare 

cases of severly malrotated thoracolumbar 

curves and hypokyphotic thoracic curves

Editorial Comment

The indication for selective fusion in AIS 

is, reducing pain and the cosmetic aspect, 

but even more the reduction of degenera-

tion in the lumbar spine. The selection of 

the lowest instrumented vetebra is very 

important to spare lumbar segments but do 

not create a “adding on phenomenon” in 

case of including not enough segments in 

the construct.
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A Congenital Scoliosis Case 
Characterized with Contralateral 
Hemivertebrae

Alpaslan Senkoylu and R. Emre Acaroglu

22.1  Introduction

Congenital scoliosis is a complex spinal problem 

that may end up with a disaster if not treated 

properly. Pathology contains many challenges in 

every step starting by the patient’s admission.

Aim of this case presentation is to discuss a 

complicated hemivertebra case with its diagno-

sis, natural history and treatment options.

22.2  Case Description

A 2-year old boy who complains of back defor-

mity admitted to outpatient clinic. There was no 

other system abnormality in his history. However, 

elder brother was operated because of congenital 

scoliosis and hemivertebra excision was done 

2 years ago. Physical examination revealed right 

sided loin and left sided rib humps (Fig.  22.1) 

and no neurology. P-A long cassette X-Ray dem-

onstrated left T10 and right L2 hemivertebrae 

that were fully segmented according to CT scan 

(Fig.  22.2). Magnetic resonance imaging of 

whole spine showed no intraspinal anomaly 

(including syrinx, Chiari malformation, diaste-

matomyelia) and spinal cord was ended at the 

level of L1.

Posterior hemivertebra excision, short seg-

ment pedicle segment fixation and fusion was 

done for the L2 hemivertebra at first session. 

Postoperative period was uneventful and same 

procedure was repeated for the T10 hemivertebra 

3-month later (Fig. 22.3).

Surgical Technique Resection of hemivertebra 

is performed by a single stage posterior approach 

as mentioned, with fusion of the adjacent levels 

only by using pedicle screw fixation. The poste-

rior elements of the spine and, in the thoracic 

spine, rib head of hemivertebra on convex side 

are exposed subperiosteally at the affected levels. 

One level above and one level below 4 mm diam-

eter pedicle screws are inserted. Then, transverse 

process of hemivertebra at the convex side is 

excised (together with rib head at thoracic spine) 

and body of the hemivertebra is dissected retro-

peritoneally (or via extrapleural approach) with 

the finger or Harrington’s elevator. This allows us 

better orientation and less blood loss. Lamina and 

pedicle of index level is removed with Kerrison 

rongeur or high-speed burr. Exciting nerve root 

should be protected at lumbar level, but it can be 

sacrificed at thoracic level. After control of epi-

dural bleeding body of hemivertebra is resected 

with adjacent discs and cartilaginous end plates. 

Compression of the pedicle screws at the convex 
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Fig. 22.1 Clinical pictures of 2-year-old boy. Forward bending test shows a right sided loin and left sided rib hump

Fig. 22.2 P-A and Lateral long cassette X-ray and 3D reformatted CT scan (c) of the patient show contralateral 

 hemivertebrae at T10 and L2 levels

 A. Senkoylu and R. E. Acaroglu
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side is done by the assistance of application 

three-point bending to the trunk of the patient. 

This prevents screw loosening due to direct 

excessive stress. Local bone is used for one level 

fusion (Fig.  22.3). Patients can be mobilized 

freely with a TLSO.  TLSO can be weaning of 

3 months, postoperatively.

There was no any postoperative complication. 

Patient has been following for 6 years and now he 

is 8-year-old with a balanced spine in all three 

planes (Fig. 22.4).

22.3  Discussion of the Case

Congenital scoliosis is the most frequent congen-

ital deformity of the spinal column. It can be clas-

sified as defect of formation or defect of 

segmentation, yet most malformations have com-

bined features of these deformities. Hemivertebra 

should be defined under the failure of formation 

group [1]. Natural history which is important for 

decision making differs according to anatomic 

location of hemivertebra. It has been well defined 

that locations at lumbar and thoracolumbar junc-

tion have bad prognosis and, presumably, prog-

ress. However, hemivertebra located in middle 

and upper thoracic spine is compensated well and 

may not need operation [2]. Morphology of the 

deformity also an important factor for prognosis. 

Worst scenario for the prognosis is fully seg-

mented hemivertebra (two growth plates) and 

contralateral unsegmented bar. Estimated pro-

gression rate as fast as 10° a year according to Mc 

Master. Table 22.1 shows the hierarchic ranking 

from bad prognosis to good prognosis [2–4].

There is a consensus in the literature that 

hemivertebra should be treated as soon as possi-

ble after the diagnosis if it is located certain ana-

tomic regions. Early treatment prevents extension 

and structural differentiation of deformity and 

also compensatory curves. Posterior resection, 

short level instrumentation and fusion is accepted 

a gold standard by the current literature [5, 6].

Preoperative whole spine MRI is crucial for the 

patients who planned the surgical intervention since 

the intraspinal anomalies are frequently  possible 

Fig. 22.3 Postoperative P-A and Lateral X-ray examina-

tions of both sessions. There was an apparent shoulder 

imbalance in the control X-ray of first session which was 

corrected by the contralateral hemivertebra resection with 

second operation

22 A Congenital Scoliosis Case Characterized with Contralateral Hemivertebrae
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Fig. 22.4 Acceptable correction is maintaining after 6-year

Table 22.1 Grading of morphologies from the worst to 

bad prognosis

Fully segmented hemivertebra with a contralateral 

unsegmented bar

Unilateral unsegmented bar

Two consecutive fully segmented hemivertebrae

Fully segmented hemivertebra

Semisegmented hemivertebra

Wedge vertebra

Incarcerated hemivertebra

Block vertebra

Adapted from McMaster and Arlet et al. [2–4]

with congenital deformities [7]. We also performed 

whole spine MRI in order the check spinal cord 

anomalies. CT scan also was taken for detailed eval-

uation of pathoanatomy and found that there were 

only two contralateral hemivertebra without seg-

mentation defect (Fig. 22.2). Hemivertebra excision 

was performed to L2 level. The first decision was a 

possible follow-up for the contralateral hemiverte-

bra located at T10 level. However, clinical and x-ray 

examination revealed an uneven shoulder balance 

after the index operation (Fig. 22.3). T10 hemiverte-

bra was also excised for preventing  further coronal 

decompensation. Mid-term follow- up showed a 

balanced spine (Fig. 22.4).

Pearls and Pitfalls

• Advanced imaging studies should 

be  done for possible intraspinal 

anomaly and detailed anatomic 

interpretation

• Early surgical intervention should be 

done hemivertebrae located lumbar and 

thoracolumbar junction

• Surgeon’s competency is crucial for this 

intervention

• Patient should be followed up closely 

until the end of adolescent period

22.4  Conclusions and Take-Home 
Message

In conclusion, congenital scoliosis is a complex 

spinal problem that needs detailed preoperative 

work out. Immediate surgical intervention should 

be done in special circumstances. Parents should 

be informed well for possible need of remedial 

interventions.

 A. Senkoylu and R. E. Acaroglu
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Delayed Neurological Deficit 
and Surgical Site Infection After 
Pedicle Subtraction Osteotomy 
in a Revision Case

Susana Núñez-Pereira and Ferran Pellisé

23.1  Introduction

This case highlights 2 feared complications of 

adult deformity surgery: the development of a 

new neurological deficit and deep surgical site 

infection. The neurological deficit in this patient 

had a delayed onset. This is an atypical occur-

rence, and its management differs from that of 

deficits detected on intraoperative neuromonitor-

ing. As to the surgical site infection, the patient 

was at high risk for this complication. Following 

appropriate treatment, she had an infection 

relapse 13 months later, which required a partial 

2-stage implant exchange.

23.2  Case Description

23.2.1  Background

Patient: a 71-year-old woman

Comorbidities: hypertension, type II diabetes, 

allergy to non-steroidal anti-inflammatory drugs

She had undergone 4 previous lumbar 

surgeries:

Instrumented L4/5 fusion in 2000

Instrumentation lengthening and L3/4 fusion in 

2006

L3 pedicle subtraction osteotomy (PSO) in 2010

Revision surgery to treat cerebrospinal fluid leak-

age in 2010

During the last revision surgery, samples sent 

to the microbiology laboratory yielded coagulase- 

negative staphylococci (CoNS). The patient com-

pleted an 8-week course of antibiotics and wound 

healing was uneventful. At follow-up visits, she 

reported persistent imbalance and instability 

(Fig.  23.1), but no low back pain. CT scans 

showed solid fusion. Because of the persistent 

symptoms, she was scheduled for an L4 PSO in 

2012. Preoperative neurological examination 

using the ASIA score indicated an intact neuro-

logical status with no sensory or motor deficits. 

At the preoperative evaluation, the ODI and SRS- 

22subtotal scores were 64.4 and 2.06, respectively.

23.2.2  Surgical Procedure

The patient underwent implant removal, instru-

mentation from T12 to ilium, L5/S1 transforami-

nal lumbar interbody fusion (TLIF), and L4 

PSO. Antibiotic prophylaxis with cotrimoxazole 
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was administered, as it provided the best cover-

age for the CoNS causing the previous infection. 

Surgery lasted 585 min and the estimated blood 

loss was 2300 mL. Intraoperative neuromonitor-

ing, including motor evoked potentials (MEP) 

somatosensory evoked potentials (SSEP), and 

electromyography, was uneventful throughout 

the procedure. Wound closure included applica-

tion of topical vancomycin. The patient was extu-

bated in the evening and showed full motor scores 

in both lower extremities.

23.2.3  Neurological Complication

Three days after surgery, new weakness devel-

oped in the bilateral hip flexors and knee exten-

sors (right 1–2/5, left 2–3/5) and the patient was 

unable to stand. On CT examination, the implants 

were properly positioned and there was some 

postoperative hematoma, but no clear signs of 

dural sac compression (Fig.  23.2). Due to the 

acute neurological changes and her inability to 

maintain an upright position, a revision was 

planned to examine all the affected nerve roots. 

MRI was not available at such short notice, and it 

was decided not to delay surgery until MRI could 

be performed. It is unlikely that the MRI findings 

would have changed the decision to carry out 

revision surgery in the situation of acute neuro-

logical impairment.

Revision surgery was performed the follow-

ing day. Cotrimoxazole was used for antibiotic 

prophylaxis. The L2 to L5 nerve roots were 

bilaterally exposed and further decompressed 

along the foramina. The intraoperative findings 

were quite unremarkable, and the operating sur-

geon did not detect any stenotic areas. After 

Fig. 23.1 Preoperative 

radiographs
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 surgery, the motor deficit improved, and 3 days 

after revision, weakness was 4/5 in both extremi-

ties. The motor deficits had fully recovered by 

2  years after surgery. The postoperative MRI 

examination ruled out ischemia and showed no 

remaining compression (Fig. 23.3).

23.2.4  Infectious Complication

Initial wound healing was good, but on day 14 

after revision surgery, the wound showed a 

purulent secretion with no signs of sepsis. Two 

days later, surgical debridement and wound 

lavage were carried out. The implants were left 

in place. Culture of intraoperative samples 

yielded Escherichia coli resistant to ampicillin 

and gentamicin. Tailored antibiotic therapy was 

started. After completing a 2-week course of 

intravenous antibiotics, the wound had healed 

successfully and the patient was discharged 

with an additional 3-month oral antibiotic 

Fig. 23.2 Postoperative CT images

Fig. 23.3 Postoperative MRI showing no signs of 

 ischemia or compression

23 Surgical Site Infection
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 regimen. Further wound healing was uneventful 

and follow-up visits showed no other complica-

tions. One year after surgery, the patient con-

sulted because of a fistula with secretions on the 

left side of the wound. CT examination showed 

solid fusion of the construct. The patient was 

scheduled for a new surgical debridement and 

2-stage implant exchange. The implants on the 

left side, connected with the fistula, were 

removed (Fig. 23.4). E.coli grew in all samples, 

and showed the same resistance pattern as the 

strain from the previous infection. Three weeks 

after partial removal of the instrumentation and 

antibiotic treatment, reinstrumentation was per-

formed (Fig.  23.5). The patient received oral 

ciprofloxacin for 6  months following the 

debridement procedures. Wound healing was 

uneventful in both staged surgeries.

23.2.5  Final Follow-Up

Two years after the last revision procedure, the 

patient has full strength and is able to stand and 

walk without aids. She still has some dysesthesia 

in both feet, which makes her feel insecure. The 

dysesthesia is likely related with her diabetic 

polyneuropathy. The spine is well balanced, with 

a GAP score of 2, and the x-rays show good cor-

rection and solid fusion (Figs.  23.6 and 23.7). 

However, the patient’s perception of her current 

status is unfavorable. At 5  years following the 

Fig. 23.4 Partial implant removal Fig. 23.5 Radiographs following reinstrumentation
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original procedure, the ODI and SRS-22subtotal 

scores were 52.5 (−11.9) and 3.83 (+1.77).

23.3  Discussion

The case presented describes a relatively high- 

risk patient with diabetes and 4 previous surger-

ies, who experienced 2 major complications of 

spinal deformity surgery, both requiring revision 

surgery. Complex surgeries, as quantified by the 

Adult Deformity Surgery Complexity Index 

(ADSCI) are clearly related with a higher risk of 

developing major complications [1]. 

Acknowledging this risk is paramount to plan 

proper perioperative and postoperative care, and 

to provide adequate counseling for the patient.

As is true for any complex reconstruction pro-

cedure of the adult spine, PSO surgery is associ-

ated with a degree of neurological risk [2]. A 

reasonable explanation for the neurological defi-

cit occurring 3 days after the procedure could not 

be found. Intraoperative neuromonitoring had 

been uneventful and the patient’s neurological 

examination immediately after surgery was nor-

mal. The literature contains few reported cases of 

delayed postoperative neurological deficit. The 

largest series includes 92 cases and is the result of 

a survey carried out in deformity surgeons by the 

SRS [3]. The cause of the deficit was unknown in 

42% of patients, and was attributable to ischemic 

injury in 38%, cord edema in 4%, and cord com-

pression caused by the instrumentation or a 

hematoma in 16%. Among the total, 68% 

Fig. 23.6 Final alignment according to the GAP Score
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Fig. 23.7 Clinical photographs at final follow-up

Fig. 23.6 (continued)
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 underwent revision surgery. The prognosis for 

recovery was found to be better in patients with 

cord compression than in those with an ischemic 

cause (86% vs 51%, p = 0.048).

The patient reported here had no signs of com-

pression due to the instrumentation. Some hema-

toma was seen on CT, but there were no clear 

signs of dural sac compression. In a previously 

operated patient, such as the one described, the 

scarred dural sac may not tolerate compression 

resulting from osteotomy shortening, and buck-

ling can occur. In a review of 12 PSOs with post-

operative neurological deficits [4], some degree 

of dorsal impingement or subluxation was 

thought to be the cause in 7 patients, and dural 

buckling in the remaining 5 patients. Only 3 of 

the 12 patients had permanent impairment.

Decision-making in this setting is especially 

challenging as there is pressure “to do some-

thing”, but there are no clear guidelines or rules 

to rely on. Due to the considerable disability 

implied by this type of complication, revision 

surgery was carried out the following day to 

investigate residual dural compression or buck-

ling. The intraoperative findings were rather 

unremarkable, and therefore, all the nerve roots 

were further decompressed. Dexamethasone 

was administered for 24  h. Shortly after revi-

sion, the neurological symptoms improved, 

which suggested that further decompression 

had provided some relief to the neural struc-

tures. We cannot know whether the patient 

might have improved without revision surgery. 

However, the evidence that compression-related 

neurological deficits have a better prognosis for 

recovery supports the idea that the area should 

be inspected to ensure that all neural structures 

are free.

Regarding the surgical site infection, the 

patient had several factors placing her at a high 

risk for this complication: 4 previous surgeries, a 

previous infection at the same site, diabetes mel-

litus, and a long, complex procedure. 

Dexamethasone administration for 24  h after 

revision surgery is an additional risk factor for 

infection. Prophylactic measures included tai-

lored antibiotic prophylaxis and further standard 

of care measures, such us preoperative skin 

lavage with chlorhexidine. At the time of revision 

surgery, an indwelling catheter remained in place 

from the first procedure. This is a plausible port 

of entry for gram-negative bacteria (GNB) [5], 

and the most likely source of infection in our 

patient. To provide broader coverage against 

GNB, a combination of gentamycin with stan-

dard prophylaxis is an option. However, the 

strains causing our patient’s infection were genta-

mycin resistant; hence, it is likely that the addi-

tion of gentamycin to the prophylactic regimen 

would not have changed the final outcome in this 

particular case.

Infection relapse has been described in 

around one quarter of patients with spinal surgi-

cal site infections [6]. The risk factors for treat-

ment failure are uncertain. Some authors have 

suggested that long-term antibiotic suppression 

therapy may be helpful to avoid relapses [7], but 

the available evidence does not suffice to sup-

port this measure in all patients. Furthermore, 

there are no available guidelines on the ideal 

duration of antibiotic treatment in this clinical 

situation. In general, antibiotics are given for 

3  months, as was done in the present case. 

Implant removal is usually the best treatment 

option for infection relapses several months 

later, as it is the only way to remove the biofilm 

of microorganisms adhering to the implants. 

Regarding reinstrumentation, a higher loss of 

correction rate has been described in adolescent 

idiopathic scoliosis patients undergoing implant 

removal without reinstrumentation for late 

infection [8], but there are no data regarding this 

issue in adult spinal deformity. Nonetheless, 

higher rates of implant failure and rod breakage 

are associated with 3-column osteotomies [9]; 

hence, it seems reasonable to enhance support 

with reinstrumentation to avoid further failures. 

As the infection was confined to only one side, 

half the implants could remain in situ, providing 

some stability at the beginning. Regarding the 

antibiotic treatment to use, there are no stan-

dards for cases of relapse. After consultation 

with the hospital Infectious Diseases 

Department, directed antibiotic treatment was 

given for 6  months, and there were no further 

relapses after 5 years of follow-up.
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Pearls

 – Delayed onset neurological deficits after 

PSO might be related to compression 

and dural buckling or ischemia

 – Revision surgery is justified to ensure 

nerve root decompression and optimise 

final neurological outcome

 – Implant exchange should be considered 

in cases with recurrent SSI not solved 

with debridement, antibiotics and 

implant retention

Editorial Comment

Surgical site infection is a increasing prob-

lem in complex spine surgery. The philoso-

phy of early agressive debridement is 

always recommended. No “wait and see 

strategy” should be performed. Vacuum 

assisted closiure, would be an alternative of 

tretament with promising results concern-

ing woundhealing.
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Operative Treatment of  
High- Grade Spondylolisthesis

Dezsö Jeszenszky and Markus Loibl

24.1  Introduction

This chapter will outline the special clinical and 

radiological characteristics of spondylolisthesis. 

The pathogenesis, classification, and indication 

for surgery will be discussed, together with the 

surgical strategies and techniques used in its 

treatment. The aim of the presented case is to 

highlight the surgical options for addressing 

high-grade spondylolisthesis in the authors’ 

experience, and to examine the existing evidence 

with respect to:

 – choice of approach

 – extent of instrumentation

 – extent of reduction

 – interbody fusion

At the end of the chapter, the reader should be 

aware of the potential pitfalls and be able to for-

mulate a conclusive approach when planning and 

performing surgery for the treatment of high- 

grade spondylolisthesis.

24.2  Pathogenesis, Classification 
and Diagnosis 
of Spondylolisthesis

Spondylolisthesis is a condition in which one 

vertebra translates anteriorly in relation to the 

adjacent caudal vertebra. Typically, the clinical 

manifestation of spondylolisthesis is back pain 

due to segmental degeneration and instability, 

and radicular pain due to neural compression. 

Gravity and longitudinal muscle contraction 

around the lordotic lumbar spine apply forces to 

the lower lumbar vertebrae pushing them anteri-

orly and inferiorly. These forces are counteracted 

by the facet joints, posterior arches, pedicles, and 

discs. In spondylolisthesis, one or more of these 

structures fails, which results in the lower lumbar 

vertebrae translating and rotating forwards rela-

tive to the sacrum or caudal vertebra [1].

Historically, two classification systems have 

been important in describing the variability of 

presentation of spondylolisthesis. The Wiltse 

classification divides spondylolisthesis into five 

categories: dysplastic, isthmic, degenerative, 

traumatic, and pathologic (Table  24.1) [2]. 

Dysplastic spondylolisthesis is most often 

observed at the L5-S1 level, typically with defi-

cient development of the bony hook (inferior 

facet of L5) and the catch (superior facet of S1). 

Isthmic spondylolisthesis is characterized by a 

defect of the pars interarticularis between the 

joints. Secondary changes of the shape of the L5 
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Table 24.1 Wiltse classification of spondylolisthesis

I. Dysplastic Congenital

II. Isthmic Defect in the pars 

interarticularis

IIA Spondylolytic – stress 

fracture of pars region

IIB Pars elongation

IIC Acute pars traumatic 

fracture

III. Degenerative Due to a long standing 

intersegmental instability

IV. Post- 

traumatic

Acute fracture of the 

posterior elements beside the 

pars region

V. Pathologic Destruction of the posterior 

elements from generalized 

or localized bone pathology

Table 24.2 Marchetti and Bartolozzi classification of 

spondylolisthesis

1982 1994

Developmental

Due to lysis High dysplastic

Due to elongation   With lysis

Traumatic   With elongation

  Acute fracture Low dysplastic

  Stress fracture   With lysis

  With elongation

Acquired

Iatrogenic Traumatic

Pathologic   Acute fracture

Degenerative   Stress fracture

Post-surgery

  Direct surgery

  Indirect surgery

Pathologic

  Local pathology

  Systemic pathology

Degenerative

  Primary

  Secondary

vertebra or sacral dome can be present as stress- 

related changes. In degenerative spondylolisthe-

sis, in contrast, the most commonly affected level 

is L4-5, and the bony hook and pars interarticu-

laris are intact. For this reason, anterior transla-

tion of more than 1  cm is rarely observed. 

However, it is commonly associated with spinal 

stenosis.

Marchetti and Bartolozzi further classified 

spondylolisthesis into developmental and 

acquired, based on the presumed etiology 

(Table  24.2) [3]. With the refinement of their 

classification in 1994 they combined the dysplas-

tic and isthmic groups, and then divided them on 

the basis of their behavior. The high versus low 

dysplasia categories are useful for predicting pro-

gression (Figs. 24.1 and 24.2).

The Meyerding scale provides a common 

metric for quantifying the extent of anterior trans-

lation, where the inferior vertebral body is divided 

into four equal sections to allow five possible 

grades (I to V). The anterior translation is graded 

on the basis of the percentage of the inferior ver-

tebral body that is uncovered as a result of the 

anterior translation [4]. More than 50% uncov-

ered S1 endplate equals a grade III. In a grade V 

spondylolisthesis (spondyloptosis), the L5 verte-

bral body completely translates anteriorly and 

falls off the sacrum. Grades III, IV and V slips are 

considered as high-grade spondylolisthesis. 

Spondyloptosis occurs in a distinct minority of 

patients with spondylolisthesis, representing just 

1% of all cases. Even experienced spine surgeons 

encounter a limited number of these patients.

The diagnosis of spondylolisthesis is based on 

radiologic evaluation of the lumbar spine with 

anteroposterior and lateral radiographs, as well as 

dynamic radiographs in flexion and extension. 

Computed tomography [5] can be helpful to 

assess the bony lumbosacral junction and other 

lesions of the posterior elements. Magnetic reso-

nance imaging (MRI) is highly sensitive in the 

detection of degenerative changes such as disc 

degeneration or stenosis at the level of the 

spondylolisthesis.

24.3  Conservative Treatment 
and Indications for Surgery 
in High-Grade 
Spondylolisthesis

The presented classifications help the surgeon to 

decide which patients are most likely to benefit 

from surgery. It is reasonable to attempt 
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 conservative management in asymptomatic ado-

lescents and adults with low and high dysplastic 

 spondylolisthesis [4]. Conservative management 

typically comprises a course of physical therapy, 

focusing on core muscle strengthening, and adju-

vant medical treatment, consisting of anti- 

inflammatory drugs and muscle relaxants. 

Epidural injections (anaesthetic and steroids), as 

well as injections into and around the pars articu-

laris may alleviate the pain [6].

Radiographic progression during conservative 

management is rare (about 3%); however, espe-

cially before the adolescent growth spurt, chil-

dren should be followed regularly to exclude slip 

progression [7].

Surgery can be considered in adolescents with 

high dysplastic spondylolisthesis and in symp-

tomatic patients with low dysplastic spondylolis-

thesis. Surgery is usually required for patients 

with high-grade spondylolisthesis and continued 

a b c

Fig. 24.1 Sagittal CT reconstructions of the lumbar spine on the right (a), midline (b) and left (c) of a patient with low 

dysplastic spondylolisthesis. Note maintained shape of sacrum and low slip angle. Patient aged 40 years

a b c

Fig. 24.2 Sagittal CT reconstructions of the lumbar 

spine on the right (a), midline (b) and left (c) of a patient 

with high dysplastic spondylolisthesis. Note rounding of 

sacrum despite degenerative changes of the disc and 

higher slip angle. Patient aged 28 years
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low back pain and/or radicular pain despite con-

servative treatment, or in the case of neurologic 

deficit or postural or gait changes. Moreover, sur-

gical treatment is recommended for  asymptomatic 

children with anterior translation of more than 

50% and for asymptomatic mature adolescents 

with anterior translation of more than 75%, or in 

general if progression is noted [4].

24.4  Case Description High-Grade 
Spondylolisthesis

A 20 year-old female patient was referred due to 

increasing back pain over several years. She 

reported low back pain after 15 min of standing or 

walking. Leg pain was denied. Non-steroidal anti-

inflammatory drugs and physical therapy were 

initially helpful but no longer provided relief from 

the pain. After radiologic evaluation of the lumbar 

spine, anteroposterior and lateral radiographs 

revealed a Grade V lumbosacral spondylolisthesis 

with spina bifida occulta (Fig. 24.3). CT and MRI 

scans demonstrate typical characteristics of spon-

dyloptosis (Figs. 24.4 and 24.5).

The patient was operated in our institution via 

a posterior approach with the aim of anatomic 

reduction and instrumented fusion from L5 to S1. 

Intraoperatively, the neural elements were 

decompressed widely. The L4 vertebra was 

incorporated temporarily for improved construct 

strength during reduction (Fig. 24.6).

The surgery went well under continuous neuro-

physiologic monitoring, including somatosensory 

and transcranial electrical stimulation, and electro-

myography. Plain anteroposterior and  lateral lum-

a b

Fig. 24.3 Radiographs of the lumbar spine on outpatient 

visit. The radiographs demonstrate a Grade V lumbosacral 

spondylolisthesis with extreme lumbosacral kyphosis and 

spina bifida occulta. Anteroposterior (a) and lateral (b) 

radiographs
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a b c

Fig. 24.4 Preoperative CT scan. The CT scan demon-

strates dysplasia of the posterior elements of L5, includ-

ing a bilateral pars interarticularis defect and trapezoidal 

shape of the L5 vertebral body. Sagittal CT reconstruc-

tions on the right (a), midline (b) and left (c)

a b c

Fig. 24.5 Preoperative MRI scan. The MRI scan confirms severe bilateral narrowing of the L5 and S1 neural foramina. 

Sagittal MRI reconstructions on the right (a), midline (b) and left (c)

bar radiographs obtained postoperatively revealed 

successful slip reduction and partial kyphosis cor-

rection (Figs. 24.7 and 24.8). Sagittal CT recon-

structions demonstrated solid lumbosacral fusion 

at 5 years’ follow-up (Fig. 24.9).

24.5  Discussion of the Case

24.5.1  Indication

The presented patient suffered from back pain 

only, with no leg pain or neurologic deficit. 

The clinical indications for surgical treatment 

of high- grade spondylolisthesis include low 

back pain and/or radicular pain resistant to 

conservative treatment, progression of the 

lumbosacral deformity, and the presence of 

neurologic deficit [8]. In this case of spondy-

loptosis, with back pain after 15 min of stand-

ing, the threshold for surgical treatment was 

very low, despite neurologic complication 

rates associated with slip reduction of up to 

45% [9]. The primary goal of surgery is to 

relieve the pain and the neurologic symptoms 

(if present).
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24.5.2  Choice of Approach

There are several anterior and posterior (or com-

bined) surgical treatment strategies (dorsal, dor-

soventral, dorsal-ventro-dorsal) [8, 10] that aim 

to provide stable instrumentation, restoration of 

sagittal balance, reduction of the spondylolis-

thesis, and solid lumbosacral fusion [8]. In our 

experience, anterior release and reduction can 

be achieved from posterior in a safe manner 

with direct vision and control of the neural 

structures at risk. The reduction is maintained 

by dorsal instrumentation with the use of pedi-

cle screws inserted in L5 and S1. After reduc-

tion, ventral support is required to allow dorsal 

compression forces. The authors prefer titanium 

cages, or bone-on-bone anterior support and 

fusion, for definitive support of the anterior col-

umn. While some colleagues advocate posterior 

instrumentation combined with ventral support 

a b

c d

Fig. 24.6 Intraoperative Fluoroscopy. Intraoperatively the 

L4 vertebra was incorporated temporarily for improved con-

struct strength during reduction. Anteroposterior (a) and 

lateral (b) fluoroscopy after K-wire placement, and lateral 

fluoroscopy after pedicle screw fixation and reduction with 

incorporation of L4 (c) and segment liberation L4/5 (d)
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in the form of anterior lumbar interbody fusion 

(ALIF), the majority of experienced spine sur-

geons will use a posterior approach for instru-

mentation, release, reduction, and interbody 

fusion, since the plane of the former L5-S1 

intervertebral disc space in high-grade spondy-

lolisthesis is difficult to access from anterior 

due to segmental kyphosis. Moreover anterior 

approach-related complications can be avoided 

by posterior treatment strategies [8, 9, 11, 12]. 

Anterior fusion may, however, be useful for 

revision cases or pseudarthrosis [5]. Based on 

the existing evidence, lumbosacral interbody 

fusion is left to the individual surgeon’s prefer-

ence with posterior or transforaminal access 

(PLIF or TLIF) [13] or transsacral strut grafting 

and screw fixation [10].

24.5.3  Extent of Instrumentation

Instrumentation from L4 to S1 is a debatable 

issue as it sacrifices the L4/5 disc. To date, there 

are no guidelines on how to improve construct 

strength during reduction and in the postopera-

tive phase. The authors and other colleagues 

believe that temporary incorporation of L4 has 

advantages for the reduction manoeuvre [8, 11], 

since screw purchase in severely dysplastic L5 

pedicles can be weak and unreliable. Moreover, 

the shear stress on L5 screws is considerable dur-

ing reduction, risking a loss of reduction or 

implant loosening. For this reason, several 

authors even propose a permanent supplementary 

L4 anchorage to reduce stress on the individual 

pedicle screw and to enable the instrumentation 

a b

Fig. 24.7 Postoperative radiographs of the lumbar spine. The radiographs demonstrate pedicle screw fixation L5 and 

S1 with slip reduction and partial kyphosis correction. Anteroposterior (a) and lateral radiograph (b)
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to end on a more horizontal vertebra [12, 14]. 

Segment liberation L4/5 can be considered after 

reduction, as in the presented case.

24.5.4  Extent of Reduction

The correction of the underlying lumbosacral 

deformity has been attracting increasing attention 

in the literature [13]. In high-grade spondylolis-

thesis, there is conflicting evidence regarding the 

relative merits of in situ fusion versus instru-

mented fusion with reduction and restoration of 

spino-pelvic balance. Although some authors 

consider the results of in situ fusion to be satisfac-

tory, most spine surgeons maintain that it is asso-

ciated with an unacceptable rate of pseudarthrosis, 

slip progression, and other shortcomings, espe-

cially when treating older adolescents and adults.

It is generally accepted that the goal of reduc-

tion is to improve the sagittal alignment and not 

necessarily to correct the anterior translation com-

pletely. However, to date, there is no consensus on 

the necessity to reduce the lumbosacral deformity 

and to perform a neural decompression.

Hresko et  al. reported two distinct groups of 

patients with either “balanced” or “unbalanced” 

pelvis in high-grade spondylolisthesis [15]. 

Patients with an “unbalanced” pelvis include those 

who stand with a retroverted pelvis and a vertical 

a b c d

Fig. 24.8 Postoperative radiographs of the whole 

body and spine after 5 years. The radiographs demon-

strate persistent improved sagittal alignment without 

adjacent segment pathology. Anteroposterior (a, c) and 

lateral radiograph (b, d) of the whole body (a, b) and 

spine (c, d)
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sacrum, characterized by a high pelvic tilt (PT) 

and a low sacral slope. Martiniani et al. supported 

the hypothesis that complete reduction of the L5/

S1 slippage with restoration of segmental lordosis 

and correction of the sacral position (reduction of 

the PT towards normal values) should be carried 

out in patients with an “unbalanced” pelvis [13]. 

Based on the authors´ experience and that of other 

colleagues, anatomic reduction of the local lumbo-

sacral translation and correction of the overall sag-

ittal profile should be aimed for in all patients to 

reduce shear forces at the lumbosacral junction to 

a physiological level [8].

The reduction of a severe L5 slip is usually 

associated with elongation of the lumbosacral 

junction and the corresponding neural structures, 

which can lead to neurological complications in 

up to 45% of patients [9]. The risk of neurologic 

injury is directly related to the extent of reduction 

sought. For this reason, shortening of the lumbo-

sacral junction by sacral dome resection has been 

proposed as a key component to reduce neuro-

logical complications such as L5 radiculopathy 

Fig. 24.9 Sagittal midline CT reconstruction. Postoperative 

CT scan on outpatient visit after 5 years. The CT scan dem-

onstrates complete slip reduction and solid lumbosacral 

fusion with notable discrepancy of the L5 and S1 area

[14]. A few spine surgeons have extended the con-

cept of spine shortening to the resection of a sig-

nificant part of the — or even the entire — fifth 

vertebra (so-called Gaines procedure) to facilitate 

reduction and reduce stretch radiculopathy [16, 

17]. Despite this, transient L5 radiculopathy after 

reduction is frequent. Schär et  al. demonstrated 

that with the use of intraoperative neuromonitor-

ing (IONM) the risk of irreversible L5 radiculopa-

thy is minimal [9]. In the case of IONM signal 

changes that recover intraoperatively, full clinical 

recovery can be expected within 3 months.

In cases such as the one presented here, both 

the literature and our own experience advocate 

complete reduction of the L5/S1 anterior transla-

tion with correction of segmental kyphosis with 

the shortest fusion possible under continuous 

IONM to prevent neurological complications.

24.5.5  Interbody Fusion

After reduction of high-grade spondylolisthe-

sis, reconstruction of the ventral column and 

lumbosacral interbody fusion in combination 

with posterolateral fusion are essential to 

ensure long-term lumbosacral junction stabil-

ity. Adequate bony surfaces between the bodies 

of L5 and S1 are required for anterior column 

fusion. Ventral support allows for a strong dor-

sal compression force to reduce shear forces, 

and to avoid narrowing of the neuroforamen. 

The authors prefer titanium cages in combina-

tion with autologous bone graft, with faster 

healing of cancellous chips compared with cor-

ticocancellous bone blocks. Ventral support and 

interbody fusion can be accomplished by ante-

rior or posterior approaches.

In the presented case, due to the discrepancy of 

the L5 and S1 vertebral body (Fig. 24.9), lumbar 

interbody fusion was performed without a cage.

24.5.6  Accordance with the Literature 
Guidelines

Based on current evidence, guidelines for the 

treatment of high-grade spondyolisthesis cannot 

be derived from the literature. The indication for 

treatment reported here was in accordance with 
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current consensus. The choice of surgical 

approach — reduction of the slippage and resto-

ration of segmental lordosis — was challenging, 

but concordant with current expert opinion.

Level of Evidence: C

The evidence base for the management of high- 

grade spondylolisthesis is poor, with the avail-

able literature comprising at best retrospective 

cohort studies.

24.6  Conclusions and Take Home 
Message

The surgical treatment of high-grade spondylo-

listhesis remains controversial. The present dis-

cussion concentrates on two points: is reduction 

of spondylolisthesis indicated and how should it 

be accomplished? From a biomechanical point of 

view, the objective of surgical treatment is to 

reduce shear forces at the lumbosacral junction 

by reduction of the spondylolisthesis, correction 

of the sagittal deformity, dorsal tension-band 

forces, and secure ventral support.
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Parameters of Spino-Pelvic 
Balance, Etiology 
and Pathogenesis of Disturbed 
Spino-Pelvic Balance

Aurélie Toquart and Cédric Y. Barrey

These cases will focus on the way to analyze and 

understand disturbed spino-pelvic balance in 

adults for clinical practice.

After describing the main parameters for sag-

ittal balance assessment, we will describe in 

details 3 clinical situations: balanced, compen-

sated and imbalanced.

25.1  Context

First, it is important to define the normal spino- 

pelvic balance and describe the most relevant 

parameters.

The spinopelvic balance implies an economic 

posture of the spine above the pelvis and the lower 

limbs in order to place the axis of gravity into a 

physiological position with minimum musculature 

action. It takes into consideration the relationship 

between pelvic morphology and pelvic position 

and the curvatures of the spine above [1–6].

The pelvic incidence (PI), which reflects the 

shape of the pelvis (morphological parameter), 

represents a fundamental parameter. PI is defined 

as the angle from a line perpendicular to the mid-

point of the sacral endplate and a line connecting 

this point to the center of the femoral heads. It’s 

an individual parameter, not affected by the pos-

ture or the pelvis position and considered as 

quasi-invariable for a subject after the end of 

growth.

Geometrically, PI is equal to the algebraic 

sum of the sacral slope (SS) and the pelvic tilt 

(PT), two posture-dependent measurements 

(positional parameters), used to describe pelvic 

orientation: PI = SS + PT.

Clinical significance for spino-pelvic parame-

ters are summarized in Table 25.1.

To describe the shape of the spine, it is com-

monly used the regional angles as thoracic 

kyphosis (TK) and lumbar lordosis (LL). They 

represent positional parameters, therefore 

affected by the position of the subject and also by 

the degenerative changes of the spine.

A significant correlation between the PI and 

the LL has already been demonstrated (correla-

tion around 0.6–0.7) [1]. Some formulae exist in 

the literature, for instance:

PT theoric = 0.37 × PI – 7 [2]

LL L1-S1 theoric = 0.54 PI + 32.56 [3]

The limitation of such formulas is that the 

relation between LL and PI is not strictly linear 

and using just one formula has limitations, espe-

cially for the extreme values. The relation 

between the two parameters varies according to 
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the value of PI.  Utilization of PI classes (six 

classes of PI, each 10°, from class I to class VI), 

previously published [5] gives full account of the 

variation of the relation between PI and LL.  In 

fact, LL is equal to PI + 13/18 for low PI values 

(class I and II), equal to PI + 6/9 for medium val-

ues (class III and IV) and LL is quasi-equal to PI 

for high PI values (class V and VI), Table 25.2.

In one of our series [4], we divided the normal 

population into 6 groups (6 classes) of patients, 

according to their PI, every 10°, and the theoreti-

cal PT, SS and LL depending on their PI. We use 

it daily, to calculate the lack of lumbar lordosis 

for example.

The nature of the formula used to determine the 

theoretical value of lumbar lordosis has a clear 

impact on the result, especially for the extreme 

values. As example, with 30° PI, theoretical LL 

should be 40°, 43° and 48° according to Schwab, 

LeHuec and Barrey-Roussouly calculation 

method. With 80° PI, theoretical LL should be 90°, 

68° and 75° according to Schwab, LeHuec and 

Barrey-Roussouly calculation method. Table 25.3.

Not only the global magnitude of the lumbar 

lordosis is important to consider but also the dis-

tribution of the lordosis along the lumbar spine. It 

is important to keep in mind that 2/3 of the lordo-

sis is given by the L4-S1 segment only and that 

40% is provided by L5S1.

In parallel to regional analysis, global align-

ment has to be evaluated. To assess the global 

sagittal balance, the SVA is commonly used (sag-

ittal vertical axis), which is the horizontal dis-

tance between the postero superior S1 corner and 

the vertical line passing through the C7 center. It 

should be less than 50 mm. If it’s superior, there 

is an anterior sagittal imbalance (positioning of 

C7 plumb line forward).

Instead of measuring a linear distance, we rec-

ommend to use angular and/or ratio parameters 

to characterize the positioning of C7 in relation to 

the sacrum. Angular parameter is represented by 

the spino-sacral angle (SSA), initially described 

by P.  Roussouly, and the C7 ratio, initially 

reported by C. Barrey, corresponds to the SVA/

sacro-femoral distance ratio (SVA/SFD). These 

two parameters have already been reported and 

validated [5].

Table 25.1 Clinical insights for spinopelvic parameters [6]

Nature of the 

parameter

Anatomical 

structure 

involved Parameter Clinical insight

Anatomical Pelvis PI Pelvis shape

Positional Pelvis PT Position of the 

pelvis related 

to the femoral 

heads

Positional Pelvis SS Inclination of 

the pelvis

Positional Spine LL Curve in 

extension 

above the 

sacral plate to 

maintain the 

balance

Positional Spine TK Provide 

resistance and 

rigidity to the 

spine

Positional Spine and 

pelvis

C7 ratio Position of C7 

vertebra above 

the pelvis 

(reflects the 

relative 

position of the 

whole spine 

above the 

pelvis)

Positional Spine, 

pelvis and 

lower 

limbs

TPA Position of the 

whole 

pelvic-spine 

complex above 

the lower 

limbs

PI pelvic incidence, PT pelvic tilt, SS sacral slope, LL 

lumbar lordosis, TK thoracic kyphosis, TPA T1-pelvis 

angle

Table 25.2 Theoretical values for PI and PT using the 

distribution into 6 PI classes from I to VI [6]

PI class PI (°) PTth (°) LLth (°)

I <38 4 PI + 18

II 38–47 8 PI + 13

III 48–57 12 PI + 9

IV 58–67 16 PI + 6

V 68–77 20 PI + 2

VI >78 24 PI-5
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The SSA (spino sacral angle) was defined as 

the angle between the sacral plate and the line con-

necting the centroid of C7 vertebral body and the 

midpoint of the sacral plate. In the normal popula-

tion the mean value of this angle is 135 ± 8°.

SFD is the horizontal distance between the ver-

tical bicoxo-femoral axis and the vertical line 

passing through the posterior corner of the sacrum. 

In the normal population the mean value of the C7 

ratio (=SVA/SFD) is – 0.9 ± 1(−1.9; 0.1).

In clinical practice, regarding the global bal-

ance, three situations can be described:

 1. Balanced with no compensation (normal spi-

nopelvic balance)

 2. compensated sagittal balance (2A: completely 

compensated and 2B: partially compensated

 3. Imbalanced (globally imbalanced with the insuf-

ficiency of the compensatory mechanisms)

In this chapter, we intend to describe one case 

of each situation.

25.2  Cases Description

25.2.1  Case 1

Balanced with normal spinopelvic alignment.

This case is a 26  years old asymptomatic 

woman.

First, concerning the global balance, we can 

observe that SVA is less than 50 mm (−2 mm), 

SSA is exactly 135° and C7 ratio measured to 

−2/12 = −0.17 (normal), Fig. 25.1.

Pelvic

Incidence

Formula PI + 9°

30º

40º

50º

60º

70º

80º

40º

50º

Not enough

Too much

60º

70º

80º

90º

43º

48º

53º

58º

63º

68º

48º

53º

59º

66º

72º

75º

PI/2 + 28 PI Class

LLth

Schwab

LLth

Le Huec

LLth

Barrey–Roussouly

Table 25.3 Impact on the 

method used to calculate 

the theoretical lordosis

Fig. 25.1 Assessment of global alignment with measure-

ment of SVA and SSA
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Secondly, concerning the pelvic incidence, 

this was calculated to 37° (low PI), so she belongs 

to the first PI group (class I), Fig. 25.2.

Seeing the value of PI, theoretical PT should 

be 4°. Finally, the measured PT is 1°. These two 

values are very close and PT can therefore be 

considered as normal. SS is measured to 36° for a 

theoretical value of 33°.

Concerning now the spinal parameters, LL is 

58° for a theoretical of 55° 

(PI + 18 = 37 + 18 = 55°), Fig. 25.3.

Regarding the distribution of lordosis along 

the lumbar spine, we noted that the L4-S1 lordo-

sis (40°) represents 2/3 of L1-S1 lordosis (58°).

Finally, seeing all the parameters calculated, 

this woman can consequently be considered as 

well-balanced with no sagittal alignment disorder.

25.2.2  Case 2

The compensated sagittal balance, which repre-

sents a compromise situation characterized by 

the preservation of the global balance but at the 

price of compensation mechanisms (thoracic 

hypokyphosis, extension of thoraco-lumbar junc-
Fig. 25.2 Measurement of pelvic parameters: PI, PT 

and SS

Fig. 25.3 Measurement 

of spinal curves: lumbar 

lordosis and thoracic 

kyphosis
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tion, pelvic retroversion and/or flexion of the 

knees).

This 40  years old woman presented with 

chronic low back pain for many years.

We can observe that the SVA is less than 

50  mm (44.8  mm), the SSA close to 135° 

+/− 8 (122.5°) and C7 ratio to 0.88 (less than 1), 

Figs. 25.4 and 25.5.

Fig. 25.4 Assessment 

of global alignment: 

SVA is measured to 

44.8 mm and SSA to 

122.5°
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The global alignment is preserved however we 

noted that the PT, SS and LL were not into the 

normal ranges.

Indeed, the PI was measured to 64° (PI group 

number IV), Fig.  25.6. According to our table, 

the theoretical PT should be 16° with SS around 

48°. In fact, PT was increased, measured to 28°, 

i.e. retroverted pelvis, and SS was decreased, 

measured to 36° only.

The L1-S1 Lordosis (LL) was measured to 

only 45°, for a theoretical value of 69° (LL theo-

retical = PI + 5 = 69°). We can therefore estimate 

that there is a lack of lordosis around 25°. The 

L4-S1 Lordosis was only 15°, i.e. representing 

1/3 of the existing LL and only 1/5 of the theo-

retical lordosis, whereas it should represent 

approximately 2/3 of the LL.  According to the 

expected theoretical values, L1-S1 Lordosis 

should be around 70° and so L4-S1 should be 

around 46° (2/3 of 70).

Reduction of thoracic kyphosis (hypokypho-

sis) is another compensatory mechanism permit-

ting to limit the anterior translation of the axis of 

gravity, Fig.  25.7. It is typically observed in 

young patients with flexible and non- degenerative 

thoracic spine, like this case.

25.2.3  Case 3

Imbalanced. The compensatory mechanisms are 

not enough efficient to maintain the sagittal 

alignment.

The case is a male, 48 y-old, complaining of 

low back pain and walking disability. We 

observed significant increase of the SVA (mea-

sured to 131  mm for a normal of <50  mm), 

Fig. 25.8. C7 plumb-line is located in front of the 

femoral heads. The patient is in an anterior imbal-

anced situation.

We can also note that the values of SSA and 

C7 ratio are clearly abnormal (only 81° for SSA 

and 1.4 for C7 ratio, much more than 1), Fig. 25.9. 

The patient is globally imbalanced.

Fig. 25.5 Calculation of C7 ratio (=SVA/

SFD = 45.6/51.6 = 0.88)

Fig. 25.6 Measurement of the pelvic parameters: PI, SS 

and PT
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Fig. 25.7 Full body X-rays demonstrated the flat spine 

above the pelvis with reduction of both lumbar and tho-

racic curves

Concerning the pelvic parameters, we found 

first that PI was measured to 50° (PI group class 

III), Fig. 25.10. Taking into consideration this PI 

value, PT should be 12° and SS 38°. In fact, we 

calculated that SS was only 5° and that PT was 

strongly increased to 45°. The augmentation of 

PT corresponds to pelvis retroversion, i.e. hip 

extension. However, this pelvic retroversion is not 

enough to compensate the loss of lumbar  lordosis 

and did not succeed to maintain the spinopelvic 

balance and the overall sagittal alignment.

Concerning now spinal parameters, the L1-S1 

Lordosis is almost zero, measured to only 3° (for 

a theoretical LL = PI + 9, i.e. 59°), so there is a 

lack of 56°, Fig. 25.11. In fact, the loss of lordo-

sis was due to severe and multilevel degenerative 

Fig. 25.8 Full body (EOS™ system) showing the spinal 

deformity with anterior sagittal imbalance. SVA is clearly 

augmented calculated to >130 mm
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disc diseases and represents the cause of the sag-

ittal imbalance. The L4-S1 Lordosis was only 

10° and the TK 36°.

The surgery consisted of T10-pelvis instru-

mentation with PSO at L4. After surgery, we can 

observe a real improvement in his sagittal bal-

ance, Fig.  25.12. The SVA is now less than 

40 mm (35.6), the SSA close to 135 +/− 8 (123°) 

and C7 ratio less than 1.

Also, the pelvic parameters are now close to 

the theoretical values (SS = 34° for theoretical SS 

of 40° and PT = 16° for theoretical PT of 12°, 

with an unchanged PI to 50°).

Fig. 25.9 Measurement of the 

SSA (81°) and calculation of 

the C7 ratio (131/93 = 1.4)

Fig. 25.10 Measurement of the pelvic parameters: PI, SS 

and PT

Fig. 25.11 Analysis of the lumbar curve with calculation 

of L1-S1 and L4-S1 lordosis
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Fig. 25.12 After surgery, SSA was measured to 123°, 

SVA to 35.6  mm and C7 ratio to 0.77 (SVA/

SFD = 35.6/46.3 = 0.77)

Regarding the distribution of the lumbar lor-

dosis along the lumbar spine, L1-S1 Lordosis is 

exactly 60° (expected theoretical LL = 59°) and 

the L4-S1 at 46°, that is to say a little bit more 

than 2/3 of L1-S1 lordosis, Fig. 25.13.

The TK is 51°, it increased about 15°, with-

out any surgical correction. It probably means 

that there was a moderate hypokyphosis to com-

pensate the sagittal imbalance before the surgery. 

Restoration of the physiological LL permitted to 

eliminate the need for compensation mechanisms.

25.3  Discussion

Through this chapter and the 3 clinical cases pre-

sented, we have seen the importance of analyzing 

the spinopelvic balance before surgery in the 

context of spinal degenerative diseases.

Disturbed spinopelvic balance in adults is 

most of the time due to a lack of lumbar lordosis, 

or a thoracic kyphosis increasement [1–3]. The 

first etiology of these spinal curvatures changes 

is the aging of the spine, with arthritis and disc 

degeneration.

Sometimes, more rarely, it can be due to a 

non-degenerative spinal pathology, such as 

Scheuermann, or camptocormia, with a stiff 

global kyphosis. It can also be due to a post- 

traumatic kyphosis or post-operative hypolor-

dotic instrumentation (iatrogenic flat back).

Spinal kyphotic deformity induces a forward 

translation of the center of mass of the trunk that 

can be countered by several compensating mech-

anisms [4]. If the whole spine is fixed, the com-

pensating mechanisms are located at the level of 

the pelvis and lower limbs. The main compensat-

ing mechanism is the pelvic retroversion, which 

is demonstrated by increased PT.  However, the 

spontaneous pelvic retroversion can be insuffi-

cient to maintain balance if the deformity is too 

great. The last mean is to flex the knees and 

extend the ankles. This is a compromise situation 

and if pelvis retroversion may result into a better 

sagittal balance situation, it generally induces 

walking disability and chronic fatigue [4].

If the spine is flexible, which is typically the 

case in young adult, it can be involved in the 

compensating mechanisms. The most typical 

example is the lumbar degenerative kyphosis 

where the thoracic spine is usually hypokyphotic, 

and the cervical spine hyperlordotic.
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25.4  Conclusion and Take-Home 
Messages

To assess the spino pelvic balance into the 

context of adult spinal deformity before a 

 surgery, we previously reported a 3-steps 

 algorithm [4–6].

The first step is to measure the pelvic incidence 

in order to determine the expected theoretical val-

ues of the spino-pelvic positional parameters and 

in particular the value of the theoretical LL. Seeing 

the relation of PI and LL, using classes of PI is 

more relevant and more precise than using a 

unique formula.

The second step is to evaluate the global sagittal 

alignment by analyzing the positioning of C7 related 

to the pelvis. Concerning the most  relevant parame-

ters, we recommend to use SVA, SSA and C7 ratio.

Finally, the last step is to look for the compen-

satory mechanisms in spinal area (extension of 

the TL junction, reduction of the thoracic kypho-

sis); in the pelvic area (only 1 compensation 

mechanisms, i.e. pelvis retroversion); and in 

lower limbs area (knee flexion).

Fig. 25.13 Measurement of pelvic parameters post-operatively: PI = 50°, SS = 34° and PT = 16°
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After a meticulous and systematic analyzing 

of sagittal alignment, next step is the planning of 

the corrective surgery and this is the subject of 

another chapter (Chap. 54).
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Editorial Comment

The spino-pelvic parameters are very 

important tools for planning a surgery with 

a good outcome. The surgeon has also to 

take in mind, that compensation of adjacent 

regions (iliosacral joint; hip’s and flexibil-

ity of thoracic segments) which are manda-

tory to produce good results without 

failures in the adjacent segments.
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The physiological sagittal shape of the spine con-

sists of kyphosis of thoracic spine and lordosis of 

cervical and lumbar spine. Normal range of tho-

racic kyphosis and lumbar lordosis are 20–45° 

and 40–60°, respectively [1]. The sum of these 

curvatures aims to keep the spine in sagittal bal-

ance, a condition with lowest energy consump-

tion during standing position. The sagittal balance 

is characterized by the plump line, which is 

drawn vertically from the center of the C7 verte-

bral body down to the sacrum. In normal condi-

tion, the plump line bisects the sacral endplate. A 

variety of conditions may lead to increasing seg-

mental (angular) or regional (arcuar) kyphosis. 

Compensatory mechanisms exist to counteract 

the shift of the trunk to the forward as hyperlor-

dosis of cervical and lumbar spine, reclination of 

pelvis and flexion of knees. Exhaustion of these 

compensatory mechanism result in the shift of 

the plump line anterior to the femoral head axis 

and sagittal imbalance of the spine. Table  26.1 

illustrates etiologic conditions that result in 

kyphotic deformities.

26.1  Patient Evaluation

Patients should be examined in standing position 

with knees as straight as possible. Patients with 

imbalanced spine try to compensate with knee 

flexion and backward rotation of the pelvis. The 

grade of knee flexion should be taken into 

account, when analyzing spine parameters on lat-

eral view x-ray. Hip flexion contraction may limit 

the compensatory mechanism of the pelvis. The 

effect of hip and knee on spine posture can be 

removed by sitting position. If an imbalanced 

spine improves in sitting position, the cause may 

lie in hip flexion contraction, which can be proved 

by Thomas maneuver. Examination in supine 

position may reveal the flexibility of the defor-

mity, which can be illustrated with lateral view 

x-ray with a bolster underneath the apex of the 

deformity. Attention should be paid on myelopa-

thy signs as gait pattern and pathologic reflexes.

26.2  Radiologic Evaluation

X-ray images in lateral and ap view of the whole 

spine from occiput to the end of sacrum with fem-

oral heads should be performed. The sagittal bal-

ance is evaluated by the plump line, which is 

drawn vertically from the center of C7 vertebral 

body down. With a balanced spine, the plump line 

falls on the anterior edge of S1 endplate. The spine 

is significantly imbalanced if plump line falls 
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 anterior to the femoral head axis. On the frontal 

plane, the spine is balanced if the vertical line 

dropped from C7 spine process falls on the sacrum 

midline. For the evaluation of the spine flexibility, 

x-ray in lateral view is performed in supine posi-

tion with a bolster underneath the apex of the 

deformity to prove any opening of the disc spaces.

Any neurologic abnormality, angular kyphosis 

or any other irregular deformity of the spine 

without obvious underlying cause, require 

MR-imaging of the whole spine. CT scanning is 

helpful in cases of complex deformities for struc-

tural illustration of the spine.

26.3  Treatment Options

Surgical treatment options for correction of spine 

deformities involve dorsal instrumentation com-

bined with varying osteotomy techniques. The 

spectrum of osteotomies ranges from partial 

removing of interlaminar bone, which represents 

the least invasive technique, to resection of one or 

more vertebral bodies as the most invasive tech-

nique. With increasing degree of osteotomy, the 

potential for correction of the deformity as well 

as the risks of the operation increase. The type of 

osteotomy selected, depends on the degree of the 

deformity and on the flexibility of the spine. The 

first osteotomy of the spine was described by 

Smith-Petersen (SPO) to treat the hyperkyphosis 

of ankylosing spondylitis by opening up the ante-

rior column through dissection of anterior disc 

space and anterior longitudinal ligament and 

simultaneous closing the posterior wedge after 

resection of posterior elements in lumbar spine 

[2]. With the classic SPO a maximum correction 

of 30° is possible. The center of rotation through 

this osteotomy is in the posterior anulus of the 

disc. Thus, the correction maneuver results in 

lengthening of the spine anteriorly. This may lead 

to the rupture of great vessels running anterior to 

the spine, a very serious complication that was 

reported in numerous studies [3]. Older patients 

were more frequent involved in this complication 

due to the atherosclerotic changes and conse-

quently loss of the flexibility of vessels in elderly 

people. Wilson reported few years later a modifi-

cation of SPO which was limited to only poste-

rior osteotomy without anterior opening [4]. Aim 

of this technique was to avoid anterior lengthen-

ing of the spine and subsequent rupture risk of 

the anterior vessels. Today, a wedge osteotomy of 

posterior column without opening of anterior 

disc space is commonly referred to SPO.  This 

technique requires some mobility of the disc 

space anteriorly. Without opening of the anterior 

column, a maximum correction of 10° in each 

segment is possible.

Ponte described 1984 multisegment closing 

wedge osteotomy of thoracic spine to treat 

scheuermann kyphosis by a Λ shape interlaminar 

osteotomy with resection of flavum ligament and 

osteoclasia of adjacent laminae as well as facet 

joints [5]. With Ponte-procedure the anterior col-

umn of spine is preserved and the correction is 

achieved by the forceful compression through 

segmental pedicle screws. The center of rotation 

is at the posterior disc anulus as with SPO. This 

results in slight opening of anterior disc space 

with a maximum of 10° correction of each seg-

ment (Figs. 26.1 and 26.2).

With pedicle-subtraction osteotomy (PSO) the 

correction is completely achieved by closing of 

the resected wedge without lengthening of the 

anterior column. Thomasen described this 

method to avoid anterior lengthening and to save 

the anterior vessels [6]. Technically, PSO is per-

formed following instrumentation of the spine. 

After resection of the lamina and facet joint, the 

pedicles are removed completely, vertebral body 

is decancellated through the base of the pedicles 

and the lateral cortical wall of the vertebral body 

is removed in a posteriorly based wedge manner. 

Table 26.1 Pathologic conditions that result in kyphotic deformity of Spine

Degenerative process Trauma Inflammation Growth Neuromuscular

Loss of disc space height

Osteoporosis

Posttraumatic

Postoperative

Tumor

Osteoporosis

Infection

Ankylosing spondylitis

Scheuermann

Congenital

Postural

M. Parkinson
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The anterior cortex and longitudinal ligament are 

preserved. The correction is achieved by closing 

the gap through compression of adjacent pedicle 

screws (Figs. 26.3 and 26.4). Attention should be 

paid to remove sufficient amount of the lamina to 

avoid compression to the neural structures by 

closing the wedge. Compared to SPO, PSO is 

associated with more blood loss during the verte-

bral resection. With PSO a correction up to 30° 

can be achieved in the osteotomized vertebral 

body. PSO is the procedure of choice in fixed 

kyphotic deformities of all etiologies. Despite the 

rule that the correction should be performed 

where the deformity is located, PSO is usually 

performed at L2 or L3, for example in case of 

fixed global imbalance of the spine or ankylosing 

spondylitis. These levels offer some advantages 

as this area distal to the conus is less risky with 

regard to neurologic complication by manipula-

tion of dural sac. Further, the more distally the 

osteotomy the more correction can be achieved 

Figs. 26.1 and 26.2 Pre- and postoperative x-ray in lateral view of thoracic spine with scheuermann kyphosis. 

Correction was achieved with multiple Ponte osteotomies. Arrows indicate anterior opening of disc spaces

Fig. 26.3 Postoperative CT scan of pedicle subtraction 

osteotomy of L2. Shape of vertebral body after posterior 

based wedge resection

26 Diagnosis, Classification and General Treatment Options for Hyperkyphosis
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due to the long lever arm. Recent studies support 

to perform PSO at more distal levels, even at L5, 

to achieve the main lordotic curve at lumbosacral 

junction [7]. However, if the deformity is in cer-

vicothoracic spine, as with ankylosing spondyli-

tis, PSO can be performed in the upper thoracic 

spine below C7 where vertebral arteries run out-

side the vertebra. Simultaneous deformity in 

frontal plane can be addressed by asymmetric 

wedge resection of the PSO. Long term compli-

cation of PSO is failure of instrumentation as 

break of rods. This may occur when posterior 

bony fusion does not take place due to the wide 

posterior osteotomy and open disc space anteri-

orly. This complication can be avoided either by 

bridging the posterior gap with bone graft or by 

selection of the vertebra for PSO where adjacent 

disc spaces are fused anteriorly. Some authors 

recommend dorsal instrumentation with double 

rod each side to achieve a more stable situation.

For correction of severe deformities in frontal 

and sagittal plane, vertebral column resection 

(VCR) is a powerful technique (Figs. 26.5, 26.6, 

and 26.7). With this technique, a complete cross- 

Fig. 26.4 Postoperative x-ray in ap view demonstrate the 

double rod technique and the use of a titanium mesh to 

bridge the posterior bone gap for deposition of bone graft 

to achieve more stable instrumentation and bony fusion of 

the osteotomy

Figs. 26.5 and 26.6 Preoperative x-ray and CT scan of severe posttraumatic rigid kyphosis. Vertebral column resec-

tion was selected to correct the kyphosis
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sectional resection of bony and ligamentous 

 tissue of spine is carried out, which enables mul-

tiplanar correction of the deformity. Preoperative 

planning of resection area is crucial for a suffi-

cient correction of the deformity that ranges 

from one to more vertebral bodies. Appropriate 

indication for VCR are rigid angular kyphosco-

liosis or congenital scoliosis due to hemiverte-

bral formation. Sometimes implantation of a 

cage anteriorly is necessary to bridge the gap 

after vertebral resection. However, this tech-

nique is very challenging, requires experienced 

surgical team and is associated with high rate of 

neurological complication. Neurological com-

plication results from either direct injury to neu-

ral structures or disturbances of blood supply. 

Neuromonitoring with SSEP and MEP is rou-

tinely recommended during surgery to control 

neural function.

26.4  Take Home Message

Several pathologic conditions may lead to a short 

or large curve hyperkyphosis of spine. The spine 

and the adjacent joints are able to compensate the 

hyperkyphosis to some extent. A symptomatic 

sagittal imbalance of spine emerges, when these 

compensatory mechanisms fail.

A thorough clinical and radiological evalua-

tion is crucial to detect the location, the extent 

and the mobility of the deformity as well as the 

compensatory mechanisms of organism to coun-

teract the deformity.

Several osteotomy techniques are available for 

correction of hyperkyphosis. They range from 

partial posterior osteotomy to complex multilevel 

vertebral body resection. With increasing degree 

of osteotomy, the potential for correction as well 

as the risks of operation increase.
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27.1  Case 1: Scheuermann 
Kyphosis

27.1.1  Introduction

This case presents a young man with scheuer-

mann’s kyphosis. Clinical features, radiological 

evaluation, decision making of treatment options 

and surgical procedures are presented.

27.1.2  Case Description

Sixteen years old young man presenting with 

pronounced curvature of the spine, which has 

been noticed by his parents. He has no pain and is 

doing his sport’s activity without any limitation. 

The pronounced curvature is felt as a disturbing 

“hump” that is embarrassing him.

The physical examination reveals no neuro-

logic deficits. The Adams forward bending test 

shows an increased kyphotic curve of midtho-

racic region without any rotation of the spine. 

The increased kyphotic curve is not flexible and 

cannot be corrected with hyperextension of the 

spine. The secondary sexual characteristics are 

developed and the parents report that the puberty 

vocal change has been 2 years ago.

X-ray imaging of whole spine in ap and lateral 

view was performed in standing position 

(Fig. 27.1). The thoracic kyphosis is 81° (normal 

range 30–50°) according to Cobb method mea-

sured as the angle between inferior endplate of 

T12 and superior endplate of T3, so far visible. 

The apex of the kyphosis is at T9 level and the 

vertebral bodies in this region are anteriorly 

wedged (T7 – T11). Further, some irregularities 

of the endplates are present, as indicated by 

arrows (Fig. 27.1).

Based on clinical and radiological features, 

the diagnosis was made as scheuermann kypho-

sis. The young patient is skeletally mature and no 

more growth is expected. The patient was 

informed about the pathology and the relatively 

good prognosis as well as about the therapy 

options. Therapy options included (1) conserva-

tive treatment with physiotherapy to strengthen 

the trunk musculature and observation and (2) 

operative correction of the hyperkyphosis.

After thorough discussion with patient and his 

parents the decision was felt for operative treat-

ment. To prepare the surgery, an additional x-ray 

in lateral view in supine position with a hypo-

mochleon underneath the apex was made 

(Fig. 27.2). This position results in opening of the 
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disc space and indicates the mobility of the 

 segments in this region of spine (arrows). Further, 

MR-imaging of whole spine was performed to 

rule out any neurological pathology as well as ste-

nosis of the spinal canal (Fig. 27.3). To determine 

the extent of spinal fusion, the lateral view x-ray 

was evaluated. The proximal fusion level should 

include the kyphotic end vertebra, which is T3 in 

this case. The distal fusion level should include 

the sagittal stable vertebra. This is the most proxi-

mal vertebra that is touched by posterior sacral 

vertical line (Fig. 27.4), which is L2 in this case.

The operation was performed through 

posterior- only approach with multilevel Ponte 

osteotomies of apical kyphotic region and poste-

rior instrumentation of T3 to L2 by segmental 

pedicle screws. The correction was achieved by 

cantilever forces with pre-molded bilateral rods 

and segmental compression. Attention was paid 

to correct not more than 50% of thoracic kypho-

sis. During the entire operation time neuromoni-

toring with SSEP and MEP control was 

performed. A peridural catheter was placed at the 

end of the operation for postoperative pain 

control.

The patient was mobilized immediately after 

the operation with physiotherapeutic support. 

Postoperative x-ray control was performed in lat-

eral and ap view in standing position (Fig. 27.5). 

The hyperkyphosis was corrected to 53°. The 

patient was released from the hospital 7  days 

after surgery.

Fig. 27.1 Lateral view x-ray of spine shows thoracic 

kyphosis of 81°, apex of kyphosis at T9 and anteriorly 

wedged vertebral bodies T7 to T11. Arrows indicate irreg-

ularities of vertebral endplates

Fig. 27.2 X-ray of thoracic spine in supine position with 

a bolster underneath the apex of kyphosis shows opening 

of disc spaces (arrows)
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27.1.3  Discussion

Indications for operative treatment of scheuer-

mann’s kyphosis are (1) progression of kyphosis 

despite conservative treatment, (2) painful tho-

racic kyphosis greater than 70–80° or thoraco-

lumbar kyphosis greater than 40°, and (3) 

cosmetic issue that is not acceptable for the 

patient. Thoracolumbar kyphosis or angular 

kyphosis are more likely to be disabling and 

therefore are more considered for operative treat-

ment. Conservative treatment include physiother-

apy to strengthen the trunk muscles and temporary 

bracing to release the muscles which are over-

stressed by keeping the spine straight. If patients 

are skeletally immature bracing is considered to 

correct the deformity. In our case, the puberty 

vocal change occurred 2  years ago which indi-

cates that puberty growth spurt is passed. X-ray 

of pelvic crest (Risser sign) or elbow may deliver 

more information about further growth potential. 

Fig. 27.3 MRI scan of whole spine illustrating the spinal 

canal which is recommended preoperatively to rule out 

any spinal canal pathology

Fig. 27.4 Posterior sacral vertical line (PSVL) is drawn 

vertically from posterior edge of sacral endplate to iden-

tify the sagittal stable vertebra (SSV). SSV is the first ver-

tebra from proximal that touches the PSVL.  It is 

recommended to include SSV into instrumentation 

distally

27 Scheuermann Kyphosis and Ankylosing Spondylitis
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Mature skeletal system and absence of back pain 

do not necessitate conservative treatment options. 

In literature, the indication for operative treat-

ment of scheuermann kyphosis is controversially 

discussed due to the natural history of the defor-

mity. There are two studies reporting about natu-

ral history by long term follow up of patients with 

scheuermann kyphosis [1, 2]. Both have shown 

that patients with scheuermann kyphosis claim 

more frequently about back pain but the daily life 

was not significantly affected by the deformity. 

Limitation of cardiopulmonary function was only 

observed with severe thoracic kyphosis greater 

than 100°. These factors and risks of operation 

should be discussed with patient if operative 

treatment is considered.

One of the complications by the operative 

treatment is the junctional kyphosis adjacent to 

the instrumented spine. One study reported that 

proximal junctional kyphosis occurred more 

often than distal but distal junctional kyphosis 

was more often associated with symptoms and 

re-operation [3]. It was shown that proximal 

junctional kyphosis occurred when instrumenta-

tion of spine was short to proximal end vertebra 

of kyphosis and the deformity was overcorrected. 

To prevent proximal junctional kyphosis, it is 

recommended to correct less than 50% of the 

deformity. Other study reported about the occur-

rence of distal junctional kyphosis and suggested 

to extend the instrumentation to the sagittal stable 

vertebra [4]. The sagittal stable vertebra was 

defined as the first vertebra from proximal which 

touches the posterior sacral vertical line. 

According to these data, it is crucial to determine 

the extent of instrumentation preoperatively. The 

inclusion of the upper end vertebra of kyphosis 

proximally and the sagittal stable vertebra dis-

tally is recommended.

All studies reporting about results of operative 

treatment of scheuermann kyphosis have low 

level of evidence. All of them were retrospec-

tively performed and the surgical techniques used 

were not uniform, including posterior only or 

combined anterior-posterior procedures with dif-

ferent implant materials as with hooks or with 

modern pedicle screw instrumentation. Long 

term results of operative correction are lacking. 

There is no data comparing the natural history of 

scheuermann kyphosis with the results of opera-

tive correction.

27.1.4  Conclusions and Take Home 
Message

The knowledge of natural history of scheuer-

mann kyphosis is very important and should be 

considered in the process of decision making.

Operative treatment is considered when (1) 

progression of the deformity is observed, (2) pain 

is not controlled despite of conservative 

Fig. 27.5 Lateral view x-ray of spine after the operation 

shows correction of thoracic kyphosis to 53°
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 treatment, and (3) cosmetic issue is not accept-

able for the patient.

According to data available, it is recom-

mended to include the upper end vertebra of the 

kyphosis proximally and the sagittal stable verte-

bra distally in the instrumentation to avoid junc-

tional kyphosis.

27.2  Case 2: Ankylosing 
Spondylitis

27.2.1  Introduction

This case presents a young woman 29 years old 

with ankylosing spondylitis. Clinical features, 

radiological evaluation, decision making of treat-

ment options and surgical procedures are 

presented.

27.2.2  Case Description

Young woman claims about back pain in lumbar 

area since over one year. Pain disappears during 

rest and increases with ambulation. Sometimes 

back pain is over the entire spine. She claims also 

about difficulty to stand upright and to get hori-

zontal gaze. She feels more convenient holding 

the buggy during walking. She has continuous 

pain medication with ibuprofen. There was 

trauma in the history.

The physical examination reveals forward 

shift of the trunk and bended knees to compen-

sate the arcuar thoracic hyperkyphosis. 

Percussion over the upper part of lumbar spine is 

painful, range of motion of the spine is strongly 

limited and painful. There is little change in tho-

racic circumference after deep inspiration and 

expiration. Examination of hip joints shows full 

range of motion without any limitation. The trun-

cal flexed deformity did not change as the patient 

was sitting or lying in supine position. Neurologic 

examination reveals no deficits.

X-ray imaging of whole spine in ap and lateral 

view was performed in standing position 

(Fig. 27.6). Lumbar spine is straight without any 

lordosis. The thoracic kyphosis is 80°. Pelvis is 

rotated backward with almost vertical sacrum. 

Pelvic tilt amounts over 50° and sacral slope is 

almost horizontally. Plump line is far anterior to 

the femoral head axis. CT scan of the spine 

showed ossification of facet joints throughout the 

spine and of costotransversal joints (Fig.  27.7). 

Anterior longitudinal ligament was ossified only 

in the midthoracic spine (Fig. 27.8). A discontinu-

ation of dorsal ossification was recognized at L2/3 

level. At this level, the facet joints were not fused.

Based on clinical and radiological features, 

ankylosing spondylitis (AS) was supposed as the 

diagnosis. In contrast to typical AS patients, in 

our case pain increased during daily activity and 

disappeared with rest. Further, pain was not 

localized on the sacroiliac joint but on the upper 

part of the lumbar spine corresponding to the 

site, where the dorsal ossification was discontin-

ued and facet joints were open. A x-ray guided 

infiltration of the facet joints with local anesthe-

sia resulted in an almost complete pain relief for 

few hours.

Fig. 27.6 Lateral view x-ray of whole spine in standing 

position prior to the operation. Plump line is red, pelvic 

tilt is 53° and thoracic kyphosis is 80°
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In this case, two problems were to be 

addressed: (1) painful mobility of level L2/3 and 

(2) the sagittal imbalance of the trunk. Thus, sur-

gical treatment was recommended to achieve 

fusion of L2/3 and to correct the sagittal defor-

mity by a modified wedge osteotomy (Smith- 

Petersen osteotomy).

The operation was performed through a 

posterior- only approach with a single level 

Smith-Petersen osteotomy at L2/3 and poste-

rior segmental pedicle screw instrumentation 3 

segments above and below the osteotomy. The 

correction was achieved by implantation of a 

cage in the anterior part of the L2/3 disc space 

and posterior compression of the pedicle 

screws.

The patient was mobilized immediately after 

the operation with physiotherapeutic support. She 

was very satisfied with her new posture. 

Postoperative x-ray control was performed in lat-

eral and ap view in standing position (Fig. 27.9). 

The osteotomy led to 25° segmental angulation and 

the sagittal imbalance was markedly corrected.

27.2.3  Discussion

In the present case, a patient with ankylosing 

spondylitis (AS) was treated. The sagittal align-

ment was markedly imbalanced with anterior shift 

of the trunk and plump line anterior to the femoral 

head axis. The deformity consisted of fixed loss of 

lumbar lordosis and thoracic hyperkyphosis. 

Pelvic incidence was about 50°. Hip joints had 

neither flexion contraction nor any radiological 

degenerative changes. Special feature of the spine 

was ossification of dorsal elements with open disc 

space. The focus of back pain was found to be at 

L2/3. Thus, the main deformity was located in the 

thoracolumbar spine without involvement of hip 

joints and the source of pain was at level L2/3. 

Fig. 27.7 CT scan of lumbar spine shows fusion of facet 

joints, open disc space and discontinuation of posterior 

ossification al level L2/3

Fig. 27.8 CT scan of thoracic spine shows ossification 

also of disc space and of anterior longitudinal ligament
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This constellation  suggests that correction can be 

performed in the lumbar spine. An osteotomy in 

lumbar spine offers two advantages. The lower 

the osteotomy is performed in the spine, the more 

correction effect on flexion deformity can be 

achieved due to the long lever arm. Secondly, with 

respect to neurologic complications the  osteotomy 

is performed distal to the conus in a safe area. 

After determination of the level of osteotomy, the 

question arises how much correction is needed? 

There was high grade thoracic kyphosis and the 

pelvic incidence was about 50°. According to the 

study of Roussouly [5] pelvic incidence, which 

has a constant value after the end of the growth, 

correlates positively with lumbar lordosis. 

Consequently, a lumbar lordosis of about 50° is 

desired.

Options to correct the deformity were open 

wedge osteotomy (Smith-Petersen), multiseg-

ment closing wedge osteotomy (Ponte), and 

pedicle- subtraction osteotomy [6]. The multiseg-

ment Ponte osteotomy requires some flexibility 

of the spine and therefore this technique is not 

appropriate. Both other techniques, Smith- 

Petersen and pedicle-subtraction osteotomy, 

were able to address the deformity. Smith- 

Petersen osteotomy was also an option because 

disc space L2/3 is not completely fused. For 50° 

correction, osteotomy of 2 levels are necessary 

since a maximum correction of 30° is possible at 

a single level (see Chap. 26). In this case Smith- 

Petersen osteotomy was selected to avoid wedge 

resection of the vertebral body with excessive 

bleeding and due to the young age of the patient 

with healthy and flexible vessels. However, 

despite 2-level osteotomy, the osteotomy was 

performed at single level.

Postoperatively, patient was satisfied with 

her new posture. The postoperative x-ray in lat-

eral view (Fig. 27.9) showed an angular correc-

tion of 25°. The plump line was markedly 

shifted back to the femoral head axis but was 

still significantly anterior to it. Thus, the correc-

tion was only partly achieved. For a complete 

correction, a 2-level osteotomy should have 

been carried out, as preoperative evaluation had 

suggested.

A large number of biomechanical and clinical 

studies are available with regard to sagittal bal-

ance of spine and corrective techniques of spine 

deformities. The level of evidence is, however, 

low due to the huge variability of patients that 

have been treated, the lack of controls, and retro-

spective methods used in all studies [7].

Fig. 27.9 Lateral view x-ray of whole spine in standing 

position after the operation. Posterior instrumentation 

from T12 to L5 and opening wedge osteotomy (Smith- 

Petersen) L2/3 with implantation of a cage anterior into 

the disc space. An angular lordosis of 25° was achieved at 

level L2/3. Plump line is markedly shifted back but still 

anterior to the femoral head axis
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27.2.4  Conclusions and Take Home 
Message

The reconstructive surgery of ankylosing spon-

dylitis deformity is very complex. The reduced 

bone quality and loss of spine flexibility expose 

these patients to high operation risks.

A thorough clinical and radiological evaluation 

is needed to determine the major component of the 

spine deformity, whether it is a  thoracolumbar, 

thoracic or cervicothoracic deformity. Attention 

should be paid for flexion contracture of hip joints 

and may be treated with arthroplasty prior to cor-

rection of spine deformity.

Several surgical techniques are available to 

correct the deformity. Each of them has advan-

tages and limitations that should be weighed out 

in the process of surgical decision making.

References

 1. Murray PM, Weinstein SL, Spratt KF. The natural his-

tory and long-term follow-up of scheuermann kypho-

sis. J Bone Joint Surg Am. 1993;75(2):236–48.

 2. Ristolainen L, Kettunen JA, Heliövaara M, Kujala 

UM, Heinonen A, Schlenzka D.  Untreated scheuer-

mann’s disease: a 37-year follow-up study. Eur Spine 

J. 2012;21:819–24.

 3. Lonner BS, Newton P, Betz R, Scharf C, O’Brien M, 

Sponseller P, Lenke L, Crawford A, Lowe T, Letko 

L, Harms J, Shufflebarger H. Operative management 

of scheuermann’s kyphosis in 78 patients. Spine. 

2007;32(24):2644–52.

 4. Cho KJ, Lenke LG, Bridwell KH, Kamiya M, Sides 

B. Selektion of the optimal distal fusion level in pos-

terior instrumentation and fusion for thoracic hyper-

kyphosis. The sagital stable vertebra concept. Spine. 

2009;34(8):765–70.

 5. Roussouly P, Gollogly S, Berthonnaud E, Dimmet 

J. Classification of the normal variation in the sagittal 

alignment of the human lumbar spine and pelvis in the 

standing position. Spine. 2005;30(3):346–53.

 6. Bridwell KH.  Decision making regarding Smith- 

Petersen vs. pedicle substraction osteotomy vs. ver-

tebral column resection for spinal deformity. Spine. 

2006;31(19):S171–8.

 7. Kim KT, Park KJ, Lee JH.  Osteotomy of the spine 

to correct the spinal deformity. Asian Spine J. 

2009;3(2):113–23.

Pearls

 – Surgical correction of scheuermann 

kyphosis with pedicle screw instrumen-

tation and multilevel Ponte osteotomies 

can be performed with posterior only 

approach

 – The whole deformity of scheuermann 

kyphosis is to be included in the instru-

mentation with the lowest vertebra 

touching the posterior sacral vertical 

line

 – Avoid overcorrection to prevent proxi-

mal junctional kyphosis

 – The correction of rigid deformity of the 

spine with ankylosing spondylitis 

requires three-column osteotomy 

techniques

 – Poor bone quality in ankylosing spon-

dylitis is the challenging point in the 

surgical treatment of this disease. 

Multiple level instrumentation, at least 

3 levels above and below the osteotomy 

site, is suggested to avoid failure of 

instrumentation

Editorial Comment

The risk of neurological complications in 

the correction of kyphotic deformities is 

even higher then in scoliotic cases. 

Therefore neuromonitoring in corrections 

especially in the thoracic spine is strongly 

recommended.

Performing the correction, after the 

osteotomy is made, the procedure should 

be assisted by tilted the operating table 

instead inducing the force for correction 

just by compression on the pedicle screws.
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28.1  Introduction

The term kyphosis is derived from Greek and is 

used to describe a “hump”. As the word implies, 

in spine, it is used for sagittal spinal curves with 

anterior concavity. The normal spine has two 

areas physiologically aligned in kyphosis: the 

thoracic spine and the sacrum. Pathological 

kyphosis can be found in any part of the spine 

and can be due to a variety of etiologies including 

congenital or developmental anomalies, trauma, 

infection, inflammatory diseases or degenerative 

disc disease among others. It therefore can affect 

any age group.

Congenital kyphosis is usually caused by 

anterior formation defect or segmentation failure. 

This form of anterior tethering in a growing spine 

can cause a progressive deformity. Severity of the 

resultant deformity varies according to type of 

defect, location and the number of affected verte-

brae. Not only the deformity can cause a sagittal 

malalignment and imbalance, in severe cases it 

can result in neurological cord compression. 

Surgical treatment in congenital kyphosis is rec-

ommended for significant, progressive and unsta-

ble deformities to restore normal sagittal 

alignment, prevent sagittal imbalance and pre-

serve neurological structures.

Most symptomatic posttraumatic kyphotic 

deformities occur at the thoracolumbar junction. 

They are mainly caused by a loss of the anterior 

vertebral column height or support. Indications 

for surgical treatment in these cases are correc-

tion of the deformity, neurological decompres-

sion and stabilization of the injury in acute cases. 

In installed deformities, the main objective of 

surgery would be to correct the resulting sagittal 

malalignment.

In this chapter, we will be presenting a clinical 

case of each etiology and discuss the rationale for 

treatment of kyphotic deformity in these scenar-

ios. We will be reviewing the various surgical 

techniques available for each case, guide the 

reader through the decision making and discuss 

other relevant considerations.

28.2  Case Description

28.2.1  Congenital Kyphosis Case

An 18-month child was referred to our clinics 

with a progressive angular kyphosis in thoraco-

lumbar area. Clinical exam revealed a partially 

flexible thoracolumbar hump with no associated 

neurological abnormalities. Full-body standing 

X-Rays showed a congenital spine dislocation 

with a segmental kyphosis measuring 52° between 
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T10-L2 (Fig. 28.1). CT scan showed an hypopla-

sia of L1 vertebral body with dysplasia of poste-

rior facets and T10-L2 kyphotic deformity of 38° 

(Fig. 28.2). Facet joints could be seen clearly dis-

located bilaterally. A small rotational component 

was also present. MRI of the whole spine con-

firmed an angular kyphosis due to a formation 

defect of L1 vertebral body (type 1). There was no 

cord compression or myelopathy nor other associ-

ated intracanal abnormalities (Fig. 28.3). We rec-

ommended surgery in his case due to the severity 

of the deformity and the high risk of progression 

and neurological impairment. The patient was 

operated on at 20 months of age. Through a mid-

line posterior approach, the spine was subperios-

teally exposed and 3.5  mm (cervical) pedicle 

screws were bilaterally inserted from T11 to L3 

while skipping L1. We then proceeded to perform 

Fig. 28.1 AP and lateral X-rays of a 18 month old toddler with a congenital L1 kyphosis and dislocation. Regional 

kyphosis measured 52° and the T12-L1 facet joints were clearly dislocated
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a  posterior vertebral column resection (PVCR) of 

the L1 including the discs above and below. 

Progressive stepwise correction of the deformity 

was performed under neuromonitoring, anterior 

column reconstruction was done with a mesh cage 

impacted with local bone graft. Final construct 

was done with physiologically aligned rods tight-

ened under compression. A rigid thoracolumbar 

orthosis was prescribed after surgery until fusion 

was achieved. 2 years after surgery he had a very 

satisfactory course with complete fusion and no 

recurrence of the deformity (Fig. 28.4).

28.2.2  Postraumatic Deformity Case

A 61 year-old female was referred to our clinics for 

surgical assessment. She refers a fall from her own 

height 8 months prior to presentation when she was 

diagnosed with an L1 fracture. She was initially 

treated conservatively with an external rigid brace 

for 3  months. Unfortunately she progressively 

developed a disabling severe low back pain that did 

not respond to conservative treatment. On clinical 

examination she had a thoracolumbar kyphosis but 

seemed to conserve a fair sagittal balance. Her 

deformity was rigid and did not correct on forced 

extension nor when she laid down. Her neurologi-

cal assessment was unremarkable.

Whole spine standing films showed a consoli-

dated L1 fracture with a resultant regional kypho-

sis of 38° (Fig. 28.5). She however could maintain 

a sacral vertical axis (SVA) of 5.4  cm at the 

expenses of a hyperextension of the lower lumbar 

spine (L2-S1 Lordosis 71°, L4-S1 65°). The pel-

vis was retroverted (PT 20°, SS 31° for PI of 50°, 

GT 35°). Her GAP score was 9. In summary, the 

patient presented with a Type II sagittal imbalance 

due to a fracture in thoracolumbar area. The 

deformity was fixed and angular over the L1. 

Surgery was prescribed due to the severity of her 

symptoms and deformity. Taking into account the 

fixed and angular nature of the deformity, the tho-

racolumbar location and the shape of the deformed 

Fig. 28.2 3D reconstruction of the CT scan showing a relatively preserved posterior arch with dysplastic and naked 

facets and a regional kyphosis of 38°
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vertebra with significant loss of anterior vertebral 

body height, we opted for a PVCR. For this pur-

pose, we resected the wedged L1 vertebral body 

including the discs above and below to recon-

struct segmental morphology, restore anterior col-

umn support and enhance fusion. We reconstructed 

the anterior column using a carbon-fiber cage 

with local bone graft. Posterior stabilization was 

achieved with cemented pedicle screws from T5 

to L3. By extending to T5 we avoided ending the 

instrumentation at the thoracic natural apex, 

therefore, preventing possible Proximal Junctional 

Kyphosis (PJK). Intraoperative imaging con-

firmed the appropriate placement of the spinal 

anchors and adequate sagittal alignment recon-

struction of the thoracolumbar junction. 

Prophylactic vertebroplasty was performed in the 

first vertebrae above and below the instrumenta-

tion to prevent further fractures at these levels. 

Local and homologous bone grafts were placed 

over the decorticated posterior elements to further 

enhance fusion. Intraoperative neuromonitoring 

was unaltered throughout surgery. The patient did 

not have any major intraoperative nor periopera-

tive complications. Four years after surgery her 

pain and disability had improved significantly. 

She was well aligned, (SVA 2  cm, GT 16°, LL 

51°, L4-S1 38°, SS 34°, PT 16°, GAP 1 for age) 

and the T12-L2 kyphosis measured 1° (Fig. 28.6).

28.3  Discussion of the Cases

The treatment of severe fixed angular kyphotic 

deformity presents a technical challenge to the 

spinal surgeon. It requires a proper understanding 

of the deformity and the resulting compensatory 

mechanisms as well as mastery of the osteotomy 

techniques.

Congenital kyphosis is due to defect of forma-

tion, of segmentation or both. Segmentation defects 

involve more than 2 vertebrae and usually result in 

a regular deformity. It is usually detected in the 

adolescent age group, has a small progression 

potential due to its late development and does not 

cause any direct threat to neurological elements. 

Defects of formation are more common and usu-

ally occur over a single level, although multiple 

level involvements have been well described. 

Progression is the rule in these cases and the risk of 

neurological compromise is of special concern. 

The congenital dislocated spine has been defined as 

the potentially most serious form of congenital 

kyphosis with an abrupt single-level sagittal dis-

placement of the spinal canal [2]. The facet joints 

are often hypoplastic and/or dislocated. Progression 

to neurological injury is almost universal. 

Neurological impairments may rarely be noted at 

birth or may develop later in about 10–12% of 

cases of congenital kyphosis, mainly during ado-

lescence [3]. In congenital dislocation,  neurological 

injury occurs much earlier. Consequently, congeni-

Fig. 28.3 Mid-sagittal cut of a of a T2 weighted whole 

spine MRI ruling out any neurological compression, 

myelopathy or intracanal malformation
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tal dislocation is a surgical urgency that requires 

early stabilization. There is no established age at 

which it can be approached, and therefore should 

be treated as early as possible.

Established posttraumatic kyphotic deformities 

on the other hand do not usually progress overtime. 

In addition, the neurological injury is sustained 

with the initial trauma and rarely – if any- develops 

overtime. A notable exception might be Kummell’s 

pseudoarthrosis where a deficient anterior support 

can lead to deformity progression, fatigue of the 

posterior elements, local instability and in extreme 

cases, neurological compromise.

Surgical indications and goals of treatment vary 

between both groups. In congenital deformity, the 

indications are mainly deformity progression and 

neurological compromise. Therefore the objec-

tives are to halt the progression, restore the physi-

ological alignment and protect neurological 

structures. These objectives should be achieved 

with corrections over as few segments as possible 

to allow for growth. The correction should also be 

Fig. 28.4 2  year postoperative AP and lateral X-rays showing satisfactory reconstruction of the thoracolumbar 

junction
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maintained throughout growth and patients should 

graduate in an acceptable state. On the other hand, 

patients with traumatic kyphosis complain of gross 

deformity, or from pain and disability secondary to 

an altered sagittal  alignment. Goals of treatment in 

this group include restoring a balanced and harmo-

nious sagittal alignment by correcting the local 

kyphosis and eliminating the compensatory 

curves, achieving solid fusion.

Fig. 28.5 AP and lateral standing whole spine xrays of a 61-year-old lady with sagittal malalignment due to an L1 

osteoporotic fracture healed with residual regional kyphosis measuring 41°
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The initial workup always includes a whole 

spine standing X-rays to assess global spine sagit-

tal alignment. The main driver is usually the con-

genital malformation or the traumatic injury. In 

both groups it is usually angular and can be stiff or 

fixed. Compensatory mechanisms, generally 

include recruitment of adjacent segments, mainly 

flattening the thoracic spine above the kyphosis 

and/or increasing the lumbar lordosis. When these 

are not enough, the pelvis is retroverted in an 

Fig. 28.6 4 years postoperative AP and lateral x-rays. The patient maintained a satisfactory sagittal alignment and had 

no subsequent junctional failure or new fracture
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effort to bring the center of gravity backward 

towards the sacrum. If these mechanisms fail, the 

patient then recruits the knees. When all available 

compensatory mechanisms have been exhausted 

the patient develops a positive sagittal imbalance 

[4]. Measuring the SVA or the global tilt can help 

the surgeon assess the global alignment. Global 

tilt is independent of patient’s position and does 

not need any calibration of the x-ray [5]. Flexibility 

can be assessed during clinical encounter or by 

using a flexion extension xray, or supine xrays 

over bolsters. Also, comparing standing xrays to 

supine scans (either MRI or CT) can be helpful. 

The deformity can be either: (1) totally flexible; 

(2) partially flexible or (3) fixed [6].

Additional workup includes a CT scan to 

assess bony anatomy and flexibility. It assists the 

surgeon in his decision-making and surgical 

planning. An MRI scan is also in order whenever 

a neurological injury is suspected or as part of 

initial workup in patients with congenital defor-

mities. Clinical manifestations of intracanal 

abnormalities are frequently initially absent and 

up to 30% of patients with congenital vertebral 

anomalies have intraspinal malformations detect-

able by MRI. These include tethered cord, diaste-

matomyelia, diplomyelia, and syringomyelia. 

Some of these might alter the surgical plan. 

Finally, an MRI scan also can detect occult con-

comitant vertebral malformation at other levels.

There is no role for bracing in congenital dislo-

cation and traction has been associated with para-

plegia. Segmentation defects can be treated 

differently depending on the magnitude of the 

deformity and whether or not correction is desired. 

In small deformities detected early, a short poste-

rior fusion might suffice. Instrumentation can be 

avoided especially in younger patients. If the 

deformity is significant, the surgeon can opt for 

multiple anterior releases or vertebral column 

resection, depending on the magnitude of the 

deformity and the number of involved vertebrae. 

The use of posterior instrumentation and closing 

under compression is advised. However, if the 

patient is too small for instrumentation, a hyper-

extension cast could be used. Our case shows that 

instrumented fusion is possible at very early ages 

using small diameter screws. In defects of forma-

tion with kyphosis smaller than 50°, and if the 

deformity is detected very early, an isolated poste-

rior fusion or tethering can suffice. These defor-

mities are partially flexible and amenable to 

reduction under compression. Again, fusion can 

be instrumented or using local grafting techniques 

and extension bracing. In these cases, a second 

surgery might be needed to increase fusion rates. 

Avoiding instrumentation, Winter and Moe 

reported satisfactory outcomes in 12/17 patients 

(71%) younger than 5 years [7]. If the deformity 

is greater than 50° and the vertebral body is very 

hypoplasic, vertebral resection is recommended. 

This can be done through a staged anterior/poste-

rior approach or through an all-posterior approach. 

Authors recommend PCVR as it allows for a bet-

ter control of the deformity and neurological ele-

ments while decreasing surgical and anesthetic 

times as well as additional morbidities from two 

surgeries. The anterior column can be recon-

structed using a structural graft such as a rib or a 

fibula, or using a mesh cage.

Whereas a flexible deformity distributed over 

various segments can be treated with posterior 

column osteotomies, the mainstay of treatment of 

severe and rigid angular kyphosis is surgical cor-

rection using three column osteotomies. This is 

specially true in posttraumatic deformities. 

Several three-column osteotomy techniques have 

been described, where a circumferential excision 

of one or more vertebral bodies is performed, 

through a combined anterior-posterior or a sole 

posterior approach. As evidence regarding the 

safety and feasibility of three column spinal oste-

otomies has increased and instrumentation has 

become more reliable and powerful (e.g., thoracic 

pedicle screws vs. hooks or hybrid constructs), 

more patients have been treated via a single poste-

rior surgical approach aimed at one or more apical 

kyphotic vertebrae. Despite being circumferential 

posterior osteotomies, the  primary difference of 

PVCR versus the pedicle subtraction osteotomy 

(PSO) is that with PVCR both the spinal cord and 

the impinging wedge fragment are identified 

under direct vision from the lateral side, thus 

allowing for confirmation of complete decom-

pression. Therefore, PVCR can be safely per-

formed at the level of the cord and more than one 
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vertebrae can be excised. This provides the pow-

erful translation and shortening necessary to cor-

rect great rigid deformities. Therefore, PVCR can 

offer better control of angular deformities than 

PSO [8]. The amount of correction achieved by 

PSO is limited to anatomical constrains. PSO in 

lumbar adult spine can achieve a 25–30° [6, 9]. 

The amount of correction obtained in the pediatric 

population is much less due to the smaller size of 

the vertebral body and smaller pedicular wedge. 

In the thoracic spine PSOs are less frequently 

indicated [6]. Moreover, authors do not recom-

mend PSOs in the context of a traumatic wedged 

vertebra. First of all, the amount of correction is 

less, as the superior cut can only be parallel to the 

superior endplate and therefore following the 

wedged angle. In addition it is technically chal-

lenging to follow the superior endplate without 

breaching it or damaging it. Finally, a PSO in the 

context of a wedged vertebra results in a flattened 

and shortened vertebral body between two mobile 

discs, which increases significantly the pseudoar-

throsis rate. Although shortening of the cord is 

considered safe, too much shortening may be dan-

gerous. On the other hand, with PVCR the amount 

of correction is only limited by the spinal cord and 

PVCR restores the height of the anterior column.

Up to date, there is no enough literature compar-

ing advantages of PVCR compared with staged 

anterior-posterior osteotomies (APVCR). 

Nevertheless, anterior transthoracic procedures 

have gradually fallen out of favor because of sev-

eral factors, mainly due to the difficulties in 

approaching the concavity of the angular kyphosis 

in deformities greater than 60°. Correction by pure 

distraction of the anterior column can cause severe 

stretching of the spinal cord. Irrespective of whether 

they are staged or performed as a single procedure, 

combined anterior-posterior procedures are a major 

surgical undertaking and the associated medical 

and surgical morbidity can be considerable. 

Theoretically PVCR has a number of advantages 

over APVCR: reduction of operative time and 

blood loss, maintenance of spinal stability and neu-

rological control throughout the whole procedure, 

more reliable reconstruction of spinal column, less 

postoperative morbidity and more effective correc-

tions. However, more recent literature did not find 

any significant differences in blood loss or compli-

cation rate between both approaches [9]. Surgical 

time, surgery through a single approach and anes-

thestic time as well as full simultaneous control of 

the deformity and the spinal cord still favor PVCR.

Cancellous bone graft is traditionally used at 

the site of VCR, anterior column reconstruction 

may be done with strut grafts or cages. In patients 

with weak bone, we prefer to reconstruct the 

anterior column with carbon fiber cages that have 

big footprint. A larger footprint distributes the 

load more homogenously, recruits the lateral cor-

tices of the adjacent vertebral bodies and 

decreases the loading pressure. This would ulti-

mately decrease the rate of subsidence that might 

be encountered with mesh cages.

During the surgical correction of the deformity, 

rods are sequentially exchanged after the osteot-

omy or can be bent in situ. The surgeon should 

have excellent visual control of the cord during 

this stage and it is highly advisable to have spinal 

cord monitoring. These are essential to ensure the 

safety of the technique. The authors recommend 

for the routine use of IONM including assessment 

of both motor and sensory tracts, free-run electro-

myography and nerve root testing.

Somatosensory evoked potential (SEP) moni-

toring alone is known to reduce post-operative 

paraplegia by 50–60% but paraplegia can still 

occur without SEP warning, most of the times due 

to anterior spinal artery syndrome, which only 

affects the vascular territory of the anterolateral 

column of the spinal cord. Spinal cord perfusion 

may be compromised even at normal systemic 

blood pressure when intraoperative mechanical 

stress is applied to neural tissue. The introduction 

of motor evoked potentials (MEP) has allowed for 

monitoring the corticospinal tracts (CT) individu-

ally, with changes correlating highly with post-

surgical neurological outcomes. Muscle motor 

evoked potentials triggered by transcranial electri-

cal stimulation (Tc-MEP, mMEP) evaluate the 

function and the flux of motor outputs from motor 

cortex, CT, nerve roots, and peripheral nerves. 

Tc-MEPs have a reported sensitivity of 75–100% 

and specificity of 84–100% for the detection of iat-

rogenic motor deficits. Most of the permanent spi-

nal cord injuries are thought to be associated with 
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changes to the blood supply of the thoracic cord. 

Excessive traction or shortening of the cord during 

deformity reduction as well as mechanical impinge-

ment can also cause permanent damage if left unre-

vised. Except for vascular insult, MEPs can point 

out more precisely the moment that spinal cord is 

stressed in PVCR and thus allowing for correction 

to be reversed to the state immediately before any 

changes in potentials. Transient nerve root injury 

however remains the most common neurologic 

complication in PVCR.  To avoid neurological 

complications, common strategies include main-

taining blood supply to the spinal cord by preserv-

ing the neurovascular bundle on one side and also 

avoiding hypotensive anesthesia.

Wound infection and/or hematoma after these 

types of procedure are also a major concern and 

can affect between 5% and 10% of the cases. 

They may be prevented with meticulous tech-

nique and optimal nutritional status.

28.4  Conclusions and Take Home 
Message

Including Pearls and Pitfalls

Both of our cases were sharp, angular defor-

mities in thoracolumbar area. In the con-

genital kyphosis, posterior vertebral column 

resection and replacement of the insuffi-

ciently formed vertebral body was consid-

ered the best option to correct the deformity, 

restore segmental anterior column support 

and achieve long-lasting circumferential 

fusion. In the posttraumatic deformity case, 

we chose PVCR over PSO for two main 

reasons. Firstly, the magnitude of the cor-

rection needed over a single segment could 

be better achieved with VCR.  Secondly, 

authors prefer VCR to PSO when the verte-

bral body is significantly wedged and discs 

above and below are mobile. A PSO in 

these cases can easily violate the remaining 

endplates and leave a “floating” osteoto-

mized vertebral body with a high risk of 

pseudoarthrosis and mechanical failure.
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29.1  Introduction

In Germany annually, about 500,000 people of 

all ages are injured. It is estimated that about 

around 10,000 people suffer from a relevant 

injury to the spine. Approximately 70% of these 

relevant spinal injuries are located in the tho-

racic and lumbar spine. As high biomechanical 

loads occur due to the transition from the rigid 

thorax to the flexible lumbar spine a high per-

centage of fractures are located in the thoraco-

lumbar junction.

Most spinal fractures are compression frac-

tures involving exclusively the anterior col-

umn. Due to severe flexion or extension 

moments, anterior and/or posterior lesions of 

the tension band are possible. Finally, the com-

bination of translational, distraction and/or 

rotational forces might lead to complex frac-

ture dislocations.

Injuries to the spine can be easily and reliably 

classified using the AOSpine Injury Classification 

System (Fig. 29.1) [1]. Furthermore, the AOSpine 

Severity Score (AOSIS) might support the treat-

ing physician whether to treat a spinal fracture 

operatively or conservatively [2, 3].

This chapter will outline the specifics of diag-

nosing a traumatic thoracolumbar fracture, 

appropriate fracture classification using the 

AOSpine Injury Classification System and choos-

ing the appropriate treatment strategy by using 

the AOSpine Severity Score (AOSIS). At the end 

of this chapter the reader should be able to clas-

sify different spinal fractures according to the 

morphology, the neurological status and poten-

tially existing treatment modifiers.

The presented case was selected to show 

different fracture morphologies in a polytrau-

matized patient. This case will detail the algo-

rithm to analyze spinal fractures to select the 

proper classification and treatment for each 

fracture.

29.2  Case Description

A 45 years old female was injured during a sui-

cidal jump from the third floor of a building, due 

to a medical induced psychosis. After initial 

treatment and stabilization on scene she was 

transferred to a nearby local hospital. After X-ray 

diagnosis and detection of multiple spinal frac-

tures (Fig. 29.2), patient was transferred by heli-

copter to our hospital. Therefore she arrived 

approximately 2.5 h after the initial trauma at our 

Emergency Room.
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Fig. 29.1 Thoracolumbar AOSpine Injury Classification System and algorithm for morphologic classification
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Fig. 29.1 (continued)
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Primary survey showed an awake patient with a 

GCS of 13 without an A, B or C problem due to 

the ATLS screening. Neurological examination 

showed a severe “D” problem with paraparesis of 

the lower legs (motor function grad II) with dis-

turbed bilateral sensation. Sacral dermatoma 

including perianal area are spared and the patient 

showed an intact sphincter tonus. According to the 

ASIA Scale she was scored as ASIA C. Furthermore 

several bruises and cuts were detectable and 

patient complained about severe back pain and 

pain in her left wrist. The upper extremities showed 

no neurological abnormalities. Due to the severe 

pain patient was sedatetd and orally intubated after 

the primary survey to perform adequate diagnos-

tics. Thereafter patient was diagnosed with the 

standard polytrauma protocol including a “head to 

feet” computed tomography including 2D recon-

structions in coronal and sagittal plane (Fig. 29.3).

Each vertebra was screened according to the 

AOSpine algorithm for morphologic classifica-

tion. No injury was showing a translational or 

distractional fracture pattern. A posterior tension 

band injury (B-type) was evident in the level 

L1/2 (Fig. 29.4) and L3/4 (Fig. 29.5). There were 

no signs of anterior tension band rupture (B3) or 

pure osseous disruption. Therefore both fractures 

are classified as B2 fractures.

Excluding the already diagnosed B2 fractures, 

remaining fractures were screened for posterior 

wall involvement. Posterior wall was involved 

at the level L1 (Fig. 29.6) and Th7 (Fig. 29.7). 

Th7 and L1 fracture showed additionally involve-

ment of both endplates and were classified as A4 

fracture.

The fracture at the level Th4 (Fig. 29.8) showed 

no posterior wall involvement but a coronal split 

involving both endplates. Hence this fracture was 

classified as A2 fracture. The remaining fracture 

at the level L5 (Fig.  29.9) showed no vertebral 

body involvement but a fracture of the right trans-

verse process and the spinous process not affect-

ing the vertebral stability. This fracture finally 

was classified as A0 fracture.

Finally the following diagnoses were docu-

mented. Spinal fractures are listed in order from 

most severe to last severe. Injuries of the same sub-

type are ordered from cranially to caudally [1, 4]:

• SCI sub L1 with paraparesis (motor function 

grade II) and sacral sparing (ASIA –C)

• L1/2 AOSpine B2, L1 A4 fracture

• L3/4 AOSpine B2, L4 A4 fracture

• Th7 AOSpine A4 fracture (complete burst 

fracture)

• L1 AOSpine A4 fracture with lamina split

• Th4 AOSpine A2 fracture (coronal split fracture)

• L5 AOSpine A0 fracture (right proc. transver-

sus + proc. spinosus)

• Coccygeal fracture sub S4 (A1 according to 

the AOSpine sacral classification)

• left radius fracture (AO C3.3)

• bilateral lung contusion

• cuts at hands, knees and multiple bruises

a b c

Fig. 29.2 Native X-rays immediately after trauma detecting multiple traumatic thoracolumbar fractures (a) cervical 

X-ray (b) thoracic x-ray and (c) lumbar x-ray in a-p. and lateral plane
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To assess treatment indication, AOSIS was 

scored for the most severe fracture. B2 fractures 

are scored with 6 points and additional 4 points 

was given for the incomplete neurological defi-

cit (ASIA C). Hence the patient was finally 

scored with 10 points for the L1/2 and L3/4 

injury, constituting an indication for operative 

treatment according to AOSIS. The A4 fracture 

in Th7 was scored with 5 points indicating oper-

ative or conservative treatment. The A2 fracture 

Fig. 29.3 Sagittal and coronal reconstructions of the thoracolumbar trauma-scan. The trauma scan showed several 

spinal fractures involving the vertebrae Th4, Th7, L1, L2, L4, L5 and the os coccyges

a b c d e

Fig. 29.4 CT findings at the level L2 with tension band injury L1/2, complete anterior burst fracture with severe spinal 

canal encroachment and left posterior lamina split

a b c d e

Fig. 29.5 CT findings at the level L4 with tension band injury L3/4, complete anterior burst fracture with 50% spinal 

canal encroachment and right posterior lamina split
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a b c d e

Fig. 29.6 CT findings at the level Th7 without C- and B-type lesion but posterior wall and both endplates involved

a b c d e

Fig. 29.7 CT findings at the level L1 without C- and B-type lesion but posterior wall and both endplates involved due 

to a sagittal split of the vertebra and the left side of the lamina

a b c d e

Fig. 29.8 CT findings at the level Th4 without C-, B-type lesion and without posterior wall involvement. Fracture is 

running in the coronal plan involving both endplates

a b c d e

Fig. 29.9 CT findings at the level L5 without C- and B-type lesion and without lesion of the vertebral body. Red arrow 

demonstrating fracture of the right transverse process and spinous process

in Th4 was scored with 2 points indicating con-

servative treatment.

Patient was treated primary by posterior stabi-

lization Th11/12-L3-L5 and decompression 

(Fig. 29.10). Furthermore a posterior bisegmen-

tal fixation was performed, to stabilize the Th7 

fracture. One week later the treatment was com-

pleted by anterior fusion including corporectomy 

L1 + 2 and L4 followed by left sided retroperito-

neal vertebral body replacement using two 

expandable cages (Fig. 29.11).

Patient was treated 5 months in our paraplegic 

unit and improved with her neurological function. 

9 months after the primary operation she is able 

to walk for about 20 min with a little support by a 

companion person. She is back home, has resolved 

her psychological disorders and is moved with her 

family to a new apartment on the ground floor.
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Fig. 29.10 CT scan after posterior decompression and stabilization Th11/12-L3-L5

Fig. 29.11 Full spine standing X-ray 9 months after the primary injury revealing a coronal and sagittal balanced spine. 

CT scan is demonstrating advanced fusion with perfect implant positioning
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29.3  Discussion of the Case

A challenging case with multiple fractures was 

presented. With the presented case several impor-

tant steps from diagnosing until final treatment 

might be discussed.

29.3.1  Diagnosis

Plain X-ray images of the spine are an important 

screening tool to detect spinal injuries. However, 

in case of a polytrauma or if a spinal fracture is 

suspected after native radiological imaging, a 

computed tomography is the standard diagnostic 

tool. Accordingly to the given x-ray images of 

the presented case (Fig.  29.1) with inadequate 

information’s regarding posterior wall, tension 

band or facet joint involvement; it is impossible 

to establish a definitive treatment strategy. Based 

on the computed tomography images spinal frac-

tures might be classified accordingly to the 

AOSpine Injury Classification System with 

respect to: dislocation (C-type), insufficiency of 

the tension belt (B-type), anterior compression 

with or without posterior wall involvement 

(A-type). If a ligamentous injury (B-type) can-

not be safely ruled out prior conservative treat-

ment, or if there is a neurological deficit without 

correlation to the CT findings, an additional MRI 

diagnostics should be performed. The presented 

case demonstrated obvious a posterior tension 

band injury at two level in the lumbar spine. The 

traumatic bony stenosis of the spinal channel at 

L1/L2 explained the neurological deficit; hence 

a further MRI diagnosis was not necessary in the 

presented case.

29.3.2  AOSpine Injury Classification 
System

Similar to the Magerl classification, the severity 

of the injury increases in the same way as the 

degree of classification. The AOSpine Injury 

Classification System differentiates between 

three basic types of injury analogous to the 

Magerl classification. However, the classification 

is no longer based on the applied force vector, but 

on the degree of instability, regardless of whether 

this was caused by distraction or rotation 

injuries:

Main injury types:

Type A: Compression fractures

Typ B:  Tension Band injury: failure of the pos-

terior tension band (discoligamentous or osse-

ous) or failure of the anterior ligamentous or 

osseous tension band (hyperextension injuries 

of the anterior column without signs of trans-

lational instability)

Typ C:  Translational injuriy in any direction 

with posterior tension band failure and / or 

anterior column injury.

To obtain the correct classification radiologi-

cal images should be screened according to the 

algorithm for morphologic classification 

(Fig.  29.1) from c-type to a-type. For further 

details please have a look into the original 

 publication [1].

29.3.3  Indication for Operative or 
Conservative Treatment

The Thoracolumbar AOSpine Injury Score (TL 

AOSIS) was developed by the AOSpine 

Knowledge Forum Trauma and refined using a 

modified Delphi method and several online 

 surveys conducted within a global professional 

body (AOSpine) [5]. The TL AOSIS should 

enable the link between classification and treat-

ment recommendation. It should also allow fur-

ther differentiation of the severity (0–12 points) 

of a thoracolumbar spinal injury. For this pur-

pose, the individual classification proportions 

morphology, neurological damage and modifiers 

were assigned to scores reproduced in Table 29.1.

TL AOSIS suggests that patients with zero to 

three points (0–3) should be treated conserva-

tively, more than five points (>5) surgically, and 

four to five (4–5) points either conservatively or 

surgically. This deliberately chosen “blurring” 

should take into account regionally different 

therapeutic concepts, available resources, expe-

rience of the treating physician and additional 

patient- specific aspects not considered in the 
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classification, which may also play a decisive 

role in the choice of  therapy [6].

29.4  Conclusions and Take Home 
Message

Fracture classification is important to evalu-

ate stability. A correct classification using the 

AOSpine classification and the use of an appro-

priate scoring system (AOSIS) assists in the 

guidance of treatment.
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Classification Points

Type A-injury

  A0 0

  A1 1

  A2 2

  A3 3

  A4 5

Type B injury

  B1 5

  B2 6

  B3 7

Type C – injury

  C 8

Neurological damage

  N0 0

  N1 1

  N2 2

  N3 4

  N4 4

  Nx 3

Patient related modifiers

  M1 1

  M2 0

Pearls

 – Simple classification based on morpho-

logical criteria

 – Good inter- and intraobserver reliability

 – Classification includes patient neuro-

logical status and modifiers which may 

alter treatment decision

 – TL AOSIS is helpful to determine treat-

ment strategy

Editorial Comment

The editors strongly advocate the use of the 

AO Spine system to classify spinal injuries 

rationally and comparably. The conse-

quences may vary regionally within 

Europe, which is acknowledged by us. This 

case description illustrates very well the 

highly structured and efficient work up and 

treatment of severe injuries as they are 

standardized in large trauma centers in 

German speaking countries. Despite the 

editors’ personal preference for this 

approach, it needs to be stressed that no 

level 1 evidence exists for this type of man-

agement, which explains and also justifies 

the above mentioned regional differences.
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30.1  Introduction

This case will detail the following problems:

 1. Pre-hospital management of spinal injuries

 2. How to immobilize the spinal injured patient

 3. Prioritization of treatment in multiple injured 

patients.

30.2  Case Description

On a weekday afternoon, a 50 year-old male was 

found lying beside a motorcycle in a small city 

nearby. Upon the time of paramedics’ arrival, his 

eyes were open spontaneously, there was no ver-

bal response at all, but he showed extension 

movements on painful stimuli (Decerebrate 

response, GCS = 4 + 1 + 2 = 7). Frothy secret was 

coming out of his mouth. The breathing sounds 

were attenuated bilaterally. Due to an obvious 

airway problem, a likely breathing disorder and 

an obviously impaired consciousness, the 

 paramedic team placed two large-bore iv-lines 

and performed endotracheal intubation whilst 

manual c-spine immobilization.

He was ventilated with 100% oxygen. Using a 

log roll maneuver, he was put on a vacuum mat-

tress and a hard cervical collar was mounted 

under continuous manual c-spine stabilization.

Emergency department (ED) delivery was 

about 1 h and 15 min after the accident.

At the time of ED delivery, his vital signs 

were: heart rate 140/min, blood pressure 

99/75  mmHg, oxygen saturation 95%, respira-

tory rate 12/min (mandatory CPPV ventilation), 

body temperature 35.7 °C.

According to ATLS standard, a chest and pel-

vis X-ray were performed. This revealed a bilat-

eral hematothorax, which was decompressed by 

chest tubes immediately. Right after placing the 

chest tubes, 300 ml blood was drained. Further 

drainage was not observed and cardio-respiratory 

parameters improved.
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Fig. 30.1 Jefferson type atlas fracture with fragmentation of both lateral masses. It was classified as Gehweiler IIIB / 

IV; Dickman IIA

imaging signs of traumatic brain injury (TBI) or 

cerebral hypoxemia. The Jefferson type atlas 

injury was likely to cause a vertebral artery 

injury, so a CT angiogram was made subse-

quently, showing no injury of neither of the two 

vertebral arteries.

Another finding was a decent widening of the 

C4–5 disc space adjacent to the spontaneously 

fused cervical spine segments C5–7, which raised 

suspicion of a hyperextension injury (Fig. 30.2).

At this timepoint, there was no recent infor-

mation about the motor function of the extremi-

ties. An injury to the spinal cord was likely due to 

the thoracic spine fracture morphology.

To gain more information on spinal cord com-

pression/injury and on the assumed hyperexten-

sion injury at C4–5, an MRI of the cervical and 

thoracic spine was added immediately.

Due to the major trauma mechanism, a CT 

trauma scan was done.

The CT-scan showed an obvious unstable 

Jefferson burst fracture of the atlas with frag-

mentation of both lateral masses (Gehweiler 

IIIB/IV) and a flexion-distraction injury T5-T6 

with burst fracture of both vertebrae (AO Spine 

B2,NX).

A fracture of the sternal manubrium at the 

same level of the thoracic spine fracture indicated 

a severe instability, sometimes referred to as 

“floating thorax”. Despite the complete burst 

morphology of T5 and T6, the spinal canal was 

not compromised. By the time of CT diagnostics, 

the thoracic spine injury appeared to have the 

highest treatment priority (Fig. 30.1).

Beside the hematothorax, there was no further 

thoracic or abdominal injury. There were no 
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The MRI showed no definite signs of spinal 

cord injury at neither level, but some retropulsed 

posterior wall fragments in contact with the ante-

rior cord at the T5–6 level. The C4–5 disc was 

ruptured with some prevertebral hematoma and a 

hyperintense disc signal on T2-imaging, confirm-

ing a hyperextension injury adjacent to a biseg-

mental spontaneous fusion of C5–7 (AO Spine 

B3,M3,NX) (Fig. 30.3).

Despite a small effusion in the anterior atlanto- 

dental joint, there were no further signs of cranio- 

cervical instability, such as a lesion to the transverse 

atlantal ligament, to the tectorial membrane or wid-

ening of the occipito-atlantal joint space.

After having completed diagnostics with CT 

traumascan, CT angiogram and MRI about 

90  min after ED delivery, the injurity severity 

score (ISS) could be calculated and added up to 

an ISS of 29.

The final diagnoses were:

 1. Severe blunt chest injury with

 (a) multiple bilateral rib fractures

 (b) bilateral hematothorax

 (c) bilateral pulmonary contusion

 (d) sternal fracture

 2. Jefferson Fracture of the Atlas, Type 

Gehweiler IIIB/Dickman IIA

 3. Hyperextension injury C4–5, Type AOSpine 

B3, NX

 4. Flexion-Distraction injury T5–6, Type 

AOSpine B2, NX

Fig. 30.2 Sagittal CT-scan of the cervical spine. The 

subtle widening of the disc space compared to the adja-

cent segments and the spontaneous fusion below this 

raised suspicion for a disco-ligamentous injury of this 

segment. MRI was added
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30.3  Treatment

Initial treatment of the immediately life- 

threatening hematothorax was finished about 

10 min after ED delivery, then the next step was 

surgical stabilization and decompression of the 

most unstable and most dangerous spinal injuries 

as an urgent day-1-surgery.

*

Fig. 30.3 T2-weighted sagittal MRI of the cervical and 

thoracic spine. The disc space C4–5 showed a hyperin-

tense signal (asterisk) and a prevertebral fluid effusion 

was visible (arrowheads), both indicating a transdiscal 

injury in this segment. The spinal cord appears intact at all 

three injury sites, but at T6, moderate anterior as well as 

posterior compression might be present

So, anterior cervical discectomy and inter-

body fusion (ACDF) at the C4–5 level was 

performed first and then the patient was turned 

to perform posterior thoracic decompression 

and fusion T3–4 to T7–8. OR time was 70 min 

for ACDF and 2 h and 5 min for the posterior 

procedure. Blood loss was 50  cc and 700  cc, 

respectively. There were no complications dur-

ing the two procedures. Intraoperatively, the 

unstable rupture of the C4–5 disc could be con-

firmed. Day-1 surgical procedures were finished 

about 6.5 h after ED delivery and approximately 

8 h after trauma. The patient was kept ventilated 

and sedated for another 3 days, until respiratory 

circulatory and inflammatory parameters had 

improved slightly (Figs. 30.4 and 30.5).

The final surgical step – temporary posterior 

occipitocervical (C0-C3) stabilization for treat-

ment of the Jefferson type atlas fracture was per-

formed on the fourth day after trauma. In this 

procedure, OR time was 2 h and 10 min, blood 

loss was about 200 cc (Fig. 30.6).

After this last procedure, there were no further 

unstable lesions, which facilitated rotorest 

kinetic therapy.

Due to his severe thoracic trauma, respiratory 

weaning was prolonged significantly. Extubation 

was achieved 14 days after trauma and he could 

be transferred to regular ward on the 16th day 

after admission. Neurologic examination after 

extubation showed full motor and sensory func-

tion of all extremities.

He was able to walk without any aids and 

could be discharged to outpatient treatment 

approximately 4 weeks after trauma.

30.4  Discussion of the Case

This case demonstrates very well many aspects 

of trauma treatment in the prehospital and early 

clinical period.

In the prehospital trauma setting, it is impor-

tant to “read” the trauma scene and to get a 

feeling of the involved energy acting on the 

patient’s body. In this case, the emergency 

team had to assume a high speed bicycle acci-

dent, which has a high probability for any kind 
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Fig. 30.4 Intraoperative fluoro view after decompression and plate stabilization of C4–5

Fig. 30.5 Postoperative 

x-ray after thoracic 

stabilization T3–4 to 

T7–8 and decompression 

T5–6

of severe injury, especially spinal injuries. 

Patients with multiple injuries (ISS >16) have 

a probability of 30–36% for a severe spinal 

injury [1, 2].

The first step in this case is to ensure a proper 

airway without putting any further movement to 

the cervical spine. Manual immobilization is the 

safest way to protect the c-spine while airway 
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management. A cervical collar alone is not able 

to sufficiently protect the cervical spine against 

dangerous movements (Fig. 30.7) [3, 4].

After completion of the primary survey, trans-

port priority has to be set. In critically injured 

patients, with severe, life-threatening injuries, a 

whole body immobilization might be skipped to 

accelerate transfer to definitive surgical care. In 

our case, these instability criteria were met 

(impaired consciousness, attenuated breathing 

sounds), so the indication for a whole body 

immobilization could be discussed.

For any other patients with trauma mecha-

nisms susceptible to spinal injuries, whole spine 

immobilization is recommended. For immobili-

zation of the whole spine, there are basically two 

methods established: after having stabilized the 

cervical spine with a hard cervical collar, the 

patient is either placed and strapped onto a spine 

board or molded into a vacuum mattress [5]. The 

authors prefer the vacuum mattress, because this 

method can better adopt to specific needs in the 

individual patient, such as severe hyperkyphosis 

in Bechterev’s disease or lifting the upper body in 

traumatic brain injury.

When placing the patient onto a flat surface 

one must also consider the relationship between 

the occiput and the thorax: adult patients, espe-

cially with thoracic hyperkyphosis might need a 

pillow beneath the head to prevent hyperexten-

sion of the cervical spine, whereas children have 

an occiput greater than the thorax, so the thorax 

should be put on some blankets or pillows to pre-

vent hyperflexion of the spine (Fig. 30.8).

Since hard collars alone will not sufficiently 

stabilize the c-spine during transport, it is manda-

tory to fix the head additionally: either with so 

called head blocks or by molding the vacuum 

mattress tightly around the head [6]. The head 

fixation to be placed AFTER strapping the rest of 

the patient’s body to the spine board/vacuum 

mattress, otherwise inadvertent displacement of 

the body against the fixed head might lead to fatal 

damage of the cervical spine (Fig. 30.9).

During transportation in a critically injured 

patient, oxygenation and blood pressure 

Fig. 30.6 Postoperative x-ray after final occipito- cervical 

stabilization

Fig. 30.7 Manual inline stabilization of the head and cer-

vical spine after mounting a hard cervical collar. Cervical 

collars alone do not provide sufficient stability and should 

always be combined with other measures
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 management are the major issues, especially in 

spinal trauma. The spinal cord is very sensitive to 

hypoxia, so oxygen saturation should be kept 

over 95% and the mean arterial blood pressure 

should be kept above 85–90 mmHg [7].

In our case, early inhospital treatment fol-

lowed strictly the ATLS-protocol, with initially 

solving the breathing disorder (Type “B” prob-

lem) by decompression of the thorax. After 

exclusion of any further thoracic, abdominal and 

Fig. 30.8 Note the 

different relationship 

between the occiput and 

the rest of the body in 

children and adults. For 

a proper spinal 

immobilization in 

children, putting the 

body on some extra 

blankets is 

recommended

Fig. 30.9 For transportation, additional head fixation is 

mandatory. It can be easily solved by molding the vacuum 

matress around the head

pelvic lesions, which might have led to a circula-

tory disorder (Type “C” problem), the spinal 

injuries with potential spinal cord injury (Type 

“D” problem) had the highest priority [8].

A high dose steroid regime to protect the spinal 

cord was abandoned due to the concomitant pul-

monary injuries and an unclear neurological status. 

The neuroprotective effect of high-dose steroids is 

questioned, while pulmonary and gastro- intestinal 

complications have been reported. So recent guide-

lines recommend this as an optional treatment 

 regimen only in an isolated spinal cord injury, not 

in the multiple trauma setting [4].

Early surgical decompression and stabiliza-

tion of spinal injuries within <72 h has shown to 

improve patient outcome in terms of hospital 

stay, ICU-stay, ventilator hours and sepsis rate. 

Especially thoracic spine fractures in combina-

tion with a severe thoracic injury will benefit 

from early surgical treatment [1].

The effect of early decompression on neuro-

logic outcome is still under discussion, but data 

supporting a positive effect are   increasing [9].

In this special case, it was necessary to priori-

tize three different spinal injuries (upper cervical, 

lower cervical and thoracic spine), which is not 

uncommon in polytrauma patients [10].

Our decision to start with the lower c-spine 

lesion was driven by several factors:

 1. The anterior procedure could be performed 

without turning the patient, so further manipu-

lation of the whole spine was minimized, 
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whereas treatment of the thoracic spine first 

would have necessitated a prone position with 

a high risk of cervical dislocation.

 2. An impending C4–5 spinal cord injury will 

impair the patients functional ability much 

more than a possible T5–6 lesion.

 3. The anterior procedure is usually a quick pro-

cedure with little blood loss, so the risk of 

general decompensation before fixing the 

other injuries is minimized.

The decision to fix the upper c-spine lesion as 

the last step was driven by the fact, that Jefferson/

Gehweiler III Type lesions are usually quite 

benign in terms of acute neurologic damage. The 

instability symptoms associated with these inju-

ries usually develop at a later timepoint, due to 

chronic instability and joint incongruence. 

Additionally, the procedure is sometimes techni-

cally demanding and might be associated with a 

significant amount of blood loss, so it is recom-

mended to be performed at a later timepoint, 

when the most critical period is over.

Usually, in typical Gehweiler Type III frac-

tures, a C1–2 stabilization or even a C1-ring 

osteosynthesis is sufficient and will save as much 

motion as possible for the patient’s head move-

ment. In this case, the lateral masses of C1 were 

involved into the fracture (Gehweiler Type IV 

component), which put some doubts on screw 

purchase in the C1- lateral masses. Although sig-

nificantly reducing the patient’s flexion- extension 

ability, temporary occipito-cervical stabilization 

was favored therefore. Implant removal after 

bony consolidation of the fracture is planned.

The ACDF procedure in lower cervical spine 

fractures is an established method with a low 

approach-related morbidity, good decompression 

options and high stabilization performance with 

modern angle stable implants. Especially in the 

hyperextension (Type B3) injuries, restoration of 

the anterior tension band is the most important step 

from a biomechanical point of view – and this is 

best achieved by placing a plate in front of the spine.

Posterior long-segment stabilization with ped-

icle screws and decompression via laminectomy 

is also an established method for treatment of 

unstable thoracic burst fractures. An additive 

anterior column support could be discussed, but 

in the thoracic spine the lesion is usually sub-

jected to bending moments rather than axial com-

pression like in the thoraco-lumbar junction [11]. 

Furthermore, the anterior surgical approach in 

T5–T6 is challenging, while adding more fixa-

tion points in the rigid thoracic spine will not 

cause a significant loss of motion.

30.5  Conclusions and Take Home 
Message

The incidence of spinal injuries in multiple 

injured patients is high, so a spinal injury should 

be assumed in every major trauma until the oppo-

site is proven.

Prehospital treatment basically consists in the 

sensible application of spinal immobilization and 

providing a sufficient perfusion to the potentially 

injured spinal cord.

During inhospital polytrauma management, 

spinal injury treatment has a lower priority than 

Airway management (“A”), breathing disorders 

(“B”) or circulatory disorders (“C”), but even 

then, fixing spinal injuries will support the treat-

ment of these injuries also.

This justifies surgical treatment of unstable 

spinal fractures as emergency procedures, so 

called “day-1-surgeries”.

When priorizing different spinal injuries, one 

must balance the ongoing risk for further spinal 

cord injury against the “second hit” effect of the 

surgical trauma.

Pearls

• Every major trauma MUST rise suspi-

cion for a spinal injury

• If a spinal injury is suspected, spinal 

immobilization is mandatory until the 

spine is cleared definitely

• Whole body spinal immobilization can 

only be skipped in critical, life- 

threatening injuries, which require 

immediate surgical intervention
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Pitfalls

• To overlook subtle signs for significant 

injury. Being distracted by the most 

severe injury or skipping important 

diagnostic measures in order to save 

time might drive you into catastrophy

• To rely on solitary cervical collar for 

spinal stabilization

• To fix a hyperkyphotic patient onto a flat 

spineboard might worsen or even create 

a spinal injury.

Editorial Comment

This chapter illustrates and underscores the 

most important principle for pre-hospital and 

early in-house care following trauma with 

suspected injury to the spine: Know your pre-

defined, structured modus operandi and never 

deviate from it!

• In the multiple trauma setting, the most 

important and most difficult issues are

 – to keep the overview,

 – to prioritize properly

 – to stay sensitive to subtle details, 

which may have fatal consequences 

and

 – to react flexible on unexpected 

findings
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Spinal Cord Injury

Sandro M. Krieg

31.1  Introduction

Traumatic spinal cord injury (SCI) usually results 

in impairment of sensory, motor, or autonomic 

functions. Incidence and main origin of SCI can 

be country-specific and varies to some extend 

(Figs. 31.1 and 31.2) [16].

The prevalence of SCI was reported to be 

globally between 236 and 1009 per million which 

yet remains quite difficult to obtain [16].

The acute and chronic management of SCI 

patients needs considerable interdisciplinary 

resources. Besides the psychological and physi-

cal burden of these patients, the economic burden 

of SCI is high, considering an estimated lifetime 

cost of $3.03 million per patient [16]. These cost 

culminate due to the acute care, long-term phys-

iotherapy but also due to the high rate of acute 

and long-term complications, such as pressure 

ulcers, bladder dysfunction and infection, bowel 

dysfunction, wound infections, instrumentation 

failure, respiratory problems, and chronic pain. 

Physicians being involved in the treatment of 

SCI, knowledge of current and emerging thera-

peutic approaches is crucial to provide optimal 

treatment and long-term outcomes for these 

 complex patient cohorts.

This chapter will therefore outline the specif-

ics of traumatic SCI, its typical clinical course, 

mandatory preoperative imaging, surgical 

approaches and medical management. Moreover, 

the rationale and evidence for the steps is dis-

cussed. At the end of this chapter the reader 

should be aware of the problems and pitfalls we 

face when treating SCI patients. The aim of the 

presented case is therefore to emphasize these 

various aspects in the diagnosis and treatment of 

this disease. Such specifics are:

 – Acute phase treatment

 – Surgical indication

 – Medical management

 – Avoidance of typical complications

31.2  Case Description

A 51 y/o female patient returned home drunken 

with bruises at the head and arm and went to bed. 

The next morning she did not wake up properly 

and her husband called the paramedics. Upon 

arrival in the emergency department neurological 

examination showed some upper extremity 

movement but paraplegia from C7 downwards 

with absent anal sphincter tone and no bladder 

control; reflexes and sensitivity absent. Thus, SCI 

was graded according to the American Spinal 
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Fig. 31.1 Incidence map worldwide. (Figure  2 from Singh et  al. 2014: Relative annual incidences of SCI 
worldwide [16])
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Fig. 31.2 Causes of SCI worldwide. (Figure 6 from Singh et al. 2014: Causes of SCI severely vary worldwide from 
motor vehicle accident (MVA) to falls, sports, violence, non-MVA accidents, work-related, or suicide [16])
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Injury Association (ASIA) Impairment Scale 

(AIS) to ASIA grade A. CT scan showed bilateral 

facet joint luxation at C6/7 with translation; oth-

erwise no further injuries (Fig.  31.3). An MRI 

scan was performed in order to rule out further 

discoligamentous injury in other levels 

(Fig. 31.4).

The patient was immediately taken to the OR 

and dorsoventral instrumentation was performed 

at C6/7 including repositioning, anterior decom-

pression, anterior cage and plating plus dorsal 

lateral mass screws in C6/7 (Fig. 31.5).

The patient was postoperatively taken to the 

ICU where she stayed for 4  days. She did not 

develop respiratory problems and was discharged 

to rehabilitation at the seventh postoperative day. 

Neurological examination at discharge was 

improved to ASI C from C7 downward, no blad-

der or anal sphincter control).

31.3  Discussion of the Case

31.3.1  Initial Management

While the initial trauma causes the initial irre-

versible injury, the remaining spinal cord tissue 

requires optimal care in order to minimize sec-

ondary injury mechanisms. Thus, these patients 

should be directly transferred to tertiary care cen-

ters being able to take care of the spinal injury, 

further traumatic injuries, such as hip fractures, 

vascular injuries or traumatic brain injury, but 

also the further management of spinal shock and 

in-hospital complications.

First Responders need to quickly and properly 

assess and manage trauma patients on scene. 

After advanced trauma life support (ATLS) pro-

tocols’ primary points like airway, breathing, and 

circulation, a full assessment of injuries includ-

ing neurological functions is crucial. Worth not-

ing, periods of hypotension <90 mmHg correlate 

withworse neurological outcome in SCI [11, 19]. 

Respiratory problems especially occur in patients 

with high cervical (C0–5) SCI thus requiring 

immediate ventilation. Up to 50% of patients 

with even incomplete SCI require tracheostomy 

during the in-hospital stay; a number which is 

even higher for high cervical SCI [20].

In the emergency room it can be difficult to 

stabilize critical patients whilst evaluating mul-

tiple systems for further injury. Especially in 

polytraumatized SCI patients neurogenic 

(requires vasopressors) and hypovolemic 

(requires crystalloid fluid or blood products) 

shock can be present. Early whole body CT scan 

can provide a quick assessment of all critical 

injuries. To get a quick and good clinical picture 

Fig. 31.3 CT scan in the emergency room. The CT scan shows a bilateral facet joint luxation at C6/7 with translation 
in the sagittal midline (a), sagittal facet joint plane (b), and axial slice (c)
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of the patient in this situation, the trauma team 

should include a spine surgeon for early evalua-

tion of neurological function. Yet, the neurologi-

cal examination is mostly reduced to achieve a 

quick general picture of motor, sensory, and 

autonomous functions without delaying other 

procedures including CT scan. However, it 

should include all relevant factors allowing ASI 

grading once the patient is stabilized [14]. In 

this situation please differentiate between neu-

rogenic shock (life-threatening loss of sympa-

thetic tone causing declined peripheral 

resistance) and spinal shock (flaccid paralysis 

from the injured level downwards), which is 

usually related to ASI A or B SCI [5]. A rectal 

examination provides information of the auton-

omous system and the sacral roots and evaluates 

tone, sensation and contraction.

In the case presented at the beginning of this 

chapter, initial management when the patient 

didn’t wake up properly; most likely due to neu-

rogenic shock and hypotension. An early trauma 

CT scan showed no concomitant fractures, which 

needed to be ruled out considering the unknown 

injury mechanism and potentially undetected 

high blood loss.

Fig. 31.5 Postoperative CT scan. The CT scan shows the 
dorsoventral instrumentation and realignment via anterior 
cage and plating plus dorsal lateral mass screws in C6/7 in 

the sagittal midline (a), sagittal facet joint (b), coronal (c), 
and axial plane (d)

Fig. 31.4 Preoperative MRI.  This sagital preoperative 
MRI scan shows a monoesegmental injury including 
severe myelomalacia with no further discoligamentous 
injury in other levels
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31.3.2  Indication for Surgery

As outlined above, there are many factors affecting 

the initial concept of timing and order of polytrau-

matized patients with SCI. Both, the Thoracolumbar 

Injury Classification and Severity Score (TLICS) 

and the Subaxial Cervical Spine Injury Classification 

and Severity Score (SLIC) are broadly used for such 

decision-making guidance [6, 18]. For both, the 

integrity of the posterior ligamentous or discoliga-

mentous complex, injury morphology, and the neu-

rological status are the major factors (please see 

Chaps. 30 and 34 for details). Concerning our 

patient, the SLIC score was 9 and therefore indicat-

ing surgery. However, in terms of present SCI, the 

score is very easy to interpret: any SCI plus spinal 

canal involvement means surgical treatment.

31.3.3  Timing of Surgery

There is still some debate concerning the tim-

ing of surgery. Length of overall hospital and 

ICU stay and medical complications are lower 

with early surgery (defined as within the first 

24  h after injury), especially in polytrauma-

tized patients [4]. Concerning neurological 

outcome after SCI, early vs. delayed decom-

pression trials showed inconsistent results. 

However, today, most studies and authors will 

agree that early decompression shows superior 

neurological outcome with an average AIS 

improvement of 2 within the first 6 months [9, 

13]. Yet, proper resuscitation of patients prior 

to surgery is required [7, 10, 20]. We also need 

to be aware that the currently published evi-

dence on surgical decompression within the 

first 24 h does not mean any cut-off time point 

for our daily practice rather than a statistical 

flaw. It is the result from grouping patients 

<24 h and >24 h for statistical analysis in order 

to obtain proper group sizes and not based on 

pathophysiology. In the contrary: when consid-

ering the pathophysiology of SCI, any spinal 

cord compression not only means direct dis-

ruption of fibers, it also means pressure onto 

the spinal cord tissue resulting in reduced per-

fusion and oxygen supply causing further cell 

death namely the so- called secondary injury 

[20]. Currently further evidence in the frame of 

randomized controlled trials is lacking but the 

gut feeling, clinical experience, and patho-

physiology tell us that decompression needs to 

be done as early as safely possible. Since the 

patient in our illustrative case was then fully 

stable in terms of respiration and circulation, 

immediate instrumentation and fusion was per-

formed resulting in early recovery of two ASI 

grades within 7 days.

31.3.4  Required Imaging

SCI is a clinical diagnosis. However, we rely on 

imaging in order to localize the injury correctly 

and to reveal accompanying vascular injuries as 

well as non-symptomatic other spinal injuries. 

For SCI CT is the imaging of choice due to its 

quick and broad availability, its accuracy in 

detection and the ability to easily examine also 

ventilated patients. Depending on the mechanism 

of injury, CT angiography is recommended in 

most cases due to traumatic dissection of the 

carotid, vertebral or even aortic artery [3]. The 

use of MRI in the acute trauma patient is limited 

to awake patients with severe pain or to awake or 

ventilated patients with a neurological deficit, 

which cannot be properly explained by the CT 

scan. Moreover, guidelines recommend MRI in 

the first 48 h after trauma in elderly patients to 

exclude potential cervical injury [19]. In terms of 

estimating prognosis of spinal cord injury, how-

ever, there has been an increase in articles dem-

onstrating that MRI is able to quantify the spinal 

cord integrity by diffusion tensor imaging and 

functional MRI [17]. Coming back to our SCI 

patient, clinical symptoms and CT imaging 

showed consistent results. Yet, due to the sus-

pected further discoligamentous injury to other 

parts of the cervical spine, an immediate MRI 

scan was performed to properly guide the surgi-

cal approach. Very early decompression was still 

possible and further intraspinal hematoma could 

be ruled out that way. After surgery, early recov-

ery of the lower extremity pareses indicated 

potential spinal cord recovery.
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31.3.5  Surgery

Besides decompression of the spinal cord in case 

of spinal cord compression on the imaging, the 

optimal method of spinal stabilization depends on 

the morphology of ligamentous and bony injury 

including injury mechanism and neurological sta-

tus. In general, incomplete SCI is usually treated 

more aggressively than complete SCI by most 

surgeons since it shows that the primary injury did 

not destroy the whole spinal cord function ini-

tially thus further (so-called secondary) injury can 

occur and needs to be avoided. Spinal shock may 

make this differentiation more difficult in clinical 

reality. The particular approaches are described in 

Chaps. 33, 34, 35, 36, 37, 38, 39, 40, and 41.

31.3.6  Postoperative Management 
of SCI

Along with the objective for surgical decompres-

sion, the primary therapeutic goal of SCI manage-

ment is the reduction of the secondary injury. This 

secondary injury includes mechanisms starting 

instantaneously but lasting for several weeks, such 

as breakdown of the blood–brain barrier, inflam-

matory cytokines, sodium- and calcium- mediated 

cell injury, glutamate-related excitotoxicity, vaso-

spasm, ischemia and apoptosis [14]. On a macro-

scopic level, this secondary injury can be worsened 

due to spinal instability, systemic hypoxia, sys-

temic hypotension, or low supply of glucose. Due 

to these secondary mechanisms, the initial primary 

injury expands as secondary injury in size, which 

causes worse neurological outcome.

Consequently, besides the management of con-

comitant injuries, monitoring and optimizing 

respiratory, cardiac, and circulatory parameters is 

crucial in order to reduce mortality and improve 

neurological and medical outcome [15]. Thus, a 

mean arterial pressure (MAP) >85  mmHg for 

7  days after injury is recommended [15]. Along 

with those measures further neuroprotective strate-

gies have been investigated extensively in the past:

Systemic or local hypothermia is used by many 

centers since ages. Clinical evidence is however 

sparse and only demonstrated in animal studies and 

one retrospective case–control study with a trend 

towards better functional recovery after hypother-

mia (43% vs. 21%) [14]. One prospective nonran-

domized study is still ongoing (NCT01739010).

Methylprednisolone inhibits inflammation and 

membrane lipid peroxidation and is therefore seen 

as a treatment option for SCI.  While current 

AANS/CNS guidelines do not recommend its use, 

the latest Cochrane review recommended 

Methylprednisolone as a treatment option [2, 19]. 

It includes 8 randomized controlled trials with 

very different results ending in showing no neuro-

logical benefit. A short application 8 h after SCI 

for 24 h showed significant motor improvement. 

Yet, wound infection and gastrointestinal bleeding 

doubled while it lead to lower mortality. Therefore 

while the Cochrane review’s concludes with the 

effectiveness of Methylprednisolone, the AANS/

CNS guidelines do not recommend it also empha-

sizing the lacking FDA approval for this indica-

tion. Additional data from the STASCIS trial 

shows us, nonetheless, reduced complications by 

44% in SCI patients receiving Methylprednisolone 

[9]. In contrast to the general idea of the above-

mentioned measures, including surgical decom-

pression, to reduce secondary injury, regenerative 

approaches aim on inducing spinal repair mecha-

nisms. They are mostly experimental and outlined 

in several high quality articles [1, 14].

The SCI patient outlined at the beginning of 

this chapter was monitored on the ICU where she 

never showed any impairment of respiration or 

circulation due to the injury below C4. She was 

then transferred to an intermediate care unit of 

our department until discharge due to the higher 

staff requirements to care SCI patients. A perma-

nent catheter was kept until she was transfered to 

the rehabilitation unit.

31.3.7  Bowel and Bladder Function

As part of SCI bowel and bladder function can be 

impaired in a transient or permanent manner. 

This can cause serious sequelae, such as urinary 

tract infection or even renal damage. One year 

after SCI, 33% of patients were admitted to a 

hospital because of bladder issues [20]. Thus, 

today, instead of using the Valsalva maneuver 

intermittent self-catheterization is recommended. 

In terms of bowel function 3 different patterns of 

bowel dysfunction were defined [12]:
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• Pattern A (SCI above T-7): no control of 

abdominal muscles; spinal sacral reflexes 

present

• Pattern B (SCI below T-7): with control of 

abdominal muscles; sacral reflexes present

• Pattern C (SCI below T-7): with control of 

abdominal muscles; no sacral reflexes

Chronic treatment is done via timed eating 

and rectal stimulation if required. Prokinetic 

medication can be used. For patients suffering 

recurrent problems with bowel function, colos-

tomy is an option.

31.3.8  Accordance with the  
Literature Guidelines

As discussed above, there are several guidelines 

available, which are in part contradictory [8, 19, 

20]. Though, for most steps of treatment includ-

ing indication of surgery there is a consensus of 

the majority of peers. This is also true for the 

treatment algorithm through which our illustra-

tive patient went.

In some cases crucial steps of treatment will 

still depend on the decision of the individual sur-

geon (Table 31.1).

Table 31.1 Evidence of guideline

Topic
Level of AANS/CNS 
recommendation Guideline/recommendation

Hypotension Level III Correction of hypotension to systolic blood pressure >90 mmHg as 
soon as possible

Level III Maintenance of mean arterial blood pressure between 85 and 
90 mmHg for 7 days

Hypoxia None Hypoxia (PaO2 <60 mmHg or O2 saturation <90%) should be 
avoided [3]

ICU monitoring Level III SCI patients should be managed in an ICU setting with cardiac, 
hemodynamic, and respiratory monitoring to detect cardiovascular 
dysfunction and respiratory insufficiency

Immobilization Level II Patients with SCI or suspected SCI (except in penetrating injury) 
should be immobilized

Level III Spinal immobilization should be performed with rigid cervical collar 
and supportive blocks on a backboard with straps

Specialized centers Level III SCI patients should be transferred expediently to specialized centers 
of SCI care

Examination Level II The ASIA ISNCSCI examination should be performed and 
documented

Imaging Level I No cervical imaging is required in awake trauma patients that have 
no neck pain/tendemess, normal neurological examination, normal 
range of motion, and no distracting injuries

Level I CT is recommended in favor of cervical X-rays

Level I CT angiography is recommended in patients who meet the modified 
Denver screening criteria [4]

Neuroprotection Level I Methylprednisolone is not recommendeda

Spinal cord 
decompression

None Surgical decompression prior to 24 h after SCI can be performed 
safely and is associated with improved neurological outcome [5**]

Level III Early closed reduction of fracture/dislocation in awake patients 
without a rostral injury is recommended, and pre-reduction MRI 
does not appear to influence outcome

This table (Table 1 from Martin et al. [14]) shows the current best practice guidelines and their level of evidence as a 
small collection of relevant data from the 2013 AANS/CNS guidelines [14, 19]
Current best practices for the diagnosis and management of SCI. Listed are several key recommendations, many of 
which are from the 2013 updated guidelines from the Joint Section on Disorders of the Spine and Peripheral Nerves of 
the American Association of Neurological Surgeons and the Congress of Neurological Surgeons [2**]
aMartin et al. do not agree with this guideline
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Level of Evidence: A

The level of evidence available to date is consid-

erably good for most aspects of treatment.

31.4  Conclusions and Take Home 
Message

Today we have considerably fair scientific evi-

dence for the best practice in the acute manage-

ment of SCI.  While some issues under debate 

might be solved by larger and clear randomized 

controlled trials, we will also see some new treat-

ments which will be established in the next one 

or two decades; like pharmaceuticals disrupting 

mechanisms underlying secondary injury, cellu-

lar therapies, hypothermia, and biomaterials.
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Upper Cervical Spine Trauma

Yu-Mi Ryang

32.1  Introduction

32.1.1  Objective 1: OC Luxation 
(Difficulties in Assessment 
and Treatment, Prognosis)

Atlantooccipital dislocation (AOD) or occipitoat-

lantal dislocation (OAD) is a rare but serious 

injury of the upper c-spine caused by a traumatic 

ligamentous disruption of the craniocervical 

junction. This injury usually occurs after high- 

energy/-velocity accidents and is associated with 

a high morbidity and a mortality rate of 20–30% 

amongst all traumatic c-spine injuries. It can be 

easily overlooked but needs to be considered 

especially after high-impact trauma and in field 

resuscitation. Once deemed fatal (in earlier days 

only 1/3 of patients reached the hospital alive), 

better emergency management and the wide-

spread availability of CTs led to better on site 

survival and more frequent recognition and more 

timely diagnosis of this injury improving mortal-

ity rates and neurological outcome. This has in 

consequence led to an increasing incidence of 

this injury [1].

This chapter will show a case of AOD with a 

typical trauma mechanism and typical clinical 

signs and symptoms. Aim of this case is to raise 

the sensitivity for this rare traumatic injury. 

Recognition of AOD requires experience and the 

awareness of the existence of this often times 

overlooked serious injury.

This case will detail the following problems 

such as:

 – recognition of this rare and potentially fatal 

injury

 – choice of imaging

 – management of this injury

At the end of this chapter the reader should be 

aware of the problems and pitfalls in recognition 

and treatment of AOD.

These injuries are classified according to 

Harris into three types:

Type I: Anterior dislocation of the occiput

Type II: Posterior dislocation of the occiput

Type III: Axial dislocation of the occiput

32.1.1.1  Case Description

A 53 y/o male construction worker fell headway 

from a scaffold of 3 m height. He was awake ini-

tially with no neurological deficit and referred to 

a tertiary peripheral hospital. There he soon 

developed respiratory insufficiency and a bilat-

eral N.  VI palsy. He was intubated on site and 

transferred to the ER of a level I trauma center.

On presentation in the ER the patient was 

intubated, sedated and ventilated. Pupils were 
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miotic and reactive to light. The cranial CT 

showed no signs of trauma, except for a trau-

matic subarachnoid hemorrhage in the cranio-

cervical junction (Fig.  32.1). Sagittal 

reconstructions of the CT-angiogram revealed 

extension of the tSAH around the spinal cord of 

the entire c-spine (Fig.  32.2). Trauma mecha-

nism and neurological deterioration of the 

patient with respiratory insufficiency and bilat-

eral N. VI palsy raised the suspicion of an injury 

of the occipitocervical junction. On closer 

inspection of the CT-scan revealed the AOD 

(Fig.  32.3). MRI was performed immediately 

confirming AOD (Fig. 32.4).

The patient received surgery with posterior 

occipitocervical fixation from the occiput with an 

occiput plate to C2–3 with C2 isthmic and C3 lat-

eral mass screws the same day (postop CT-scan 

Fig. 32.5).

After surgery the patient was weaned from 

the ventilator and could be extubated within 

the next days. He had no new neurological 

deficit. The N. VI palsy was remitting over the 

next few weeks. Two weeks after admission 

the patient experienced a sudden onset of 

severe dyspnea and cardiac arrest needing 

CPR and emergency intubation. Pulmonary 

CT showed a fulminant pulmonary embolism 

leading to the subsequent death of the patient 

(Fig. 32.6).

32.1.1.2  Discussion of the Case

Clinical and Radiological Assessment

The greatest difficulty in AOD is the timely rec-

ognition and treatment of this traumatic c-spine 

injury. This is necessary, because it is a purely 

ligamentous lesion with subtotal or total rupture 

of the occipitocervical ligaments which is highly 

unstable and therefore life-threatening. Clinical 

assessment of these patients usually is difficult or 

impossible since the majority lose consciousness, 

are cardiopulmonary unstable and need intuba-

tion at the trauma site. In field resuscitation or a 

comatous patient are therefore highly suggestive 

for AOD, especially after high impact trauma and 

a patient of younger age. Visible signs of hyper-

flexion or -extension injuries such as lacerations 

of the back of the head or forehead are more signs 

suggesting AOD.

When suspecting AOD it is imperative to avoid 

any unnecessary movement of the patient, espe-

cially any extension manoeuvre that can cause neu-

rological deterioration in up to 10%. We recommend 

performing early CT and MRI of the cranium and 

the c-spine with CTA and / or MRA especially of 

the carotid arteries to rule out dissections.

Indication

Since AOD must be considered a highly unstable 

ligamentous injury, early fixation is necessary.

Fig. 32.1 Harris classification [2]
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Fig. 32.2 Cranial CT scan showing traumatic subarachnoid hemorrhage in the craniocervical junction as an indirect 

sign of AOD

Fig. 32.3 CTA showing 

traumatic subarachnoid 

hemorrhage in the 

craniocervical junction 

and the c-spine

Fig. 32.4 Sagittal and coronal CT scans of the c-spine showing an abnormal distance between the occipital condyles 

and C1

Choice of Treatment

These injuries need to be fixed immediately. 

Treatment with internal fixation and fusion is 

recommended.

Accordance with the Literature Guidelines

Our treatment is accordance with the treatment 

guidelines of the Joint Section on Disorders of 

the Spine and Peripheral Nerves of the American 

32 Upper Cervical Spine Trauma
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Fig. 32.5 Craniocervical sagittal and coronal STIR-weighted MRI showing hyperintensities between clivus and the 

apex of the dens and in the gaping occipitocervical joint space

Association of Neurological Surgeons and the 

Congress of Neurological Surgeons.

How Strong is the Level of Evidence 

Available to Date

Current recommendations in adults are based on 

level III evidence with regard to diagnostics and 

treatment.

For pediatric patients there is a level I recom-

mendation for CT imaging to determine the 

condyle-C1-interval.

32.1.2  Objective 2: C2 Fracture 
(Treatment Options Surgical/
Problems with Halo)

C2 injuries comprise of fractures of the odontoid, 

traumatic spondylolisthesis and atypical axis 

fractures.

In this chapter we will discuss a case of a trau-

matic odontoid fracture (tOF) since these are the 

most frequent injuries of the c-spine (10–15%). 

The frequency of tOFs increases with age.

 Y.-M. Ryang
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Pearls and Pitfalls

• Early and timely recognition and sur-

gery are crucial for this potentially fatal 

injury.

• Look out for indirect signs of AOD such 

as:

 – Trauma mechanism (hyperextension/

flexion injury)

 – High energy trauma

 – Patient age (ligamentous injuries pre-

dominant in younger patients)

 – tSAH in the craniocervical junction 

on CT as an indirect sign of ligamen-

tous disruption of the craniocervical 

junction

 – In field resuscitation as an indirect 

sign of a high-energy trauma and 

traumatic lesion of the craniocervical 

junction with affection of the 

brainstem.

• Not only look for osseous lesions, but 

also look for ligamentous lesions, which 

are hard to detect on CT or x-ray.

• Always check alignment, i.e. check for 

pathological condyle-C1-interval (CCI), 

atlanto-dental interval (ADI)

• Traction is not recommended in AOD. 

Be careful with cervical orthosis or any 

other cervical immobilization device. 

They might exert traction leading to 

neurological deterioration with a poten-

tially fatal outcome.

They are classified into three types according 

to Anderson and D’Alonzo [3]:

Type I: Fracture through the tip; unstable

Type II: Fracture through the base of neck; 

usually unstable

Type IIA: Comminuted type II fracture; usu-

ally unstable

Type III: Fracture through body of C2; usu-

ally stable

or according to Grauer (Fig. 32.7):

Type I: Fracture through odontoid tip

Type IIA: Transverse fracture line through 

base of neck, non-displaced

Type IIB: Anterior-superior to posterior- 

inferior fracture line or displaced 

type II fracture

Type IIC: Anterior-inferior to posterior- 

superior fracture line or commi-

nuted type II fracture

Type III: Fracture including at least one of 

the superior articular C2 facets

Type I fractures with avulsion of the alar liga-

ments are very rare. Type II fractures are the most 

frequent tOF.

In younger patients the trauma mechanism 

usually is a high impact/velocity trauma after a 

fall from great height or after a motor vehicle 

accident. In contrast the trauma mechanism in 

elderly patients usually is a low energy trauma, 

such as a simple fall in a domestic environment.

Therefore the fatality at the time of accident in 

younger patients is reported to range between 

25% and 40%, whereas there is basically no 

reported mortality in elderly patients. Eighty per-

cent of patients with type II fractures are neuro-

logically intact, 10% have a minor and 10% a 

significant neurological deficit. The main com-

plaint usually is neck pain.

This case will detail the following problems 

concerning the treatment modality (conservative 

vs. surgical management) with regard to:

 – age and bone quality

 – fracture type and anatomical conditions

 – surgical technique

 – factors affecting outcome and morbidity and 

mortality

At the end of this chapter the reader should be 

aware of the problems and pitfalls in the treat-

ment of tOF, especially with regard to age (young 

vs old patient).

32.1.2.1  Case Description

A 45-year old male patient fell from a ladder 

from approximately 4 m height. He was unccon-

scious shortly and complained of severe neck 

pain on regaining consciousness. He was brought 

32 Upper Cervical Spine Trauma
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Fig. 32.6 Postoperative sagittal, coronal and axial CT-scans after posterior occipitocervical fixation

to the ER awake and without neurological defi-

cit. A CT scan of the cervical spine showed a 

 non- dislocated traumatic odontoid fracture type 

IIB (Fig.  32.7). An MRI confirmed the acute 

type IIB tOF (STIR weighted MRI) and ruled 

out any further discoligamentous injuries 

(Fig. 32.8).

The patient was immobilized in a hard collar 

and received surgery with an anterior odontoid 

screw fixation in Böhler technique using bipla-

nar c-arm fluoroscopy within 7  days after 

trauma (Figs.  32.9 and 32.10). Surgery was 

uneventful. The hard collar was removed and 

the patient was mobilized the next day. The 

postoperative CT scan showed correct fracture 

alignment and a correct position of the anterior 

odontoid lag screw (Fig.  32.11). The patient 

was discharged on the second postoperative day 

with improved neck pain (VAS 3/10) and with-

out neurological deficit.

32.1.2.2  Discussion of the Case

Indication

Type II fractures are the most common tOF. Since 

these fractures are usually unstable they need to 

be immobilized. There is still an ongoing debate 

concerning the treatment modality especially in 

elderly patients, which is being investigated in an 

ongoing prospective European multicentre trial 

(INNOVATE Trial). Treatment options vary from 

conservative treatment with a hard collar or halo 

vest to surgical treatment via anterior approaches 

such as anterior transarticular C1/2 fixation, an 

 Y.-M. Ryang
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Fig. 32.8 Sagittal MRI (T1 and T2-STIR weighted images) showing a traumatic odontoid fracture type IIB

Fig. 32.9 Intraoperative 

set up with biplanar 

fluoroscopy using two 

c-arms placed a.p. and 

laterally around the 

patient

Fig. 32.7 Sagittal and coronal CT scan showing non-dislocated traumatic odontoid fracture type IIB

32 Upper Cervical Spine Trauma
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anterior odontoid screw fixation or a combination 

of both techniques with one or two odontoid 

screws to posterior fixations such as posterior 

transarticular C1-C2 fixation in Magerl technique 

[11] (Fig. 32.12a) or posterior C1 lateral mass-

C2 isthmic or pedicle screw fixation in Harms-

Goel technique with a polyaxial screw rod system 

[9, 10] (Fig. 32.12b).

Choice of Treatment

There is no class I evidence on how to treat 

tOF. Class II evidence recommends surgery for 

type II tOF in elderly patients ≥50 years of age. 

A prospective multicenter trial was able to sig-

nificantly improve functional outcome, increase 

fusion rate and reduce mortality in surgically 

treated elderly patients. Also the nonunion rate 

Fig. 32.10 Intraoperative lateral and a.p. fluoroscopic images of inserted k-wire and anterior odontoid lag screw

Fig. 32.11 Postoperative CT after anterior odontoid screw fixation

 Y.-M. Ryang
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Fig. 32.12 Posterior transarticular C1-C2 fixation technique after Magerl (a, left); posterior C1-C2 fixation technique 

after Harms-Goel (b, right). (Courtesy of AOSpine) (Source: AO Surgery Reference, www.aosurgery.org) (© Copyright 

by AO Foundation, Switzerland)

is reported to be 21-times higher in patients 

≥50 years of age compared to younger patients 

if treated conservatively [5, 6]. Therefore for 

these patients surgery is recommended with a 

strong recommendation for posterior fixation 

[7]. Class III evidence indicates that factors 

such as patient age, fracture type/displacement, 

secondary loss of reduction and delayed treat-

ment are associated with nonunion [5]. 

Immobilization in a halo vest can be adminis-

tered in non-displaced type II fractures. 

However, it is associated with a high mortality 

rate of up to 40% in elderly patients [8]. Surgery 

should be considered in displaced fractures of 

≥5  mm, comminuted fractures or inability to 

achieve or maintain fracture alignment with 

external immobilization [5]. Fusion rates are 

reported to be >90% for anterior and posterior 

surgical fixations alike. However, there are some 

contraindications concerning some surgical 

techniques. Whereas the Harms-Goel technique 

is universally applicable for any kind of tOF in 

any patient even in displaced fractures, which 

can be openly reduced during surgery, the 

Magerl technique is unsuitable in displaced 

fractures or patients with a kyphotic thoracic 

spine since the entry point for the drill is approx-

imately at the level of Th1. Also the rate of ver-

tebral artery injuries is reported to be higher 

than with the Harms- Goel technique.

Anterior odontoid screw fixation (AOSF) is a 

relatively easy and minimally-invasive tech-

nique. However, it is not suitable in patients 

with barrel chest, thoracic kyphosis or patients 

with a very short neck, in osteoporosis or 

reduced bone mineral density and in type IIC 

fractures. If these factors are not taken into 

account prior to surgery, the failure rate can be 

as high as 36% (loss of correction, non-union, 

delayed fusion, pseudarthrosis) and is associ-

ated with an increased risk of postoperative dys-

phagia and pneumonia in elderly patients. 

Therefore we recommend using this technique 

only in patients <50 years of age with good bone 

quality and non- displaced type IIA and IIB 

fractures.

Why Were Things Done this Way

This patient had a non-displaced type IIB frac-

ture and his age was below 50  years of age. 

Therefore we decided to treat him surgically with 

an anterior odontoid screw fixation (AOSF).

Our treatment recommendation for tOF is:

Type I:  External immobilization

Type II:   Younger patient with type IIA or non- 

displaced type IIB:

  Anterior odontoid screw fixation

  Older patient or type IIC:

  Posterior atlantoaxial fixation

Type III: Stable: External immobilization

  Unstable: Atlantoaxial fixation

Accordance with the Literature Guidelines

Our treatment is accordance with the treatment 

guidelines of the Joint Section on Disorders of 

the Spine and Peripheral Nerves of the American 

Association of Neurological Surgeons and the 

Congress of Neurological Surgeons.

32 Upper Cervical Spine Trauma
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How Strong is the Level of Evidence 

Available to Date

Current recommendations are based on level II 

and III evidence.

32.2  Conclusions and Take Home 
Message

Surgery should be considered in unstable type II 

and III odontoid fractures. AOSF should be 

restricted to younger patients with normal bone 

mineral density and non-displaced type IIA + B 

fractures. There is growing evidence that elderly 

patients benefit from surgery compared to con-

servative treatment with a strong recommenda-

tion for posterior C1-C2 fixation.

32.2.1  Objective 3: Isolated C1 Ring 
Fracture

Atlas fractures account for approx. 3–13% of 

c-spine fractures. About 56% are isolated C1 ring 

fractures, 44% are combined C1-C2 fractures. 

Typical Jefferson fractures with combined frac-

tures of the anterior and posterior C1 ring are 

found in one third of patients.

Approx. 9% have additional other c-spine 

fractures and 21% have associated head injuries.

The typical trauma mechanism is axial load-

ing by jumping headfirst into shallow water or 

falls directly on the cranial vertex. Patients are 

usually neurologically intact.

C1 ring fractures are classified after Gehweiler 

et al. [13] (Fig. 32.13):

• Type 1: Isolated anterior ring fracture

• Type 2: Isolated posterior ring fracture

• Type 3: Combined anterior and posterior ring 

fracture “Jefferson fracture”

3a: Intact transverse atlantal ligament (TAL) 

(stable)

3b: Disrupted TAL (unstable)

• Type 4: Isolated lateral mass fracture (rare)

• Type 5: Isolated transverse process fracture 

(very rare)

The most relevant fractures are the combined 

anterior and posterior C1 ring fractures type 3b 

better known as Jefferson fractures. It is crucial 

to assess the integrity of the transverse atlantal 

ligament (TAL) because its integrity determines 

whether a type 3 fracture is stable (type 3a, TAL 

intact) or unstable (type 3b, TAL disrupted).

Type 3b fractures are further classified after 

Dickmann et al. [14] (Fig. 32.14):

• Type IA: Interligamentous central TAL lesion

• Type IB: Interligamentous TAL lesion near 

the lateral mass

• Type IIA: Isolated osseous TAL avulsion

• Type IIB: Osseous TAL avulsion with lateral 

mass fracture (Gehweiler type 4)

Treatment of isolated C1-ring fractures there-

fore mainly depends on the integrity of the trans-

verse atlantal ligament (TAL). A non-displaced 

Pearls and Pitfalls

• Type II odontoid fractures are the most 

common c-spine fractures

• Elderly patients seem to benefit from sur-

gery compared to conservative manage-

ment with regard to functional outcome, 

quality of life, mortality and fusion rate

• There is a strong recommendation for pos-

terior C1-C2 fixation in elderly patients

• The Harms-Goel technique is universally 

applicable in any odontoid fracture type

• The Magerl technique is unsuitable in 

displaced fractures and certain anatomi-

cal conditions (thoracic kyphosis, high 

riding vertebral artery)

• AOSF should preferably applied in younger 

patients with non-displaced fractures (type 

IIA and IIB) and good bone quality

• AOSF is contraindicated in osteoporosis 

and comminuted fractures or fracture 

lines ascending from anterior-inferior to 

posterior-superior

• Osteoporosis is the most important risk 

factor for tOF in the elderly [12]

• tOF in the elderly are associated with 

higher failure and higher morbidity and 

mortality rates irrespective of the treat-

ment modality

 Y.-M. Ryang
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Typ 1 Typ 2

Typ 3a Typ 3b

Typ 4 Typ 5

Fig. 32.13 Gehweiler 

classification of atlas 

fractures. Gehweiler 

type 3a = stable 

Jefferson fracture; 

Gehweiler type 

3b = unstable Jefferson 

fracture (from [17])

I A
Interligamentous

Bony avulsion

I B

II A II B

Fig. 32.14 Dickmann 

classification of 

transverse atlantal 

ligament (TAL) lesions 

(from [17])
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atlas fracture with an intact TAL might be treated 

by immobilization alone, while all other atlas 

fractures should be treated surgically. C1-ring 

osteosynthesis should be considered in dislocated 

atlas fractures with intact or non-displaced osse-

ous avulsion of the TAL.  In displaced and/or 

intraligamentous TAL rupture an atlantoaxial 

fusion should be performed (see flowchart 

Fig. 32.19).

In combined C1-C2 fractures the C2 fracture 

type dictates the treatment modality (s. C2 

fractures).

The purpose of this case is to delineate the 

importance and difficulties to adequately diag-

nose and treat C1 fractures with regard to:

 – adequate diagnostic imaging

 – correct classification

 – treatment options

 – the importance of the integrity of the trans-

verse atlantal ligament (TAL)

Adequate diagnostic clinical and imaging 

work-up is essential to assess potentially unstable 

C1 fractures which are solely determined by the 

integrity of the transverse atlantal ligament 

(TAL). TAL integrity is also the main factor in 

decision-making as to which treatment modality 

should be applied.

At the end of this chapter the reader should be 

aware of the problems and pitfalls in the correct clas-

sification and treatment of isolated C1 fractures.

32.2.1.1  Case Description

A 25 y/o female fell on her head while tussling 

with her 5 y/o son. She presented to her GP for 

neck pain (VAS 7/10) who prescribed oral pain 

medication. Due to persisting neck pain despite 

oral analgesics she admitted herself to the ER 

1 week after trauma. Because of her young age it 

was decided to perform plain as well as flexion/

extension radiographs instead of a CT scan to 

minimize radiation exposure. Radiographs 

revealed an atlantoaxial instability with an 

increased atlanto-dental interval (ADI) of >3 mm 

(Fig. 32.15). On presentation she fortunately was 

neurologically intact and provided with a  cervical 

orthosis. To properly assess the extent of osseous 

and ligamentous injury to the atlantoaxial 

 complex a CT scan and MRI with  

STIR- weighted images were necessary which 

confirmed a right-sided Jefferson burst fracture 

(anterior and posterior ring) with osseous avulsion 

of the transverse atlantal ligament (TAL) 

(Gehweiler type 3b/Dickmann type IIB) and slight 

displacement of the odontoid peg (Figs. 32.16 and 

32.17). A posterior C1-ring osteosynthesis was 

performed. Surgery was uneventful and the patient 

could be discharged from hospital without a cervi-

cal orthosis with improved neck pain (VAS 3/10) 

on the second postoperative day. Postoperative 

a.p. and lateral radiographs showed correct align-

ment of the atlantoaxial complex and correct 

 positioning of the osteosynthesis material 

(Figs. 32.18 and 32.19).

Fig. 32.15 Pathological atlanto-dental interval (ADI >3 mm) on flexion/extension radiographs
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Fig. 32.16 Axial CT-scan of a right-sided Jefferson fracture (combined anterior and posterior C1-ring fracture) 

Gehweiler type 3b/Dickmann type IIB

Fig. 32.17 Gehweiler type 3b/Dickmann type IIB fracture with osseous avulsion of the transverse atlantal ligament 

(TAL)

32 Upper Cervical Spine Trauma
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Fig. 32.18 Postoperative a.p. and lateral radiographs after C1-ring osteosynthesis with C1 lateral mass screws and a 

connecting rod

Fig. 32.19 Flowchart on the recommended treatment of atlas fractures

32.2.1.2  Discussion of the Case

Why Were Things Done this Way

This patient had a C1-ring fracture Gehweiler 

type 3b, Dickmann type IIB equalling an unstable 

fracture with an osseous TAL avulsion. Therefore 

she was treated with a C1-ring osteosynthesis.

Were they in Accordance 

with the Literature Guidelines

Our treatment is accordance with the treatment 

guidelines of the Joint Section on Disorders of 

the Spine and Peripheral Nerves of the American 

Association of Neurological Surgeons and the 

Congress of Neurological Surgeons.
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How Strong is the Level of Evidence 

Available to Date

Up to date only level III evidence is available [15, 16].

32.3  Conclusions and Take Home 
Message

Assessment of the integrity of the transverse 

atlantal ligament (TAL) is crucial in the decision 

making for treatment of isolated C1-ring frac-

tures. MRI imaging with STIR-sequences is 

essential to properly assess TAL and other liga-

mentous injuries. Flexion/extension radiographs 

might be helpful to confirm instability in cases 

with indistinct MRI findings.
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Pearls and Pitfalls

• Integrity assessment of the TAL is cru-

cial for treatment decision

• MRI and if needed flexion/extension 

radiographs should be performed to 

assess TAL integrity and other discolig-

amentous injuries

• An atlanto-dental interval (ADI) of 

>3 mm is an indirect sign of atlantoaxial 

instability

• C1 fractures Gehweiler type 3a with an 

intact TAL can usually be treated with 

external immobilization

• C1 fractures Gehweiler type 3b with a 

disrupted TAL can be treated with a halo 

orthosis. However, the reported morbid-

ity and mortality especially in the 

elderly is considerably high, therefore 

surgical fixation might be the superior 

treatment option

Editorial Comment

This is highly recommended reading regard-

ing modern concepts of upper cervical spine 

trauma. Especially the motion-preserving 

osteosynthesis of unstable isolated C1-ring 

fractures and the fact that a posterior Harms/

Goel construct is the surgical treatment of 

choice for odontoid fractures in the elderly.
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Subaxial Cervical Trauma

Rodolfo Maduri and John M. Duff

In this chapter, we discuss two specific entities. 

The first is a fracture dislocation in the subaxial 

cervical spine, and the second is a burst fracture 

also of the subaxial spine. We will describe each 

case, its management and the rationale behind it.

33.1  Case 1: Cervical Spine 
Fracture Dislocation Injury

33.1.1  Introduction

Acute fracture-dislocations of the cervical spine 

are rare, accounting for the 9% of the overall 

injury of the cervico-thoracic spine. Cervico- 

thoracic fracture dislocation is defined as fracture 

of the neural arch or vertebral body with true 

facet subluxation, mono  – or bilateral [1]. This 

invariably involves high energy trauma and 

patients often present with multisystem injuries. 

The purpose of this case presentation is to outline 

the diagnostics of cervical spine fracture disloca-

tion, its management in the emergency depart-

ment, and its surgical management. Specifically, 

we look at radiological investigation, particularly 

the role of MR imaging. We also look at the use 

of closed reduction techniques including traction, 

and finally surgical treatment.

33.1.2  Case Description

A 57 year old patient presented to a local hospi-

tal by ambulance with neck pain following a 

bicycle accident. He had a transient loss of con-

sciousness and complained of severe neck pain. 

He was evaluated clinically with a normal exam-

ination. Cervical spine Xrays were interpreted as 

normal. The patient was sent home with simple 

analgesics.

The patient came back to the same hospi-

tal 4 days later with persistent severe neck pain 

and new onset pain and weakness of the right 

arm. The diagnostic CT scan of the whole spine 

showed a C7-T1 fracture dislocation and bilateral 

perched facets with fracture of the posterior arch 

of C7 (Fig. 33.1 Panel a). A semi-rigid collar was 

placed and he was transferred to our institution. 

His neurological examination on arrival revealed 

a mild right triceps weakness and his right tri-

ceps reflex was diminished. The remainder of his 

neurological examination was entirely normal. 

Specifically, there were no signs of spinal cord 

injury (ASIA E).

The cervical MRI confirmed the presence of 

a traumatic disc herniation with disc materiel 

behind the body of C7, without direct spinal cord 

compression.
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Due to the highly unstable injury, surgical 

open reduction and fixation was chosen as an 

immediate treatment. It was felt that traction 

using a Gardiner-Wells tongs to attempt a closed 

reduction in an awake patient was not advisable 

due to the presence of a large traumatic disc her-

niation in the spinal canal, which can cause addi-

tional neurological injury.

Using spinal cord monitoring, the patient was 

placed supine on a radiolucent Jackson table. 

The head was positioned carefully in a horseshoe 

headholder under electrophysiologically moni-

toring and 3 kg of in line traction. The cervical 

spine alignment was checked using 2D lateral 

fluoroscopy. There was no change compared with 

preoperative imaging.

A standard C7-D1 anterior discectomy (ACD) 

was performed, assisted by gentle distraction 

with Caspar pins between the vertebral bodies. 

No cage was placed into the disc space. The 

skin was closed with staples, and the patient was 

turned over into the prone position. The C6-T1 

posterior elements were exposed through a mid-

line skin incision. Bilateral upper T1 facetecto-

mies were done using a high speed drill, which 

allowed reduction between C7 and T1. Following 

open reduction, the facet joints were curetted out 

and local bone was packed into the joints, fol-

lowed by pedicle screws placement at C7 and at 

T1 using 2D fluoroscopic guidance. The poste-

rior wound was closed, and the patient was again 

turned into the supine position. The anterior cer-

vical incision was reopened, an interbody cage 

was placed into the C7-T1 disc space, and an 

anterior plate was placed from C7 to T1.

The postoperative period was uneventful with 

a partially recovered C8 deficit. The postopera-

tive imaging (Fig. 33.2 Panel a, b and c) showed 

a satisfactory fracture reduction, and implant 

placement.

33.1.3  Discussion of the Case

According to the revised AO Spine classification 

[6], this is a type C injury, with a B component 

and an F4 component (pathologic perched/dislo-

cated facet).

In case of acute cervicothoracic dislocation 

with bilateral perched facets in a stable patient, 

as described in the present case, treatment objec-

tives are to decompress neural elements, restore 

spinal alignment and to achieve immediate spine 

stabilization and ultimately bone fusion.

Spine realignment may be accomplished 

either through a closed reduction with cervical 

traction or through an open posterior reduction. 

Traction and attempted closed reduction could 

be an initial treatment option here were it not 

for the traumatic disc herniation. This should 

a b

Fig. 33.1 Panel (a) Sagittal CT scan of the cervical spine showing a traumatic spondylolisthesis of C7 on T1 with 

bilateral perched facets Panel (b) axial cervical CT scan showing fracture of the posterior arch of C7
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be done only in a cooperative patient and not 

in a patient with an associated head injury or 

in an intoxicated state. This can be done using 

2D flurorscopic guidance if the fracture sublux-

ation can be properly visualized. The technique 

is using a halo ring (Gardner Wells tongue) 

with pins fixed at 2–3 cm anterior to the exter-

nal acoustic meatus to achieve flexion. The 

amount of weight required for reduction ranges 

from 5–10 lbs per level to as much 80% of the 

patient’s body weight.

Open reduction is an alternative for direct 

spine realignment or after failed closed reduction.

The maintenance of spine realignment and 

fusion may be achieved through a rigid external 

immobilization, anterior arthrodesis with plate 

fixation and/or posterior arthrodesis.

Healing with halo vest immobilization is 

more probable if there are fracture fragments 

over the articular facets in case of a bi-pedicular 

fracture which could make realignment easier 

than, for example, locked facets [3]. Close radio-

logical follow up is needed to rule out fracture 

dislocation [4].

In our case, due to the ongoing nerve root 

compression, open reduction through an anterior 

and posterior approach was chosen to realize also 

a direct foraminal decompression at C7-D1 level 

and to achieve fusion through pedicular screw.

The treatment strategy was in accord to the 

actual literature evidence Level III.

33.1.4  Conclusions and Take Home 
Message

• Fracture dislocation of the cervical spine spine 

are unstable fractures requiring spinal reduc-

tion and fusion.

• Closed reduction may be attempted using trac-

tion in an awake and alert patient where there 

is no traumatic disc herniation. If this fails, or 

if there is a traumatic disc  herniation confirmed 

on MRI, we would advocate open decompres-

sion and reduction, as performed in this case.

• Cervical CT scan and MRI are both important 

in the diagnostic workup

33.2  Case 2: Subaxial Cervical 
Burst Fracture

33.2.1  Introduction

Burst fractures of the cervical spine are due to 

vertical compression load to failure in the subax-

ial cervical spine. These fractures are associated 

in 26% of cases with spinal cord injury and 

a b c

Fig. 33.2 Panel (a) postoperative sagittal CT scan of the cervical spine showing restoration of sagittal alignment. Panel 

(b) and (c) postoperative cervical standing X-rays
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require early surgical treatment to decompress 

the spinal cord and restore spinal alignment [5].

Here we present a case of subaxial burst frac-

ture. We discuss the diagnosis, the treatment strat-

egy including surgical decompression, reduction, 

and segmental reconstruction with fixation.

33.2.2  Case Description

A 30 year old lumberjack was struck on the head 

by a falling tree branch. He was immediately 

unresponsive at the scene. Emergency services 

placed the patient on a backboard with a cervical 

collar, following which he was transferred to our 

institution for further management.

On arrival, he had a Glasgow Coma Score of 

10, and he was intubated due to an agitated state. 

He was hemodynamically stable. A rapid neuro-

logical evaluation prior to intubation confirmed a 

generalized weakness of his 4 extremities (prob-

able ASIA C) [8].

The head CT scan showed a right temporo- 

parietal fracture with a small right acute subdural 

hematoma. An intracranial pressure (ICP) moni-

tor was placed.

The CT scan of the spine showed a C4 “split 

burst” fracture with kyphosis (Fig. 33.3 Panel a).

Using the AO classification [6, 9] this fracture 

is classified as type A4 + B3 + F2.

After placement of the ICP monitor, surgery 

was performed for the cervical fracture.

The first stage was an anterior approach. The 

patient was placed in supine position the head 

slightly extended in a neutral position. A right 

transverse incision was performed at the level of 

the C3-C4 disc space. After standard exposure, 

using the microscope, C3-C4 and C4-C5 discec-

tomies were performed. A corpectomy of C4 was 

performed and all fragments were removed as far 

as the posterior longitudinal ligament. An expand-

able PEEK cage was then placed in the corpec-

tomy defect and its position was verified with 

fluoroscopy, followed by anterior plate fixation.

In the postoperative period, repeat neurologi-

cal examination confirmed a post-traumatic cer-

vical myelopathy with an ASIA D grade.

The cervical MRI realized after the anterior 

surgery showed spinal cord T2 hyperintensity at 

the level of injury (C4) confirming the posterior 

ligamentous complex (PLC) injury.

A second stage surgery with posterior fixation 

was carried out several days later. The patient 

was placed in a prone position with the head fixed 

in a three-point Mayfield headholder. A midline 

incision was carried out to expose the posterior 

elements from C3 and C5. Under 3D fluoro-

scopic navigation, pedicle screws were placed at 

C3 and C5 with rod placement. The facet joints 

at C3/4 and C4/5 were drilled and curetted, and 

a cb

Fig. 33.3 Panel (a) and (b) Sagittal and Axial CT scan 

of the cervical spine showing a “split burst” fracture of 

C4 associated with cyphosis of the subaxial spine. Panel 

(c) shows the postoperative MRI after C4 corpectomy and 

anterior fixation shows the disruption of the posterior liga-

mentous complex (PLC)
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local bone was placed into these joints to facili-

tate bone fusion.

Postoperative imaging (Fig.  33.4 Panel a, b 

and c) showed a satisfactory decompression and 

fracture reduction.

33.2.3  Discussion

Subaxial flexion-compression fractures are often 

unstable injuries, particularly with disruption of 

PLC [9]. Such injuries require surgical stabiliza-

tion. This case is an example of axial loading suf-

ficient for vertebral body failure and disruption of 

the posterior ligamentous complex by hyperflex-

ion. As is often the case, there is an associated spi-

nal cord injury. Spinal cord injury in the absence 

of significant translation tells us that there has 

been signification deformation of the spinal col-

umn at the moment of impact, returning to a more 

normal position by elastic recoil. This indicates 

associated soft tissue, and more specifically, liga-

mentous injury. Corpectomy and cage placement 

restores anterior column support, and the posterior 

fixation restores the posterior tension band.

As this is a compressive injury, it is reasonable 

to consider traction, either preoperatively to help 

stabilize the fracture segment, or intraoperatively 

to help restore alignment. The presence of a skull 

fracture with the possibility of a craniotomy pre-

cluded the use of traction in this case.

Early surgical intervention was chosen in this 

case because of severe instability and an exist-

ing spinal cord injury. However, precise timing 

of surgery is controversial [7].

Closed reduction is indicated in awake patients 

with no traumatic disk herniation documented 

with cervical MRI.

Spinal raligniment and stabilization may be 

achieved through anterior, posterior or anterior 

and posterior approaches. Anterior approaches 

are indicated when adequate reduction is achieved 

through simple traction, no disk herniation is 

documented on preoperative MRI and the patient 

is neurologically intact. Posterio fixation alone is 

indicated in case of subaxial flexion-compression 

injuries with disrupted PLC and preserved spinal 

alignment.

Toh et al. [5] compared anterior versus poste-

rior stabilization for burst and teardrop fractures 

and found that anterior decompression and fusion 

restored spinal canal diameter by 60%, as com-

pared with only 6% with posterior stabilization. 

If the spine can be realigned easily with traction, 

then a posterior stabilization alone may be per-

formed in neurologically intact patients.

a b c

Fig. 33.4 Panel (a) postoperative sagittal CT scan of the 

cervical spine showing restoration of the anterior column 

support with cage and plate placement. Panels (b) and (c) 

postoperative lateral and anteroposterior cervical standing 

X-rays
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Editorial Comment

This chapter illustrates managment aspects 

for 2 more common type of subaxial frac-

tures. We think the surgeries performed rep-

resent state of the art and it should be a given 

in the year 2019 that these injuries are clear 

indication for surgery. According to us it is 

also a given that in fractures with an SCI as 

in case 2 surgery should be performed as an 

emergency no matter what time of the day or 

night. The question how to manage an injury 

like the one in the first case is very old and 

not very productive. It should be left at the 

treating surgeon’s decision, if he wants to 

use traction first, or go for open reduction, or 

start front or back etc. On a personal note, I 

never use preoperative traction and a direct 

anterior approach and reposition after dis-

cectomy is always feasible and my prefer-

ence. A posterior construct can then be done 

in the same or a second stage.

Cervical pedicle screw fixation has been 

shown to be biomechanically a very robust con-

struct comparable to lateral mass screw con-

structs [2].

The treatment strategy is based on level III 

evidence.

33.2.4  Conclusions and Take Home 
Message

• Subaxial cervical burst fracture are usually 

treated surgically. Additional PLC, disruption 

requires additional posterior fixation. MRI is 

essential to define the operative strategy.

• Early (<24  h) decompression with vertebral 

reconstruction through an anterior approach 

may improve neurological outcome.

• When indicated, posterior fixation with pedi-

cle screw fixation provides enhanced stability 

over lateral mass screw fixation, but is techni-

cally more demanding and is not always 

necessary.
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34.1  Introduction

Classification of the vertebral fractures to encour-

age an optimal treatment protocol has long been 

in the interest of spine surgeons. In the past, 

although many morphology-based or mechanis-

tic classification systems have been proposed, 

none of them has lasting influence on daily 

practice. In the last two decades, the spine com-

munity focused on developing a classification 

system incorporating morphology, mechanism, 

and clinical factors relevant for surgical deci-

sion. However, even in the current classification 

systems, treatment protocols always have a gray 

zone which allows the surgeon to make his own 

decision.

In this chapter, we underline the role of very 

basic factors in the evaluation of the patients 

which may affect the surgeon’s decision, 

including.

 – importance of reading radiological images,

 – physical examination and history which give 

you very important clues about the posterior 

ligamentous complex (PLC).

34.2  Case Description

A 37-year-old male patient was admitted to the 

emergency department due to traffic accident. 

During the car crash, he was seated on the front 

passenger seat with a fasten belt. His major com-

plaint was back pain on the posterior thoracic 

area. His neurological examination findings were 

normal. There were no any additional (i.e., cra-

nial, skeletal, or intraabdominal) traumatic mor-

bidity and he was free from skin abrasion on the 

anterior thorax. Plain X-rays showed a T12 frac-

ture (Fig.  34.1). A computed tomography (CT) 

scan was ordered (Fig.  34.2) by the emergency 

department and the patient, was, then referred to 

a spine surgeon.

His treatment was planned in a conservative 

manner, and the Jewett brace was applied. On 

the second day of hospital stay, the patient was 

ambulated with brace. Ambulation was well- 

tolerated by the patient with acceptable pain. 

However, X-rays within the Jewett brace in the 

standing position (Fig.  34.3) showed increased 

kyphosis at the fracture site due to the instability.

Although neurological condition was stable 

during the ambulation, an operative interven-

tion was indicated. Posterior in situ fixation was 

performed with a less invasive trans-muscular 

approach (Fig.  34.4). The patient was fol-

lowed for 7  years postoperatively without any 

complication.E. Kiter (*) · N. Ok 
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34.3  Discussion of the Case

34.3.1  Indication

This case is typical flexion distraction injury of the 

spine. According to the AOSpine Thoracolumbar 

Injury Classification System (AO-TLICS), this is 

type B2 injury with osteoligamentous failure [7] 

and is credited with 6-point [2].

According to the AO-TLICS classification, 

surgical treatment is recommended for patients 

with more than five points, and conservative 

treatment is recommended for those with three 

points and below. The treatment method depends 

on the decision of the surgeon in the injury scores 

between these values [8].

The PLC consisting of supraspinous ligament, 

interspinous ligament, ligamentum flavum, and the 

facet joint capsules. This complex is responsible for 

the tension band effect in the posterior spinal col-

umn and has significant contributions on spinal sta-

bility [6]. However, morphological and mechanical 

descriptions emphasizing the bone morphology of 

the fractured spinal cord have been remained on 

the agenda for many years. Radiological imaging 

of the PLC has become recommended with the 

magnetic resonance imaging (MRI) technology 

which was developed in the early 1980s. However, 

this  evaluation method is expensive and may not be 

 available in all healthcare centers. One of the criti-

cized features of the TLICS classification, which 

was defined in 2005 and used commonly for a 

while, has brought MRI into the forefront.

Fig. 34.1 Plain X-rays at the initial admission. 

Anteroposterior (AP) and lateral X-ray of the patient. 

Superior end plate collapse of T12 is apparent. Local 

kyphotic angle is 22° in the lying measurements. 

Interspinous distance is markedly increased between T11 

and T12 (which is not noticed by the surgeon)
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Fig. 34.2 CT scan. CT scan showing a vertebral body fracture with superior end plate plus posterior wall involvement. 

There are no bony fractures at the posterior elements of the spine
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Fig. 34.3 Standing X-rays after ambulation. On the lateral view, increasing of the kyphosis (41°) is noticeable. The gap 

between T11 and T12 spinous process is still present

Fig. 34.4 Postoperative x-rays of the patient. In situ (correction achieved with prone position) fixation with trans- 

paravertebral approach (less invasive). One-side intermediate screw was placed
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34.3.2  What Was Wrong?

What was wrong in this case was that PLC 

injury was not noticed at the first examination. 

Accordingly, it was considered as AO-TLICS clas-

sification type A3 (3 points) injury, and conserva-

tive treatment was planned. The main reason of 

this was that the increase in interspinous distance 

was not considered in direct graphs, and no inter-

spinous palpation and physical examination were 

performed. The surgeon made the first diagnosis 

by basically evaluating the CT images. These 

tomographic images are not-standing (supine) 

obtained graphs, and they give limited information 

about the injury mechanism, if there is no fracture 

in the posterior elements.

The diagnosis of PLC injury cases, in par-

ticular, can be made with simpler methods and, 

therefore, not performing MRI should not be 

considered as a fault in this case.

34.3.3  Surgical Technique

Basically, posterior tension band repair is sufficient 

for these types of cases. These types of cases are 

treated with percutaneous pedicle fixation in pres-

ent practise. However, percutaneous fixation system 

was not available 7 years ago in local conditions. 

Less invasive transparavertebral muscle approach 

was popular in that period [4], and the patient was 

treated as fusionless with the less invasive method.

This treatment has advantages, compared 

to the conventional open screw application [5]. 

The distal level was kept short and was ended in 

construct L1, since the intermediate screw was 

applied [1, 3].

34.4  Conclusions and Take Home 
Message

In conclusion, PLC injury rules out all type A 

fractures and almost all of the conservative treat-

ment options. Therefore, it should be evaluated 

carefully. In addition, MRI is useful in the evalu-

ation of this kind of injuries, but is not a gold 

standard. Obeying the fundamental hierarchy in 

the evaluation of the patient (i.e., good anamne-

sis and physical examination) should be a sur-

gical discipline which should be kept in mind. 

However, this case reminds us that it is possible 

to make the right diagnosis even with the simplest 

imaging method without the need for complex 

imaging methods.
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 – Obeying the fundamental hierarchy in 

the evaluation of the patient should be 

kept in the mind

 – It is possible to make right diagnosis 

even with the simplest method, if you 

know where you should check

 – PLC injury excludes almost all of the 

conservative treatment options

Editorial Comment

There is considerable variety on how 

(agressively) unstable thoracolumbar frac-

tures are treated throughout Europe with 

surgery. The level of evidence for or against 

it is too low for firm conclusions, which is 

the reason why we observe this. In a situa-

tion like this it is essential to reliably clas-

sify the injury in a reproducible manner, to 

have an estimate if conservative treatment, 

that is bracing is a reasonable option.
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35.1  Introduction

Unstable thoracolumbar fractures and trauma 

leading to severe kyphosis are usually treated sur-

gically. There is no clear consensus whether open 

or percutaneous instrumentation should be pre-

ferred, and the necessity of grafting remains 

debated [1]. Currently, there is an increasing 

trend towards Minimally Invasive Surgery (MIS), 

since percutaneous instrumentation decreases the 

risk for bleeding and infection during the periop-

erative period, and it shortens the length of hospi-

talization [2]. Clinical trials comparing open and 

percutaneous techniques indicate that MIS leads 

to lower pain and disability scores at short-term, 

whereas clinical results are similar after 6 months 

[3, 4]. There is only little evidence on long-term 

outcomes after posterior percutaneous instru-

mentation. However, clinical results and sagittal 

alignment are maintained effectively with MIS if 

the right surgical strategy has been chosen 

according to the fracture type, the patient’s age 

and general health status [5, 6].

This case description will outline the manage-

ment of an incomplete burst fracture at the thora-

columbar junction without neurological 

impairment. The rationale for a posterior surgical 

treatment is discussed. The aim of the presented 

case is to emphasize specific aspects that should 

help the reader in clinical and technical decision 

making with an MIS approach. The discussion 

will focus on the following technical aspects:

 – The different possibilities posterior closed 

fracture reduction techniques,

 – The indication and limits for an additional 

anterior column support by vertebral body 

expansion and cement augmentation,

 – The indication and specific need for an ante-

rior column reconstruction and grafting with 

MIS,

 – The use of percutaneous instrumentation as a 

temporary internal fixator.

35.2  Case Description

A 52-year old female patient was admitted at our 

emergency department after a motor vehicle acci-

dent with an estimated speed of 120 km/h. She 

was conscious and well oriented. Her blood pres-

sure was 140/90  mmHg and her pulse rate 84/

min. Clinical examination evidenced a hematoma 

at the right hypochondrium. Pulmonary ausculta-

tion remained normal and an abdominal tender-

ness was noted when palpating the right upper 

quadrant and epigastric region. She further 

reported back pain around the thoracolumbar 

junction. Her neurological status and  examination 
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of the limbs were normal. Routine chest and pel-

vic x-rays were performed in the emergency 

room and evidenced fractures of the 9th and 10th 

right ribs, while a pelvic ring fracture was ruled 

out. Because of the high velocity trauma, a total 

body CT scan was performed with injection of 

contrast media. A small subcapsular liver hema-

toma was evidenced without active bleeding. CT 

imaging of the spine showed an incomplete burst 

fracture of T12 (Fig. 35.1), classified as A3 type 

according to the new AO classification [7].

An abdominal echography was performed 

after 2 days, showing that there was no progres-

sion of the liver hematoma prior spinal operation. 

Positioning the patient prone on a Jackson table 

with the thoracolumbar junction in slight lordosis 

allowed almost complete reduction of the frac-

ture. She was then operated using a percutaneous 

approach that consisted of a balloon kyphoplasty 

at T12  in order to complete the reduction. 

Because of the posterior wall involvement, the 

vertebral body expansion was then followed by a 

percutaneous instrumentation in order to stabilize 

the segment T11-L1 (Fig. 35.2).

The patient ambulated without a brace from 

day one after surgery with the aid of a physical 

therapist. She gained full autonomy until day 5 

and was discharged at home with paracetamol 

and tramadol as pain medication. The first out 

clinic follow-up visit was scheduled 6  weeks 

postoperatively. The patient was pain free and did 

not require analgesics. Physical therapy was 

started aiming for strengthening of the paraverte-

bral musculature. The patient was able to return 

to work as a schoolteacher after 2 months.

A routine follow-up visit was scheduled at 

6-month follow-up. As the patient was very sport-

ive, she asked if an implant removal might be con-

sidered prior starting horse riding competition 

again. A CT scan showed a complete bony con-

solidation of the T12 vertebral body (Fig. 35.3), 

and percutaneous removal of the instrumentation 

was performed after 9 months.

The postoperative follow-up was uneventful 

and the patient returned to sports activities. An 

MRI of the thoracolumbar spine was performed 

for research purposes at 2-year follow-up 

(Fig. 35.4). The sagittal T2 sequence showed that 

the T11-T12 disc remained well hydrated despite 

the compression fracture and the underlying 

cement augmentation in the T12 vertebral body. 

Furthermore, the aspect of the paravertebral mus-

culature at the fracture and instrumented levels 

remained normal on axial views and low fat infil-

tration was evidenced. Although not routinely 

used in clinical practice, this MRI showed the 

a b

Fig. 35.1 CT scan performed at emergency admission showing an incomplete burst fracture on sagittal (a) and axial 

(b) reconstructions
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advantage of muscle preservation through an 

MIS procedure.

35.3  Discussion of the Case

35.3.1  Indication

This case illustrated a common incomplete burst 

fracture of the thoracolumbar junction. As there 

was no neurologic impairment and a minor poste-

rior wall displacement, conservative treatment 

might have been discussed using a Böhler type 

brace for 3 months [1]. This treatment leads to 

consolidation, but a recurrent vertebral body col-

lapse with loss of correction at the fractured level 

might be observed. In the case of A3 fractures at 

T12 or in the lumbar spine, short percutaneous 

pedicle screw instrumentation represents an ade-

quate alternative, which stabilizes the fractured 

segment and allows the patient to stand up post-

operatively without the need for an additional 

brace. Longer instrumentation might be recom-

mended in the thoracic spine by covering the 

kyphotic apex by instrumenting 2 levels above 

and below the fractured level. In cases of severe 

posttraumatic kyphosis at the thoracolumbar 

junction, multi-level instrumentation might also 

be considered if more reduction is needed through 

the instrumentation itself.

35.3.2  Reduction Techniques

MIS uses principles derived from classic fracture 

treatment principles, and similarities exist 

between open and percutaneous techniques. 

Prone positioning of the patient with a slight lor-

dosis at the thoracolumbar junction reduces 

kyphosis at the fracture level. This closed 

a b

Fig. 35.2 Postoperative anterior-posterior (a) and lateral (b) radiographs showing percutaneous instrumentation 

between T11-L1 and kyphoplasty at T12
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 reduction can be enhanced by leg and halo trac-

tion depending on fracture instability. The 

AO-principle is commonly used is used in burst 

fractures. A parallel distraction is realized first on 

Schanz screws in open surgery or monoaxial 

screws when using an MIS technique. This 

maneuver creates ligamentotaxis and is followed 

by an angulation of the monoaxial system in 

order to restore lordosis in a second step [8]. As 

an alternative, MIS persuader systems or percuta-

neous monoaxial long arm screws are efficient 

for fracture reduction [6]. Pre-bent lordotic rods 

are progressively inserted into monoaxial screws 

above and below the fracture, which stretches the 

spine and creates lordosis with ligamentotaxis at 

the fracture (Fig. 35.5). Add-on techniques, such 

as in situ contouring corrects kyphosis by bilat-

eral lordotic rod bending inside the patient, which 

lengthens the anterior column. The cranial end-

plate and posterior wall fragments are reduced by 

ligamentotaxis. The use of pure titanium or 

cobalt-chromium rods with an appropriate elastic 

modulus is mandatory for this technique [9]. 

Alternatively, monoaxial screws at the fracture 

level may enhance reduction by lifting the end-

plate directly [3].

35.3.3  Anterior Column Support

If the fracture type represents a pure bony lesion 

like a Chance fracture, classified as B1 type 

according to the new AO classification [7], a 

single posterior percutaneous osteosynthesis is 

sufficient. An additional vertebral body expan-

sion might be considered in order to maintain 

reduction at long-term if a vertebral body col-

lapse was present in the fracture type. 

Kyphoplasty represent one option to consolidate 

incomplete burst fractures (A3) in combination 

with posterior instrumentation. Cement injec-

tion into the fractured cranial vertebral body 

would allow an immediate stabilization of the 

achieved reduction and prevent from recurrence 

a b

Fig. 35.3 CT scan performed at 6 months postoperatively showing an anatomic consolidation of T12 on sagittal (a) 

and axial (b) reconstructions
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of kyphosis when the patient stands up postop-

eratively [5, 10]. In the present case, kypho-

plasty was used prior to instrumentation since 

fracture reduction was mainly obtained by prone 

positioning of the patient. If this first step of 

closed reduction had remained insufficient on 

lateral fluoroscopy, it might have been recom-

mended to complete the reduction by percutane-

ous instrumentation first. This sequence 

enhances the ligamentotaxis effect at the ante-

rior column, thus creating an “eggshell” which 

is then completed by a kyphoplasty.

Anterior fusion might be considered in major 

anterior column defects. A select mono- segmental 

fusion is indicated in incomplete burst fractures 

(A3) if reduction occurred mainly in the cranial 

adjacent disc rather than in the fractured verte-

bra. Single level anterior fusion might also be 

indicated in hyperextension one-level disco- 

ligamentous injuries (B3). A complete anterior 

column reconstruction might be preferable in 

pincer type fractures with disc incarceration in 

the vertebral body (A2), complete burst fractures 

(A4) or flexion-distraction fractures with an 

anterior burst component (B2) [6]. Select ante-

rior fusion with MIS is essential when treating 

unstable thoracolumbar fractures associated 

with ligamentous injuries, since percutaneous 

a b c

d

Fig. 35.4 MRI of the thoracolumbar spine performed 

after implant removal at 2-year follow-up, showing a 

well-hydrated T11-T12 disc on sagittal T1 (a) and T2 (b) 

sequences, and a preserved paravertebral musculature 

with minor dystrophy at the fracture level (c) and instru-

mented level L1 (d)
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instrumentation does not enable bone grafting 

like open posterior fusion [3, 4].

35.3.4  Temporary Internal Fixation

Percutaneous instrumentation can be used as 

temporary internal fixator, which is removed 

through small skin incisions after consolida-

tion. This allows treating thoracolumbar frac-

tures without damaging paravertebral muscles 

as posterior dissection is avoided [11]. When 

using a combined approach of posterior osteo-

synthesis and select anterior column fusion, 

removal of the instrumentation is beneficial in 

younger patients if motion of non-fused lumbar 

segments can be restored [6]. The combination 

of kyphoplasty and percutaneous osteosynthe-

sis with subsequent removal of instrumentation 

allows a management without fusion of incom-

plete burst fracture. It might be legitimist, when 

questioning cement injection in younger 

patients. However, this practice led to adequate 

clinical and radiologic outcomes without long-

term adverse events [5, 10]. Furthermore, this 

strategy seems justified in A3 fractures as the 

cranial intervertebral disc is usually contained 

during the compression mechanism of the 

injury [12]. It remains unclear, whether cement 

injection under the cranial endplate inhibits 

nutrition of the disc by diffusion. The follow-up 

MRI of this case has shown that the nucleus 

remained well hydrated. This finding under-

lined that an incomplete burst fracture does not 

necessarily lead to cranial disc degeneration if 

the segment is temporarily maintained by per-

cutaneous instrumentation.

35.4  Conclusions and Take Home 
Message

Incomplete thoracolumbar fractures without neu-

rologic impairment can be treated efficiently with 

an MIS procedure. Fracture reduction and stabili-

zation is achieved by percutaneous instrumenta-

tion in combination with kyphoplasty within the 

first days after trauma. This approach has the 

advantage of preserving the paravertebral muscu-

lature. Clinical outcome and sagittal alignment 

are usually satisfactory on short- and long-term. 

In younger and physically active patients, instru-

mentation removal might be discussed if range of 

motion of non-fused segments can be expected in 

the lumbar spine or at the thoracolumbar 

junction.

a bFig. 35.5 Percutaneous 

fracture reduction using 

monoaxial long arm 

screws and pre-bent 

lordotic rods which are 

progressively pushed 

into the screw heads (a). 

This maneuver creates 

an elongation of the 

fractured spinal segment 

with ligamentotaxis and 

lordosis once the 

90-degree connection 

between rods and screws 

is achieved (b)
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Pearls

 – Preoperative analysis of CT images 

should rule out facet joint and disco- 

ligamentous injuries if percutaneous 

instrumentation without fusion is 

indicated.

 – Proper prone positioning and reduction 

using monoaxial screws represent effi-

cient techniques for fracture reduction.

 – Expansion and cement augmentation of 

the fractured vertebral body allow an 

immediate anterior column strengthen-

ing, which lowers the risk for recurrent 

kyphosis in the early postoperative 

period.

Editorial Comment

This article illustrates nicely the concept of 

“internal bracing” as an alternative to exter-

nal bracing of an incomplete burst fracture. 

The only thing I would have made differ-

ently is to use no cement and short index 

screws instead.
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36.1  Introduction

The posterior stabilisation is the Gold Standard 

in the operative treatment of spinal fractures. 

We want to focus on the question which cases 

might benefit from an additional anterior 

stabilisation.

A common situation in the clinical practice is, 

that after a posterior stabilisation the question of 

an additional anterior operation arises.

Although the scientific evidence for the need 

of an additional anterior stabilisation is low, we 

think that in many cases the result of the therapy 

can be improved with an additional anterior 

operation.

The following example shows a typical case, 

in which we would recommend an additional 

anterior decompression und stabilisation.

Even though in the everyday clinical practice 

the cases might be not so straightforward, we 

think that for the demonstration of the principles 

this case is a prime example.

36.2  Case Description

A 33  year old man lost control over his car 

because of unknown reasons. After the initial 

treatment at the accident site he was transferred 

with a helicopter to our emergency room. The 

patient arrived 3 h after the accident.

The clinical examination showed evidence for 

a spinal cord injury with a paraplegia below T 6 

and a residual sensibility corresponding to an 

ASIA B type lesion.

The X-rays and CT-scan showed fractures of 

the rips 4–7 on the left side and a bilateral lung 

contusion.

The reason for the paraplegia was a luxation 

fracture T 6/7 (AOS C) with a incomplete cranial 

burst-split of the T 8 (AOS A4).

According to the new AOS-Classification it 

was a T 6/7 C, T 6/A4, T 7/A 3, T 8/A4, M0, N3 

injury (Figs. 36.1 and 36.2).

As an emergency operation we performed an 

instrumentation T 4,5 on T 8,9,10 with an realign-

ment of the spine and a wide decompression of 

the spinal canal T 6,7.

As a second step we did an additional anterior 

thoracoscopic assisted corpectomy T 6,7 and par-

tially T 8 (endplate) with anterior clearance of the 

spinal canal because there was still a fragment 

left behind T 5 and the patient showed no neuro-

logical improvement after the posterior decom-

pression (Fig. 36.3).
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In the further clinical course we transferred 

the patient to our paraplegic unit for further 

rehabilitation.

During his stay in the hospital, which lasted 

7 months, the patient learned to walk again.

He is now able to walk for short distances 

without any help. Unfortunately his is still suffer-

ing of an atactic gait and a neurogenic bladder 

(Figs. 36.4 and 36.5).

36.3  Discussion of the Case

In the upper thoracic spine (T 1–5) we would 

recommend as an anterior approach a 

costotransversectomy.

For the vertebral bodies T 5/6 to T 11 a trans-

thoracic approach is used. Most surgeons recom-

mend a left sided approach for the lower thoracic 

spine because on the right side the liver is diffi-

cult to mobilize. For the mid to upper thoracic 

spine T 5–8 a right-sided approach is preferred.

If it is done in a thoracoscopic or a classic 

open approach should be chosen by the surgeon 

depending on his experience and the existing 

equipment. In our clinic we often use a mini- 

open approach in combination with thoracos-

copy. Especially in cases where the vertebral 

body has to be replaced, a purely endoscopic 

operation is not possible because for bringing in 

the implant an incision of a certain size is 

unavoidable.

For the vertebral bodies L 2, 3 und 4 we use an 

XLIF  - eXtreme Lateral Interbody Fusion  – 

approach. With this lateral retroperitoneal 

approach the vertebral bodies can be accessed 

with a small incision and no large vessels have to 

be mobilized, which makes it a pretty safe 

approach.

The vertebral body of L1 can typically be 

accessed with both approaches. We mostly use 

the XLIF-approach. Although for the surgeon it 

is sometimes a bit challenging to mobilize the rib 

cage, the mayor benefits of the retroperitoneal 

approach would be that the function of the lung is 

not compromised and the postoperative pain is 

much less with no need for a thoracic drainage.

For the replacement of L 5 a classic pararectal 

retroperitoneal ALIF approach is necessary. Of 

course L 2–4 can also be reached with an ALIF 

approach. But in our experience the XLIF 

approach is causing less bowl irritation and the 

risk of injuring large vessels is considerably less.

When it is planned from the beginning of the 

therapy that the patient receives a combined 

posterior- anterior approach and he suffers of 

osteoporosis it is advisable to do a posterior 

cement augmentation of the adjacent vertebral 

bodies. The anterior implant can rest on the 

cement filling which will reduce the risk for 

implant subsidance.

In thoracolumbar fractures we mostly do sin-

gle level fusions with a resection of the disc and 

the crushed bony fragments in A3 fractures with 

at least 2/3 vertebral body height left. There must 

be a large enough part of bone, where the implant 

a b

Fig. 36.1 The x-rays from the emergency room in lateral 

(a) and in a.p.-view (b) show the fractures of the vertebral 

bodies T 6,7 and 8 and the anterior displacement of T 6 

representing a C-type injury of T 6/7
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b

Reversed cortical sign

Complete burst fracture A4

Incomplete burst fracture A3

Burst split fracture A4

a

c d

Fig. 36.2 In the CT-Scan further details of the fractures can be seen. Panels (a), (b), (c) and (d) show the complete 

extent of injury in sagittal, coronal and axial cuts
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Remaining bony fragment

Persisting anterior translation

Loss of bone stock in the
anterior column

a

b c

Fig. 36.3 The postoperative CT (a) showed a remaining bony fragment which still compromises the dural sac, a signifi-

cant loss of bone stock in the anterior spinal column and a persisting anterior translation. The postoperative x-rays (b+c) 

showed an excellent positioning of the implants with a good correction of the kyphosis but with a mild residual scoliosis

 J. Castein and F. Kandziora
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can be anchored. Depending on the case we use a 

combination of autologous bone graft and a 

 ventral plate or cage with a screwed design. There 

is no evidence in the literature for the supremacy 

of a specific technique.

If the thoracolumbar fracture is a complete 

burst fracture or an incomplete burst with an 

impression of the vertebral body of more than 2/3 

we would recommend a vertebral body replace-

ment. In these cases we are using expandable tita-

nium cages. Widely used autologous bone grafts 

as a stand-alone technique are associated with 

donor site pain, risk of non-union and increased 

correction loss [1].

Concerning the implants there seems to be a 

trend that expandable and non-expandable tita-

nium cages have the same fusion rate but 

expandable cages enable more intraoperative 

correction [2].

If the fracture is in the lower lumbar or the 

mid or upper thoracic spine we restrict the indica-

tion for an anterior approach.

In incomplete burst fractures of the lower lum-

bar spine with an impression of the vertebral 

body not more than 2/3 of the vertebra und a 

more or less preserved lordosis a loss of correc-

tion is unlikely because most of the load in the 

lumbar spine is carried by the posterior column.

a b
Fig. 36.4 Six months 

after the trauma the 

CT-scan showed a good 

bony integration of the 

implants with no sign of 

implant loosening 

Panels (a), (b), (c) and 

(d) show the complete 

extent of injury in 

sagittal, coronal and 

axial cuts
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In our clinic fractures in the upper und mid 

thoracic spine are operated from posterior includ-

ing 2 levels above and below the broken vertebra. 

We think that in these regions it is precarious to 

do just 1 level above and below because the ver-

tebral bodies are rather small and only small 

screws can be used. Additional reasons for this 

concept are that loosing motion segments in these 

regions is not as critical as in the thoracolumbar 

or lumbar spine and a loss of correction in these 

regions is better tolerated by the patients accord-

ing to Glassman et  al. [3]. So in these regions 

even complete burst fractures are treated only by 

a posterior approach when the kyphosis is moder-

ate. It is not possible to define a cut off for “mod-

erate kyphosis” but often a whole-spine x-ray 

helps to see how the patient is affected by the 

kyphosis and how much he has to compensate.

In former days a long segment posterior stabi-

lization was the common surgical procedure for 

stabilizing spinal fractures.

The more modern concept is a short segment 

fixation for saving as much motion segments as 

possible especially in the thoracolumbar und 

lumbar spine.

Although posterior stabilization as a stand- 

alone procedure is a sufficient therapy for many 

spinal fractures, it has some disadvantages as a 

stand-alone solution. The most frequent problem 

is a progressive loss of the initial correction. 

There seems to be a relation between the destruc-

tion of the anterior column and the correction 

loss after a posterior stand-alone stabilization. 

Knop et al. for example found a clear correlation 

between the preoperative wedge angle of the ver-

tebral body and the postoperative loss of reduc-

tion [4].

We think that loss of reduction and persisting 

kyphosis is one of the biggest problems in the 

treatment of thoracolumbar fractures.

Among others Glassman [3] showed in 2005 

that a positive sagittal balance  – which means 

kyphosis – is linear associated with a deteriora-

tion in health status measures including the SF-12 

an ODI-Scores. Because of the linear association, 

a cut off angle in terms of a critical degree can’t 

be determined. The deterioration depended on 

the region of the kyphosis with the thoracolum-

bar as a critical region only excelled by the lum-

bar region.

Kyphosis might also accelerate degeneration 

in the adjacent spinal levels. In an in-vivo animal 

model (sheep) Oda [5] showed that a fusion 

L3–5 in kyphosis versus an in-situ fusion lead to 

significant degenerative changes of the cephalad 

facet joints.

On the other hand the patients with an addi-

tional anterior operation have more blood loss, 

a longer duration of the operation and the hos-

pital stay and a possible higher rate of compli-

cations [6].

So what could help in decision making by tak-

ing into consideration that clear evidence for a 

better clinical outcome with an anterior-posterior 

procedure is still lacking [6]?

A system which can be helpful is the 

Cormack Load Sharing Classification [7]. 

Fig. 36.5 The whole spine x-ray after 6 months in stand-

ing position showed a physiological sagittal balance
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Cormack et al. analysed a series a patients who 

received short segment instrumentation because 

of a vertebral fracture. A point system was 

developed that grades: The amount of damaged 

vertebral body, the spread of the fragments in 

the fracture site and the amount of corrected 

traumatic kyphosis. Table 36.1 shows how the 

point system works.

Every patient in this series, who had broken 

screws, had 7 points or more.

The author himself mentions that the classifi-

cation system has some weaknesses. There were 

only a small number of patients examined (28 

patients) and the system does not contain any 

assessment of the posterior ligaments. However it 

remains helpful in evaluating the stability of the 

anterior column.

Very important for considering an anterior 

operation is if there are still bony fragments dis-

placed into the spinal canal and causing neural 

compression. This was the case in our patient. 

After the initial posterior operation a CT was 

done, which still showed a fragment compromis-

ing the dural sac. Additionally the patient didn’t 

improve in his neurologic function. So these facts 

encouraged us to indicate an additional anterior 

operation.

An anterior approach always has the benefit to 

resect fragments anterior to the dural sac in a save 

way especially in the thoracic spine where the 

dural sac should not be mobilized.

Another problem which is recognized since 

years but still not solved is the role of the interver-

tebral disc. With increased force on the vertebral 

body there is an increased force on the interverte-

bral disc and like any other cartilage tissue the 

disc has very limited potential for regeneration. 

An injured disc will not heal and might cause 

chronic pain. So this might be an argument for 

additional anterior surgery for the price of sacri-

ficing motion segments.

The crucial point is that although there are 

some classifications for qualifying the injury of 

the disc for example from Sander et al. there is no 

guideline for implementing this into clinical 

decision making [8].

Also important are the comorbidities of the 

patient. Especially if the patient has a serious 

lung disease it might be better to do a longer pos-

terior instrumentation than a short combined 

anterior-posterior instrumentation. On the other 

hand residual pulmonary problems due to a per-

sistent hamatothorax might trigger an anterior 

stabilisation during an pulmonary operation.

In our example case we did an additional ante-

rior operation for 4 reasons:

 1. There was a severe destruction of the vertebral 

bodies (Cormack Classification >7 points)

 2. After the initial posterior operation the spinal 

canal was still compromised and the patient 

had a persisting neurologic deficit

 3. Because of the young age of the patient we 

wanted to restore a physiological sagittal 

balance

 4. To increase the stability because there was 

still some anterior translation after the initial 

posterior operation

Table 36.1 The Cormack load sharing classification system

Amount of comminution Points

Amount of correction of kyphotic 

deformity Points

<30% 1 3° or less 1

30–60% 2 3° to 9° 2

>60% 3 10° or more 3

Displacement of fracture segments

0–1 mm 1

At least 2 mm but less than 50% of the cross sectional 

area of the vertebral body

2

More than 2 mm but more than 50% of the cross sectional 

area of the vertebral body

3
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36.4  Conclusions and Take Home 
Message

Clear guidelines for an additional anterior 

approach can’t be derived from the literature.

Evidence Level: C

Although evidence is lacking everyone who is 

involved in the treatment of spinal fractures should 

have a clear concept of how to treat these patients.

A summary our concept reduced to a take home 

message will be described in the following.

According to the recommendations of the 

Spine Section of the German Orthopaedic and 

Trauma Society (DGOU/Verheyden et  al.) we 

regularly recommend an additional anterior 

approach in cases where:

 – The vertebral body is more than one third of 

its height impressed

 – There are still bony fragments displaced in the 

spinal canal and lead to a compression of spi-

nal cord or nerve roots

 – The initial kyphotic angle is more than 15–20° 

or the scoliosis is more than 10°

 – The disc is caved in the vertebral body or dis-

placed into the spinal canal

Why?

A widely destruction of the vertebral body pre-

dicts postoperative reduction loss after posterior 

only stabilisation and the more the initial kyphotic 

angle the more severe the injury is and the more 

likely a reduction loss will occur [4]. We think 

that especially in the long term a severe kyphosis 

at the thoracolumbar junction will matter. At the 

latest when degeneration of the lumbar spine hin-

ders the compensatory hyperlordosis.

Furthermore a severe damage of the disc will 

not heal and might cause on going pain.

If there are still bony fragments anterior of the 

dural sac it might be safer especially in thoracic 

spine to take them out from an anterior approach.

On the other hand we don’t recommend an 

additional anterior approach in every case.

In A3-type lesions (AOSpine Classification) 

with only minimal involvement/displacement of 

the posterior wall, a kyphosis <15° and a good 

bone quality an additional anterior approach is 

not necessary.

Also most transosseous B- or C-type lesions 

(AOSpine-Classification) with only a small bony 

defect and maybe in a patient with ankylosing 

spondylitis show good results with long posterior 

stabilisation only.

And of course severe comorbidities especially 

of the lung make a long posterior instrumentation 

more favorable.

In the upper and lower thoracic spine we often 

restrict the therapy to posterior stabilization two 

levels above and below even in complete burst 

fractures considering the kyphosis and degree of 

destruction of the vertebral body. In these regions 

sacrificing motion segments is not as critical as in 

the thoracolumbar or lumbar spine and because 

of the small vertebral bodies a longer stabiliza-

tion is needed anyway.

Pearls

 – In spite of lacking evidence we recom-

mend an additional anterior approach 

when the anterior column has a large bony 

defect (e.g. the vertebral body height is 

diminished more the 30% or both end-

plates are broken), which is the case in 

most A3 type-lesions and all A4-type 

lesions especially when a short segment 

stabilisation is planned (According to the 

recommendations of the Spine Section of 

the German Orthopaedic and Trauma 

Society [DGOU/Verheyden et al.]).

 – For A3-type lesions an anterior mono- 

segmental fusion is recommend. 

A4-type lesions should get a vertebral 

body replacement.

Pitfalls

 – In patients with a severe lung illness or a 

history of complex abdominal opera-

tions the need for an additional anterior 

approach should be questioned criti-

cally. These patients might profit from a 

longer posterior instrumentation with-

out an anterior approach.
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Editorial Comment

The authors show according to us a clear-

cut case in which an anterior reconstruction 

should be performed. Despite the fact that 

there is no high level evidence, the authors 

provide a very sound line of arguments on 

when or when not anterior reconstruction is 

to be considered.
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Sacral Fractures

Ulas Yildiz and Frank Kandziora

37.1  Introduction

Sacral fractures have historically been an over-

looked entity due to their heterogeneous nature. 

Furthermore they are complex in nature and pose 

diagnostic challenges and technical difficulties 

for treatment. They can be differentiated into 

traumatic (70%) and atraumatic (approx. 30%) 

etiology. Since the world’s older population con-

tinues to grow at an unprecedented rate, in nearby 

future the ratio will change in favor of atraumatic 

fractures (e.g. sacral insufficiency fractures). The 

traumatic sacral fracture is the result of a severe 

high-energy trauma and typically part of a pelvic 

ring injury. Such high forces lead to damage and 

disruption of the soft tissue surrounding the pel-

vis. In contrast the atraumatic fracture occurs in 

the form of an osteoporotic or insufficiency frac-

ture without a history of trauma. Therefore mul-

tiple injuries are rare in these patients. These 

characteristics make it necessary to differentiate 

in planning the operative care. Numerous classi-

fication systems and the lack of valid therapeutic 

algorithm lead to a case by case decisions in 

treatment, depending on the local organizational 

structures (orthopedics, neurosurgeons or/and 

trauma surgeons).

This article compares two different fracture 

entities which were operated in basically the 

same manner. Both injuries deal with a lumbo-

pelvic instability. Besides the differences between 

osteoporotic and traumatic fractures and the pit-

falls in operative care, the aim of this article is to 

assess the characteristics and choice of treatment 

due to the complexity of sacral fractures.

37.2  Case Description

37.2.1  Case I: Trauma

A 22 year old female sustained multiple injuries in 

a road traffic accident. She was travelling by car and 

suffered a head-on collision with another vehicle at 

a speed of approximately 50 kilometers per hour.

After being admitted to our hospital, the 

patient reported of a lower back pain and pre-

sented with a deformity of the right hand. During 

further clinical and neurological examination she 

showed a light sensorimotor deficit of the right 

L5 nerve root. Tibialis somatosensory evoked 

potentials in the additional neurophysiological 

evaluation were within normal measures suggest-

ing a nerve root contusion (Fig. 37.1).

The initial imaging revealed a fracture of the 

os hamatum and a fracture-luxation of the os 

 triquetrum combined with a carpal luxation of 

the right hand.
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Fig. 37.1 The X-ray indicates a fracture of the right Massa lateralis with a cortical disruption

First plain X-rays of the sacral bone indicated a 

fracture of the right Massa lateralis. Supplementary 

Ct-scan showed a complex bilateral H-type fracture 

of the sacrum with major dislocation of the right 

base and the right sacral wing below (Figs.  37.2 

and 37.3). The fracture lines involved all three zones 

described in Denis Classification [1], affecting the 

central canal but sparing the neural structures 

within. The translational flexion injury in the central 

mass of the sacrum could be further subclassified 

into type II, according to sagittal plane alignement 

by Roy-Camille [2]. No radiographic entrapment of 

the L5 nerve root could be detected.

Surgical approach was done by a midline inci-

sion from the L3 to the S4 segment, followed by 

dissecting the paraspinal musculature subperioste-

ally off the posterior elements of L4 through S4 and 

lateral dissection to the posterior superior iliac 

spines bilaterally. Screws were placed through both 

L4 and L5 pedicles under fluoroscopic guidance. 

After exposing the PSIS (posterior superior iliac 

spina) a small recess was created with a bone chisel 

1 cm caudally and medially of the PSIS to prepare 

the entry point of the iliac fixation. This was done to 

prevent prominence of the screw head which can 

cause a serious discomfort for the patient. To create 

the tract of both ilium screws, a probe was used, 

following the trajectory from the PSIS to the AIIS 

(anterior inferior iliac spina). After probing and 

ensuring that there were no cortical breeches or 

penetrations, the screw length was determined and 

set under fluoroscopy, aiming towards the AIIS. The 

rods were inserted, reduced und connected to the 

screw heads. In order to increase the rigidity of the 

rod-screw construction and to minimize axial rota-

tion, regarding the highly unstable H-type fracture 

of the sacrum, a transverse connector was attached. 

Decompression of the nerve root L5 was not carried 

out, since the neurophysiological test was without 

pathological finding.

No complications or adverse events occurred 

during postoperative course. The patient was mobi-

lized as tolerated. Follow-up consisted of upright 

radiographs after mobilization, along with pelvic 

inlet and outlet imaging. To detect bone formation 

and consolidation, a Ct-Scan was performed in an 

outpatient setting 3 months after surgery. Fortunately 

her motor and sensory functions recovered.
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Fig. 37.2 Additional digital reconstruction of the initial Ct-scan could verify fractures on both Massa lateralis, the right 

base with a fragment more dislocated

Fig. 37.3 MRI-scan showing flexion injury with transla-

tional displacement inbetween S1 and S2 according to 

type II in Roy-Camille Classification with a presacral 

hematoma

After osseous consolidation of the sacral frac-

ture an implant removal was scheduled 4 months 

after surgery to liberate the lumbar segments 

(Figs. 37.4, 37.5 and 37.6).

37.2.2  Case II: Osteoporosis

An 81 year-old patient suffered a fall during epi-

leptic convulsion. During initial treatment and 

diagnostic workup in an external clinic, he com-

plained of lower immobilizing back pain.

After assessing a hyperextension fracture- 

dislocation of the segment L5/S1 type B3 accord-

ing to AO Spine Classification, the patient was 

relocated to our department for further operative 

care. Dual-energy X-ray absorptiometry revealed 

an osteoporotic bone mineral density. Since the 

S1 endplate was disrupted, the conjunction 

between the lumbar spine and the pelvic ring was 

separated along with the soft tissue (Fig. 37.7).

Then a spondylodesis between L5 and S1 and 

a fixation of the lumbosacral spine to the pelvic 

ring was aimed by utilizing an instrumentation 

from L4 to S1 with S2 alar iliac screw fixation. 
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Surgical procedure was performed in the same 

manner as in the case before except for the iliac 

fixation. The technique of S2 alar iliac screw fix-

ation was chosen because of lower screw promi-

nence and enhanced biomechanical strength 

compared to the iliac screws. Demineralized 

bone matrix was added around the fully resected 

facet joints L5/S1.

S2 alar iliac screws bridge the sacroiliac joint 

directly and alter the sacroiliac joint surface. 

Hence it is predominantly useful in patients 

where already degenerative SI-joint problems 

exist preoperatively, while it should be avoided 

in young patients with healthy SI-joints espe-

cially if an implant removal is expected 

(Fig. 37.8).

Fig. 37.4 Postoperative X-rays

Fig. 37.5 3-months postoperative CT imaging
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Fig. 37.6 After implant removal

Fig. 37.7 Hyperextensionfracture, note that the endplate S1 is torn out with a bigger gap in the L5-S1 segment
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A second surgical intervention was performed 

for additional anterior load-bearing support as 

well as to restore sagittal balance and spinal con-

tour. Preoperative imaging of the pelvic blood 

vessels revealed an adequately wide corridor 

within the bifurcation of the iliac veins. Through 

a midline incision between the umbilicus and the 

symphysis the posterior abdominal wall was 

reached by bluntly freeing the parietal perito-

neum. A lordotic ALIF cage was inserted into the 

resected disc L5/S1 to bridge the gap. Four inte-

grated divergent locking screws were inserted to 

add a significant mechanical stability.

Initial postoperative care consisted of early 

mobilization to prevent ileus and atelectasis. 

Early oral feeding led to regular bowel move-

ments and normal stool frequency. Opioid-based 

analgesia could be reduced by the time the patient 

was discharged, while the patient was able to 

mobilize himself independently (Figs.  37.9 and 

37.10).

37.3  Discussion of the Cases

Numerous classification systems for sacral 

fractures evolved over the past years due to the 

diversity of this injury. The most commonly 

used is the Denis or Roy-Camille Classification 

[1, 2] referring to the location of the fracture or 

its grade of dislocation. Denis et al. divided the 

sacrum into 3 zones in relation to the sacral 

foramina with the highest frequency of neuro-

logical impairment for zone III injuries, medial 

Fig. 37.8 Postoperative X-rays
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to the sacral foramina. Vertical fractures in 

zone III rarely present neurologic deficits, the 

main cause are transverse fractures type II or 

III in Roy- Camille Classification which are 

associated with cauda equine syndrome or 

lumbosacral plexus dysfunction [3, 4]. Injuries 

along the sacral foramina usually lead to 

radiculopathies.

Fig. 37.9 3D imaging of the blood vessels to clarify the corridor of the iliac veins
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In order to take account for the characteristics 

and their complications, a universally accepted 

sacral fracture classification was established by 

the AOSpine [5]. It is a 3 stage classification 

which distinguishes the grade of instability. Type 

A does not affect the spinopelvic stability 

whereas type B fractures occur unilaterally with 

a posterior pelvic instability and type C bilater-

ally with a concomitant spinopelvic dissociation. 

This system aims to achieve international accep-

tance and describes injuries based on fracture 

morphology, neurologic status and case specific 

modifiers. Secondary to its use for trauma cases, 

disregarding the specifics of osteoporotic or met-

abolically impaired bone, it has so far not reached 

wide distribution.

In terms of fragile bone Rommens et al. intro-

duced the classification of fragility fractures of 

the pelvic ring [6]. Compared to pelvic ring 

lesions of younger adults, the osteoporotic bone 

fails to bear the daily load, ranging from low- 

energy to physiological load. Many fracture pat-

terns show a certain dynamic process. Linstrom 

et  al. have found that walking causes alternate 

weight bearing with stress to both sacral ala [7]. 

This may induce a uni- or bilateral fracture within 

the reduced bone stock. After losing the lateral 

support the forces transmitted downward from 

the spine to the sacrum produce high impact at 

the central portion of the sacrum. That in turn 

causes an anteriorinferior vector in the upper part 

of the sacrum which may lead into a transverse 

fracture.

From this point of view the comprehensive 

classification of Rommens et  al. may be just a 

snapshot of pelvic ring lesions but reflects the 

clinical and morphological characteristics in a 

better way. This detailed system allows to under-

stand and predict the stability and prognosis of 

the lesion. Despite a well-understandable struc-

ture, however, this classification system has so 

far found little use due to its complexity.

The trauma case needs to be classified as type 

C3 referring to AOSpine with a displaced H-type 

fracture. Due to its transverse fracture displace-

ment it has a higher likelihood of neurological 

impairment. As one would expect, in a higher 

dislocated case, this should have led to a cauda 

equine syndrome or lumbosacral plexus dysfunc-

tion. But neither occurred, because of the limited 

dislocation and the widely intact spinal canal. 

Instead she only presented with a sensorimotor 

radiculopathy of the right L5 nerve root. The 

greater dislocation of a bone fragment from the 

right-sided base of the sacrum with a presumably 

compromised iliolumbar ligament resulting in an 

indirect “stretch” of the L5 radix may be an 

explanation for the neurologic symptom. Because 

Fig. 37.10 Postoperative X-rays with an interbody gaft
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of preoperative intact neurophysiological testing 

and its peripheral affection as well as the missing 

direct nerve root compression, direct surgical 

decompression was not carried out. We expected 

to achieve sufficient decompression by indirect 

reduction with concomitant ligamentotaxis. An 

open reduction was performed to evaluate and 

address the fracture dislocation. The transverse 

displacement involves a spinopelvic instability 

and demands a rigid spino-pelvic stabilization. In 

vertically unstable sacral fractures a spinopelvic 

stabilization counteracts the shear forces and is 

thereby mandatory to exclude the fractured 

sacrum from weight bearing. A transverse con-

nector was attached to prevent axial rotation. 

This allowed early weight-bearing and facilitated 

nursing care. Alternative options for internal fixa-

tion, including percutaneous iliosacral screws, 

transiliac bars, sacral rods or isolated posterior 

plates do not provide adequate fixation for early 

mobilization in our hands.

Even though the osteoporosis case suffered a 

low energy trauma, the FFP Classification cannot 

be applied due to the missing corresponding sub-

division. This fracture type should rather be clas-

sified as B3-type in AOSpine Classification 

comparable to a U-shaped lesion. Due to reduced 

bone stock, a spinopelvic fixation technique was 

performed to achieve a reliable implant anchor-

ing, secure stability and prevent pseudarthrosis. 

Since exclusively the endplate of S1 was torn out, 

pedicle screws were applied from L4 to S1. S2 

Alar-Iliac screws were chosen because of their 

lower prominence, increased ability to directly 

connect to proximal fixation, less extensive dis-

section of soft tissue and their greater likelihood 

of enhanced biomechanical strength compared to 

the iliac screw technique. Under the assumption 

of an extensive disruption of the ligaments and 

soft tissue, an ALIF-Cage was inserted into the 

segment L5/S1  in order to secure the anterior 

support and induce a bone fusion.

37.3.1  Comparing Both Cases

The young trauma patient had a fixation follow-

ing the principles of a temporary stabilization. 

After consolidation and bone formation, the 

implants were removed to liberate all affected 

joints. The osteoporosis case on the other hand 

received a permanent fusion of the L5-S1 seg-

ment. Since elderly patients commonly have cal-

cified und rigid adjacent ligaments and soft 

tissue, in case of a trauma they usually suffer 

from a wide lesion of both, soft tissue and fragile 

bone structure. Considering this, a sufficient sup-

port of anterior and dorsal structures was needed 

to allow early mobilization.

37.4  Conclusion and Take Home 
Message

High speed trauma must be followed by high- 

resolution diagnostic workup, specifically a mul-

tislice polytrauma Ct-Scan. If there is an 

accompanying neurological deficit, an MRI scan 

should be performed promptly in order to rule out 

intraspinal hematoma or affection of neuronal 

structures. The current therapeutic methods are 

based on the stability criteria of the pelvic ring. 

During the initial hours following trauma the pri-

mary focus remains on optimizing patient survival 

by limiting ongoing hemorrhage into the retroperi-

toneal perisacral region. External pelvic clamp or 

external fixateur is recommended during emer-

gency care. In case of a compensated state, how-

ever, internal fixation offers better nursing care and 

mobilization. Furthermore, this allows to bridge 

the weight-bearing from the lower lumbar spine 

bypassing the injured sacrum directly to the ileum.

In elderly patients there is usually a lack of 

trauma history and plain radiographs of the pelvic 

ring are performed standardly to exclude fractures. 

In prospective studies, up to 60–80%, and in retro-

spective studies around 50% of osteoporotic sacral 

fractures remained undetected in conventional 

X-rays [8, 9]. If affected patients complain of per-

sistent pain Ct, MRI or scintigraphy are indispens-

able to verify a fracture. Conservative treatment is 

generally promising in atraumatic sacral fractures 

or after low-energy trauma provided that the 

patient has no neurological deficits and can be 

mobilized. Unstable fractures should be closely 

examined, otherwise they can lead to further com-

plications due to neglected treatment. In terms of a 

necessary surgical intervention, a definitive solu-
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tion with adequate stabilization should be sought 

out in the interest of the patient. Sacral fractures 

require long-segment fixation, especially in osteo-

porotic bone, with an additional Iliac or S2 Alar-

Iliac screw in order to resist flexion moments. 

Specifically at L5-S1, pseudarthrosis is very com-

mon with lumbosacral fusions. With the objective 

to minimize the risk of pseudarthrosis an interbody 

graft should be utilized.
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38.1  Introduction

In the elderly the risk of traumatic fractures is ris-

ing due to an increased risk of falls caused by 

cerebrovascular and cardiac diseases. Another 

problem is the altered bone metabolism leading 

to increased bone fragility and fracture tendency. 

Thus even minor trauma such as domestic falls 

often leads to significant spine injuries.

Both most common fracture types in the 

elderly are osteoporotic vertebral body compres-

sion fracture in the thoracolumbar spine and 

Anderson and D’Alonzo type II odontoid frac-

ture in the upper cervical spine [3].

Due to operative difficulties caused by the loss 

of the bone mineral density on one hand, and 

perioperative complications caused by medical 

comorbidities on the other, the decision in favor 

of surgical procedure is usually restrained. In 

contrast to the clearly evident benefits of surgical 

treatment of a for instance hip fracture, definitive 

guidelines for treatment of spine fractures in the 

elderly are missing.

The chapter will elucidate the existing 

dilemma between surgical therapy for osteopo-

rotic fractures in elderly patients harboring high 

perioperative morbidity, versus conservative 

treatment potentially leading to an insufficient 

healing and neurological impairment. The ratio-

nale for both, conservative options and surgical 

approaches is discussed in this chapter based on 

the two most common types of geriatric spine 

fractures.

38.2  Case 1

38.2.1  Case Description

A 95 y/o female patient with a history of apo-

plexy and dementia stumbled and fell down on 

the back of her head. The externally performed 

CT scan and the MRI showed an Anderson and 

D’Alonzo type 2 odontoid process fracture 

(Figs. 38.1 and 38.2). After diagnostics and fixa-

tion in a Miami-J collar, the patient was trans-

ferred to our clinic. The patient suffered from 

strong neck pain. The neurological examination 

showed no deficits.

The patient underwent C1-C2 posterior by 

C1-C2 arthrodesis using the Goel and Harms 

technique (fixation of the C1 lateral masses 

and C2 isthmus using polyaxial screws) 

(Fig. 38.3).

No new deficits occurred after surgery. A 

perioperatively- acquired pneumonia was suc-

cessfully treated by systemic application of a cal-

culated antibioticum for 1 week. The patient was 
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a b

Fig. 38.1 Initial CT Scan. Sagittal (a) and axial (b) CT scan rendering type II odontoid fracture

a b

Fig. 38.2 Preoperative MRI. Sagittal STIR MRI (a) showing pathological signal enhancement along the C1/C2 com-

plex; the sagittal and additionally axial images (b) are indicative for the disruption of the transverse ligament of the atlas
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discharged back to her nursing home in a 

 clinically and neurologically stable state 2 weeks 

after the surgery.

38.3  Case 2

38.3.1  Case Description

A 77 y/o female patient with a known history of 

osteoporosis presented to our outpatient depart-

ment with progressive lumbar pain. The patient 

had fallen about 2 months ago. Additionally the 

patient reported to suffer from chronically back 

pain and claudication symptoms since about 

9  months. Her complaints were progressive 

despite conservative treatment with high-dose 

morphine-derived analgetics. CT and MR-imaging 

revealed a consolidated osteoporotic compression 

fracture of the L1 with a consecutive kyphotic 

deformity (Fig. 38.4). Based on the imaging find-

ings and the clinic described above, the patient 

was then offered surgical therapy.

The patient underwent a two-stage surgery: 

percutaneous dorsal correction sponylodesis with 

augmented pedicle screw fixation Th10-11-12 

and L2-3-4 and pedicle subtraction osteotomy at 

the level of L1 in the first step, followed by a ver-

tebral body replacement of the L1 2  days later 

(Fig. 38.5).

No postoperative neurological deficits or med-

ical complications were observed. The patient 

was transferred to a rehabilitation clinic 10 days 

after the second surgery. At discharge, the patient 

presented with residual wound pain, she was able 

to walk short distances without assistance.

38.4  Case Discussion

38.4.1  Indication

38.4.1.1  Odontoid Fractures

Independent of the applied treatment these inju-

ries are associated with high morbidity and 

mortality. The fracture-associated mortality is 

a b

Fig. 38.3 Posterior screw-rod C1-C2 fixation. (a) 

Posterior C1-2 fixation is performed with lateral mass 

screws placed in C1 (a) and isthmic screws in C2. Drilling 

is guided by anatomic landmarks and lateral fluoroscopy. 

(b) X-ray check showing appropriate results after surgery
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increased especially in the first 12  weeks after 

the injury, at 1 year the mortality rate is still at 

37.5% [34].

Osteoporotic changes, a poor blood supply of 

the fracture gap, and degeneration-associated 

impaired biomechanics lead to a disrupted heal-

ing of the fracture resulting in an increased rate 

of pseudoarthrosis of up to 85% [8]. Especially 

patients with dislocated odontoid fractures seem 

to be predisposed to a nonunion and an increased 

risk of mortality [12].

The optimal management for type II fractures 

remains controversial. No Level A evidence- 

based guidelines are available so far.

Overall, four different options for the treatment 

of type II odontoid fractures have been described: 

the conservative regimes include rigid and non-

rigid immobilization, and the two surgical 

approaches are anterior screw fixation of the odon-

toid and posterior fusion of the C1/2 complex.

According to larger retrospective series and 

metaanalyses, mortality rates with conservative 

a b

Fig. 38.4 Initial diagnostic. Sagittal CT in (a) and T2 STIR MR-imaging (b) revealed a consolidated osteoporotic 

compression fracture of the L1 with a consecutive kyphotic deformity
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treatment by an immobilization in collars or halo-

thoracic bracing vary between 33% and 45% [25]. 

Conversely the perioperative mortality rates are 

reported to be significantly lower ranging between 

6% and 41% [8, 9, 13, 29, 35]. Chapman et  al. 

could demonstrate in their large retrospective 

multicenter study a significant 30-day survival 

advantage (7% vs 22%) and a trend toward 

improved longer-term survival (38% vs 51%) for 

operatively treated over non-operatively treated 

patients [5]. The fusion rates by non-operative 

techniques are reported to reach 70%, however 

precisely in the elderly the risk of osseous non-

union is highly increased with conservative 

immobilization, as found by a case-control study 

based on Class II data [19]: The odds ratio of this 

study indicated that the risk of failure for halo 

immobilization was 21 times higher in patients 

aged 50 years or more. Regarding the fusion rates, 

surgical treatment may provide significantly more 

beneficial results, than conservative options, lead-

ing in up to 100% to osseous union [8, 35]. Stable 

non-union – or fibrous union – could be an ade-

quate aim in the treatment of odontoid fractures, if 

a b

Fig. 38.5 (a) Postoperative Image. a Sagittal control 

X-Ray after cement augmented pedicle screw fixation Th 

10-11-12 and L 2-3-4 and correction of kyphotic defor-

mity; (b) Sagittal CT scan shows the final result after ante-

rior spinal fusion performed in a second step

38 Spine Injuries in the Elderly
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the patient is asymptomatic and the dynamic 

X-rays show no instability at the site of the frac-

ture [18, 25]. The main concern in these cases is 

the risk of a delayed myelopathy in patients with 

established osseus non-union of the odontoid [7]. 

Indeed, it is unclear over what period of time the 

myelopathy would develop: in most cases it takes 

several years for the relevant clinic to appear. 

This theoretically would make this problem neg-

ligible in the elderly population. However, the 

majority of elder patients with non- union after 

conservative treatment still require delayed sur-

gery within 90  months after trauma because of 

their clinically relevant symptoms [31].

This data together suggests a trend toward 

more favorable outcomes of surgically treated 

patients.

38.4.1.2  Vertebral Body Compression 

Fracture

Osteoporotic compression fractures, mostly 

A-fractures according to the AO classification, 

are very frequent in the elderly affecting 117 in 

100,000 people. The thoracolumbar junction is 

the most commonly involved site. Typical signs 

are acute back pain, motor and vegetative defi-

cits, claudicatio spinalis, imobilization, and sub-

stantial decrease in quality of life. Conservative 

treatment includes analgesia, bed rest, and a con-

comitant medical treatment of osteoporosis. 

Although most fractures heal well with non- 

operative procedures, up to 30% of fractures can 

develop painful nonunion, progressive kyphosis, 

and neurological deficit. For patients who develop 

severe pain not responding to nonoperative mea-

sures and painful nonunion, percutaneous cement 

augmentation procedures including vertebro-

plasty or kyphoplasty have been suggested in 

acute stages. However, in case of healed (old) 

osteoporotic fractures with established kyphotic 

deformity and sagittal imbalance, as well as rel-

evant symptoms such as disabling pain or neuro-

logical deficits, more extensive intervention 

including dorsal pedicle screw-rod fixation and 

decompression by one- or multilevel laminec-

tomy may be considered [17]. If indicated, the 

surgery should proceed as a minimally invasive 

percutaneous approach to minimize the blood 

loss, duration of the procedure, and perioperative 

complications in elderly patients. In cases with 

additional relevant deformity and/or burst frac-

ture, a corporectomy of the fractured vertebral 

body should be performed for the ventral decom-

pression. Spinal instrumentation and fusion may 

be combined with an osteotomy in order to 

achieve a correction of the segmental kyphosis. 

There is no clear evidence of the advantages and 

disadvantages of these complex interventions in 

the elderly. The indication is given rather as an 

ultima ratio in case of progressive deformity and 

symptoms despite intensive conservative therapy. 

Only few case series and expert opinions report-

ing on this subject are available [2, 11, 23, 27]. 

Fortunately, complex instrumented procedures 

are only needed in about 5% of all symptomatic 

osteoporotic compression fractures [30].

38.4.2  Surgical Approach

38.4.2.1  Odontoid Fractures

Amongst different surgical techniques, posterior 

fixation of the C1/2 complex using C1 lateral mass 

and C2 istmus screws by Goel/Harms is the most 

effective option for treatment of odontoid fractures 

with fusion rates approaching 100% [10, 20].

A higher failure rate with the direct anterior 

screw fixation technique has been claimed in the 

elderly population, mainly due to the advanced 

osteoporosis leading to increased rates of screw- 

loosening and non-union [1]. Additional argu-

ments against this technique are a higher risk for 

postoperative pneumonia and dysphagia after 

surgery, insufficient healing and reposition in 

cases with transverse atlantal ligament injuries or 

fracture dislocation. These facts together allow to 

provide strong recommendations against anterior 

fixation in the elderly [14].

38.4.2.2  Vertebral Body Compression 

Fracture

Osteosynthesis in patients with consolidated com-

pression fractures can result in high complications 

rates due to the osteoporosis, comorbidities and 

commonly increased risks of mechanical failures 

of implants and rates of pseudarthrosis in the 

elderly. Pedicle screw loosening and adjacent- 

level vertebral body fracture are common 
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sequela among patients with osteoporosis. In 

order to decrease these operative risks, it is nec-

essary to keep the surgery as less invasive as 

possible. Performing a percutaneous osteosyn-

thesis can be a reasonable option, which would 

minimize surgical time, blood loss, muscle 

trauma, and infection risks leading to shorter in-

hospital stay and rehabilitation [27, 28]. 

Additionally, the use of fenestrated pedicle 

screws with PMMA cement augmentation 

allows to increase the pull-out strength of the 

screws to more than double of the non-aug-

mented fixation and to prevent the above- 

mentioned osteoporosis – associated risks [6].

In cases with considerable thoracic kyphosis, 

correction of the deformity may become neces-

sary. Different surgical techniques have been dis-

cussed for the correction of the osteoporotic 

spine including anterior spinal fusion, posterior 

fusion alone, PSO, and combined anterior and 

posterior surgery [26, 28, 32]. Still, there is no 

consensus and no evidence regarding which is 

the most appropriate approach. The indication 

should be put in place very carefully and tailored 

individually depending on patients comorbidi-

ties, severity of symptoms, and extent of osteopo-

rotic changes.

Even if the surgery was performed perfectly, 

one should be aware of the not uncommon late 

complications, such as loosening of pedicle 

screws or subsequent vertebral compression frac-

tures within adjacent segments.

38.4.3  Conservative Treatment

38.4.3.1  Odontoid Fractures

In patients who are not suitable for surgery, non- 

operative fixation should be considered as an 

alternative treatment option. The described con-

servative therapy includes non-rigid external 

immobilization using a hard cervical collar and/

or the rigid external fixation by halo vest.

The halo vest associated morbidity, particu-

larly in the elderly, has been increasingly high-

lighted by several authors with mortaity of 40% 

and morbidity of more than 50% [15, 25]. 

Based on a series of 50 patients, Tashjian et al. 

have found that the mortality and morbidity 

rates in patients with halo vest were 42% and 

66% while that in the patients treated by sur-

gery or collars were 20% and 36%, respectively 

[33]. Another study by Majercik et  al. found 

that old patients with halo vest had a signifi-

cantly higher mortality than old patients treated 

with surgery or collar (6 and 12%) and a 20 

times higher mortality than young patients 

(40% vs 2%) [21]. This makes the use of halo 

today nearly obsolete.

The non-rigid external immobilisation using a 

hard cervical collar is an in exceptional cases 

acceptable form of treatment for type II odontoid 

fractures for old patients with inappropriately high 

surgical risks. The osseous fusion rates are 

described to reach up to 70%, the rates of stable 

fibrous union are approximately 90% [24]. 

However, not to forget is that the conservative man-

agement with cervical collars also bears addtional 

specific complications, such as decubital ulcers, 

which may occur in up to 10% of cases [18].

38.4.3.2  Vertebral Body Compression 

Fracture

Most pain-related symptoms from vertebral com-

pression fractures in acute stages are resolved 

with conservative management comprising of 

analgesic medication, physical therapy and short 

bed rest [22]. In case of a fracture healed in a 

deformity without signs of instability or neuro-

logical deficits, conservative therapy can be 

attempted. The role of bracing in treatment of 

osteoporotic compression fractures is not quite 

clear. There is some concern regarding the place-

ment of increased stress on the posterior elements 

of the spine when extension bracing is used. 

Furthermore, bracing bears additional risks, par-

ticularly in the elderly population, such as decu-

bitus ulcers with subsequent soft-tissue infections, 

diminished pulmonary capacity and weakening 

of the axial musculature [4].

Level of Evidence

Odontoid Fractures: C

The level of evidence available to date is rela-

tively low. Due to the lack of class I studies, no 

definitive conclusions can be drawn regarding the 

optimal treatment of type II odontoid fractures or 

consolidated thoracolumbar compression frac-

38 Spine Injuries in the Elderly
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tures in the elderly. There are no comparative 

studies prospectively comparing surgical options. 

An international cooperative registry study 

(INNOVATE) is underway to prospectively 

assess fracture healing and clinical outcome after 

surgical versus conservative treatment of odon-

toid fractures in the elderly patient, with a spe-

cific emphasis on the very old patient [16].

Instrumentation for Vertebral Body 

Compression Fracture: D

The evidence is extremely low. No prospec-

tive studies and only a few small retrospective 

series have evaluated benefits and harms of 

complex reconstruction surgeries for osteopo-

rotic compression fractures. Therefore, the 

indication for these approaches should be very 

strict and reserved for selected patients with 

progressive deformities and disabiling 

symptoms.

38.5  Conclusions and Take Home 
Message

Regardless of the applied treatment, osteoporotic 

fractures in the elderly bear per se a high risk of 

poor outcome and death due to increased rates of 

preexisting comorbidities and immobilization- 

associated impact. The primary goal of the frac-

ture treatment in the elderly is to achieve the 

fastest possible restoration to the degree of the 

pre-traumatic mobilization.

The most common two types of spinal frac-

tures in the elderly are the type II odontoid frac-

ture in the cervical spine, and the vertebral 

body compression fracture in the thoracolum-

bar spine.

The surgery of the type II odontoid fracture is 

advocated in the majority of cases because of the 

increased risk for the development of an unstable 

pseudarthrosis, morbidity and and mortality in 

case of an insufficient treatment. The dorsal 

fixation of the C1/C2 complex provides the most 

appropriate surgical approach in terms of fusion 

and comparably low perioperative risks for fail-

ure or complications.

Osteoporotic compression fractures in the tho-

racolumbar spine may be treated conservatively 

with pain medication and moderate immobiliza-

tion if the pain level is low, neurological deficits 

are absent, and the patient appears to benefit from 

conservative measures. Spinal deformities in 

patients with osteoporosis are complex to treat 

because of their disabling and progressive nature. 

For fractures with severe collapse that leads to 

neurological deficit and increasing deformity, 

instrumented stabilization and decompression 

can be considered. Using minimally invasive 

approach including percutaneous fixation with 

cement-augmented screws may provide accept-

able results.

Pearls

 – The earliest possible mobilization is the 

main goal of the therapy

 – Keep in mind the increased risk of non-

fusion and high fracture associated mor-

tality rates especially with conservative 

treatment regimes

 – Odontoid fracures: dorsal fixation of the 

C1/C2 complex provides the most 

appropriate surgical approach in terms 

of fusion and perioperative risks

 – Dorsal intrumentation for osteopo-

rotic compression fractures is reserved 

for selected patients with progressive 

symptomatic deformities, disabiling 

symptoms and neurological deficits

Editorial Comment

Surgical treatment of the 2 most common 

fractures in the elderly is outlined in this 

chapter. There is basically no reasonable 

evidence for the management described in 

case 2, so indication should be restricted to 

the ones outlined below. My personal opin-

ion for odontoid insufficiency fractures in 

the elderly is that a posterior C1-2 con-

struct is the treatment of choice. If conser-

vative treatment is considered, a soft collar 

is sufficient to have the fracture heal in a 

rigid pseudarthrosis. A Halo is obsolete and 

has higher risks than surgery.
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39.1  Introduction

Ankylosing spinal conditions are a constellation 

of mixed conditions causing fusion of the spine. 

The most well recognized condition is ankylos-

ing spondylitis (AS), which is a systemic chronic 

autoimmune spondyloarthropathy typically 

affecting younger males in the third decade of 

life and causing progressive spinal fusion in a 

caudal to cranial direction commencing at the 

sacro-iliac joints. It is believed to affect 0.2% of 

the Caucasian population (lower in other popula-

tions) and 90% of patients are HLA-B27 posi-

tive. Most have the classic radiographic 

appearance of squaring of the vertebra with 

“shiny corners” at the attachments of the annulus 

fibrosis (Romanus lesions), marginal syndesmo-

phytes, osteopenia and ultimately a bamboo 

spine. Other spondyloarthropathies causing 

ankylosis of the spine include psoriatic arthritis, 

enteropathic arthritis and chronic reactive arthri-

tis. However, multi- level spinal ankylosis is rare 

in these conditions and in those with an anky-

losed spine their presentation, workup and treat-

ment is similar to AS.

When injured, the spine can fracture anywhere 

but most often fractures in the mid-cervical and 

cervicothoracic junction (80%) and less at the 

thoracolumbar junction. Most commonly, these 

fractures are extension type unstable fractures 

involving all three columns typically through the 

intervertebral disc. The stiff fractured spine acts 

as long bone fractures and therefore secondary 

dislocation and deterioration of neurologic status 

is common. A peculiarity of these fractures is the 

high epidural haemorrhage rate [6], which 

increases the risk of neurological injury and mor-

tality. However, due to the progressive compres-

sive effect of the haemorrhage, neurological 

symptoms often present late and therefore clini-

cians should be aware of this progressive 

phenomenon.

In ankylosed spine, particularly in AS, stress 

shielding in the fused spine and increased bony 

resorption leads to osteoporosis contributing to a 

higher fracture risk. Many fractures therefore 

occur as a result of a low energy trauma mecha-

nism and about 50% are missed on standard 

plain x-ray films [3]. It is important to note that 

up to a third of ankylosing patients with a spinal 

injury will have an unrecognized non-contigu-

ous injury level and nearly 80% of these will 

result in a neurological injury if not treated early, 

therefore a whole spine CT or MRI scan is nec-

essary [2].
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The present case should illustrate that innocu-

ous injuries can result in unstable spinal fractures 

and that they are hard to identify clinically and on 

standard radiographs.

39.2  Case Description

A 69 year old female with a known history of AS 

presented to the emergency department after a 

fall from standing height at home landing onto 

her left shoulder sustaining a proximal humerus 

fracture. She had mild bruising around her eyes 

and along the bridge of her nose in the distribu-

tion of her glasses’ frame. She did not complain 

of any neurological concerns but did complain of 

mild neck pain. She was discharged in a shoulder 

immobilizer for the management for her proxi-

mal humerus fracture but returned 4  days later 

due to continued neck pain. Her cervical spine 

x-ray showed prevertebral soft tissue swelling at 

the C5/6 level, but no fracture line could be iden-

tified (Fig. 39.1).

Cross-sectional CT scan imaging revealed the 

chalk-stick fracture affecting all three columns 

(Fig. 39.2).

She therefore underwent C4–7 anterior stabi-

lization with a compression plate. She made an 

unremarkable recovery with serial radiographs 

illustrating fracture union (Fig.  39.3). She has 

subsequently been discharged.

39.3  Discussion of the Case

39.3.1  Diagnosis

This case illustrates the challenges in diagnosing 

unstable three-column spinal injuries in patients 

with ankylosing spinal conditions. The patient 

sustained a fairly innocuous fall, all be it suffi-

cient enough to cause an undisplaced proximal 

humerus fracture. However, this minor trauma 

was sufficient to cause a potentially unstable 

chalk-stick fracture in her ankylosed spine. The 

distracting injury sustained to her proximal 

a b

Fig. 39.1 AP and lateral erect cervical x-rays demonstrate prevertebral soft tissue swelling but fail to identify the fracture
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a b c

Fig. 39.2 Midline (a) and para-central (b) sagittal, as well as a coronal (c) CT scan. The arrows point to the 3-column 

chalk-stick fracture

a b

Fig. 39.3 Immediate post-operative (a) and 6-month post-operative (b) lateral erect x-rays. The arrow illustrates the 

fracture line
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humerus limited her initial recognition of neck 

pain. However, in retrospect the clinicians should 

have recognized the injury pattern to her perior-

bital region suggesting forehead impact and an 

extension injury to her neck. A recognition of the 

importance of increased vigilance in patients 

with AS may have ensured the patient obtained 

appropriate spinal imaging at first. In addition, 

the radiographs attained on her re-presentation 

are challenging to interpret. It was only with 

heightened awareness of the subtleties of frac-

tures in AS that the pre-vertebral soft tissue 

swelling was identified and cross-sectional imag-

ing attained.

The present case illustrates a rather common 

scenario in fractures in the ankylosed spine, 

whereby either a low energy trauma does not 

prompt imaging or it is missed on conventional 

radiographs. An up to 50% rate of failing to iden-

tify fractures in these patients using standard 

radiographs has been reported and therefore 

cross-sectional imaging should take precedence 

and is mandatory to exclude or confirm a diagno-

sis [3]. It is of note, however, that CT and MRI 

are complementary and neither can detect 100% 

of fractures. Particularly in injuries of the poste-

rior column, MRI is useful as they may be missed 

with a CT [5].

39.3.2  Choice of Approach 
and Fixation

The principles of surgical stabilization of anky-

losing spinal conditions are similar to those of 

long bone fractures. Because of the long lever 

arms and high local force at the fracture site, fixa-

tion with long constructs and multiple fixation 

points are required. This is particularly important 

in those with associated osteopenia which is a 

frequent finding in ankylosed spines, particularly 

AS. The intervertebral discs (IVD) of the anky-

losed segments do not need to be spared as their 

function has been eliminated by the fusion. 

However, the surgeon needs to be mindful of the 

challenges of fixation due to osteoporosis and 

deformity.

Given the potentially unstable injury of frac-

tures in ankylosed spines with a risk of neuro-

logic injury upon secondary dislocation, operative 

intervention was chosen to ensure optimal stabil-

ity and healing of the fracture. She did not have 

an epidural haematoma which influenced the 

decision on an anterior versus posterior approach. 

Instead, an anterior approach was selected 

because her extension-type injury was felt to 

have resulted in anterior tension failure and an 

anterior approach would allow to ensure accurate 

reduction and compression of the fracture.

While there remains a paucity of literature on 

the specific management of spinal trauma in anky-

losing spinal conditions especially with regard to 

the surgical approach, posterior approaches seem 

to be the more commonly chosen surgical tech-

nique for stabilization of subaxial fractures of the 

cervical spine [4]. The advantages of a posterior 

approach seem to be the possibility of easily 

extending the fixation to decrease the lever arm on 

the fractured segment and access to perform a 

multilevel decompression in the presence of a neu-

rologic deficit or epidural hematoma. It may also 

be easier to access the spine from posterior in the 

presence of a significant kyphotic deformity of the 

cervical spine. However, the posterior approach 

may be more invasive than an anterior approach. 

The failure rate of anterior fixation has been 

reported to be up to 50% in one study [1]. If inad-

equate fixation is found in the anterior approach 

particularly due to reduced bone density, an addi-

tional posterior fixation is required. While ante-

rior-posterior approaches are the most invasive, 

they are indicated especially in cases of coincident 

deformity correction during fracture fixation. In 

the present case, anterior fixation was adequate 

and resulted in healing of the fracture.

39.4  Conclusions and Take Home 
Message

Fractures of the subaxial cervical spine in anky-

losing spine conditions are frequently missed due 

to the low energy trauma mechanism, distracting 

injuries and the fact that 50% of fractures are not 
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visible on standard radiographs. A high level of 

suspicion is thus required and cross-sectional 

imaging such as CT or MRI of the whole spine 

mandatory. Close attention to the patients’ neuro-

logical status needs to be maintained due to the 

high rate of epidural hemorrhage. These fractures 

are typically unstable and delayed diagnosis and 

conservative treatment may result into loss of 

alignment, secondary dislocation and a neuro-

logical deficit. While the majority of fractures are 

treated surgically using a posterior approach, an 

anterior approach can result into healing of the 

fracture if adequate fixation is achieved. Due to 

reduced bone density and the long bone nature of 

the fracture, long fixations should be chosen.
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Pearls

 – 50% of fractures of the subaxial cervical 

spine in ankylosing spine conditions are 

missed on standard radiographs

 – Cross-sectional imaging is mandatory 

with a high-level of suspicion even after 

low energy traumas such as simple falls

 – Attention needs to be maintained to the 

neurological status due to the high rate 

of epidural hematomas

 – The majority of fractures are treated sur-

gically using a posterior approach, an 

anterior approach can result into healing 

of the fracture if adequate fixation is 

achieved

Editorial Comment

In addition to all the caveats regarding inju-

ries in this patient group, I would like to add 

that per SOP in my unit a patient with an AS 

condition even after minor trauma is assumed 

to have a spinal fracture until proven other-

wise. To rule out a fracture a CT and MRI of 

the complete spine is mandatory. Every frac-

ture in these patients is to be regarded as 

highly unstable, because it is essentially a 

long-bone fracture and surgery is basically 

the treatment of choice in all cases.
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40.1  Introduction

With 2–7% of all osteomyelitis, spondylodiscitis 

is rare, but is the third most common form of 

osteomyelitis after the femur and tibia [1]. The 

disease occurs more frequently in the sixth 

decade of life. Basically, a distinction is made 

between unspecific, also pyogenic and specific 

infections. While unspecific spondylodiscitis is a 

problem of developed industrialized countries, 

tuberculous spondylodiscitis, the most important 

specific form, is more prevalent in developing 

and emerging countries. However, due to increas-

ing globalization, these statements are no longer 

completely true. Both nonspecific and specific 

spondylodiscitis have seen an increase in the 

number of diagnoses over the last few decades. 

The causes of these changes are not only the 

demographic development but also the medical 

advances in diagnostics. While incidence in the 

past has been reported as 1:250.000, studies and 

registry data currently show an increase of up to 

5:100.000 with an increase in old age [2–4]. 

Despite improved diagnostics, the average time 

between the onset of first symptoms and diagno-

sis is between 2 and 6 months [5]. The delay of 

initial treatment by more than 60 days leads to a 

poorer clinical course [6].

The pediatric spondylodiscitis is also a rare 

entity with an incidence of 1:250.000, often as an 

unspecific kind caused by Kingella kingae and 

Staphylococcus aureus and a high rate of specific 

infections mainly in Africa and South Asia [7].

Since the main problem consists of securing 

the diagnosis and the specific detection of the 

germs in clinical routine, this chapter will mainly 

describe the etiology, pathologenesis and 

diagnosis.

The case presented shows a typical course of 

disease and a standardized diagnostic algorithm.

40.2  Case Description

A 56-year-old patient, with lumbar back pain, 

radiating into the right hip was presented. Five 

month back, he was suffering from a pharyngeal 

mucous membrane inflammation (aphthae) 

which was treated with local cortisone 

application.

Furthermore the following secondary diagno-

ses were observed: obesity BMI 40.2, NIDDM, 

nicotine abuse, chronic obstructive pulmonary 

disease and osteoarthritis of the right hip. At the 

time of admission he had the following blood 

investigations: Leucocytes 13/nl, CRP 13.7 mg/

dl (norm <0.5) (Figs. 40.1 and 40.2).
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The MRI scans (T1 and T2-weightening) 

didn’t show any signs of inflammation at the 

whole spine, but a central spinal stenosis. Due to 

a severe Osteoarthritis of the right hip and the 

clinical limitations of movement of the hip joint, 

the indication for a total hip replacement was per-

formed. Due to the increased infectious parame-

ters, normalization should be awaited.

4  month later, the patient was seen by the 

department of infectious diseases with joint and 

back pain, weight loss and reduced general con-

dition. Until this time, no antibiotic therapy was 

performed.

Radiological diagnostics algorithm was per-

formed (Figs. 40.3, 40.4, 40.5 and 40.6):

In conclusion the x-ray, mri and ct-scan 

showed clear signs of a unspecific spondylodisci-

tis L2/3 with a small inflammatory reaction for 

the psoas muscle on the right side. Blood investi-

gations: Leucocytes 12.5/nl, CRP 14.1  mg/dl 

(norm <0.5). Subfebrile temperatures to moder-

ate fever of 38.4 °C.

Further investigations were implemented. 

Therefore, blood cultures were taken on three dif-

ferent times. After three sterile results, an x-ray 

guided fine-needle biopsy was performed 

(Fig. 40.7).

The result of the sampling from the disc com-

partments were also sterile. The histological 

result showed floride and older inflammatory 

reactions with no evidence of specific infection.

Initiation of an empirical antibiotic therapy 

with Fosfomycin 2g 1-0-1 and Imipenem 0.5g 

1-1-1 intravenous, after 10  days oralization to 

Levofloxacin 500  mg 1-0-1 and Clindamycin 

300  mg 1-1-1-1 for the following 6  weeks 

(Figs. 40.8 and 40.9).

Six month after diagnosis a normalization of 

the laboratory parameters of infection and a sig-

nificant reduction of lumbar back pain (VAS 2), 

without any medication was investigated. Only 

an inguinal pain on the right side was seen. 

Therefore the patient could return to work 

9 month after starting of symptoms. Due to the 

low pain, currently a hip replacement isn’t 

planned.

The illustrated case shows a structured algo-

rithm of the diagnosis with a nonspecific anam-

nesis and nonspecific symptoms, the performance 

of a radiological diagnosis and measures to lead a 

germ detection by blood culture and biopsy.

40.3  Case Discussion

40.3.1  Etiology

Spondylodiscitis is caused by bacteria as the 

cause of specific, pyogenic infection and by 

mycobacteria, brucelles, and fungi as the cause 

of specific infections, and in very rare cases by 

parasites.

References show a certain constancy in the 

description of the pathogens, however, variations 

in selected patient groups with specific risk fac-

tors can be observed. The most common patho-

gen of pyogenic spondylodiscitis is 

Staphylococcus aureus with 20–80% of cases, 

followed by Gram-negative bacteria (leader E.

coli) with 4–30% and streptococci/enterococci 

with 5–30% (leader Streptococcus epidermidis) 

[8–10].

Fig. 40.1 x-ray pelvic ap and Lauenstein view right at 

the first time of admission
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Fig. 40.2 Magnetic resonance imaging lumbar spine at the same time
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Gram-negative pathogens such as E.coli, 

Proteus spp. and Pseudomonas spp. are identified 

as the cause of infection in immunodeficient 

patients [10]. Streptococci and enterococci are 

often associated with endocarditis and diabetes 

mellitus. Spondylodiscitis caused by bacteria 

with a primarily low virulence, such as 

Staphylococcus epidermidis and Streptococci, is 

clinically characterized by a slow progression. In 

clinical practice, a general increase of infections 

with germs that are more difficult to treat due to 

resistances, such as methicilin-resistant 

coagulase- negative staphylococci, streptococci, 

enterococci and gram-negative pathogens, is 

observed [11].

The specific spondylodiscitis is caused by the 

mycobacterium tuberculosis, with a noticeable 

increase in the rather rare infections by atypical 

mycobacteria (MOTT) [4]. Risk factors include 

poverty with malnutrition, inadequate hygiene 

and inadequate medical care [12].

40.3.2  Pathogenesis and Routes 
of Spread Symptoms

The endogenous spread of infection occurs 

mostly by a hematogenous scattering and only in 

rare cases by a continuitatem or lymphogenous 

way. The primary infection sites, which are often 

Fig. 40.3 x-ray ap and lateral view

 C. Fleege and M. Rauschmann



331

no longer detectable at the time of diagnosis, are 

in the area of the pelvis, teeth or skin lacerations 

in the lower extremities. Anatomical particulari-

ties of the blood supply in the vertebral column 

may aid the hematogenous spread of infection. 

On the one hand, germination is aided by an arte-

rial inoculation, which results from a rich arterial 

blood supply to the region of the anterior longitu-

dinal ligament and/or infarction of the end arter-

ies or silencing sinusoids by the bacterial 

embolus. On the other hand, venous scattering, 

caused by a valveless venous plexus connected to 

the organ veins of urogenital and gastrointestinal 

tract, increased blood flow and a long venous 

staging time, as well as reverse flow of intraab-

dominal pressure, promote colonization of the 

lumbar and thoracolumbar spine.

In adulthood, after hematogenous seeding, the 

infection begins as spondylitis and secondary, 

may spread to the intervertebral disc area. Studies 

show that many pathogens of nonspecific spon-

dylodiscitis express collagen receptors and thus 

promote bone adhesion [13]. Subsequent to 

pathogen involvement of the terminal arterioles 

and development of local bone edema, local 

inflammatory reactions, microembolisms, and 

ischaemia associated with bone infarcts and 

necrosis can develop.

Fig. 40.4 Magnetic resonance imaging (T1, T2 and STIR) with contrast medium lumbar spine
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The spread of mycobacteria occurs essentially 

hematogenous through the arteries, with the typi-

cal picture of anterior vertebral body involve-

ment. Spreading through the veins is also 

possible, via Batson’s plexus with central and 

dorsal vertebral body involvement [12]. Finally, 

the granulomas characteristic for the specific 

spondylodiscitis may develop. Furthermore, 

tuberculous spondylitis typically occurs with so 

called “cold abscesses” which are typically huge 

in sice and descend along the psoas muscle to the 

inguinal region.

In childhood, the remaining vascularization of 

the intervertebral discs results in a typical kind of 

discitis, with the possibility to progress to the full 

picture of spondylodiscitis.

40.3.3  Diagnosis

The disease start’s with local back pain accompa-

nied by non-specific general symtoms, such as 

fever, night sweat and weight loss. Positive upset-

ting pain, “knocking pain” and heeldrop pain are 

possible. Restrictive posture, the prevention of 

loads of the anterior column and instability signs 

are further typical indicators. Just as unspecific as 

the clinical symptoms are the laboratory values 

(Leucocytes, CRP and blood sedimentation). 

Studies show a low sensitivity and specifity 

(Leucocytes 42–55%/97%, CRP 84%/71%, 

blood sedimentation 75–90%, 43%) [14]. In 

presence of an epidural abscess high leucocytes 

values are often noticed [10].

A crucial role in the successful treatment of 

spondylodiscitis is the early diagnosis and detec-

tion of the causative germ.

The early diagnosis of vertebral osteomyeli-

tis and concomitant discitis is difficult, which 

may lead to a delayed diagnosis. Standard tools 

consist of primary imaging in patients with 

unclear back pain in conventional x-ray radiog-

raphy in two planes with a sensitivity of 82% 

and specificity of 57% [15]. Because of the 

onset of infection in the metaphysis of the ver-

tebral bodies, these first changes are not 

noticed in conventional radiological diagnos-

tics. Signs of destruction of the corresponding 

endplates, especially in the ventral area, can be 

signs of the beginning disease. However, dif-

ferentiation from erosive osteochondrosis is 

difficult. The destruction of spongeous bone 

occuring later in the course, the upper and 

lower endplate erosions and height reductions 

of the disc space are further signs that may 

indicate a spondylodiscitis. As the disease pro-

Fig. 40.5 Computer tomography of the lumbar spine
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gresses, there is an increase in osteodestructive 

processes with loss of bone integrity and static 

malalignment of the sagittal profile. Finally, 

reparative processes lead to the presentation of 

sclerosis and bony overbridging.

Computertomography can show the bone 

destruction accurately and is often used as an 

alternative tool in cases of contraindications and 

in addition to MRI. The sensitivity of the exami-

nation can be increased to 83% by administer-

ing an additional contrast agent [16]. This 

contrast agent can also be used to differentiate 

between abscesses (marginal contrast agent 

admission) and inflammatory, pannus-like tis-

sue (diffuse contrast agent admission). 

Computertomography can be helpful in differ-

entiating between  inflammatory and degenera-

tive changes, since it shows subtile vacuum 

phenomena, which are mainly found in degen-

erative changes.

F-FDG-PET study is an alternative, espe-

cially in cases of contraindications for contrast- 

enhanced examinations. In evaluating the course 

of therapy, it is clearly superior to magnetic 

resonance imaging [17]. Since the scintigraphy 

is clearly inferior in its specificity of magnetic 

Fig. 40.6 Positron emission tomography (PET) for exclusion of further sources of infection
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Fig. 40.7 Biopsy disc L2/3 and upper endplate L3, intraoperative x-ray documentation 2 weeks later

Fig. 40.8 x-ray ap and lateral view 4 month after diagnosis
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Fig. 40.9 Magnetic resonance imaging (T1; T2) with contrast medium lumbar spine. 5 months after diagnosis
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resonance imaging, its main function lies in 

detecting multifocal infection spread.

With a sensitivity of 96% and a specificity of 

92%, magnetic resonance imaging is the imaging 

method of choice for primary diagnosis [18]. In 

addition to the axial and sagittal T1 and T2 

weighted sequences, a fluid-sensitive, fat- 

suppressing STIR sequence should be prepared. 

Axial and sagittal views allow the assessment of 

epidural abscesses, vertebral body and disc infec-

tions and provide an additional overview of the 

perivertebral tissue as well as the psoas muscles. 

In the T1-weighted sequence there is a signal 

reduction (hypointensity) for the affected verte-

bral body and the inflamed soft tissue, and a sig-

nal increase (hyperintensity) for the T2-weighted 

sequence. In the early phase of the disease, there 

is a blurring with a loss of demarcation of the end-

plates, which in the further course receive signifi-

cant erosion. A disadvantage of magnetic 

resonance imaging is the poor correlation with the 

clinical course. A repeated MRI is probably 

unnecessary if clinical and laboratory outcomes 

are satisfactory. The persistence of bone/disc MRI 

findings alone does not represent therapeutic fail-

ure [19]. In this respect, the use of magnetic reso-

nance imaging as a short-term follow-up should 

be viewed critically. The criteria for a healing ten-

dency is a signal enhancement of the bone mar-

row in the native T1 weighting [20]. The MRI can 

be helpful to differentiate between inflammatory 

degenerative processes of osteochondrosis and a 

diagnosis of spondylodiscitis in clinical practice. 

Delineation is often possible when there is no sig-

nal enhancement of the disc in T2 weighting as 

well as the absence of extensive perivertebral 

inflammatory zones in degenerative diseases. The 

presence of gas inclusions in the intervertebral 

disc space, in the sense of a vacuum phenomenon, 

points to a degenerative process [21].

The detection of the causative agent plays a 

crucial role in the successful treatment of spon-

dylodiscitis. Although this assumption is well 

established, it is not based on any evidence-based 

data. A retrospective study showed more positive 

treatment outcomes in empirically treated 

patients compared to patients receiving targeted 

therapy based on pathogen detection. The differ-

ence in the two groups of patients was, however, 

not significant and is limited by the assumption 

that negative disease pathogenicity was associ-

ated with a lower severity of the disease [22]. 

Several techniques are available as detection 

methods. Pathogen detection in cultures should 

be attempted primarily by preparing blood cul-

tures. The detection through this examination 

method has a success rate of 40–89%. This rate is 

lower if antibiotic therapy has been initiated and 

it is higher in cases of a hematogenous pathogen-

esis of the infection [23–26]. An increase in the 

rate of positive detection can be achieved by tak-

ing of at least three blood cultures [27]. Should 

the results of the blood cultures be negative, even 

when radiological and clinical symptoms persist 

and the suspicion of spondylodiscitis remains, 

secondary pathogen detection should be done by 

sampling directly from the main focus of infec-

tion. Percutaneous biopsies can be performed 

fluoroscopically, under computerized tomogra-

phy, or with magnetic resonance imaging. Studies 

show a superiority of computertomography- 

assisted biopsies with better targeting accuracy 

and a lower rate of complications [28]. Detection 

of bacteria is successful in percutaneous biopsies 

between 14% and 76% [26, 29, 30]. In this con-

text, it should be remembered that local anesthet-

ics have an antibacterial effect and may adversely 

affect the detection rate [31].

The French Société de Pathologie Infectieuse 

de Langue Francaise (SPILF), recommends per-

cutaneous biopsies in cases of three negative 

blood cultures: two biopsies should be taken from 

the upper endplate area, two from the lower end-

plate area and two from the center of the disc 

space [32]. An increase in the yield of positive 

pathogens was achieved by puncture with saline 

injection [33]. The intraoperative sampling of 

inflammatory areas has the advantage of a large 

and safe material yield. The fact that antibiotic 

therapy has a negative influence on the detection 

rate in blood cultures has been proven [34]. 

However, the effect of antibiotic therapy on 

biopsy results is less clear. While some studies did 

not see any significant influence of concomitant 

antibiotic therapy [29, 35], others showed a sig-

nificantly lower rate of detection, especially if 

antibiotic therapy had been administered for more 

than 4 days [36, 37]. In addition to the possibility 
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of a molecular pathogen detection, the histopatho-

logical examination complements the diagnosis 

and provides additional information with respect 

to necrotic-infectious changes in cases of negative 

pathogen detection.

Compared to non-specific spondylodiscitis, the 

clinical findings in specific cases are often bland, 

fever is rather rare. Typical in imaging is a massive 

bone destruction. Decisive for the diagnosis of a 

specific infection is the direct detection of 

Myobacteria tuberculosis via biopsy.

40.4  Conclusions and Take Home 
Message

For a successful treatment of vertebral osteomyeli-

tis, a knowledge of the anamnestic and clinical 

symptoms as well as a rapid initiation of a suffi-

cient diagnosis are necessary. Magnetic resonance 

imaging is the first choice for detecting an infec-

tious disease in the spinal column. Alternatives are 

available with computertomography and nuclear 

medicine examinations. In cases with hemodynam-

ically and clinically stable patients without neuro-

logical deficits, primary pathogen detection should 

be conducted. This can be done by the preparation 

of several blood cultures and in the absence of 

pathogen detection, by a percutaneous biopsy.

Diagnostic algorithm:

 1. Anamnesis and clinical examination

 2. Laboratory diagnostics and microbiological 

diagnostics (3 blood cultures, PCR)

 3. Radiological diagnostics (MRI, CT, PET)

 4. Biopsy
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Pyogenic Infection Following 
Single Level Nucleotomy

Andrei Slavici

41.1  Introduction

Postprocedural infections of the spine are a 

dreaded complication putting great strain on 

both patients and surgeons alike. While the 

incidence of postoperative discitis in spine sur-

geries without instrumentation is often cited up 

to 4%, approx. 480.000 nucleotomies are per-

formed yearly in the United States alone [1, 2]. 

These figures highlight the necessity for every 

spinal surgeon to be familiar with the diagnos-

tics and management of postoperative infec-

tions. With the following case we will try to 

illustrate a typical case of postprocedural disci-

tis managed with dorsal instrumentation and 

interbody fusion.

41.2  Case Description

A 49 year old patient, unable to stand or walk 

unaided, was urgently referred to the clinic by 

his general practitioner with fever and strong 

low back pain without radiculopathy following a 

right sided sequestrectomy at L4/5, 5 weeks ago. 

The patient had no prior illness or other prior 

surgical intervention and performed moderate 

physical labor. His GP prescribed oral second 

generation cephalosporins (cefaclor) for the last 

2 weeks. Upon clinical examination the patient 

was pale and exsiccated with a fever of 

39.3  °C.  His lower back was mildly reddened 

with strong tenderness upon touch and percus-

sion. Repetitive jarring of the examination gur-

ney as well as heel-drop jarring (modified 

Markle’s sign) elicited strong low back pain. The 

neurological examination showed intact sensory 

and motor functions. He was admitted, complete 

lab-workup and blood cultures were drawn and 

fluids administered over an iv-line. His blood-

work showed a leukocytosis with 20/nl and c 

reactive protein at 19 mg/dl albeit with procalci-

tonin within normal range. Urine analysis was 

performed as part of our admittance panel and 

was without pathological findings. Ap and lat-

eral plain x-ray showed light degenerative 

changes as well as a light scoliosis (Figs.  41.1 

and 41.2). MRI scans revealed hyperintensity in 

the dorsal disk space, both endplates as well as 

throughout the former approach on STIR 

sequences (Fig.  41.3) and high uptake on con-

trast enhanced T1 sequences (Figs.  41.4 and 

41.5). The current antibiotic course was inter-

rupted as his current condition indicated its futil-

ity. The patient was counselled that lacking other 

possible source this constellation had all but 

proven a postoperative infection. Surgical and 

conservative options (percutaneous biopsy fol-

lowed by long double-course i.v. antibiotics) 

were presented to him. The monosegmental 
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interbody fusion, thorough debridement of the 

intervertebral space with dorsal instrumentation 

was clear recommended and accepted by the 

patient. A dorsal instrumentation at L4/5  in 

PLIF- technique with surgical titanium mesh 

cages loaded with bone chips and antibiotic car-

riers was performed (Figs.  41.6 and 41.7). On 

recommendation of our  microbiologists he 

received a 14 day course of i.v. rifampicin and 

vancomycin followed by an oral course of rifam-

picin and levofloxacin for 4 weeks and levoflox-

acin as a mono-therapy for another 4  weeks. 

Pathology confirmed the diagnosis of spondylo-

discitis and a cephalosporin resistant strain of 

staph. epidermidis was isolated.  Ambulation 

was allowed directly postoperative and was 

aided by physiotherapists. The patient recovered 

well and resumed labor 5  month post-surgery. 

On his insistence, albeit with lacking symptoms, 

the patient was referred by his GP to a radiolo-

gist for a follow-up MRI without contrast. This 

showed no further signal hyperintensities on T2 

(Fig. 41.8).

41.3  Discussion of the Case

Even with today’s technological advance the start 

of every medical treatment remains an adequate 

patient history and physical examination. From 

the clinical presentation alone one already sus-

pects a pyogenic infection of the spine. Following 

this a comprehensive bloodwork, including CBC, 

CRP, procalcitonin, coagulation status, liver and 

kidney function should be obtained. CRP natu-

rally peaks postoperatively but normalizes 

quickly, making it a reliable indicator for bacte-

rial infections with a sensitivity and specificity of 

100% and 97% [3]. In clinical practice normal 

procalcitonin is often seen, even with microbio-

logical findings and a small series came to the 

same result finding no significant differences in 

PCT elevation between spondylodiscitis and 

reoccurrence of disc herniation [4]. While often 

negative, it is general practice that blood cultures 

from all patients admitted with a suspected spinal 

infection, are drawn. This can facilitate the 

Figs. 41.1 and 41.2 Plain standing X-ray in ap (Fig. 41.1) and lateral view (Fig. 41.2) showing light degeneration of 

the facet joints and a light scoliosis, possibly accentuated by pain
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 identification of pathogens when surgery or 

biopsy is delayed.

Contrast enhanced MRI should be the investi-

gation of choice showing hyperintensity in T2/

STIR, hypointensity in T1 and enhancement in 

the disc space and in the adjacent endplates with 

or without perifocal reaction. Important to men-

tion is, to check the peridural space and the para-

vertebral region, concerning abscess-formations.

If the patients current condition allows antibi-

otics should not be started or should be paused 

until microbiological samples were acquired.

The segment was considered to be less then 

fully stabile because the patient described axial 

Fig. 41.3 MRI of the lumbar spine in STIR (short tau 

inversion recovery) sequence. Notable is the enhanced 

signal, indicative of edema, in the endplates as well as the 

paravertebral muscles along the approach in the axial 

view (Fig. 41.4)

Figs. 41.4 and 41.5 MRI of the lumbar spine in contrast 

enhanced T1 sequence. Hypervascularization, confirming 

inflammation, is shown in sagittal (Fig.  41.4) and axial 

view (Fig. 41.5)
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loading pain, pain with torsional motion while 

lying and ambulation only with aid of a wheeled 

walker, thus a stabilizing procedure with instru-

mentation was chosen. Due to the infected inter-

vertebral disc-space a thorough debridement, 

followed by an interbody fusion to guarantee the 

sagittal profile in a young patient, was done. Yet 

it remains a controversial topic over the best 

approach to the surgical management with a gen-

erally scarce data and newer studies, albeit with 

limitations, describing no significant difference 

between decompression and debridement alone 

versus fusion [5]. If there is minimal or no dam-

age to the anterior column, yet the patient still 

presents with clinical signs of instability, a dorsal 

instrumentation, be it percutaneous or open, can 

be performed with or without decompression. 

Bed rest under i.v. antibiotic course until CRP 

reduction and mobilization in stabilizing braces 

is a justified option. There is little evidence for a 

rigid brace (e.g. TLSO) versus passive assisted or 

semi rigid brace.

Even if a conservative treatment is convened 

upon a biopsy for cultures and susceptibility test-

ing to guide the future antibiotic course is 

strongly advocated. When none can be obtained 

or cultures are negative the empirical treatment 

should be based on local microbial resistances, if 

necessary in consultation with a microbiologist. 

A combination therapy helps reduce the risk of 

resistance occurrence and fluoroquinolone + 

rifampicin is often recommended for staph. infec-

tions [6]. While no significant difference was 

reported versus a 6 week course, longer courses 

of up to 12 weeks should be considered in patients 

with present implants [7].

A follow-up with patient history, clinical 

examination and plain standing X-rays is recom-

mended at 12 weeks postoperatively CT or MRI 

is only recommended in symptomatic patients.

Figs. 41.6 and 41.7 Plain standing X-ray in ap 

(Fig. 41.7) and lateral view (Fig. 41.8) showing the post-

operative status with monosegmental dorsal instrumenta-

tion (pedicle screws and rods) and interposition of 2 STM 

(surgical titanium mesh) –cages in PLIF technique
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41.4  Conclusions and Take Home 
Message

Postprocedural spinal infections are a dreaded 

complication but every spinal surgeon should 

strive to know how to diagnose and treat, even 

though, unfortunately, more than just a few times 

the clinical presentation isn’t as clear-cut as in the 

presented case. Whenever possible antibiotic 

treatment should be guided by microbial cultures 

and resistance testing. Surgical management with 

instrumentation and thorough debridement of the 

infected disc-space with removing almost all 

disc-material as well as the cartilage endplate, 

followed by inserting a cage, bone-substitutes in 

combination with local antibiotic substances is 

recommended. Depending on the germ, if 

detected, vancomycin and gentamycin are the 

favorite antibiotics. While titanium cages as 

interbody implant is prefered, there seems to be 

no significant difference in regard to reinfection 

with Polyetheretherketone (PEEK) cages [8, 9]. 

The main goal in treating infections is the elimi-

nation of its focus and full restoration of organ 

function, from conservative treatment through 

sole revision with decompression to instrumenta-

tion with interbody fusion. As such each case 

needs to be evaluated individually, guided by best 

clinical practice, considering stability, comorbid-

ities and patient preference among other factors.
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Diagnostics and Treatment of C1/
C2-Instability in Rheumatoid 
Arthritis

George K. Prezerakos and Adrian T. H. Casey

42.1  Introduction

Rheumatoid arthritis is a systemic, autoimmune, 

inflammatory disease affecting the synovial 

joints, bones and ligaments. Though it mainly 

affects the small peripheral joints, the second 

most frequent disease locus is the cervical spine, 

as in itself comprises 32 synovial joints [1].

The prevalence of R.A is about 1–2% with 

cervical involvement reaching 86% as early as 

2 years post diagnosis and neurological involve-

ment up to 58% [2, 3].

42.2  Etiology

Though the exact etiology remains elusive, RA 

is a multifactorial disease triggered in geneti-

cally and immunologically predisposed individ-

uals, leading to an inflammatory cascade within 

the synovial joint. In turn, inflammation leads to 

pannus formation and proteolytic and osteoclas-

tic activity resulting in cartilage, ligament as 

well as bone destruction. Though the inflamma-

tory process may be remitting, if continued usu-

ally results in progressive joint destruction, 

deformity, and ultimately variable degrees of 

incapacitation [2].

Relatively recent advances in the pharmaco-

logical arsenal are able to prevent the formation 

of de novo lesions in the cervical spine. However, 

such therapies failed to arrest the evolution of 

pre-existing damage [2, 4].

42.3  Pathophysiology, Clinical 
Manifestations 
and Radiological 
Characterisation

There are four main patho-anatomical features - and 

thus potential surgical targets- involved in the patho-

physiology of rheumatoid disease in the cervical 

spine (i) atlantoaxial (AA) subluxation, (ii) peri-

odontoid pannus formation, (iii) vertical transloca-

tion of the odontoid peg, (iv) sub axial subluxation .

C1–2 subluxation presents in 65% of rheuma-

toid patients. It results in a reduction of the space 

available to the cord and direct repetitive trauma. 

It is quantified by the anterior atlanto dental inter-

val (AADI). The posterior atlanto dental interval 

(PADI) which directly measures the space avail-

able to the cord probably correlates better with 

neurological deterioration [5–7].

Vertical Translocation of the odontoid peg or 

else cranial settling stems from atlantoaxial as well 
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as occipito-cervical joint destruction and results in 

various degrees of brainstem compression com-

pression and vertebral artery compression [8, 9].

Vertical translocation is quantified by the 

Redlund-Johnell criterion, the Clarke station or 

Ranawat classification. None of these methods 

results in a satisfactory level of sensitivity. To 

achieve a sensitivity of more than 90%, all mea-

surements need to be taken into consideration [10].

Subaxial subluxation is less frequent but can 

increase iatrogenically after occipitocervical fix-

ation [11].

The clinical manifestations are difficult to reli-

ably recognise and interpret, as rheumatoid 

patients suffer systematically and function is often 

impaired by the systemic and peripheral effects of 

the disease [12]. Cord compression results in 

myelopathic features including gait and manual 

dexterity impairment whilst compression of the 

C2 sensory fibers can result in neck, mastoid, ear 

or facial pain, as well as migraines. Vertberal 

artery compression as well as brainstem compres-

sion can lead to tinnitus, vertigo, diplopia, dys-

phagia and visual disturbances. It is important to 

note that a significant number of patients with AA 

subluxation remain asymptomatic.

42.4  Clinical Classification

Various clinical grading systems have been used to 

quantify the neurological (Ranawat classes I-IIIB) 

and functional (Steinbrocker’s grades I-IV) status 

of patients with rheumatoid arthritis [13, 14].

The Ranawat grading system assigns patients 

who are asymptomatic to Class I; patients who are 

ambulant but exhibit subjective weakness to Class 

II, patients with objective weakness are assigned 

to Class III with those being ambulant being Class 

IIIA and the non-ambulant one class IIIB.

The Steinbrocker grades I-IV adopted by the 

American Rheumatism Association is a widely 

accepted score. It focuses on the functional 

capacity, with RA patients able to perform all 

everyday duties assigned to Class I, most of 

daily duties with some handicaps to class II, 

few or none daily duties and self-care class III 

and finally those who are heavily incapacitated 

bedridden or wheelchair bound assigned to 

Class IV.

The Ranawat classification (I-IIIB) is designed 

to weigh more heavily on neurological disability. 

It is unfortunate that both grading systems are 

rather crude and fail to differentiate adequately 

quite different levels of disability or myelopathy. 

Thus, the middle class myelopathic patients 

(Ranawat II and IIIA) are not well distinguished 

and significant improvements or deteriorations 

following surgery are “blurred” in these gradings. 

Whilst in the Steinbrocker grading system there is 

an enormous leap from Grades II to III i.e. from 

having function adequate for normal activities 

(Grade II) to being limited to little or none of the 

duties of self-care (Grade III).

42.5  Surgical Management

Answering questions pertaining the management 

of rheumatoid patients with cervical involvement 

(conservative vs surgical, as well as type and tim-

ing of surgery) require knowledge of the natural 

history, prognostic factors and surgical outcomes.

Most of the available evidence is level III as they 

comprise prospective or retrospective case series.

Surgery typically consists of a decompressive 

procedure in combination with fusion or stabilis-

ing procedure which may be performed via an 

anterior or posterior approach depending on the 

site of compression and surgeon’s preference.

Anterior decompression can be achieved by a 

transoral odontoidectomy favored in irreducible 

atlantoaxial subluxation, significant peri- odontoid 

pannus or significant vertical translocation. It is 

rarely required.

Atlantoaxial instrumented fixation is the pre-

ferred option in reducible horizontal atlantoaxial 

subluxation with no significant vertical transloca-

tion or sub axial disease.

Occipito-cervical fusion is the treatment of 

choice when the atlantoaxial subluxation is com-

plicated by vertical translocation/sub axial disease.

Finally, sub axial cervical decompression and 

fixation (anteriorly, posteriorly or both) is indi-

cated in step ladder type of deformity with a 

reduction in the sub axial canal diameter.
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42.6  Case Report

A 66  year-old woman with a previous medical 

history of rheumatoid arthritis and bronchectasia 

presented with a 3  week history of progressive 

tetraparesis. In particular, the patient’s pre- 

morbid status was that of independent ambula-

tion with full independence in everyday activities 

(Steinbrocker class II). She had been complain-

ing of moderate sub occipital pain with a right 

sided dominance.

The patient had been diagnosed with rheuma-

toid arthritis 14 years ago, has had a metatarso-

phalangeal fusion and a right shoulder 

arthroplasty. She has been on disease modifying 

anti-rheumatic drugs (DMARDs) and steroid 

treatment.

Her neurological examination revealed 

signs of florid myelopathy, reduced power 

Medical Research Council (MRC) grade 4−/5 

throughout the upper limbs with MRC 3/5  in 

finger grip and wrist flexion & extension 

bilaterally.

Hoffman’s and Ono’s test were positive bilat-

erally with brisk reflexes including pectoralis 

(C5), biceps (C6) and triceps (C7).

She had reduced pinprick sensation in a non- 

dermatomal distribution and had impaired joint 

position sense at the distal interphalangeal joints.

Lower limb examination revealed similar find-

ings with proximal weakness (3/5 in hip flexion and 

knee extension) and 4−/5 in plantar and dorsiflex-

ion with bilateral brisk reflexes and up going plan-

tars. Romberg’s test was positive (the patient was 

just able to stand up with the assistance of two).

The immediate pre-operative Ranawat grade 

was III(B) whilst her Steinbrocker class was IV, 

making it the worst possible grade.

42.7  Imaging

Dynamic, flexion-extension cervical radiographs 

exhibited atlanto-axial subluxation with an AADI 

11 mm in flexion vs 2 mm in extension, a PADI of 

12 mm in flexion vs 17 mm in extension (Fig. 42.1).

Fig. 42.1 Plain pre-operative cervical radiographs in 

flexion (left), extension (middle), anteroposterior (AP) 

(right); Atlantoaxial subluxation is demonstrated during 

flexion is demonstrated by the increased anterior atlanto 

dental interval (AADI) and the decreased posterior atlanto 

dental interval (PADI) which fully reduce in extension. 

The atlanto axial joints appear within normal limits in the 

AP views
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MRI of the cervical spine in the neutral posi-

tion revealed signal change within the spinal cord 

at the level of C1–2, with minimal narrowing of 

the spinal canal at this level suggestive of 

dynamic compression. There was also evidence 

of pannus formation at the peri-odontoid space 

resulting in minimal to moderate compression 

(Fig. 42.2).

42.8  Intra and Postoperative 
Course

The patient was offered surgical reduction, 

decompression with a C1 laminectomy and 

instrumented fusion via the Harms technique. C1 

lateral mass screws were inserted, ensuring a 

bicortical purchase. Bilateral C2 pedicle screws 

incorporating pars, pedicle and 2 cortices were 

employed using a standard Harms technique. 

Reduction was achieved by tightening the C1 

screw tulips onto the rod after final tightening 

had taken place at the C2 level with synchronous 

intra-operative neurophysiological monitoring. 

A  C1 laminectomy addressed the presence of 

retro- odontoid pannus.

Postoperative imaging confirmed appropriate 

instrumentation position and good reduction of 

the C1-C2 complex (Fig. 42.3).

The patient was admitted to a high depen-

dency unit postoperatively. Twenty-four  hours 

later returned to the general neurosurgical ward. 

She was discharged 4 days later to a rehabilita-

tion unit, where she remained for 2 weeks.

The patient was followed up at 6  weeks, 

3 months, 6 months and 1 year. She made a spec-

tacular neurological and functional recovery and 

by the initial 6 week follow-up, she was able to 

mobilise independently (Ranawat II). Fusion 

took place within 6 months.

42.9  Discussion and Evidence

A dichotomy of opinion exists as to the surgical 

indications for fusion and decompression in rheu-

matoid patients with atlanto-axial subluxation. 

Surgical intervention is usually recommended in 

Fig. 42.2 Magnetic resonance T2 weighted mid-sagittal 

(left) and axial views at the C1–2 level (right) exhibit cord 

signal change as well as pannus presence in the retro- 

odontoid space. Note is made of the minimal amount of 

anterior compression and canal narrowing in the neutral 

position, suggestive of a dynamic aetiology to account for 

the signal change
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the presence of myelopathy, neurological deficits 

or intractable cervical pain [13, 15–20].

However when recommending prophylactic 

surgery on the basis of an abnormal atlantodens 

interval in the absence of neurological signs, [16, 

17, 21–26] this consensus breaks down.

The divergence of opinion, as to when surgery 

is appropriate, arises from the fact that radiologi-

cal progression of the deformity is unpredictable 

[4, 5, 18, 27] and perhaps more significantly, 

there is a poor correlation between an increasing 

atlantodens interval and the development of neu-

rological signs [5, 25, 27, 28]. This is because the 

compression may be dynamic or in the presence 

of vertical translocation the atlantodens interval 

actually decreases as the translocation (cranial 

settling) gets worse.

Conservative management is advocated by 

many rheumatologists [15]. This involves close 

clinical surveillance of the patient and subse-

quent referral for surgery following the develop-

ment of neurological symptoms or signs. 

However neurological abnormalities are notori-

ously difficult to establish in the presence of a 

painful deforming arthritis with an often 

 associated muscular atrophy or peripheral neu-

ropathy [15] and, as a consequence, there are 

many such patients who do not receive surgical 

advice until they are tetraparetic, wheel-chair or 

indeed, even bed bound.

Fig. 42.3 Postoperative 

AP (left) and lateral 

(right) plain cervical 

radiographs 

demonstrating a 

satisfactory 

instrumentation 

positioning of C1 lateral 

mass and C2 pedicle 

screws; note is made of 

the complete C1-C2 

reduction as well as the 

bicortical purchase of all 

four screws
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In the context of this particular case, surgical 

treatment was advocated in view of the recent 

and progressive neurological deterioration and an 

overall satisfactory general health. Though most 

available evidence supports the role of surgery in 

patients with neurological manifestations, out-

comes in non-ambulatory patients such as this 

patient, have not been as encouraging [9, 12, 29].

Still, in the absence of cranial settling, a PADI 

of more than 10 mm as in this case carries a better 

chance of neurological recovery despite the pre- 

operative poor grade [5].

With regards to the choice of surgical manage-

ment, absence of significant anterior compression 

made a transoral odontoidectomy unnecessary. The 

decision is between C1-C2 instrumented fusion 

with decompression or occipitocervical fixation. 

The favorable anatomy for a C2 pedicular purchase, 

the absence of cranial settling and lack of sub-axial 

spine involvement made a Harms C1–2 instru-

mented fusion the preferred surgical option. On the 

other hand, cranial settling, subaxial involvement 

and prohibitive pedicular anatomy at C2 would 

have made an O-C fixation the preferred option.

42.10  Conclusion

The available evidence pertaining the manage-

ment of cervical spine disease in patients with 

rheumatoid arthritis supports the surgical manage-

ment in patients with neurological impairment. 

Nevertheless, it provides a relatively poor frame-

work in patients who are asymptomatic or non-

ambulatory. It is in these two subgroups that the 

surgeon’s experience and patient preference play a 

wider role in the decision making process.

Pearls

There are certain points that a surgeon needs 

to take into account in order to increase the 

chances of a successful outcome.

From a surgical perspective, the quality 

of the bony stock was poor and the fusion 

rate in such patients is lower than usual 

[1]. Thus, bicortical screw placement at 

the maximum length anatomically allowed 

is advantageous. This was achieved by 

careful image intensifier input (true lateral 

films), as well as high level appreciation of 

the tactile feedback. Trajectory comes into 

play for the C1 lateral mass screws where 

an excessively lateral exit may result in 

carotid artery injury, therefore a degree a 

medialisation is required .

The authors have found it useful to drill 

away the overhanging portion of the poste-

rior C1 arch directly above the lateral mass 

insertion point to ensure maximum bony 

purchase.

A second point is that the bone mor-

phology is atypical secondary to the 

chronic inflammatory erosion. As such, 

careful exposure of the entirety of C2 infe-

rior facet- lamina pars  – superior C2 -C1 

joint complex is necessary as described 

above (large size `Cobb and subperiosteal 

strip with cottonoids, whilst remaining soft 

tissue removed with bipolar cautery and a 

sharp Adson.) This gives a clear overview 

of the entry points as well as a safe medial 

pedicular surface palpation useful for the 

C2 pedicular part of the trajectory.

A third point lies with the fact that the bio-

mechanics of the cervical spine in such 

patients are altered [12]. In this particular 

case, the unstable state of the C1–2 joint (and 

potentially the O-C1 joint) could result in 

repetitive cord injury, if significant pressure is 

applied to the bony structures during cortex 

penetration and drilling-tapping–screw inser-

tion. Gentle maneuvers with minimal down-

ward pressure were employed at all times.

A fourth point is that the surgeon needs 

to keep in mind that reduced fusion rates 

are seen in rheumatoid patients [1]. In 

order to maximize the chances of fusion, 

the C1–2 joint was drilled followed by the 

application of autologous bone graft with 

an osteoinductive –osteoconductive syn-

thetic graft placed laterally to the con-

struct. Bone morphogenic protein BMP is 

listed as a contraindication in rheumatoid 

arthritis by the manufacturers.
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Editorial Comment

Treating patients with RA can cause prob-

lems of woundhealing, due to the immunsu-

pressive medication. Therefore a close 

cooperation with the rheumatologist should 

be performed, to decide, whether biologi-

cals can be stopped early enough before the 

planned surgery.

Finally, the general frailty of the patient 

and increased chances of postoperative 

infection and skin healing issues make a sys-

tematic, layered wound closure imperative 

and a high dependency cover for the imme-

diate postoperative period essential. We also 

recommend an awake fiberoptic intubation 

in such patients, keeping in mind though 

that the anesthetic maneuvers during intuba-

tion are of extension nature and thus do not 

accentuate the AA instability.
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Treatment Options in Severe 
Cervico-Thoracal Deformity in 
“Bechterew’s Disease”

George K. Prezerakos and Adrian T. H. Casey

43.1  Introduction

Cervical deformity though uncommon, can 

result in significant limitations in physical func-

tion and everyday life activities. It usually 

occurs in the sagittal plane partly because of the 

cervical spine biomechanics (less load dispersed 

to the anterior column) and partly because of the 

nature of the underlying causes, which are usu-

ally kyphogenic [1]. The spectrum of clinical 

manifestations includes at one end neck pain 

and various levels of neurological deficit 

myelopathy or radiculopathy, to loss of horizon-

tal gaze, swallowing difficulties, self-feeding 

and self-dressing difficulties and maintaining 

hygiene [2, 3].

43.2  Etiology

The causes of cervical deformity are numerous. 

They include trauma, infection and neoplasms 

(metastatic or neural tumours) where loss of the 

anterior column or impairment of the posterior 

elements can lead to sub-axial cervical and cevri-

cothoracic deformity most commonly in the 

sagittal plane. As the spine column retains a 

degree of mobility, the reducible nature of such 

deformities makes them amenable to a wide 

spectrum of surgical correction strategies (ven-

tral, dorsal or combination) without usually the 

need for extended osteotomies [4–6].

Congenital and neuromuscular pathologies, 

though rare can lead to imbalances most commonly 

in the coronal plane and scoliotic deformity.

Iatrogenic causes are one of the commonest 

causes of cervical deformity and include cervical 

laminectomy kyphosis, fusion-instrumentation 

failure or radiation to the paraspinal musculature 

resulting in atrophy and loss of posterior tension 

band resulting in sagittal imbalance in the drop 

head syndrome [7, 8].

Inflammatory and autoimmune diseases such 

as ankylosing spondylitis (A.S) are some of the 

most common causes of fixed, irreducible cervico- 

thoracic deformities [5]. It is this type of deformity 

that this book chapter will mainly focus on, though 

the correction strategies can be applied to the pre-

viously mentioned types of deformity.

43.2.1  Ankylosing Spondylitis

Ankylosing spondylitis is an inflammatory con-

dition of the spine associated with HLA B27. 

Typically, it starts in the sacro-iliac joints and 
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works proximally to involve fusion of lumbar 

spine, then thoracic spine and rib cage and then 

cervical spine. It has been described by 

Bechterew, Strumpell and Pierre Marie. Other 

genes have been identified that are associated 

with ankylosing spondylitis, including ARTS1 

and IL23R.

Ankylosing spondylitis shares many fea-

tures with several other arthritis conditions, 

such as psoriatic arthritis, reactive arthritis 

(formerly called Reiter’s disease), and arthritis 

associated with Crohn’s disease and ulcerative 

colitis. Each of these arthritic conditions can 

cause disease and inflammation in the spine, 

other joints, eyes, skin, mouth, and various 

organs. In view of their similarities and ten-

dency to cause inflammation of the spine, these 

medical conditions are collectively referred to 

as “spondyloarthropathies.”

The major types of medications used to treat 

ankylosing spondylitis are pain-relievers and 

drugs aimed at stopping or slowing the progres-

sion of the disease.

The mainstay of therapy in all seronegative 

spondyloarthropathies are anti-inflammatory 

drugs, which include NSAIDs such as ibuprofen, 

phenylbutazone, diclofenac, indomethacin, 

naproxen and COX-2 inhibitors

Medications used to treat the progression of 

the disease include tumor necrosis factor-alpha 

(TNFα) blockers (antagonists), such as the bio-

logics etanercept, infliximab, golimumab and 

adalimumab, as well as Interleukin-17A inhibi-

tor secukinumab and Anti-interleukin-6 inhibi-

tors such as tocilizumab.

Though early diagnosis and intervention 

with physical therapy, lifestyle modifications 

and pharmacological support is the mainstay 

of treatment, spinal involvement in the form 

of fixed kyphotic deformity primarily in the 

thoracolumbar region is frequent. A second-

ary site of involvement includes the cervical 

and cervicothoracic junction which can lead 

to a “chin on chest” type of deformity with all 

the associated physical and psychological and 

social problems. Cervical kyphosis is a failure 

of medical treatment by physicians and 

physiotherapists.

43.3  Radiological Evaluation

One of the most important markers of cervicotho-

racic deformity is the chin- brow to vertical angle 

(CBVA). This is an angle formed by a line drawn 

from the brow to the chin and a line parallel to the 

vertical axis of the patient (Fig 43.1). It reflects 

the severity of horizontal gaze loss as well as 

Fig. 43.1 Profile photograph with superimposed Chin 

Brow to Vertical Axis angle
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being a measure to plan and assess the kyphotic 

deformity correction in ankylosing spondylitis 

patients [6, 9].

The cervical lordosis can be measured by the 

C2-C7 Cobb angle.

In severe kyphotic deformities the cervicotho-

racic junction can frequently form the apex of the 

curve and as such, the Cobb angle’s distal verte-

bra should be modified accordingly; in the pre-

sented case, the C2-T2 angle was chosen.

Another important measure is the cervical 

sagittal vertical axis (cSVA). This is the horizon-

tal distance between the plumb line from the cen-

tre of the C2 body to the posterior superior angle 

of C7. Again this can be modified to T2, if the 

CTJ forms the apex op the deformity curve. This 

is a significant radiological measure that not only 

provides clinical relevance in terms of pain, dis-

ability and quality of life scores but can also be 

used to plan and assess the horizontal/transla-

tional correction pre and post operatively [6, 10]. 

The C7 to S1 promontory sagittal vertical axis 

identifies misalignment in the thoracic and lum-

bar region, which is frequent in A.S and should 

be taken into consideration prior to planning cor-

rective surgery in the CTJ.

Computed tomography is an important part 

of preoperative radiological assessment in order 

to delinate the osseous anatomy in view of 

instrumentation placement as well as osteotomy 

planning. Magnetic resonance tomography 

appreciates spinal cord as well as foraminal 

compression.

43.4  Operative Techniques

In principle, a kyphotic deformity can be cor-

rected either by lengthening the spinal column 

via a ventral procedure or shortening it from the 

dorsal aspect or a combination of both. A signifi-

cant determinant is the flexibility of the spine 

including the facet joint complex as well as the 

anterior longitudinal ligament and intervertebral 

discs anteriorly. In any case, the aim of surgery is 

to improve horizontal gaze, mobility, reduce pain 

and neurological disability and ultimately 

improve the patient’s quality of life.

The overall strategies are still a matter of 

debate [11, 12]. Still, in fixed deformities such as 

in ankylosing spondylitis, surgical correction 

through a posterior, shortening procedure is over-

all a practical therapeutic choice [3, 6, 10, 

13–15].

The correction can be in the form of a Smith- 

Petersen osteotomy (SPO) in single or more 

commonly multiple levels. It involves the removal 

of the lamina and part of the superior and inferior 

facet. The technique has been used extensively in 

its various modifications for cervicothoracic as 

well as thoracolumbar deformities in A.S patients 

[2, 16, 17].

As SPOs can be employed at many levels, 

advantages include evening out the stress from 

the correction on the neural, osseous as well as 

vasculature structures. There is less blood loss as 

bone removal is limited compared to a more 

extensive osteotomy. In terms of efficacy, correc-

tions between 20° and 40° can be achieved, if 

multiple levels are used. Disadvantages include a 

high pseudoarthrosis rate, the small correction 

potential per SPO level, high risk of neurological 

injury or mortality, though this complication rate 

formed part of the early reports on the technique 

and it may not be applicable today [2, 6, 15, 18]. 

Furthermore, it may require a supplementary 

anterior approach. In the case of A.S patient, a 

significant limitation is the ossification of the 

anterior structures (including the anterior longi-

tudinal ligament), rendering correction with a 

single, posterior only approach difficult.

A more effective but technically more chal-

lenging alternative is the pedicle subtraction oste-

otomy (PSO), whereas the amount of bone 

removal includes both pedicles. This procedure 

later evolved to include part of the posterior ver-

tebral body, a decancellisation osteotomy, in a 

wedge shaped fashion or more extensively to the 

front of the vertebral body allowing for more cor-

rective potential. Position evolved from sitting to 

prone, whereas fusion evolved from external 

orthosis to instrumented fixation [1, 3, 5, 10, 

13–15, 19, 20].

Other variants include the “egg-shell” osteot-

omy and transpedicular, bivertebrae wedge oste-

otomy. The overall concept is to shorten the 
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spinal column, by closing the osteotomies, thus 

in the literature the term “closing osteotomy” has 

been coined.

43.5  Case Report

We present the case of a 52-year-old man, diag-

nosed with ankylosing spondylitis since the age 

of 23. He progressively developed a “chin on 

chest” deformity, which rendered him, house 

bound and fully dependent for everyday activi-

ties. He suffered with severe neck pain with an 

Neck Disability Index (NDI) of 64%. He experi-

enced significant difficulties with feeding, swal-

lowing, self-dressing and maintaining hygiene. 

His mobility was significantly impaired due to 

almost complete loss of horizontal gaze.

His previous medical history included diabe-

tes, hypertension and a high Body Mass Index of 

36. He has been on Etanercept as well as a spec-

trum of anti-inflammatory medication and simple 

to moderate analgesics.

Pre operatively, the chin to brow angle was 

68° (Fig. 43.1). A CT revealed the nose to be at 

the same level with heart (Figs. 43.2 and 43.3).

Cervical lordosis was 39° in kyphosis, T1 tho-

racic slope of 76°, cervical sagittal vertical 

axis −9.7 cm and thoracic slope to cervical lordo-

sis ratio at 115°. The C2-T2 angle was 68° 

(Fig 43.4). The deformity was not reducible on 

sitting-supine dynamic radiographs.

Anteroposterior films confirmed normal align-

ment at the coronal plane and the C7 to sacral 

promontory did not reveal significant imbalance, 

thus thoracic and lumbar corrective surgery was 

deemed unnecessary.

MR imaging did not reveal cord or radicular 

compression (Fig 43.5).

The apex of the deformity was located at the 

cervicothoracic junction, in particular at C7. The 

patient was offered deformity correction surgery 

in the form of a C7 pedicle subtraction and 

wedge osteotomy and C2 to T4 instrumented 

fixation.

The patient was placed on a Mayfield 3 point 

fixator. The drapes were transparent to allow for 

visualisation of intraoperative manipulations.

Intraoperative monitoring was employed in 

the form of SSEPs and MEPs.

The first step was instrumentation placement 

with C2 bilateral pedicle screws, C3-4-5-6 lateral 

mass screws, and T1-2-3-4 pedicle screws.

The second step was the PSO including 

removal of C7 lamina, most of C6 and T1 lami-

nae, superior and inferior facet of C7, exposure 

of C8 nerve roots, pedicle identification, removal 

of pedicles and access to C7 vertebral body.

The third step was the posterior wedge oste-

otomy employing ultrasonic bone cutter and lam-

botti osteotomes. Extra care was taken for the 

bone resection to be done symmetrically to avoid 

coronal imbalance. Finally, the posterior wall of 

C7 body was removed to conclude with posterior 

vertebral body wedge resection.

The third step was reduction under continuous 

image intensifier use and electrophysiological 

monitoring. The manipulation was done by the 

Fig. 43.2 Axial CT exhibiting the nose the heart level
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senior assistant, whilst the author observed the 

dural sac and C8 and T1 nerve roots.

The last step included application of the 

tapered rod.

The technique has been described elaborately 

elsewhere and is beyond the scope of this manu-

script [10].

The patient recovered well and remained in a 

high dependency unit for 3  days for analgesic 

control optimisation and renal function manage-

ment. He went on to a neurorehabilitation unit 

where he completed a one-month course.

Neurologically he developed a right sided 

adductor digiti minimi weakness (Medical 

Research Council grade 3/5) that persisted for 

3 months only to recover fully at the 6 month 

postoperative point (MRC grade 4+/5).

Postoperatively, his chin to brow vertical 

angle was 17°. The C2-T2 angle was 13°. 

Cervical lordosis was positive 12° lordotic 

(46° improvement), thoracic slope of 73°, cer-

vical sagittal vertical axis  −5.6° cm and tho-

racic slope to cervical lordosis ratio at 61° 

(Fig. 43.6).

Fig. 43.3 Enface photograph

Fig. 43.4 Preoperative lateral radiograph showing a 68° 

angle between C2 and T2

Fig. 43.5 Preoperative T2 weighted sagittal MRI of the 

cervicothoracic region
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The osteotomy provided a correction of 55° to 

C2-T2 Cobb angle (Figs. 43.6 and 43.7) and 51° 

of correction in chin to brow (Fig. 43.8).

The correction was maintained at the final 

2 year follow up.

The patient now manages daily activities inde-

pendently and has even returned to part time pro-

fessional activity. The NDI at the final 2  year 

follow up was 17%.

43.6  Discussion

Both opening/lengthening and closing/shorten-

ing osteotomies can be effective in the treatment 

of cervicothoracic rigid kyphosis [2]. The array 

of approaches includes front, back, back-front- 

back combinations as well as various types of 

SPOs and PSOs. Thus far, the studies dealing 

with the efficacy and safety of pedicle subtrac-

tion osteotomy in A.S patients are non-compara-

tive, non randomised and non-prospective. As a 

result, there is still debate on the most optimal 

approach.

Fig. 43.6 Postoperative lateral cervicothoracic radio-

graph, exhibiting a C2-T2 Cobb angle of 13.7°

Fig. 43.7 Postoperative sagittal computed tomography 

exhibiting the osteotomised C7 vertebra and the associ-

ated spinal column shortening

Fig. 43.8 Postoperative en face photograph
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The evidence for pedicle subtraction osteot-

omy in fixed kyphotic deformity is derived from 

retrospective case series, classed as level III [21].

Simmons described the concept of a single 

posterior wedge shaped cervical osteotomy for 

the treatment of ankylosing spondylitis [22]. He 

performed a laminectomy and bilateral facetecto-

mies and pedicle removal at C-7 and extended his 

osteotomy to include the spinous processes of 

C-6 and T-1. Various reasons make the C7 or T1 

vertebra an attractive option. The vertebral artery 

enters the foramen transversarium at C6, the ped-

icles are wider than the rest of the sub-axial spine, 

the spinal canal is wider and the shape of the ver-

tebrae is larger. Quite commonly the deformity 

apex is located at the cervicothoracic junction.

In the modern era, the original technique has 

been modified to involve a more extensive verte-

bral body resection with complete pedicular 

resection, thus creating more space for the dura, 

cord and C8 and T1 nerve roots. Simmons 

reported on his 36  years experience with 131 

patients, where 17 patients underwent a modifica-

tions of the original technique with a more exten-

sive osteotomy with halo vest orthosis. Surgery 

took place in the sitting position. Mean correction 

was 37°. Two patients developed a C8 palsy and 

one a hemiparesis. Three patients developed pin 

site infections [13]. McMaster, Belanger, 

Langeloo, Tokala Etame and Samudrala have all 

published their series on the use of PSO in sub-

axial deformity A.S patients [1, 3, 10, 14, 19, 20].

McMaster et  al., employing a similar tech-

nique as Simmons, achieved 54° corrections. His 

series of 15 patients reported 1 quadraparesis, 2 

transient C8 motor radiculopathies, 4 sensory C8 

radiculopathies and a deep wound infection.

Belanger et al. achieved 38° of correction with 

a wide range between 15° and 84°. Two perma-

nent and three sensory radiculopathies and one 

mortality.

Langeloo et al. published their experience with 

PSO for fixed cervical deformity in 16 A.S patients. 

33° of kyphosis correction and 37° of CBVA 

improvement. They reported one death, one spinal 

cord injury and nine transient C8 radiculopathies.

Tokala et al. reported on their experience with 

decancellisation, posterior closing wedge osteot-

omy, a variant of a PSO with more extensive ver-

tebral body resection. Five out of their eight 

patients were A.S patients. They achieved 57° of 

sagittal correction with 36° of CBVA improve-

ment. Three patients developed spontaneously 

resolving sensory radiculopathies, two developed 

infections and one sustained a C6-T1 subluxation 

that did not warrant revision surgery [10].

Samudrala, Johnson et  al. reported on eight 

patients that underwent C7 or T1 PSO for CTJ 

fixed kyphotic deformity (not of A.S aetiology) 

They achieved 38.67° of kyphosis correction 

(15–66°) with concurrent pain reduction and res-

toration of horizontal gaze. They report two sen-

sorimotor radiculopathies and an upper limb 

weakness that required multilevel revision 

foraminal decompression.

Recently, Kim, Riew et al. reported on a com-

parative retrospective series between PSO, SPO, 

SPO with anterior osteotomy (ATO) [15]. They 

found similar corrective potential between PSOs 

and combined SPOs -ATOs. In particular they 

reported on 61 patients, 10 of which underwent 

PSO. The mean angular correction was 44.8° and 

the total mean translational correction was 

2.8 cm. This was superior to SPOs, anterior oste-

otomy or combined, though combined ATO and 

SPOs provided for better translational correction 

(3.6 cm vs 2.8 cm). Interestingly, no neurological 

complications were reported in any group. There 

was however a C6-T1 anterior subluxation in a 

C7 PSO patient that required revision surgery. 

Furthermore, they reported one infection and one 

C1 screw symptomatic instrumentation mis-

placement [15].

Alternatives to a PSO include sequential dila-

tation via corpectomy as described by Mumanneni 

et  al., achieving 24° of correction. Sixteen per-

cent of patients required a posterior approach, 

only 7/100 had more than 20° of kyphosis and 

there were no fixed deformities or A.S patients 

[23]. The complication profile was overall 

 favourable though 3 nerve root palsies and 14 

cases of postoperative dysphagia were reported.

Wang, Ames et al. described an anterior only 

approach that achieves a 3 column correction in 

both sagittal and coronal planes. It involves 

mobilising the vertebral artery laterally and pro-
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ceeds with a lateral corpectomy and facetectomy, 

all from a ventral access [24].

Etame et  al., reviewing the aforementioned 

studies excluding those by Kim et  al. and 

Samudrala et al., reported the complication rate to 

be high, ranging between 26.9% and 87.5% with 

a mortality rate of 2.6%. This is a more accurate 

real world figure on which to counsel patents pre 

operatively. Neurological morbidity accounts for 

4.3%, whilst transient neurology  – most com-

monly C8 radiculopathy- was 23.4% [1].

Nonetheless, all series report a 100% restora-

tion of horizontal gaze in with a high degree of 

patient satisfaction [19]. The PSO exhibits 

favourable reconstructive potential, as it allows 

for a 3 column correction, its shortening nature 

avoids stress on the visceral or neural structures, 

it can be used in a fusion mass (as is often in pre-

vious failed cervical fusion or indeed in A.S 

patients), allows bone on bone contact in all three 

columns and most importantly exhibits a power-

ful corrective profile. Occasionally major kinking 

of the posterior dura necessitates duroplasty.

43.7  Conclusion

Pedicle subtraction osteotomy exhibits a signifi-

cant deformity correction profile in fixed kyphotic 

deformity in A.S patients, suffering with chin on 

chest deformity. Its efficacy allows for improve-

ment in the patient’s functional status, quality of 

life and disability indices. Nevertheless, it is a 

surgically challenging technique and can come at 

a substantial cost in terms of neurological as well 

as non-neurological morbidity.
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of the Occipito-Atlantoaxial 
Complex and Subaxial Cervical 
Spine in Rheumatoid Diseases
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44.1  Introduction

The cervical spine involvement in rheumatoid 

arthritis (RA) is still of significant clinical rele-

vance, although the clinical use of biologicals 

significantly reduced the incidence and severity 

of cervical destructions in RA.

Typically the rheumatoid destruction starts at 

the atlanto-axial joints and ligaments, often 

resulting in an atlanto-axial subluxation and may 

progress to cranio-cervical and subaxial instabil-

ity. Due to the instability and compression of the 

myelon a cervical myelopathy can occur at any 

time and leads to a deterioration of the prognosis 

for the patient. The aim of the treatment in cervi-

cal spine involvement due to RA is to improve 

the symptoms and to prevent further progression. 

In case of severe instabilities an operative therapy 

is indicated. The clinical presentation of the rheu-

matoid cervical spine changed due to the increas-

ing use of biologicals. The incidence of isolated 

atlanto-axial instability is reduced, whereas com-

plex cranio-cervical and subaxial instabilities 

become more frequent. These patients often 

require longer instrumented fusions from the 

occiput to the upper thoracic spine. Modern oper-

ation techniques, implant systems and the avail-

ability of spinal navigation make these complex 

operations also possible in severely disabled 

patients with high comorbidities.

This chapter will outline the specifics of rheu-

matoid instability of the cervical spine, its typical 

symptomatology, mandatory preoperative imag-

ing and surgical approaches.

At the end of this chapter the reader should be 

aware of the problems and pitfalls we face when 

treating rheumatoid instabilities of the cervical 

spine.

The aim of the presented case is therefore to 

emphasize the typical diagnostic workout and 

principles of operative therapy.

44.2  Case Description

A 61-year old female patient with RA since 

30 years, significant involvement of the cervical 

spine and mutilating destruction of both hands 

and feet, as well as both knees and hips which 

recently led to bilateral total hip and knee replace-

ment. She was under treatment with a biological 

(Humira, Adalimumab, TNF-α blocker) at clini-

cal presentation. It was paused 4 weeks preopera-

tive and 2 weeks postoperative.
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The patient suffered from increasing cervical 

pain since 2 years and a progressive cervical 

myelopathy with a JOA-Score of 11. Additional 

she had a bilateral C8-Syndrom. The neurophysi-

ological examination showed pathological MEP’s 

and SSEP’s as well as pathological EMG C8. The 

functional X-rays show a occipito-cervical insta-

bility with basilar impression. The anterior atlanto-

dental distance was 8  mm (normal <3.5  mm). 

Furthermore the imaging showed a C7/Th1 rheu-

matoid instability with a slippage of 5 mm (normal 

<3.5  mm) with consecutive compression of the 

myelon. In rheumatoid patients the grade of insta-

bility is often very difficult to quantify using lat-

eral x-ray images. This can be done much better 

with CT.  The tip of the odontoid was measured 

17 mm above McRae’s line (odontoid not above 

McRae line is normal). The MRI shows an anterior 

compression of the medulla oblongata and the 

myelon down to C2 and a spinal stenosis C7-Th1 

due to the instability in this level (Fig. 44.1).

The patient was admitted to the hospital and 

operated 3 days after the first clinical presenta-

tion. A posterior instrumentation from occiput to 

Th3 with open reduction of the occipito-cervical 

junction and the cervico-thoracic junction was 

performed. Due to significant destruction of the 

lateral masses C1 and a bilateral high riding 

transverse foramen C2 transarticular screws C1/2 

or pedicle screws C2 could not be used. Also sub-

axial cervical pedicle screws were not possible 

due to very small cervical pedicles (Fig. 44.2).

Because of the anatomical limitations instead 

of transarticular screws C1/2 and subaxial pedi-

cle screws lateral mass screws C3 and C4 were 

combined with pedicle screws Th1, Th2 and 

Th3. The pedicle screws in Th1-Th3 were placed 

with spinal navigation using the preoperative CT 

and surface matching. Posterior decompression 

of the cranio-cervical junction was done with 

resection of the posterior arch of C1 and widen-

ing of the foramen magnum. Indirect decom-

pression of C7/Th1 was done with open reduction 

and fixation. For posterior fusion from the 

occiput down to Th3 local bone from the decom-

pression and bone substitute (Actifuse Putty, 

Baxter) was used. Surgery went fine without 

adverse events and the preoperative neurological 

deficits were significantly improved postopera-

tive. Sufficient decompression was confirmed by 

postoperative MRI scan on the fifth postopera-

tive day (Fig. 44.3). Thus no anterior transoral or 

transnasal resection of the odontoid was 

necessary.

During the postoperative period the patient 

had wound secretion for 10  days in the cranial 

third of the wound which resolved without revi-

sion. Stitches were removed 16 days postopera-

Fig. 44.1 X-Ray, CT and MRI scan on outpatient visit
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tive. The patient was discharged home 20  days 

postoperative. At discharge the JOA-Score had 

significantly improved to 14 and the C8  symptoms 

were no more existent. The wound was healed 

without secretion or dehiscence.

44.3  Discussion of the Case

Indication and Techniques

The clinical symptoms of RA patients are often 

unspecific in the early stage. With increasing 

Fig. 44.2 Preoperative CT scan. Multiplanar reconstruc-

tions of the CT for preoperative screw planning show a 

high riding transverse foramen C2 and nearly complete 

destruction bilateral of the lateral masses C1 as well as 

small subaxial pedicles with a pedicle width <3 mm

Fig. 44.3 Postoperative X-Ray and MRI. Postoperative 

X-ray shows good reduction of the cranio-cervical junc-

tion (a  +  b). The postoperative MRI (d) shows a good 

reduction and decompression of the cranio-cervical junc-

tion compared to the preoperative MRI (c)
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amount of the atlanto-axial instability a radiculop-

athy C2 is typical. Progressive bony destructions 

often lead to increasing neck pain and headache. 

With further progression of the instability and 

presence of a occipito-cervical instability vascular 

symptoms like vertigo, nystagmus and syncopes 

can occur. In case of myelon compression myelop-

athy can occur, but is more difficult to diagnose as 

reflexes, gait disturbance and motoric changes of 

the hands are difficult to examine in RA patients 

due to the destruction of the joints. In inclination 

of the head a positive Lhermitte sign is typical in 

occipito-cervical instability.

Indications for operative treatment in rheuma-

toid instability of the cervical spine are based on 

the amount and type of instability, compression 

of the myelon with myelopathy and untreatable 

pain.

Indications for isolated atlanto-occipital 

instrumented fusions are [1–3]:

• Atlanto-axial instability with anterior atlanto- 

dental distance >8 mm

• Symptomatic atlanto-axial arthritis (often 

unilateral)

An occipito-cervical instability with basilar 

impression or destruction of the occipito-atlantal 

joints should be excluded, these would be indica-

tions for occipito-cervical instrumented fusions.

The standard operative technique for rheuma-

toid C1/2 instabilities is the combination of tran-

sarticular screws C1/2 with a posterior three-point 

fixation (Galli technique with a cortical bone 

graft or atlas-claws connected to the C1/2 screws 

with bone substitute) [1–3]. The atlas-claw tech-

nique has a reduced morbidity because no corti-

cal bone graft is needed. It is important to stabilize 

C1/2 in a neutral position, because the fixation in 

hyperextension leads to an increased risk of 

developing a subaxial kyphosis [4].

The alternative technique is the combination 

of lateral mass screws C1 with pedicle screws or 

isthmic screws C2, first described by Goel and 

Laheri [5]. The disadvantage of this technique is 

the possible irritation of the C2 root, especially in 

rheumatoid patients, the higher bloodloss and the 

reduced stability in flexion/extension [6, 7].

In cases where transarticular screw C1/2 are 

not possible due to a high riding transverse 

foramen or bony destructions the Goel tech-

nique is indicated.

Indications for occipito-cervical/thoracic 

instrumented fusion are [8]:

• Vertical instability with basilar impression 

due to bony destruction of the lateral masses 

C1 with or without atlanto-axial instability

• Destruction of the occipito-atlantal joints

The occipito-cervical fusion should be as 

short as possible (Occiput-C2) but not longer 

than C4. In case of subaxial instability should the 

fusion be extended to the upper thoracic spine 

(Th3).

The screw techniques for atlanto-axial fixa-

tion are the same as earlier described for isolated 

C1/2 fixation, whereas no posterior three-point 

fixation is necessary because of the fixation with 

rods to the occiput. If due to significant bony 

destructions a sufficient fixation in C1/2 is not 

possible the instrumentation should be extended 

to C3 with pedicle screws C3 or to C4 with lateral 

mass screws C3 and C4.

In patients with mutilating RA the risk of 

development of subaxial instabilities is signifi-

cantly increased, therefore the indication of a 

long instrumentation down to Th3 with high tho-

racic pedicle screws should be discussed, even if 

at time of operation of an occipito-cervical insta-

bility no subaxial instability is present [9, 10].

In occipito-thoracic fusions the risk of adja-

cent fractures is increased, especially if the fusion 

is extended to Th4 or longer [11].

Indications for anterior transoral or endo-

scopic transnasal odontoid resection are rare:

• Persistent compression of the medulla oblon-

gata and/or the myelon after posterior open 

reduction, stabilization and decompression

Due to the fact that after posterior stabilization 

the retrodental pannus regresses completely [2] 

the need for anterior transoral or endoscopic 

transnasal odontoid resection is very rare and it is 

only indicated in non-reducable dislocations of 
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the odontoid with anterior bony compression of 

the medulla oblongata and/or the myelon.

Indications for isolated anterior instrumented 

fusions (ACDF) are rare:

• Mono- or bisegmental stenosis due to soft- 

and/or harddisc without instability

In case of subaxial instability at the stenotic 

level an additional posterior instrumentation is 

beneficial because of the high risk of implant fail-

ure with ACDF alone due to the very poor bone 

quality in RA patients. Multisegmental stenosis 

should be treated with posterior instrumentation 

and decompression.

For transarticular screws C1/2 and pedicle 

screws C2 -high thoracic the use of spinal naviga-

tion is benficial and reduces the implant mal-

placement rates significantly [12].

In the presented case based on the recommen-

dations published the indication was given for an 

occipito-cervical fusion because of the occipito- 

cervical instability with severe basilar impression 

and compression of the myelon with myelopathy, 

significant destruction of the lateral masses C1, 

destruction of the occipito-atlantal joints and the 

atlanto-axial instability. The extension to Th3 

was indicated due to the subaxial instability C7/

Th1. Spinal navigation was used for the place-

ment of the pedicle screws Th1, 2 and 3.

Without the subaxial instability C7/Th1 only 

a occipito-cervical instrumented fusion would 

have been indicated. Because of the high riding 

transverse foramen C2 for sufficient stability the 

instrumentation could not have been stopped at 

C2 but should be extended to C4 with lateral 

mass screws C3 and C4. In case of suitable ped-

icles the instrumentation could have been 

shorter ending at C3 with pedicle screws C3. 

The postoperative MRI showed a sufficient 

decompression of the medulla oblongata and the 

myelon due to reduction and posterior decom-

pression. Therefore no anterior decompression 

was necessary.

Complications

The rate of complications after operative treat-

ment of RA patients is higher compared to non-

 RA patients. Especially the risk of wound healing 

problems and infections is increased [13]. The 

main reason is the treatment with immunsupres-

sive drugs, especially biologicals. There are 

guidelines published which immunsupressive 

drugs should be paused before an operation and 

how long [14].

The presented patient had a therapy with a 

biological (Humira, Adalimumab, TNF-α 

blocker) which had to be paused 4 weeks preop-

eratively and 2 weeks postoperatively according 

to the existing guidelines. Nevertheless the 

patient developed a wound healing problem with 

wound secretion for 10 days in the cranial third 

of the wound which resolved without revision.

Accordance with the Literature Guidelines

As discussed above, the patient was successful 

treated according to the existing guidelines from 

the literature.

Level of Evidence: A-C

The level of evidence available to date is C for the 

clinical data and A for the use of spinal naviga-

tion and the biomechanical data concerning the 

instrumentation techniques.

44.4  Conclusions and Take Home 
Message

Typically the rheumatoid destruction starts at the 

atlanto-axial joints and ligaments, often resulting 

in an atlanto-axial subluxation and may progress 

to cranio-cervical and subaxial instability. Due to 

the instability and compression of the myelon a 

cervical myelopathy can occur at any time and 

leads to a deterioration of the prognosis for the 

patient. The aim of the treatment in cervical spine 

involvement due to RA is to improve the symp-

toms and to prevent further progression. In case 

of severe instabilities an operative therapy is indi-

cated. The incidence of isolated atlanto-axial 

instability is reduced, whereas complex cranio- 

cervical and subaxial instabilities become more 

frequent. These patients often require longer 

instrumented fusions from the occiput to the 

upper thoracic spine.

44 Diagnosis and Treatment of the Occipito-Atlantoaxial Complex and Subaxial Cervical Spine



368

References

 1. Grob D, Luca A, Mannion A. An observational study 

of patient-rated outcome after atlanto-axial fusion in 

patients with rheumatoid arthritis and osteoarthritis. 

Clin Orthop Relat Res. 2011;469:702–7.

 2. Grob D, Würsch R, Grauer W, et  al. Atlantoaxial 

fusion and retrodental pannus in rheumatoid arthritis. 

Spine. 1997;22:1580–4.

 3. Weidner A, Wähler M, Chiu ST, et al. Modification of 

C1-C2 transarticular screw fixation by image guided 

surgery. Spine. 2000;25:2668–74.

 4. Iizuka H, Iizuka Y, Kobayashi R, et  al. Effect of a 

reduction of the atlanto-axial angle on the cranio- 

cervical and subaxial angles following atlanto-axial 

arthrodesis in rheumatoid arthritis. Eur Spine J. 

2013;22:1137–41.

 5. Goel A, Laheri V.  Plate and screw fixation for 

atlanto-axial subluxation. Acta Neurochir Wien. 

1994;129:47–53.

 6. Richter M, Schmidt R, Claes L. Posterior atlantoaxial 

fixation. Biomechanical comparison of six different 

techniques. Spine. 2002;27:1724–32.

 7. Sim HB, Lee JW, Park JT, et al. Biomechanical evalu-

ations of various C1-C2 posterior fixation techniques. 

Spine. 2011;36:E401–7.

 8. Tanouchi T, Shimizu T, Fueki K, et al. Neurological 

improvement and prognosis after occipito-thoracic 

fusion in patients with mutilating-type rheumatoid 

arthritis. Eur Spine J. 2012;21:2506–11.

 9. Fujiwara K, Owaki H, Fujimoto M, et al. A long-term 

follow-up study of cervical lesions in rheumatoid 

arthritis. J Spinal Disord. 2000;13:519–26.

 10. Yurube T, Sumi M, Nishida K, et  al. Incidence and 

aggravation of cervical spine instabilities in rheuma-

toid arthritis. Spine. 2012;37:2136–44.

 11. Tanouchi T, Shimizu T, Fueki K, et  al. Adjacent-

level failures after occipito-thoracic fusion for 

rheumatoid cervical disorders. Eur Spine J. 

2014;23:635–40.

 12. Shin BJ, James AR, Njoku IU, et al. Pedicle screw 

navigation: a systematic review and meta-anal-

ysis of perforation risk for computer-navigated 

versus freehand insertion. J Neurosurg Spine. 

2012;17:113–22.

 13. Klemencsics I, Lazary A, Szoverfi Z, et al. Risk factors 

for surgical site infection in elective routine degenera-

tive lumbar surgeries. Spine J. 2016;16:1377–83.

 14. Kothe R.  Management von immunsupprimierten 

Patienten. In: Börm W, Meyer F, Bullmann V, Knop C, 

editors. Wirbelsäule interdisiplinär: Operative und kon-

servative Therapie. Stuttgart: Schattauer; 2017. p. 655–6.

Pearls

• The incidence of operative treatment in 

cervical rheumatoid instabilities is 

reduced in the last years due to the treat-

ment with biologicals

• In most cases a posterior approach and 

stabilization is indicated

• Progressive neurological deficits are rare 

but indications for operative therapy

• Complication rates are high, especially 

wound healing problems and infec-

tions, therefore biologicals should be 

paused according to the existing 

guidelines
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Osteoporosis (Etiology, Diagnosis, 
Drug Therapy, Surgical Therapy)

Haiko Pape and Yu-Mi Ryang

45.1  Introduction

Patients with osteoporotic vertebral compression 

fractures (OVCF), both asymptomatic and symp-

tomatic, are part of our daily routine as spine 

surgeons.

Despite the fact that osteoporosis is very com-

mon and widespread – with an estimated preva-

lence of five to six million people in Germany 

and an obvious surge within the next decades due 

to an increase in life expectancy – there is still a 

lack of knowledge concerning adequate diagno-

sis and treatment.

Osteoporosis is defined as a systemic, pro-

gressive, metabolic disease of the bones with a 

decreased bone mass and a reduced quality of the 

microarchitecture of bone tissue, consecutively 

leading to an increased fragility of the bones and 

a predisposition to fractures. The operational def-

inition by the WHO for osteoporosis is a bone 

mineral density (BMD) 2.5 standard deviations 

below that of a young adult reference population 

(T-score at or below −2.5) as measured by a dual- 

energy x-ray absorptiometry (DXA) of the femur 

or lumbar spine.

Fractures are frequently associated with sig-

nificant pain, leading to disability and a reduced 

quality of life and the risk to suffer from another 

fracture in the near future [1].

The major osteoporotic fractures (hip, proxi-

mal femur, vertebral body, forearm) are also 

associated with a higher mortality, especially 

within the first year [2, 3].

Therefore, patients need our expertise to 

improve their situation and it is mandatory for 

spine surgeons, not only to know and perform the 

proper diagnostic modalities to establish the 

diagnosis of an osteoporotic vertebral fracture, it 

is also essential to know about the advantages 

and risks of both conservative and surgical treat-

ment options.

The aims of the case we present are:

On the one hand to illustrate a typical case of an 

OVCF and its adequate therapy, on the other 

hand to emphasize possible pitfalls regarding 

operative treatment and to underline that we 

are dealing with a systemic disease that is nei-

ther restricted to the spine nor can be treated 

by surgery alone.

45.2  Case Description

A 75 y/o female patient suffered from low back 

pain after lifting a suitcase 2  weeks prior to 

admission. Her family doctor suspected myo-
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gelosis and prescribed NSAIDs which did not 

alleviate pain. The patient was otherwise healthy 

without any known illnesses or regular 

medication.

Due to her severe level of pain (VAS 6–8/10) 

while standing, sitting or walking, she presented 

to the emergency room (ER). After initial clinical 

examination lateral and a.p. radiographs were 

performed showing a compression fracture of the 

cranial endplate of the vertebral body of L4.

On clinical examination, her gait was clearly 

impaired due to severe low back pain (VAS 

8/10) without radiculopathy, but with signifi-

cant percussion tenderness. Neurological 

examination showed no motor or sensory defi-

cit or bowel and bladder dysfunction.

The patient was admitted and longstanding 

x-rays, CT scan and MRI were performed to give 

information about the BMD, the configuration of 

the fractured vertebral body, coronal and sagittal 

balance and the integrity of the ligamentous com-

plex for the evaluation of a potential instability. 

There was no spinal cord compression on MRI 

and the STIR sequence (STIR = Short-Tau Inverse 

Recovery) confirmed an acute vertebral body 

fracture showing edema in the fractured cranial 

endplate.

The patient was informed about adequate 

treatment options, a balloon-assisted kypho-

plasty was offered and performed since the 

patient was not willing to further prolong con-

servative medical therapy. She benefitted from 

surgery in regard to both, her pain level that 

was dramatically reduced to VAS 2/10 and her 

quality of life since she was able to increas-

ingly mobilize herself even during the 2 days 

of her postoperative stay on our ward. We 

referred her to an osteoporosis specialist for 

adequate medical treatment with substitution 

of vitamin D, calcium and bisphosphonates as 

well as a standardized DXA to assess the bone 

mineral density in the near future. This is man-

datory to have an initial assessment to be able 

to monitor the efficacy of the medical therapy 

(Figs. 45.1, 45.2, 45.3, and 45.4).

45.3  Discussion of the Case

Indication

The patient suffered from severe localized back 

pain aggravated by axial loading.

Conservative treatment by nonsteroidal antiin-

flammatory drugs (NSAIDs) were not able to 

effectively reduce her pain level and her mobility 

was still dramatically impaired.

There are no guidelines as to when surgery 

should be considered. This is a decision that has 

to be made individually taking into account both, 

the risk of surgery and the potential risks of esca-

lating and/or prolonging conservative treatment.

An option of intensifying the conservative 

regimen would be the escalation of the analgetic 

medication according to the WHO scheme by 

adding metamizol, paracetamol or opioids to 

Fig. 45.1 Preoperative lateral radiography showing a 

fractured cranial endplate of the L4 vertebral body

 H. Pape and Y.-M. Ryang



371

avoid long-term immobility, muscular atrophy, 

depression, pneumonia or thrombembolic events. 

In addition to the medical treatment, an orthosis 

can improve the patient’s situation.

Usually, comparable to the guidelines for the 

treatment of a lumbar disc herniation for patients 

without neurological deficit, a phase of conserva-

tive treatment of up to 6 weeks is recommended.

The treating physician should always be aware 

of the possible side effects of the analgetics, 

potential interactions with other medication and 

of the fact that opioid drugs lead to an increased 

risk for falls and consecutive fractures [4].

Surgery, with minimally-invasive vertebral aug-

mentation procedures (VAP) should be considered 

in case of failure of optimal medical care, pain ≥5 

on the VAS and if other pain generators have been 

excluded. VAPs should preferably be performed 

within 6–8 weeks of fracture onset, since OVCF 

usually heal spontaneously within this timeframe. 

Other indications for surgery (decompression ± 

instrumentation) are progressive fractures, spinal 

instability or deformity with sagittal and/or coronal 

imbalance and neural compression.

The level of evidence regarding surgical pro-

cedures for the treatment of osteoporotic verte-

bral fractures is not sufficient to state a clear 

recommendation for operative treatment yet, but 

there are data proving that the mortality risk is 

significantly reduced after a kyphoplasty or ver-

tebroplasty in comparison to conservative treat-

ment [5, 6]. The probability for suffering a stroke 

or pneumonia is also lower after surgery [5, 6].

There are some additional points to be taken 

into account that favor minimally-invasive sur-

gery apart from the factors already mentioned:

• VAP result in a faster and more effective 

reduction of pain and an improved mobility as 

Fig. 45.2 Preoperative CT scan confirming the compres-

sion fracture of L4 with marked reduction of vertebral 

body height

Fig. 45.3 Preoperative MRI scan showing a positive 

STIR signal in the fractured vertebral body of L4
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well as a better quality of life compared to 

conservative treatment [7, 8].

• There is no significant difference regarding 

the probability for the occurrence of medical 

complications between surgical and conserva-

tive treatment.

• VAP lead to significantly better correction of 

both the kyphotic deformity and vertebral 

body height compared to conservative treat-

ment [9].

• The risk for additional fractures seems to be 

significantly higher after continued conserva-

tive treatment than after surgery [10–12].

Choice of Surgical Strategy

The standard surgical procedures, if no neural 

compression or instability are present, are 

minimally- invasive percutaneous vertebroplasty 

or balloon-assisted kyphoplasty. These vertebral 

augmentation procedures should always be per-

formed with pulsed x-ray during the infusion of 

cement to be able to detect cement leakage into 

the disk space, the spinal canal or the venous sys-

tem to stop the augmentation procedure immedi-

ately in case of cement extravasation.

Both techniques show good results regarding 

safety and efficacy and are superior to conserva-

tive treatment in restoring vertebral body height 

and correcting kyphotic deformity.

In direct comparison, kyphoplasty shows sig-

nificantly superior results with regard to both the 

correction of the kyphotic deformity and the res-

toration of vertebral body height than vertebro-

plasty [10, 12].

Cement leakage is less frequent with kypho-

plasty compared to vertebroplasty. The rate of 

new fractures both distant and adjacent to the 

augmented level shows no significant difference 

between kyphoplasty and vertebroplasty [13].

In general, there are no clear guidelines when 

to opt for a kyphoplasty or vertebroplasty.

Typically a kyphoplasty should be per-

formed in:

• An acute or subacute fracture of less than 

6 weeks

• Some degree of deformity or loss of height to 

be able to correct the kyphosis  and restore 

the vertebral body height.

A vertebroplasty can be performed:

• In fractures >6 weeks of age

• In fractures without relevant deformity or 

height loss [14].

In case of spinal instability/deformity and/or 

sagittal and/or coronal imbalance or compression 

of neural structures, a posterior instrumentation 

with a PMMA(polymethylmetacrylate)-augmented 

pedicle screw and rod system ± decompression ± 

vertebral body replacement should be performed, 

preferably in a percutaneous minimally-invasive 

technique to minimize soft tissue trauma and blood 

loss [15].

Pedicle screw augmentation should also be 

performed under pulsed x-ray control in order to 

detect cement leakage.

If there is an indication for a corpectomy due 

to a significant affection of the posterior wall, 

Fig. 45.4 Postoperative X-ray showing the cement distri-

bution, no signs of cement leakage and restoration of ver-

tebral body height
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severe destruction or reduced height of the verte-

bral body or a relevant kyphotic or scoliotic 

deformity, there might be the need for a dorso-

ventral instrumentation.

Due to the impaired quality of the bone the 

pedicle screws should be PMMA-augmented and 

it is reasonable to include at least 2 levels above 

and below the fractured/collapsed vertebral body. 

In some cases, even osteotomies are necessary to 

correct the kyphotic deformity.

Fortunately, only approximately 5% of 

patients with symptomatic osteoporotic vertebral 

fractures need instrumentation [16].

Accordance with the Literature Guidelines

During the last years, several RCTs and meta- 

analyses with inconclusive or even opposing 

results have been published comparing surgical 

procedures with either conservative treatment or 

SHAM procedures or comparing different surgi-

cal techniques. In 2009, two studies were pub-

lished in the New England Journal of Medicine 

igniting a controversial debate about the potential 

(lack of) benefit of vertebroplasties. The study by 

Buchbinder et al. [17] showed a reduction of pain 

and an improvement of QOL in both groups with 

no statistically significant advantage for the ver-

tebroplasty group within the first 24 weeks after 

the procedure.

In the INVEST (Investigational Vertebroplasty 

Safety and Efficacy Trial) study, Kallmes et  al. 

[18] was also not able to show statistically sig-

nificant differences in reduction of pain and dis-

ability. There was only a trend favoring 

vertebroplasty. The study had a high cross-over 

rate in the control group and the follow-up was 

only 3 months.

The statistical power of most of these studies 

is rather weak, due to flaws in study design, 

selection bias or often due to the small number of 

patients included.

Also, valid long-term results are lacking, even 

though a few studies have shown a superiority of 

the vertebral augmentation procedures compared 

to conservative treatment with regard to a faster 

reduction of pain, an improved mobility, shorter 

hospital stay and a reduced mortality with some of 

these effects still being statistically significant after 

up to 36 months [19]. For example, the VAPOUR 

study (Safety and Efficacy of Vertebroplasty for 

acute painful osteoporotic fractures) by Clark et al. 

[20] showed a significant advantage for the verte-

broplasty group regarding pain reduction, postop-

erative hospital stay and consolidation of the 

vertebral body height both directly after the proce-

dure as well as on follow-up after 6 months.

In patients that are not neurologically intact, 

there is consensus that they need surgical treat-

ment, but so far no guideline exists regarding the 

specific treatment. However, a recommendation 

of the German Society for Orthopedics and 

Trauma (DGOU) was published with regard to 

fracture classification and treatment based on a 

prospective clinical cohort. An osteoporotic frac-

ture (OF) classification-based scoring system 

was developed by an expert group to give specific 

treatment recommendations for each OF type 

including 7 items such as OF fracture type, bone 

mineral density, ongoing fracture process, pain, 

neurological deficit, mobilization and health sta-

tus. Hence, this OF score can help in decision 

making concerning non-surgical vs. surgical 

treatment and the extent of surgery. In some non-

conclusive cases an individual treatment approach 

is still needed [21, 22].

45.4  Conclusions and Take Home 
Message

A OF-score of <6 points recommends non-surgi-

cal management; a score of >6 points recom-

mends surgery. Intermediate cases with a score of 

6 need individual decision making.

In addition to the treatment of an acute symp-

tomatic fracture, it is mandatory to ensure the 

patient will receive proper medical treatment to 

improve the bone mineral density and consecu-

tively reduce the risk for further fractures.

Pearls and Pitfalls

• There are recommendations for the clas-

sification and treatment of OVCF. In 

intermediate cases the decision has to be 

made individually weighing the risk of 

surgery against the potential risks of 

escalating and/or prolonging conserva-

tive treatment.
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Benign Tumors and Tumor Like 
Lesions

Yu-Mi Ryang

46.1  Introduction

Benign tumors and tumor-like lesions of the 

spine are rare lesions that comprise about 10% of 

all extradural spine tumors.

Benign Tumors

• Vertebral hemangioma (VH)

• Osteoid osteoma (OO)

• Osteoblastoma (BOB)

• Osteochondroma (OC)

• Aneurysmal bone cyst (ABC)

• Eosinophilic granuloma (EG)

Semimalignant Tumors

• Giant cell tumor (GCT)

They show a certain predilection for age and 

location. While >90% of tumors occurring during 

the first decade of life are benign, this number 

decreases with age. In the fourth decade about 

50% and in the seventh decade less than 10% of 

spinal tumors are benign [4].

Age Predilection

1.-2. decade: Eosinophilic Granuloma (EG)

2. decade: Osteoid Osteoma (OO)

Aneurysmal Bone Cyst (ABC)

2.-3. decade: Benign Osteoblastoma (BOB)

3. decade: Osteochondroma (OC)

2.-4. decade: semimalignant Giant Cell Tumor 

(GCT)

4.-6. decade: Vertebral Hemangioma (VH)

Predilection of Location

Whereas some tumors are mainly located in the 

anterior vertebral body, other tumors show a pre-

dilection of the posterior elements [6, 8].

Anterior Vertebral Body

• Eospinophilic Granuloma (EG)

• Vertebral Hemangioma (VH)

• Giant Cell Tumor (GCT)

Posterior Elements

• Aneurysmal Bone Cyst (ABC)

• Benign Osteoblastoma (BOB)

• Osteoid Osteoma (OO)

• Osteochondroma (OC)
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Location

Symptoms

The most characteristic symptom is persistent 

back pain unrelated to activity and typically 

aggravated during rest and at night.

Staging

Benign tumors are staged into three stages 

according to Enneking:

• Latent lesion

• Active lesion

• Aggressive lesion

Stage 1 Lesions are inactive asymptomatic 

slowly or non-growing with a true capsule not 

requiring therapy [1, 6].

Stage 2 Lesions are mildly symptomatic slowly 

growing lesions with enlarged tumor outlines 

requiring intralesional resection and show a low 

recurrence rate.

Stage 3 Lesions are rapidly growing with 

breached or absent tumor capsule and invasion of 

neighboring structures which require complete 

resection due to a high recurrence rate.

46.2  Case Description Osteoid 
Osteoma (OO)

2A: A 42 y/o male suffered from pain in the cer-

vicothoracic region with diffuse irradiation into 

his right arm. He had no neurological deficit and 

reported of good response to acetylsalicylic acid 

(ASS), but complained of relapsing symptoms 

upon cessation of drug intake. CT and MRI 

showed a small right-sided osteoblastic lesion in 

the facet joint of T1/T2 with a central nidus of 

vascular fibrous connective tissue and a sur-

rounding osteoid matrix (Figs. 46.1 and 46.2).

The patient did not want to take ASS or 

NSAIDs on a regular basis and asked for surgery. 

He therefore underwent CT-navigated microsur-

gical resection (Fig. 46.3).

The intra- and postoperative course was 

uneventful and the patient was discharged with 

complete pain relief on the fifth postoperative day.

2B. Case Description of the Aneurysmal Bone 

Cyst (ABC)

2B: A 16 y/o neurologically intact male juvenile 

presented with a 1-year history of progressive 

swelling and pain in the neck. CT and MRI 

showed a large cystic non-contrast enhancing 

mass lesion in the neck extending from C1 to C3 

posteriorly with almost complete lysis of the pos-

terior C2 lamina involving both vertebral arteries. 

Furthermore, the patient had a C2-C3 instability 

with subluxation (Fig. 46.4).

The patient received a planned 2-staged sur-

gery with microsurgical removal of the tumor 

with posterior C1-C3 lateral mass fixation, and 1 

week later an anterior C2-C3 spondylodesis with 

anterior discectomy and fusion with a PEEK-

cage and ventral plating (Figs. 46.5 and 46.6).

The postoperative course was uneventful and 

the patient was discharged 4 days after the second 

surgery with significantly improved neck pain.

Tumor localization and percentage of benign and malig-

nant tumors of the spine

Hemangioma   30% 

Osteoid osteoma     60%

Osteoblastoma     33%

Osteochondroma     20%

ABC 
(Eosinophilic G)

Osteochondroma (C2)   50%

Osteoblastoma    33% 

Osteoid osteoma   30%
(Eosinophilic G)

Osteoblastoma     33%

Osteoid osteoma    10%

Osteochondroma    30%      

Eosinophilic G 

ABC 

Hemangioma   60%

GTC     50%
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Fig. 46.1 CT-scan showing a central nidus with sclerotic margin pathognomonic for osteoid osteoma

T1+GadT2

Fig. 46.2 MRI (T1+gadolinium-enhanced and T2-weighted 

images). The calcified margin of the nidus is T1- and 

T2-hypointense, whereas the non-calcified center of the nidus 

is hyperintense on T2- and contrast-enhanced T1-weighted 

images. Note the edematous changes of adjacent bone mar-

row and soft tissue due to nidal prostaglandin production

46 Benign Tumors and Tumor Like Lesions
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Fig. 46.3 Postoperative CT-scan showing complete removal of the nidus

Fig. 46.4 CT scan and MRI (T1+gadolinium and T2-weighted image) showing an osteolytic expansile lesion with 

surrounding cortical bone and pathognomonic fluid-fluid levels
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Fig. 46.5 Postoperative CT after tumor removal and posterior lateral mass screw fixation of C1-C3

Fig. 46.6 Postoperative 

MRI (T1+gadolinium 

and T2-STIR) in sagittal 

and axial planes 

showing complete tumor 

removal
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46.3  Discussion of the Cases

3A. Osteoid Osteoma (OO) OO usually occur 

in the second decade of life with a predilection 

for the posterior lamina or pedicle of the lumbar 

or cervical spine. This patient complained of a 

symptomatic OO with characteristic night pain 

relieved by ASS intake. Imaging-wise CT is the 

method of choice in these tumors, since they 

always show a pathognomonic central nidus sur-

rounded by an osteoid matrix.

Since pain relapsed every time the patient 

seized medication, he asked for surgery. In cases 

of symptomatic active lesions surgery is advo-

cated. Therefore, a CT-navigated microsurgical 

removal was performed. These tumors, especially 

OO are small in size and are hard to find and hard 

to differentiate visually from normal bone intra-

operatively. We therefore strongly recommend 

navigated removal of these tumors, not to miss 

the tumor or risk incomplete removal.

An alternative treatment strategy is thermal 

nidus ablation. This minimally invasive technique 

is gaining increasing popularity and can be 

applied if neural structures are at least more than 

5 mm apart from the nidus to avoid heat injury. 

Caution also needs to be taken in cases with 

absent cortical bone for the same reason. The suc-

cess rate is reported to range between approx. 

80–100% with recurrence and failure rates of 

approx. 5%, respectively. Some authors advocate 

this procedure as gold standard. However, the evi-

dence on this technique is of very low quality.

Differential diagnoses for OO are osteoblasto-

mas (BOB), which are basically histologically 

identical to OO, but behave differently biologically. 

They tend to occur slightly later in life (second to 

third decade) and have no predilection concerning 

the spinal level and their size exceeds a diameter of 

1.0–1.5 cm. BOB also have a tendency to recur in 

10–15%, which may rise even up to 50% if they 

show aggressive local growth, when excised 

incompletely. Other differential diagnoses are 

aneurysmal bone cysts (ABC) and osteosarcomas.

Concerning alternative therapies quality of 

evidence is also very low. Radiation therapy 

might be considered in cases of recurrent or 

incompletely resected aggressive BOB (weak 

recommendation). Chemotherapy might be con-

sidered in recurrent aggressive BOB (weak 

recommendation) [7].

3B. Aneurysmal Bone Cyst (ABC) ABCs have 

a predilection for the posterior elements of the 

lumbosacral spine and usually show extensive 

growth with characteristic fluid-fluid levels 

within the blood-filled cavities. They can lead to 

instability due to osteolytic lesions and involve-

ment of contiguous vertebrae and disc spaces. 

Intralesional resection is recommended. If intral-

esional resection is incomplete, these lesions 

show a high recurrence rate of 20–30%. En bloc 

resection, however, is rarely feasible due to their 

expansive growth pattern.

ABC can develop secondary to preexisting 

other tumors, esp. osteoblastoma, hemangioma 

or giant cell tumor.

Alternative treatments such as stand-alone 

selective arterial embolization is reported with 

weak recommendation and very low quality evi-

dence. However, there is a strong recommenda-

tion for preoperative embolization to reduce 

intraoperative blood loss. Radiation therapy 

should only be considered in inoperable tumors, 

aggressive recurrent tumor or incomplete resec-

tions (weak recommendation) [7]. There is not yet 

a role for Denusomab in the first line treatment of 

ABC (weak recommendation), but there are 

reports on (neo)adjuvant Denusomab use [2, 3].

Differential diagnoses of ABC are GCT and 

BOB.

46.4  Conclusion and Take Home 
Message

Benign tumors or tumor-like lesions of the spine 

are rare entities and mostly affect people of 

younger age between the first and fourth decade 

of life. They also show typical predilections for 

location in the spine. OO, BOB and ABC are 

 -predominantly located in the posterior spinal 
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elements. Surgery remains the treatment of 

choice in these tumors. Depending on their stag-

ing there are recommendations as how to treat 

them. Since these tumors are rare, no prospective 

or randomized trials exist and treatment solely 

relies on expert opinion only. Consequently, no 

level 1 evidence and no treatment guidelines are 

available. These tumors are curable upon com-

plete excision. However, it is important to know 

that, depending on the entity and staging, these 

tumors show different recurrence rates requiring 

different surgical techniques, i.e. intralesional vs. 

en bloc resection and can undergo malignant 

transformation, such as giant cell tumors that can 

also metastasize, osteoblastomas which can 

transform to osteosarcomas and osteochondro-

mas which can transform to chondrosarcomas.

Up to now, there is no role for alternative ther-

apies (radiation−/chemotherapy) in the first-line 

treatment of BOB and ABC. Percutaneous abla-

tion techniques in OO might be a feasible alterna-

tive to surgery.

Adjuvant radiation therapy should only be 

considered in aggressive recurrent BOB or ABC 

or in cases where complete resection is not pos-

sible. Adjuvant chemotherapy only has a limited 

role in aggressive recurrent BOB. There seems to 

be a role of (neo)adjuvant Denusomab in ABC, 

but evidence to support this, especially long-term 

results, is still lacking [2, 3].
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Pearls and Pitfalls

• Complete resection should be the goal if 

possible, since incomplete resection is 

associated with varying rates of 

recurrence

• Intralesional excision is recommended 

for OO and non-aggressive BOB

• OO are easily missed during surgery 

and should be excised with the use of 

spinal navigation

• BOB are histologically identical to OO, 

but larger (>1.0–1.5 cm diameter)

• Non-aggressive BOB recur in 10–15%

• Aggressive BOB need en bloc resection 

and recur in up to 50%

• ABC may occur secondary to GCT, 

BOB and VH

• BOB, ABC, GCT and VH are expansive 

growing lesions

• GCT can be mistaken for ABC, since 

both show typical intracavital fluid-fluid 

levels

• GCT, BOB and OC have the ability 

to  transform into malignant tumors, 

therefore complete excision is 

mandatory
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Primary Malignant Tumors
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47.1  Juvenile Sarcoma (Ewing)

47.1.1  Introduction

47.1.1.1  Epidemiology and Etiology

Primary malignant bone tumors of the spine (i.e., 

vertebral sarcomas, not plasmocytomas) are very 

rare entities and account for only 5–10% of all 

primary malignant bone tumors of the entire 

skeleton.

The primary site of predilection for spinal 

tumors is the thoracic spine and sacrum, followed 

by lumbar and cervical spine [1].

Ewing’s sarcoma (EWS) of bone is a part of 

the Ewing’s sarcoma family of tumors, which 

shares similar molecular and histologic findings 

and includes primitive neuroectodermal tumors, 

Ewing’s soft tissue sarcomas, and Askins’ 

tumors [2].

It was first described in detail by the patholo-

gist James Ewing in 1921  in his first case of a 

teenage girl who presented with a pathologic 

fracture of her forearm [3].

Ewing’s sarcoma accounts for 6–8% of all pri-

mary malignant bone tumors and is the second 

most common malignancy of the pediatric skele-

ton. 80% of patients are younger than 20 years, 

with boys being slightly more frequently affected 

(m: f = 1.4: 1). An average annual incidence was 

found of about 3 per 1 million for the US popula-

tion [4].

Preferred manifestations are the meta- or 

metadiaphyseal portions of the long bones, the 

pelvis, the ribs and the spine. In up to 10% EWS 

originates in the spine [5, 6].

Ewing’s sarcoma is the most common primary 

malignant bone tumor of the spine in children. 

Histologically, EWS is a high-grade aggressive 

small round blue cell tumor that most commonly 

originates in bone and is associated with large 

soft tissue masses and frequent metastases. About 

a quarter of Ewing’s sarcomas arise in soft tissues 

rather than bone, and about a quarter of patients 

have detectable metastases at diagnosis. The 

lungs are the most common site for metastases 

(50%), followed by bone (25%) and bone mar-

row (20%) [2].

Most primary bone tumors are based on 

unknown cause. The etiology of EWS remains 

unclear. In general non-neoplastic changes and 

tumor-like bone lesions as well as benign neopla-

sia of the bone may favor the development of 

aggressive bone tumors.
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47.1.1.2  Pathogenesis

Molecular Pathology

Genetic factors seem to play an essential role in 

the development of Ewing sarcoma. The translo-

cation t (11; 22) (q22; q24) (EWS-FLI1 fusion) is 

highly characteristic and present in almost 85% 

of all Ewing sarcoma [7].

Ewing’s sarcoma cells express the 7 p30/32 

MIC2 antigen encoded by the MIC2 gene, a surface 

glycoprotein. It can be recognized by monoclonal 

antibodies. The MIC2 analysis has a sensitivity of 

95% in the diagnosis of Ewing sarcoma [8].

Clinical Findings

As with other primary bone sarcomas, pain is the 

most common initial symptom of patients with 

Ewing’s sarcoma.

Patients with spinal/vertebral Ewing sarcomas 

(56–94%) are more often symptomatic with neu-

rological deficits compared to osteosarcoma 

patients. Also more common than, for example, 

in osteosarcoma are systemic symptoms such as 

fever, increased lactate dehydrogenase (LDH) 

and leucocytes. The tumor mass is usually located 

in the vertebral body and often shows a large 

extra-osseous soft tissue portion with an expan-

sion of the adjacent soft tissues and epidural 

space. The involvement of the spinal canal with 

compromise of neural structures can lead to neu-

rological deficits [9].

Biopsy

The bioptic assurance of the diagnosis is always 

essential. Biopsy should be performed to obtain 

sufficient and representative tissue portions for 

histological evaluation and molecular biology 

examination. When planning the biopsy must be 

taken into account that the biopsy approach as 

well as the biopsy scar are considered to be con-

taminated and need to be resected or irradiated 

during the later local therapy.

A co-evaluation of the tissue samples by an 

experienced reference pathologist is strongly rec-

ommended. In general Ewing tumor is diagnosed 

by biopsy and then chemotherapy is initiated. For 

local control this may be followed by radiation 

and/ or surgery.

47.1.1.3  Treatment

Over the last decades the treatment and subse-

quent prognosis of EWS have improved dramati-

cally especially due to the addition of systemic 

chemotherapy. Systemic polychemotherapy is 

currently the prognostically crucial step. 

Radiotherapy and surgery are also fundamental 

in particular for the local tumor control. Ewing’s 

sarcoma responds very well to chemotherapy and 

radiation what helps to improve the long term 

survival.

The combination of this three treatment 

options represents the current standard of ther-

apy. The current treatment consists of the sequen-

tial series of neoadjuvant chemotherapy, local 

tumor control, and subsequent adjuvant 

chemotherapy.

Chemotherapy

Currently, patients are being treated in accordance 

with a standardized polychemotherapy protocol. 

Initially, the patients receive 6 cycles of induction 

chemotherapy with VIDE (vincristine, ifosfamide, 

doxorubicin and etoposide). Neoadjuvant chemo-

therapy is performed in different therapy groups 

depending on the risk factors.

Local Control

Ewing’s sarcoma has a good sensitivity to radia-

tion, so that depending on the tumor localization 

and size for local tumor control, surgical proce-

dures and/or radiotherapy can be used.

Due to the increased local recurrence rate with 

only chemo- and radiotherapy, resectable tumors 

should be treated with a wide tumor resection 

whenever possible.

Therefore the adequate treatment of spinal/verte-

bral Ewing sarcoma manifestations is a multimodal 

therapy concept from polychemotherapy and en 

bloc spondylectomy of the affected spinal segments 

followed by postoperative radiotherapy.

Adjuvant chemoradiotherapy without resec-

tion should be performed only in the case of an 

unfavorable anatomical position or in the case of 

tumors resectable only with a significant func-

tional deficit. By means of sole radiotherapy 

local control rates of up to 80–85% can be 

achieved.
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Prognosis

Significant progress has been made in the treat-

ment of Ewing sarcoma over the past two decades. 

With the development of effective chemotherapy, 

the 5-year survival rate has improved from 5–10% 

to up to 75% [10]. The prognosis depends on pri-

mary tumor localization, size and volume, histo-

logical response and metastasis. In adequately 

locally and chemotherapeutically treated patients 

with a non-metastatic primary tumor, the 5-year 

survival rate is 50–75%. Patients with bony metas-

tases have an unfavorable prognosis with 3–5-year 

survival rates of <10% to 20% [7].

About 30–40% of patients with Ewing’s sar-

coma experience recurrence, two thirds within 

the first 2 years.

47.1.2  Case Description

A 2 y/o boy was referred as an emergency case to 

our spinal department. The parents observed a 

reduced mobility and that he was whiny more 

often. Therefore they consulted the pediatrician 

regularly but no obvious focus was evaluated. 

After developing an unsteady and uncontrolled 

gait a whole spine MRI scan under sedation was 

performed on an emergency basis. The clinical 

examination was difficult due to the young patient 

age but an initial paraplegia was detectable. The 

boy was able to move the lower limbs but not able 

to stand or to walk anymore (Fig. 47.1).

After the images had been analyzed an 

emergency surgery was performed immedi-

Fig. 47.1 MRI Scan at first presentation. The MRI scan 

shows a pathologic fracture of T 7 with tumor mass invad-

ing the spinal canal and causing spinal cord compression. 

Additional involvement of the paravertebral extra-osseous 

soft tissue
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ately. The patient was treated with a posterior 

stabilization from T 6 to T 8 with a laminec-

tomy T 7 and a decompression with tumordeb-

ulking via a costotransversectomy and 

resection of the right T 7 pedicle. Multiple 

samples of the tumor tissue had been collected 

for a detail histological and microbiological 

evaluation. The surgery and the postoperative 

course were uneventful. The neurological defi-

cit improved and the patient was able to walk 

again with little assistance of his parents 

(Fig. 47.2).

The histological result showed a small round 

blue cell tumor belonging to the Ewing sarcoma 

family. The additional immunohistochemical 

examination confirmed a poorly differentiated 

Ewing sarcoma. A second histopathological 

expert opinion was ordered and concluded with 

the same final decision.

The further staging examination with bone 

scan and Positron emission tomography (PET) 

scan did not detect any metastasis.

For the additional oncological treatment the 

patient was referred to our pediatric oncology 

department.

Under polychemotherapy according to the 

VIDE combination and radiotherapy there has 

been no tumor progress and no onset of a meta-

static spread until now. In the last clinical follow 

up the patient was pain free without any neuro-

Fig. 47.2 Postoperative 

x-rays. Correct 

metalwork with 

adequate screw 

placement
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logical deficits or any abnormal findings in the 

physical examination (Fig. 47.3).

For local tumor control the patient was offered 

a surgical plan including a wide tumor resection 

with a spondylectomy T 7 including T 6 + T 8 

with extension of the posterior stabilization and 

vertebral body replacement. An additional partial 

resection of the thoracic aorta was discussed in 

the multidisciplinary tumor board as well.

A proton beam therapy was evaluated too as 

an alternative treatment to the surgical therapy 

plan.

Due to the absence of any tumor progression 

under the current oncological treatment and a 

steady clinical course the parents have not made 

their final decision yet.

47.1.3  Discussion of the Case

The present case does not illustrate the typical 

clinical pathway when dealing with pediatric pri-

mary malignant tumors. But the history of the 

patient with his sudden onset of paraplegia due to 

Fig. 47.3 Recent MRI Staging Scan of the thoracic spine 

after radio-chemotherapy. 4  years postoperatively. 

Reduced paravertebral tumor mass without pathological 

enhancement. No spinal metastasis. Post radiotherapy 

bone marrow changes T 3–T 10
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tumor tissue invading the spinal canal with spinal 

cord compression required emergency surgery. 

Necessary decompression and stabilization had 

to be the first step of treatment. The intraopera-

tive histological samples confirmed Ewing sar-

coma so that polychemotherapy und radiotherapy 

was added after the surgery. The patient’s age 

was also younger than the mean age for that par-

ticular tumor entity but the case demonstrates 

well that especially Ewing sarcoma patients are 

more often symptomatic with an initial neuro-

logical deficit.

Ideally in a situation without an emergency 

aspect we would have taken a biopsy first and after 

receiving the histopathological result we had 

started the neoadjuvant induction chemotherapy 

first. Local tumor control needs to be discussed in 

multidisciplinary tumor board and depends on 

many different factors. Local control can be 

achieved by surgery and/or radiation  therapy. 

Main issue for a surgical plan is the resectability of 

the tumor and the possibility to create tumor free 

resection margins. Surgery is generally the pre-

ferred approach if the lesion is resectable [11].

Radiation therapy is usually employed in 

patients who do not have a surgical option that 

preserves function and patients whose tumors 

have been excised but with inadequate margins. 

The postoperative oncological treatment was 

followed according to the literature guidelines 

with chemo- and radiotherapy and has proven 

its effectiveness in our case as well. The postop-

erative tumor staging imaging demonstrated a 

sufficient therapy without any tumor progress at 

any time of the treatment. Furthermore a sug-

gestion for a local tumor control via resection 

has been made in order to improve the outcome. 

All surgical options were discussed with the 

involved disciplines. Due to the young patient 

age and the major surgery another option with 

proton beam therapy was evaluated. Currently 

there are promising and beneficial results for 

this kind of treatment especially for Ewing sar-

coma in critical sites, but literature consensus 

reveals that more high-quality clinical research 

is needed to further investigate long-term effec-

tiveness [12].

47.1.4  Conclusions and Take Home 
Message

Unfortunately the final result of the case cannot 

be reported due to an ongoing decision making. 

That shows as well the difficulties in treating 

tumor patients where the treatment plans need to 

be adapted frequently and to find individual 

solutions.

47.2  Chordoma

47.2.1  Introduction

47.2.1.1  Epidemiology and Etiology

According to current WHO classification, chor-

domas are called primary malignant bone 

tumors showing notochordal differentiation 

[13]. Chordomas arise from residual embryonic 

notochord tissue. The notochord disappears in 

human beings at about 8  weeks in the fetal 

development, and evidence suggests that chor-

doma develops from persistent notochordal 

elements.

Main localization is the os sacrum (40–50%), 

as well as the skull base with focus in the clivus 

region (35–40%) and in vertebral bodies (15–

20%) [14]. Extraskeletal cases have also been 

reported but are very rare [15]. Chordomas 

account for approximately 4% of all primary 

malignant bone tumors.

Pearls

• In the past without systemic therapy 

only 10% of patients could be cured

• With modern chemotherapy approaches, 

the 5-year survival rate has improved 

significantly

• The prognosis depends on primary 

tumor localization, size and volume, 

histological response and metastasis

• For local tumor control, surgical proce-

dures and/or radiotherapy can be used
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Chordoma is most commonly diagnosed 

between ages 50 and 60 with an annual incidence of 

1:1.000.000 for new diagnoses and a prevalence of 

one every 100.000. It is more common in men than 

women, and rare in children. Chordomas are bio-

logically low to intermediate-grade tumors with a 

slow rate of proliferation. They also show locally 

infiltrating and bone destructive growth with fre-

quent recurrences in up to 40% of cases. They are 

accompanied by a high metastatic tendency of up to 

30% and a short tumor-free survival [16].

Metastases can occur in the lung, liver, bone, 

sub-cutis, lymph nodes, and other sites [17]. 

Only a minority of patients will be cured by a 

surgical intervention completely. The median 

survival is 6–7 years after diagnosis, but the range 

of outcome is very wide [18]. Chordomas have a 

pronounced tendency to recur locally; local 

recurrence has extremely challenging treatment 

and often associated with severe morbidity.

47.2.1.2  Pathology

Macroscopically chordomas are soft, gelatinous, 

grey to bluish-white tumors and often have a 

pseudocapsule. Microscopically, they show a 

lobular architecture with fibrous strands com-

posed of densely packed spindle-shaped 

fibroblast- like cells, which encapsulate groups of 

highly vacuolated (physaliphorous) epithelioid 

tumour cells.

Chordomas can be divided into four subtypes: 

conventional, chondroid, dedifferentiated, and 

sarcomatoid [13]. Conventional (classic) chordo-

mas are the most common entities.

Immunophenotype

To histopathologically diagnose a chordoma 

according to the WHO, the immunohistological evi-

dence of EMA (epithelial membrane antigen), S100 

protein and Vimentin are demanded. But their 

expression can vary from case to case. Brachyury is 

the specific immunohistochemical marker for chor-

domas. Brachyury, a transcription factor required 

for normal embryonic development, is expressed in 

the notochord and overexpressed in most cases of 

chordoma. The dedifferentiated component does 

not express brachyury.

Clinical Findings

The clinical symptoms in chordoma patients 

depend on the localization of the tumor.

Due to the slow growth sacral chordomas and 

lumbar spine chordomas are frequently compen-

sated for a long time and are often clinically 

apparent in an advanced tumor stage. The diag-

nosis is often delayed because of the long stand-

ing, nonspecific initial symptoms, allowing the 

tumor to reach large sizes. The median time from 

initial symptoms to diagnosis is longer than 

2 years. In contrast clivus chordomas are recog-

nized earlier due to their neuronal symptoms. 

The typical symptoms of Clivus chordoma are 

diplopia, headache and dysphagia. Chordomas of 

the axial skeleton present with local pain, low 

back or buttocks pain, neuropathy, and/or gaits 

disturbance, bladder and rectal disorders if local-

ized more caudally (sacral) [19].

47.2.1.3  Treatment

According to our case presentation the treatment 

options will mainly focus on the therapy of sacral 

chordomas.

In general the treatment of chordomas should 

be performed in multidisciplinary manner and in 

order of the global consensus published by the 

Chordoma Foundation in 2015 [17].

Chordomas do not respond sufficiently to con-

ventional radiotherapy and chemotherapy. 

Therefore surgical treatment is the main and stan-

dard treatment option standard for limiting recur-

rence and maximizing survival.

Initially a preoperative biopsy is recom-

mended. This should ideally be performed CT 

guided posteriorly from the midline so that the 

biopsy track can be involved in the approach for 

tumor resection.

Surgical techniques are specific to tumor site, 

but in general, the goal is to achieve a complete 

en-bloc resection with clear margins following the 

enneking oncologic management principles. Main 

target of surgery is a complete resection R0 of the 

tumor. The quality of surgery including the resec-

tion margins is the main factor predicting the later 

outcome especially the local recurrence rate. 

Unfortunately surgery cannot be performed with 
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clear margins in every case due to extensive tumor 

infiltration involving neural structures, bladder 

and rectum. Complete resection would then create 

severe functional deficits for the patient. 

Sometimes surgery is even not feasible any more. 

Adequate margins can roughly be achieved in only 

50% of the cases. To improve the resection quality 

a careful preoperative planning of the resection 

margins should be performed and to consider if 

extension of the resection plane for example 

including partial rectum or the adjacent muscula-

ture is necessary. Maybe plastic surgeons can help 

to deal with local soft tissue problems and inade-

quate wound closure because wound breakdown 

and infection are a major source of morbidity fol-

lowing sacrectomy. En-bloc resection may also 

lead to substantial perioperative morbidity, includ-

ing bowel, bladder, and motor dysfunction. The 

risk of having severe functional deficits increases 

depending on the level of resection. Tumors aris-

ing above S3 surgery always results in a higher 

risk for neurologic deficits. Therefore radiotherapy 

needs to be discussed with the patient as a valid 

alternative to surgery.

Furthermore intralesional and incomplete 

resections are associated with higher local failure 

rates [17, 20].

Radiotherapy

Radiotherapy currently is performed in conjunc-

tion with en-bloc resections and that particular 

combination delivers high rates of local tumor 

control. For selected patients high dose radiation 

alone after biopsy can be evaluated [21].

Rotondo was treating chordoma patients with 

additional proton beam radiotherapy. In his study 

he was able to show an improved local tumor 

control for primary chordoma patents with com-

bination of surgery (en-bloc resection) and pre- 

and postoperative radiotherapy [20].

Definitive radiation therapy alone can be con-

sidered for patients that are no candidates for sur-

gery (medically inoperable), unresectable tumors 

or in patients who refuse surgery. There are 

encouraging reports about persistent local tumor 

control rates without surgery for high dose radio-

therapy with protons (80% after 5 years) or car-

bon ions (96% after 5  years). Chen concluded 

that high-dose radiotherapy alone may be a rea-

sonable alternative for patients with biopsied 

only, unresected chordoma, particularly in elderly 

patients, or high sacral levels [22, 23].

Unfortunately there is still a high risk of local 

recurrence that results in an even worse outcome. 

In all cases the final and individual treatment plan 

should be discussed in a multidisciplinary tumor 

board.

Quality of Existing Evidence

Currently there is still a lack of evidence due to 

the rare tumor entity. The published clinical evi-

dence is mainly based on retrospective case 

series. Therefore some of uncertainty needs to be 

taken into account when considering clinical 

decision making [17].

Locoregional Relapse

Local recurrence rates are as high as 50–100% 

with subtotal resection compared with 0–53% 

with en bloc resection with clear margins [22].

Based on low-quality evidence, insufficient 

tumor resection is probably the main cause of 

local recurrence. Other factors that possibly 

influence the local recurrence have been summa-

rized previously and include increased age, high 

sacral localization, lack of radiotherapy, prior 

resections, higher tumor grade, and increasing 

extent of tumor invasion [24].

Patients who recur locally are unlikely to be 

cured by any local salvage treatment. Treatment 

choice can include surgery, radiotherapy, and 

systemic treatment, balancing morbidity and 

quality of life.

Chemotherapy + Drug Therapy

Chemotherapy is often not a promising option 

due to the slow growth of chordomas.

Overall, not enough evidence is available to 

recommend chemotherapy for chordoma. 

Medical drug treatments for chordomas have lim-

ited efficacy [25]. To date, there have been no 

randomized, controlled trials in chordoma that 

have resulted in defined agents of clinical benefit 

for systemic treatment.

But recently molecular genetic pathways with 

the corresponding target structures have been iden-

tified in chordomas, which offer the first approach 

for a targeted therapy. Inhibitors of several of these 

targets (EGFR, Brachyury) have shown slight activ-

ity in the disease. Further studies are in progress.
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47.2.2  Case Description

A 40 y/o woman was referred to our outpatient 

clinic. She was complaining about severe pain 

in the coccygeal region since a fall a few months 

ago. Initially the pain was under control but now 

she suffered from deterioration. She reported to 

be unable to lie on her back. She had not 

observed any bladder and bowel dysfunction. In 

here medical history no comorbidities were 

documented.

The clinical examination showed a tumor with 

pain on palpation proximal to the Rima ani with 

absence of any neurological deficits (Fig. 47.4).

Fig. 47.4 MRI scan at first presentation. The MRI scan 

shows a large tumor in the distal part of the sacrum of 

approximately 7 cm with origin at the S4 vertebra. There 

is no clear margin of the tumor identifiable with extension 

into the pelvis suggestive for a chordoma
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After the images had been analyzed we rec-

ommended a biopsy first to identify the tumor 

histologically and to evaluate the further treat-

ment options. Additionally we completed the 

tumor staging imaging via PET CT scan. 

Unfortunately the PET CT detected a pulmonary 

metastasis (Fig. 47.5).

The biopsy was performed a few days later 

with a small mini-open midline incision.

The histological result showed a mesenchy-

mal tumor in the sense of a sarcoma with residual 

parts of a chordoma with typical morphology. In 

this respect a sarcomatoid or dedifferentiated 

chordoma was identified whereby the proportion 

of a high-grade sarcoma predominates.

The patient developed a prolonged wound 

healing disorder after the biopsy that was treated 

with revision surgeries and healed properly 

within a few days.

Parallel the pulmonary lesion was biopsied as 

well with a CT guided technique and a metastasis 

had been confirmed.

The subsequent discussion of the case in our 

mulitidisciplinary tumor board recommended the 

tumor resection and an additional radiotherapy of 

the pulmonary metastasis.

After that decision and consent of the patient 

we performed a combined anterior-posterior 

tumor resection with anterior tumor release and 

mobilization of the rectum with help of the 

abdominal surgeons. From posterior a partial 

sacrectomy was undertaken distally sparing the 

right S3 nerve root and completion of the tumor 

release posteriorly. A partial resection of the glu-

teus maximus muscle bilaterally and the left piri-

formis muscle were added (Figs. 47.6 and 47.7).

In the early postoperative phase the patient 

recovered well. The postoperative neurological 

examination showed reduced muscle strength for 

the M. sphincter ani and the patient had problems 

to control the bladder initially without any loss of 

sensation. After a few days the bladder dysfunc-

tion settled. Furthermore no other neurological 

deficits were detectable.

In the further course the patient developed a 

postoperative wound infection with necrosis of 

the skin. That prolonged the hospitalization and 

required multiple wound revisions. After several 

revision surgeries and antibiotic treatment the 

final wound closure was performed (Figs.  47.8 

and 47.9).

The final histological evaluation documented 

an aggressive Chordoma with dedifferentiated 

proportion with tumor cells close to the bony 

resection margin.

The reference pathological assessment con-

firmed a dedifferentiated Chordoma.

For the further oncological treatment the 

patient was referred to an oncological depart-

ment. Due to the advanced disease a first chemo-

therapy was initiated with ifosfamid and 

doxorubicin and was continued for 3 cycles. An 

additional postoperative radiotherapy of the sur-

gical site was planned as well but refused by the 

patient.

After the chemotherapy a re-staging examina-

tion was performed. Unfortunately the further 

imaging revealed an extensive local sacral, iliosa-

cral and gluteal tumor recurrence. Additionally 

there was an increase of the pulmonary metasta-

sis as well and a new metastasis in the corpus of 

the L4 vertebra (Fig. 47.10).

The oncologists started another drug therapy 

with Sorafenib which is a tyrosine kinase 

inhibitor.

The optimized medical treatment was not able 

to stop the tumor progress and due to the aggres-

siveness the patient died very rapidly only a few 

months postoperatively.

47.2.3  Discussion of the Case

The present case illustrates the unsuccessful 

treatment of a sacral chordoma. Due to the loca-

tion of the tumor and the slow growth and with 

the unspecific clinical findings the definitive 

diagnosis is frequently delayed. Our case is 

 demonstrating that as well with unclear symp-

toms and persistent pain after a fall. The diagno-

sis was confirmed with a biopsy and the further 

treatment plan was discussed in the multidisci-

plinary tumor board. Due to the initial wound 

healing problems even after only a small incision 

a preoperative radiotherapy was declined. Surely 

the patient was presenting an advanced disease 
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Fig. 47.5 Staging PET CT scan. Demonstration of a hyper-

metabolic pulmonary mass in the left lower lobe with contact 

to the surface of the left diaphragm consistent with a pulmo-

nary metastasis. No evidence of hypermetabolic lymph node 

metastasis

47 Primary Malignant Tumors



396

Fig. 47.6 Intraoperative result – resected tumor macroscopically and under X-ray. A 11.5 × 11 × 8.8 cm large solid 

tumor was resected

Fig. 47.7 Postoperative MRI scan. MRI scan shows the resection margins with an adequate tumor removal
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Fig. 47.8 Postoperative wound infection. The image 

demonstrates the local soft tissue conditions with necrosis 

of the skin

Fig. 47.9 Final result after multiple revisions. 

Consolidated wound conditions

Fig. 47.10 Re-staging with MRI pelvis. Extensive tumor recurrence after en-bloc resection
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with pulmonary metastasis at the point of pri-

mary diagnosis. But the treatment plan suggested 

tumor en-bloc resection that was performed 

uneventful. Even the initial neurological deficits 

after surgery settled in the further course an in the 

later follow up visits after months the patient 

reported of a complete bladder and bowel control 

again. Unfortunately the patient suffered from a 

serious wound infection with skin necrosis that 

prolonged the hospitalization and required mul-

tiple revision surgeries.

After the wound was healed properly the med-

ical oncological treatment was initiated.

The Patient was also planned for postoperative 

proton beam radiotherapy but she refused so that 

we could not go ahead according to the recom-

mended treatment plan [17]. The further onco-

logical treatment showed that the tumor cells did 

not respond adequately to the chemotherapy. 

That circumstance is reported as well in the lit-

erature and shows the difficulties in treating chor-

domas. The second drug treatment with a tyrosine 

kinase inhibitor was not able to reduce the tumor 

progress and metastatic spread at the advanced 

stage was resulted in the patients’ death very 

soon only after a few months. We were not able to 

hang on to the literature recommendations 

regarding preoperative radiotherapy due to the 

critical soft tissue situation. Unfortunately the 

patient did not accept radiotherapy postopera-

tively as well. If this would have changed the 

clinical course massively is theoretical. The fur-

ther oncological treatment showed the currently 

very limited options for a medical treatment 

especially in advanced tumor cases with metasta-

sis. No agent was able to stop the recurrence and 

tumor progression. The whole case shows a frus-

trating course and the malignancy of that tumor 

entity with relatively short survival rates. 

Nevertheless new targeted medical treatment 

options are under testing and delivered first 

results.

Radiotherapy is still improving as well and 

shows adequate results as an alternative to sur-

gery for the local tumor control and fortifies its 

status for the neoadjuvant and adjuvant therapy.

47.2.4  Conclusions and Take Home 
Message

Currently only limited treatment options are avail-

able to optimize the median survival of Chordoma 

patients. Further studies are necessary to improve 

the medical treatment with new promising agents 

and to increase the local tumor control with com-

binations of radiotherapy and surgery.
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Secondary Malignant Tumors 
(Diagnosis, Staging, Surgical 
Treatment and Adjuvant Therapy)

Jens Gempt

48.1  Introduction

Spinal metastases occur in 70% of all carcinoma 

patients. Therefore it’s a common disease today 

and patient numbers are constantly rising since 

tumor therapies are evolving and overall survival 

times in common tumor diseases are still increas-

ing. In 5–15% patients suffer from epidural tumor 

compression.

Most common primary tumors causing spinal 

metastases are lung, breast, and prostate cancer. 

These three entities account for up to 60% of all 

spinal metastases. Other tumors causing fre-

quently spinal metastasis are renal tumors, mela-

noma, thyroid cancer, colorectal carcinomas and 

lymphomas.

Therapy decisions are based on different fac-

tors like patient’s neurological function, spinal 

stability, pain, quality of life, oncological criteria 

(solitary metastasis vs. multiple metastases, cura-

tive vs. palliative approach, tumor entity, life 

expectancy).

Therapy of spinal metastases consists of sys-

temic therapy/chemotherapy, local radiotherapy, 

and of course surgical therapy. Surgical therapy 

options are diverse and range from decompres-

sion only to decompression and stabilization with 

dorsal approach combined ventral and dorsal 

approaches up to en bloc resection in selected 

cases.

The present chapter illustrates the aspects spi-

nal metastases; frequent symptoms, preoperative 

imaging and surgical approaches as well as adju-

vant therapy.

The aim of these cases is to illuminate impor-

tant steps in treatment decision as well as surgical 

strategy while considering prognosis and treat-

ment options of the underlying disease.

• Indications for surgery

• Choice of the proper approach depending on 

the lesion location, size and consistency

• Surgical strategy depending on tumor entity 

and disease staging

48.2  Case Description

48.2.1  I Case

A 55 y/o female patient suffered from strong 

neck pain over the last months. Her neurological 

examination was normal. She was treated for 

breast cancer for nearly 5 years with operation, 

paclitaxel and tamoxifen.

The staging CT and following holospinal 

MRI scan revealed a pathological C7 fracture as 

well as multiple thoracic metastases (Fig. 48.1). 

The interdisciplinary tumor board decided to 

first conduct surgery as a vertebral body replace-
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ment C7 via anterior approach. Regarding the 

thoracic metastasis the decision of surgical 

intervention and radiotherapy vs. radiotherapy 

only was made after the C7 vertebral body 

replacement. It was decided to conduct radio-

therapy only (Fig. 48.2).

48.2.2  II Case

82 y/o male patient with a long history of neck 

and low back pain as well as a known 

M. Bechterew presented with a progressive tho-

racic pain as well as gait disturbances. The patient 

reported multiple falls during the last weeks due 

to the gait disturbances. Clinical examination 

revealed a spinal ataxia, hyperreflexia of the 

lower extremities as well as a hypoesthia below 

TH5.

Spinal CT imaging, which was conducted in 

suspect of a thoracic spinal fracture revealed a 

lytic TH3 vertebra as well as intraspinal tumor 

mass in this level and at TH4 and more spinal bony 

lesions at TH5 and TH6. Urine analysis was posi-

tive for Bence Jones protein. Medical history was 

revealed a colon carcinoma many years ago. After 

discussion in our interdisciplinary tumor board the 

patient received a dorsal stabilization TH1-2-4-5-

6-7-8 via a percutaneous minimally invasive 

approach and a decompression and vertebral body 

replacement of TH3 via a dorsal midline incision. 

Gait disturbances as well as pain and hypoesthesia 

resolved 2  weeks after surgery. Histopathology 

revealed a plasma cell myeloma. Due to anthropic 

wound healing problems a wound revision was 

conducted 2  weeks after the initial surgery. 

Systemic therapy and local radiotherapy was 

started due to wound healing problems then 

5 weeks after surgery (Figs. 48.3 and 48.4).

48.2.3  III Case

62 y/o male patient presented with weight loss 

during the last 3 month. He suffered from back 

pain as well as left sided leg pain for several 

a b

Fig. 48.1 MRI and CT scan on outpatient visit. The MRI scan (a) and CT scan (b) of a 55 y/o female patient with a 

pathological C7 fracture

Fig. 48.2 Postoperative CT scan. The CT scan of the cer-

vikothoracic junction shows a successful vertebral body 

replacement of C7 and a satisfying position of implants as 

well as spinal alignment
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weeks. Physical examination revealed no neuro-

logical deficit.

A CT scan displayed a large lesion of the 

right lung suspicious for a lung carcinoma as 

well as of the right kidney. Additionally a 

metastasis of L1 with an intraspinal tumor 

mass was shown. Holospinal MRI scan con-

firmed the spinal lesion, which extends from 

L1 to L2.

The interdisciplinary tumor board decided for 

a spinal stabilization and decompression. 

Therefore stabilization with carbon pedicle 

screws from TH11-TH12-L1-L2-L3 (only one 

sided pedicle screws in L1 and L2) via a mini-

mally invasive approach and decompression 

with tumordebulking in L1 and L2 was con-

ducted via a midline incision. Histopathology 

revealed a NSCLC. Postoperative systemic ther-

apy as well as local radiotherapy was initiated 

(Figs. 48.5 and 48.6).

Fig. 48.3 Preoperative CT scan Case II. The CT displays 

a lytic TH3 vertebra as well as the M. Bechterew typical 

changes of the spine

Fig. 48.4 Postoperative CT scan. The postoperative CT 

scan shows the dorsal stabilization with pedicle screws as 

well as the implant after vertebral body replacement

Fig. 48.5 Preoperative MRI scan with a tumor mass at 

level of L1 and L2
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48.3  Discussion of the Cases

More or less independent from the entity of the 

underlying disease the decision for or against sur-

gery is conducted while regarding the following 

aspects.

• Stability – is there an instability?

• Oncological  – is a curative approach 

possible?

• Neurological function – is there a neurological 

deficit due to epidural spinal compression?

• Pain and quality of life – does the patient suf-

fer from significant pain, which is difficult to 

control with conservative procedures?

• Histological diagnosis  – Is there a need for 

histopathological/molecular evaluation?

• General clinical status, life expectancy – will 

patient survive the operation and will he 

recover from it to benefit from the operation?

48.3.1  Case I

The first case’s patient primarily only suffers 

from strong neck pain. General clinical status 

appears good but even 5 years ago the underlying 

disease already qualified as metastasized which 

she survived in good condition until today. For 

breast cancer even in advanced stage disease a 

long survival is possible and common nowadays. 

HER2 receptor status should be assessed since in 

patients were HER2 is over-expressed it becomes 

more and more an important target in modern 

breast cancer therapy.

Neurological function in our patient is intact. 

There is only slight compression of the nerve 

roots and the tumor is mainly located in the 

vertebra.

From an oncological point of view we have a 

patient with multiple metastases and a surgical 

intervention will not lower the systemic tumor 

Fig. 48.6 Postoeprative x-ray with carbon pedicle screws TH11-TH12 in both pedicles and L1 and L2 one-sided as 

well as L3 in both pedicles
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burden significant. Regarding spinal stability 

though we considered the C7 lesion as instable. 

The definition of stability in cases of spinal 

metastasis might differ though depending on dif-

ferent opinions. General considerations of spinal 

stability in case of metastatic spine lesions are 

summarized by the SINS-score. It incorporates 

lesion location, loading pain, type of bone lesion, 

spinal alignment, collapse of vertebral body and 

involvement of posterolateral structures [3]. A 

more pragmatic view might be to consider a 

lesion in patients with prevalent clear loading 

pain as instable.

48.3.1.1  Choice of Approach Case I

In our patient an anterior approach was used to 

conduct a vertebral body replacement. There are 

mainly retrospective case series as well as data 

from registers and no high class evidence, which 

underpins our choice of approach. Though we are 

in line with the recommendations of “Spine 

Oncology Study Group” [2]. In general for 

C0-C2 lesions a dorsal approach with stabiliza-

tion is recommended, for C3-6 primarily a ven-

tral approach should be considered (depending 

on the lesion a dorsal stabilization in addition 

possible), for lesions C7-T2 depending on the 

exact localization a ventral and/or dorsal 

approach are recommended with stabilization as 

well. A laminectomy alone without spinal stabili-

zation is nowadays obsolete in most cases.

48.3.2  Case II

For the second cases’s patient primarily a pro-

gressive neurological decline with myelopathic 

gait disturbances resulting from epidural spinal 

cord compression led to a clear decision for sur-

gery. Spinal instability, unclear tumor entity and 

pain were factors in favor for a surgical interven-

tion as well. A holospinal MRI was desired but 

not conducted due to cardiac pacemaker. For spi-

nal cord compression due to metastatic lesions 

there is compared to other surgical aspects high- 

class evidence available. Comparing radiother-

apy alone with surgery for circumferential 

decompression followed by radiotherapy results 

are significantly superior in patients undergoing 

surgery regarding the ability to walk (again) [4].

48.3.2.1  Choice of Approach Case II

A posterior approach was conducted for the sta-

bilization and the vertebral body replacement. 

Stability is a major issue in this patient due to the 

concomitant Bechterew’s disease, which neces-

sitates a long dorsale pedicle screw construct as 

well as the need for vertebral body replacement 

anyhow. A percutaneous approach was chosen 

for the pedicle screws. During the postoperative 

course unfortunately a wound healing disorder 

occurred. Problems regarding wound healing and 

wound infections are common among patients 

with secondary neoplastic spine lesions. Wound 

infections alone might struck about 10–20% of 

these patients and the overall morbidity should be 

considered as more than 30% [1]. Therefore the 

approach should be as minimal as possible to 

avoid tissue trauma and therefore a higher risk for 

wound healing disorders.

48.3.3  Case III

The third case’s patient presents with an already 

metastasized tumor disease. Though lung cancer 

was suspected multiple lesions were seen accord-

ing to the staging CT. We observed no neurologi-

cal deficit but the lesion compromised all spinal 

columns in the lumbar-thoracic junction. Patient 

has back pain, but conservative therapy was not 

escalated yet. Particularly in therapy naive tumor 

patients systemic therapy should be conducted as 

soon as possible. Regarding oncological consid-

erations prognostic scores according to Tomita or 

Tokuhashi and others could be calculated to esti-

mate the prognosis [6, 7]. These scores respect 

general condition, primary site of the cancer, 

number of metastases e.g.

Nowadays though due to modern immuno-

therapy and molecular pathology, therapy options 

and patient’s survival experiences a quantum leap 

for certain patients and how long these patients 

we treat today might be difficult to foresee.

What has to be considered in this patient is if 

the systemic treatment would be significant 
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delayed by surgery since after biopsy only time is 

needed for histopathological workup as well. If 

an operation has to be conducted under chemo-

therapy and radiotherapy due to progressive neu-

rological symptoms or instability, morbidity in 

these patients multiplicates.

48.3.3.1  Choice of Approach Case III

Therefore we decided to go for a initial dorsal 

approach with decompression and stabilization 

via pedicle screws. Since wound healing could be 

a major problem in this patient as well a minimal 

invasive approach with as less tissue trauma as 

possible was aimed for.

If a vertebral body replacement is needed to 

spinal instability timing should depend on defi-

nite histology, pace of systemic tumor progres-

sion and available therapy options. Considering 

the stabilization systems materials, new radiolu-

cent/nonmetal materials with less MR-artifacts 

become more and more available. Due to the nov-

elty of these materials there are only few studies 

dealing with their clinical application but advan-

tages regarding superior follow up imaging with 

MRI and CT as well as superior radiotherapy 

planning are obvious [5].

48.4  Conclusions and Take Home 
Message

Treatment of secondary malignant tumors of the 

spine is always an interdisciplinary challenge. 

Decision of surgery indication, timing, and extent 

of surgery depend on multiple factors. Due to 

enormous progress in therapy options regarding 

immunotherapy prognosis of metastasized 

patients increases significantly and will result in 

an immense increase of patients which have to be 

treated surgically as well. Neurological deficits in 

case of spinal cord compression due to epidural 

tumor mass as well as compromised spinal stabil-

ity are against the background of the underlying 

disease a clear indication for surgery followed by 

radio- and/or chemotherapy. Depending on the 

urgency of surgery patients should receive stag-

ing CT as well as holospinal MRI prior to 

surgery.
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49.1  Introduction

Nowadays indication for craniocervical surgery 

with anterior resection techniques are rare. 

Pathologies of the craniocervical junction with a 

possible need for anterior resection techniques 

are basilar impression/atlantoaxial subluxation 

and/or retrodental pannus often described in 

patients with rheumatoid arthritis or other non- 

rheumatic degeneration of the respective joints as 

well as infection of the craniocervical junction or 

rare primary or secondary malignancies.

In cases of severe rheumatoid arthritis, and 

long disease progression hypertrophied synovium 

invades and erodes cartilage and bone. Therefore 

it forms a tumor-like tissue, which can result in a 

neuro-compressive lesion at the craniocervical 

junction adding to the often present malalign-

ment due to cervical joint destruction.

Since all of the possible indications are rare 

there is a certain lack of high level scientific evi-

dence not only regarding which patients to treat 

surgically but also which approach should be 

used.

The aim of these cases is to illuminate impor-

tant steps in surgical treatment decision as well as 

surgical strategy while considering the nature of 

the underlying disease.

• Indications for surgery

• Choice of the proper approach

• Changes in treatment strategy due to improve-

ment in medical therapy

49.2  Case Description

49.2.1  Case I

84-year-old male patient suffering from lumbar 

pain for the last few years as well as progressive 

neck pain. He stated that he could not walk with-

out help anymore and even then only for a few 

meters. His neurological examination revealed a 

fine motor impairment of both upper extremities 

and a severe myelopathic gait disturbance. Low 

back pain was significantly improved by lumbar 

facet joint infiltration. Cervical CT and MRI 

(Fig.  49.1) revealed massive degenerative 

changes as well as a malalignment of the cranio-

cervical junction and a retro dental mass as well 

as a moderate spinal stenosis C5/6 and C6/7. In 

spite of the pronounced degeneration of the spi-

nal joints as well as wrist- and knee joints a rheu-

matoid arthritis was never diagnosed for this 

patient and he was only treated symptomatically.

We decided to operate via a posterior approach 

only. The patient stabilized with bilateral C1 lateral 

mass screws and C2 isthmic screws (Fig.  49.2).  
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A laminectomy for dorsal decompression was con-

ducted as well. During the hospital stay he improved 

with regards to gait disturbance and fine motor 

impairment and was transferred back to a rehabilita-

tion unit.

49.2.2  Case II

85 y/o male patient suffered sensory disturbances 

for about 1 year of the left Arm and leg. In par-

ticular a painful sensation of cold limbs bothered 

him. Since a few months he had observed pro-

gressive walking problems. Now he could only 

walk with help. Writing with his hands had also 

become very difficult.

His neurological examination revealed a fine 

motor impairment of upper extremities and a 

severe myelopathic gait disturbance as well as 

sensory disturbances regarding his left Arm, 

hemithorax and left leg with a compromised sen-

sation of cold/warm.

a b

Fig. 49.1 Preoperative MRI and CT scan case I.  The 

MRI (a) and CT (b) scan show the retro dental pannus as 

well as hypertrophic joints C1/2 and a cranicevical 

malalignment resulting altogether in a kinking and com-

pression of the medulla oblongata/spinal cord. Also visi-

ble is a moderate spinal stenosis at the level below C5

a b

Fig. 49.2 Postoperative CT scan case I. CT scan shows the C1 lateral mass screw and C2 isthmic screw (a) as well as 

the dorsal decompression (b)
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CT and MRI (Fig.  49.3) was conducted and 

revealed changes typicall for ankylosing spondy-

litis of the cervical spine as well as severe degen-

erative changes of the craniocervical junction 

joints and a huge retrodental pannus formation 

compressing the spinal cord.

First a posterior approach was conducted with 

bilateral C1 lateral mass screws and bilateral C2 

isthmic screws (Fig. 49.4a, b). A laminectomy for 

dorsal decompression was conducted as well. 

Surgery went without adverse events and the 

patient did not show further deterioration.

Due to the still present large ventral mass 

with compression on the spinal cord a second 

surgery via a transnasal endoscopic approach 

through both nostrils was conducted. The 

upper part of the C1 arch as well as the tip of 

the odontoid and most of the retrodental mass 

was resected as well to accomplish further 

decompression (Fig. 49.5).

a b

Fig. 49.3 Preoperative MRI and CT scan case II. MRI 

(a) and CT (b) of the craniocervical junction with changes 

typicall for ankylosing spondylitis of the cervical spine as 

well as severe degenerative changes of the craniocervical 

junction joints and a huge retrodental pannus formation 

compressing the spinal cord (a)

a b

Fig. 49.4 Postperative CT scan case II, Operation 1. Postoperative CT (a, b) of the craniocervical junction following 

the first operation. A good position of screws (a), as well as the dorsal decompression is visible
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49.3  Discussion of the Cases

The Indication for or against surgery and the 

decision regarding the proper approach is con-

ducted while regarding the following aspects:

• Stability – is there an instability in C1-2 or in 

C0-1-2

• Neurological function – is there a neurologi-

cal deficit due to spinal cord compression?

• Underlying disease?

• Histological diagnosis necessary?

• Posterior approach vs. combined approach – is 

there a significant ventral mass causing neuro-

logical deficits?

49.3.1  Case I

49.3.1.1  Indication

The first patient presented with strong neck pain 

as well as a malalignement of the spine of the 

craniocervical junction with progressive neuro-

logical symptoms. Severe gait disturbance as 

well as compromised fine motor function were 

observed. All these aspects justified the indica-

tion for surgery. Symptoms, neurological decline 

were caused by spinal instability and concomi-

tant neurocompression. Therefore a stabilization 

procedure and decompression were indicated.

49.3.1.2  Choice of Approach

The C1-C2 joint causes instability and spinal 

malalignement. Therefore decision for stabiliza-

tion of this segment only was made. In general 

the need for C0-1-2 stabilization is very rare and 

might be indicated for example in traumatic 

atlanto-occipital dislocation or cases were a fixa-

tion of C1 is not feasible [5].

Need for decompression was discussed as 

well. In our patient there were severe neurologi-

cal deficits as well as a dorsal compression, 

therefore a laminectomy and dorsal decompres-

sion was indicated as well. In case of moderate 

neurological deficits a decompression (dorsal or 

ventral) might not be necessary at all since a ret-

rodental pannus can resolve completely after fix-

ation of the instability [3].

In our patient we considered therefore a fur-

ther ventral approach to reduce the ventral mass 

as not necessary.

49.3.2  Case II

49.3.2.1  Indication

The second patient had a fine motor impairment 

of upper extremities and a severe myelopathic 

gait disturbance as well as sensory disturbances 

regarding his left Arm, hemithorax and left leg 

with a compromised sensation of cold/warm. In 

a b

Fig. 49.5 Postoperative CT scan. The postoperative CT scan shows the resection of the odontoid tip as well as the 

upper part of the C1 arch therefore creating a corridor to the redtrodental mass (a, b)
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this patient symptoms, neurological decline were 

caused by spinal instability and concomitant 

large retrodental mass with severe neurocom-

pression. Therefore a stabilization procedure and 

decompression was indicated.

49.3.2.2  Choice of Approach

Since also in this patient he C1-C2 joint causes 

instability and spinal malalignement. Therefore 

stabilization of this segment only was conducted. 

Bilateral C1 lateral mass screws and bilateral C2 

isthmic screws were used. Transarticular screw 

fixation is the alternative and could be considered 

as the traditional “gold standard” in instrumented 

fusion of C1 and C2. We believe though C1 lat-

eral mass screws in combination with C2 isthmic 

screws bear a lower risk profile [6]. Need for 

decompression in this patient is obvious since he 

suffers from severe neurological deficits. 

Therefore a laminectomy and dorsal decompres-

sion was indicated and conducted with the first 

operation as well. Due to the huge ventral mass 

and therefore still immanent compression a sec-

ond operation with ventral decompression was 

indicated. Possible ventral approaches to the cra-

niocervical junction are the transoral route, a cer-

vicolateral approach or the transnasal endoscopic 

approach [1, 2, 4, 7].

Surgical site infections, as well as swallowing 

disturbances have to be considered the major 

risks of transoral spine surgery. By the transnasal 

route a less traumatic approach is possible [8]. In 

particular since the major compression in our 

patient was located at the tip of the odontoid and 

there was no need for a resection of the C2 base 

which might be challenging in an already fixated 

craniocervical junction via a transnasal approach. 

A pure ventrolateral cervical approach to reach 

the tip of the odontoid in our patient was not fea-

sible and therefore not considered.

49.4  Conclusions and Take Home 
Message

Since indication for craniocervical surgery with 

anterior resection techniques is very rare the 

respective technique is custom- made. Due to 

advances in medical treatment of rheumatism, 

instability of the craniocervical junction of other 

causes, or other underlying diseases will be more 

predominant in patients receiving anterior resec-

tion techniques of the craniocervical junction 

compared to historical case series. In patients 

with moderate or absent neurological deficits a 

posterior approach only should be considered, in 

cases with severe neurological deficits due to 

compression of the spinal cord surgical decom-

pression has to be conducted. Regarding possi-

ble ventral approaches the transnasal endoscopic 

route to the craniocervical junction is less trau-

matic then the transoral approach and should be 

the preferred approach for most pathologies.
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• Transnasal endoscopic route to the 
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then the transoral approach and should 

be the preferred approach
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50.1  Introduction

The occipitocervical junction is a complex transi-

tional zone between the cranium and the upper 

spine. It composes two major joints: the atlanto-

occipital joint, which allows half of the overall 

flexion-extension motion of the cervical spine 

and the atlantoaxial joint, which is responsible 

for the majority of cervical rotation. Bilateral 

banding, distraction and axial loading are other 

important features of this region [1, 2]. 

Degenerative, inflammatory and tumorous 

lesions can cause instability of these two joints, 

which may require instrumentation and fusion. 

Since the majority of cases involve atlantoaxial 

instability, this chapter focusses on C1/C2 fixa-

tion, while the following chapter on basilar 

invagination also discusses occipitocervical 

instrumentation in detail.

The atlantoaxial junction dramatically differs 

from other spinal regions and is characterized by 

a very complex anatomy. An instability may be 

caused by trauma, inflammation, congenital mal-

formation or tumor. In these cases, a posterior or 

anterior atlantoaxial fixation constitutes an effec-

tive treatment option. The so-called Magerl atlan-

toaxial transarticular screw technique and the 

screw-rod system introduced by Harms and Goel 

are the most widely used modern techniques for 

atlantoaxial fixation [3, 4]. This chapter will out-

line the specifics of atlantoaxial instability, its 

mandatory preoperative imaging and surgical 

approaches. Moreover, the rationale for plus both 

advantages and disadvantages of the different 

surgical approaches are discussed.

50.2  Case Description

A 67-year-old man presented with progressively 

increasing cervical pain, but without radicular 

pain or sensorymotor deficits in the upper extrem-

ities. Neck movements were especially associ-

ated with excruciating symptoms. Computed 

tomography (CT) demonstrated an osteolysis of 

the odontoid, which was diagnosed as an affec-

tion of the odontoid in Wegener’s disease 

(Fig. 50.1).

50.3  Discussion

50.3.1  Indication

CT imaging suggested an inflammatory destruc-

tion and a potential instability of the atlantoaxial 

joint. Due to motion-dependent massive pain 

unresponsive to medical treatment an indication 

for surgery was seen.
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50.3.2  Choice of Approach

A posterior atlantoaxial stabilization according to 

Harms/Goel was performed.

50.3.3  Preoperative Preparation

The surgeon should be adequately prepared for 

surgery to minimize intraoperative complications 

and to guarantee the most favorable outcome for 

the patient. In case of atlantoaxial or occipitocer-

vical instrumentation analysis of the size and 

course of both vertebral arteries at the craniover-

tebral junction is mandatory. This can be done by 

MRI or more precisely with depiction of bony 

details by preoperative computed tomographic 

angiography (CTA). An abnormal course is 

detected in approximately 10% of cases [5]. 

Vertebral artery injuries are most commonly 

reported during tapping at C2 [6].

50.3.4  Surgical Procedure

The procedure was performed in prone position 

with the patient’s head fixed in a three-pin 

Mayfield head holder. The lower occiput and the 

upper cervical spine down to C3 were exposed. 

Dissection at the spinous process of C2 and the 

ring of C1 was carefully done. The exposure 

needs to be lateral enough to be able to follow 

and palpate the lateral aspect of the lateral masses 

of C1 and C2 to ensure optimal orientation. The 

authors commonly apply intraoperative naviga-

tion (and intraoperative CT imaging) to optimize 

screw trajectory. Otherwise, repeated fluoros-

copy is required. In cases without navigation, the 

authors prefer to dissect the lateral aspects of the 

dural sac to identify the mediocranial aspect of 

the C2 pedicles and the medial aspects of the C1 

lateral masses.

The entry point for the C1 screws is in the 

middle of the posteroinferior portion of the C1 

lateral mass at its junction with the posterior 

arch. The lateral mass needs to be palpated and 

exposed in the depth adjacent to the C1/C2 joint. 

Venous bleeding, which is commonly encoun-

tered here, can be minimized by subperiostal dis-

section and an elevated head position. Various 

techniques have been described including screw 

placement through the lateral part of the posterior 

arch to avoid the venous plexus and blood loss. 

This modification of screw placement, however, 

is only possible if the posterior arch is “high” 

enough (>5 mm as depicted on CT). Otherwise 

the risk of injuring the vertebral artery is greatly 

increased. In the presented case, the C1 screws 

were positioned in the usual trajectory starting 

below the posterior arch of C1. The C1 screws 

are ideally placed bicortically for maximum sta-

bility, but should be pointing medially to avoid 

a b c d

Fig. 50.1 Preoperative lateral x-ray in (a) flexion and (b) 

extension with limited motion due to massive pain upon 

motion. (c) Preoperative sagittal and (d) coronal CT dem-

onstrating osteolysis of the odontoid and some calcifica-

tion of the perioodontoid ligaments
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the carotid arteries. As the tip of the anterior arch 

of C1 is pointing anteriorly, the screws will not 

reach as far anterior on fluoroscopy (see 

Fig. 50.2).

C2 pedicle screws were also inserted in a stan-

dard fashion followed by rod placement [3]. A 

postoperative x-ray is shown in Fig. 50.2. C2 can 

be instrumented by various techniques. A “long” 

pedicle screw is considered the standard in the 

Harms/Goel technique, but may not be possible 

due to a high-riding vertebral artery. Therefore, 

some cases require the use of “short” isthmic or 

pars screws. These are placed applying the same 

trajectory, but not fully reaching the pedicle. A 

14 mm screw can usually be inserted without risk 

to the vertebral artery. As a further alternative, 

laminar screws can be placed, which cross each 

other at the base of the spinous process. The 

authors prefer the Harms/Goel technique over the 

transarticular screw according to Magerl (see 

below) mainly because of the various screw 

options in C2.

50.3.5  Different Surgical Techniques

Surgical treatment of C1/C2 instability may be 

achieved by various techniques characterized 

by distinct advantages and disadvantages. 

Historically, fixation was performed by poste-

rior wiring and a bone graft between the arch 

of C1 and the spinous process of C2 (tech-

niques according to Brooks and Dickman & 

Sonntag). Thereafter, transarticular fixation of 

the C1/C2 joint was introduced by Magerl, in 

which the screws are inserted in an upward 

angle and a straight anterior-posterior trajec-

tory. Advantages of the transarticular screw 

include the possibility of percutaneous inser-

tion and biomechanical superiority, as they tra-

verse the joint directly plus they violate the 

joint surfaces, which is thought to promote 

fusion. Avoiding the venous plexus and the C2 

roots, which may pose a problem with the 

Harms/Goel technique, is also appealing. On 

the other hand, the transarticular trajectory is 

a b

Fig. 50.2 (a) Postoperative X-ray in anterior-posterior and (b) lateral view of the atlantoaxial joint
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rather unusual and may not be possible in 

patients with obesity and thoracic kyphosis. 

Other drawbacks include the risk to the verte-

bral artery upon insertion and the short pur-

chase in C1, which may provoke screw 

loosening [7]. Most authors advocated addi-

tional posterior bone grafting and fusion to 

overcome this limitation. The Harms/Goel 

technique employs rather straight trajectories 

following the pedicles like in the rest of the 

spine, which most surgeons are more accus-

tomed with. Additionally, there is more visual 

and tactile control of the anatomical landmarks 

plus a strong purchase in C1 with this tech-

nique. Many authors open the C1/C2 joint to 

promote fusion, while others don’t deem this to 

be necessary, as fusion rates are high overall. 

The major advantages of the Harms/Goel tech-

nique are the possibility to directly reposition 

C1 over C2 and the various screw options for 

C2, which renders this technique available for 

basically all cases.

Anterior transarticular screws are also an 

option with an intuitive trajectory starting at 

the groove of the lateral C2 body just below the 

C1/C2 joint. These screws have to be rather 

short not to violate the C0/C1 joint. 

Postoperative dysphagia, however, is common, 

so that the authors only recommend this tech-

nique in combination with an odontoid screw 

or in cases, in which a posterior approach 

should be avoided.

In the presented case, a posterior strategy was 

chosen due to the straight forward access and its 

superior biomechanical stability [8]. For the rea-

sons eluted to above, the Harms/Goel technique 

with lateral mass screws in C1 and pedicle screws 

in C2 was used. It has to be noted, however, that 

this technique requires two screw trajectories 

which may lead to a higher risk of vascular inju-

ries, especially of the vertebral artery and poten-

tially of the carotid artery as well [3, 7, 9]. To 

overcome this disadvantage, the authors com-

monly use navigation in these cases, which 

requires less exposure and reduces blood loss 

[10]. Additionally, using intraoperative CT guid-

ance is reliable and has a high accuracy for screw 

placement [11].

Accordance with the literature guidelines

Level of evidence: C

50.4  Conclusion and Take Home 
Message

Atlantoaxial instability is mostly addressed by 

posterior instrumentation techniques with high 

biomechanical stability. Two main techniques are 

available: the transarticular screw according to 

Magerl and the Harms/Goel technique applying 

lateral mass screws in C1 and pedicle screws in 

C2. Inclusion of the occiput into these constructs 

can easily be performed with occipital plates.
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51.1  Introduction

The occipitocervical junction is a complex transi-

tional zone between the cranium and the upper 

spine. It composes two major joints: the atlanto-

occipital and atlantoaxial joint. This region 

allows half of cervical flexion-extension motion 

in the segment C0/C1 and about half of cervical 

rotation at C1/C2. Bilateral banding, distraction 

and axial loading are other important features of 

this region [1, 2].

Occipitocervical fusion is indicated for vari-

ous pathologic conditions like trauma, rheuma-

toid arthritis, tumor, congenital deformity as 

well as degeneration with craniocervical insta-

bility. Mostly, stabilization of the craniocervi-

cal junction is the major goal. The first operative 

technique was published in 1972 by Foerster 

who used a fibular strut graft for stabilization. 

Thereafter, various methods were described 

including pin or wire fixation, hook constructs 

as well as halo immobilization. Most of these 

techniques required prolonged immobilization 

with a halo vest or a Minerva jacket postopera-

tively or even bed rest with traction to improve 

fusion [3]. For faster postoperative rehabilita-

tion and fusion, internal fixation techniques 

have later been developed. Occipitocervical 

plating with screw fixation was rapidly replaced 

by rod systems to eliminate disadvantages like 

the fixed hole-to- hole distance of plates that 

may not match the patient’s anatomy. Screw-

rod constructs were shown to have the most 

favorable outcome of all occipitocervical fusion 

techniques independent of the underlying 

pathology [4].

Basilar invagination is an often symptomatic 

anomaly of the craniocervical junction, which 

is characterized by the upward migration of the 

odontoid into the limited space of the foramen 

magnum. Thus, the medulla or brainstem as 

well as other structures of this region are dis-

placed dorsally and compressed, potentially 

leading to neurological deterioration. Basilar 

invagination can also be a result of rheumatoid 

arthritis, whereas it is more common in con-

genital disorders and malformations (i.e. 

Klippel-Feil syndrome, Chiari malformation) 

[5]. In case of an atlantooccipital assimilation 

or an occipitalization of the atlas, C1/C2 insta-

bility is additionally present in approximately 

50% of cases [6]. Both computed tomography 

(CT) and magnetic resonance imaging (MRI) 

are crucial for an accurate diagnosis of basilar 

invagination. Detailed imaging data of both 

bony (CT) and neural (MRI) structures in com-

bination with the patient’s clinical findings are 

prerequisites for determining further 
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 management, including surgery, if necessary. In 

case of an indication for surgery, preoperative 

cervical traction and posterior-anterior decom-

pression with fusion has been considered the 

treatment of choice [7]. With modern operative 

techniques some authors have nowadays largely 

abandoned preoperative traction.

This chapter will outline the specifics of 

basilar invagination, its typical symptomatol-

ogy, mandatory preoperative imaging and surgi-

cal approaches. Moreover, the rationale for the 

different surgical approaches is discussed. The 

general information on occipitocervical instru-

mentation can obviously be applied to other cra-

niocervical junction lesions as well.

51.2  Case Description

A 47-year old woman previously diagnosed 

with rheumatoid arthritis presented with pro-

gressive cervicooccipital pain and bilateral hyp-

aesthesia in the upper extremities. MRT and CT 

revealed basilar invagination with upward 

migration of the odontoid into the foramen mag-

num (Fig. 51.1). Conservative treatment for sev-

eral months did not have a lasting beneficial 

effect.

51.3  Discussion of the Case

51.3.1  Indication

This patient suffered from refractory pain and 

early signs of myelopathy. Evoked potentials 

demonstrated some sensory dysfunction. Even 

though anterior compression of the medulla was 

only mild on imaging, mobility at the craniocer-

vical junction between C2 and the cranium was 

considered to cause her symptoms and signs. 

Therefore, after failure of conservative measures 

surgical realignment and fusion was offered.

51.3.2  Choice of Approach

A Crutchfield-extension starting with 3  kg for 

3 days followed by an instrumentation from C0 

to C3 was performed (Fig. 51.2).

51.3.3  Preoperative Preparation

The surgeon should be adequately prepared for 

surgery to minimize intraoperative complications 

and to guarantee the most favorable outcome for 

the patient:

a b c

Fig. 51.1 Preoperative CT of the craniocervical junction sagittal (a) and axial (b) orientation. (c) Preoperative sagittal 

MRI. A anterior, P posterior
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• Before craniocervical instrumentation it is 

crucial to evaluate the patient’s optimal head 

position as the patients will obviously be per-

manently locked in this position. This so- 

called neutral position is defined as the 

position in which the patient looks straight 

ahead on lateral cervical x-rays and the man-

dible does not overlap with C2 or C3 [8]. 

Various measurements on x-ray have been 

described with the occipitocervical inclina-

tion (OCI) as a useful method, which seems 

to be superior in comparison to the occipito-

cervical angle (OCA) and the occipitocervi-

cal distance (OCD). The OCI is specified as 

the angle formed by a line connecting the 

posterior border of the vertebral body C4 and 

Mc Gregor’s line and amounts to 102  ±  8° 

(for more detail see Fig. 51.3). OCA on the 

other hand is the angle of the junction 

between a line parallel to the superior end-

plate of C3 and McRae’s line. The OCD is 

measured as the shortest distance between 

the most superior aspect of the C2 spinous 

process and the occipital protuberance [9].

• A preoperative computed tomography angiog-

raphy (CTA) of the vertebral artery should be 

performed. In approximately 10% of cases an 

abnormal course can be detected. Especially 

in patients with congenital skeletal anomalies 

at the craniocervical junction including an os 

odontoideum and occipitalization of C1, a 

high-riding vertebral artery was commonly 

detected on 3D CTA [10]. Vertebral artery 

injuries are reported in about 3% of cases and 

occur most commonly during tapping at C2. 

In case of injury the screw should be placed 

through the planned pathway to tamponade 

bleeding [11].

• Approximately 2% of patients who undergo 

degenerative cervical spine surgery suffer 

from osteoporosis. These patients are more 

likely to undergo revision surgery and have a 

longer hospital stay than non-osteoporotic 

patients [12]. Therefore, it is important to con-

a b

Fig. 51.2 Postoperative X-ray (a) and CT (b) of the cranio-

cervical junction with instrumentation from the occiput 

down to C3 using pedicle screws. As C1 screws may be dif-

ficult to insert in basilar invagination and C2 screws alone 

may not be strong enough, the authors often use extra fixa-

tion in C3 by lateral mass or pedicle screws as in this case

51 Basilar Invagination



426

sider anti-osteoporotic medication as an adju-

vant treatment to spine fusion. Teriparatide 

and also biphosphonates showed promising 

results for better fusion not only in in  vivo 

studies, but also in human trials [13].

51.3.4  Surgical Procedure

The surgical technique was performed in prone 

position. The patient’s head was fixed in a three- 

point Mayfield head holder. Alternatively, the 

patient can be placed in prone position with the 

head immobilized in a halo ring. The occiput and 

the upper cervical spine down to C5 were 

exposed. Dissection at the spinous process of C2 

and the ring of C1 was carefully done to avoid 

entering the C1/2 interspace.

The occipital plate was placed in the midline. 

Most systems allow multiple screws to be inserted 

at various distances from the midline. It has to be 

remembered that the occipital bone is strongest 

in the midline and close to the occipital protuber-

ance. If in doubt, analysis of the preoperative CT 

is helpful to determine optimal screw placement. 

The authors prefer to use the longest possible 

screws, which translates into completely travers-

ing the occipital bone. If the dura is also perfo-

rated indicated by CSF or blood oozing from the 

screw hole, this can easily be controlled by screw 

insertion and does not require any additional 

measures.

In the presented case, C2 pedicle screws were 

inserted thereafter. Ideally, screws are also placed 

in the lateral mass of C1. In basilar invagination, 

however, the occiput, C1 and C2 are commonly 

so close together, that this may not be possible, as 

the screw heads interfere with each other and rod 

placement can be most cumbersome. As a result, 

the authors often use C3 lateral mass or pedicle 

screws for adequate lower fixation. It may even 

be indicated to extend the instrumentation to C4. 

To avoid a longer construct, C3 pedicle screws 

were applied in our patient. Depending on the 

patients anatomy C2 isthmic or laminar screws 

can also be used. The rods were then bent in a 

neutral position of the occipito-cervical junction 

and were connected to the occipital plate and 

screws [4]. Rod bending can be a challenge and 

rod systems employing a hinge between the 

occiput and C1/C2 may be helpful.

Due to the weight of the head and the resulting 

significant forces on the screws, screw loosening or 

implant failure can occur, particularly if fusion can-

a b c

Fig. 51.3 Important parameters at the occipitocervical 

junction, which can be used to determine an adequate 

head position in occipitocervical fusion: (a) the occipito-

cervical inclination (OCI; 102 ± 8°), (b) the occipitocervi-

cal angle (OCA) and (c) the occipitocervical distance 

(OCD)
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not be achieved in a timely manner. Thus, autolo-

gous or heterologous bone or bone substitutes need 

to be placed on the exposed (and prepared) bony 

surfaces. The authors use diamond drills to open 

the cortical surfaces and sometimes harvest autolo-

gous bone by burr hole trepanations laterally or 

cranially. Obviously, care has to be taken not to 

weaken the skull around the occipital plate.

Biomechanical studies recommend to termi-

nate the occipitocervical fixation at C2, with or 

without the inclusion of the atlas [14, 15]. 

Clinically, however, this may lead to subaxial 

instability. Therefore, fixation more frequently 

includes the subaxial spine when an occipitocer-

vical instability is present [16]. As noted above, 

the authors tend to rely not only on C2 screws   

(if C1 fixation is not possible) and extend the 

instrumentation caudally. With adequate screw 

purchase in both C1 and C2 bilaterally, however, 

this can be avoided. Retrospectively, there seems 

to be no difference in fusion rates between short 

or mutlilevel constructs. However, neck pain may 

be decreased with C2 pedicle screws only and 

complication rates tend to be higher when per-

forming a multi-level fixation [3].

In summary, occipitocervical fusion can be 

performed with low morbidity especially when 

preoperative assessment of anatomic variations is 

conducted and perioperative complications are 

anticipated [11, 17, 18]. Perioperative mortality 

following occipitocervical fusion has been esti-

mated at 3.75% and is mostly related to comorbid 

medical issues or to underlying cancer. Surgery- 

related mortality is less than 1% [4]. For more 

detail see Table 51.1.

Degenerative and rheumatoid changes of the 

occipitocervical junction are increasing in the 

elderly in parallel with the aging population. On 

the other hand, modern medical management of 

rheumatoid arthritis has greatly reduced severe 

affection of the craniocervical junction in recent 

years. In general, a worse outcome after cervical 

spine surgery is reported with older age, but if a 

neurological deficit is present, neurological func-

tion seems to improve postoperatively just as 

well in patients over 65  years [19]. Therefore, 

surgery is also indicated in elderly patients, if 

comorbidities can be managed.

Although most cases nowadays can be treated 

by posterior distraction and fusion alone, severe 

cases of basilar invagination may require an (addi-

tional) anterior approach. This is most commonly 

performed by endonasal (endoscopic) partial cli-

vectomy and odontoidectomy in combination 

with posterior fixation. An anterior only transoral 

approach with anterior stabilization has also been 

described [20]. In the present case the Crutchfield 

extension was successful and therefore a C0/C2/

C3 stabilization without anterior decompression 

could be chosen. Some surgeons have largely 

abandoned preoperative extension, as modern 

screw technology allows adequate intraoperative 

distraction or traction after induction of anesthe-

sia is sufficient. Nevertheless, preoperative trac-

tion can provide important insights into the 

mobility of the deformity. Other experts have 

argued for “pulling” the odontoid out of the fora-

men magnum by distracting the C1/C2 joint. 

Placement of intraarticular spacers can support 

this maneuver, but can be associated with signifi-

cant bleeding from the venous plexus.

51.4  Accordance 
with the Literature 
Guidelines

Level of Evidence

C

51.5  Conclusion and Take Home 
Message

Basilar invagination can mostly be adequately 

addressed by preoperative (or intraoperative) 

traction and posterior instrumentation plus 

Table 51.1 Complication rates in craniocervical fusion 

surgery

Total 30% Adjacent level 

degeneration

7%

Wound 

infection

5% Occipital neuralgia 1.7%

Pseudoarthrosis 5–7% Vertebral artery 

injuries

3%
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fusion from the occiput to C2 (or C3) applying 

modern screw and rod systems. Only cases with 

severe anterior compression of the brainstem 

require additional ventral decompression, which 

is nowadays mostly performed via an endo-

scopic endonasal approach. The authors gener-

ally apply posterior instrumentation and 

realignment first and only supplement the pro-

cedure with a later anterior decompression, if 

necessary.
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• In cases of craniocervical stabilization 

the patient’s optimal head position must 

be evaluated.

• A preoperative computed tomography 

angiography (CTA) of the vertebral 

artery should be performed.

• If anterior decompression is not 

achieved by distraction and posterior 

fixation only, an anterior (endonasal) 

approach with odontoidectomy can be 

performed.
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and Cervicothoracic Region
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52.1  Introduction

Spine surgery in the upper thoracic and cervico-

thoracic region remains challenging due to diffi-

cult radiographic visualization and limited 

surgical accessibility. Although surgical strate-

gies for treatment of severe deformities in this 

region might improve pain and disability, they 

remain complex and lack standardization [11]. In 

particular for corpectomies and vertebral column 

reconstruction, approaches may be anterior, pos-

terior or combined. Further, a variety of soft tis-

sue releases and osteotomies ranging from simple 

facet release (Ponte or Smith Peterson 

Osteotomies) to vertebral column resection 

(VCR) may be applied for decompression and 

deformity correction. Additional variability 

exists in the use of an increasing array for ante-

rior and posterior instrumentation that require 

experience and knowledge of 360-degree (360°) 

approaches, in addition to the number of verte-

bral levels that require instrumentation to ensure 

biomechanical stability. Against this background, 

the present chapter outlines surgical approaches 

to the upper thoracic and cervicothoracic region, 

recommended imaging as well as pitfalls that 

may be encountered when treating spinal insta-

bilities in this region. Specifically, the aim of the 

presented cases is to outline:

• Typical indications for corpectomies with ver-

tebral body replacement

• Pre-, intra- and postoperative imaging

• Selection of anterior versus posterior versus 

combined approaches

52.2  Case Description

52.3  Case 1

A 60-year old female patient presented with a 

history of paresthesia and progressive weakness 

of the lower limbs over the past 12  hours. Her 

neurological examination revealed a decreased 

sensory level below Th 5 and paraplegia (ASIA 

B). Immediate Computed Tomography (CT) and 

contrast-enhanced Magnetic Resonance Imaging 

(MRI) revealed a lytic destruction and kyphotic 

deformity of Th1-3 with spinal cord compression 

due to a large tumor mass within the upper left 

thoracic cavity (Fig. 52.1).

Due to rapid neurological worsening of motor 

symptoms during  the past 12  hours and after a 

detailed discussion about the requirement of sur-

gery with the patient, she was taken to the 
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 operating room for emergent circumferential 

decompression and navigated posterior lateral 

mass / pedicle screw fixation with posterior- 

lateral vertebral body replacement using intraop-

erative 3-dimensional Digital Volume 

Tomography (3D DVT) imaging (Fig.  52.2). 

After navigated screw insertion (lateral mass 

screws C5 and C6; pedicle screws C7, Th1, Th5, 

Th6 and Th7), a left-sided posterior-lateral tumor 

debulking and circumferential decompression 

with bilateral vertebral body / tumor resection 

from Th 2-4 and implantation of a distractible 

(expandable) cage was performed. Cage and 

screw positioning was assessed with 3D imaging 

(Fig. 52.2) and followed by bilateral rod fixation 

and cross-link connection at the level of the cor-

pectomy (Fig.  52.3; left panels). After surgery, 

the patient was transferred to our intensive care 

unit for blood pressure maintenance and 3 days 

later to our regular floor, where in the course of 

1 week she recovered bilateral motor function to 

a muscle grade < 3 in > 50% of the key muscle 

groups below the neurologic level of injury (ASIA 

C). Sufficient decompression was confirmed by a 

postoperative CT scan on the first postoperative 

day (Fig. 52.3; right panels) and the histopatho-

logical examination revealed a squamous cell 

carcinoma metastasis, most likely due to a previ-

ously non-diagnosed Larynx carcinoma. The 

patient was transferred to our oncology depart-

ment for further treatment and rehabilitation.

52.4  Case 2

This 65-year old female patient had suffered a 

history of progressive neck pain and paresthesia 

in her left arm over the past month. Upon presen-

tation, neurological examination revealed numb-

ness and paresthesia of her left arm without clear 

a

b

Fig. 52.1 Preoperative imaging. (a) CT and (b) MRI 

scans illustrate lytic destruction of Th2-4 with spinal cord 

compression due to a large tumor within the left apical 

thoracic cavity. The dashed red line indicates the corre-

sponding transverse level
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radiculopathy. Range-of-motion of the neck was 

impaired due to pain together with hypesthesia in 

the cervicothoracic region. Immediate MRI scan-

ning revealed a tumor-suspicious mass lesion 

with lytic destruction of C7 and Th1 and kyphotic 

angulation at the cervicothoracic junction. In 

addition, there were signs of an  intraspinal 

tumor  mass with impending spinal cord 

 compression and additional suspicious lesions in 

C5 and C6 (Fig. 52.4).

The patient was taken to the OR the following 

day and an anterior corpectomy of C7 and Th1 

with vertebral body replacement and plate fixation 

from C6 to Th2 was performed, together with pos-

terior decompression from C7 to Th1 and lateral 

mass / pedicle screw fixation from C4/C5/C6 to 

Th2/Th3/Th4  in a single-stage setting. 

Postoperatively, the patient was transferred to the 

recovery room. Although there were no new motor 

or sensory deficits with immediate subsidence of 

0° 45° 90°

Fig. 52.2 Intraoperative imaging. Intraoperative 3D 

DVT rotation scan following navigated pedicle screw 

implantation and vertebral body replacement shows the 

poor lateral radiographic image quality limiting clear 

visualization of the anterior margin of the vertebral col-

umn at the level of the distractible cage between Th 2-4

a b

Fig. 52.3 Intraoperative view and postoperative imaging. 

Left panels show intraoperative final view after rod fixation 

and cross-link connection with posterolateral view of the 

vertebral body replacement after left-sided tumor debulking. 

The panels on the right show implant positioning on postop-

erative CT imaging (CT scout and sagittal reconstruction)
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preoperative neck pain, the patient experienced 

difficulties breathing in and shortness of breath. 

An emergent laryngoscopy revealed bilateral vocal 

cord paralysis and consequently, a lateral fixation 

of the left vocal cord according to Lichtenstein 

was performed. Postoperatively, the patient was 

transferred to our regular ward and recovered well 

with pain reduction and subsidence of the neuro-

logical symptoms in her arm. Postoperative imag-

ing confirmed correct implant positioning with 

adequate decompression (Fig.  52.5). The histo-

pathological examination revealed a multiple 

myeloma, which was treated with chemo- and 

radiation therapy.

52.5  Discussion of the Cases

52.5.1  Indication for Surgery

The majority of lesions in the cervicothoracic 

area that require decompression with at least par-

tial vertebral body resection are metastatic tumors 

of the spine with destruction of osseous elements. 

In such cases, the paradigm of “separation sur-

gery” has evolved, where a clear margin around 

the thecal sac and nerve roots is established, 

thereby permitting treatment with stereotactic 

radiosurgery and ensuring high rates of local 

tumor control regardless of histology [6]. Next to 

localized tumor control with the chance of favor-

able survival [3, 9], indication for surgery is 

determined based on instability according to the 

Spinal Instability Neoplasm Score (SINS) [4] 

and the onset or risk of suffering neurological 

deficits due to spinal cord compression.

In Case 1, the decision to operate was mainly 

influenced by the rapid onset of severe motor defi-

cits due to tumor-induced spinal cord compression 

next to a kyphotic instability of the semi-rigid tho-

racic spine with involvement of both the anterior 

and posterior elements (SINS 16). In contrast, the 

patient in Case 2 only suffered localized pain and 

hypesthesia in her left arm with no severe neuro-

logical impairment, but surgery was indicated due 

to localized pain and high-grade instability accord-

ing to imaging findings, which revealed a lytic 

tumor involving both vertebral bodies of the cervi-

C6

Th1

Th2

C7

Fig. 52.4 Preoperative imaging sagittal. (a) CT and (b) 

MRI scans show the lytic mass lesion at the cervicotho-

racic junction with kyphotic deformity and spinal cord 

compression. The dashed white line shows the level of the 

sternum in relation to the cervicothoracic junction

 N. Hecht et al.



433

cothoracic junction with kyphosis (SINS 13) and 

spinal cord compression. A further argument for 

surgery in both cases was that both patients had a 

preoperative Karnofski Performance Status (KPS) 

of 100% and unrestricted ambulatory ability, 

which serve as favorable predictors of survival [1] 

and postoperative ambulatory status. Although the 

timing of decompressive surgery in such cases 

remains a matter of debate, both patients were 

operated within 24 hours of presentation, because 

neurological outcome  – particularly in Case 1 

illustrating a patient with acute neurological defi-

cit – may improve if decompression is performed 

within 48  hours of presenting with symptoms 

instead of later [10].

52.5.2  Imaging

Preoperative imaging is necessary to determine 

(a) the level of the pathology, (b) the degree of 

deformity and (c), to assess the bone quality in 

order to plan the overall surgical strategy, 

approach and length of the construct. For this 

purpose, transverse, sagittal and coronal recon-

structions of contrast-enhanced and non-contrast 

T1- and T2-weighted MRI together with CT 

imaging are mandatory and should be obtained 

immediately upon presentation. In cases with 

contraindication for an MRI, a CT-myelography 

should be performed instead.

Intraoperatively, plain radiographic imaging 

(C-arm imaging) in the lateral plane is difficult 

due to limited visibility in the cervicothoracic 

and upper thoracic regions. Here, an anterior- 

posterior projection is typically used to identify 

the levels of interest and perform thoracic pedicle 

screw implantation. In the present cases, spinal 

navigation with intraoperative 3D DVT imaging 

was used for navigated posterior instrumentation 

and to assess implant positioning but also to help 

identify the anterior margins of the Th 2-4 cor-

pectomy in Case 1 due to limited radiographic 

visibility.

Th2

C6

Fig. 52.5 Postoperative imaging. Postoperative CT (left) (the dashed line indicates the low level of the manubrium) 

and anterior-posterior radiograph (right) confirm correct implant positioning and adequate decompression
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Postoperatively, we routinely perform a CT 

scan on the first postoperative day to confirm 

adequate decompression, correct implant posi-

tioning after rod fixation and for assessment of 

deformity correction, which remains limited on 

plain lateral radiographs. Importantly, if a patient 

with preoperative neurological deficit has no 

improvement or even neurological worsening 

(regardless of the preoperative motor status), an 

MRI is mandatory to rule out a procedure-related 

hemorrhage as a potentially reversible cause that 

requires immediate surgical evacuation.

52.5.3  Choice of Approach 
and Surgical Technique

While no region of the spine is easily treated, the 

cervicothoracic region is perhaps the least acces-

sible. Traditional cervicothoracic approaches 

involve either thoracotomy or sternotomy and 

particularly the latter remains associated with 

higher complication rates compared to conven-

tional anterior or posterior approaches to the 

spine.

Case 1 illustrates a lytic tumor of the upper tho-

racic spine requiring multilevel circumferential 

decompression with 360° reconstruction of the 

vertebral column and provides an example where 

the projection of the scapula and manubrium limit 

access to the upper thoracic spine and cervicotho-

racic junction via a direct lateral / transthoracic or 

anterior approach. In such cases, a posterolateral, 

transpedicular approach as shown here has the 

advantage of allowing spondylectomy, epidural 

decompression and circumferential fusion with 

vertebral body replacement and posterior instru-

mentation in a single-stage surgery that provides 

immediate stability while avoiding the morbidity 

associated with anterior / lateral and posterior 

approaches to this region [2, 7]. Alternatively, if 

the level of pathology requires midline decom-

pression and vertebral body replacement above the 

level of the manubrium as shown in Case 2, an 

anterior approach with plate fixation followed by 

posterior decompression and stabilization is typi-

cally used. However, the risk profile of an anterior 

approach to the cervicothoracic region, particu-

larly regarding injury to the recurrent nerve should 

not be underestimated, which can be seen by the 

bilateral vocal cord paralysis that our patient in 

Case 2 unfortunately suffered after the combined 

anterior – posterior approach. Although the opin-

ions regarding the need for additional posterior 

fixation after anterior plating may vary, experi-

mental evidence has suggested and most experts 

agree that additional posterior fixation resembles 

the standard of care for stabilization of 2- or 

greater-level corpectomies, even if posterior ele-

ments are not primarily involved and decompres-

sion may not be required [5].

The use of a distractible cage instead of tita-

nium mesh has the benefit that it can be adjusted 

to the size of the corpectomy in situ and main-

tains reduction without the need for additional 

plate fixation. In Case 1, correction of the kypho-

sis was established in a single-stage posterior 

fashion by first achieving a 360° release and per-

forming unilateral (right-sided) rod fixation fol-

lowed by alternating cage expansion and rod 

reduction. In contrast, Case 2 was operated in an 

anterior-posterior fashion and kyphosis correc-

tion was achieved by anterior cage expansion and 

plate fixation with subsequent posterior instru-

mentation and reduction after repositioning the 

patient from supine to prone. Although clear evi-

dence supporting the use of posterior cross-link 

fixation as we did in Case 1 but not in Case 2 is 

still lacking, biomechanical findings suggest that 

cross-link fixation at the level of a corpectomy in 

the cervicothoracic region could be beneficial in 

cases where both anterior as well as posterior ele-

ments of the spine are affected by instability, 

similar to Case 1 [8].

Another matter of debate concerns the num-

ber of vertebra that should be instrumented 

across the level of pathology. In general, we aim 

not to end a long construct directly at the levels 

of the cervicothoracic junction (C7 and Th1) but 

prefer to extend the posterior fixation at least 2 

levels above and below (i.e. C5 to Th3) including 

the levels of corpectomy. In the subaxial spine 

(apart from C7) and depending on the quality of 

the bone, we generally perform lateral mass 

screw fixation due to the beneficial safety profile 

compared to cervical pedicle screw instrumenta-
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tion, particularly if spinal navigation is not read-

ily available. In  both cases, the limited 

visualization of the cervicothoracic region on 

plain radiographs or C-arm imaging advocates 

the use of spinal navigation with high-quality 

intraoperative DVT or CT imaging to limit the 

risk of implant misplacement and allow immedi-

ate intraoperative correction, which may help 

reduce the incidence of secondary implant revi-

sion surgery.

52.6  Conclusions and Take-Home 
Message

The safety profile of surgery in the cervicotho-

racic and upper thoracic spine has improved due 

to the development of more standardized pos-

terolateral and combined anterior-posterior 

approaches. Nevertheless, detailed preoperative 

MRI and CT imaging is necessary to plan an 

individual surgical strategy and approach 

according to anatomic considerations. In the 

future, safety and efficacy of spine surgery in 

the cervicothoracic region may further benefit 

from an increased implementation of spinal 

navigation and intraoperative 3D imaging.

Levels of Evidence

Bakar II, Bilsky IV

Fehlings II

Fisher II

Koller V

Laufer III

Metcalfe IV

O’Brien V

Patchell I

Quraishi III

Smith IV
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53.1  Introduction

Ankylosing spondylitis (AS) is a chronic inflam-

matory disease that particularly affects the spine. 

The progressive erosion of the joints is followed 

by ossification and consequently autofusion of 

the spinal column. AS affects more often males 

then females in age between 20–30 y/o with a 

prevalence of 0.1–1.4% [1]. Due to its wide-

spread ankylosis and secondary low-density of 

the vertebral bodies, the radiographic appearance 

of AS is sometimes referred as “bamboo spine”. 

In order to unload painful facet joints, AS patients 

assume a compensatory flexed posture. Patients 

with long- standing AS are predisposed to devel-

opment of a rigid, kyphotic deformity most com-

monly in thoracolumbar region. However, the 

cervical and cervicothoracic spine can also be 

affected.

The kyphotic deformity in the cervicothoracic 

junction in its extreme form is called a chin-on- 

chest deformity. It presents with significant com-

promise of horizontal gaze, personal hygiene, 

swallowing and social outlook.

We describe a case of unrecognized fracture in 

AS patients leading to a progressive chin-on-chest 

deformity. The preoperative radiological evalua-

tion highlights the technical challenges as well as 

clinical implications for better understanding the 

complexity of cervicothoracic deformities in AS 

patients. The applied techniques are explained 

with emphasizing their advantages.

The objective of this chapter is presentation 

of cervicothoracic deformity case in AS with 

rationale of its planning and surgical procedure 

in step-by-step fashion in order to introduce the 

reader to challenges of this complex pathology.

53.2  Case Description

A 82-year-old healthy (except for mild hyperten-

sion) male with known AS sustained a minor cervi-

cal trauma (fall at his home). He looked for medical 

attention at his primary care provider because of 

severe neck pain. He was advised rest, pain medica-

tion and physiotherapy. The radiological examina-

tions were omitted. During the subsequent 6 weeks, 

he developed a progressive, painful cervicotho-

racic deformity. The patients who was previously 

independent deteriorated to the point he became 

completely dependent because of lack of horizon-

tal gaze and difficulties with personal hygiene. 

At that point he was referred to the local hospital. 

The patient presented with severe pain in cervico-

thoracic region. The neurological exam according 
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to ASIA score was completely normal. The initial 

radiological evaluation with computer tomography 

revealed a partially healed C7 distraction fracture 

C6/C7: B2 in subluxation creating the cervicotho-

racic deformity (Fig. 53.1a, b) [2]. Patient was then 

referred to our spine unit at university hospital for 

consultation. The external immobilization was not 

possible due to severely advanced kyphotic defor-

mity (Fig. 53.2). MRI was not performed because 

the same reason. The status at the admission 

revealed a chin-on-chest deformity (Fig. 53.3a, b). 

Due to ankylosis of the spine, the patient could not 

find a comfortable resting position. Furthermore, 

patient’s relatives described a rapid deterioration of 

patient physical and mental health due to cervical 

pain, dysphagia and a loss of horizontal gaze. After 

receiving written consent, the patient was scheduled 

for corrective cervical osteotomy with a long poste-

rior cervicothoracic fixation bridging across cervi-

cothoracic junction (CTJ).

53.2.1  Surgery

The patient was preoperatively evaluated with 

transthoracic echocardiography and spirometry. 

The examinations did not show signs of pulmo-

nary nor cardiac compromised function. The 

surgery was performed under continuous intraop-

erative neurophysiologic monitoring with motor 

evoked potentials (MEPs) and somatosensory 

evoked potentials (SSEPs).

After fiberoptic, awake intubation patient was 

gently log-rolled to prone position with his head 

secured in the Mayfield head holder. The posi-

tioning was very challenging due to advanced 

a b

Fig. 53.1 CT scan on admission to primary hospital. The 

CT scan shows a subluxated cervical fracture C6/C7: B2 

according to AOSpine subaxial cervical spine injury clas-

sification fracture. Typical characteristics of AS with auto-

fusion are clearly visible. The arrows point at subluxated 

and partially fused fractured facets between C6 and C7 

vertebrae. (a) midline sagittal view, (b) left sided sagittal 

view

Fig. 53.2 CT scan on admission to primary hospital. The 

CT scan scout shows a fixed cervicothoracic chin-on- 

chest kyphotic deformity
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deformity. It required soft, chest roll-bolster and 

anterior iliac crest pads for support. The abdo-

men was left completely free of any compres-

sion. A padded support was applied to the 

patient’s feet and the table was then put in maxi-

mum reversed Trendelenburg position in order to 

minimize perioperative bleeding (Fig. 53.4a, b).

The skin incision and subperiosteal dissection 

of paraspinal muscles was carried out from C2 to 

T3 spinal segment. The presence of partially 

healed subluxation at C6/C7 was found intraop-

eratively. The site of the previous fracture was 

stiff enough to perform instrumentation from 

cranial end of cervical spine to thoracic levels T2 

and T3 (C6, C7 and T1 vertebrae were not instru-

mented). At the lever of C2, two long Magerl 

screws were placed across C1/C2 joints for bet-

ter bone purchase. Two temporary rods were 

placed in order to prevent iatrogenic spine trans-

lation during osteotomy. The modified Simmons 

osteotomy was then performed in sequential 

fashion [3].

Step 1: C6 to Th1 laminectomies, under direct 

visualization, short segment fixation with pedicle 

screws was carried out at the level of C6 and T1 

bilateral.

Step 2: complete bilateral facetectomy was 

performed between C6/C7 and C7/T1 followed 

by complete removal of both C7 pedicles. This 

maneuver is a first step of pedicle subtraction 

osteotomy (PSO), which was originally planned. 

The PSO allowed a broad release of posterior 

column and decompressed completely C7 and C8 

nerve roots, which were slightly impinged by 

subluxation. This was sufficient to access to the 

remaining portion of the posterior wall at the 

level of the disk between C6/C7, which was then 

opened. At the end of this step a segment C6/C7 

became clearly mobile. Two short 3.0  mm lor-

dotic  titanium rods were then placed between C6 

and T1 and the long rods were removed.

Step 3: Under continuous neurophysiologic 

monitoring the Mayfield head-holder was opened 

and manual correction of kyphosis was applied. 

a b

Fig. 53.3 The photography taken at admission to our unit. The images demonstrate a severe loss of horizontal gaze. (a) 

sagittal view (b) coronal view
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After achieving correction short rod segment fix-

ation was locked in place. Neither SSEP’s nor 

MEP’s changed during the correction.

Step 4: Two long rods were shaped in lordosis 

and placed back, creating a four-rods fixation tech-

nique followed by sequential locking of the con-

struct. One cross-link was placed just above the 

short segmental fixation between the long rods.

The wound was irrigated with large amount of 

saline (2 L) and closed in layers in regular fash-

ion. No drain was used.

The neurological status of the patient was 

unchanged after surgery. He was successfully 

mobilized and discharged to his local hospital 

for rehabilitation after a few days at our unit. 

Postoperative CT scans and X-rays showed a 

correct position of the hardware with improve-

ment of cervicothoracic alignment (Figs.  53.5 

and 53.6). The cosmetic result was also very sat-

isfying. The patient regained the horizontal gaze 

and was capable to walk using walking aid 

(Fig. 53.7).

a b

Fig. 53.4 The photography taken preoperatively after 

positioning. The images demonstrate a severe kyphotic 

deformity requiring extreme, reverse Trendelenburg posi-

tion in order to get access to cervicothoracic junction. (a) 

sagittal view, (b) coronal view
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53.3  Discussion of the Case

53.3.1  Indications

Chin-on-chest deformity has become very rare 

because of advancement in pharmacological 

treatment of AS that consist of various combina-

tions of non-steroidal, anti-inflammatory drugs 

(NSAIDs), analgesics, corticosteroids, synthetic 

and biologic disease-modifying, antirheumatic 

drugs (DMARDs) and continuous physiother-

apy [4, 5].

Nevertheless, most of the AS patients inevi-

tably develop rigid, brittle spinal column with 

secondary atrophy of the surrounding muscles 

and osteoporosis. That makes AS patient 

extremely susceptible to injuries with fourfold 

increased risk of fracture even with minimal 

trauma [6]. Patients with AS who sustained 

fracture, tend to deteriorate neurologically and 

have high morbidity and mortality rate [7]. 

Furthermore, similar to our presented case 

they can develop a chin-on- chest deformity. 

This usually leads to quick deterioration in 

their general health status with impaired hori-

zontal gaze, dysphagia, difficulties to main-

tain personal hygiene and social contacts. The 

correction can be only achieved surgically. 

Surgical corrections lead to improved pain 

control but most importantly achieve cervico-

thoracic alignment [8–10].

Fig. 53.5 Post-operative CT scan. The CT shows a cor-

rected cervicothoracic alignment. The white arrows indi-

cate wide-wedge opening of anterior column after closing 

of osteotomy posteriorly

Fig. 53.6 The post-operative X-ray image demonstrates 

a well-aligned cervicothoracic junction

53 Cervicothoracic Kyphosis in Ankylosing Spondilitis



442

53.3.2  Choice of Surgical Technique 
and Degree of Correction

First osteotomy for correction of kyphotic defor-

mity in AS was described by Smith-Petersen in 

the lumbar spine [11]. The principles of that 

 technique were then adopted for the cervical 

spine by Urist et al. [12] and Law et al. [13]. This 

osteotomy technique was then popularized by 

Simmons [14]. It is similar to the Smith-Petersen 

osteotomy with removal of the posterior elements 

at the level requiring correction with controlled 

fracture of anterior column at C7.

The further modification of this technique in 

the cervical region includes a pediculectomy to 

further decompress the C8 nerve roots upon clo-

sure of the osteotomy [3].

The latest technique used for correction of 

cervicothoracic junction is subtraction pedicle 

osteotomy (PSO) also known as closing wedge 

osteotomy [15–17]. Despite being more technical 

advanced it seems that it allows more extensive 

range of correction with a bigger fusion surface 

between the vertebrae.

Two parameters are mostly used in order to 

measure the correction:

a b

Fig. 53.7 The photography taken postoperatively at the first day during mobilization of the patient. The images dem-

onstrate a restoration of horizontal gaze. (a) sagittal view sitting (b) sagittal view standing
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 – chin-brown vertical angle (CBVA), which can 

be used for assessment of horizontal gaze. It an 

angle measured between two lines in standing 

position: one drawn from the brow to the chin 

and a second, vertical line. In case of AS it is 

suggested that CBVA should be within −10° to 

10° to assure a sufficient horizontal gaze [18].

 – C7 Sagittal Vertical Axis (SVA) used for more 

global assessment of the sagittal alignment, 

measured as a distance between a posterior 

superior corner of the sacrum and a vertical 

line dropped from the center of C7 [19].

A rule of thumb is that patients without C0/C1 

mobility have no compensating mechanism and 

don’t tolerate overcorrection, hence require lesser 

correction. Patient with intact mobility between 

C0/C1 can tolerate overcorrection better.

Both CBVA and SVA parameters can improve 

regardless which osteotomy technique is used. 

However, perioperative measurements of correc-

tion are very restricted due to technical difficulties 

with fluoroscopy. Therefore, meticulous preopera-

tive surgical planning is crucial in order to achieve 

a sufficient but not exaggerated correction.

53.3.3  Peri- and Postoperative 
Complications

The osteotomy at cervicothoracic junction, 

regardless the type, is technically demand-

ing. Etame et  al. [20] in their literature review 

described the data of osteotomy outcome based 

on four studies [3, 21–23]. The complication rate 

ranged from 26.9% to 87.5%, with a mortality 

rate of 2.6%. Thereby, neurological deteriora-

tion is the most feared one. The overall rate of 

neurologic deficits was 23.4% with vast major-

ity due to transient C8 radiculopathy as a result 

of iatrogenic foraminal stenosis. The permanent 

neurologic complication rate was 4.3% due to C8 

radiculopathy. On the other hand, medical com-

plications include infection, dysphagia, pseudo-

artosis and need for tracheostomy and/or PEG 

tube [8, 10, 24].

53.3.4  Technical Considerations

Several technical issues must be addressed when 

planning corrective osteotomy in cervicothoracic 

kyphosis:

 – C7 vertebrae is the optimal the site of the oste-

otomy. It is sufficiently low to provide a long 

laver arm for correction. It minimizes risk for 

vascular injuries by being above the large tho-

racic vessels and below vertebral arteries. 

Additionally, C8 nerve root injury has a lesser 

impact on hand function then C7 or C6 nerve 

roots.

 – the CTJ is very difficult to visualize with 

fluoroscopy therefore use of the navigation 

is advocated to improve implant placement 

[25].

 – surgeon should be familiar with cervical and 

thoracic anatomy and be experienced in both 

lateral mass and thoracic pedicle screw instru-

mentation techniques

 – cranial extension of instrumentation to C2 or 

even C1/C2 complex can provide higher pull- 

out resistance

 – use of continuous intraoperative neurophysio-

logical monitoring is mandatory

 – we advocate use of cell-saver because of usu-

ally extensive bleeding from spinal epidural 

plexus and the osteotomy

The authors personal choice is the four rod 

technique with cervical pedicle screws and 

cross- link in order to provide extremely stable 

fixation across the osteotomy site [26]. Short 

segment fixation with pedicle screws protects 

the spine from translating during manual cor-

rection and allows additional compression for 

better bone-to- bone contact after realignment. 

This technique may seem to be overexagger-

ated and can be replaced with for example 

hinged rods that are locked at the site of oste-

otomy after correction [27]. We suggest use of 

long posterior cervicothoracic construct cross-

ing CTJ for solid foundation of realigned cervi-

cal spine.
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53.3.5  Accordance with the 
Literature Guidelines

Unfortunately, there is insufficient power of evi-

dence in the current literature to draw conclu-

sions regarding which technique should be 

preferable. There was only one prospective, 

single institution non-randomized study sug-

gesting that CBVA should be used for planning 

of correction of cervicothoracic kyphosis in AS 

[18]. Literature review suggest that most neuro-

logical complications are transient due to C8 

nerve root compression [20]. Therefore, we can-

not apply any general guidelines based on these 

data and decision making regarding the tech-

nique and degree of correction should be done 

on case-to-case bases. However, we can con-

clude that cervicothoracic kyphosis in AS, 

despite being very rare, cause tremendous suf-

fering of the patients. Surgery should be meticu-

lously planned and performed using modern 

surgical techniques and supported by neuro-

monitoring and image guidance instrumentation 

if available.

Level of Evidence: C

Most cited studies are larger retrospective single 

center cohort studies. Publication by Suk et  al. 

[18], is the only cited prospective, single center, 

non-randomized study with a higher level of 

evidence.

53.4  Conclusions and Take–Home 
Message

Cervicothoracic deformity in AS has a great 

impact on patient quality of life. Currently surgi-

cal correction with osteotomy and long posterior 

fixation is the only valuable treatment. The sur-

gery is challenging and requires throughout 

planning.

We advocate using only long posterior cervi-

cothoracic fixation sufficient to support and sus-

tain the re-aligned spinal column after C7 

osteotomy.
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Sagittal Balance and Preoperative 
Planning

A. El Rahal, F. Solla, V. Fiere, Aurélie Toquart, 

and Cédric Y. Barrey

This chapter and theses cases will emphasize on 

the pre-operative planning to correct spinopelvic 

misalignment integrating new tools in the plan-

ning and realization of the surgery.

54.1  Context

Adult Spine Deformity (ASD) is mainly con-

secutive to the loss of lumbar lordosis due to 

degenerative changes in the lumbar spine and/or 

increased thoracic kyphosis, resulting into pro-

gressive non-ergonomical sagittal misalignment, 

imbalance and compensation mechanisms such 

as knee flexion and retroverted pelvis [1]. This 

in turn leads to progressing painful difficulties 

in standing upright positions [1], reduced walk-

ing distance, forward bending, often requiring 

support.

54.1.1  Clinical Relevance of Sagittal 
Alignment

The analysis of the spino-pelvic sagittal align-

ment constitutes a crucial key point to opti-

mize the surgical management of ASD with 

spinal instrumentation as mentioned in Chap. 

26 [4]. Schwab, Lafage et  al. [2, 11] proposed 

three clinically relevant parameters to simplify 

the analysis and set targets for corrective sur-

gery realignment as follows: Sagittal vertical 

axis (SVA) < 40 mm or 50 mm, Pelvic tilt (PT) 

<20°, and thirdly, mismatch between Pelvic 

Incidence and the Lumbar Lordosis (PI-LL) 

<10°. Poor postoperative alignment is correlated 

with significant disability and mechanical com-

plications, such as screw pull- out, adjacent level 

disease or rod breakage [3, 4, 13]. Conversely, 

any improvement of these parameters towards 

normal values leads to improvement of patient’s 

outcomes [5, 6].

Planning of spine surgery has received increas-

ing attention in the past decades and optimization 
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of it with new digital tools is being developed to 

achieve a better spinopelvic alignment and out-

come in the future. Concerning surgical plan-

ning, there are two main concerns:

 1. Patient based concern with the ideal post oper-

ative spino-pelvic alignment for each patient 

(i.e. patient-specific sagittal alignment)

 2. Surgery based concern achieving the pre- 

operative planning by the surgeon

54.1.2  Causes of Realignment Failure

Despite established thresholds and tools for 

surgical planning, adequate alignment follow-

ing surgical treatment is not always achieved [2, 

12], which is mainly related to either decrease or 

insufficient restoration of lumbar lordosis (LL).

From a pragmatic point of view, there are two 

main reasons for a realignment failure:

 1. Poor/lack of surgical planning and/or

 2. Poor execution.

The systematic analysis of the aimed align-

ment remains poorly implemented, despite sev-

eral existing tools. This can be explained by 

limited formal training regarding sagittal balance 

and also by the historically heavier emphasis 

given to the coronal Cobb angle. However, a shift 

in perspective is in progress, as the coronal Cobb 

angle has been poorly correlated with clinical 

outcomes in ASD [7].

We can divide the successive surgical steps that 

influence final alignment and summarize them:

• Patient positioning

• Release of the spine

• Instrumentation strategy (mono axial screws/

poly axial screws, orientation of the screws)

• Facetectomies, Osteotomies (Smith-Petersen 

osteotomy or Chevron (SPO), pedicle subtrac-

tion osteotomy (PSO), bone-disc-bone osteot-

omy (BDBO) and vertebral column resection 

(VCR), based on the increasing complexity of 

the technique)

• Screw-rod connection

• Shape of the rod with the basic concept to 

realign the instrumented spine along the rod

• Segmental maneuvers (compression, 

distraction)

• Bone grafting.

It’s important to understand that each step can 

be a cause of failure and one of the most complex 

steps is the pre-operative planning. To achieve 

this one, we will introduce the concept of Patient 

Specific Rod (PSR) as a canvas for the final post-

operative results. Some cases will illustrate the 

techniques described under mentioned.

We assume that manual bending of a rod can-

not always provide the aimed shape and so this 

can introduce a part of operator-dependent error. 

Consequently, this may fail to restore the sagittal 

parameters as intended [8]. Actually, only 32% 

of patients reach neutral alignment after this 

kind of surgery, while 42% remain with positive 

sagittal misalignment and 26% are overcorrected 

[7]. A patient-specific rod (PSR) could be one 

the main advances in optimal correction and sur-

gical realization. [14].

Some tools exist to measure the intra- 

operative lordosis, (Sagittal Meter App), but this 

provides only an approximation, not the exact 

spinal contour. Moreover, these measurements 

are performed with the patient in prone position. 

Thus, a new concept of patient specific rod (PSR) 

is proposed to decrease the inaccuracy due to 

unmeasured rod contouring. Based on pre-oper-

ative surgical planning, PSRs are designed to fit 

with each patient’s unique sagittal profile.

54.2  Correction and Planning

54.2.1  Alignment Objectives

The proposed pre-operative planning is based 

on a full-spine (or full body) calibrated sagit-

tal X-ray, including at least the femoral heads 

and preferably the knees. We consider full body 

Rx as mandatory for each patient before a long 

 instrumentation and we normally use the EOS™ 
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system. The current spino-pelvic parameters and 

the apices of kyphosis and lordosis are evaluated 

to characterize the spinal sagittal shape of the 

patient.

Then, the surgical procedures are simulated 

using a dedicated software to reach the following 

three clinically relevant parameter proposed by 

Schwab, Lafage et al. [2–6]:

• Sagittal vertical axis (SVA)  <  40  mm or 

50 mm,

• Pelvic tilt (PT) <20°

• (PI-LL) <10°

To determine the theoretical lordosis, our 

preference is to refer to PI classes (each 10° from 

class I to class VI) which are more precise com-

pared to Schwab formula giving full account of 

the fact that the relation between PI and lordosis 

is not linear but varies according to the value of 

the PI, see Table 54.1.

Not only the global magnitude of the lumbar 

lordosis is important to consider but also the distri-

bution of the lordosis along the lumbar spine [10]. 

It is important to keep in mind that 2/3 of the lor-

dosis is given by the L4-S1 segment only and that 

40% is provided by L5-S1, see Chap. 26.

The apex of the lordosis is positioned in accor-

dance with Roussouly’s “Type of Back” classifi-

cation (Fig. 54.1) [9], and predefined repartition 

of lordosis around the apex.

For type 2, 3 and 4 morphotypes (harmonious 

types), distribution of lumbar lordosis should be 

as follows: 2/3 among L4 and S1, 1/3 among L1 

and L4 [10] (Fig. 54.1). For types 1, two strategies 

are possible: (1) stabilize the spine as type 1 keep-

ing the original shape of the spine with the most 

part of the lordosis between L4 and S1, (2) the 

Table 54.1 Method to determine the theoretical lordosis 

according to the class of PI

PI class PI (°) PTth (°) LLth (°)

I <38 4 PI + 18

II 38–47 8 PI + 13

III 48–57 12 PI + 9

IV 58–67 16 PI + 6

V 68–77 20 PI + 2

VI >78 24 PI-5

Type 1 Type 2 Type 3 Type 4

Fig. 54.1 “Type of Back” in accordance with Roussouly’s 

classification (Fig.  54.9). The shape of lumbar lordosis 

depends on SS orientation. Type 1 and 2 have SS < 35°; 

Type 3 has 35° < SS < 45°; Type 4 has SS > 45°. Generally, 

Type 1 and 2 have a low PI and Type 3 and 4 have a high 

PI. Types 2–3-4 are considered as harmonious
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second option is to transform type 1 into type 2 by 

reducing the lumbo-sacral hyperextension and the 

thoraco-lumbar kyphosis. The choice between the 

two strategies depends on the age of the patient, 

the clinical presentation and the importance of 

degenerative changes in lumbo- sacral segment. 

For anteverted type 3, diminishing of the lumbar 

lordosis is probably the best option. SVA should 

be adapted according to the age: elder patients 

usually accept higher values than young.

Correction has also to be adapted to the 

age of the patient. SVA should be <40 mm for 

patients under 65 y-old, SVA <55 mm is accept-

able for patients between 65 and 75 y-old and 

SVA around 65–70  mm is enough for patients 

after 75  y-old. Similarly, PT around 25° is 

acceptable for patients after 75  y-old [10]. In 

case of construct below T9, the flexibility of 

thoracic spine should be evaluated and the 

post-operative behavior of the thoracic segment 

anticipated. If decrease of physiologic thoracic 

kyphosis (TK) is preoperatively suspected (e.g. 

TK measured around 20°), it is recommended to 

simulate the recovery of a more physiological 

value after surgery around 40° (approximately 

2/3 of the LL). This is helpful to better evaluate 

the amount of correction that will be necessary 

in the lumbar segment and to better appreciate 

the corrective effect of the surgery on the global 

balance. For specific cases (e.g. multi-operated 

spine), a specific plan should be proposed out-

side the indications above.

To summarize, the four main points-based 

algorithm to calculate the amount of correction 

includes:

Application of just one simple formula (like 

the Schwab formula) without taking into consid-

eration the other parameters may result in cata-

strophic post-operative outcomes with excessive 

correction and/or inadequate geometrical organi-

zation of the spino-pelvic complex.

54.2.2  Concept of Patient Specific 
Rod (PSR) and Planning

The realignment is planned in standardized phases. 

First, virtual correction of the sagittal alignment is 

simulated using posterior release techniques (from 

facet resections to 3-column osteotomy), inter-body 

cage insertion, and compression or distraction from 

the virtually corrected spine, the PSR’s contour is 

defined on sagittal view. The PSR length is mea-

sured on coronal view, based on the entry points 

of each pedicle screw or other implant (Fig. 54.2) 

and the expected correction of coronal curves. Two 

PSRs are thus industrially manufactured and pre-

cisely bent to this specification. Landmarks on the 

rods (superior limit vertebra, S1 screw, sagittal line) 

can be laser printed to insure the correct placement 

of the rods during the surgical procedure [14].

54.2.2.1  Surgical Technique

After manufacturing, the two symmetrical PSR (or 

asymmetrical if required) are then delivered into 

the operating room with the predetermined shape 

and length, corresponding exactly to the preopera-

tive planning, and finally inserted into the patient 

with no additional maneuver. PSR are currently 

available in titanium or cobalt- chromium, in 5.5 

or 6 mm diameter (MEDICREA®, Lyon, France).

Technically, there is nothing really specific, all 

the surgical steps being similar as usual and cor-

responding to the planning. If the instrumented 

spine is stiffer than expected and the rods seems 

“too bended”, an additional release procedure 

should be added. If the rods do not fit at all, the 

surgeon can use and bend standard ones. If neces-

sary, it is also possible to bend the PSRs a little 

bit more or a little less and, of course, shorten 

them.

The pedicle screws should be placed parallel 

to superior endplate as that allows more accurate 

 1. Schwab’s criteria: SVA, PT and LL-PI 

mismatch

 2. The theoretical LL of the patient (use of 

PI class is the preferred method to esti-

mate the theoretical lordosis, see 

Table 54.1 and Chap. 26) and the natural 

distribution of lordosis along the lumbar 

spine with 2/3 between L4 and sacrum

 3. The Roussouly’s morphotype

 4. The age of the patient

 A. El Rahal et al.
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placement on the specific rod markings and good 

correspondence among the rods’ contour and the 

final position of the vertebrae [10, 14].

In clinical practice, regarding the pre- operative 

planning we will illustrate this chapter with three 

cases.

54.3  Cases Description

54.3.1  Case 1

Patient known for a L2-S1 fusion with persistent 

neurogenic claudication, chronic back pain and 

forward bending limiting the walking distance to 

40 m. Flat back with thoracic junctional kyphosis 

(Fig. 54.3).

Spino-pelvic parameters and the apices of 

kyphosis and lordosis are evaluated to charac-

terize the spinal sagittal shape of the patient and 

to establish a first planning with the dedicated 

software.

The second step is to establish a first planning 

through a T4-Illiacs screws fixation + PSO: L2 

(25°, Grade III according to Schwab classifica-

tion)  +  multilevel SPO.  See simulation n°1  in 

Fig. 54.4.

The first planning strategy was not good 

enough with persistent imbalance and the SVA 

was still >100  mm. The patient has a PI class 

II. The lumbar lordosis needed is PI + 13 = 51°, 

SVA < 50, pelvic tilt of 12°, PI-LL > 10. So, the 

strategy changed with a new planning. This one 

included a PSO of L3 (grade 4 PSO, trans-discal 

type) to gain 35° of lordosis and is under men-

tioned. See simulation n°2 in Fig. 54.5.

With this new planning the objective is to 

reach a SVA at 10.7 mm, LL: 41, PI-LL = 2, 

PT: 12 and this was done through PSO of L3 

to gain 35° of lordosis (Grade IV according 

to Schwab classification). The use of a Patient 

Specific Rod shown in blue allowed achieving 

an optimal alignment at the end of the surgery 

and in this way to fit with the pre-operative 

planning.

This case illustrates how we establish our 

planning and verify it before the surgery to sim-

ulate the better strategies (Figs. 54.6 and 54.7).

54.3.2  Case 2

57-years-old patient presenting with chronic 

low back pain, a walking distance of 40 m and 

Fig. 54.2 Patient specific rod (PSR) UNID™ industrially manufactured and perfectly fits the surgical field
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Fig. 54.3 The first step 

is to establish the 

sagittal balance 

parameters with the 

three clinically relevant 

parameter on a full spine 

EOS™ System X-Ray: 

PI 43°, Pelvic Tilt 34°, 

PI-LL: 39°, LL 

measured to only 3° and 

SVA: 131.7 mm

PREOPERATIVE

Sagittal Vert.

Alignment (mm)

Thoracic

Kyphosis (°)

Pelvic Incidence

PI (°)

Lumbar

Lordosis LL (°)

Sacral Slope

(°)

Pelvic Tilt

(°)
PI-LL (°)

131.7

101.8

40

25

43 3

29

39 9

14 31

34

1243CASE PLANNING

Fig. 54.4 First planning 

strategy with a L2 PSO 

Grade III according to 

Schwab and multiples 

SPO’s. Not enough 

lordosis and still a 

sagittal dysbalance 

(SVA still >100 mm)

 A. El Rahal et al.
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forward bending with a sagittal imbalance. 

EOS: Degenerative lumbar kyphosis with a 

lumbar lordosis of −8°, retroverted pelvis, 

ODI 52/100 and Roland-Morris score 17/24 

(Figs. 54.8, 54.9, and 54.10).

54.3.3  Case 3

68-year-old female patient, history of L2-L4 

arthrodesis (2005). Severe low back pain for 

>2  years and radicular pain on L4 and L5 ter-

ritory predominant on the left with a L5 motor 

deficit. Walking distance estimated to 100. VAS 

7, ODI 48/100, Roland Morris 12/24.

Multiples comorbidities: myocardial infarct, 

renal insufficiency, auricular fibrillation 

(Fig. 54.11).

Radiographs revealed a major rigid degen-

erative kypho-scoliosis in the lumbar spine. 

As the patient has much comorbidity and is 

68 y.o we adapted our planning to different 

objectives in order to shorten the surgery and 

to minimize the surgical risks (Figs.  54.12 

and 54.13).

CASE PLANNING

PREOPERATIVE

Sagittal Vert.

Alignment (mm)

Thoracic

Kyphosis (°)

Pelvic Incidence

PI (°)

Lumbar

Lorodsis LL (°)

Sacral Slope

(°)

Pelvic Tilt

(°)
PI-LL (°)

131.7

10.7

40

25

43 3

41

39 9

2 31

34

1243CASE PLANNING

Fig. 54.5 Second 

planning strategy with a 

T4-illiac screws + L3 

PSO Grade IV according 

to Schwab and multiples 

SPO’s. Theoretical SVA 

at 10.7 mm, LL 41° and 

PT at 12°. The 

correction is now 

satisfying. Planning 

validated

Fig. 54.6 Post-surgical result with a balanced patient. 

SVA at 11.1 mm, LL at 55.4°, PI-LL = −13
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54.4  Discussion

This chapter had the aim to show the relevance 

of pre-operative planning to achieve an optimal 

surgical correction of sagittal balance disor-

ders. It’s mandatory to assess the spino-pelvic 

balance and to establish clear objectives for 

correction before to surgery and to try to reach 

them during it.

The surgical procedures can be simulated 

using dedicated software to reach the targets for 

corrective surgery realignment.

Pre-operative simulation allows a systematic 

attitude of all the spino-pelvic parameters and 

to simulate different options for surgery. It also 

permits a clear and concisely strategy before in 

order to shorten the surgical time and to avoid 

complications.

TPA = 38° TPA = 15°

Fig. 54.7 Full body radiographs comparing pre and post surgical result with a quasi-normalization of the TPA mea-

sured at 15°, repositioning of C7 plumb line above the pelvis and decrease of the knee flexion

 A. El Rahal et al.
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Fig. 54.8 Full spine EOS™ System X-Ray shows a flat 

back with degenerative lumbar kyphosis. PI: 53°, PT: 47° 

and LL-8°, PI-LL = 45° and SVA 128.4 mm. The theoreti-

cal LL for this patient would be PI + 9 = 61° (PI class III 

according to Barrey)

Fig. 54.9 Planning with a two steps surgery. First ALIF 

L5-S1 with 12° of lordosis as an objective. Second T10- 

Sacrum with Patient Specific Rod and PSO L4 (25° Grade 

III according to Schwab), PSO L1–2 L2-L3 and L4-L5, 

facetectomie T11-T12. Objectives: LL: 68°, SVA: -7 mm, 

PIO-LL: -15°, PT: 12°. The recovery of a normal TK 

around 40° after surgery was simulated

It is possible to plan a strategy considered as 

sub-optimal depending on the age and comor-

bidities of the patient. The objective is not 

always to fit the Schwab criteria’s but to fit the 

planification criterias adapted to the condition of 

the patient. Different factors will be in the future 

a part of the pre-operative planning, for example 

bone quality, age, comorbidities, weight and so 

on. Maybe artificial intelligence can take in the 

future all the factors to help the surgeon in the 

realization of the pre-operative planning.

At the moment, the objectives have to be 

adapted to the age of the patient and we propose 

an algorithm to do it.

SVA < 40 mm

and

PT < 20°

< 65 y-old 65-75 y-old > 75 y-old

SVA < 55 mm

and

PT < 25°

SVA < 70 mm

and

PT < 25°
 

54.5  Conclusion

Pre-operative planning will be mandatory for 

each spine surgeon and for complex cases in the 

future. Many digital and informatics tools are 

now well developed to achieve the objectives 
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45°

Fig. 54.11 Full spine EOS™ of a thoraco-lumbar scoliosis with spino-pelvic parameters: PI  =  75°, PT  =  50°, 

SVA = +298 mm LL L1-S1 = 8°, TK = 28° and (T4-T10) Cobb = 45°. PI Class V with a theoretical LL of PI+2 = 78

Fig. 54.10 Post-surgical result with a SVA at 10.6 mm, 

LL at 55.8, PI-LL = −3°, TPA 12°

Fig. 54.12 Planning adapted to the age and to the comor-

bidities of the patient. SVA: 18 mm, PI-LL: 3°, PT: 22°, 

LL: 73° through a T3-Illiac screws fixation, asymmetrical 

L4 PSO (40° Grade IV according to Schwab) and multi-

ples PSO’s

 A. El Rahal et al.
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of the surgery. These ones have to be adapted to 

each patient and to each type of back, artificial 

intelligence should be in the future a help for the 

planning.

Correction depends on four main criteria’s:

 1. Schwab and Lafage criterias

 2. Roussouly’s morphotypes

 3. Theoretical lordosis (refer to PI classes) 

respecting the 2/3 rule of LL between L4-S1

 4. The age of the patient and comorbidities

Patient Specific Rod are really interesting for 

the pre-operative planning and the final results. 

The is no manual rod bending and so no intra oper-

ator or inter-operator variability. Mechanically 

the bending is smoother and less aggressive for 

the rod and it also permits to shorten the surgery 

at the end. A multicentric study is conducted at 

the moment and the first results will be available 

in 2019 [8, 14]. 
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Technical Execution of Correction 
Osteotomies (SPO, PSO, etc.)

Florian Ringel

55.1  Introduction

Spinal osteotomies are gaining increasing impor-

tance and utilization during recent years. Several 

factors contribute to this increase.

The demographic development of many west-

ern populations towards an increasing age is 

associated with an increased prevalence of adult 

spinal deformities most of which are de novo 

degenerative deformities. The reduction in qual-

ity of life and the benefits of surgical treatment in 

comparison to conservative treatment contribute 

to the increased numbers of corrective osteoto-

mies necessary. While degenerative deformities 

are certainly the number one indication for surgi-

cal corrections including osteotomies, deformi-

ties caused by other entities as ankylosing 

spondylitis, postinfectious or posttraumatic are 

increasingly treated with spinal osteotomies. 

Furthermore, the increase in utilization of oste-

otomies is supported by an increase in training 

and resulting comfort in the execution of these 

technical demanding procedures [4–7].

Additionally, the concept of sagittal balance 

and imbalance of the spine gained increasing 

attention in degenerative disorders of the spine 

[12, 13]. Increasing evidence for the relevance 

of this concept is accumulated leading to a fur-

ther utilization of corrective procedures of the  

spine [11].

This chapter aims to provide an overview on 

the classification of osteotomies for deformity 

correction, the planning, the potential gain in 

deformity correction with the different osteotomy 

techniques and the surgical execution.

At the end of this chapter the reader should be 

aware of the different types and the classification 

of correction osteotomies, the attainable extent of 

sagittal plane correction and the technical 

execution.

55.2  Case Description

A 77-year-old female patient presented with low 

back pain and neurogenic claudication since sev-

eral months. Two years earlier the patient under-

went posterior fusion of the segments L2–5 with 

posterior decompression of L3/4 and L4/5 as well 

as interbody fusion of the segments L3/4 and 4/5 

for a degenerative instability. The patient reported a 

remission of pain and pain-related immobility after 

initial surgery for about 1  year, until symptoms 

returned. Imaging revealed degeneration and a 

kyphotic deformity of the cranial adjacent segment, 

the spine was imbalanced in the sagittal plane with 

a sagittal vertical axis of 100 mm (Fig. 55.1).
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Due to the symptoms refractory to conserva-

tive therapy the patient consented for surgery.

The previous instrumentation was removed and 

posterior instrumentation above the previous 

fusion was implanted from T10 to L3 excluding 

L1. A pedicle subtraction osteotomy of L1 was 

performed to correct the deformity. Postoperative 

whole spine x-rays revealed a reduction of the sag-

ittal deformity to a sagittal vertical axis of 44 mm.

Lumbar lordosis was increased from 28° to 

44°, pelvic tilt reduced from 29° to 14° from pre-

operative to postoperative (Fig. 55.2).

55.3  Discussion

55.3.1  Classification of Osteotomies

Different techniques of osteotomies of the spine to 

achieve sagittal plane correction of varying extent 

have been described and classifications of these 

osteotomies are available and some popular tech-

niques carry the name of its inventor [1, 8].

According to the basic principle of resection 

and correction, osteotomies can be differentiated 

in opening wedge, closing wedge and opening 

closing wedge techniques. A typical example of an 

opening wedge osteotomy would be a Smith- 

Peterson osteotomy (SPO), where the inferior and 

superior facets are resected bilaterally combined 

with a partial laminectomy. By closure of the pos-

terior defect with the posterior body wall as the 

center of rotation an anterior wedge within the disc 

space is opened. The anterior spine is elongated 

while the posterior parts are shortened resulting in 

hyperlordosis of the segment. A typical closing 

wedge osteotomy is a pedicle subtraction osteot-

omy which includes resection of the posterior seg-

mental elements, bilateral pedicles and a wedge of 

the vertebral body with the tip of the wedge at the 

anterior border of the vertebral body and the base 

posteriorly. By closing of the wedge posteriorly 

the vertebral body is lordotically deformed.

In 2014 Schwab et al. published an anatomical 

classification of spinal osteotomies describing 6 

anatomic grades (Fig. 55.3) [15].

 – Grade 1 involves a partial facet joint resection 

i.e. the inferior facet and joint capsule. These 

osteotomies allow limited amount of correc-

tion of approximately 5–10° in the sagittal 

plane by a posterior only approach. They are 

named Smith-Peterson osteotomy when gen-

erating an anterior opening wedge, Chevron 

osteotomy or extension osteotomy. A mobile 

spinal segment is a prerequisite of these 

osteotomies.

 – Grade 2 involves a complete facet joint resec-

tion of a segment and the ligamentum flavum, 

potentially of further posterior elements as the 

Fig. 55.1 Preoperative MRI, CT of the lumbar spine and 

whole standing spine x-ray with parameters of sagittal 

balance. Imaging data show the previous instrumentation 

of the lumbar spine with fusion of the segments L2/3, 3/4 

and 4/5. The adjacent upper segment shows a kyphotic 

deformity resulting in sagittal imbalance of the spine

 F. Ringel
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lamina and spinous process as well. After the 

bony resection the posterior defect is closed 

using the posterior instrumentation. The cor-

rection requires a mobile segment unless a 

rigid segment is released at the disc space 

prior to posterior closure. A typical grade 2 

resection is the Ponte osteotomy.

 – Grade 3 involves a pedicle and partial body 

resection i.e. the typical grade 3 osteotomy 

would be a pedicle subtraction osteotomy and 

its variants. These osteotomies can be per-

formed posterior only, do not demand a mobile 

segment and  can be performed in a rigid 

deformity. The degree of correction of a pedi-

cle subtraction osteotomy is approximately 

25–30° of lordosis.

 – Grade 4 resection describes wider wedge 

resections including the superior vertebral 

body and cranial adjacent disc gaining 30–35° 

of correction.

 – Grade 5 and 6 describe complete single level 

or multi level vertebral column resections 

including the vertebral bodies and discs.

These types of osteotomies allow for differ-

ent extents of correction in the sagittal plane and 

can be modified in an asymmetrical fashion to 

allow for correction of coronal deformities as 

well [3, 14].

But prior to surgery a crucial step is the plan-

ning of required correction, the necessary oste-

otomies and the adequate level of osteotomies.

Fig. 55.2 Pre- and 

postoperative standing 

whole spine x-ray. Pre- 

and postoperative 

standing whole spine 

x-rays reveal a kyphotic 

deformity cranially to 

the previous 

instrumentation. 

Correction of the 

symptomatic deformity 

was performed by a L1 

pedicle subtraction 

osteotomy. Pre- and 

postoperative sagittal 

parameters are given in 

the images

55 Technical Execution of Correction Osteotomies (SPO, PSO, etc.)
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55.3.2  Planning of Osteotomies

Different methods of correction planning have 

been described. Pragmatic target values for 

deformity correction have been defined by 

Schwab et  al. as PI-LL ≤10°, PT <20°, SVA 

≤4 cm. Popular approaches to plan for correction 

are the technique of Berjano or the ´full balance 

integrated method` by Le Huec [2, 10]. 

Furthermore, computer systems to simulate oste-

otomies and the expectable degree of correction 

are available (Surgimap, Nemaris, USA). 

Planning of correction should respect the SVA or 

C7 translation angle, compensate for the pelvic 

tilt and the account for the femur obliquity angle 

as measured in standing whole spine images 

including the upper femurs. The focus of correc-

tion should be in the lower lumbar spine as lower 

levels demand less resection to achieve the same 

angle of correction as more cranial osteotomies. 

However, despite adequate planning the positive 

predictive value of correction calculation has 

been approximately 75% in one study and over- 

or undercorrection occurs [9].

55.3.3  Execution of Osteotomies

For a posterior osteotomy as the pedicle subtrac-

tion osteotomy of the case described above the 

patient is in a prone position. Care should be 

taken to place sufficient cushion support to push 

the spine towards the correction upon bony 

release or to allow to break the table at the rele-

vant level, thereby achieving correction after 

bony resection. A standard posterior approach to 

the relevant spinal levels is performed and the 

necessary posterior instrumentation is placed  – 

the levels necessary to include depend on the 

extent of deformity and are an issue of ongoing 

Grade 1 Grade 2 Grade 3

Grade 4 Grade 5 Grade 6

Fig. 55.3 Classification of spinal osteotomies according to Schwab et al.
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discussion but a pedicle subtraction osteotomy 

should be stabilized by at least pedicle screws in 

two levels above and below the PSO. After poste-

rior instrumentation a laminectomy of the respec-

tive level is performed including a partial 

laminectomy of the level above and below and 

resection of the flaval ligaments. The facet joints 

bilaterally superior and inferior to the level are 

resected, the pedicle is exposed. As a next step 

the pedicle is resected to the level of the posterior 

wall of the vertebral body. The lateral walls of the 

vertebral body are exposed. Next step is the 

resection of the posterior wall of the vertebral 

body as a base of the wedge. Now, either a wedge 

type resection or preferably in patients with poor 

bone quality compaction of bone is performed to 

the anterior wall of the vertebral body maintain-

ing the anterior cortical bone. The lateral walls of 

the wedge are resected. Finally the wedge is 

closed via the posterior instrumentation and 

breaking of the table or additional cushions under 

the patient.

55.3.4  Complications of Osteotomies

Though complication rates of 3 column correc-

tion osteotomies decreased during the recent 

decade the rate of adverse events is still high. A 

recent study described an overall complication 

rate of 39% within 2 years, including 30% revi-

sions [6]. Typical problems leading to revisions 

are hardware failure, pseudarthrosis, neurologi-

cal deficits and proximal junctional kyphosis. An 

excessive intraoperative blood loss is still an 

intraoperative problem in about 15% of patients, 

as well as new neurological deficits in 10%.

55.4  Conclusions and Take Home 
Message

Correction osteotomies of the spine can correct 

for sagittal and coronal deformities. The type of 

osteotomy needs to be tailored to the extent of 

correction necessary and planning tools are avail-

able. Depending on the type of osteotomy differ-

ent extents of correction can be achieved. The 

most common osteotomies as Smith Peterson or 

Ponte osteotomies gain 5–10° of correction while 

pedicle subtraction osteotomies allow for correc-

tions up to 25°. With the increasing use and expe-

rience with 3 column osteotomies complication 

rates are decreasing although they are still at a 

high level. Therefore, deformity correction by 

osteotomies should be reserved for patients with 

significant reductions in quality of life.
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56.1  Introduction

Lumbar degenerative scoliosis and anterior imbal-

ance represent common spinal deformities in the 

aging population. Surgical treatment might be 

considered if conservative treatment remains inef-

ficient on low back and leg pain and in progressive 

trunk imbalance. Adult spinal deformity asso-

ciated with imbalance has an impact on health-

related quality of life (QoL) [1, 2]. Correction of 

sagittal imbalance can be performed with surgi-

cal techniques such as Smith- Petersen or Ponte 

osteotomies in deformities where the intersomatic 

space remains mobile, whereas a pedicle sub-

traction osteotomy (PSO) is usually indicated in 

severe rigid deformities [3].

Although the surgical treatment of adult spinal 

deformity improves QoL, the incidence of mid- 

and long-term mechanical complication is 

reported between 30% and 40% [4, 5]. These 

rates increase if the spinal deformity and degen-

erative changes require instrumentation to the 

sacrum. Among failures related to instrumenta-

tions including the lumbosacral junction, distal 

screw loosening, pseudarthrosis and rod break-

age as well as proximal junctional kyphosis are 

the most common problems.

This case description will outline the manage-

ment of a degenerative lumbar scoliosis with 

anterior imbalance. The aim of the presented case 

is to emphasize specific aspects that should help 

the reader in surgical planning of a posterior cor-

rection strategy. The discussion will focus on the 

following technical aspects:

 – Posterior reduction techniques of scoliosis 

with instrumentation to the sacrum,

 – S1 pedicle screw placement and additional 

iliac instrumentation with regard to risk of dis-

tal implant loosening,

 – The need of a combined anterior and posterior 

fusion in pelvic instrumentation and the risk 

of pseudarthrosis,

 – Planning of sagittal lumbosacral alignment 

according to pelvic incidence.

56.2  Case Description

A 69-year old female was referred to our outpa-

tient clinic for a lumbar degenerative scoliosis. 

She was followed by a physical therapist over the 

last 10 years and she had been treated in a reha-

bilitation center twice within the last 4 years. A 

brace was initially indicated because of her spi-

nal deformity and for pain relief in standing posi-

tion. Her current oral pain medication comprised 

of paracetamol 4 g per day and tramadol 200 mg 

per day. Depending on her physical  activities, 
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the patient reported low back pain with a VAS 

score rated around 7/10. She also described a 

fatigue when standing with subjective anterior 

imbalance. Furthermore her walking distance 

had decreased over the last year and was esti-

mated around 200  m. An angiologist had ruled 

out the hypothesis of a vascular claudication. 

Furthermore the past medical history revealed a 

mild hypertension that was treated and her cardi-

ologist recently checked her ventricular function 

by echocardiography.

The clinical examination of her back and pos-

ture showed an imbalanced trunk with a left tho-

racolumbar rib hump of 2  cm. In the coronal 

plane a minor limb length discrepancy of 1 cm 

was measured with a slight pelvic tilt to the left. 

In the sagittal plane, a global anterior imbalance 

was partially compensated by retroversion of the 

pelvis and a flexion of the knees. Furthermore, 

the lumbar spine appeared stiff with Schober 

index of 10 + 1 cm. The neurologic exam revealed 

left leg pain and paresthesia along the L5 derma-

tome. There was no other peripheral sensory defi-

cit and the motor function was intact. Her patellar 

reflex and Achilles tendon reflex were both sym-

metrically diminished. An EMG confirmed a 

moderate bilateral L5 root denervation.

Posterior-anterior and lateral full spine radio-

graphs (Fig. 56.1) allowed a complete measure-

ment of the spinal deformity. In the coronal plane, 

the Cobb angle was 70° between T12 and L4 with 

an apex at L1-L2. In the sagittal plane, a global 

anterior imbalance was measured by a sagittal 

vertical axis (SVA) of C7 at 15 cm. There was a 

segmental kyphosis at L1-L2 of 28°. The thoracic 

kyphosis T4-T12 was 65° and the lumbar lordo-

sis L2-S1 was 55°. Spinopelvic parameters were: 

pelvic incidence 56°, sacral slope 23° and pelvic 

tilt 34°, which indicated the compensation for 

anterior imbalance by pelvic retroversion. Side 

bending films were further performed to assess 

curve flexibility (Fig.  56.2). The Cobb angle 

decreased from 70° to 48°, indicating a relatively 

stiff curve.

A CT scan was performed in order to analyze 

axial pedicle orientation and spontaneous bony 

fusion areas. An MRI of the entire spine ruled out 

spinal cord abnormalities and showed a central 

and lateral recess stenosis at L4-L5 (Fig. 56.3). 

Furthermore, a DEXA was carried out to assess 

bone mineral density. In the presence of spondy-

losis, the average lumbar T-score was −0.6, 

whereas the femoral neck T-score was −2.1, indi-

cating osteopenia.

After discussion with the patient, surgical 

treatment of her deformity and spinal stenosis 

was indicated under neuromonitoring control 

(SSEP and MEP). A posterior release was per-

formed first from T7-T8 to L5-S1  in order to 

render the deformity flexible for further correc-

tion. This release was completed by Ponte oste-

otomies at L1-L2, L2-L3 and L3-L4 for 

segmental kyphosis correction. Pedicle screws 

were placed from T6 to S1 using a free hand 

technique. On the left side curve convexity, 

monoaxial screws were placed at L1, L2 and L3 

a b

Fig. 56.1 Posterior-anterior (a) and lateral (b) full spine 

radiographs
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a b

Fig. 56.2 Left (a) and right (b) side bending radiographs

a b

Fig. 56.3 MRI with sagittal (a) and axial (b) views showing a multiple level intervertebral disc degeneration and ste-

nosis at L4-L5
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for further derotation maneuvers of the scoliosis 

apex. Both posterior iliac crests were then 

exposed and a 2 cm superficial layer bone resec-

tion enabled bone graft harvesting in addition to 

spinous processes and released facets. 

Furthermore, this area was used as an entry 

point for iliac screw placement. Deformity cor-

rection was then achieved over a cobalt-chro-

mium rod placed on the left side using several 

reduction techniques. The thoracic kyphosis and 

lumbar lordosis were pre-bent and the rod was 

inserted using multiple level persuaders. 

Derotation was then performed on monoaxial 

screw using specific levers, while in situ bend-

ing completed coronal curve and segmental 

L1-L2 kyphosis correction. The corrected spine 

was then locked in its final position and the con-

tralateral right rod was inserted. The L4-L5 ste-

nosis was then decompressed by a laminectomy, 

which allowed a TLIF fusion at L4-L5 and 

L5-S1. This intersomatic fusion was performed 

because of the remaining disc heights in order to 

prevent pseudarthrosis. The lumbar spine was 

additionally instrumented using 4 rods. At the 

levels L1-L2 and L3-L4, the discs opened up 

after Ponte osteotomies. The anterior interso-

matic gap was fused 3 weeks after the first sur-

gery using a minimal invasive left lateral 

approach and cage. The postoperative radio-

graphic measurements were: Cobb angle 23°, 

SVA 0 cm, thoracic kyphosis 50°, lumbar lordo-

sis 64°, pelvic incidence 58°, sacral slope 33° 

and pelvic tilt 18° (Fig. 56.4).

The patient followed a postoperative reha-

bilitation program in a specialized center dur-

ing 4  weeks. Her pain and walking distance 

have improved after surgery and her QoL has 

progressively increased over the first postoper-

ative year. An annual follow-up has been rec-

ommended, as mechanical alterations of the 

instrumented spine might occur at later stages. 

A CT at one-year follow- up evidenced fusion at 

each lumbar level. Sacral and iliac screw posi-

tioning is further demonstrated (Figs.  56.5, 

56.6, and 56.7).

56.3  Discussion of the Case

56.3.1  Correction Strategy

A variety of instrumentations exist, aimed to 

obtain a balanced spine in the coronal, axial and 

sagittal plane. Modern approaches using seg-

mental pedicle screw fixation act by direct ver-

tebral derotation, rod translation and 

approximation with persuader systems. In situ 

bending uses a rod that follows the shape of the 

scoliotic spine, which is then bent to correct the 

3D deformity sequentially [6]. Monoaxial 

screws are placed on most rotated vertebra on 

the side of the curve convexity, which is assed 

a b

Fig. 56.4 Postoperative posterior-anterior (a) and lateral 

(b) full spine radiographs showing the correction of the 

lumbar scoliosis and sagittal imbalance
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a b c

Fig. 56.5 Sagittal (a), anterior (b) and posterior (c) coronal CT reconstructions showing fusion and the principle of a 

4-rod construct with sacral and pelvic fixation

a b

Fig. 56.6 Sagittal (a) and axial (b) orientation of S1 screws with bicortical bone purchase at the promontorium
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on a preoperative CT or stereoradiography 

(EOS). This technique will allow derotating the 

lumbar apex using levers during sequential cor-

onal and sagittal correction maneuvers.

Furthermore, preoperative planning requires an 

evaluation of residual curve flexibility on side 

bending radiographs. The CT analysis will further 

help when evaluationg interbody fusion areas by 

osteophytes. This aspect is crucial to achieve an 

adequate sagittal balance. In non- fused segments, 

segmental lordosis and the amount of curve cor-

rection can be enhanced by Ponte osteotomies as 

shown in the present case. Severe rigid deformities 

would either require an anterior release first, fol-

lowed by posterior instrumentation, or an asym-

metric PSO with a single posterior approach [3].

56.3.2  Sacral and Pelvic 
Instrumentation

The surgical treatment of degenerative scolio-

sis usually requires sacral fixation since L5-S1 

disc degeneration and facet joint osteoarthritis 

is present in most patients. Distal screw loosen-

ing represents one major concern in long pos-

terior instruentation [4, 5]. Setting bicortical 

S1 screws into the promontorium following a 

convergent axis enhanced the screw purchase 

(Fig. 56.6). The additional use of a sacropelvic 

fixation reduces the risk of S1 screw loosening 

and might be recommended [7]. In vitro bio-

mechanical tests have demonstrated that ilium 

screws have the highest potential to protect the 

S1-anchorage [8]. Although iliac instrumen-

tation enhances the distal fixation, risk fac-

tors leading to iliac screw failure have been 

reported: osteoporosis, instrumentation to the 

proximal thoracic spine and insufficient correc-

tion of lumbar lordosis [9]. S2-alar screws rep-

resent an alternative to ilium screws. The entry 

point of S2-alar screws is caudal to the poste-

rior S1 foramen and their trajectory crosses the 

sacroiliac joint [10]. On long-term follow-up, a 

rigid pelvic fixation leads to fatigue of the lum-

bar instrumentation under cyclic loading (daily 

a b

Fig. 56.7 Right (a) and left (b) iliac screws on axial CT reconstructions
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activities, walking, recurrent anterior imbal-

ance) which increases the risk of pseudarthrosis 

and rod fractures [11].

56.3.3  Anterior Column Support

It appears that posterolateral fusion might not 

be sufficient when instrumenting the thoraco-

lumbar spine including the sacrum and pelvis. 

Therefore, an anterior column support and 

fusion might be recommended to avoid pseud-

arthrosis and subsequent revision surgery. The 

lumbosacral junction might be fused by ante-

rior approach (ALIF), which has the advantage 

of large cage surface and resistance under axial 

compression. In the present case, a posterior 

TLIF fusion was performed because of the con-

comitant L4-L5 stenosis that required decom-

pression. In this setting, a large TLIF cage is 

placed anteriorly and the remaining interso-

matic space posterior to the cage is filled with 

autologous bone graft to promote fusion.

Furthermore, the segmental kyphosis cor-

rection by posterior Ponte osteotomies will 

induce an anterior opening of mobile discs. It 

is mandatory to stabilize these segments by 

anterior grafting in order to prevent for loss of 

correction and pseudarthrosis. In the present 

case, mini-open left sided lumbotomy allowed 

the discectomy and lateral prepsoatic cage 

implantation at the osteotomy levels L1-L2 and 

L3-L4.

56.3.4  Sagittal Alignment Planning

It is crucial to take the patient specific sagittal 

alignment type into account when planning a 

posterior deformity correction. Roussouly has 

classified sagittal spinopelvic alignment types 

into 4 categories depending on the amount of 

pelvic incidence [12]. Type 1 has a small pelvic 

incidence and sacral slope; the lumbar lordosis 

has a short caudal arch with an apex at L5. Type 

2 has a small pelvic incidence and sacral slope 

too, but the lordosis apex is higher at the basis of 

L4. Type 3 has an intermediate pelvic incidence 

and sacral slope; lumbar lordosis is more promi-

nent with an apex at the center of L4. Type 4 has 

a high pelvic incidence and sacral slope with a 

large lordosis and an apex at the basis of L3. 

Failure of restoring the lumbar lordosis apex 

according to pelvic incidence was found highly 

predictive for proximal junctional kyphosis 

[13]. In practice, the theoretical apex of lumbar 

lordosis should not be higher than L4 if the pel-

vic incidence is <55°. Only patients with a pel-

vic incidence >55° should be planned with an 

apex at the L3-L4 disc or L3. In a similar fash-

ion, the global alignment proportion (GAP) 

score takes into account lordosis distribution, 

relative lumbar lordosis and global tilt accord-

ing to pelvic incidence, relative pelvic version 

and age. In patients where sagittal alignment 

was not restored according to these propor-

tioned indices, the mechanical failure rate 

increased significantly [14]. In the present case, 

the sagittal imbalance was corrected by apical 

derotation and Ponte osteotomies in the cranial 

lumbar spine and lordosis increase in the upper 

arch. Thus a balanced alignment was achieved 

according to Roussouly type 3 with a sagittal 

apex at L4.

56.4  Conclusions and Take Home 
Message

Degenerative scoliosis correction requires an 

adequate planning of deformity correction in 

all 3 planes. The restoration of sagittal align-

ment should be proportioned according to pel-

vic incidence, global alignment and the 

patient’s age. Pelvic instrumentation enhanced 

the distal fixation of instrumentation and 

avoids sacral screw loosening. It should be 

kept in mind that the risk of pseudarthrosis and 

fatigue rod fractures increases with pelvic 

instrumentation. A circumferential fusion of 

the lumbosacral spine might therefore be 

recommended.

56 Instrumentation Techniques Including Sacral and Pelvic Fixation



472

References

 1. Smith JS, Klineberg E, Schwab F, Shaffrey CI, 

Moal B, Ames CP, Hostin R, Fu KM, Burton D, 

Akbarnia B, Gupta M, Hart R, Bess S, Lafage V, 

International Spine Study Group. Change in classifi-

cation grade by the SRS-Schwab adult spinal defor-

mity classification predicts impact on health-related 

quality of life measures. Spine (Phila Pa 1976). 

2013;38(19):1663–71.

 2. Schwab F, Blondel B, Bess S, Hostin R, Shaffrey CI, 

Smith JS, Boachie-Adjei O, Burton DC, Akbarnia 

BA, Mundis GM, Ames CP, Kebaish K, Hart RA, 

Farcy JP, Lafage V, International Spine Study Group. 

Radiographical spinopelvic parameters and disability 

in the setting of adult spinal deformity. A prospec-

tive multicenter analysis. Spine (Phila Pa 1976). 

2013;38(13):E803–12.

 3. Enercan M, Ozturk C, Kahraman S, Sarier M, 

Hamzaoglu A, Alanay A.  Osteotomies/spinal col-

umn resections in adult deformity. Eur Spine J. 

2013;22(Suppl 2):S254–64.

 4. Kelly MP, Lenke LG, Bridwell KH, Agarwal R, 

Godzik J, Koester L.  Fate of the adult revision spi-

nal deformity patient: a single institution experience. 

Spine (Phila Pa 1976). 2013;38(19):E1196–200.

 5. Zhu F, Bao H, Liu Z, Bentley M, Zhu Z, Ding Y, 

Qiu Y.  Unanticipated revision surgery in adult spi-

nal deformity: an experience with 815 cases at one 

institution. Spine (Phila Pa 1976). (2014);39(26 Spec 

No):B36–44.

 6. Steib JP, Dumas R, Mitton D, Skalli W. Surgical cor-

rection of scoliosis by in situ contouring: a detorsion 

analysis. Spine. 2004;29(2):193–9.

 7. Finger T, Bayerl S, Onken J, Czabanka M, Woitzik J, 

Vajkoczy P. Sacropelvic fixation versus fusion to the 

sacrum for spondylodesis in multilevel degenerative 

spine disease. Eur Spine J. 2014;23(5):1013–20.

 8. Volkheimer D, Reichel H, Wilke HJ, Lattig F. Is pelvic 

fixation the only option to provide additional stability 

to the sacral anchorage in long lumbar instrumenta-

tion? A comparative biomechanical study of new tech-

niques. Clin Biomech (Bristol, Avon). 2017;43:34–9.

 9. Banno T, Hasegawa T, Yamato Y, Kobayashi S, 

Togawa D, Oe S, Mihara Y, Matsuyama Y. The preva-

lence and risk factors of iliac screw loosening after 

adult spinal deformity surgery. Spine (Phila Pa 1976). 

2017;42(17):E1024–30.

 10. Koller H, Zenner J, Hempfing A, Ferraris L, Meier 

O.  Reinforcement of lumbosacral instrumentation 

using S1-pedicle screws combined with S2-alar 

screws. Oper Orthop Traumatol. 2013;25(3):294–314.

 11. Charles YP, Khelifi A, Schaeffer SJP. Pseudarthrosis 

in scoliosis instrumented to the sacrum and the pelvis. 

Eur Spine J. 2017;26(11):3015.

 12. Roussouly P, Gollogly S, Berthonnaud E, Dimnet 

J.  Classification of the normal variation in the sag-

ittal alignment of the human lumbar spine and pel-

vis in the standing position. Spine (Phila Pa 1976). 

2005;30(3):346–53.

 13. Sebaaly A, Riouallon G, Obeid I, Grobost P, Rizkallah 

M, Laouissat F, Charles YP, Roussouly P. Proximal 

junctional kyphosis in adult scoliosis: comparison 

of four radiological predictor models. Eur Spine J. 

2018;27(3):613–21.

 14. Yilgor C, Sogunmez N, Boissiere L, Yavuz Y, Obeid 

I, Kleinstück F, FJS P-G, Acaroglu E, Haddad S, 

Mannion AF, Pellise F, Alanay A, European Spine 

Study Group (ESSG). Global alignment and pro-

portion (GAP) score: development and validation 

of a new method of analyzing spinopelvic align-

ment to predict mechanical complications after adult 

spinal deformity surgery. J Bone Joint Surg Am. 

2017;99(19):1661–72.

Pearls

 – Sagittal alignment correction requires 

an analysis of pelvic incidence and theo-

retical lordosis distribution, including 

the patient’s age, global alignment and 

compensation mechanisms of anterior 

imbalance.

 – Sacral and iliac instrumentation pro-

vides a solid distal construct and should 

be considered in lumbar degenerative 

scoliosis.

 – An anterior and posterior fusion might 

be recommended in iliac instrumenta-

tion to avoid pseudarthrosis and long- 

term mechanical complications.
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57.1  Introduction

Treatment strategies for degenerative lumbar sco-

liosis (DLS) range from simple decompression of 

neural structures or decompression with limited 

fusion to invasive curve correction manoeuvres 

with extended fusion procedures [14]. In general, 

the literature demonstrates that the surgical treat-

ment of DLS patients seems to be superior to 

conservative care. Nevertheless, a high rate of 

complications based on some neurological and 

predominately mechanical failures has been 

reported [4, 13, 15].

The scoliotic curve progresses in the fifth 

decade of life with a life time prevalence between 

8% and 13%. Thus, the prevalence of DLS 

increases with age and patients in the sixth decade 

of life are predominantly affected [3, 5, 7, 8, 16, 

17]. Therefore, the comorbidities of DLS patients 

associated with increased age aggravate the surgi-

cal treatment with higher complication rates, 

especially in case of extensive correction 

manoeuvres.

Approximately two-thirds of the patients suf-

fer from an isolated and segmental coronal defor-

mity, so that in many cases decompression with 

accompanied instrumented fusion seems to be 

sufficient. In case of additional sagittal defor-

mity, the selection of the “appropriate” treatment 

strategy remains difficult. The majority of DLS 

patients additionally demonstrate segmental 

kyphosis resulting in moderate or severe sagittal 

imbalance [5, 8, 16].

Consequently, a classification system of 

degenerative disc disease based on the distribu-

tion of the degenerated symptomatic segments 

with regard to distinct areas of the main coronal 

curve (apical and end area) and the balance status 

of the spine has been generated to guide the treat-

ment of DLS patients [2]. The apical area of the 

degenerative scoliotic curve was defined as the 

apex of the main curve, a vertebra or a disc level 

and the end area is proposed as the non-apical 

area adjacent to the end vertebra of the main lum-

bar degenerative curve. Correspondingly, four 

types of degenerative disease in adults with lum-

bar or thoracolumbar deformity were generated.

This chapter will capture the essentials of 

degenerative lumbar scoliosis, the clinical pre-

sentation, indications and surgical approaches, 

but will focus on more complex lesions with sag-

ittal imbalance. Additionally, the clinical out-

come as well as the potential complications are 

discussed. Pitfalls are outlined at the end of this 

chapter.

The presented case will detail the following 

problems:

S. Hartmann (*) · A. Tschugg · C. Thomé 

Department of Neurosurgery, Medical University 

Innsbruck, Innsbruck, Austria

e-mail: sebastian.hartmann@i-med.ac.at

57

http://crossmark.crossref.org/dialog/?doi=10.1007/978-3-319-98875-7_57&domain=pdf
mailto:sebastian.hartmann@i-med.ac.at


474

 – Degenerative adult scoliosis with additional 

sagittal imbalance

 – preoperative planning

 – choice of approach

 – complications

57.2  Case Description

This 59  year-old woman presented with severe 

axial low back pain (American Society of 

Anesthesiologists score 1 (ASA), visual analog 

scale (VAS) of 8/10, Oswestry disability index 

(ODI) of 42), but without neurological deficits. 

The patient suffered from neurogenic claudica-

tion with a walking distance of less than 100 

meters. Preoperative imaging based on long- 

standing lateral and anteroposterior x-rays 

(Fig.  57.1), magnetic resonance imaging (MRI) 

(Fig.  57.2) and a high-resolution computed 

tomography (CT) (Fig.  57.3) showed severe 

degenerative lumbar scoliosis with a Cobb angle 

of approximately 33° and an autofused kyphosco-

liotic spine from L1-L4 with a mobile collapsed 

segment L4/L5 and additional autofusion at L5/

S1. MRI confirmed relative spinal canal stenosis 

at L4/L5 (Fig.  57.2). The apex of the scoliotic 

curve was located at the segment L2/L3 with the 

end vertebra L1 and L4, respectively (Fig. 57.3).

Severe sagittal imbalance with a pelvic inci-

dence (PI) of 47°, a lumbar lordosis of 18° (LL), 

a SVA of 105 mm, a pelvic tilt (PT) of 42°, a T1 

Fig. 57.1 Preoperative 

long-standing lateral and 

anteroposterior x-rays. 

Preoperative coronal and 

sagittal x-ray with a 

degenerative sagittal and 

coronal malalignment. 

Measurement of coronal 

Cobb angle revealed a 

degenerative lumbar 

scoliosis of 33°. Sagittal 

imbalance was defined 

as a decreased lumbar 

lordosis (LL) of 18°, a 

SVA of 105 mm, a 

pelvic tilt (PT) of 42°, a 

T1 pelvic angle (TPA) 

of 40° and a rigid 

lumbar kyphosis of 18°
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pelvic angle (TPA) of 40° and a rigid lumbar 

kyphosis of 18° was measured.

Surgery was performed with continuous intra-

operative neuromonitoring via a dorsal approach 

to correct the coronal and sagittal deformity with 

a T12-S1 spondylodesis, asymmetric pedicle sub-

traction osteotomy plus (aPSOplus) of L3, a 

Smith Peterson osteotomy with TLIF cage 

implantation at L4/L5 according to the criteria of 

Schwab et al. [11]. The aPSOplus was chosen at 

the L3 vertebra with resection of the remaining 

L2/L3 disc to correct the apical area coronally and 

sagittally according to the classification system of 

Berjano and Lamartina (Type IVb, a severely cor-

onally and sagittally imbalanced spine)  [2].

Surgery was uneventful except for an acciden-

tal dural tear and the patient was discharged two 

weeks after surgery. No brace was applied. 

Postoperatively, the LL improved to 40°, PT to 

19°, SVA to 60 mm, TPA to 22° and the coronal 

Cobb angle to 8°. At follow-up, VAS had 

improved from 8 to 3, ODI from 42 to 24 and the 

walking distance lengthened to 2000  m 

(Fig. 57.4).

Fig. 57.2 Preoperative CT.  Sagittal and coronal CT 

revealed a kyphoscoliotic fused malalignment at the levels 

L1-L4 and a severe degeneration of the segments Th12/L1 

and L4/L5 with intervertebral vacuum phenomena. The 

apex of the scoliotic curve was located at the segment L2/

L3 with the end vertebra L1 and L4, respectively

57 Degenerative Lumbar Scoliosis
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57.3  Discussion of the Case

Pain, disability and functional impairment rep-

resent the major symptoms prompting surgery 

in adult degenerative scoliosis. These com-

plaints are a result of progressive (multi-)seg-

mental degeneration leading to coronal and 

sagittal deformity with instability. In case of 

decreased lumbar lordosis and a compensatory 

reduction of thoracic kyphosis, a conventional 

decompression procedure may often not be 

appropriate. A classification system based on 

the distribution of the symptomatic segments 

and the spinal alignment was popularized by 

Berjano and Lamartina [2]. The apical area of 

the patients’ degenerative scoliotic curve is 

described as the apex of the main curve, a verte-

bra or a disc level (in the presented case the ver-

tebra L3). The end area is defined as the 

non-apical area adjacent to the end vertebrae of 

the main lumbar degenerative curve (in the case 

presented the vertebrae L1 and L4 cranially and 

caudally, respectively) [2]. Type I of that classi-

fication system represents a limited non-apical 

segment disease, so that the coronal deformity 

does not affect the symptomatic segment. In 

type II deformities, the symptomatic segment 

characterizes the limited apical segment. Type I 

and II might be treated by conventional decom-

pression procedures with or without selective 

transpedicular instrumentation of the symptom-

atic segment [2]. Type III describes an extended 

segmental disease with apical and non-apical 

Fig. 57.3 Preoperative MRI.  MRI confirmed a relative 

spinal canal stenosis at the level L4/L5 with effusion in 

the mobile joints. The clinical picture was dominated by 

low back pain and L5 radiculopathy in combination with 

spinal claudication
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symptomatic segments all along the coronal 

deformity. Instrumented fusion may be extended 

to include the main coronal deformity and in 

some cases the lumbosacral junction. Type IV is 

a sagittally imbalanced spine with (b) or without 

(a) coronal imbalance requiring an extended 

3-dimensional correction procedure. According 

to that classification system, the case presented 

is defined as type IVb, a severe coronally and 

sagittally imbalanced spine with the apical area 

at the vertebra L3 and the non-apical symptom-

atic segments both caudally (L4/5; Fig.  57.3) 

and cranially (Th12/L1; Fig.  57.2) [2]. Even 

though the apex of the curve was located at the 

level L2/L3, no severe compression of neural 

structures was observed. Consequently, a nor-

mal decompression procedure to address the 

spinal canal stenosis at the symptomatic level 

L4/L5 would potentially have relieved the neu-

rogenic claudication, but would most likely 

have led to further instability in the affected seg-

ments and thus an increment of axial symptoms. 

According to the literature, the major predictor 

of clinical outcome, complications and revision 

rates is sufficient improvement of sagittal 

malalignment, so that in the case presented an 

invasive operative procedure to restore the sagit-

tal and coronal balance was chosen [9–11]. 

Spondylodesis was performed from Th12 to S1, 

so that the instrumented fusion encompasses the 

whole deformity including the end vertebras 

and not only a fusion from the sacrum to the 

apex of the curve [14].

As the functional outcome and the pain inten-

sity demonstrated, the patient obviously did 

well after surgery despite of a reported compli-

cation rates in full curve fusions of approxi-

mately 50% [14] and in spite of a residual SVA 

of 60 mm. An accidental dural tear represents a 

common intraoperative complication, which 

was adequately addressed by a dural suture in 

the presented case and not associated with nega-

tive sequelae. In general, DLS interventions 

have a high rate of early complications, which 

mainly encompass wound healing defects, 

radicular deficits or paresis, and screw loosen-

ing. Many of these complications require revi-

sion surgery. Applying solely a transforaminal 

lumbar interbody fusion technique was particu-

larly associated with increased early complica-

tions [12], hence two-year follow- up of the 

patient presented did not show any of these 

complications. Adjacent segment disease and 

proximal junctional kyphosis are late complica-

tions and occur in over 30% of the patients [12]. 

Additionally, anticoagulation or cardiac comor-

bidities were identified as possible predisposing 

risk factors in patients treated with fusion proce-

dures [12]. Due to the high complication poten-

Fig. 57.4 Postoperative long-standing lateral and antero-

posterior x-rays. Postoperative coronal and sagittal long- 

standing x-ray scans after an asymmetric pedicle 

subtraction osteotomy of L3 with resection of the adjacent 

disc (aPSOplus) and Smith-Peterson osteotomy (SPO) 

with TLIF L4/L5 and instrumented fusion of Th12-S1. 

Lumbar lordosis improved to 40°, PT to 19°, SVA to 

60 mm, TPA to 22° and the coronal Cobb angle to 8°
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tial, the indication of surgery must be evaluated 

critically [6]. Nevertheless, functional outcome 

of surgery for DLS patients has been shown to 

be superior to conservative management [13], 

even in case of peri- or postoperative complica-

tions [1].

57.4  Accordance 
with the Literature 
Guidelines

Definitive guidelines to treat patients with DLS 

might be derived from the literature according to 

classification systems with proposed surgical 

strategies, but in the end, the management 

remains an individual patient to patient 

decision.

Level of evidence: B to C

The level of evidence available is poor to moder-

ate and mostly represented by retrospective 

studies.

57.5  Conclusion and Take Home 
Message

The quality of life is significantly affected by 

DLS, so that this disease represents a common 

indication for instrumented spinal surgery. 

Invasive surgical options are often preferred over 

conservative care mostly based on the argument 

to ultimately prevent curve progressions. A wide 

variety of surgical options, ranging from simple 

decompressions to multisegmental instrumenta-

tions with 3D corrections are available. Due to 

the high prevalence of DLS in the elderly, com-

plication and reoperation rates are high and indi-

cations should be carefully weighted. Which 

patient should be treated with which operative 

procedure is currently unclear and remains a sub-

ject of ongoing research. The mentioned classifi-

cation system represents a valuable tool to choose 

the type of approach and the magnitude/length of 

the operation.
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Long Versus Short Constructs

Sebastian Hartmann, Anja Tschugg, 

and Claudius Thomé

58.1  Introduction

Degenerative lumbar scoliosis (DLS) is associ-

ated with the focal development of coronal defor-

mity due to degenerative changes in the mid 

portion of the lumbar spine. These degenerative 

changes are multifactorial and range from inter-

vertebral disc degeneration and facet joint degen-

eration to changes in canal as well as pedicle 

morphology [11, 13]. The scoliotic curve typi-

cally progresses in the fifth decade of life with a 

life time prevalence of approximately 10% 

increasing with age. Especially older patients 

suffer from long curves with coronal deformity 

as well as abnormalities of sagittal spinopelvic 

parameters. Treatment strategies according to the 

approach (anterior, posterior, combined) as well 

as clear and formalized recommendations of 

short or long instrumentation techniques are 

lacking. Although single-level decompression 

procedures might be feasible in patients with pre-

dominantly claudicative symptoms, many 

patients develop multisegmental disease with 

long sagittally and coronally decompensated 

curves, so that simple decompression procedures 

may be expanded to “heavy metal” solutions. It is 

currently unclear, whether long fusion techniques 

with anterior, posterior or combined techniques 

are superior to short fusions. Due the associated 

complication rate, however, short fusion tech-

niques might be favoured over long constructs, 

especially in older patients with comorbidities 

and an increased perioperative risk [8, 10]. 

Additionally, there is still an on-going discussion 

based on the distal fusion level for degenerative 

lumbar scoliosis. The question remains, whether 

the segment L5/S1 should be included in the con-

struct or not, especially in the absence of disc 

degeneration at that level [3, 6]. This chapter will 

capture the treatment of degenerative lumbar sco-

liosis based on using short or long fusion con-

structs. Additionally, clinical outcome as well as 

potential complications associated with these two 

treatment strategies are discussed. Pitfalls are 

outlined at the end of the chapter.

This case will detail the following problems:

 – Degenerative adult scoliosis

 – Long fusion construct

 – Treatment of the level L5/S1

 – Complications

58.2  Case Description

This 49  year-old woman presented with severe 

axial low back pain and diffuse pain in the lower 

extremities but without neurological deficits. The 
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patient has been suffering from these symptoms for 

several years without any substantial improvement 

in her discomfort by conservative therapy (includ-

ing pain management and physiotherapy). In addi-

tion, she reported a significant deterioration in 

recent months. Preoperative long-standing lateral 

and anteroposterior x-rays revealed a degenerative 

lumbar scoliosis with the apex at the L3/L4 motion 

segment and rotatory subluxation. The upper and 

lower end vertebrae were defined as Th11 and L4, 

respectively (Fig. 58.1). The Cobb angle of this left 

convex curve was measured at approximately 30° 

(Fig.  58.1). Additionally, a compensatory curve 

was observed at the upper thoracic spine without 

any pain or discomfort at these levels. Magnetic 

resonance imaging (MRI) demonstrated a lateral 

and central spinal canal stenosis at the levels L4/L5 

and L3/L4 (apex) (Fig.  58.2). The level L3/L4 

revealed a collapsed neuroforamen on the right site 

as a result of the left convex degenerative curve 

with diffuse sensory abnormalities but not well- 

defined in the L3 dermatome. Furthermore, signs 

of severe on-going degeneration with disc collapse, 

rotatory subluxation and consecutive changes at 

the endplates were observed at this segment on 

computed tomography (CT) (Fig. 58.3).

Fig. 58.1 Preoperative long-standing lateral and antero-

posterior x-rays. Preoperative sagittal x-ray demonstrated 

no signs of severe sagittal dysbalance except a hyperky-

photic thoracic spine with a compensatory right-sided 

convex thoracic scoliosis. The coronal x-ray revealed a 

degenerative lumbar scoliosis (Cobb angle of approxi-

mately 30°) with the apex of the scoliosis at the L3/L4 

motion segment and the upper and lower end vertebrae at 

Th11 and L4
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Fig. 58.2 Preoperative MRI.  Sagittal and axial MRI at 

the level L4/L5 demonstrated a left-sided lateral recess 

stenosis. The apex of the lumbar scoliosis, the segment 

L3/L4, appeared to be collapsed and showed a relative 

central and lateral spinal canal stenosis

Fig. 58.3 Preoperative CT. Disc collapse and consecutive changes at the endplates of the motion segment L3/L4 with 

a consecutive spinal canal stenosis with rotatory subluxation were observed
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Surgery was performed in a 2-step fashion 

via an anterolateral approach followed by a dor-

sal pedicle screw instrumentation combined 

with transforaminal lumbar interbody fusions 

(TLIF) and Smith-Peterson osteotomies (SPO). 

First, we started with a right-sided extreme lat-

eral interbody fusion (XLIF) at the segment L3/

L4 with intraoperative neuromonitoring to pro-

tect the lumbar plexus within the psoas muscle. 

In the same anesthesia, we repositioned the 

patient in a prone position and performed a dor-

sal pedicle screw instrumentation from T11 to 

S1 with a TLIF cage implantation at the seg-

ments L4/L5 and L5/S1 and additional SPOs 

combined with a derotation procedure with spe-

cialized screws was performed. Additional 

decompression was carried out at the segment 

L3/L4 and at the segments with TLIF cage 

implantation (L4/5 and L5/S1).

Surgery was uneventful and postoperative CT 

revealed sufficient decompression and appropri-

ate screw and cage placement (Fig. 58.4).

In the postoperative course, no external immo-

bilization was necessary and the patient was sent 

to inpatient physiotherapy on the first day postop-

eratively. The patient was discharged after 9 days. 

Routine clinical and radiological follow-up after 

3 and 12 months postoperatively showed no signs 

of implant-related complications, adjacent seg-

ment diseases or proximal junctional kyphosis 

(Fig. 58.5). A sufficient coronal realignment was 

observed, except for a hyperkyphotic upper tho-

racic spine. Nevertheless, the patient described 

residual low back pain without lower extremity 

Fig. 58.4 Postoperative CT.  The sagittal CT demon-

strated adequate screw and cage placement at the levels 

L3/L4 (XLIF cage) and L4-S1 (TLIF cages). Compared to 

the preoperative x-rays, an appropriate correction of the 

coronal alignment was observed with a postoperative 

Cobb angle of approximately 5°

 S. Hartmann et al.



485

symptoms. She reported a walking distance with-

out claudicative symptoms of more than 4000 

metres, so that she was satisfied with her 

outcome.

58.3  Discussion of the Case

The treatment of DLS patients remains challeng-

ing and a bundle of common complications are 

described. The literature provides evidence that 

longer constructs are associated with an increased 

potential of complications, especially in high- 

risk and elderly patients [6, 10]. These complica-

tions range from neurological deterioration, 

infections, wound problems to the basket of 

implant-related complications. In contrast, short 

fusions may be associated with a progression of 

deformity and thus a worsening outcome over 

time. Overall, surgery appears to be effective 

despite the high rate of complications and revi-

sion procedures [14]. Degenerative scoliotic spi-

nal deformities demonstrate a mean annual 

curvature progression in the coronal plain below 

4°. The progression does not translate linearly, so 

that the prognosis cannot be reliably estimated. 

Due to the fact, that these deformities are devel-

oping spontaneously and are still progressing 

over time, the choice of proximal and distal 

fusion levels is still debated.

Short fusion approaches are often defined as 

instrumented fusions within the coronal defor-

mity. In most cases the end vertebra is not 

included in the instrumentation. In contrast, long 

fusions are often characterized as procedures 

including the proximal and the distal end verte-

brae or extending beyond them. Additionally, the 

question rises whether to stop distally at L5 or to 

extent the fusion to the sacrum (or even the 

ilium). Increased non-fusion rates may be associ-

ated with a higher patient age, postoperative 

infections, patients treated with PSO and fusions 

to the sacrum. In a comparative series of patients 

treated for adult deformities, Edwards et  al. 

reported a pseudarthrosis rate at the level L5/S1 

of over 40% in case of inclusion of the sacrum. 

Contrastingly, the group observed major compli-

cations in approximately 22% for fusions to the 

vertebral body L5 with including the sacropelvic 

region [7]. Charosky et al. observed a reoperation 

risk of 48% at 4 years for fusions to the sacrum in 

patients with adult degenerative scoliosis. In gen-

eral, the prevalence of mechanical complications 

was reported at 24% and 58 patients of them 

needed revision surgery (19%) [5]. Accordingly, 

significant risk factors for mechanical or neuro-

logical complications were identified: number 

instrumented vertebrae, fusion to the sacrum, 

patients treated with PSO and an increased pre-

operative pelvic tilt [5].

Fig. 58.5 Postoperative long-standing lateral and antero-

posterior x-rays. No severe sagittal malalignment and a 

satisfactory coronal alignment with a remaining Cobb 

angle of approximately 5° were observed after 12 months. 

No signs of implant-related complications were noted. 

Compared to the preoperative lateral x-ray, a postopera-

tive hyperkyphotic alignment of the upper thoracic spine 

without signs of proximal junctional kyphosis were noted

58 Long Versus Short Constructs
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Published classification systems aim to sum-

marize the etiological aspects, describe the 

severity or deal with the cause of the deformity. 

However, no definitive planning based on the 

individual patient is possible and above all, the 

length of the instrumentation is difficult to esti-

mate. Based on the distribution of the symptom-

atic segments and the spinal alignment, a 

classification system has been evaluated by 

Berjano and Lamartina [2]. According to these 

authors, the presented case is defined as type III, 

segmental degeneration affecting both the apical 

and the end area of the curve, whereas the pre-

sented spine is still balanced. In our case, the 

patient showed a rotatory subluxation and the 

apex at the segment L3/L4 with additional non-

apical degeneration at L4/L5 with relative spinal 

canal stenosis. In preoperative planning, we 

were confronted with the question of the distal 

extent of the fusion, namely the L5 vertebra or 

the sacrum. With an intended long instrumenta-

tion (to T11), the subsequent degeneration of L5/

S1 when stopping at L5 represents a frequent 

problem and may impact the whole sagittal 

alignment of the spine, so that the construct was 

extended to the sacrum [3]. In case of progres-

sive degeneration of the L5/S1 segment after 

stopping a long fusion at L5, circumferential 

approaches are often necessary as a revision sur-

gery to prevent pseudarthrosis which might 

increase the complication rate. One might argue, 

that fixation to L5 is feasible in short constructs, 

but in case of long constructs, the short and can-

cellous L5 pedicles might not offer sufficient 

fixation points for these long lever arms, espe-

cially as the lower end of the instrumentation. As 

a rule of thumb, a long fusion stopping at L5 

may lead to screw loosening in L5 affecting the 

whole sagittal spinal balance and may lead to 

subsequent degeneration at L5/S1. Additionally, 

some authors describe, that a “deep-seated” L5 

(pedicles of the L5 vertebra below the inter-

crestal line) might protect the L5/S1 segment, 

whereas in this special case, we were faced with 

a “non-deep seated” L5 vertebra [3]. The authors 

usually extend the instrumentation to the sacrum, 

if the thoracic spine is reached cranially. In these 

cases, an intervertebral fusion is always per-

formed at L5/S1 and the threshold is low to 

strengthen the lower fixation by iliac screws, 

particularly in reduced bone quality. S1 screw 

purchase was sufficient in this case, so that no 

iliac fixation was performed, which is only done 

in a minority of patients.

Apical XLIF procedures combined with dorsal 

pedicle screw instrumentation represent an ade-

quate correction technique in DLS patients. In 

these procedures, a bilateral annulus release with 

the implantation of a large cage provides a potent 

correction manoeuvre of coronally collapsed disc 

spaces [1, 12]. A pseudarthrosis rate of approxi-

mately 10% has been reported with the use of the 

XLIF technique and common complications are 

represented by lateral incisional hernias or wound 

infections, rupture of the anterior longitudinal lig-

ament with cage dislocation or cage back-out in 

case of subtotal contralateral annulotomy [4]. 

Additionally, XLIF procedures tend to have higher 

rates of neurological deterioration due to the close 

relationship to the lumbar plexus. Nevertheless, 

XLIF procedures represent a less invasive tech-

nique to correct coronal deformities and wound 

complications were observed less frequently than 

in TLIF procedures. In combination with a spinal 

canal stenosis, however, an additional dorsal pro-

cedure to decompress neural structures associated 

with instrumented fusion may be required.

The fusion in this case was extended to the 

lower thoracic spine (T11) in an attempt to prevent 

proximal junctional kyphosis (PJK). There still is 

an ongoing debate whether stopping at L1 is fea-

sible or stopping at T12 or T11 may be appropri-

ate. Some authors argue that the instrumentation 

has to be extended to T10, since the stabilizing 

effect of the rib cage is not present below, while 

others recommend to go as high as the upper tho-

racic spine. Competence of thoracolumbar para-

vertebral muscles also seems to play a role.

Although the upper instrumented vertebra 

(UIV) at the thoracolumbar junction (TLJ) is 

more common to develop PJK, we did not observe 

sagittal malalignment at the adjacent vertebrae T9 

or T10 one year after surgery [15]. Our patient 

was rather young without osteoporosis and a nor-
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mal sagittal vertical axis, which all  represent risk 

factors for PJK [9]. The detected postoperative 

hyperkyphotic alignment at the upper thoracic 

spine was most likely caused by the derotation 

procedure of the lumbar spine. In the postopera-

tive radiographs we could thus observe a slight 

delordotic alignment of approximately minus 13° 

compared to the preoperative x-ray (Figs.  58.1 

and 58.5). Consequently, the patient responded to 

the iatrogenic delordosation (approximately 13°) 

with a compensatory thoracic hyperkyphosis that 

matched her spinopelvic parameters postopera-

tively. The sagittal vertical axis postoperatively 

was thus within the normal range.

Although long fusions are nowadays com-

monly applied particularly in osteoporotic (and 

thus elderly) patients, it has to be kept in mind 

that they show more pulmonary complications 

(p < 0.05), increased blood loss and longer opera-

tive times (p  >  0.05) plus an extended hospital 

stay (p > 0.05) [8, 10]. Patients with long fusions 

tend to experience an increased rate of early com-

plications (< 3 months), whereas late complica-

tions tend to be similar in both groups [6]. The 

functional outcome according to the Oswestry 

Disability Index (ODI) was reported to be similar 

between long and short fusion procedures [6, 8]. 

Finally, the correction of the coronal Cobb angle 

and the lumbar lordosis tend to be equally 

between long and short fusion, so that a better 

coronal alignment correction should not be used 

as an argument for a more invasive procedure in 

DLS patients [10]. In the personal experience of 

the authors adjacent decompensation after fusion 

like PJK are most common in older (and osteopo-

rotic) patients, so that we aim for optimal correc-

tion of sagittal dysbalance in all patients and tend 

to prefer long constructs in the older population 

and shorter constructs in younger individuals.

58.4  Accordance with 
the Literature Guidelines

Definitive guidelines of whether to perform short 

or long fusions in patients with DLS are not 

available. The management strategies remain an 

individual patient to patient decision according to 

comorbidities and patient characteristics.

Level of evidence: B to C

The level of evidence available is moderate

58.5  Conclusion and Take Home 
Message

Long fusion procedures in patients with DLS 

tend to exhibit a higher rate of complications 

compared to short fusions. The latter may 

provoke curve progressions, whereas this pro-

gression might be similar to that of the surgi-

cally untreated curve in patients with balanced 

DLS. As a general advice, short fusions should 

be used instead of longer fusion procedures to 

reduce the perioperative morbidity and compli-

cations. In patients with rotatory subluxations 

associated with a severe sagittal imbalanced 

spine, spinal osteotomy procedures may be 

considered a valuable alternative with accept-

able clinical and radiological outcomes. In case 

of sagittally unbalanced DLS patients, the new 

classification system of Berjano and Lamartina 

et al. helps to plan these procedures.

Pearls

• Blood loss, general costs, operative time 

and length of hospital stay tend to be 

higher in long fusion procedures

• Perioperative outcome tends to be supe-

rior in short fusion procedures

• Short fusions should be preferred to long 

fusions, if biomechanically feasible

• Coronal correction after short versus 

long fusions are comparable

• Consider longer constructs in (elderly) 

patients with osteoporosis, especially 

when stopping at the TLJ

• XLIF approaches represent a valuable 

alternative to dorsal procedures with 

less complication rates to correct coro-

nal deformities
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In Situ Fusion Versus Realignment

Lars Wessels and Peter Vajkoczy

59.1  Introduction

Lumbar spondylolisthesis is a very common con-
dition in the population above 50, which often 
results in spinal stenosis accompanied by lower 
back pain and neurogenic claudication. If degen-
erative spondylolisthesis with spinal stenosis is 
symptomatic surgical treatment is associated with 
more favorable outcome than non-surgical treat-
ment and should be the treatment of choice [11].

In symptomatic low grade spondylolisthesis 
(<50%), the treatment of choice is decompres-
sion alone or decompression with fusion and 
realignment depending on the symptoms and on 
the degree of instability [1, 3].

In contrast to low grade spondylolisthesis, the 
treatment of high grade spondylolisthesis (>50%) 
is still controversial.

The two competing concepts are in situ fusion 
or realignment. In situ fusion encompasses posto-
lateral fusion with decompression of the neuronal 
elements without correction or anterior support. 
In contrast, realignment aims at instrumented 
correction of the spinal deformity and (in-)direct 
decompression of the neural elements. Therefore, 
a posterior release is necessary with decompres-

sion of the neuronal element and postolateral 
fusion prior to correction of the slip. Additionally, 
an anterior support may be added depending on 
the surgical technique applied.

There is low evidence regarding superiority of 
one approach over the other. In high grade spon-
dylolisthesis, both, in situ fusion and realign-
ment, are associated with a relatively high risk 
for development of neurological deficit with a 
tendency towards an increased risk of realign-
ment [7, 8]. Given, that in situ fusion is also less 
technically demanding and strenuous, its use is 
repeatedly propagated, especially in the case of 
an favorable sagittal profile.

High grade spondylolisthesis may be associ-
ated with changes in the spinopelvine parameters 
and, thus, may impair sagittal balance. Based on 
the literature, however, the anterior segmental 
slip in high-grade spondylolisthesis is often com-
pensated by the global lumbar lordosis and is not 
necessarily leading to sagittal imbalance [8, 10]. 
For those cases with a maintained sagittal bal-
ance In situ fusion may be indicated. However, 
arguments raised against in situ fusion are: the 
observation that these patients carry an increased 
risk for developing a loss of correction with con-
comitant sagittal imbalance, further degeneration 
of adjacent segments perpetuating the loss of a 
harmonic lumbar profile, and a higher risk of 
hardware failure [7, 8].

This chapter will outline the specifics of repo-
sitioning in patients with high grade 
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 spondylolisthesis with a special view upon the 
indication and preoperative considerations. At the 
end of the chapter the reader should be aware of 
the difficulties regarding the indication of realign-
ment especially in high grade spondylolisthesis.

The aim of the presented case is therefor to 
outline the individual challenge in decision mak-
ing in these rare cases. The key points are:

• When to operate  – especially in high grade 
spondylolisthesis

• How to operate  – Realignment vs. in situ 
fixation.

59.2  Case Description

A 36 year-old female patient had a car accident 
and suffered a posttraumatic spinal instability at 
L4/L5 which was treated with dorsal instrumen-
tation 15 years ago. 6 years after the surgery, the 
hardware was explanted. One pedicle screw was 
broken and left in situ in the vertebral body L5. In 

the following years, the young woman developed 
progressive lower back pain and in the last year 
before presentation to our department, she expe-
rienced neurogenic claudication as well as radic-
ular pain at L4 bilaterally. The CT and MRI scans 
revealed a pseudarthrosis L4/L5 with spondylo-
listhesis grade 3 according the Meyerding classi-
fication (Fig.  59.1). The long-standing x-ray 
showed no signs for sagittal imbalance (Pelvic 
incidence (PI) 57°, Pelvic Tilt (PT) 17°, Sacral 
slope (SS) 29° lumbar lordosis 48°) (Fig. 59.2).

We performed posterior instrumentation with 
L4/L5 pedicle screws and rods. Further, we per-
formed neurolysis of the L4 nerve root and dorsal 
decompression of the neural structures via a lam-
inectomy, as well as facetectomy for posterior 
release. For re-alignment, osteotomies in L4 and 
to a lesser extent L5 where made to achieve a 
realignment of the L4 and L5 vertebral bodies. 
The postoperative X-ray, CT (Fig. 59.3) showed 
good repositioning and correct placement of the 
screws along with sufficient decompression of 
the spinal canal.

Fig. 59.1 preoperative CT and MRI scans. MRI and CT scan of the lumbar spine revealed a grade 3 spondylolisthesis 
L4/5 with consecutive spinal stenosis
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Two weeks after surgery the patient was dis-
charged home without neurological deteriora-
tion. Follow up after 3  month the patient has 
improved significantly regarding her pain.

59.3  Discussion of the Case

The patient suffered from radicular pain at L4 
due to neuroforaminal stenosis on both sides, 
accompanied by symptomatic spinal canal steno-
sis at the level of the spondylolisthesis. In this 
young patient, with strong immobilizing pain, 
causing a huge reduction of her quality of life the 

indication to perform a decompression of the spi-
nal canal and the nerve roots at this level, accom-
panied by dorsal instrumentation was evident. 
The main question is whether it was necessary to 
perform reduction or if in situ fusion without 
realignment would have been sufficient.

For high grade spondylolisthesis, only few 
larger series exist, indicating that realignment is 
feasible but associated with a higher risk for neu-
rological deficits (increase of risk by 4–40% 
compared to in situ fusion) [2, 5, 9]. This wide 
range of reported complications for realignment 
strategies is the main argument against in situ 
fusion, although a meta-analysis fails to show a 
significant difference in neurological deficits 
between in situ fusion and realignment [7].

The degree of spondylolisthesis is associated 
with the prevalence of spinal sagittal imbalance. 
The PI has a positive correlation with the degree 
of the spondylolisthesis classified according to 
the Meyerding classification (I-II 68.5°; >III 
79°) and exceeds the PI of control individuals 
(69°) [4, 10].

Our patient showed balanced spinopelvic 
parameters with a physiological SVA and PT, and 
no signs for spinal sagittal imbalance [6]. In this 
case, in situ fusion would have been a possible 
option with potentially lower perioperative risks 
for the patient and a less challenging surgical 
procedure by omitting the osteotomies. 
Nevertheless, we elected to perform realignment 
for the following reasons: (i) the non-union after 
the fracture/instrumentation, (ii) the risk for 
developing imbalance with aging, and (iii)  further 
loss of a harmonic lumbar profile due to degen-
eration of adjacent levels (the inclination point 
for the sagittal profile type). The osteotomies pri-
marily aimed at a sufficient correction of the 
spondylolisthesis and realignment of L4/L5 (sim-
ilar to a dome resection), but also gave us the 
chance to re-establish segmental lordosis with a 
less-extensive osteotomy than a classical PSO.

To the best of our knowledge there is no data 
available upon a possible long-term benefit of 
realignment regarding a prevention for develop-
ment of sagittal imbalance in patients with high 
grade spondylolisthesis without existing spinal 
sagittal imbalance.

PI

PT

 

 

Fig. 59.2 Preoperative long-standing x-ray. The preop-
erative long-standing x-ray shows no signs for sagittal 
imbalance
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Accordance with the literature guidelines

As discussed above there is clear evidence for 
decompression and Fusion in patients with 
spondylolisthesis.
Level of evidence: A

If realignment provides a benefit in view of the 
long-term outcome and the sagittal balance needs 
further investigation.
Level of evidence: C

59.4  Conclusions and Take-Home 
Message

High grade spondylolisthesis remains a clinical 
challenge. Although realignment seems to carry a 
higher risk for development of neurological defi-
cits, it should be performed in presence of spinal 
sagittal imbalance. If the sagittal balance is main-
tained it may be discussed whether realignment 
is necessary and whether in situ fusion should be 

preferred. Especially in young patient realign-
ment should be the goal in order to avoid mid- to 
longterm complications.

Fig. 59.3 Postoperative 
X-ray, CT and 
MRI. Postoperative 
X-ray and CT showing 
good postoperative 
result with sufficient 
decompression and 
correct placement of the 
screws as well as good 
repositioning

Pearls

• In high grade spondylolisthesis Fixation 
is necessary.

• Realignment is a feasible procedure 
with a comparable complication rate as 
in situ fusion.

• Before decision making the spinal sagit-
tal balance should be observed carefully.

• In patients with spondylolisthesis and 
compensated sagittal imbalance realign-
ment should be the treatment of choice.

• In cases with existing imbalanced sagit-
tal profile realignment should be the 
goal accompanied by correction of the 
sagittal profile.
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Surgical Management 
of Developmental High-Grade 
Spondylolisthesis

Sleiman Haddad, Kimia Rahnama Zand, 

and Ferran Pellisé

60.1  Introduction

Traditionally, developmental spondylolisthesis has 

been divided into two groups depending on the 

degree of slippage: low (<50% slip) and high 

(>50% slip) grade. These are two different clinical 

entities with different natural history. While low-

grade spondylolisthesis is basically a painful syn-

drome/entity, high-grade spondylolisthesis (HGS) 

is a true lumbosacral deformity with significant 

risk of progression resulting in trunk deformity. 

More recent classifications take into consideration 

the spinopelvic alignment to further guide treat-

ment. The objectives of surgery in HGS are to 

decompress the involved neural structures, correct 

the lumbosacral kyphosis and trunk unbalance, 

and stabilize the lumbosacral junction segment by 

fusing the least number of vertebrae. Fusion can be 

performed in situ or after reducing the slipped ver-

tebra. The decision to correct high- grade slippage 

defects by reduction is still controversial.

60.2  Case Presentation

A 20 year-old female who presents with the chief 

complaints of low back pain associated to throb-

bing discomfort and weakness in her legs. She 

denies any trauma or triggering event. She reports 

indolent progressive back pain and trunk defor-

mity for the past 3 years, associated for the past 2 

years with leg pain, mainly over the L5 and S1 

dermatomes. The patient states her symptoms 

worsen with activities and walking, and when 

standing for more than 5  min. She failed to 

improve with non-operative modalities including 

Cox-2 Inhibitors and rehabilitation and her health 

care provider had referred her to our clinics for 

surgical assessment. Past medical history is unre-

markable. She does smoke regularly.

Physical examination reveals an average height 

female who appears to be in good health. The 

shoulders and pelvis are level, but she has an obvi-

ous coronal and sagittal trunk deformity associ-

ated to an abdominal crease (Fig. 60.1a–c). She is 

tender to palpation at the lumbosacral level. She 

has a limited flexion and extension of her trunk 

with hamstring tightness. Motor testing reveals 

normal strength bilaterally in both upper and lower 
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extremities. She has an unchanged sensory exam 

with normal reflexes in her lower extremities. 

Long tract signs including Romberg’s sign, 

Babinski, and sustained clonus were absent. There 

is no evidence of peripheral compression neuropa-

thy and vascular exam was non-contributory.

Radiographic examination demonstrates 

spondyloptosis at the L5-S1 level, associated 

to a high pelvic incidence of 88°. Her lumbar 

Lordosis as measured from L1 to S1 is 51°. L4-S1 

is kyphotic and measures 7°. Her slip angle mea-

sures 30° and Dubousset’s  lumbosacral angle 

a b c

d e f

Fig. 60.1 Preoprative (a) Lateral, (b) back and (c) front 

view of a 20-year-old female with high-grade spondylo-

listhesis. Both coronal and sagittal deformities can be 

appreciated as well as an abdominal crease. Comparative 

postoperative views (d–f) that show correction of trunk 

deformity, reduction of lumbosacral kyphosis and disap-

pearance of abdominal crease
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(Du-LSA) is significantly altered and measures 

60° on standing films, partially reducing to 

76° on supine scan (Figs.  60.2b and 60.4a). It 

further decreases to 83° when a traction fluo-

roscopy under general anesthesia is performed 

(Fig. 60.5a). She has an SVA of 16.5 cm asso-

ciated to a pelvic tilt of 29° and a Global Tilt 

of 47° (Fig.  60.2a–c). This is associated to a 

coronal imbalance of 6.0 cm to the left and her 

L4-S1 Cobb angle is 21°. Her GAP Score is 11 

denoting a severe disproportion. An MRI of her 

lumbosacral spine confirms a high-grade spon-

dylolistesis with central and bilateral foraminal 

stenosis (Fig.  60.3a–c). A CT-Scan proves a 

bilateral lysis of the L5 pars and disruption of 

the posterior elements. She has a trapezoidal L5 

associated to a domed S1. The interapophyseal 

joints shows significant dysplasia, the inferior 

articular facet of the L5 remains on the sacrum 

while the pedicle and the superior articular facet 

are dislocated anteriorly along with the lumbar 

spine (Fig. 60.4a–c). The L4-L5 joint was artic-

ulating over the sacral dome.

60.3  Technique Rationale

In summary, our patient had a dysplastic HGS / 

Spondyloptosis associated to an unbalanced 

spine and pelvis (Type 6 according to Labelle’s 

classification). She had a high dysplasia and 

slip angles, predictive of local instability and 

progression. She presented with axial pain and 

with radicular and central symptoms due to 

neural compression and instability. Due to 

severity of clinical symptoms and radiological 

deformity the patient was proposed surgery. 

Goals of treatment in her case were to correct 

her biplanar deformity, stabilize the lumbosa-

cral junction, decompress neural structures and 

achieve adequate axial pain relief. We opted for 

decompression and circumferential fusion after 

deformity reduction through a posterior only 

approach. To correct her spinopelvic unbal-

ance, we chose to perform reduction using the 

technique described by Ruf et al. [1]. Due to the 

severe deformity as well as the dysplastic 

nature of both L5 and S1, we considered 

a b c d

Fig. 60.2 Preoperative (a) coronal and (b) sagittal whole 

spine standing x-rays of a 20  year old female with 

HGS. She has an unbalanced pelvis (high PT and los SS) 

associated to an unbalanced spine (high SVA). In addition 

she has a scoliotic coronal deformity. Comparative ostop-

erative views (c) and (d) showing satisfactory biplanar 

reduction of the deformity and posterior L4 to Ilium 

instrumentation with an L5-S1 interbody cage
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a b c d

Fig. 60.4 Preoprative (a) mid sagittal CT scan recon-

struction showing partial reduction of Dubousset’s lumbo-

sacral angle (76° Vs 60° on Standing X-ray). Note the 

trapezoidal L5 and dome shaped S1. (b) lateral sagittal 

sequence showing posterior elements dysplasia and lysis 

of the L5-S1 pars. Postoperative sagittal sequences show-

ing lumbosacral deformity reduction with a Dubousset’s 

LSA or 105° (c) and L5-S1 foramen (d)

a b

Fig. 60.3 MRI scan of the above mentioned patient. (a) Mid sagittal T2 sequence showing HGS and central stenosis. 

(b) Foraminal sagittal view showing obliteration of the right L5-S1 foramen (*)
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 performing an L4 to Iliac instrumentation 

 initially that could be reduced to monosegmen-

tal L5-S1 at a later stage.

60.4  Surgical Technique 
and Outcomes

The patient is placed in a prone position over 

bolsters on a radiolucent table. At this stage, sur-

geons can assess flexibility of the deformity by 

performing a traction film under general anes-

thesia, as was performed in this case (Fig. 60.5a). 

The lumbosacral junction is exposed posteriorly 

through a midline incision. The exposure is 

extended laterally out to the transverse processes 

of L4 and L5 bilaterally. Caudally, the sacral alae 

and the posterior iliac spine are exposed. The 

intraoperative identification and exposure of L5 

can be difficult in HGS. The L5/S1 facet joint is 

fully removed and a complete or partial L5 lami-

nectomy is performed to identify the L5 nerve 

roots. The L5 nerve roots are tracked far later-

ally. Next, the L4 and S1 pedicles are instru-

mented using poliaxial screws. If the L5 pedicle 

is properly identified, it can be instrumented at 

this stage. Authors recommend longhead or 

extended screws to be placed in L4 and L5 to 

facilitate rod placement. The first stage of reduc-

tion starts by distracting between L4 and the 

sacrum (Fig. 60.5b). The ligamentotaxis would 

help reduce L5 between L4 and S1. This would 

in turn allow better visualization of the pedicle 

entry point at L5. If the L5 screw was not placed 

earlier due to technical difficulties, it can be 

placed at this stage after contralateral distraction 

with a temporary rod. The surgeon then proceeds 

to partial L5 reduction taking advantage of L5 

longhead reduction screws, avoiding screw pull-

out. An L5-S1 discectomy with complete poste-

rior annulotomy is performed through a bilateral 

approach. Under fluoroscopic guidance, the sur-

geon then performs a dome ostetomy of S1 

(Fig. 60.5b). This shortens the sacrum, helps in 

the reduction and creates a flat surface for cage 

placement. The osteotomy is usually perpendic-

ular to the posterior sacral wall. Further L5 repo-

sition/reduction under IONM is then performed. 

In cases of severe slippage or ptosis, the anterior 

aspect of the trapezoidal L5 vertebral body might 

prevent reduction. If this is the case the addition 

of an L5 osteotomy, removing the antero-inferior 

aspect of L5 vertebral body will increase lumbo-

sacral release and allow for a gentler reposition 

of the L5 vertebral body. The surgeon can pro-

ceed to the next step in reduction of L5. By tight-

ening the nuts of the long-head screws in L5, its 

body is pulled posteriorly to the rod between L4 

and the sacrum. During reduction, the L5 roots 

should be continually visualized and monitored 

a b c

Fig. 60.5 Intraoperative fluoroscopy. (a) Traction film under general anesthesia showing partial reduction of the defor-

mity. (b) intraoperative L4-S1 distraction to reduce the L5 vertebrae by ligamentotaxis. (c) Dome Osteotomy of the S1
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to avoid any compression. The elongated ends of 

the long-headed screws can now be removed. 

Even though reduction of the anterior slippage 

of L5/S1 is now completed; some degree of lum-

bosacral kyphosis may still be present. The ante-

rior part of the L5-S1 disc space can now be 

prepared and packed with cancellous bone chips 

and disc spacers. Cages do increase fusion and 

can also increase friction between L5-S1 and 

resist shear loads.

Short cages are recommended to avoid 

stretching the L5 roots and to allow reconstitu-

tion of lordosis. They can either be placed by a 

posterior (posterior lumbar interbody fusion) or 

by a second anterior approach (anterior lumbar 

interbody fusion). Authors prefer to perform a 

PLIF whenever possible. The third step of the 

reduction with correction of the segmental 

kyphosis is achieved by posterior compression 

against the anteriorly placed cages. The sacral 

screw is loosened, and reoriented towards the 

L4 and L5 screws. Loosening the polyaxial head 

allows for change of the angulation, and the 

sacrum retroversion is corrected. This kyphotic 

deformity correction is supported by hyperex-

tension of the hip joints over the operative table. 

The sacral screws are fixed again and further 

compression is applied between L5 and S1. The 

surgeon may choose to cut the rod above L5 and 

remove the L4 screw at this stage or add a pelvic 

fixation as needed.

Autologous and allogenic bone grafts are 

placed over the decorticated transverse process.

A deep drain is left in situ and wound closure 

is performed according to surgeon’s preference.

Patient is mobilized as pain allows starting the 

first day after surgery without any brace. Flexion 

of hips and knees may be needed for some days, 

to reduce L5 root tension in case of sciatica or 

radicular symptoms.

Intraoperatively IONM was performed with 

somatosensory evoked potentials (SEP), muscle 

motor evoked potentials (mMEP) as well as free- 

run electromyography (fEMG) and H reflex for 

lower extremities. During surgery we had a sin-

gle IONM alert during right L5-S1 nerve root 

decompression that was addressed. Opening and 

closing baselines remained unchanged through-

out the surgical procedure, for both SEP and 

mMEP recordings.

The patient however woke up with a right L5 

partial palsy (MRC 3/5) undetected during sur-

gery, with further electromyographic studies 

showing postganglionary lesion, involving the 

distal L5 myotomes, therefore distal to site of 

surgery. She recovered fully by the sixth month 

postoperatively.

During her last visit, 2 years after surgery, our 

patient was pain free and had resumed her recre-

ational activities. She was satisfied with her phys-

ical appearance (Fig.  60.1d–f). Her Lumbar 

lordosis measured 70° and L4-S1 measured 38°. 

Global tilt was 27°, pelvic tilt was 26°, SVA 

26  mm and Lumbosacral angle was 105°. Her 

GAP score was 0 (Fig. 60.2d–f).

60.5  Discussion and Summary 
of Literature

The term spondylolisthesis derives from the 

greek for spondylos (spine or vertebra) and lis-

thesis (to slip or slide) and describes a patho-

logical spinal condition characterized by the 

slippage or displacement of one vertebra com-

pared to another. There are several classifica-

tions based on etiology (Wiltse, Marchetti and 

Bartolozzi), degree of slippage (Meyerding) or 

the resultant sagittal balance (Labelle). 

Marchetti and Bartolozzi differentiate between 

acquired and developmental (including isthmic 

and dysplastic) listhesis. They then divide 

developmental listhesis according to the grade 

of slippage, as defined by Meyerding. High-

grade spondylolisthesis (HGS) is defined as 

greater than 50% slippage and most often 

affects the L5-S1 segment. Labelle et al. have 

proposed a classification system for develop-

mental listhesis. It goes one step further and 

integrates the spinopelvic parameters. This 

classification was originally intended to guide 

the evaluation and treatment of spondylolisthe-

sis [2]. It has high intra- and interobserver reli-

ability. It includes six groups according to 

Pelvic Incidence, Pelvic retroversion and Spinal 

balance and can serve to better guide treatment. 
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It also divides spondylolisthesis to two clusters: 

Low and High Grade. HGS is then divided to 

three groups based on PT, SS and SVA. Patients 

with HGS are accordingly classified as having a 

“balanced” (low PT and high SS) or “unbal-

anced” pelvis (high PT and low SS). Patients 

with “unbalanced pelvis” are further divided to 

“balanced spine” (normal SVA) or “unbalanced 

spine” (high SVA).

Dysplastic spondylolisthesis involves con-

genital dysplasia of the sacrum or the L5 neural 

arch, with pars elongation and/ or lysis develop-

ing later. Several radiological parameters have 

been developed to study the lumbosacral kypho-

sis or the slip angle in spondylolisthesis. Boxall 

was the first to describe a lumbosacral slip angle 

(BSA) as defined by the angle subtended by the 

inferior end plate of L5 with a line perpendicular 

to the posterior aspect of S1. The inferior end-

plate of L5 is dysmorphic and hard to visualize 

in patients with severe dysplasia. This has led 

Dubousset to describe the “lumbosacral kypho-

sis angle” as the angle subtended by the superior 

endplate of L5 with the posterior aspect of S1 

(Du-LSA). Other described angles include the 

Spinal Deformity Study Group’s lumbosacral 

angle (SDSG LSA), SDSG dysplastic angle 

(dys- SDSG), Sagittal rotation (SR) and the 

Kyphotic Cobb angle (k-Cobb). These angles 

have been shown to be predictive of severity of 

deformity, poor sagittal balance and deformity 

progression. Du-LSA and the k-cobb are very 

useful as they remain unaltered by L5 or S1 end-

plate dysplasia and retain a high inter and intrao-

bserver reliability. Du-LSA on the other hand 

has the strongest correlation with slip grade. 

Also, the L5-Incidence (>60°) and the proximal 

femoral angles (>10°) have been proposed as 

additional and reliable radiological measure-

ment that could predict need for surgery.

Progressing and uncompensated high-grade 

developmental L5-S1 spondylolisthesis is char-

acterized by three main pathologic hallmarks: 

anterior slippage of L5 against S1 superior to 

50%, segmental L5/S1 kyphosis, and retrover-

sion of the sacrum in patients with unbalanced 

pelvis. The sacrum gradually acquires a dome- 

shaped appearance as the slippage progresses 

and the L5 vertebra is trapezoidally deformed 

with a concave lower endplate. The segmental 

kyphosis and deformity affects the global pos-

ture of the patient. It leads to a loss of sagittal 

balance and gradual recruitment of compensa-

tory mechanisms. The lumbosacral kyphosis 

leads to compensatory hyperlordosis of the adja-

cent lumbar and lower thoracic segments and 

retroversion of the pelvis causes hyperextension 

of the hip joints. The center of the lumbar lordo-

sis is also shifted higher than L4. When these 

compensatory mechanisms are overcome, the 

gravity line is shifted anteriorly. This continuous 

compensatory status associated to foraminal and 

central stenosis is responsible for the patient’s 

back pain and leg pain.

Nonoperative management may lead to satis-

factory results in minimally symptomatic or 

asymptomatic patients with balanced high-grade 

spondylolisthesis. Surgery is indicated for high- 

grade slippage in patients with persistent symp-

toms, neurologic impairment, sagittal trunk 

deformity or risk of progression [3]. Slippage of 

>50% in itself has been considered as an indica-

tion for spinal arthrodesis in immature patients to 

avoid further progression.

Surgically treated patients do have good 

results that are maintained overtime. In a study 

by Lundine et al. a more kyphotic slip angle was 

associated with worse outcome regardless of the 

treatment modality (conservative vs. surgical) 

[4]. The slip angle was a predictor of failure of 

conservative treatment and crossover to surgery. 

In surgical patients, an older age at surgery was 

associated with better outcome. Joelson et al. has 

compared the results of patients treated with in- 

situ fusion to the general Swedish population 

20 years after surgery and has shown that both 

the EQ-5 scores as well as the SF-36 scores were 

comparable to the general age adjusted popula-

tion [5]. In another study by Bourassa-Moreau 

Health related Quality of Life (HRQoL) parame-

ters improved after a surgical intervention for 

high-grade spondylolisthesis. Patients with lower 

baseline HRQOL scores were those who bene-

fited the most from surgery [6].

The general objectives of surgery in develop-

mental spondylolisthesis should be to correct lum-

60 Surgical Management of Developmental High-Grade Spondylolisthesis



502

bosacral kyphosis, decompress the involved neural 

structures and stabilize the lumbosacral junction 

segment to prevent slip progression, by fusing the 

least number of vertebrae. Fusion can be per-

formed in situ or after reducing the slipped verte-

bra. In HGS the goal is to reduce lumbosacral 

kyphosis and restore the sagittal balance. The 

algorithm offered by Labelle et  al. and by the 

SDSG might better guide the surgeon during deci-

sion-making. Based on this classification, reduc-

tion of the deformity should be considered in 

patients with an unbalanced pelvis, especially if 

they have an unbalanced spine. Reduction of the 

slipped vertebra may also be contemplated. 

Several authors advocate for reduction to improve 

arthrodesis rate and allow for direct neurologic 

decompression. The role of reduction in the opera-

tive management of spondylolisthesis is still con-

troversial though, mainly due to historically high 

rates of perioperative complications, including 

neurologic deficits, prolonged operative time, and 

posterior loss of reduction. Therefore a consensus 

is still lacking regarding the best surgical manage-

ment of high-grade developmental listhesis.

Few studies have directly compared the out-

comes of arthrodesis with or without reduction in 

patients with HGS.  In situ posterolateral spinal 

fusion is commonly considered safe, with good 

long-term results. However it can lead to progres-

sion of the deformity, especially in cases of high 

slip angles and if surgery does not restore physi-

ologic alignment and balance. Slip progression 

despite solid non-instrumented fusion has been 

reported after in situ fusion in up to 26% of cases. 

It is a clear reminder of the shear forces remain-

ing when the kyphotic deformity of severe lum-

bosacral spondylolisthesis are left uncorrected. 

Patients with HGS and residual lumbosacral 

kyphosis tend to compensate by recruiting their 

upper lumbar and may have persistent back pain. 

In addition to progression of deformity, these 

patients might suffer from adjacent level disease, 

implant failure and pseudoarthrosis. Non-fusion 

rates with in-situ fusion have been reported to be 

as high as 44%. A recent systematic review by 

Longo et al. showed that the rate of non-fusion 

was significantly higher in the in-situ fusion 

group compared with the reduction group (17.8% 

vs. 5.5%, p = 0.004) [7]. According to the same 

authors, some confounding factors might be 

intrinsically favoring the reduction group. Patient 

who had deformity reduction were more likely to 

have circumferential fusion (53% Vs 26%), two- 

level fusion (44% Vs. 33%), and to be instru-

mented (100% vs. 22%). Finally, the resection of 

the upper sacrum also favors fusion by increasing 

the area of cancellous bone contact.

Reduction of the slipped vertebra on the other 

hand can provide better alignment in the sagittal 

plane. Restoration of the sagittal may reduce shear 

forces on the lumbosacral junction, improve fusion 

and decrease mechanical failures. Nevertheless, 

aggressive reduction has been associated to great 

risk of neurologic deficits ranging between 10% 

and 50% and loss of reduction postoperatively. 

These findings were drawn from historical and 

non-comparative series. Longo.et al. showed that 

neurologic deficits occurring with the reduction 

were mainly transient, and were not higher when 

compared to the in-situ group (7.8% Vs. 8.9%, 

p  =  0.8). The most frequently reported deficit 

involves the L5 nerve root and is temporary or par-

tial as occurred in our patient. Traction is the most 

common cause of postoperative deficit. “Root or 

nerve fatigue” to continuous traction after reduc-

tion may be the origin of late neurological deficit. 

Some authors have also reported cases of iatro-

genic cauda equina.

The importance of postoperative sagittal bal-

ance and its impact on clinical result has recently 

been investigated in developmental spondylolis-

thesis. Harroud et al. showed that an increasing 

positive sagittal alignment was related to a poorer 

SRS- 22 total score [8]. This relationship was 

stronger with high-grade spondylolisthesis than 

with low grade. This confirms the clinical impor-

tance of restoring sagittal balance and the need to 

eliminate compensatory mechanisms.

Regardless of the surgical approach, the addi-

tion of anterior column structural support is rec-

ommended to provide greater stability but also, 

more importantly, to improve fusion rates. An 

interbody fusion provides greater surface area for 

fusion to occur. Addition of an anterior interbody 

support will also help correct the deformity when 

applying posterior compression.
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When planning the number of levels to be 

fused, surgeons must take into consideration sev-

eral important aspects including the severity and 

extend of deformity, dysplasia and the intraoper-

ative purchase. If reduction is performed for 

HGS, circumferential fusion may be supple-

mented with solid fixation with iliac screws to 

prevent slip progression and pseudarthrosis. This 

aspect may be particularly relevant in patients 

with a high PI who have additional shear forces at 

the lumbosacral junction. A pelvic fixation can 

similarly be considered in severe deformities, 

high lumbosacral dysplasia or in patients with 

poor S1 purchase. Solid posterior instrumenta-

tion combined with compression loaded inter-

body cages results in a very stable, shear resistant 

construct that would ultimately enhance fusion 

and decrease mechanical failure.

The L4 pedicle screw aids in L5 reduction but 

can be removed directly afterwards or in a subse-

quent surgery 3 months later. Extending the 

fusion proximally to L4 should be considered 

especially if instability is suspected at the L4-L5 

segment, and if the L5 transverse processes are 

very small with minimal area for a fusion mass. It 

can also be useful when high traction forces are 

anticipated or in very dysplastic patients or with 

poor pedicle purchase. Inclusion of an L4 screw 

has a mechanical advantage. It creates a more 

vertical fusion as compared to L5-S1 and reduces 

shear forces.

In cases of spondyloptosis an L5 spondylec-

tomy can be performed according to the Gaines 

technique. As such, the L5 vertebral body can be 

resected through an anterior retroperitoneal spi-

nal approach and the vertebral body of L4, then 

placed directly superior to the S1 body and 

secured with pedicle screw-rod instrumentation.

Finally, the authors recommend for the routine 

use of IONM including assessment of both motor 

and sensory tracts, and free-run electromyogra-

phy focused on L5 muscles. Nerve root testing is 

also advisable. SEP assess the dorsal column 

integrity by stimulation of the peripheral nerve. 

The posterior tibial nerve is used, as other nerves 

such as the distal plantar median nerve have 

showed no diagnostic value. Still, paraplegia can 

occur without SEP warning. mMEPs triggered by 

transcranial electrical stimulation evaluate the 

function and the flux of motor outputs from 

motor cortex, CT, nerve roots, and peripheral 

nerves to the muscle. They have a reported sensi-

tivity of 75% to 100% and specificity of 84% to 

100% for the detection of iatrogenic motor defi-

cits in elective deformity cases. Free-run electro-

myography (fEMG) consists of recording 

spontaneous muscle activity, thus allowing the 

use of this technique as a monitoring tool for 

detecting surgically driven mechanical irritation 

of the peripheral nervous system. The latter 

depends on the integrity and function of the mus-

cle fibers, neuromuscular junction, peripheral 

nerve, ventral root, alpha motor neuron, and its 

spinal interneuronal synapses. Patients with 

chronic neuropathies or radiculopathies and thus 

with chronic denervation may not show sponta-

neous activity during the reduction procedures 

until a severe damage is done to the nerve, there-

fore resulting in an uncertain test to detect radicu-

lar nerve palsies. In these circumstances, testing 

the conductivity of the nerve root with direct 

stimulation is convenient.

Whereas the role of IONM has been exten-

sively assessed in elective deformity surgery and 

in decompressive tumor surgery and has been 

shown to decrease intraoperative neurological 

injuries, little is known of its utility in HGS. Up 

to date, there is only one prospective series of 

HGS cases that have been monitored intraopera-

tively, in addition to two case reports. In the study 

by Schär et  al., intraoperative IONM alerts 

occurred in 15 out of 17 patients (88%) [9]. Only 

5 patients had new onset L5 motor deficits 

(29.4%) after surgery, all of which with intraop-

erative alerts. The IONM prediction had a sensi-

tivity of 20% and specificity of 100% with MEPs. 

The authors did not see any diagnostic value of 

dermatomal SEP monitoring for L5 radiculopa-

thy with stimulation of the plantar medial nerve 

and cortical recording. Even though the authors 

lacked a control group and could not assess the 

impact of IONM on final results, IONM may 

have prevented further deficits by alerting the 

surgeon promptly, since 10 cases had intraopera-

tive alerts that were addressed accordingly with 

no resultant postoperative neurologic sequelae.
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61.1  Introduction

En-bloc resections in the thoracic spine are 

mostly reserved for primary tumors of the spine. 

Rarely, en-bloc resections are considered for spi-

nal metastases if the metastasis is solitary and can 

be removed en-bloc without a high likelihood of 

breaching the margins during the resection. 

Traditionally, it has been considered difficult to 

perform en-bloc resections in the thoracic spine 

due to the anatomic proximity of the major blood 

vessels and thus intralesional resections with 

curettage were preferred. This, however, resulted 

in a high risk of local recurrence and, in the case 

of a primary tumor, metastasis with poor sur-

vival. En bloc resection has the primary goals of 

gaining local control of the tumor by removing it 

as a whole and thereby reducing the rate of local 

recurrence and in primary tumors avoid tumor 

spread and improve survival [1, 4, 5].

The main indication for en-bloc resections are 

malignant primary tumors, such as chondroma, 

chondrosarcoma, osteosarcoma and others, or 

benign tumors which may be locally aggressive 

such as giant cell tumors or aneurysmal bone 

cysts for example. Especially for malignant 

tumors, it is important to note that the first sur-

gery is often the most important and perhaps only 

chance to cure the patient. In order to plan en- 

bloc resection, a thorough pre-operative work up 

with imaging studies such as whole spine MRI, 

CT staging and these days often PET CT is para-

mount. Diagnosis is usually secured via a biopsy 

and upon presentation to a sarcoma board, the 

indication for an en-bloc resection follows an 

interdisciplinary discussion between oncologist, 

pathologist, radiologist and surgeons. A more 

detailed account of work up and planning of pri-

mary tumors is provided in the following 

chapter.

Primary tumors often become symptomatic at 

a more advanced stage and present with an ana-

tomical variety which make resection and recon-

struction challenging. The margin which can be 

achieved in surgery is relevant for outcome and 

particularly to reduce local recurrence. En-bloc 

resection strives to achieve either a wide or mar-

ginal margin [2]. In order for en-bloc resection 

to be feasible, the neoplastic process should not 

have invaded the adjacent visceral organs and it 

should not be adherent to the vena cava which 

would make mobilization of the vessels diffi-

cult, especially from posterior. In these circum-

stances, en-bloc resection would entail resection 

of the adherent visceral organs or vessels as well. 

In addition, a part of the vertebral ring has to 

be removable without breach to create a tumor-
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free window, a corridor, through which the spi-

nal cord can be delivered. Delivery of the spinal 

cord requires that nerve roots can be reached 

and ligated in the epidural space but outside of 

the tumor margin. It is important to note that if 

the tumor is breached during attempted en-bloc 

resection, the prognosis is not better than an intra-

lesional resection. The present case illustrates 

en bloc resection in an aneurysmal bone cyst, a 

benign but locally invasive primary bone tumor.

61.2  Case Description

61.2.1  Diagnosis and Indication

A 14-year old girl was referred to our service 

with pain in the thoracic spine. As the pain had 

not improved with physiotherapy an MRI was 

obtained which revealed a mass in T6 and T7. 

Her neurological status was normal. A fine nee-

dle biopsy was obtained at the referring institu-

tion and the patient referred to our service. The 

biopsy was in keeping with an aneurysmal bone 

cyst and no malignancy was shown. Further work 

up with PET-CT showed an FDG (fluorodeoxy-

glucose) avid expansile tumor centered on the 

posterior elements of T6 and T7 with adjacent rib 

involvement (Figs. 61.1 and 61.2). No other sites 

of FDG avid disease were shown. The radiologi-

cal and pathological findings were discussed at 

the sarcoma board and given the breach into the 

spinal canal, a consensus was reached to consider 

surgical en-bloc resection. Here, en-bloc resec-

tion does not require a complete spondylectomy 

as the aneurysmal bone cyst is predominantly 

Fig. 61.1 The CT shows an expansile tumor centered on 

the posterior elements of T6 and T7 with adjacenty rib 

involvement with areas of ossification

Fig. 61.2 FDG PET-CT showed the localized expansive mass and excluded other sites of FDG avid disease
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located at the left costo-vertebral junction involv-

ing the left-sided pedicle and extending into the 

spinal canal.

Figure 61.1 shows the expansile tumor cen-

tered on the posterior elements with adjacent rib 

involvement and breach into the spinal canal 

involving the left pedicle.

61.2.2  Surgical Technique

After exposure, the spine was first instrumented 

from T3 to T5 and T8 to T10. The traditional tech-

nique as described by Tomita requires a bilateral 

pediculotomy to take off the posterior vertebral 

ring to allow delivery of the neural structures. As 

shown in the CT scan, this would have resulted into 

a tumor breach on the left side where the majority 

of the tumor is located. In order to avoid a tumor 

breach by a pediculotomy, a tumor-free corridor 

was identified as shown in Fig. 61.3 (red arrow). As 

it was planned not to perform a complete spondy-

lectomy, only a part of the vertebral body needed to 

be resected from the healthy right side (Fig. 61.3, 

long dashed line). In order to do this, a costo-trans-

versectomy of T6 and T7 on the left was performed 

with ligation of the respective nerve roots. In the 

same fashion as required in a spondylectomy, the 

lateral wall on the left side along the tumor capsule 

needed to be exposed by gently separating the pari-

etal pleura. Segmental vessels which are encoun-

tered along the way need to be ligated. The lateral 

aspects of the intervertebral discs can be cut from 

the left side as far as possible.

At this stage now, the spinal canal can be 

opened by cutting the lamina just to the right of 

the spinous process and lateral to the pedicle, 

both at T6 and T7 as shown in Fig. 61.3 (short 

dashed line). This is done using a bone scalpel. 

Lateral to the dura on the right side, the vertebral 

body cut is performed using the bone scalpel and 

completed deep using an osteotome. Either a 

swab or a malleable retractor is inserted on the 

left side to protect the lung and aorta as the bony 

cuts are completed. The disc also need to be 

released on the on the right side. There are usu-

ally multiple further adhesions and tethers which 

have to be released before the en-bloc specimen 

becomes free and mobile.

Once the specimen is released, it can gradu-

ally be mobilized for delivery of the spinal canal 

cord through the open corridor. The specimen 

can now be moved to the left side and the dura 

gradually released. Rotating it slightly gives 

access to the nerve roots of T6 and T7 in the epi-

dural space in the canal. These can now be ligated 

through the corridor over the top, but great care 

has to be taken in order not to damage the spinal 

cord. For theses manoeuvers, neuromonitoring 

with motor-evoked potentials is helpful in order 

to avoid any undue manipulation of the spinal 

cord during delivery of the tumor with potential 

subsequent neurologic deficit. The delivery is 

shown in Fig. 61.4. The specimen after resection 

is shown in Fig. 61.5. Reconstruction of the ante-

rior column was then carried out by placing a 

PEEK expandable cage. PEEK was chosen due 

to its radiolucent properties which makes moni-

toring for recurrence using MRI available as 

there are very little artefacts seen. The postopera-

tive xray is shown in Fig. 61.6.

61.2.3  Postoperative Course

The patient postoperatively made a good recov-

ery and the specimen was examined by the 

Fig. 61.3 The arrow points to the tumor-free corridor 

which can be used to open the posterior vertebral ring to 

release the spinal cord and separate it from the tumor 

specimen. The short dashed line illustrates the laminot-

omy just medial to the spinous process in order to avoid 

tumor breach. The long dashed line represents the right 

sided resection line down the vertebral bodies. This has to 

be carried out on both the T6 and T7 levels
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pathologist and the margins appeared to be 

tumor-free in the sections taken. On routine fol-

low up 6  months postoperatively, cage subsid-

ence was noted on plain radiographs and 

confirmed on CT imaging (Fig.  61.7). It was 

therefore decided and discussed with plastic sur-

geons to supplement the fixation with a free vas-

cularized fibular bone graft to support the anterior 

column and the construct to avoid late failure. 

Placement of an anterior fibular strut and poste-

rior fibular strut is seen on CT and postoperative 

images (Fig. 61.8).

61.3  Discussion of the Case

The present case and technique illustrates a fur-

ther step in trying to get better local control from 

the total en-bloc spondylectomy (TES) as 

described by Tomita et al. [5]. In TES, a planned 

Fig. 61.4 Mobilization of the tumor en-bloc and release 

of the cord through the tumor-free corridor as indicated in 

Fig. 61.3

Fig. 61.5 The specimen following en-bloc resection. The split of the vertebral body is shown, the rib heads and ribs 

with tumor involvement are attached to the specimen
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pediculotomy often means a breach of the tumor 

and therefore intralesional resection. This is 

avoided if a ‘safe corridor’ can be identified 

through which the neural tissues, i.e. the spinal 

cord, can be delivered. If a tumor-free corridor is 

not possible and en-bloc resection can only be 

achieved with a planned breach via a pediculot-

omy, then en-bloc resection may not be possible 

and its morbidity has to be weighed against the 

potential benefits and risk of recurrence. If a 

tumor-free margin cannot be achieved, en-bloc 

resection may not be indicated depending on the 

biology and oncology of the underlying tumor. In 

the present case of a locally aggressive benign 

tumor, en-bloc resection was chosen to gain local 

tumor control and reduce the risk of recurrence. 

However, for a benign tumor the sacrifice of neu-

ral tissue beyond the ligation of thoracic nerve 

roots and a subsequent neurologic deficit would 

likely not have been acceptable. The indication 

for an en-bloc resection therefore not only 

depended on the presence of a tumor-free corri-

dor but also on the safe separation of the spinal 

cord from the tumor specimen.

Tumor invasion into the epidural space does 

not necessarily mean that en-bloc resection is not 

possible. There is typically a convergence of the 

margins if the tumor is breaching the spinal canal. 

Resection and isolating the tumor along the pseu-

docapsule results into a marginal margin but if 

the capsule is not breached, it does not have the 

local recurrence rates and poor prognosis as 

observed with intralesional resections. 

Particularly in malignant tumors, care should be 

taken to separate the dural sac from the tumor 

pseudocapsule in order to avoid breaching the 

tumor, which is most often possible. Resection of 

the dura is rarely necessary and if this seems 

required, it has to be considered whether en-bloc 

resection is possible.

A further challenge in en-bloc resections is the 

reconstruction of the resulting defect, particu-

larly in terms of achieving a bony fusion. Here, 

while parts of the anterior column were intended 

to be left intact, it was not felt to be strong enough 

and was further supported by a cage with added 

Fig. 61.6 Postoperative images following tumor en-bloc 

resection and posterior instrumentation T3-T10

Fig. 61.7 6 months postoperatively, cage subsidence was 

noted. The CT scan demonstrates that bone graft has not 

resulted into a solid osseous fusion with subsequent cage 

subsidence. The instrumentation was still intact.
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local bone graft from the rib heads which resulted 

from the costo-transversectomy. Given the wide 

gaping defect, this strategy did not result into a 

good fusion resulting into cage subsidence. As 

the defects following resection are usually large 

and the surgeries often intend a surgical cure in 

malignant tumors, a bony fusion needs to be 

achieved in order to ensure long-term survival of 

the reconstruction and construct. If local bone 

graft cannot be used or the defect is too extensive, 

then a free vascularized fibular graft may be indi-

cated right after resection. This has the advantage 

that a muscle flap can be harvested in addition on 

the same vascular pedicle which helps to reduce 

the void and soft tissue defect left after en-bloc 

resection. It has been shown that such reconstruc-

tions which are performed by a plastic surgeon, 

yield lower wound complication rates and thus 

long-term survival if performed immediately 

after resection [3]. In the present case, recon-

struction with a free vascularized fibular graft 

had to be undertaken in order to prevent late 

failure.

61.4  Conclusions and Take Home 
Message

En-bloc resections of both benign and malignant 

primary tumors are some of the most challenging 

spinal surgeries in terms of planning, resection 

and reconstruction. If tumor-free margins are 

Fig. 61.8 Postoperative image following reconstruction 

with free vascularized fibular struts. On lateral to the right 

side in the anterior column and the second one bridging 

the posterior elements. Of note is a preoperatively existing 

mild scoliosis
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achieved, the local recurrence rate is low and 

patients with particularly malignant primary 

tumors are in theory cured in the absence of 

 metastasis. Free margins can be achieved by 

identifying a tumor-free corridor which allow 

delivery of the neural tissues. Immediate soft-

tissue and osseous reconstruction reduces the 

overall wound complication and non-union rate 

and improves construct survival.
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Pearls

• The main goals of en-bloc resection of 

primary tumors in the spine are (1) to 

reduce the local recurrence rate and (2) 

improve survival.

• Whether en-bloc resection is possible 

depends on the presence of a tumor-free 

corridor through which the spinal cord 

or cauda equina can be separated from 

the tumor tissue.

• Delivery through a tumor-free corridor 

yields clear margins and avoids tumor 

breach via a planned pediculotomy.

• Depending on the biology and anatomi-

cal spread of the tumor, the morbidity of 

an en-bloc resection has to be weighed 

against the potential and desired bene-

fits of clear tumor margins.
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62.1  Introduction

Challenging diagnosis, complex decision mak-

ing, technically demanding operative interven-

tion and major risks for morbidity and mortality 

puts management of spinal primary tumour at the 

highest level of surgical complexity. Surgical 

indications and procedures must be carefully 

assessed and individualized for each patient with 

a primary spinal neoplasm.

The en-bloc resection technique involves 

the removal of the neoplastic lesion in one 

piece, as a whole, with either a cuff of normal 

tissue circumferentially or as a marginal resec-

tion with intact tumor pseudocapsule [1]. The 

aim of en-bloc resection is to remove the tumor 

while minimizing the risk of local recurrence 

and provide a chance for cure. Achievability of 

en-bloc resection depends on a multidisci-

plinary approach, careful surgical planning and 

a high level of surgical expertise. Proper tech-

nical execution often requires a lengthy 

demanding procedure but has been shown 

repeatedly to have a significant impact on mor-

tality and morbidity [6].

This chapter aims to illustrate patient selec-

tion, workup and surgical planning of the en-bloc 

resections for primary spinal tumours.

62.1.1  Presentation and Clinical 
Workup

Patients presenting with primary spinal 

tumours are extremely rare with an estimated 

incidence of 2.5–8.5 cases per million inhabit-

ants per year. This rarity makes initial recogni-

tion of primary spinal tumours amongst the 

very common degenerative spinal pain chal-

lenging. The demographic profile, pain pattern, 

the un-responsiveness to conservative manage-

ment and history of systemic illness should 

trigger further investigation. Unfortunately, 

many patients have their diagnosis delayed or 

missed resulting in inappropriate management 

and sub-optimal outcomes. The most common 

presentation of patients with primary spinal 

tumours is pain in 76% of primary benign 

lesions and 95% of malignant lesions [4]. Pain 

patterns can be distinguished between mechan-

ical, neurological and oncologic.

Local and systemic staging is needed to fully 

characterise the extent of any suspected neoplas-

tic spinal lesion. Local staging includes standard 

X-ray, CT-Scan and MRI-Scan of the affected 

area of the spine. Standard or CT angiography 

should be ordered whenever the vascularity of the 

tumour or its relation to adjacent major vessels 

can possibly affect surgical planning. Systemic 
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staging includes chest, abdominal, pelvic and 

brain CT-Scan looking for distant metastasis.

The last step of the work-up includes a 

CT-guided percutaneous biopsy. The biopsy 

should be done after all imaging modalities to 

avoid altering the radiological anatomy. It should 

be performed by a skilled interventional radiolo-

gist aware of the suspected diagnosis. The biopsy 

trajectory should ideally be excisable at the time 

of surgical en-bloc resection. The specimens are 

sent for both cultures and pathological analysis. 

A pathologist experienced with musculo-skeletal 

tumours is required to provide a final opinion on 

the histology of the tissue.

62.1.2  Classification and Surgical 
Indications

A multidisciplinary team including pathologist, 

medical oncologist, radiation oncologist, radiolo-

gist and a spine surgeon is required to provide the 

best care for primary spinal tumours. The multi-

disciplinary team meets at the tumour board to 

discuss the final diagnosis, combining the infor-

mation provided by pathology, radiology and 

clinical assessment. The surgeon and radiologist 

will discuss the local extent of the tumour and the 

presence of systemic metastasis. The Enneking 

classification is used as a framework to catego-

rize the disease and plan for surgical resection 

(Fig. 62.1). Although this classification was ini-

tially described for the appendicular skeleton [5], 

its reliability and validity for spinal tumours was 

demonstrated [3]. The Enneking classification 

dictates the most appropriate surgical margin of 

resection to seize the best chance of local and 

systemic control.

Terminology of surgical margins is essential 

to describe the surgical resection strategy, 

communicate between surgeons and report out-

comes. The margins of surgical resection are 

described as intra-lesional, marginal or wide 

(Fig.  62.2) [2]. Intra-lesional margin denotes 

transgression of the plane between normal tis-

sue and the lesion. It encompasses various sur-

gical techniques including curettage, debulking 

and gross total removal. An intra-lesional mar-

gin is appropriate for benign lesions or known 

metastatic lesions. A marginal margin is 

accomplished in the reactive zone or pseudo 

capsule surrounding the tumour. Marginal mar-

gins are appropriate when benign but locally 

aggressive lesions are resected to prevent local 

recurrence. Wide margins described a dissec-

tion through a cuff of normal tissue around the 

tumour, beyond the reactive zone. Wide mar-

gins provide better survival and local control 

Histology Local Extent Metastasis Stage Margins of control

Benign

G0 Intracompartimental (T0) None (M0) 1 Intralesional + Local adjuvant

G0 Intracompartimental (T0) None (M0) 2 Intra-lesional

G0 Intracompartimental (T1) None (M0) 3 Marginal En Block excision 

Malignant

Low (G1) Intracompartimental (T1) None (M0) IA Wide (En Bloc)

Low (G1) Extracompartimental (T2) None (M0) IB Wide (En Bloc)

High (G2) Intracompartimental (T1) None (M0) IIA Wide (En Bloc) + Adjuvant

High (G2) Extracompartimental (T2) None (M0) IIB Wide (En Bloc) + Adjuvant

Any (G) Any (T)
Regional or

Distant (M1) III Paliative surgery, Intralesional

Fig. 62.1 The Enneking classification and suggested treatment. (Enneking et al. [5])
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for malignant lesions with no metastasis. 

However, in some cases of malignant primary 

spinal tumours, a wide resection can be quite 

morbid because it involves the resection of 

vascular and neurological structures. Radical 

resection was described for the appendicular 

skeleton, involves the resection of the entire 

bony compartment and it is almost never per-

formed in the spine given the significant neuro-

logical morbidity. Wide and marginal margins 

are achieved through the en bloc resection 

technique.

Once the most appropriate margin is deter-

mined the execution of surgical resection can be 

planned using the Weinstein-Boriani-Bigiani sur-

gical staging system. Using Axial imaging the 

vertebral unit is divided in twelve 30° radiating 

sectors numbered counter clockwise from 1 to 12 

starting on the left side of the spinous process. 

Figure  62.3 The tissue layers are classified in 

alphabetical order from periphery to centre from 

A to E. This topographic classification helps 

delimitate the margin of surgical resection and 

formulate the surgical plan as illustrated in the 

following case.

Fig. 62.2 Examples of intralesional, marginal and wide 

surgical margin applied the clinical case. The intralesional 

margins violate the plane between normal and neoplastic 

tissue regardless of how much of the tumour was macro-

scopically removed. The marginal margins refer to dissec-

tion in the reactive zone around the pseudo capsule of the 

tumour. Wide margin is through a cuff of normal tissue 

away a zone of possible micrometastasis. Note that adja-

cent to the epidural plane all margins converge because of 

the necessity to separate the tumour from the neurological 

tissue to avoid amputation of the spinal cord
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62.2  Case Description

62.2.1  Presentation

A 38  years old male sought medical attention 

after a 10 months history of low cervical pain 

radiating to the left middle, ring and little fin-

gers. He denied any history of weight loss, 

night sweat or malignancy. The physical exam 

showed a positive left Spurling test, decreased 

left tricipital reflex, 4/5 weakness in left finger 

flexion and abduction. Neurological assessment 

was otherwise normal with no signs of 

myelopathy.

The CT-scan ordered by the primary physician 

showed a well demarcated lesion of C7 and T1 

centred on the left laminae, vertebral body and 

transverse processes. This lesion was encasing 

the C8 nerve root exit foramina and into the left 

side of the spinal canal. An MRI-Scan confirmed 

the extent of the lesion and showed a relatively 

low T2 signal and suggested the presence of an 

osteoid matrix (Fig. 62.4).

Chest, abdomen and pelvis CT-scans showed 

no metastasis. A percutaneous biopsy was per-

formed by the radiologist involved in the tumour 

board (Fig. 62.5). Dense collagen with small foci 

of osteoid formation, within the fibrous tissue 

cluster of polygonal cells with clear vacuolated 

cytoplasm were found and a large number of mul-

tinucleated osteoclast like giant cells with mild to 

moderate nuclear variability. Cultures and stains 

did not identify the presence of a micro-organism. 

The differential diagnosis included osteoblastoma, 

giant cell tumour or aneurysmal bone cyst. A fol-

low-up MRI was repeated 4 month after his initial 

imaging to confirm the stability of the lesion.

62.2.2  Surgical Planning

Applying the Enneking classification to our 

patient, his lesion was classified as benign locally 

aggressive lesion with extra-compartmental 

involvement on the left side. WBB sectors 2 to 7 

were involved in the tumour with the left C8 and 

possibly T1 nerve roots encroached by the tumour 

(Fig. 62.6). It was concluded that en-bloc resec-

tion would be feasible with the ligation of the left 

C8 and possibly T1 nerve root. For the planning 

of surgical resection, the help of a plastic, gen-

eral, ENT or cardio-vascular surgeon can be 

 useful depending on the surrounding tissues 

involved.

Fig. 62.4 Cervical CT-scan and showing a well demar-

cated lesion of C7 and T1 centred on the left lamina, ver-

tebral body and transverse processes. Note the encasement 

of the left C8 nerve root and the relatively low T2 signal
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The critical surgical steps divided by anterior 

and posterior approach are presented in Figs. 62.7 

and 62.8 respectively.

Anterior Approach Goals (Fig. 62.7)

 1. Sub-periosteal dissection of sectors 7 to 8.

 2. Wide dissection of the sectors 6 to 4.

 3. Surgical ligation of the C8 nerve roots exiting 

the intervertebral foramen.

 4. Anterior part of a sagittal osteotomy through 

the Sector 8.

 5. Cranial and Caudal release of the C7 and T1 

specimens with C6-C7 and T1-T2 discecto-

mies and left sided T1 and T2 rib head resec-

tion (not shown on Fig. 62.7).

Posterior Approach Goals (Fig. 62.8)

 1. Extra-lesional window through sectors 11, 12 

and 1.

 2. Wide margin dissection of the sectors 2 and 3.

 3. Free the epidural plane and section of the 

encased C8 nerve root.

 4. Sagittal osteotomy through the sector C8.

 5. En-Bloc removal of the tumour.

 6. Posterior instrumented fusion from C4 to T5 

and reconstruction of the anterior column sup-

port (not shown on Fig. 62.8).

62.2.3  Surgical Intervention

The surgical resection was divided into anterior 

and posterior stages. It was planned over a single 

day but the option of a second day was 

considered.

62.2.3.1  First Stage Anterior 

Approach

The patient was positioned supine on a radiolu-

cent table.

Fig. 62.5 Percutaneous 

trocar biopsy is 

performed by a skilled 

interventional 

radiologist. Specimen 

are sent to both 

microbiology and 

pathology. The biopsy 

tract is planned to be 

potentially included with 

the EnBloc specimen at 

the time of the resection

Fig. 62.6 The WBB diagram applied to a T2 MRI axial 

cut of our case. Note that the radiating sectors 2 to 7 are 

involved and sectors 11 to 1 represent the tumour free 

window necessary to access the epidural plane, explore 

the dural tissue and section the left C8 and T1 nerve roots
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A “Z” extensile approach left sided was per-

formed. A cardiovascular surgeon assisted the 

surgical approach in case a sternotomy would be 

needed. To achieve marginal margins, the dissec-

tion on the left side of C7 and T1 was made 

superficial to over the left longus colli (sectors 3 

to 6) all the way to the transverse processes.

Using a bone scalpel, A sagittal osteotomy 

was done through the right fourth of the C6 and 

T1 vertebral body (Fig. 62.7). C6-C7 and T1-T2 

discectomies were used to disconnect C7 and T1 

cranially and caudally. The discectomies were 

extended laterally to resect the muscle belly of 

the left longus colli and resect the left T1 and T2 

rib head.

An anterior cervical plate was selected to span 

the resected vertebra and secured to C6 and T2 

vertebral bodies. The wound was then closed 

over a drain and the patient was turned prone.

62.2.3.2  Second Stage Posterior 

Approach

A posterior midline incision was performed from 

C5 to T4. Posterior dissection followed a wide 

surgical margin. Sub-periosteal dissection was 

carried out on the right side (sectors 9 to 12) and 

trans-muscular dissection (through sectors 1 to 3) 

was carried out on the left side (Fig. 62.8). The 

left dissection was extended laterally all the way 

to the left T1 and T2 ribs, which were exposed 

further laterally. The release of posterior elements 

started with the disconnection of the left T1 and 

T2 ribs. The first rib was divided and a portion of 

the second rib was removed as a strut graft.

Than the caudal part of C6 Lamina and cranial 

part of T2 Lamina were removed followed by a 

right hemi-laminectomy through C7 and T1. 

Right sided C5 and C6 lateral mass screws and 

T2, T3 pedicle screws were inserted and a rod 

inserted.

At that time-point, in light of copious amount 

of epidural bleeding and transient change in 

neuro-monitoring, the decision was made to post- 

pone the remainder of the procedure.

The patient was brought back to the operating 

room at a later stage to finish the posterior part of 

the procedure. The posterior wound was re- 

opened and washed-out.

Fig. 62.7 The critical steps of En Bloc excision of C7 

and T1 vertebra. The steps of the anterior approach are as 

follow: (1) sub-periosteal dissection (Layer B of sectors 7 

and 8); (2) Wide dissection (Layer A of sectors 4 to 6); (3) 

Ligation and section of the left C8 nerve roots; (4) Sagittal 

osteotomy through the Sector 8; (5) Cranial and Caudal 

release of the C7 and T1 specimens with C6-C7 and 

T1-T2 discectomies and left sided T1 and T2 rib head 

resection (not shown)

Fig. 62.8 The critical steps of En Bloc excision of C7 

and T1 vertebra explained. The steps of the posterior 

approach are as follow: (1) Extra-lesional window (sec-

tors 1, 11 and 12); (2) Wide margin dissection (Layer A 

sectors 2 and 3); (3) Dissection of the epidural plane 

(layer E setctors 2 to 7) and section of the encased C8 

nerve root; (4) Sagittal osteotomy of C7 and T1; (5) 

En-Bloc removal of the tumour; (6) Posterior instru-

mented fusion from C4 to T5 and reconstruction of the 

anterior column support (not shown)
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The epidural plane was carefully released cir-

cumferentially without any retraction on the spi-

nal cord. Using the bone scalpel, the sagittal 

osteotomy was completed through the posterior 

wall to reach the sagittal osteotomy line per-

formed from the anterior approach. The C7 and 

T1 left nerve roots were unroofed from their fora-

men and mobilized laterally. The left C8 nerve 

root was ligated and sectioned in the epidural 

plane as planned. At that point the whole lesion 

was released from all attachments and entirely 

free to be delivered. The delivery was carried 

through gentle rolling movement to the left with 

greatest care to avoid excessive traction on the 

spinal cord, C7 and T1 nerve roots.

The specimen was carefully inspected and no 

macroscopic margin violation was noted. The 

vertebral defect was filled with an expanding 

PEEK cage and with some bone autograft. The 

posterior instrumentation was completed. 

Biplanar x-rays confirmed the appropriate posi-

tion of the surgical implants (Fig.  62.9). The 

wound was irrigated and closed.

62.2.3.3  Post-operative Course

As expected, the post-operative neurological assess-

ment revealed a left C8 sensory-motor deficit with 

insensate ulnar border of the left hand, flickers (1/5) 

of long finger flexors and abductors. Otherwise the 

post-operative course went uneventfully.

Postoperatively, the pathology team reviewed 

the intra-operative specimen. Successful C7 and T1 

en -bloc resection without violation of the tumour 

margins was confirmed. However, after molecular 

studies, the diagnosis was changed from osteoblas-

toma to low grade osteogenic osteosarcoma.

The 2-year follow-up demonstrated absence 

of local recurrence or systemic metastasis 

(Figs.  62.9 and 62.10). The patient will still be 

followed up every year with MRI (Fig. 62.11).

Fig. 62.9 Early post-operative imaging of C7-T1 En-Bloc resection and reconstruction of cervico-thoracic spine
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62.2.4  Discussion

En-bloc resection requires a tremendous amount 

of resources at the surgical, medical and patient 

level. Appropriate indications for en-bloc resec-

tion are rare and, even when indicated, it comes at 

the cost of significant morbidity and at the risk of 

major complications. This case demonstrates two 

different indications of en-bloc resection. Although 

initially the goal of the en-bloc resection was 

mainly that of local control for a benign locally 

aggressive tumour, interestingly, the shift in diag-

nosis towards a malignant pathology suggested 

that the en-bloc resection was also beneficial for 

improved survival of the patient. While an intra-

lesional resection may have been justified given 

the initial differential diagnosis, the size and 

potential causes prompted an en-bloc resection as 

it was deemed feasible. This was retrospectively 

the right decision, as an intra- lesional resection of 

even a low-grade osteosarcoma would have most 

likely lead to local recurrence and would have 

been associated with a poor prognosis.

The rationale for en-bloc resection is to obtain 

the best local control of the growing tumour with 

a single surgical intervention. With such a benign 

locally aggressive lesion (Enneking Stage 3) 

intra-lesional resection entails local recurrence 

a

c

b

Fig. 62.10 Ct scan and MRI demonstrating the absence 

of local recurrence. Note the radiolucent peek cage that 

minimizes artefacts around the zone at risk of local 

recurrence

Fig. 62.11 Chest X-ray demonstrating the absence of 

pulmonary metastasis 2 year after enbloc resection of the 

primary spinal tumor
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and potentially multiple revision surgery. 

Revision surgeries for primary tumour are associ-

ated with higher complication and higher recur-

rence rate.

It was explained to the patient that to obtain 

the best control of local recurrence, sacrifice of 

the left C8 and T1 nerve roots would be needed. 

Only after a thorough discussion about the 

expected morbidity, the potential benefits and 

risks of an en-bloc excision of C7 and T1, the 

patient consented for the procedure.

En-bloc resection is not always feasible with-

out compromising neurological function signifi-

cantly. For en-bloc resection to be achievable 

without significant neurological morbidity two 

conditions have to be met:

 1. A sector of the vertebral ring can be removed 

outside the tumor margins to create a 

tumour- free window. This window should 

be wide enough to allow delivery of the 

tumor without traction on the spinal cord or 

cauda equina.

 2. Any nerve roots involved with the tumour can 

be reached outside the tumor margin to be tied 

off at the epidural space and ligated.

Additionally, in the cervical spine the verte-

bral artery might have to be sacrificed to respect 

the oncological surgical margin. The  consequence 

of unilateral vertebral artery sacrifice depends on 

the anatomy of the variable anatomy of the basi-

lar artery system. A pre-operative angiogram and 

balloon-occlusion test can help to predict the 

ischemic consequences of scarifying the verte-

bral artery [7].

Very importantly, the patient must be involved 

in the surgical decision making. The amount of 

morbidity associated with the proposed proce-

dure has to be explained to the patient and his 

family. Ultimately, the patient decides if the 

potentially improved survival outweigh the surgi-

cal risks and morbidity with often associated loss 

of neurological function.

For the planning of surgical resection, the help 

of plastic surgeon, general surgeon, ENT surgeon 

and cardio-vascular surgeon can also be useful 

depending on the surrounding tissues involved.

62.2.5  Conclusions and Take Home 
Message

Primary spinal tumours are challenging to diag-

nose and treat. Experienced, dedicated multidis-

ciplinary teams deliver the most appropriate care 

for these rare patients.

The Enneking classification is used to deter-

mine the oncological surgical margins and the 

Weinstein-Boriani-Biagini classification is of 

help to plan the feasibility of the resection.

En-Bloc resection technique is among the 

most complex and challenging surgical interven-

tions. However, despite the invasiveness and 

morbidity associated with en-bloc resection, 

there are numerous reports to support its benefits 

in improving local control and survival in pri-

mary spinal tumours. Even in seemingly benign 

tumours, en-bloc resection may be indicated if 

feasible, as the diagnosis can change particularly 

in larger and invasive benign tumours. If intra- 

lesional resection had been carried out in this 

case, then the only chance of a surgical cure 

would have been missed.
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63.1  Introduction

The Spine is the most common osseous site for 

metastatic disease. In the past, because of the 

overall limited survival, a simple palliative 

approach was advocated for the majority of those 

patients. However, with the on-going improve-

ments in oncology patients are now living much 

longer, therefore there have been a paradigm shift 

towards more aggressive treatment regimes. For 

spinal metastases with epidural compression 

standard of care has become decompression and 

instrumentation of the affected level. Thereby 

minimal invasive surgery (MIS) is being success-

fully utilized in order to reduce operative morbid-

ity, hospital stay and soft tissue trauma. Thereby 

postoperative chemotherapy and radiotherapy 

can be initiated more rapidly.

This chapter will illustrate the various MIS 

techniques with emphasis on their efficacy and 

level of evidence for the treatment of spinal 

metastases. At the end of this chapter the readers 

should be able to describe the various minimal 

invasive techniques used for spinal metastases 

and well as discuss their benefits over the stan-

dard open approaches.

The aim of the presented case is to illustrate a 

case of MIS instrumentation for metastatic spine 

disease.

63.2  Case Description

63.2.1  Case I

A 54 year-old female patient with a known breast 

cancer presented abroad with a 2 months history 

of persisting mid thoracic back pain. Magnetic 

resonance imaging (MRI) and computer tomog-

raphy (CT) scans of the thoracic spine revealed a 

fracture to the 8th thoracic vertebrae (Figs. 63.1 

and 63.2). Presumably a pathologic fracture due 

to the known history of breast cancer the patient 

underwent cement augmentation via vertebro-

plasty and biopsy of the 8th thoracic vertebrae. 

Thereafter she was relieved of her symptoms for 

4 months. Biopsy did not reveal any cancer cells. 

Therefore there was no adjuvant treatment. 

5 months thereafter she presented to out depart-

ment with a 1 months history of mid thoracic 

back pain once more. Plan radiographs and CT 

scan showed local kyphosis of the thoracic spine 

at the vertebroplasty level (Fig.  63.3). We then 

performed percutaneous stabilization above and 

below the index level (cement augmented pedicle E. Shiban (*) · B. Meyer
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Fig. 63.1 CT scan to the thoracic spine illustrating an osteolytic lesion of the 8th thoracic vertebrae with a slight ver-

tebral body collapse

Fig. 63.2 MRI scan to 

the thoracic spine 

illustrating a gadolinium 

enhancing lesion to the 

8th thoracic vertebrae

 E. Shiban and B. Meyer



525

screws th6-th7-th9-th10; Fig. 63.4) followed by 

corpectomy and expandable titanium cage place-

ment through a mini-open transthoracic approach 

(Fig. 63.5). Histopathology from the second sur-

gery was positive for cancer. The patients had an 

uneventful postoperative recovery and underwent 

radiotherapy 3 weeks postoperatively.

63.2.2  Case II

A 53 year-old male patient with a known history of 

malignant melanoma presented with 3 weeks his-

tory of persisting mid thoracic back pain. Magnetic 

resonance imaging (MRI) and computer tomogra-

phy (CT) scans of the thoracic spine revealed a frac-

ture to the 5th thoracic vertebrae (Fig. 63.6). He had 

a SINS score of 11. We performed minimal invasive 

pedicle screw instrumentation using carbon/PEEK 

screws and corpectomy and replacement via a pos-

terior approach with a PEEK cage all in one surgery 

(Figs. 63.7 and 63.8). 3 weeks thereafter, she under-

went stereotactic radiosurgery.

63.3  Discussion of the Cases

63.3.1  Why Were Things Done This 
Way

63.3.1.1  Case I

At initial presentation abroad the patient presented 

with pain and an osteolytic lesion in a semirigid 

segment of the spine (3rd – 10th Thoracic vertebra) 

with vertebral body collapse less than 50% without 

deformity or posterior element involvement. Ergo 

the patient had a Spinal Instability Neoplastic Score 

(SINS) [2] score of 8 (Table  63.1). Stabilization 

could have been recommended initially however 

cement augmentation for this suspected pathologic 

fracture with intermediate instability (SINS score 

7–12) might also be performed. At presentation in 

our department the patient had already failed this 

minimal invasive approach and had developed pain 

but also a local kyphosis. Therefore stabilization 

was needed. In order to facilitate for rapid postop-

erative radiotherapy by reducing the surgical wound 

Fig. 63.3 (Left) plain 

radiograph (right) CT 

scan demonstrating local 

kyphosis to the thoracic 

spine following 

vertebroplasty to the 8th 

vertebrae
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a b

c

e

d

Fig. 63.4 Operative picture of percutaneous pedicle screw placement (a) navigation assisted K-Wire placement (b, c) 

pedicle screw placement (d) percutaneous rod insertion (e) the multiple small incisions needed
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Fig. 63.5 Postoperative 

plan radiograph 

demonstrating the 

cement augmented 

pedicle scew 

stabilisation and 

vertebral body 

replacement with an 

expandable titanium 

cage

Fig. 63.6 MRI scan to 

the thoracic spine 

illustrating a gadolinium 

enhancing lesion to the 

8th thoracic vertebrae 

with epidural spinal cord 

compression
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and hospital stay duration, percutaneous stabilisa-

tion followed by corpectomy and replacement via a 

mini-open approach 3  days thereafter were per-

formed. Radiotherapy ensued 3  weeks 

 postoperatively because the diagnosis of metastatic 

disease was confirmed.

63.3.1.2  Case II

He presented with a painful metastases with a 

SINS score of 11 with an otherwise stable disease 

and good clinical status. Therefore Instrumentation 

was deemed necessary. To facilitate for long-term 

stability a 360° instrumentation was planned. 

Because this was the upper thoracic region, mak-

ing an anterolateral approach due to the great ves-

sels very demanding, a single step surgical 

approach was most appropriate. The usage of 

radiolucent PEEK/carbon composite implants is 

believed to better than titanium implants because 

of better postoperative imaging and to facilitate for 

more accurate radiosurgical planning.

Fig. 63.7 Postoperative plan radiograph demonstrating 

the Carbon/PEEK pedicle scews and vertebral body 

replacement with a PEEK cage

Fig. 63.8 Postoperative CT scan demonstrating the Carbon/PEEK pedicle scews and vertebral body replacement with 

a PEEK cage

 E. Shiban and B. Meyer



529

63.3.2  Were They in Accordance 
with the Literature Guidelines

The main indications for surgical treatment are epi-

dural spinal cord compression or spinal instability. 

To access spinal instability the Spine Oncology 

Study Group introduced the 18-point Spinal 

Instability Neoplastic Score (SINS) [2]. Spinal 

metastases with high scores (13–18) are considered 

unstable and require surgical intervention 

(Table 63.1). For patients with epidural spinal cord 

compression and neurological deficits the role of 

surgery was made clear more than two decades ago. 

The seminal publication by Patchell et. could clearly 

show that surgical decompression followed by 

radiotherapy resulted in significantly higher ambu-

latory rates in comparison to radiotherapy alone [6].

For patients without spinal instability present-

ing with refractory pain, cement augmentation 

via kyphoplasty or vertebroplasty may also be 

recommended [1]. In a randomised multicenter 

study comparing kyphoplasty to non-surgical 

treatment (CAFE Study) for patients with painful 

spinal metastases the superiority of kyphoplasty 

was evident. The patients had a statistically sig-

nificant superior outcome at 1 and 6 months post-

operatively [1].

MIS has recently gained much popularity for 

the treatment of spinal metastases. Due to the 

reduced invasiveness of surgery recovery time is 

markedly reduced and postoperative chemother-

apy and radiotherapy can begin much sooner. To 

date only the previously mentioned CAFE study 

[1] is providing high-level evidence for the use of 

MIS in spinal metastases. There are numerous 

low-level evidence publications illustrating the 

use of percutaneous pedicle screw stabilization, 

tubular retractors, mini-open approaches and tho-

racoscopy/endoscopy for spinal metastases [8].

Most spine MIS publications in general as well 

as for the metastatic spine illustrate the benefits of 

percutaneous stabilization. There are two low-level 

single center studies comparing open approaches to 

MIS [3, 4]. In an analysis of 42 patients with tho-

racic spinal metastasis and myelopathy MIS was 

compared to the traditional open approach [4]. 23 

prospectively enrolled patients undergoing MIS 

decompression and percutaneous stabilization were 

compared to retrospectively collected data from 19 

patients following laminectomy and traditional 

open stabilization. There were no significant differ-

ences in neurological recovery rates or in complica-

tion rates. However, the MIS group illustrated a 

clear reduction of blood loss, operation time, bed 

rest length, postoperative pain and postoperative 

Table 63.1 18-point Spinal Instability Neoplastic Score 

(SINS)

Score

Location

  Junctional (Occiput-C2,C7-T2, T11-L1, 

L5-S1)

3

  Mobile spine (C3-C6,L2-L4) 2

  Semirigid (T3-T10) 1

  Rigid (S2-S5) 0

Pain

  Yes 3

  Occasional pain but not mechanical 1

  Pain-free lesion 0

Bone lesion

  Lytic 2

  Mixed (lytic/blastic) 1

  Blastic 0

Radiographic spinal alignment

  Subluxation/translation present 4

  De novo deformity (kyphosis/scoliosis) 2

  Normal alignment 0

Vertebral body collapse

  >50% collapse 3

  <50% collapse 2

  No collapse with >50% body involvement 1

  None of the above 0

Posteriolateral involvement of  

spinal elements

  Bilateral 3

  Unilateral 1

  None of the above 0

Total score

  Stable 0–6

  Intermediate 7–12

  Unstable 13–18

Modified from Fisher et al. [2]
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opioid use [4]. In a retrospective analysis of 49 

patients with thoracic metastasis MIS was also 

compared to a traditional open approach. 21 patients 

underwent a mini-open transpedicular corpectomy 

and percutaneous stabilization and 28 patients 

underwent traditional open transpedicular corpec-

tomy and stabilization. There were no statistically 

significant differences in operation time, complica-

tion rates or neurological recovery. The MIS group 

had a significant reduction of blood loss and hospi-

tal stay duration [3].

For the additional use of cement augmentation in 

the metastatic spine there is also no high-level evi-

dence. In a multicenter retrospective analysis of 101 

patients following percutaneous pedicle screw sta-

bilization and cement augmentation 87% of patients 

were ambulatory within 3  days after surgery. 18 

patients experienced a postoperative complication 

but most (9/18) were not directly related to the sur-

gical technique (e.g. delirium, urinary tract infec-

tion). Also, none of the complications was related to 

the cement augmentation (e.g. cement embolism). 

Prolonged operating time was the only factor sig-

nificantly associated with the development of a 

 complication [7]. In a second retrospective single 

center study, the safety and efficacy of cement- 

augmented short-segment percutaneous stabiliza-

tion was analysed in 44 patients. The rate of patients 

reporting severe pain was reduced from 86% to 0% 

after surgery. On patient developed an adjacent-

level fracture and in one case there was an asymp-

tomatic screw pullout. Two patients required 

secondary decompression due to tumor progression 

despite radiotherapy [5].

All other current publications on the use of MIS 

in metastatic spine disease were restricted to a rela-

tively small number of patients providing low-level 

evidence [8].

63.4  Conclusions and Take Home 
Message

• Patients with metastatic disease are living lon-

ger so that management of spine instability 

due to spinal metastasis comes more into 

focus.

• To access spinal instability the 18-point Spinal 

Instability Neoplastic Score (SINS) should be 

used.

• Decompression with Stabilization followed 

by radiotherapy has become the gold standard 

in most cases.

• Although without high-level evidence the 

benefits of MIS techniques in spinal metasta-

ses surgery are clear. Reduction of soft tissue 

trauma, blood loss and hospital stay facilitate 

a more rapid initiation of adjuvant treatments.

• For the additional use of cement augmentation 

in the metastatic spine there is also no high- 

level evidence. However in oncologic patients 

poor bone quality is very frequent and cement 

augmentation can therefore be recommended 

in selected cases.

• The use of radiolucent implants in the meta-

static spine disease may be beneficial with 

regards to postoperative follow-up imaging 

and more accurate radiotherapy planning and 

delivery. However, there are still to data on 

this subject.

References

 1. Berenson J, Pflugmacher R, Jarzem P, Zonder J, 

Schechtman K, Tillman JB et  al. Cancer Patient 

Fracture Evaluation (CAFE) Investigators. Balloon 

kyphoplasty versus non-surgical fracture man-

agement for treatment of painful vertebral body 

compression fractures in patients with cancer: a mul-

ticentre, randomised controlled trial. Lancet Oncol. 

2011;12(3):225–35. EBM 1b.

 2. Fisher CG, DiPaola CP, Ryken TC, et al. A novel clas-

sification system for spinal instability in neoplastic 

disease: an evidence-based approach and expert con-

sensus from the Spine Oncology Study Group. Spine. 

2010;35:E1221–9. EBM 2a.

 3. Lau D, Chou D. Posterior thoracic corpectomy with 

cage reconstruction for metastatic spinal tumors: 

 comparing the mini-open approach to the open 

approach. J Neurosurg Spine. 2015;23(2):217–27. 

EBM 3b.

 4. Miscusi M, Polli FM, Forcato S, Ricciardi L, Frati 

A, Cimatti M, De Martino L, Ramieri A, Raco 

A.  Comparison of minimally invasive surgery with 

standard open surgery for vertebral thoracic metas-

tases causing acute myelopathy in patients with 

short- or mid-term life expectancy: surgical tech-

nique and early clinical results. J Neurosurg Spine. 

2015;22(5):518–25. EBM 3b.

 E. Shiban and B. Meyer



531

 5. Moussazadeh N, Rubin DG, McLaughlin L, Lis 

E, Bilsky MH, Laufer I.  Short-segment percutane-

ous pedicle screw fixation with cement augmenta-

tion for tumor-induced spinal instability. Spine J. 

2015;15(7):1609–17. EBM 3b.

 6. Patchell RA, Tibbs PA, Regine WF, et  al. Direct 

decompressive surgical resection in the treatment of 

Spinal cord compression caused by metastatic cancer: 

a randomised trial. Lancet. 2005;366:643–8. EBM 1b.

 7. Versteeg AL, Verlaan JJ, de Baat P, Jiya TU, 

Stadhouder A, Diekerhof CH, van Solinge GB, Oner 

FC. Complications after percutaneous pedicle screw 

fixation for the treatment of unstable spinal metasta-

ses. Ann Surg Oncol. 2016;23(7):2343–9. EBM 4.

 8. Zuckerman SL, Laufer I, Sahgal A, Yamada YJ, 

Schmidt MH, Chou D, Shin JH, Kumar N, Sciubba 

DM.  When less is more: the indications for MIS 

techniques and separation surgery in metastatic 

spine disease. Spine (Phila Pa 1976). 2016;41(Suppl 

20):S246–53. EBM 2a.

63 Minimally Invasive (Long) Dorsal Instrumentation Including Augmentation for Metastasis



533© Springer Nature Switzerland AG 2019 

B. Meyer, M. Rauschmann (eds.), Spine Surgery, https://doi.org/10.1007/978-3-319-98875-7_64

En Bloc Resection for Metastatic 
Disease

Ulf Liljenqvist

64.1  Introduction

This case will detail the aspects of en bloc resec-

tion in metastatic disease of the spine. It is indi-

cated in very rare cases of solitary metastases or 

oligometastatic patients with primary tumors of 

good prognosis or highly likelyhood of local 

recurrence in case of intralesional resection.

64.2  Case Description

43 year old woman and wife of an orthopedic sur-

geon with history of breast cancer diagnosed and 

treated successfully 5  years earlier with breast 

amputation, lympdadenectomy and local radia-

tion. On routine postoperative staging a solitary 

lesion of L5 was diagnosed. CT-guided biopsy 

revealed metastatic disease of breast cancer. 

Clinically, neurologically intact, only mild low 

back pain. Preop. MRI, CT and PET-CT showing 

the lesion of L5 with affection of the left pedicle 

and only minor soft tissue involvement 

(Fig. 64.1a–c).

Both tumor board and patient opted for com-

plete resection. First, the non-affected posterior 

elements of L5 (lamina, articular processes, right 

transverse process and pedicle) were resected to 

create a corridor for the dural sac. The nerve 

roots L4 and L5 were released bilaterally and the 

discs L4/5 and L5/S1 incised and partially 

resected. Pedicle screw instrumentation was car-

ried out from L3 to S1, backed up with S2 ala 

screws. Finally, the defect was covered with an 

autologous cortical iliac crest graft that had been 

harvested at the beginning of the procedure. It 

was pressfitted between the spinous processes of 

L4 and S1 and secured with a transverse 

connector.

Patient was placed supine and a team of two 

vascular surgeons visualized and controlled the 

great abdominal and iliac vessels via a transper-

itoenal approach (Fig. 64.2). The disc resection 

L4/5 and L5/S1 was completed and the remain-

ing psoas attachments were released and the 

fifth lumbar vertebra was removed en bloc 

(Fig. 64.3). Anterior column reconstruction with 

a distractable titanium vertebral body replace-

ment, filled with cancellous bone graft 

(Figs.  64.4 and 64.5a, b). Total OR time was 

8.5 h. Early postoperative recovery was unevent-

ful except for a left sided foot extensor weak-

ness of 3/5 which was attributed to the 

intraoperative retraction of the lumbar plexus. 

Histological examination showed a contami-

nated margin at the left pedicle.

Six weeks postoperatively abdominal revision 

surgery due to intraabdominal adhesions. 

Postoperative radiation of the lower lumbar spine 
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a c

b

Fig. 64.1 (a–c) CT (a), MRI (b) and PET CT (c) demonstrating the lesion of L5

Fig. 64.2 Intraoperative picture of the transperitoneal 

approach with preparation of the great vessels (aorta, vena 

cava, left common iliac vein, both common iliac arteries)

Fig. 64.3 Resected corpus vertebrae L5 including left 

pedicle and transverse process
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with 44 Gy was perfomed. Continuous medication 

with Denusomab. Two years postoperatively, 

removal of the prominent S2 screws was done. CT 

scan demonstrates fusion of both cage and the pos-

terior iliac crest graft (Figs. 64.6a, b and 64.7).

Four years postoperatively she is in complete 

remission without any evidence of disease and 

works part time as a lawyer with still some weak-

ness of the left foot (4/5). The medication with 

Denusomab is continued and she is in regular 

oncological control.

64.3  Discussion

Primary goal in metastatic spine surgery is local 

control. In the literature the clinically relevant 

local recurrence rate ranges between 5% and 

15%. Risk factors were found to be posterior only 

surgery (intralesional resection) and thyroid or 

kidney metastases [1–3]. The overall local recur-

rence rate after intralesional resection of spinal 

kidney metastases ranges between even 20% and 

50%. Up to 50% of all revisions due to local 

recurrence are found in kidney metastases [1, 2]. 

Jansson and Bauer [3] found an increase in the 

local recurrence rate to 20% if the patient sur-

vived longer than 1 year.

En bloc resection with clear margins almost 

eliminates the risk local recurrence due to the 

complete tumor removal [4]. In thyroid metasta-

ses en bloc spondylectomy reduced the local 

recurrence rate from 57% after intralesional 
Fig. 64.4 Intraoperative picture with the vertebral body 

replacement cage in-situ

a b

Fig. 64.5 (a, b)  Postoperative ap and lateral lumbar X-rays
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resection to 10% [5]. Matsumoto et  al. [6] 

 recommend total en bloc spondylectomy in thy-

roid metastases to optimize local control. In a 

long- term study on 8 patients they found a com-

plete remission in 5 patients and only 2 local 

recurrences.

Concerning the technique of en bloc spondy-

lectomy, a combined posteroanterior approach 

allows full control of both neural and vascular 

structures and increases safety of the procedure 

[7]. Prerequisite for extralesional en bloc resec-

tion is a tumorfree area around the lamina and 

one pedicle. Thus a tumorfree corridor can be 

created to release the dural tube sac and its con-

tents. Disadvantages of an all posterior 

approach with bilateral pediculotomies are lim-

ited control of anterior vital structures, the 

necessity of far lateral bilateral rib osteotomies 

and tumor spillage in case of tumor involve-

ment of the pedicle(s).

a b

Fig. 64.6 (a, b)  X-rays 2 years postop. with removal of prominent S2 screws

Fig. 64.7 CT scan 2  years postop. showing fusion of 

both the cage and the posterior iliac graft
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64.4  Conclusions and Take Home 
Message

• In solitary metastases or oligometastatic 

patients with thyroid or renal cancer en bloc 

resection reduces the local recurrence rate.

• In late solitary breast metastases with good 

prognosis en bloc resection may improve local 

control.

• A posteroanterior approach for en bloc spondy-

lectomy increases the safety of the procedure.
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65.1  Introduction

This is a typical case of Adolescent Idiopathic 

Scoliosis (AIS) who has had a trial of conserva-

tive treatment with a rigid brace that was not nec-

essarily indicated before surgery. Based on her 

case;

• Surgical indications in AIS,

• Use and application of Lenke classification in 

surgical decision making,

• Uses, advantages and disadvantages of surgi-

cal correction maneuvers, and

• Priorities in surgical treatment of AIS will be 

discussed.

65.2  Case Description

A 14 year old female patient who was diagnosed 

with AIS 1 year ago and was referred for surgical 

treatment is presented. She has had her menarche 

1 year before her referral and had a trial of brace 

treatment with a rigid custom made TLSO over 

the past year. Treating physician states the Cobb 

measurements of her curves as 35° and 42° (for 

thoracic and lumbar curves respectively) at the 

time of the commencement of the brace treat-

ment (no X-rays were available). Braced was dis-

continued upon demonstrated progression to 44° 

and 49° respectively and she was referred for sur-

gical treatment.

At presentation, she has right thoracic and left 

lumbar humps of pretty much equal sizes and 

1–2  cm elevation at her right shoulder. Her leg 

lengths are equal and her neurological examina-

tion including abdominal reflexes are normal. 

Presentation X-rays are notable for left sided 

upper thoracic (UT) (T1-T4) curve of 21.5°, right 

sided thoracic (T) (T5-T12) curve of 45.8° and 

left sided lumbar (L) (L1-L4) curve of 51.1° on 

the AP view (Fig.  65.1a). These curves would 

correct down to 18°, 38° and 29° respectively on 

left and right side bending X-rays. Her coronal 

balance is shifted to left by 32  mm, her right 

shoulder is higher by 18 mm. Her Risser status at 

the time was Grade II. Her sagittal curves on the 

lateral x-ray were measured as 44° of thoracic 

kyphosis (TK) and 57° for lumbar lordosis (LL) 

(Fig. 65.1b). She is perfectly balanced in the sag-

ittal plane (SVA = 0 mm).

Based on these, she was classified as type VI 

(or III) C (+) by Lenke classification.

Surgery was planned to cover both major 

curves (T and L) in the coronal plane from the 

upper end vertebra of the T (T4) to the lower end 

vertebra of the L (L4) curves. Although the 
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a b
Fig. 65.1 (a) Pre- 

operative PA X-ray of 

the patient. Cobb 

measurements 1 to 3 are 

for UT, T and L curves 

respectively. White line 

is the Central Sacral 

Vertical Line, and the 

Blue line is the shoulder 

balance line. (b) 

Pre-operative lateral 

X-ray. Cobb 

measurements 1 and 2 

are for TK and LL 

respectively. White line 

is the Sagittal Vertical 

Axis from C7

 original plan was to use pedicle screws on both 

sides for every level (the accepted norm at that 

time), three pedicles T 6, 7 and 10 was not instru-

mented on the right side due to technical difficul-

ties. Surgical correction was achieved by double 

rod rotation maneuver starting with the insertion 

of the convex rod (see below for description and 

discussion) which was followed by bilateral 

Harrington distraction/compression maneuvers 

(see below for description and discussion) so as 

to adjust coronal balance. Her x-rays on the post- 

operative day 3 can be seen in Fig. 65.2a, b. Her 

coronal curves were corrected down to 14.3°, 

16.3° and 15.6° for the UT, T, and L curves 

respectively. Her coronal balance is 3 mm to right 

and her shoulder are balanced. On the sagittal 

plane, her TK measures 21.8°, her LL measures 

48.7° and her sagittal balance is seen to be dete-

riorated to SVA  =  76  mm. She was discharged 

from the hospital in that alignment on the 4th 

post-op day, following an uncomplicated clinical 

course.

Her 2 year follow-up x-rays can be seen in 

Fig. 65.3a, b. Her coronal measurements at this 

time are 14.4°, 16.9° and 13.7° for UT, T and L 

curves; her coronal balance is 2 mm to left and 

her right shoulder is 8 mm lower. On the sagittal 

view, her TK is 26.8°, her LL has increased to 

55.1° and her sagittal balance has become (−) 

(SVA = −12 mm). Both the patient and her fam-

ily expressed satisfaction (less than complete due 

to persisting minor asymmetry) with the end 

result and she was discharged from scheduled 

controls.

65.3  Discussion of the Case

 A. A brief note on brace treatment:

Treatment recommendations in AIS are based on 

the fairly well documented natural history of the 

disease [1] and delineated in several guidelines 

including those by the Scoliosis Research Society 

 R. E. Acaroglu and M. E. Doany
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a b
Fig. 65.2 (a) PA X-ray 

at the 3rd post-operative 

day. Cobb measurements 

1 to 3 are for UT, T and 

L curves respectively. 

White line is the Central 

Sacral Vertical Line, and 

the Blue line is the 

shoulder balance line. 

(b) Lateral X-ray at the 

3rd post-operative day. 

Cobb measurements 1 

and 2 are for TK and LL 

respectively. White line 

is the Sagittal Vertical 

Axis from C7

a b
Fig. 65.3 (a) PA X-ray 

at the end of the 2nd 

post-operative year. 

Cobb measurements 1 to 

3 are for UT, T and L 

curves respectively. 

White line is the Central 

Sacral Vertical Line, and 

the Blue line is the 

shoulder balance line. 

(b) Lateral X-ray at the 

end of the 2nd post- 

operative year. Cobb 

measurements 1 and 2 

are for TK and LL 

respectively. White line 

is the Sagittal Vertical 

Axis from C7
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(SRS) [2]. SRS suggests that brace  treatment is 

indicated for curves between 25° and 40° in 

immature patients. In this regard, an argument on 

the appropriateness of bracing in this patient 

(with a T curve of 44°) may be questioned. On 

the other hand, this decision was probably based 

on her immaturity at the time (just at menarche 

and probably Risser 0), and the physician who 

had started brace treatment deserves commend 

for recognizing the failure of her prescription at 

an early period and referring the patient for 

surgery.

 B. Selection of fusion levels:

Guidance in the selection of is the main clinical 

application of Lenke classification (for any AIS 

classification for that matter). Classification calls 

for an identification of major curves (that does 

not correct to below 25° on bending and/or is 

associated with junctional kyphosis >20°) to be 

included in surgical fusion [3]. The present case 

was classified as Type VI (double major with 

L > T) or III (double major with T > L; based on 

the flexibility of the L curve). As can be seen, 

these two types are essentially the same with only 

minor (if any) changes in the selection of fusion 

levels. The UT curve was not included in the 

fusion levels based on the same classification.

 C. The choice of correction maneuver:

Several corrective maneuvers may be used in AIS 

surgery, individually or (more frequently) in 

combination. These may be listed as follows:

 (i) Harrington Forces (Fig. 65.4a): Described 

originally to be utilized with Harrington 

instrumentation, these forces comprise of 

distraction (of the concave/short side) and 

compression (of the convex/long side). 

They are still extremely useful in conjunc-

tion with all other correction maneuvers. 

Their usefulness is not limited to correc-

tion in the coronal plane, but even more 

pronounced in the sagittal plane, in which 

‘compression in the posterior column 

decreases kyphosis and increases lordosis; 

whereas distraction increases kyphosis and 

decreases lordosis’.

 (ii) Translation (Fig. 65.4b): First introduced by 

the use sublaminar wires, consists of align-

ing and stabilizing the rod(s) in the desired 

sagittal and coronal alignment and pulling 

the spine to the rod(s) by means of wires, 

bands, pedicle screws etc. By this, defor-

mity is corrected not only by translating the 

apex towards the concavity in coronal and 

sagittal planes, but also, in the presence of 

axial rotation, by derotation as the posterior/

concave corner of the rotated level(s) is 

pulled in the posterior direction. Translation 

is much easier to be used on the concave 

side of the deformity, a similar maneuver 

perform from the convex side (pushing) is 

called cantilevering (see below).

 (iii) Cantilevering (Fig.  65.4c): Is the act of 

attaching the to the upper or lower end of the 

(kyphotic, by definition) deformity and 

achieving correction by pushing the free end 

towards the spine and fixing. By this, defor-

mity is corrected not only by translating the 

apex towards the concavity in coronal and 

sagittal planes, but also, in the presence of 

axial rotation, by derotation as the posterior/

convex corner of the rotated level(s) is 

pushed in the anterior direction.

 (iv) Single rod rotation (Fig. 65.4d): Introduced 

and popularized as a part of CD instrumen-

tation, this maneuver consists of the applica-

tion of the contoured concave rod first, 

rotation of this rod in the correction direc-

tion by 90°, and application of the convex 

rod after that for stabilization and partial 

derotation. Although credited as a derota-

tion maneuver at the time of its introduction, 

this maneuver is now considered as a modi-

fication of translation.

 (v) Double rod rotation (Fig. 65.4e): This is the 

rod rotation performed with both rods in 

place. Its advantages are less rod deforma-

tion, better control convex side of the defor-

mity thereby (theoretically) affording better 

rotational correction and better (demon-

strated) preservation/control of the T kypho-

sis. Main disadvantage is the relative 
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a b c

d e f

Fig. 65.4 (a) Harrington forces (compression and dis-

traction) as a correction maneuver. (b) Translation as a 

correction maneuver. The concave rod is contoured and 

aligned in the desired sagittal alignment. The deformed 

spinal segment is then pulled towards that rod (towards 

midline and posteriorly) by means of wires, cables, bands 

or pedicle screws. (c) Cantilevering as a correction 

maneuver. The convex rod is contoured and fixed to the 

upper (or lower) half of the deformed segment in the 

desired sagittal alignment. Pushing the free end of the rod 

towards the lower (or upper) half of the curve translates 

the apex towards the concavity as well as anteriorly. (d) 

Single rod rotation as a correction maneuver. The rod is 

contoured into the desired sagittal alignment, fixed to the 

anchors on the concave side and rotated in a direction that 

would translate the coronal curve into a sagittal one. 

İnsertion of the convex rod follows. (e) Double rod rota-

tion as a correction maneuver. Both rods are contoured 

into the desired sagittal alignment, fixed to the anchors on 

both sides and rotated in a direction that would translate 

the coronal curve into a sagittal one. (f) Direct vertebral 

rotation as a (complementary) correction maneuver. 

Following correction of the coronal (and sagittal) plane 

deformities by means of the maneuvers described above, 

the apically located pedicle screws are loaded with tubes 

or sticks to allow for the manipulation of these vertebrae 

in the axial plane, thereby affording for a better correction 

of rotation in that plane
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difficulty of rotating both rods due to an 

increased rigidity of the spinal column that 

is fixed on both sides, resulting in (theoreti-

cally) lesser coronal correction rates.

 (vi) Direct vertebral rotation (Fig. 65.4f): This is 

the procedure of attaching sticks or towers 

to the pedicle screws at and around the apex 

and using these as joysticks to correct axial 

rotation of these segments. This maneuver is 

associated with the highest axial and coro-

nal plane correction rates whereas the main 

disadvantage being its lordosing effect of 

the derotated T spine.

Of these, a combination of cantilevering 

(introduction and complete insertion of the con-

vex rod first), double rod rotation and Harrington 

forces (to adjust the coronal plane balance) was 

used for this case. The choice of cantilevering is 

far from being arbitrary; it was based on the (+) 

TK designation of the curve in Lenke classifica-

tion. Correction of a kyphotic segment should 

always be performed starting from the convexity 

of the scoliotic curve (see discussion above).

Of interest, it is extremely important to 

emphasize and understand that the maximum 

amount of coronal plane correction was not 

sought for nor achieved in any of the curves of 

this patient. This is the main point in using 

Harrington forces to adjust the coronal plane bal-

ance as the last maneuver in surgery; one or both 

curves may need to be uncorrected to various 

extents in order to achieve an optimally balanced 

alignment (of both the spinal column and shoul-

ders). The risk for imbalance, especially in shoul-

der levels is unacceptably high if this final tuning 

is not performed. Of note again, as to our knowl-

edge, there is no such described maneuver that 

can tune the sagittal alignment during surgery; 

we have to rely on the patients’ own capacity to 

correct themselves in the sagittal plane as evi-

denced by the case described here.

 D. Pedicle screw instrumentation and density:

Pedicle screws afford the ability to perform truly 

segmental instrumentation in scoliosis surgery. 

They have better intrinsic stability (that is, being 

stable by itself) compared to other anchors 

(hooks, wires, bands etc.) and as they may be at 

all levels of TL instrumentation, they are very 

useful in distributing the loads and corrective 

forces throughout the involved region. In this 

regard, it is also important to understand that the 

use of pedicle screws do not necessarily mandate 

the use of a certain correction maneuver, pedicle 

screws may be used successfully in all correction 

maneuvers described above, a major advantage 

and reason for their widespread use in scoliosis 

surgery.

Recent evidence on pedicle screw density in 

posterior surgery for AIS suggests that higher 

densities (i.e., using screws closer to the potential 

number possible, that is, number of levels*2) are 

not necessarily associated with improved patient 

outcomes but with significantly higher surgical 

costs [4, 5]. As mentioned above, this patient was 

operated at a time when this information was not 

available and the accepted norm, based on an 

understanding that higher screw densities may 

allow for better correction rates.

 E. The status of evidence in posterior AIS 

surgery:

Evidence on surgical management of AIS needs 

to be considered from two different 

perspectives:

 (i) Evidence on deformity correction; which is 

abundant. There is no doubt that surgery 

affords very satisfactory correction rates in 

coronal and lately, in axial planes. Sagittal 

plane correction (i.e., restoration of TK when 

needed) is less predictable as evidenced by a 

recent literature review by us in Table 65.1. 

Table 65.1 Pooled sagittal plane correction data from 53 

papers reporting sagittal correction data in posterior AIS 

surgery

Pooled sagittal plane deformity correction [N = 3780]

Avg. Pre-op Sagittal Cobb (°) 22.1

Avg. Post-op Sagittal Cobb (°) 22.6

Avg. Correction (°) 0.5 [−13.9 to +20]

Unpublished literature review by Acaroglu and Doany 

(2018)
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The evidence level of the available literature 

is level III at best, but there is a demonstrable 

consistency of these trends from a very large 

number of reports.

 (ii) Evidence on long term patient well-being 

and quality of life; which is far less than 

abundant [6, 7]. There is some level IV evi-

dence suggesting better rates of coronal cor-

rection are associated with better satisfaction 

and SRS 22 scores but the longevity of this 

trend is virtually unknown [8].

65.4  Conclusions and Take Home 
Message

Through this case we wanted to emphasize the 

need for a complete deformity analysis and accu-

rate classification as the first and foremost step in 

AIS surgery. This is also true for an absolute 

command on the tools (i.e., screws, rods, wires 

etc.) and correction maneuvers. Without a proper 

understanding of each individual deformity in all 

planes and that of the surgical options, achieving 

consistent, acceptable and tailored results may 

virtually be impossible.
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Tumors of the Sacrum

Sandro M. Krieg and Bernhard Meyer

66.1  Introduction

Sacral tumors can be metastases or primary 

tumors. The latter represent an uncommon entity, 

only accounting for approximately 7% of all pri-

mary tumors of the spine. While giant cell tumors 

and chordomas are the most frequent tumor type, 

they are also considerably resistant to chemo- 

and radiotherapy [1]. Along with their slow speed 

of growth sacral tumors most commonly induce 

only minor symptoms resulting in large tumors 

when the patients present in our clinics [16]. 

Moreover, many sacral tumors, such as chordo-

mas and chondrosarcomas are proved to have a 

better oncological outcome if resected en bloc; 

yet, this is not possible in a large protion of cases 

[15]. This, however, is surgically demanding con-

sidering the critical biomechanical role, complex 

anatomy, interdisciplinary involvement, and fre-

quently large anterior tumor mass.

This chapter therefore aims on elucidating the 

three most crucial aspects of surgery to the 

sacrum:

 1. Indication and techniques of sacral tumor 

resections

 2. Sacrectomy in particular

 3. Fixation and reconstruction techniques fol-

lowing resection

The two illustrative cases will help to better 

understand the clinical implications, potential com-

plications, and considerations which need to be 

taken when consulting patients with such tumors.

66.2  Case Description

66.2.1  Case 1

A 50 year-old male patient presented with right-sided 

local pain in the sacrum, without any sciatica or neu-

rological deficits. CT and MRI were performed 

showing a tumor in the right sacrum (Figs. 66.1 and 

66.2).

A needle biopsy was performed showing a 

chondrosarcoma and the tumor board recom-

mended lumbopelvic instrumentation L4-L5 to Os 

Ileum, complete en bloc tumor resection via hemi-

sacrectomy and excision of the biopsy trajectory. 

Tumor resection went as planned: lumbopelvic 

instrumentation L4-L5 to Os Ileum (plus S1 in the 

left side) and complete en bloc tumor resection via 

hemisacrectomy. After surgery, no new deficit 

occurred and the patient was able to walk without 

help at the first  postoperative day. Tumorboard 

recommended adjuvant radiotherapy (Fig. 66.3).
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66.2.2  Case 2

A 66 year-old male patient came to our depart-

ment with a sacral chordoma biopsied in another 

hospital already (Fig. 66.4). His previous medical 

history contains a prostate cancer with prostatec-

tomy performed the year before. Since then, he 

had perineal and genital hypaesthesia as well as 

bladder and bowel dysfunction.

The patient only suffered from pain in the 

sacral region and therefore refused surgery. For 

the next year the patient experienced progressive 

weakness of the lower limbs and for another 

9 months he required a wheel chair. 2 years after 

the initial presentation in our department he came 

back with paraparesis of both lower limbs 

(BMRC 1/5), hypesthesia of lower limbs, peri-

neal and genital hypaesthesia as well as bladder 

and bowel dysfunction. Due to urinary retention 

a

c d

b

Fig. 66.1 MRI scan of a tumor in the right sacrum. This MRI scan shows the coronal (a, c) and axial (b, d) slices of a 

right-sided sacral tumor with inhomogenous contrast-enhancement (a, b)

Fig. 66.2 CT scan of a tumor in the right sacrum. This 

CT scan shows the axial slice of a right-sided sacral tumor 

with inhomogenous osteoblastic components
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he now suffered from urosepsis, which was 

treated by iv antibiotics and a new suprapubic 

catheter. He then developed an obstructive ileus 

requiring colostomy. A new CT scan showed a 

large tumor progression including liver metasta-

ses (Fig. 66.5).

The patient recovered quickly and further dis-

cussion about the tumor was brought up and the 

patient and his family finally decided for surgery 

in a multistaged approach:

1st surgery:

• Posterior approach

• lumbopelvic instrumentation L4-L5 to Os 

Ileum

• Laminectomie L4 and Cauda equina resection 

at L4 with watertight suture of the thekal sac

• Resection of L5 and sacrum

• Tumordebulking in the soft tissue lateral to the 

femur

The patient recovered quickly and very well 

with no new neurological deficit (Fig. 66.6).

He had no pain anymore and the 2nd surgery 

was scheduled 1 week afterwards:

2nd surgery (1 week later):

• Abdominal approach

• Interdisciplinary team including abdominal 

surgeon, urologist, and neurosurgeon

• Abdominoperineal rectum extirpation (Miles)

a b

Fig. 66.3 Postoperative CT scan. This CT scan shows the coronal (a) and sagittal (b) slice of the postoperative resec-

tion control. No residual tumor

a

b

Fig. 66.4 Initial MRI scan. This MRI scan shows sagittal 

(a) and axial (b) slices in T2 sequences of a large sacral 

chordoma with large anterior and intradural extension
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• Colostoma

• Partial sacral tumor resection

• Resection of the bladder and ileum conduit

• Reconstruction of pelvic floor via pig skin 

xenograft

• Biopsy of hepatic lesions

• Reconstruction of the space left by the sacral 

resection via an omentum graft failed due to 

omentum hypoperfusion

The liver biopsy proved chordoma metastases 

in the liver but the patient again recovered very 

quickly. Thus, a third surgery with further tumor 

resection around the iliac bone was scheduled:

3rd surgery (2 weeks after 1st surgery):

• Posterior approach

• Tumor resection around the iliac bone

• Microbiology biopsies

The patient recovered again very quickly and 

suffered from no pain. The CT scan showed an 

almost complete resection of the tumor mass 

(Fig. 66.7).

Microbiology biopsies proved E. coli and 

Candida species in the situs this leading to antibi-

otic and antifungal medication plus vacuum 

 treatment of the dorsal approach requiring 

another 2 surgeries (4th and 5th surgery). The 6th 

surgery was then scheduled 5 weeks after the ini-

tial surgery to reconstruct the space left by the 

sacral resection via a bilobed femoro-gluteal flap 

gaining skin from the left thigh which was then 

rotated in the resection cavity after de- 

epithelilization (Fig. 66.8).

a

b

Fig. 66.5 Preoperative CT scan. This CT scan performed 

2  years after the initial presentation shows a heavily 

increased sacral tumor in sagittal (a) and axial (b) slices 

with large anterior tumor mass and osteolysis

a b c

Fig. 66.6 Postoperative CT scan after the first surgery. 

This CT scan performed after the 1st surgery shows the 

bony resection as well as the lumbopelvic instrumentation 

L4-L5 to Os Ileum in sagittal (a) and axial slices in L4 (b) 

and Os ilium (c)
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After these surgeries, the patient was in a good 

mood, has no pain, ASI A down from L4, and 

colostoma plus ileum conduit make the care 

much easier for nurses and the patient himself. 

The patient was then scheduled for local radio-

therapy and radiotherapy of the liver and 

retroperitoneum.

66.3  Discussion of the Cases

66.3.1  Anatomy of the Sacrum

The osseos part of the sacrum consists of five 

fused vertebrae with the sacral canal opening 

posteriorly at the lower end at S5. From poste-

rior, the sacrum is convex and opens in four 

right- and left-sided anterior and posterior 

foramina. The spinous processes of S1 to S4 fuse 

to the median sacral crest. At the cranial end, the 

S1 endplate neigbours the L5/S1 disc which  – 

together with the two facet articulations allow 

flexion–extension of 10–15° and 5° of rotation to 

each side. The sacrococcygeal as well as the sac-

roiliac joints (SIJ) are amphiarthroses with no 

actual movement [16]. Many ligaments hold the 

sacrum in place and do not allow too much 

movement: sacrotuberous and sacrospinous liga-

ments to the ischial tuberosity and ischial spine, 

interosseous sacroiliac ligaments within SIJ, 

anterior sacroiliac ligament, and dorsal sacroil-

iac ligament to the SIJ. Musclewise, the multifi-

dus and erector spinae muscles, gluteus 

a

b

Fig. 66.7 Postoperative CT scan after the 3rd surgery. 

This CT scan performed after the 3rd tumor resection 

shows the resection of the tumor, bladder and rectum in 

sagittal (a) and axial (b) slices

Fig. 66.8 Bilobed gluteal flap. This picture shows the 

bilobed femoro-gluteal flap which was used to gain skin 

from the left thigh, which was then rotated in the resection 

cavity after de-epithelilization in a two-step manner. The 

femoral site was closed primarily
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maximus, and the pyriform muscle an insert at 

the sacrum. Concerning nerve structures, the 

dural sac end at S2 containing the terminal filum 

(a continuation of the pia) leads from the conus 

medullaris to the dural sac’s end attaching to the 

dura and further down to the periosteum of the 

first coccygeal segment. The nerve roots of the 

sacrum enter anteriorily through the 4 foramina 

with their ventral rami anterior and the dorsal 

one posterior while S5 exits at the sacral ends. 

The lumbosacral plexus is formed by the L4 to 

S4 roots bilaterally. Concerning the autonomous 

system, the inferior hypogastric anterior of the 

lower sacrum surrounds pelvic organs while the 

superior hypogastric plexus surrounds the bifur-

cation of the aorty and the anterior side the body 

of L5 vertebra and upper sacral part. The sympa-

thetic trunks go down to the anterior sacral side 

including ganglia and terminate by fusing at the 

coccyx as ganglion impar [16]. Surgically, the 

adjacent structures are also crucial to know, 

including.

66.3.2  Indication and Techniques 
of Sacral Tumor Resections 
Including Sacrectomy

While partial sacrectomy is well tolerated and 

does not require instrumentation, extensive tumor 

expansion – which is quite common due to the 

long and unspecific symptoms causing large 

tumor sizes upon diagnosis – requires lumbopel-

vic instrumentation as shown in our cases.

Concerning the extent of resection, sacrum 

resection should be supramarginal – if possible – 

meaning approximately one sacral segment 

above the tumor [17].

Low sacrectomy down from S3 does not 

involve the SIJ and can be performed comparably 

easily from a dorsal approach (Fig.  66.9). 

Depending on the involvement of anterior struc-

tures, an abdominosacral approach can still be 

necessary, however [17]. Since the S3 nerve root 

is not affected, low sacrectomy usually does not 

cause bowel and bladder dysfunction.

a c

b

Fig. 66.9 Postoperative CT scan after the 6th and last 

surgery. This CT scan shows the previous tumor space 

after resection and after reconstruction via the bilobed 

gluteal flap in sagittal (a), coronal (b), and axial (c) slices. 

The hypodense structure filling the resection cavity is the 

de-epithelialized cutaneous flap and its subcutaneous fatty 

tissue
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More extensive sacral resection goes along 

with a higher risk of sequelae. High blood loss 

during bony resection, affection of the sacral 

nerve roots but also the large resection cavity that 

is difficult to fill can cause considerable wound 

complications as in our case 2. In this case, the 

first attempt using an omentum majus graft failed 

due to omental ischemia after mobilization. Since 

a large resection cavity is also more prone to 

develop infection, we then first treated this com-

plication by vaccum draping and by a consecu-

tive large skin flap, which was rotated into the 

resection cavity after the upper dermal layers 

were removed.

Additionally, high sacrectomy can necessitate 

the resection and closure of the dural sac, which 

can result in CSF leakage if not watertight.

Concerning the preservation of neurological 

function, some authors recommend the preserva-

tion of the S2 root in order to potentially preserve 

rectal and bladder control. Yet, although each 

nerve root should be preserved if possible, this 

should not affect tumor free margins. Preservation 

of all roots was possible in case 1 but not case 2, 

since this patient already had intradural tumor 

mass up to L5 and no neurological function 

below L4 (Fig. 66.4). Important to mention that 

despite complete sacral resection, lower extrem-

ity function is only affected to a minor extent if 

gluteal and sciatic nerves are preserved [17].

Considering Fig. 66.10, it is worth mentioning 

that a subtotal sacrectomy preserving the S1 roots 

maintains the spinopelvic continuity, thus mak-

ing instrumentation not necessary.

66.3.3  Fixation and Bony 
Reconstruction Techniques 
Following Resection

Both our cases required spinopelvic instrumenta-

tion due to the resection of 1 (case 1) or 2 (case 2) 

sacral alae including S1 thus causing spinopelvic 

discontinuation. Usually, subtotal sacral resec-

tion caudal of S1 does not cause any instability 

since the oblique SIJ can take over the weight 

from the spine; some authors even define the 

remaining upper half of S1 as being stable. Total 

sacrectomy including S1, however, requires 

instrumentation in order to reconstruct the pelvic 

ring and any connection between the lumbar 

spine and pelvis [17]. Nowadays, lumbar pedicle 

screws to the lowest non-infiltrated vertebrae 

(L4&5  in case 1, L3&4  in case 2) plus iliac 

screws are the treatment of choice if instrumenta-

tion is required. Yet, other approaches have been 

used over the last decades, including Galveston 

rods, Harrington compression plates, sacral bars, 

and anterior instrumentation (Tables 66.1 and 

66.2) [1, 17].

Depending on the type of tumor and further 

treatment, additional bone grafts are recom-

mended. In our cases, however, immediate radio-

therapy 4 weeks after surgery lead to not using 

bone grafts in order to avoid additional risk of 

infection and considering the minimal chance of 

bony fusion due to radiotherapy. Concerning 

implant failure, a larger series investigated instru-

mentation complications in sacral tumor patients 

and found a rate of revision surgery due to 

implant failure by 16.1% [1].

a

b

c

d

Fig. 66.10 Levels of sacrectomy. This is Fig.  11 from 

Ramamurthy et  al. [17] showing the different levels of 

secrectomy: A = total (upper margin at L5/S1), B = subto-

tal (S1 roots preserved), C = partial sacrectomy (S2 roots 

preserved), and D = hemisacrectomy [17]

66 Tumors of the Sacrum



554

Given this high rate of severe complications, 

there is a considerable number of authors report-

ing no instrumentation after total sacrectomy at 

all. They argue that scar formation, ligaments and 

muscles bridging between spine and pelvis pro-

vide a flexible “sling” which frequently admit-

ting ambulation [1]. The furthermost described 

reconstruction strategies are anterior spinal col-

umn fixation (ASCF), spinopelvic fixation (SPF), 

and posterior pelvic ring fixation (PPRF) which 

are mostly used in a combined fashion [17]. Yet, 

an general failure rate of instrumentation by 

16.1% is frequently reported [1]. Concerning 

outcome, many authors favor very radical 

approached including resection of the S1 to S5 

nerve roots leading to total bowel and badder 

dysfunction. Concerning the instrumentation 

failure, this is reported to be more common if no 

anterior spinal column support is provided.

While traditionally Galveston L-rods and 

transiliac bars were used for spinopelvic fusion 

and pelvic ring fixation most recent approaches 

favor lumbar pedicle screw systems, cross conec-

tors and iliac screws.

66.3.4  Management of Sacral Defect

Sacrectomy is associated with a high rate of 

wound dehiscence or skin necrosis as we experi-

enced it in case 2 (Tables 66.1 and 66.2) [1, 17]. 

Several reasons make this course obvious: large 

defects are created, the situs is close to the anus, 

and vessels important for local perfusion such as 

branches of the iliac arteries are closed. Thus, in 

order to avoid complications, it is crucial to avoid 

wound dehiscence, hematoma, and dead space at 

any circumstances. Besides omentum flaps, a pri-

mary transabdominal vertical rectus abdominis 

myocutaneous flap (VRAM flap), and gluteal 

advancement flaps (as in case 2) provide the most 

straightforward options. Free flaps can be an 

option but are lacking sufficient blood supply if 

the tumor already infiltrated major glutal vessels 

and are usually more prone to complications than 

the options above. General surgical complica-

tions in sacral tumor resections are common due 

to the extensive surgeries. A larger series by 

Bederman et  al. reported the use of soft tissue 

flaps in 72.1% of cases and an average blood loss 

of 9.3 L per patient (range 1.5–21.7 L).

66.3.5  General Outcome

After surgery, complications included vascular com-

plications in 30.4%, infections in 30.4%, wound 

dehiscence in 17.4%, and GI complications in 30.4% 

of cases [1]. The same series reported long-term out-

comes showing that 56% of patients had no recur-

rence 37 months after surgery while 24% had local 

and 20% had metastastic disease due to osteosar-

coma, chondrosarcoma, and chordoma (Table 66.2). 

From a functional point of view, 89.7% of patients 

were still ambulatory if they were before surgery.

Our 2 cases nicely outline the major aspects of 

sacral resection: while the first case did not show 

any deficit after resection of this still circumscribed 

tumor, the larger resection of the gigantic tumor in 

case 2 lead to a variety of complications which are 

quite typical and frequent in the literature.

66.3.6  Accordance 
with the Literature Guidelines

Due to the rarity of the diseases and the surgeries, 

there are no guidelines available. There is only 

one comprehensive review which outlines the 

surgical therapy and reconstruction for patients 

with sacral tumors [1].

Level of Evidence: C

The level of evidence available to date is still 

poor with only case reports and small series being 

available.

66.4  Conclusions and Take Home 
Message

The surgical treatment of sacral tumors is a large 

and complexe endeavor and patient need to be 

made aware of the chances but also the high rate 

of complications and morbidity such surgeries 

might cause.
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Level of Evidence

Bederman: III, B

Ozaki: III, B

Payer: III, B

Ramamurthy: III, C
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Radical Excision Is Beneficial 
for Chordoma?

Martin Gehrchen

67.1  Introduction

Sacral chordomas are rare tumors associated 

with a poor long-term prognosis mainly caused 

by local recurrence. Furthermore, resection in 

this anatomical region is often associated with 

loss of neural function. The present case illus-

trates the use of resection with wide surgical 

margin (R0).

67.2  Case Description

Fifty-two year old female referred to our hospital 

due to sacral lesion as depicted on MRI (Fig. 67.1). 

Symptoms started 7 years prior with nonspecific 

noncontinues discomfort from the sacral and coc-

cygeal region. The last year before examination 

the pain has become constant. Clinically only ten-

derness of the lower sacral bone and coccygeal 

M. Gehrchen ()

Spine Unit, Department of Orthopaedic Surgery, 

Rigshospitalet, University of Copenhagen, 

Copenhagen, Denmark
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Fig. 67.1 T1 and T2 weighted sagittal and an axial sections showing the chroma from S2 and distally
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bone was found and altered consistence of the tis-

sue at the tumor site. Tumor cannot be palpated 

with certainty. The patient had no relevant comor-

bidities. Posterior biopsy confirms the diagnosis 

and surgery was planned based on MRI and 

PET-CT demonstrating the chordoma reaching the 

S2 level from distally making it possible to spare 

the S1 and S2 nerve roots (Fig. 67.2). A R0 resec-

tion was performed and histology confirms the 

wide resection. The patient had a postoperative 

bleed that was evacuated succesfully. Minor mic-

turion problems evolved, therefore abdominal 

pressure was used when voiding. No incontinence. 

Patient has been followed now for 7  years with 

MRI and CT with no signs of local recurrence or 

metastasis (Fig. 67.3).

67.3  Discussion of the Case

The wide resection in this case is a good choice 

because due to the level of involvement it was 

possible to save the S2 nerve roots and above. 

This leaves minor sequelae compared to more 

proximal levels and the possibility of neurological 

recovery (Level of evidence IV, Recommendation 

A). In chordomas arising above level S3, surgery 

will always result in severe neurological deficits 

including bowel, bladder and motor impairment. 

In all cases of sacral chordomas, thorough infor-

mation to the patient and relatives are necessary 

since some patients without preoperatively neu-

rological impairment would prefer radiation ther-

apy alone accepting a higher risk of recurrence. 

Fig. 67.2 CT demonstrating a bone lesion and PET CT illustrating uptake on the right

Fig. 67.3 Seven year postoperative T1 and T2 weighted sagittal imaging and an x-ray

 M. Gehrchen
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The patients should be made aware however of 

the potential toxic effect of high dose defini-

tive radiation therapy. Radiation therapy should 

be considered a valid alternative to surgery in 

patients with intact neurological function (Level 

of evidence V, Recommendation A).

Instead of radiation therapy, particle therapy 

(carbon ion therapy (CIT) and proton beam ther-

apy (PBT)) has shown very promising results on 

both local recurrence rate and rate of metastases. 

This technique can especially enhance the treat-

ment of sacral chordomas originating above S3 

reducing severe neurological affection in these 

patients. Furthermore, the toxic effect off radia-

tion therapy is also reduced and in combination 

with debulging of tumors it’s a very promising 

option. To reduce toxic effect of particle therapy 

spacers can be inserted between tumor and 

rectum.

67.4  Conclusions and Take Home 
Message

The most important thing in evaluation of sacral 

chordomas is to differentiate the origin of the 

tumor above or below S3 due to the impact on 

neural structures at risk when performing wide 

surgical resection and thus reducing postopera-

tive morbidity. Particle therapy is a valid and 

durable option, maybe even in tumors originating 

below S2 and revision cases.
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Intradural Extramedullary Lesions

Anna Zdunczyk and Peter Vajkoczy

68.1  Introduction

Intradural extramedullary lesions are tumors aris-

ing within the dura but outside the actual spinal 

cord and account for 40% of all spinal tumors. 

Among these, meningeomas (33%) and tumors of 

spinal nerves (27%) are the most common [1]. 

Spinal meningeomas most frequently occur in the 

posterior or lateral thoracic region, followed by 

anterior cervical region and lumbosacral region. 

Nerve sheath tumors may occur sporadic or asso-

ciated with neurofibromatosis type 1 or neurofi-

bromatosis type 2. By the WHO grading, these 

tumors include schwannomas, neurofibromas, 

and malignant nerve sheath tumors. Rarely, other 

extramedullary tumors may occur including 

myxopapillary ependymomas, hemangiopericy-

tomas, lipomas, paragangliomas, epidermoid and 

dermoid cysts [2].

Clinical symptoms develop through an impair-

ment of neural elements and pathways, produc-

ing both local and distal effects. Noctural pain is 

one of the most frequent symptoms followed by 

dysesthesias and muscular weakness. Once a 

tumor reaches a critical mass, signs and  symptoms 

of myelopathy may occur [3].

Early diagnosis and adequacy of surgical 

intervention are the key determinants for the best 

long-term prognosis and preservation of neuro-

logical integrity [3, 4].

Traditionally, open surgical techniques have 

been used. These include a dorsal midline inci-

sion, subperiostal dissection of the paraspinal 

muscles and a wide laminectomy. In the recent 

years, minimally invasive approaches have 

become increasingly popular due to the reduced 

soft tissue dissection and disruption of midline 

structures. Studies comparing the traditional 

open versus minimally invasive approach have 

shown a nearly identical rate of gross total resec-

tion while reducing the risk for postoperative spi-

nal instability. Furthemore, minimally invasive 

procedures were associated with significantly 

decreased operative blood loss, diminished nar-

cotic use, shorter postoperative stay, and lower 

costs of hospitalization [5].

In tumors located anterior to the dentate liga-

ment and/or severe tumor calcifications an ante-

rior or anterlateral approach via an anterior 

corporectomy and spinal reconstruction have 

been discussed as an alternative to the common 

posterior or posterolateral approaches. These 

more complex procedures, however, need to be 

weighted against the surgical/neurological risks 

and increased operative morbidity [6].
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The intent of this chapter is to present the 

 clinical characteristics of intradural extramedul-

lary lesions, preoperative physical examination, 

recommended imaging techniques and specifics 

of the different surgical techniques. In particular, 

we will discuss posterior and anterior approaches 

and the advantages of open and minimally inva-

sive surgery.

By the end of this chapter the reader should 

develop an understanding of the problems and 

pitfalls we face when treating intradural extra-

medullary lesions and be aware of the factors 

influencing surgical decision-making.

These are:

 – Prolonged history and large tumor size until 

diagnosis

 – Technical consideration in choosing the surgi-

cal approach depending on tumor location and 

compression of surrounding structures, calci-

fications and adhesion site

 – Postoperative complications including spinal 

instability, CSF leakage and wound infections

68.2  Case Description

Here we present the medical history of a 59-years 

old female patient who presented with a progres-

sive back pain between both scapulae with aggra-

vation during coughing. The patient also described 

a numbness starting below the umbilicus including 

both legs and a subjective loss of motor strength in 

the lower extremity. The physical examination 

revealed a sensory deficit below the level of T12 

and dysesthesia in both feet, however motor 

strength was not reduced. The patient presented 

with a mild spinal ataxia and impaired blind – and 

straight-line walking. MR-imaging of the spinal 

column detected an isointense, intradural-extra-

medullary lesion on both T1- and T2-weighted 

images between C7 and T1 with compression of 

the spinal cord ventrally and a homogeneous con-

trast enhancement after the administration of gad-

olinium (Figs. 68.1 and 68.2).

Due to the patients’ progressive clinical symp-

toms and newly detected homogeneous mass 

lesion on the level of C7 and T1 with consecutive 

compression of the spinal cord surgical resection 

was recommended. Since the tumor adhesion to 

the dura was localized anterior to the dentate lig-

ament the tumor was categorized as an anterior 

meningioma.

Surgical procedure

The patient was in a prone position with the head 

in a Mayfield clamp. Despite the anterior origin 

of the tumor resection was performed through a 

dorsal approach with a left sided hemilaminec-

tomy of C7 and T1, under continuous intraopera-

tive MEP monitoring. The dura was opened 

paramedially. As a next step, the denticulate liga-

ment was identified as the bilateral triangular 

extension of the pia mater connecting laterally to 

the dura mater and dividing the spinal canal in an 

anterior compartment with the ventral nerve root 

and a posterior with the dorsal nerve root. After 

transection of the denticulate ligament further 

mobility was gained through a gentle rotation of 

the spinal cord. Then the tumor could be distin-

guished clearly from the surrounding structures. 

The lesion presented with a strong ventral adhe-

sion. Consequently, the lateral tumor margins 

were identified and dissected primarily, followed 

by the ventral and finally cranio-caudal part. 

After tumor resection, the dura was closed-up 

water tight, followed by suture of the muscle fas-

cia and skin layers.

Postoperatively, the patient presented with a 

moderate hypesthesia in the left C8 dermatome 

but without any new motor deficit. The preopera-

tively described dorsal pain resolved within a few 

weeks.

68.3  Discussion of the Case

68.3.1  Indication

Microsurgical resection was performed though a 

dorsal minimally-invasive approach with hemi-

laminectomy of C7 and T1. The surgical indica-

tion was based upon the progressive clinical 

symptomatology with pain and dysfunction of 

the lower motor pathways. The preoperative 

planning was based upon the spinal MRI with 
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contrast media application defining the tumor 

boundaries and extension in relationship to the 

spinal cord and surrounding neural and vascular 

structures. Although MRI has become the diag-

nostic modality of choice for intradural, extra-

medullary pathologies [7], preoperative CT or 

Myelo-CT might better appreciate boney intrica-

cies or calcifications and delineate an alternative 

when MRI is contraindicated.

The surgical goal was a (gross total) resection 

of the tumor with identification and coagulation 

of the dural adhesion sites (Simpson II). This is in 

accordance with the actual guidelines for the 

management of spinal meningeomas [3, evidence 

level II, recommendation level B], where surgery 

is the treatment option of choice to provide the 

best long-term results and lowest recurrence rates 

[8]. In spinal meningioma, recent studies failed to 

demonstrate an advantage for radical Simpson I 

resections (gross total resection of tumor, exci-

sion of dural attachment, and abnormal bone) 

versus Simpson II in terms of local tumor control 

and recurrence rate. In contrast, Simpson I resec-

tions are associated with a higher complication 

rate [9]. Therefore a Simpson I resection is rec-

ommended only for higher grade, i.e. malignant, 

Fig. 68.1 Preoperative T2 weighted MRI

Fig. 68.2 Preoperative T1 weighted MRI with contrast fluid
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lesions. For benign spinal meningioma, a 

Simpson II resection is recommended by most 

authors due to comparable long term results and 

a lower risk for CSF leckage [9].

68.3.2  Choice of Approach

In this illustrative case, a dorsolateral approach 

through a hemilaminectomy of C7 and T1 was 

chosen, although the tumor presented with a ven-

tral adhesion site with dorsal displacement of the 

spinal cord. Tumor resection was accomplished 

by identification and transsection of the denticu-

late ligament, mobilization of the tumor mass and 

further ventral and cranio-caudal dissection.

A complete and safe tumor removal and 

decompression of the spinal cord are the primary 

goals of surgery. Standard minimally-invasive 

posterior or posterolateral approaches provide an 

adequate exposure for a safe tumor removal in 

the majority of patients without causing spinal 

instability by facet joint violation or pedicle 

resection. Dorsal stabilization should be consid-

ered, however, in tumors located at the cervico-

thoracic or thoracolumbar junction, if there is a 

previous deformity, 3 or more levels of laminec-

tomy, facetectomy ≥50% (unilateral or bilateral, 

C2 laminectomy), in “young adults” (<40 years) 

and persistence of deformity after 1 year of the 

surgery [10]. This may in particular apply to 

large intraforaminal neurinoma, where a large 

bony corridor is needed to achieve complete 

tumor resection.

When utilizing the posterior approach, a stan-

dard longitudinal mid-line incision is followed 

by dissection of muscular and ligamentous tissue 

and bony removal one level above and below the 

targeted lesion [11, 12]. Today, most surgeons 

would advocate for a unilateral hemilaminec-

tomy or foraminotomy. Some authors also advo-

cate for minimally invasive transmuscular 

approaches using tubular retractors [8]. After 

opening the dura and visualization of the tumor, 

the arachnoid is opened directly over it and 

detachment of the tumor is started from its dural 

adhesion site dorsal, lateral or ventrolateral. In 

the case of primarily ventral attachment, the dor-

sal approach may be extended more laterally to 

gain a more oblique approach to the tumor and its 

attachment without the risk of substantial spinal 

cord displacement. Using microscissors, bipolar 

cauterization, ultrasonic cavitation aspirator [8, 

13] or less frequently pituitary rongeurs a central 

tumor debulking is performed. Importantly, In 

ventral tumors, denticulate ligament division 

should be the first maneuver following dural 

opening. Only then, the spinal cord may be gen-

tly rotated, followed by a piecemeal tumor resec-

tion. The dural attachment is then cauterized, in 

order to obtain a Simpson II resection [3, 13].

Since most of intradural extramedullary 

tumors present with some degree of lateralization 

and spinal cord displacement, a dorsal approach 

offers a sufficient direct corridor to the tumor sur-

face. If the lesion arises purely ventral or with a 

vast bilateral extension without spinal cord dis-

placement a safe resection might be challenging. 

This might also be the case in heavily calcified or 

dense fibrotic lesions. In these situations, some 

authors consider an anterior cervical corporec-

tomy with instrumented reconstruction in the cer-

vical spine or retropleural thoracotomy on a 

thoracic level [6]. The advantage of a large bony 

window of access, extradural coagulation of 

anterior blood supply and fewer manipulation of 

the spinal cord however needs to weighed against 

the disadvantages. These include a deep and thus 

less secure surgical field, problematic ventral epi-

dural bleeding, limited lateral access, risk and 

consequences of CSF fistulas, and the require-

ment for spinal reconstruction and stabilization 

[6]. The use of anterior approaches is, therefore, 

associated with an approach-related increase in 

surgical risks and morbidity when compared to 

pure posterior mid- line approaches. Due to this 

fact most authors strongly support a dorsal 

approach even in purely ventrally located lesions 

through a minimally invasive approach with fol-

lowing the surgical principles mentioned above 

(recommendation level: good practice point).

Postoperative complications include CSF leak 

and wound infection, occurring in up to 4% and 

6%, respectively. Other less frequent complica-

tions are meningitis, epidural hematoma, perma-

nent neurologic deficit and pulmonary embolism, 
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as the major cause of death [8, 10, 14, 15]. 

Electrophysiological monitoring in the form of 

MEPs and SSEPs is used routinely in some insti-

tutions and may improve safety of resection and 

limit postoperative complications [8].

Radiosurgery as an adjuvant therapy is recom-

mended in en plaque or recurrent meningeomas, 

subtotal resections, surgically inaccessible 

lesions or preexisting comorbidities [2, 13].

68.3.3  Accordance 
with the Literature Guidelines

Comparing to malignant lesions, the level of evi-

dence to provide recommendations for the treat-

ment of intradural extramedullary lesions is low. 

Surgery is recommended in the presence of clini-

cal symptoms or radiologically confirmed tumor 

growth (evidence level II, recommendation level 

B). Standard posterior approaches allow for a 

safe and complete resection in the majority of 

spinal meningeomas (evidence level III, recom-

mendation level B). Radiotherapy might be an 

option in elderly patients, surgically inaccessible 

tumors, after incomplete resection or tumor 

recurrence (evidence level III, recommendation 

level B).

68.4  Conclusions and Take Home 
Message

Spinal meningeomas and peripheral nerve 

sheath tumors are the most common intradural 

extramedullary tumors. MRI of the spinal col-

umn with contrast media application is the 

imaging technique of choice, however spinal CT 

might add up for information concerning calci-

fication of the tumor or bony destruction. The 

preferred treatment for intradural extramedul-

lary tumors is resection to assure best oncologi-

cal outcome and preserve neural function. In 

meningeomas, the dural origin is generally cau-

terized and occasionally resected. Postoperative 

complications include CSF leak, wound infec-

tion, meningitis, epidural hematoma and perma-

nent neurologic deficit.

Pearls

 – Surgical resection is the treatment of 

choice in intradural extramedullary 

lesion

 – The vast majority of lesions can safely 

be removed through standard dorsal or 

dorsolateral approaches

 – Anterior approaches with instrumented 

reconstruction should be considered in 

purely ventral lesions, bilateral tumor 

extension or heavy calcifications

 – The most common postoperative com-

plications are CSF leak, wound infec-

tion, meningitis, epidural hematoma and 

permanent neurologic deficit
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Indications and Technique 
for Intradural Intramedullary 
Lesions

Maria Wostrack

69.1  Introduction

Intradural intramedullary neoplasms are 

extremely rare. Only 5–10% of all spinal and 

2–4% of all CNS tumors are located 

intramedullary.

The most common entities are spinal cord 

gliomas-intramedullary ependymomas (WHO 

grade I-III) and astrocytomas (WHO grade 

I-IV) – with approximately 80–90% of all intra-

medullary tumors [1–3]. Their incidence is higher 

in childhood [4]. Men are affected more often. 

The majority are benign or low grade lesions, 

whereas the incidence of higher graded tumors is 

higher in children. Due to the benign natural his-

tory and slow growing patterns, especially of 

ependymomas, the clinical signs are usually mild 

and non-specific, which delay the correct diagno-

sis. The average duration of symptoms up to the 

first diagnosis is more than 2 years [5], but less 

than 1 year for astrocytomas [6].

Other less common entities are hemangioblas-

tomas (5–10%), metastatic lesions (<5%), and 

cavernomas (5–10%) [1, 7, 8].

Prospective data and thus clear evidence for 

optimal treatment are missing.

69.2  Case Description

69.2.1  Case 1

A 28 year-old female patient presented with neck 

and diffuse arm pain, bilateral distal arm paresis 

and mild gait ataxia. The symptoms were quickly 

progressing over the last 2 weeks. The next day 

after the hospitalization the patient showed an 

acute worsening of her symptoms developing tet-

raparesis, pronounced gait ataxia and bladder 

dysfunction (ASIA C).

MRI showed an intramedullary contrast 

enhanced tumor at C5/6 with an extensive edema 

of the cervical spinal cord (Fig. 69.1).

Resection of the contrast enhanced tumor 

resection was urgently performed under neuro-

monitoring (motor and sensor evoked potentials) 

via a right-sided hemilaminectomy C5 and partly 

C4 and C6, durotomy and myelotomy at the dor-

sal root entry zone C6, as the tumor reached the 

cord surface at this point.

After the surgery, the patient showed a partial 

improvement of the motor and vegetative dys-

function. The postoperative MRI confirmed the 

gross total resection (Fig.  69.2). Histological 

examination revealed an astrocytoma WHO 
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a b

Fig. 69.1 Initial MRI scan. The MRI scan shows an intramedullary astrocytoma at C5/6. Sagittal T2 (a) and 

contrast T1 (b)

a b

Fig. 69.2 Postoperative MRI scan I. The MRI scan shows postoperative sagittal T2 (a) and contrast T1 (b) rendering 

gros total tumor resection
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grade II. Holospinal MRI and CSF cytology were 

negative for tumor dissemination. The patient 

was assigned to receive adjuvant radiation ther-

apy after the neurorehabilitation.

Six weeks later the patient was transferred 

back emergently to our department from the 

rehabilitation clinic because of secondary 

worsening of the right sided hemiparesis. The 

new MRI revealed a recurrent contrast 

enhanced lesion at the initial tumor site, addi-

tionally diffuse pial enhancement along the 

cervical spine (Fig. 69.3). The tumor was sub-

totally re-resected (Fig.  69.4), the histology 

was anaplastic astrocytoma WHO grade 3. 

Additional holospinal and cerebral MRI con-

firmed the suspected leptomeningeal tumor 

spread (Fig. 69.5).

The patient was referred to radiation oncology 

center for palliative radiation therapy. The patient 

died 5 months after the last surgery.

69.2.2  Case 2

A 44 year-old man presented with neck pain and 

a mild myelopathy involving slightly impaired 

fine motor skills, hypesthesia of the right hand 

and foot, and gait ataxia. Initially misdiagnosed 

as suffering from polyneuropathy, the patient was 

treated by his neurologist with Vitamin B12 with-

out any success. The symptoms were slowly pro-

gressive over the last 3 years. A finally performed 

MRI revealed a large intramedullary tumor of the 

craniocervical junction (Fig. 69.6).

The tumor was gross totally resected via lami-

nectomy C1–3, durotomy and median myelot-

omy under neuromonitoring with motor and 

sensory evoked potentials.

Immediately after the surgery the patient was 

transferred for 1 week to the intensive care unit 

due to the transiently impaired tetraparesis, diffi-

culties with swallowing and ventilation. Over the 

a b

Fig. 69.3 Follow up MRI scan 6 weeks after surgery. The 

MRI scan shows postoperative sagittal T2 showing pro-

gressive edema of the cervical spinal cord (a) and contrast 

T1 (b) showing local tumor recurrence and diffuse pial 

enhancement along the cervical spine (arrows)
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next 2 weeks the new deficits were fully recurrent 

and at discharge his clinical status was unchanged 

to that before surgery. Over the next 3 months the 

symptoms improved. The patient walks without 

assistance. He is back to his full-time job as sales 

manager with a slight residual gait ataxia and 

hypesthesia of his right hand.

The histological examination revealed a 

WHO grade II ependymoma. The postoperative 

holospinal MRI showed no residual tumor 

(Fig. 69.7). The CSF cytology and cranial MRI 

were negative for tumor dissemination. 

According to the tumor board decision the 

patient received no adjuvant radiotherapy. The 

follow up examinations proceeded every year. 

The patient is progression-free for almost 10 

years now after the surgery (Fig. 69.8).

69.3  Discussion of the Cases

69.3.1  Indication

Due to the rare occurrence of intramedullary 

gliomas and a predominantly benign behav-

ioral pattern of the majority of them, there are 

no randomized data available regarding the 

optimal therapy. The largest retrospective 

a b

Fig. 69.4 Postoperative MRI scan II. The MRI scan shows sagittal T2 (a) and contrast T1 (b) after the subtotal resec-

tion of the recurrent astrocytoma

Fig. 69.5 Holospinal MRI.  The holospinal contrast T1 

MRI scan (here shown: thoracic spine) demonstrates dif-

fuse contrast enhancement along the whole spinal axis 

corresponding to leptomeningeal tumor spread (arrows)
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series included maximum 100–150 cases [6, 

9–12]. Therefore, there are no clear guidelines 

for the indication of the specific therapeutic 

modality.

According to the results of larger clinical 

series and expert opinions, a gross tumor resec-

tion represents the gold standard in the treatment 

of spinal ependymomas and [9, 10] pilocytic 

astrocytomas [13].

Higher-grade infiltrative astrocytomas cannot 

be treated by surgical treatment alone. As dem-

onstrated by our first case, even the complete 

resection of the contrast enhanced tumor mass 

appears to be not sufficiently effective due to the 

tumor infiltration of the surrounding spinal cord 

tissue and a high tendency of these tumors to 

recur. Some authors find that surgical resection 

is associated with a poorer neurological outcome 

and poorer overall survival [6, 11, 14]. Only few 

series show an advantage of radical tumor 

removal in terms of oncological prognosis, even 

in malignant astrocytomas [15]. In any case, 

operative debulking to reduce the space-occupy-

ing effect and to obtain histological samples 

plays an important role in the treatment of infil-

trative spinal astrocytomas.

Regarding the optimal timing of surgery, the 

majority is convinced that early resection 

should be attempted when symptoms are mild, 

because of a then clearly better prognosis for a 

neurological recovery and a lower risk for new 

postoperative deterioration [1, 16, 17]. 

Opinions vary as to the timing of the operation 

of inicidental findings, but the majority tends 

to follow up these patients first at close inter-

vals and to  proceed with surgery in cases of 

tumor progression and/or a development of a 

neurological deficit.

Spinal gliomas occasionally show drop meta-

tases or disseminated manfestation at the first 

diagnosis. In such cases, the operation should 

focus primarily on the resection of the main 

tumor, since no additional benefits appear from 

the resection of the metastatic lesions [18]. Due 

to the ability of spinal cord glioma cells to spread 

along the neural axis, the perioperative diagnos-

tics should include holospinal and cerebral MRI 

as well as CSF cytology.

a b

Fig. 69.6 Initial MRI scan: Preoperative MRI showing a contrast enhanced spinal cord tumor between the medulla 

oblongata and the C3 level with an associated syrinx formation (Sagittal T2 in a, sagittal contrast T1 in b)
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69.3.2  Surgical Aspects

For the resection of most intramedullary 

tumors, a mono- or multi-segment laminot-

omy/laminectomy is suitable. For circum-

scribed pathologies with a side-emphasis, 

hemilaminectomy is often sufficient. The risk 

of secondary postoperative instability of the 

spine after removal of intradural tumors varies 

between 10% in adults and up to more than 

50% in pediatric series [19–21]. Therefore, 

laminoplasty is often thought to prevent sec-

ondary deformity, especially in childhood. 

However, no statistically clear evidence for 

benefits of this approach to secondary stability 

exists [22].

In cases with multi-segmental laminectomies 

for large intramedullary tumors additional stabi-

lization with internal fixation may be considered. 

However, difficulties would occur in assessment 

of the follow up MRIs.

a b

Fig. 69.7 Postoperative MRI scan. The MRI scan shows postoperative sagittal T2 (a) and contrast T1 (b) rendering 

gros total resection of the ependymoma

Fig. 69.8 Follow up MRI 9 years after surgery. The con-

trast T1 MRI 9 years after surgery shows no signs of a 

local tumor recurrence

 M. Wostrack



579

For the resection of spinal gliomas, the median 

myelotomy is usually chosen. After opening the 

dura in the midline, the edges are held apart with 

sutures (Fig. 69.9a). After the opening of the pia, 

the myelon is opened between the posterior 

branches. The degree of resection is determined 

by the demarcation of the tumor against the sur-

rounding spinal cord tissue, the histological find-

ings and any changes to the IONM. In infiltrative 

higher graded astrocytomas a complete resection 

can rarely be achieved. Rather, it is a debulking 

operation for decompression, relief of syrinx and 

recovery of histological samples. In contrast, in 

benign processes a gros total resection should be 

attemptes, provided there is no permanent neuro-

logical damage. Since almost 40% of postopera-

tive deficits are due to surgical manipulation 

before or after tumor resection [23], ultrasonic 

aspirator debulking of the central parts of the 

tumor is performed as the first step to prevent fur-

ther spinal cord injury due to the traction of larger 

tumor masses (Fig. 69.9b). Subsequently, tumor- 

supplying vessels are coagulated and severed; the 

capsule and remaining tumor tissue are removed 

in toto if possible. After the adaptation of the Pia 

a watertight dural closure takes place.

Surgery of intramedullary pathology without 

the use of IONM is obsolete. With the  introduction 

of the IONM, the extent of resection of the tumors 

was significantly increased, while the rates of 

postoperative new deficits were reduced by con-

tinuous monitoring of the motor and sensory 

pathways [24]. The standard IONM includes cor-

tical derivation of SEP after peripheral stimula-

tion, and MEP monitoring after transcranial 

electrical stimulation. In recent years, more and 

more attention has been drawn to the benefits of 

direct epidural MEP derivation in terms of the D 

wave as the strongest predictor of the occurrence 

of postoperative neurological deterioration [25]. 

When resecting the ependymomas in the area of 

the conus medullaris or cauda equina, an intraop-

erative electromyography for monitoring the 

sphincter function and individual nerve roots 

may be used.

69.3.3  Outcome and the Role 
of the Adjuvant Treatment

Diffuse and malignant astrocytomas of the spinal 

cord grow infiltratively, which limits the resect-

ability and surgical safety of postoperative defi-

cits: while gros total resection can be achieved in 

maximum 15% of cases, new permanent deficits 

are expected in up to 50% [6]. In contrast, pilo-

cytic astrocytomas and ependymomas are well 

circumscribed, and thus, are well operable tumors 

with a rate of complete removal of 70–90% and a 

likelihood of severe residual deficiency of <10% 

[10]. The oncological prognosis of ependymo-

mas is generally favorable: the median 

progression- free survival after a gros total resec-

tion is about 7 years on average (6 years for grade 

I, 15 years for grade II and 4 years for grade III 

ependymomas) [12, 26, 27]. In terms of overall 

survival, ependymomas and pilocytic astrocyto-

mas also have a good prognosis with a 10-year 

survival of about 80% [11, 28]. Higher-grade 

astrocytomas have a significantly worse progno-

sis with a median survival of 17  months in 

a

b

Fig. 69.9 Intraoperative photographs of ependymoma 

resection. Midline approach with the dura being held 

apart by tenting sutures (a); tumor mass reduction by an 

ultrasonic aspirator to prevent additional traction during 

the further resection (b)
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 anaplastic astrocytomas and 9–10  months in 

patients with spinal glioblastomas [6, 15].

Adjuvant radiotherapy is not recommended 

following gross total resection of grade I-II epen-

dymomas and spinal pilocytic astrocytomas [10, 

11, 17]. In cases of partial tumor resection, recur-

rence, disseminated and anaplastic ependymo-

mas, as well as in cases of astrocytomas grade 

II-IV, a fractionated radiotherapy is recom-

mended [11, 29], although there is no clear evi-

dence for that either, and decisions for the 

radiotherapy are usually made on a case-by-case 

basis.

69.3.4  Accordance 
with the Literature Guidelines

As discussed above, guidelines cannot be derived 

from the literature. However, the indication for 

treatment as well as the surgical approach were 

most probably not in accordance with the current 

common consensus of the majority of peers. Yet 

the same accounts for the authors’ preferred 

method.

Level of Evidence: C

The level of evidence available to date is low. 

Only several large restrospective series of more 

than 50 cases (cited above) are available on surgi-

cal and adjuvant treatment of intramedullary 

tumors.

69.4  Conclusions and Take Home 
Message

Primary spinal cord tumors are extremely rare 

with about 3% of all primary CNS tumors. 

Prospective data and thus clear evidence for opti-

mal treatment are missing. The most common 

entites are intramedullary ependymomas (> 60% 

in adults) and astrocytomas (15–20% in adults, 

>50% in children). The majority of intramedul-

lary tumors are benign or low grade (WHO 

grades I-II). Diffuse and malignant astrocytomas 

of the spinal cord grow infiltratively, which limits 

the resectability and surgical safety of 

 postoperative deficits: at a complete resection 

rate of maximum 15%, new permanent deficits 

are expected in up to 50%. In contrast, pilocytic 

astrocytomas and ependymomas are well circum-

scribed, and thus, are well operable tumors at a 

rate of complete removal of 70–90% and a likeli-

hood of a severe persistent deficiency of <10%. 

Therefore, a complete resection represents the 

gold standard in the therapy of the latter entities. 

In terms of overall survival, ependymomas and 

pilocytic astrocytomas have a good prognosis 

with a 10-year survival rate of more than 80% 

after a gros total resection. Higher-graded astro-

cytomas have a significantly worse median sur-

vival with 17 months in anaplastic astrocytomas 

and 9–10 months in patients with spinal glioblas-

tomas. Adjuvant radiotherapy is not recom-

mended following gross total resection resection 

of grade I-II ependymomas and spinal pilocytic 

astrocytomas. In cases of recurrence, dissemi-

nated and anaplastic ependymomas, as well as 

after any surgical treatment of spinal astrocyto-

mas grade II-IV, a fractionated radiotherapy 

should be performed.

Pearls

 – Ependymomas and pilocytic astrocy-

toma: go for a gross total resection

 – Infiltrative or malignant astrocytoma: go 

for a biopsy

 – Intraoperative IONM is mandatory resp. 

highly recommended

 – Radiation therapy for grade II-IV astro-

cytomas and grade III ependymomas

Editorial Comment

Intramedullary tumors are an orphan dis-

ease and should therefore be treated in spe-

cialized centers only according to us. It is a 

benign disease in unsually younger patients 

with a high probability of “cure” and a 

potential for devastating operative 

complications.

 M. Wostrack
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Safety Checklist for Spine Patients

Sandro M. Krieg

70.1  Introduction

Errors are human. Nonetheless, we all pursue the 

aim not to produce errors at all and if they occur, 

not to harm the patient at least. Yet, with nowa-

days’ patient volume and critical time schedule, 

avoiding errors requires an ever-increasing level 

of attention. Operating a patient on the wrong 

level or wrong side is a nightmare mistake for 

surgeons, but however happens quite frequently. 

In a recent survey spine surgeons answered that 

50% already performed wrong-level, and in 10% 

wrong-side surgery at least once [1, 2].

Mostly originating from the aviation industry, 

the use of checklists gained acceptance among 

surgeons as well in the last decade. Starting with 

personal checklists in various hospitals all over 

the globe and finally received evidence by evalu-

ating the influence of a newly developed WHO 

patient-safety checklist on surgical outcomes [3]. 

When starting to create today’s WHO Surgical 

Safety Checklist, the authors stated that “There is 

little guidance in the literature regarding methods 

for creating a medical checklist. The airline indus-

try, however, has more than 70 years of experi-

ence in developing and using checklists.”  [4].  

The authors therefore approached the aviation 

industry in order to develop this checklist by 

reviewing charts, getting interviews and pure 

observation.

Such checklists were then proven to support 

us in further eliminating human error by consid-

erably simple methods like a checklist. Those 

checklists not only focus on the surgical part but 

also on general issues, such as proper oxygen-

ation measurements, expected blood loss, avail-

able implants, recent imaging, prophylactic 

antibiotics, and: correct patient (Fig. 70.1).

The first comprehensive study on the use of 

surgical checklists proved a considerable impact. 

Mortality was reduced from 1.5% to 0.7% and 

in-hospital complications diminished from 11% 

to 7% [3]. With regard to these impressive data, 

checklists more focused on spine procedures 

were reported in the last years [6].

The aim of this chapter is to underline the 

importance of using surgical checklists prior 

to surgery by presenting cases in which surgi-

cal checklists prevented further harm to the 

patient and by providing an overview on the 

existing scientific evidence on surgical check-

lists per se.

S. M. Krieg (*)

Department of Neurosurgery, Klinikum rechts der Isar, 
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Munich, Germany
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70.2  Case Description

70.2.1  Case 1: Indication 
and Planning

A 76 y/o female patient was seen in our outpa-

tient department with severe spinal claudication 

causing a significant reduction in quality of life 

for the patient. MRI from 3 months ago showed 

multisegmental lumbar instability and consecu-

tive spinal stenosis from L2 to S1 (Fig. 70.2).

Due to the severe symptoms of the patient, 

including reduced quality of life, surgery with 

fusion and decompression from L2 to S1 was rec-

ommended by the outpatient physician. Due to 

other disease, the appointment for surgery was 

delayed for 3 months. Clinical symptoms, how-

ever, were unchanged since 3 years. Due to the 

6  months old imaging, the attending board 

reviewing all surgical patients for the next day 

recommended a new lumbar MRI scan for the 

upcoming morning before surgery. The next 

morning, the patient underwent the MRI scan and 

was directly taken to the OR where she was put 

under general anesthesia. The new MRI scan was 

then reviewed by the surgeon in charge in the 

context of our presurgical checklist. It showed a 

new spinal stenosis at L1/2 plus new vertebral 

body fractures of T12, L1, and L2 (Fig. 70.3).

Fig. 70.2 Initial MRI scan. This is the sagittal view of 

the MRI scan performed from 3 months before the patient 

presented in the outpatient department. It shows multiseg-

mental lumbar instability and consecutive spinal stenosis 

from L2 to S1

Fig. 70.3 Preoperative MRI scan. This is the sagittal 

view of the MRI scan performed 3 months after the patient 

presented in the outpatient department. It now shows a 

new spinal stenosis at L1/2 plus new vertebral body frac-

tures of T12, L1, and L2

70 Safety Checklist for Spine Patients
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After the case was discussed among the 

attendings and the department chair, indica-

tion for a long dorsal instrumentation from T9 

to S2 (alariliac) was set. The patient was taken 

out of anesthesia and the new results and treat-

ment recommendations were discussed with 

her. She decided for the long fusion, which 

was then done 2 weeks later without adverse 

events.

70.2.2  Case 2: Side and Level

A 69 y/o male patient presented with sciatica of 

L2 and L3 on the right side since 5  months. 

Conservative management did not result in any 

improvement and the patient decided for surgical 

therapy. MRI showed recessal stenosis at L2/3 

and right-sided foraminal stenosis of L3/4 

(Fig.  70.4). Surgical decompression via hemi-

laminectomy L3 plus foraminal decompression 

via a lateral approach L3/4 was recommended 

and scheduled accordingly.

Before surgery, the resident in charge, anes-

thesiologist, scrub nurse and circulating nurse 

performed not only the preoperative in-room 

checklist but also a team time-out before incision 

(Fig. 70.5).

Incision was done and the resident prepared 

the lamina of L3, which was confirmed via 

intraoperative X-ray (Fig. 70.6a). When the sur-

geon joined the surgery, he did his preoperative 

checklist himself and then asked the resident 

again for the side of the pain (right side). 

Contralateral (wrong side) preparation was then 

stopped, the other – then right side – was pre-

pared and the supposed level L2/3 was decom-

pressed via an interlaminar fenestration first. 

After decompressing this level, another X-ray 

was performed showing L3/4 instead of the sup-

posed level L2/3 (Fig. 70.6b).

Surgery was then continued by the L3 hemi-

laminectomy and lateral approach at L3/4 as 

planned. The patient woke up without any sciat-

ica and was cleared about the left-sided 

fasciatomy.

70.3  Discussion of the Cases

In both cases the patients did not suffer from any 

harm. Also in both cases, the presurgical check-

list was the major factor leading to the reanalysis 

of the case. In case 1, the newly performed imag-

ing was reevaluated since the checklist requires 

a) the date of the last imaging and b) the confor-

mity between indication planning and the latest 

imaging (Fig. 70.5).

70.3.1  Case 1: Indication 
and Planning

In the meeting the day before surgery, the attend-

ings correctly requested new imaging. However, 

the time between imaging and surgery was too 

small to neither discuss the new data properly nor 

to receive informed consent from the patient. If 

we expect new and changing data, there needs to 

be enough time to evaluate it with colleagues and 

the patient. However, the current WHO checklist 

would not protect us from such an error.

70.3.2  Case 2: Side and Level

This case has three aspects, which need to be 

discussed:

 1. As you can see in the picture taken after sur-

gery (Fig. 70.5), the resident did do the pre-

surgical checklists. Nonetheless, when 

scrubbing in on this prone patient, he chose 

the wrong side.

 2. The second surgeon did the checklist as well 

and recognized the mistake

 3. After preparation, an intraoperative X-ray was 

performed

Most colleagues among spine surgeons agree 

that wrong-side surgery cannot be fully avoided by 

checklists [1]. There are many factors which can 

lead to operating the wrong side, such as changed 

patient orientation that day, triggering by scrub 
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nurse putting suction or bipolar on the other side, 

placement of devices, or the whole OR setup 

changed, thus implying surgery on the other side. 

Since we all are quite used to our regular setup, 

which many of us use in each case the same way, 

any irregular change to this setup by others could 

cause us to stand on the wrong side and then also 

operate the wrong side. Marking the side of surgery 

on the awake patient the day before could maybe 

prevent this issue. However, then fully relying on 

a

c d

b

Fig. 70.4 Preoperative MRI scan. This MRI scan shows recessal stenosis at L2/3 (a: sagittal, b: axial) and right-sided 

foraminal stenosis of L3/4 (c: sagittal, d: axial)
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this marking could also create other problems and 

mistakes. Secondy, the second surgeon also per-

formed the checklist and recognized the mistake 

made by the first one which nicely shows us two 

things: checklists can help in preventing further 

harm; but only if every participating professional 

does them instead on relying on checks, other col-

leagues did. Third, the second surgeon insisted on 

performing an intraoperative X-ray since out of 

experience he always does it to double-check him-

self; although it is not on any checklist or standard 

operating procedure of his institution. Moreover, 

from a litigation point of view, it is quite reasonable 

to perform a final intraoperative X-ray before 

removing bone. And take special care that the imag-

ing is stored and saved. So, double-checking your-

self and your colleague significantly helps in 

preventing such actually avoidable errors.

a b c

Fig. 70.5 Patient charts and preoperative checklist. This 

image shows the preoperatively performed surgical check 

using the informed consent form (a), the outpatient 

department letter with disease and indication (c) and the 

preoperative surgical checklist of our department (b). All 

items indicate L2/3 and L3/4 on the right side

a b

Fig. 70.6 Intraoperative X-rays. These images show the 

intraoperative X-rays performed after the first preparation 

of the L3 lamina on the left side (a) and after  decompression 

of the supposed level L2/3 on the – then correct – right 

side (b)
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70.3.3  General Discussion

In our department, we use three different check-

lists until a patient undergoes surgery:

 1. On the ward, including

 (a) Anesthesia approval,

 (b) Available imaging and date of last 

imaging,

 (c) Laboratory tests including coagulation 

system,

 (d) Blood preservation ordered,

 (e) Patient approved spine registry 

participation,

 (f) Indication by,

 (g) Approved by the presurgical meeting the 

day before, and

 (h) Consistency of informed consent with 

planned surgery.

 2. In the OR before positioning, including

 (a) Level according to chart,

 (b) Side according to chart,

 (c) Level according to imaging,

 (d) Side according to imaging, and

 (e) Consistency with informed consent form.

 3. In the OR, right before the incision, including

 (a) Identitiy,

 (b) Side of surgery,

 (c) Type of surgery,

 (d) Expected blood loss,

 (e) Implants availability,

 (f) Prophylactic antibiotics, and

 (g) Expected postoperative ICU stay.

Yet, as seen in this case, even such an elaborate 

setup does not avoid 100% of errors. Maybe, too 

many checklists even reduce sensitivity to the 

importance of using these checklists. This is also 

why many surgeons still believe that time out and 

checklist do not avoid these errors per se [1]. And 

this might even be true in many cases. One prob-

lem is of course that a lot of people are involved in 

preparing, scheduling and operating the patient. 

Data from anesthesiologists show us that hando-

vers during surgery, even when using checklists, 

correlate with an increased in-hospital mortality, 

infection as well as further complications of 

cardiac, respiratory, or infectious nature [7].  

The authors found an odds ratio of up to 1.48 (CI 

1.22–1.79) for these complications when investi-

gating a cohort of 138,932 patients even after 

adjusting for sex, race, ASA status, etc. Although 

comparable data do not exist for surgical teams, 

the reasons and consequences of missing infor-

mation when involving more and more people in 

one case are obvious.

Concerning neurosurgical applications, there 

are checklists available which were already eval-

uated and published in the last years (Table 70.1).

Although the number of wrong-side or wrong- 

level surgeries were too small for further statisti-

cal analysis, the author stated that “… all team 

members appreciate the chance to focus on the 

patient, the surgical procedure, and expected dif-

ficulties.” [8]. Important to say that checklists do 

not only reduce the already small number of 

severe mistakes, such as wrong-side or wrong- 

level surgery. They also help us to improve or 

care significantly thus not only reducing worst- 

case scenarios but also daily care, in-hospital 

morbidity, and minor errors [9] (Table 70.2).

After now having learned to use checklists 

from aviation in order to reduce complications 

and errors, we should further try to learn from 

aviation experience. Both fields are highly com-

plex, events are time-critical and unpredictable, 

they require considerable training and in most 

cases, specialists in both perform routine proce-

dures with very little deviation [4].

Yet, maybe they differences between both are 

what we can learn from: hierarchy vs. team 

approach, litigation only vs. personal risk upon 

errors, little/no mandatory training after certifica-

tion vs. surveillance and regular performance 

evaluations, and minor vs. very strictly regulated 

working hours.

Beyond the pure check of facts, checklists 

such as the WHO checklist also create further 

positive influence on the procedures. By forcing 

the team to introduce themselves and to talk 

about the case before incision, mutual communi-

cation is enhanced and a team feeling is built. 

And by providing a structured check of crucial 

facts, a safety culture is promoted.

Important to say that the WHO Surgical 

Safety Checklist is not meant to be used manda-
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torily in the published form [5]. It is meant to be 

modified depending on the local processes, 

staff, culture, etc. Yet, it should be done with a 

critical eye and tested for some weeks until final 

approval.

When using these checklists during time outs 

in the OR, it is important that all staff members in 

the room participate and get the feeling that every 

person in the room is in charge and responsible 

for preventing avoidable harm to this patient. In 

daily practice, surgeon and anesthetist are per-

forming the time out and checklist while the 

nurses use this time to sort out cables, instru-

ments, foot pedals or whatever. It is important, 

however, to insist on the participation of each 

team member. With this culture, even the young-

est team member should be motivated to mention 

any observed error instead of being hesitant to 

mention such observations due to a too hierarchic 

culture.

Culture, likewise, is another important aspect 

for the prevention of avoidable errors, which also 

differ between surgery and aviation. The quote of 

unknown but neither less discussed origin 

“Culture eats strategy for breakfast every day” is 

well-known and tells us to reduce hierarchy at 

least in occasions where harm to our patients 

could be avoided easily by such simple measures. 

This is also true when creating checklists. They 

should not take longer than 1 min and the amount 

of checklists in a department should not be over-

whelming in order to allow the staff to fully con-

centrate on each one and recognize its importance 

at the same time.

Table 70.1 Literature on neurosurgical checklists and corresponding impact

Authors and year Specialty Aims Outcomes

Fargen et al. 

[25]

Vascular Standardize unique demands of 

neurointerventional procedures

After checklist implementation, total 

no. of adverse events was reduced by 

35%, & 95% of staff championed 

checklist continuation

Kramer et al. 

[27]

Stereotactic & 

functional 

neurosurgery

Assess improvement in no. of errors 

w/ long-term checklist use

Reduction in no. of errors after 1 year 

of use, from 3.2 to 0.8 total errors per 

case

Da Silva-Freitas 

et al. [18]

General 

neurosurgery

Evaluate a modified WFIO surgical 

safety checklist on the safety & 

quality of care of neurosurgical pts

Identification of 51 events in 44 ops; 

correction of 88% of errors prior to 

initiation of surgery

Matsumae et al. 

[31]

General 

neurosurgery

Evaluate effect on surgical quality 

& communication

NA

Chen [14] Vascular Design endovascular checklists in 

the event of aneurysm perforation & 

thromboembolic event

NA

Lyons [30] General 

neurosurgery

Prevent rare errors, ensure correct 

imaging studies, & ensure antibiotic 

prophylaxis

No wrong-site, wrong-procedure, or 

wrong- patient error in 8 years of 

study; initiation of safety culture

Taussky et al. 

[40]

Vascular Design endovascular checklist in 

event of aneurysm perforation 

during coil insertion

NA

Connolly et al. 

[17]

Stereotactic & 

functional 

neurosurgery

Detect & remediate procedural 

errors

No change in no. of errors; decreased 

time to complete checklist

NASS [33] Spine Prevent wrong-site, wrong-level 

surgery

NA

This is Table 2 from Zuckerman et al. [6], showing available neurosurgical studies on the use of checklists and the 

resulting impact on patient treatment and outcome [6]

NA not assessed
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Table 70.2 Literature on surgical checklist and corresponding impact

Authors and 

year Specialty Aims Outcomes

Robb et al. 

[36]

GI surgery Assess performance of 

laparoscopic cholecystectomies

Decreased conversion to open 

cholecystectomy in females & pts w/ 

Grade III & IV gallbladder disease

de Vries et al. 

[22]

General surgery Assess no., nature, & timing of 

incidents intercepted by use of 

the SURPASS

≥1 incidents were intercepted in 2563 

checklists (40.6%), w/ majority of 

Incidents Intercepted In preop & postop 

stages

Berrisford 

et al. [10]

Cardlothoracic 

surgery

Audit errors captured by an 

extended surgical time-out 

checklist

VTE prophylaxis, blood products, & 

clerical & Imaging errors were captured, 

in addition to reduction In VTE 

prophylaxis errors after checklist

Calland et al. 

[13]

GI surgery assess Improvement In 

teamwork, situation awareness, 

& error catching

No difference in pt outcomes, case time, 

or proficiency; less satisfactory subjective 

comfort, team efficiency, & 

communication

deVries et al. 

[20]

General surgery Assess prevention of 

malpractice claims using a 

surgical safety checklist 

(SURPASS)

29% of malpractice claims may have been 

intercepted by SURPASS checklist; may 

have prevented 40% of deaths & 29% of 

permanent damage

Nilsson et al. 

[32]

Anesthesiology Assess personnel attitudes 

toward preop time-out checklist

93% noted contribution to increased pt 

safety; 86% noted opportunity to identify &  

solve problems; factors considered 

important by 78-84% were pt identity, 

correct procedure, correct side, allergy 

checking, contagious disease

Peyré et al. 

[34]

General surgery Determine reliability of 

laparoscopic Nissen 

fundoplication procedural 

checklist as a measurement of 

advanced technical skill

Higher degree of surgical reliability w/ 

Nissen procedural checklist

Buzink et al. 

[11]

Surgical 

endoscopy

Investigate digital checklists in 

the no. & type of equipment- & 

instrument-related RSEs during 

laparoscopic cholecystectomies

At least 1 RSE Initially Identified in 87% 

of procedures; digital checklist reduced 

RSEs to 47%; overall reduction in no. of 

RSEs by 65%

deVries et al. 

[19, 23]

General surgery Determine effect of SURPASS 

checklist on timing of antibiotic 

prophylaxis

Increased interval between administration 

of antibiotic prophylaxis & incision 

ranged from 23.9 min to 29.9 min 

(32.9 min in procedures In which the 

checklist was used); significant decrease 

In no. of pts who did not receive 

antibiotics until incision

Semel et al. 

[38]

Multiple surgical 

specialities

Decision analysis comparing 

implementation of WHO 

surgical safety checklist to 

existing practice in US hospitals

In hospitals w/ baseline complication 

rates of at least 3%, implementation 

generated cost savings after prevention of 

at least 5 major complications

Chua et al. 

[15]

Trauma surgery Determine adherence to 

Infection protocols & Impact on 

infection & complications

Cases of central line infections, urinary 

tract infections, & ventilator-associated 

pneumonia decreased by 100%, 26%, & 

82%, respectively, during study period

Peyre et al. 

[35]

Surgical 

endoscopy

Develop a procedural checklist 

for laparoscopic Nissen 

fundoplication

65-step procedural checklist created; 

subjective Improvement in learning model 

for resident education

(continued)
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Table 70.2 (continued)

Authors and 

year Specialty Aims Outcomes

de Vries et al. 

[21]

General surgery Develop SURPASS checklist In 171 high-risk procedures, 593 process 

deviations observed; 96% corresponded to 

a checklist item

Byrnes et al. 

[12]

Critical care Assess effect of checklist on 

consideration of ICU protocols

Verbal consideration improved from 

90.9% to 99.7% in the following: DVT 

prophylaxis, stress ulcer prophylaxis, oral 

care for pts undergoing ventilation, 

electrolyte repletion, initiation of physical 

therapy, & documentation of restraint 

orders; Increased pt transfer out of ICU 

on telemetry & Initiation of physical 

therapy

DuBose et al. 

[24]

Trauma surgery Examine effectiveness of 

Quality Rounds Checklist 

(QRC) tool to increase 

prophylaxis

Improvement In 16 measures w/ <95% 

compliance initially identified

Lingard et al. 

[28]

Anesthesiology Assess whether structured 

briefings Improve OR 

communication

Mean no. of failures per procedure 

declined from 3.95 to 1.31; 34% of 

briefings identified problems, resolved 

critical knowledge gaps, & resulted in 

follow-up actions

Verdaasdonk 

et al. [41]

Surgical 

endoscopy

Determine reduction In no. of 

incidents w/ technical 

laparoscopic equipment

53% reduction in total no. of Incidents vs 

control; overall reduction In problems w/ 

laparoscopic equipment

Clark et al. 

[16]

Obstetrics & 

gynecology

Examine effects of checklist- 

based protocol for oxytocin 

administration on maternal & 

fetal outcome

Improvement In indices of newborn 

outcome; system-wide decline In rate of 

cesarean section deliveries (from 23.6% 

to 21%) in 1-year period

Lingard et al. 

[29]

Anesthesiology Assess feasibility of checklist 

use in OR & perceived 

functions of the checklist 

discussion

Respondents saw subjective value in 

checklist discussion; however, it impeded 

work flow patterns

Romagnuolo 

et al. [37]

Gastroenterology 

& hepatology

Examine effect of improved 

communication on hospital stay 

for upper GI bleeding

Checklist reduced in-patient stay from 

median 7 days to 3.5 days

Hart and 

Owen [26]

Anesthesiology Create checklist to Improve 

general endotracheal anesthesia 

for cesarean section delivery

95% of respondents assessed checklist as 

useful; 80% support use in simulations

Soyer et al. 

[39]

Dermatology Evaluate diagnostic 

performance of nonexperts by 

using a 3-polnt checklist based 

on a simplified dermoscopic 

pattern analysis

Improvement in diagnosis of melanoma 

In nonexperts compared to experts

This is Table 1 from Zuckerman et al. [6], showing available studies on the use of surgical checklists and the resulting 

impact on patient treatment and outcome across surgical specialties [6]

DVT deep vein thrombosis, GI gastrointestinal, pt patient, RSE risk-sensitive event, VTE venous thromboembolism
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70.3.4  Accordance 
with the Literature Guidelines

The only guidelines for the improvement of sur-

gery are the WHO Guidelines for Safe Surgery 

2009. They not only summarize the development 

and required parts to make surgical intervantions 

safer, they also provide multicentric strong study 

data on the impact of using the WHO Safe 

Surgery Checklist [5].

Level of Evidence: A

The level of evidence available to date is consid-

erably good for using checklists.

70.4  Conclusions and Take Home 
Message

Today we have considerably good scientific evi-

dence for using surgical checklists before, during 

and after surgery. The WHO Safe Surgery 

Checklist provides us a good template which can 

be carefully customized to different hospitals and 

specialties in order to not only reduce fatal errors 

or stupid mistakes but also to optimizing care via 

various nuances thus reducing morbidity and 

improving outcome.
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Positioning of the Patient 
and Related Complications

Florian Ringel and Jens Conrad

71.1  Introduction

Optimal positioning of patients for spine surgery 

is crucial for ideal surgical conditions and 

operative- site exposure. During surgery of the 

spine patients are placed in non-physiological 

conditions already in anesthesia which lead to 

complications as patients are not able react to an 

unpleasant tissue damaging position. The factors 

duration of a surgical procedure, mechanical 

pressure and immobility increase the risk for 

positioning related complications and rare com-

plications such as postoperative visual loss 

(POVL) or perioperative peripheral nerve injury 

(PPNI) result in significant patient disability and 

functional restrictions [8, 16].

For adequate exposure of the spine a variety of 

intraoperative positions of the patient are possi-

ble as: prone (Wilson, Concorde), kneeling, 

knee-chest, knee-elbow, lateral decubitus, supine 

(French, Da Vinci, cervical spine reclined), lat-

eral and sitting. However, each of these different 

positions has specific risks for positioning-related 

complications. While some complications are 

transient, others can result in a permanent deficit. 

Thus, surgeons, anesthesiologists and nurses as a 

team must be aware of intraoperative patient 

positioning to relieve potentially harmful pres-

sure upon susceptible structures [14].

71.2  Case Description

A 46 y/o male patient suffered from significant 

lower back pain refractory to conservative ther-

apy since many years. MRI of the lumbar spine 

revealed a L4/5 disc degeneration with a black 

disc and Pfirrmann grade 3 disc degeneration and 

Modic type I changes in the endplates of L4 and 

5. Following negative facet joint infiltrations of 

L4/5 a lumbar total disc replacement was indi-

cated. For surgery the patient was placed in a 

supine  so called  French or DaVinci position 

(Fig. 71.1). The legs were placed slightly flexed 

at the pelvis and the knees in order to relax the 

iliopsoas muscle. Special attention was placed to 

the pressure-free positioning of the knees. The 

patient underwent eventless total disc replace-

ment at the level L4/5 (Fig. 71.2). After waking 

up from surgery he had a paralysis of the left dor-

siflexion of the foot, no pain, a sensory deficit 

according to the peroneal nerve. He underwent 

immediate electrophysiological examination of 

the peroneal nerve and a conduction block at the 

fibular head was diagnosed. I.e. the patient had a 

peroneal nerve palsy from pressure or stretch of 

the peroneal nerve at the fibular head. During the 

following days the motor and sensory deficit 
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Fig. 71.1 Intraoperative 

positioning of the patient. The 

image shows the pressure-free 

positioning of the knee especially 

at the fibular head

Fig. 71.2 Postoperative 

lateral and ap X-rays of 

the lumbar spine. 

Postoperative images of 

the lumbar spine with 

disc prosthesis in L4/5 

showing a correct 

position of the implant
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recovered fast. Upon discharge 6 days later, the 

weakness in foot dorsiflexion was apparent dur-

ing one legged standing with dorsiflexed foot, 

only. During further follow-up it recovered 

completely.

71.3  Discussion

71.3.1  Discussion of the Case

The patient was positioned in a supine so-called 

Trendelenburg, French or DaVinci position. 

Special care was taken with regards to tissues at 

risk for damage from patient positioning. The 

arms were placed on arm rests in an angle not 

exceeding 90° to the torso in order to avoid any 

stretch injury to the brachial plexus. Attention 

was paid to the ulnar nerve in the cubital tunnel. 

At the lower extremities special attention was 

given to the position of the knee and the peroneal 

nerve at the fibular head. Additionally the heels 

were positioned pressure-free.

However, despite these precautions a damage 

to the peroneal nerve at the fibular head occurred, 

the reason remains unclear. The functional deficit 

recovered fast during follow-up.

This case illustrates, that positioning-related 

complications can be reduced to a minimum by 

careful placement of the patient but it is not 100% 

controllable despite all efforts.

71.3.2  Common Patient Positions 
in Spine Surgery

The supine position is used for anterior 

approaches to the spine and therefore most com-

monly for anterior cervical procedures. In con-

trast to all other patient positions it allows the 

awake patient to actively move to the OR table 

under his/her own control finding an adequate 

position. Prior to induction of anesthesia most of 

the patient positioning can be accomplished.

Great care needs to be taken to ensure physi-

ological alignment of the head and neck. The 

head should be straight to prevent brachial plexus 

injury or vascular injury of the neck. A physio-

logical position of the cervical spine should be 

chosen while in some cases of anterior cervical 

surgery the cervical spine is often positioned in a 

hyperextended position.

In the supine position the arms either rest on 

an arm board or at the side of the patient sup-

ported by an arm protector. In cases where the 

arms need to be elevated the angle in the shoulder 

should be below 90° to avoid stretch injury of the 

brachial plexus of the ulnar nerve or a compres-

sion or occlusion injury of the axillar and subcla-

vian arteries. Any pressure to the cubital tunnel 

needs to be prevented. Pronation and extension of 

the arm can compress the ulnar nerve between 

the cubital tunnel and the OR table and should be 

avoided.

To protect the common peroneal and tibial 

nerves from stretch injuries upon hyperextension 

of the knee, pillows are placed under the back of 

the patient’s knees to maintain mild flexion. The 

patient’s heels are slightly elevated from the sur-

face or a gel pad should be placed under the heel 

to avoid pressure damage.

The Trendelenburg position (French, Da 

Vinci) is a variation of the supine position where 

patient’s legs are spread and might be elevated. It 

is used for anterior approaches to the lumbar 

especially the lumbosacral spine. Prolonged 

positioning in the Trendelenburg position can be 

associated with venous pooling in the upper 

extremities, head and neck edema formation has 

been described. Therefore, elevation of the lower 

extremities should be limited and avoided where 

possible. A posterior ischemic optic neuropathy 

(PION) has been reported as a complication 

of  this position while the mechanism remains 

unclear [12, 23].

The prone position (position on a Wilson 

frame or Concorde position as variances) is the 

most common position in spine surgery which 

allows for posterior approaches to the whole 

spine from the occipitocervical junction to the 

sacrum [10]. Special attention needs to be paid to 

the positioning of the head to avoid pressure to 

the face which can result in pressure ulcers and 

pressure to the eyes. Usually the head is posi-

tioned in a cushion with a cut-out for the face. 

But depending on the length of surgery and the 
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patient’s facial anatomy, some surgeons decide 

the fixation of the head in a three-point head 

clamp. The headrest avoids pressure to the eyes 

and prevents ocular compression and reduces the 

risk of perioperative central retinal artery occlu-

sion. Again, arms, elbows and hands should be 

positioned in a physiological alignment in a neu-

tral position. Upper arms should be protected 

from pressure to the radial nerves [7]. The pre-

ferred arm position is adducted at the patients’ 

side. In surgeries with abducted arms it is neces-

sary to place the arms on arm boards. Again, 

abduction should be less than 90° to avoid stretch 

to the brachial plexus. Elbows are flexed and 

palms should face downwards.

For posterior cervical approaches the patient in 

a prone position is usually placed on a slightly 

tilted plane with the head elevated. This positioning 

can reduce the venous filling in the upper body and 

thereby avoid approach-related venous bleeding.

A disadvantage of the prone position is the 

abdominal compression with associated reduced 

venous drainage from epidural veins. Therefore 

as a modification of the prone position the posi-

tion on a Wilson frame can be used. It does lead 

to a delordosed position of the lumbar spine eas-

ing interlaminar approaches and to an uncom-

pressed position of the abdomen avoiding an 

increase of epidural venous pressure. However, 

the Wilson frame does not allow for ap fluoros-

copy imaging and therefore needs to be avoided 

in cases where biplanar imaging is necessary.

An alternative to the position on the Wilson 

frame is the knee-chest position used for lumbar 

posterior approaches. Even less abdominal com-

pression than on a Wilson frame is the advantage 

of the knee-chest position. However, it does not 

delordose the lumbar spine it rather leads to a 

hyperlordosis. For this position ocular injury has 

been reported as well as perioperative central 

retinal artery occlusion [16]. Shriver et  al. [14] 

analyzed seven studies reporting the use of the 

knee-chest position. Acute renal failure, rhabdo-

myolysis, insecure endotracheal intubation and 

quadriplegia were only reported among studies 

using the knee-chest position.

A lateral position is necessary for anterolat-

eral thoracic or lumbar approaches, rarely for lat-

eral cervical approaches. For this position a 

vacuum-device to stabilize the torso is helpful. To 

relieve pressure to the nerves and vessels of the 

brachial plexus and axilla a round cushion should 

be placed below the downsided axilla. The down-

sided arm is positioned in a 90° angle to the body. 

The upsided arm is usually elevated, an angle 

above 90° should be avoided for this arm as well. 

A cushion needs to be placed between both legs. 

Critical structures of this position are the brachial 

plexus, ulnar nerve, ear and peroneal nerve.

This semisitting position provides access to 

the posterior cervical spine. It improves cerebral 

venous drainage but remains controversial 

because of the potential for serious complications 

such as venous air embolism, hemodynamic 

instability and compressive peripheral 

neuropathy.

71.3.3  Position-Related 
Complications

Perioperative peripheral nerve injury (PPNI) 

is a rare but significant positioning-related com-

plication. The reported incidence is between 

0.03% and 0.1% [2, 24]. Direct trauma to a 

peripheral nerve can be the cause of PPNI, but 

one of the main and crucial mechanisms of PPNI 

is the ischemia of nerve fibers with focal demye-

lination [9, 17, 20, 22]. Stretch of peripheral 

nerves is another mechanism of PPNI and occurs 

if nerves are stretched beyond 5–15% of their 

resting length [11, 18, 19]. In lumbar spine sur-

gery positioning-related damage of peripheral 

nerves was reported following prone, knee-elbow 

and lateral decubitus positioning of the patient.

Causes for peroneal nerve injury are often 

compressive straps used to restrain the legs in the 

Trendelenburg position. Both stretch and external 

compression are possible mechanisms, especially 

during long durations of surgery (>6  h). 

Positioning devices should not involve fixation of 

the leg at the level of the knee or ankle. About 

half of the patients suffering from peroneal nerve 

injury recover within 1 year, the other half might 

be corrected surgical and/or treated by casts [20, 

22]. The most common PPNI (28% of all neu-
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ropathies) is the ulnar neuropathy with an inci-

dence of 0.5% of all surgically treated patients 

[21]. It is the neuropathy most commonly associ-

ated with supine positioning [1, 4]. Perioperative 

ulnar nerve injury can have a delayed onset, most 

cases manifest within 2–7 days after surgery [8]. 

Compression of the ulnar nerve in the cubital tun-

nel from externally is associated with the devel-

opment of a nerve injury. At this location the 

nerve is superficial and often unprotected by soft 

tissue. Extreme flexion of the elbow (>90°) 

 tightens the arcuate ligament and shrinks the 

cubital tunnel. Supination and padding of the 

extended arm reduce the risk of external com-

pression. Ulnar nerve injuries have a less favor-

able outcome compared to other nerve injuries. 

Regularly, ulnar nerve decompression or transpo-

sition surgery is required. The second most com-

mon PPNI is brachial plexus injury (20% of all 

neuropathies) with a reported incidence of 0.02% 

[6]. The main mechanisms of positioning-related 

brachial plexus injury are stretch and compres-

sion. Stretching is typically caused by shoulder 

abduction greater than 90°, external rotation of 

the arm and posterior shoulder displacement. In 

the supine position extension and lateral flexion 

of the head may stretch the brachial plexus on the 

contralateral side. Brachial plexus positioning 

injuries present as a typically painless motor dys-

function referable to the upper and middle trunks. 

Less commonly the lower trunk can be affected. 

Careful positioning is required in the prone posi-

tion to avoid brachial plexus injury. Excessive 

intraoperative shoulder abduction (>90°) can 

injure the plexus. Therefore, arm positioning at 

the sides of the patient can prevent these injuries. 

In the lateral decubitus position compression of 

the dependent arm and axilla should be avoided 

using an appropriately placed axillary roll. 

Median nerve neuropathy is with 4% of PPNI a 

rare complication, stretching the main mecha-

nism. Hanging the unpadded pronated arm off 

the table can compress the median nerve. Radial 

nerve injury (3% of PPNI) is mainly caused by 

direct compression at the spiral grove of the 

humerus [8], especially when the posterior aspect 

of the arm is pushed against a rigid structure. 

Radial nerve injuries usually recover over several 

months dependent on the length of the nerve. [5] 

reported neuropathy of the lateral femoral cuta-

neus nerve at the level of the anterior superior 

iliac spine following PLIF-surgery.

Isolated axillary nerve injury is rare but has 

been reported in the prone position.

Overall, intraoperative positioning-related 

nerve injuries are rare, however they continue to 

occur. To avoid perioperative nerve injuries sur-

geons must maintain high attention to avoid 

excessive stretching of the nerves and intraopera-

tive pressure near key peripheral nerve locations, 

especially in thin patients. Nerve injuries have to 

be recognized and diagnosed.

Perioperative visual loss (POVL) The preva-

lence of POVL after spine surgery is 0.0028–0.2% 

[3, 13]. POVL can result in bi- or unilateral visual 

loss. Risk factors are prolonged duration of sur-

gery, prone position, posterior lumbar fusion and 

correction of scoliosis. The most common cause 

of POVL in cases of spine surgery is ischemic 

optic neuropathy (ION) and central retinal artery 

(CRA) occlusion. ION is divided into an anterior 

ION (AION) and a posterior ION (PION) which 

is the most common cause of POVL after spine 

surgery [8]. Spine surgeons should be aware of 

POVL and participate in safe perioperative care of 

patients positioned in the prone position. The 

prone position has been shown to increase the 

intraocular pressure (IOP) under general anesthe-

sia. As a result IOP may become the critical factor 

in perfusion of the anterior optic nerve in the pres-

ence of decreased hematocrit and mean arterial 

blood pressure.

Patient with head-neutral positioning com-

pared with the head-down position had a lower 

incidence of chemosis (conjunctival swelling) 

in prone position. Additionally increased dura-

tion of surgery and a positive fluid balance cor-

related with an increased incidence of 

postoperative chemosis [14].

Bite Injury, oropharyngeal swelling and 

macroglossia are potential further positioning- 

related injuries. A neutral head position and 

also bite blockers minimize the risk for intra-

operative tongue displacement and swelling 
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and also decrease bite injuries. A case of oro-

pharyngeal swelling and macroglossia after 

cervical spine surgery in the prone position is 

reported by Sinha et  al. [15]. Maneuvers to 

avoid these complications are the use of a 

transtracheal ventilation, bite block, no extreme 

flexion of the head against the chest and an 

hourly check of the swelling of the tongue, 

head and neck while surgery in risky 

positions.

Thromboembolic complications are a fur-

ther problem. Intraoperative positioning plays a 

crucial role in the rate of deep vein thrombosis 

and pulmonary embolism. Reported rates follow-

ing spine surgery are between 0.3% and 12%.

71.4  Conclusions and Take Home 
Message

Positioning-related complications are rare prob-

lems as they can be prevented by carful position-

ing of the patient. However, despite all care in 

placement of the patient, positioning-related 

complications cannot be controlled completely 

and occur in a very low frequency.
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Post-laminectomy Kyphosis

Hanno S. Meyer

72.1  Introduction

Spinal column deformity is a well-known muscu-

loskeletal complication following laminectomies 

for various spinal pathologies, such as intraspinal 

tumors, degenerative disease, or traumatic spinal 

injury. Post-laminectomy kyphosis is the most 

common deformity.

The most important risk factors are young 

patient age and site of laminectomy. It has long 

been known that children, adolescents and young 

adults are at a particular risk for post- laminectomy 

deformity [1]. This is due to the ongoing devel-

opment of the spine. The most common site is the 

cervical spine, where virtually all children and 

young adults develop post-laminectomy kypho-

sis. The reported risk is lower for the thoracic 

(36%) and for the thoracolumbar/lumbar (0–28%) 

spine in this age group [2, 3]. At the cervical 

spine, even adults are at a significant risk. In cer-

vical spondylotic myelopathy (CSM), e.g., 

kyphosis may develop in approximately 20% of 

patients [5], with even higher rates in patients 

with ossification of the posterior longitudinal 

ligament (OPLL) [7].

Post-laminectomy cervical kyphosis may 

progress over time and can be associated with 

severe pain and even neurological deterioration, 

requiring surgical correction performed via an 

anterior, posterior, or combined approach [6].

The following case will illustrate that failure 

to take post-laminectomy deformity into account 

can lead to severe consequences for the patient 

and how to deal with it surgically.

72.2  Case Description

A 21-year-old male had a motor vehicle accident 

in Russia and was transferred to a hospital. He 

suffered from bilateral upper extremity weak-

ness. A fracture of the fourth cervical vertebra 

was diagnosed. He underwent dorsal decompres-

sion via a C4 laminectomy and was provided 

with a cervical collar.

He presented 2  weeks later. After initial 

incomplete recovery, the upper extremity weak-

ness had deteriorated (right upper extremity: 

1–2/5 proximal, 3–4/5 distal; left upper extrem-

ity: 2–3/5 proximal, 4+/5 distal), and he had 

severe gait ataxia and bilateral plantar 

hypesthesia.

A CT scan showed a translation injury of C4 

vs. C3 and C5 with bilaterally dislocated facets 

and a combined burst/sagittal split fracture of C4 

[AO type: C3–4-5: C (C4: A4, F4, N3, M2)]. The 

kyphosis had progressed since the first CT after 

laminectomy (Figs. 72.1 and 72.2).
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Fig. 72.1 CT. Sagittal (left panel), axial (middle pan-

els) and coronal (right panel) CT slices. There is sub-

stantial dislocation in C3–4 and C4–5, resulting in 

kyphotic deformity of the cervical spine (left panel). The 

vertebral body of C4 has suffered a split (upper middle 

panel and right panel) and a burst fracture (lower middle 

panel). The lamina of C4 has been removed during the 

initial surgery

Fig. 72.2 CT. Comparison of a CT scan obtained immediately after (left panel) and 2 weeks after (right panel) C4 

laminectomy. The kyphotic deformity has progressed (blue vs. red lines in left vs. right panel)
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The patient was operated immediately 

employing a two-staged anterior-posterior 

approach. As a first step, anterior open reduction 

was performed using a caspar cervical distractor 

and by means of a neck support roll. The verte-

bral body of C4 was removed and replaced by a 

PEEK-based graft. A titanium screw-plate-graft 

was placed from C3 to C5. The postoperative 

X-ray is shown in Fig. 72.3.

The next day, the instrumentation was com-

pleted via a dorsal approach. A screw-rod-fixa-

tion was put in place using lateral mass screws. 

The postoperative X-ray is shown in Fig. 72.4.

After surgery, the patient’s condition improved 

rapidly. Upon discharge, there was much less gait 

ataxia, and the pareses had diminished (right 

upper extremity: proximal 3–4/5, distal 4+/5; left 

upper extremity: proximal 3–4/5, distal 4+/5).

72.3  Discussion of the Case

We present an extreme case of post-laminectomy 

cervical kyphosis. The patient had a highly unsta-

ble dislocated cervical fracture with primary neu-

rological injury due to spinal cord compression. 

In principle, aiming at a decompression of the 

spinal cord is correct. The first surgery in the 

present case, however, jeopardized this goal by 

making an unstable fracture even more prone to 

dislocation by performing a laminectomy alone 

and by forgoing primary stabilization, risking 

further neurological deterioration.

In other diseases potentially treatable by cervical 

laminectomy, such as multi-level CSM or OPLL, 

the indication for concurrent stabilization aiming at 

preventing post-laminectomy kyphosis is often less 

clear. There is much data, but not much high-quality 

evidence in the literature on the subject. 

Laminectomy was initially regarded as the gold 

standard treatment of multilevel CSM. When sur-

geons realized, based on retrospective studies, that 

this may lead to progressive (instable) post-lami-

nectomy deformity/kyphosis and delayed clinical 

deterioration, they introduced fusion procedures 

performed in addition to decompression. 

Retrospective series reported relatively low compli-

cation rates, good outcome, and a low incidence of 

late deterioration using these techniques, leading 

surgeons to abandon standalone laminectomies in 

favor of instrumentation- augmented fusion for 

these conditions [4–7]. Studies reporting direct 

comparisons of the two methods are scarce. The 

various drawbacks associated with instrumented 

Fig. 72.3 X-Ray. Lateral X-ray image acquired after 

reduction, replacement of C4 with a PEEK graft and ven-

tral plating. Note the reduction of the kyphotic deformity 

(cf. Figs. 72.3 and 72.4)

Fig. 72.4 X-Ray. Lateral X-ray image acquired after 

dorsal instrumentation using lateral mass screws in C3 

and C5

72 Post-laminectomy Kyphosis
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fusion, such as addition of time and morbidity to the 

operation as well as reduced spinal mobility, led to 

the development of laminoplasty [6]. Comparing 

the long-term follow-up results of laminoplasty vs. 

laminectomy for cervical spondylotic myelopathy 

with regards to kyphotic deformity, however, there 

appears to be no significant difference [7]. The 

comparison of laminoplasty vs. laminectomy and 

fusion provides no evidence supporting one method 

over the other as well, as shown by two meta-analy-

ses involving mostly observational studies and one 

randomized controlled trial [8, 9]. Finally, proce-

dures based on an anterior approach, such as ante-

rior cervical discectomy/corpectomy and fusion, 

have been employed in the treatment of both CSM 

and OPLL as well. Comparisons with laminoplasty 

have remained elusive, and there is no clear evi-

dence supporting one over the other. In summary, 

while dorsal approaches might be associated with 

less complications, there might be less late defor-

mity with anterior surgery [10, 11].

The data on cervical kyphosis after resection of 

spinal intradural tumors is even scarcer. These 

patients are, on average, younger than those with 

CSM or OPLL.  Young age is an important risk 

factor for post-laminectomy deformity, especially 

in children and adolescents whose spine is still 

developing [1, 2, 6]. This patient group is prone to 

post-laminectomy deformity even at the thoraco-

lumbar spine [3]. However, placement of extensive 

instrumentation is generally avoided in children to 

avoid growth-related sagittal  deformity and degen-

eration of adjacent segments. In this population, 

instrumentation is primarily considered in cases 

involving extensive bone removal or in those with 

other risk factors for postoperative instability.

In general, the decision for a surgical strategy 

with or without instrumentation should be based on 

the individual case and take all risk factors for post-

laminectomy deformity into account. Apart from 

patient age and site of laminectomy, this includes 

extent of laminectomy, facet capsule destruction, 

Fig. 72.5 Swan neck deformity after cervical laminec-

tomy. Series of cervical spine images illustrating devel-

opment of swan neck deformity in an 80  year old 

female. The patient suffered from CSM (top left panel: 

initial sagittal MRI). She was treated with a laminec-

tomy of C5 and C6. Afterwards, she complained of 

increasing neck pain and a perceived cervical instabil-

ity. The imaging shows that, over the course of 

20 months, she developed both kyphotic deformity as 

well as a compensatory lordotic malalignment of the 

cervical spine (top right: sagittal MRI, 6 months after 

surgery; bottom left: sagittal MRI, 17 months after sur-

gery; bottom right: lateral X-ray, 20  months after 

surgery)
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tumor as a primary diagnosis, additional irradia-

tion, and preoperative deformity/lordosis [6, 7].

The present case represents an acute form of a 

focal post-laminectomy kyphosis. However, both 

focal kyphosis as well as more complex deformi-

ties, such as swan neck deformity (the simultane-

ous development of both abnormal kyphosis and 

hyperlordotic malalignments), can develop over 

time (Fig. 72.5).

Once post-laminectomy cervical kyphosis has 

developed, there are several treatment options. 

When pain is the only clinical problem, conserva-

tive treatment may be sufficient. In patients with 

progressive deformity, intractable pain, functional 

loss, or even neurological decline, surgical treat-

ment strategies have to be considered. They depend 

on the individual pathology. If possible, reduction is 

achieved via anterior approaches including discec-

tomies and disc interspace distraction to restore cer-

vical lordosis, as was done in the presented trauma 

case. When multi-level procedures or corpectomies 

have to be performed to achieve sufficient reduc-

tion, or when the spine is especially unstable (as in 

the presented case), a subsequent posterior instru-

mentation can be necessary. Lateral mass screws 

may often be sufficient in these cases. A limited 

degree of additional correction can be achieved by 

posterior Smith-Peterson osteotomies. Pedicle sub-

traction osteotomies provide a greater degree of 

reduction. However, they are associated with high 

morbidity and should be limited to extreme cases 

where anterior approaches are not feasible [6].

Sometimes, deformity correction is not neces-

sary. If the goal is to just prevent progression of a 

complex multi-level deformity, as was the case 

with the 80 year-old patient suffering from swan 

neck deformity, a stand-alone posterior stabiliza-

tion may be sufficient. In these cases, pedicle 

screws should be considered, providing more sta-

bility than lateral mass screws.

72.4  Conclusions and Take Home 
Message

Spinal column deformity can occur after 

decompression surgery for various spinal 

pathologies. Post-laminectomy kyphosis of 

the cervical spine is the most common form. It 

can be focal or more complex (swan neck 

deformity, or combined kyphosis and scolio-

sis). Children, adolescents and young adults 

are at particular risk. Risk factors, such as 

patient age, site and extent of laminectomy, 

existing preoperative deformity, and presumed 

postoperative stability must be taken into 

account when considering decompressive spi-

nal surgery. Stabilization surgery may be 

required in the first place, especially in spinal 

trauma, but also when extensive bone removal 

is required or when preoperative loss of lordo-

sis is present. Patients should be followed up 

to recognize progressive late deformity in time 

and to prevent possible neurological injury 

by  performing secondary stabilization sur-

gery. Symptomatic cervical post-laminectomy 

kyphosis can be treated surgically, primarily 

via anterior or combined anterior-posterior 

approaches. The evidence on strategies aiming 

at preventing and treating post-laminectomy 

kyphosis is low.

Pearls

 – Spinal column deformity can occur after 

decompressive surgery

 – Post-laminectomy kyphosis of the 

cervical spine is the most common 

form

 – Risk factors include young patient age, 

decompression at the cervical spine, 

extent of laminectomy, tumor as a pri-

mary diagnosis, preoperative deformity, 

and postoperative irradiation

 – For any decompressive spinal surgery, 

the individual risk for postoperative spi-

nal column deformity must be taken into 

account

 – In high - risk patients, primary stabiliza-

tion may be required

 – Symptomatic cervical post-laminectomy 

kyphosis can be treated surgically, 

primarily via anterior or combined 

anterior-posterior approaches
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73.1  Introduction

The term “failed back surgery syndrome” (FBSS) 

is wide-ranged and includes any sequelae follow-

ing surgery of a lumbar disc herniation. 

Symptoms might be variable and multiple rea-

sons exist, which can lead to a FBSS. Both the 

axial lumbar back pain as well as the persistent 

radiculopathy after surgery are symptoms of the 

FBSS. A large-scaled study could show that the 

FBSS depends on a recessal stenosis in 58% of 

cases, on a spinal stenosis in 7–14% of cases, on 

a new disc herniation in 12–16% of cases, on an 

arachnoiditis in 6–16% of cases, and on epidural 

scars in 6–8% of patients [1]. As described later, 

the latter must be questioned. In most cases the 

pain occurs under stress and differs from the pre-

operative symptoms. Multiple operative and non- 

operative strategies can be chosen for the therapy 

of FBSS, but they only lead to a satisfying result 

if they are adapted to the underlying reason. 

Hence, making the diagnosis and the right indica-

tion particularly for the operative therapy of the 

FBSS is complex.

The chapter will outline the variable symptoms 

of the FBSS, the necessity of diagnostics, underly-

ing pathologies of the postoperative symptoms, and 

according surgical options. Most importantly, the 

chapter will highlight that the term FBSS is an 

umbrella term without being a real syndrome, which 

should be ruled out after the appropriate diagnos-

tics. Moreover, it will show that the rationale of a 

postoperative scar as a reason for persistent or new 

pain after surgery and thereby for the FBSS is 

unlikely and describes a myth in spine surgery since 

the scar itself does not gain size and therefore does 

not create any pressure on the dural sac or roots.

At the end of this chapter the reader should be 

familiar with the underlying pathologies of the 

FBSS and should choose the according diagnos-

tics and if necessary the appropriate surgical 

approaches. Additionally, we outline that the 

term FBSS choose should be used with care.

73.2  Case Description

A 36 y/o male patient presented at our depart-

ment after he underwent a sequesterectomy of a 

left-sided lumbar disc herniation L4/5 2 months 

before at another department. Initially, his preop-

erative left-sided L5 radicular pain was gone for a 

few days. Afterwards, he suffered from a pre-

dominant lower back pain, a pain correlating to 

parts of the dermatome L5 as well as a pain cor-

relating to parts of the dermatome L4 on the left 
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side. The treating center stated a normal 

 postoperative pain and prescribed pain medica-

tion. Another colleague from a private practice 

interpreted the predominant lumbar back pain as 

a FBSS and referred the patient to a rehabilitation 

clinic in order to get him treated by a multimodal 

pain therapy. Yet, the patient presented at our 

department for a third opinion. We performed a 

new MRI scan, which showed a recurrent lumbar 

disc herniation at the operated level L4/5 and an 

intraforaminal disc herniation (Fig. 73.1). Apart 

from the above-mentioned, he did not suffer from 

any neurological deficits.

The intraforaminal disc herniation was 

assumed to be asymptomatic when the indication 

for the first operation was made. Since the patient 

suffered from a pain which partially correlated 

with the dermatome L4, we performed a sequen-

tial diagnostic periradicular infiltration of the 

spinal nerve roots L4 and L5 on the left side.

The patient showed a complete pain relief 

after the infiltration of the spinal nerve root L4, 

but no pain relief after the infiltration of the spi-

nal nerve root of L5. Due to the results of the 

periradicular infiltrations in combination with 

the MRI scan, we performed a re-operation of the 

level L4/5 for the purpose of an extended inter-

laminar fenestration, sequestrectomy, and com-

plete decompression of the left-sided L4 root 

including a foraminotomy L4/5 on the left side. 

The view of the situs confirmed that the intrafo-

raminal disc herniation was assumed to be 

asymptomatic during the first operation, since we 

could not find a lateral approach. Postoperatively, 

the patient was free of any complaints and could 

be discharged 2 days after surgery.

One and a half months postoperatively the 

patient again presented at our outpatient clinic 

with an immobilizing lower back pain combined 

with a bilateral pain to the groin. The neurological 

examination showed a slight, pain-related, bilat-

eral hip flexor paresis without any further deficit. 

Inflammation parameters were normal and wound 

conditions were plain. The patient also showed a 

bilateral facet joint pain, so we performed a diag-

nostic facet joint infiltration. Since the diagnostic 

facet joint infiltration did not show any pain relief 

we conducted a new MRI scan (Fig. 73.2).

Since an infection could at least not be ruled 

out by the new MRI scan and the patient did still 

not show signs of inflammation, we performed a 

CT-controlled biopsy of the operated level L4/5 

(Fig.  73.3). At this point of time, the patient 

reported a decreasing pain intensity under oral 

pain medication.

Microbiological results showed an infection 

with Staphylococcus epidermidis, hence, as a 

result of this examination, the clinical symptoms, 

a b c d

Fig. 73.1 Postoperative MRI after left-sided sequestrec-

tomy L4/5. The MRI scan at first presentation in our out-

patient clinic shows a recurrent lumbar disc herniation at 

the operated level L4/5 as well as an intraforaminal disc 

herniation (a–c). The axial slice of (d) shows the level L5/

S1
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and the MRI scan, we made the indication for a 

second re-operation of the level L4/5, including 

discectomy with an augmentation with autolo-

gous bone, and a dorsal instrumentation L4/5 

(Fig. 73.4). Intraoperatively, the surgical field did 

not show clear signs of infection, but microbio-

logical results of intraoperative smears again 

showed Staphylococcus epidermidis and the his-

topathological examination of the intraoperative 

samples showed signs of an inflammation.

a b c

d e f

Fig. 73.2 New MRI scan 1.5 months after re-operation. 

The new MRI scan after the re-operation shows doubtful 

signs of a postoperative infection or an early spondylodis-

citis and postoperative scar tissue at level L4/5 (T1 with 

(a, c) and without (b) contrast agent; T2 (d–f) and T2 

STIR (d and e))
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Fig. 73.3 CT-controlled biopsy of disc L4/5. The scan 

shows the CT-controlled biopsy of the operated level L4/5

Fig. 73.4 Postoperative X-ray. The figure shows the postoperative X-ray after dorsal instrumentation L4/5

mono-segmental pathology and a definite clinical 

correlation, should be clear. In the presented case 

the initial first postoperative MRI scan showed a 

recurrent disc herniation and an intraforaminal 

disc herniation. Furthermore, the patient reported 

that he initially benefited from the first surgery. 

Hence, he presented with new symptoms after 

being free of complaints; such a course always 

reasons a new MRI scan. A recurrent disc hernia-

tion or an already existing intraforaminal disc 

herniation which has been interpreted as asymp-

tomatic, is probably one of the most common 

reasons for a FBSS [2]. Recurrent disc herniation 

occurs especially due to the increase of pure 

sequestrectomy without performing nucleotomy. 

A randomized and well-designed trial could 

show that the pure sequestrectomy without nucle-

otomy leads to an increased rate of recurrent disc 

herniation on the one hand, but on the other hand 

also lowers the rate of postoperative axial pain 

significantly [3, 4]. Furthermore, Modic changes 

were reduced from 47% to 14% after 2 years of 

follow-up. Hence, this surgical approach and 

strategy must be seen as preventive in such cases, 

particularly regarding the FBSS as a complica-

tion. On the other hand, the rate of intraforaminal 

disc herniation, which was misinterpreted as 

asymptomatic when the first indication for sur-

gery was made is of course lower. However, this 

Finally, the patient could be discharged with-

out any complaints after an intravenous antibiotic 

therapy for 2 weeks. Oral antibiotic therapy was 

continued for another 10 weeks.

73.3  Discussion of the Case

73.3.1  Indication and Diagnostics

We chose this case, since it showed two possible 

reasons for a FBSS. Basically, the indication for 

re-operation of a FBSS, particularly in case of a 
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possible reason for a FBSS must also be consid-

ered, particularly in case of persistent radiculopa-

thy after surgery. The postoperative MRI scan 

also showed epidural scar tissue. This was also 

confirmed intraoperatively. A recently published 

study identified epidural scar formations in 

12.3% of patients with a diagnosed FBSS [2]. 

Further studies even treated epidural scars by 

adhesiolysis, partially, with controversial results 

[5, 6]. By experience of the authors, and con-

firmed by the presented case, scar tissue does not 

apply pressure to the dura and neural structures. 

It must be banned from the people’s minds that 

scar tissue is a reason of FBSS. It is present on 

MRI scans after spinal decompression, but 

against all radiological myths scar tissue does not 

cause neuronal compression.

Meanwhile, we know that a new postoperative 

radiculopathy must not have a correlate in stan-

dard imaging [7]. New MRI scans in case of per-

sistent or new pain after the operation of lumbar 

disc herniation are only useful in a few of these 

patients. Hence, in these cases additional diag-

nostics is needed and indicated such as perira-

dicular infiltrations with local anesthetics or even 

a myelography.

When the patient presented for the second 

time at our department reporting an immobilizing 

lower back pain combined with a bilateral pain to 

the groin, the decision-making was more diffi-

cult. Since the patient did not show clinical or 

laboratory signs of inflammation, the initial diag-

nostic facet joint infiltration was justified. The 

partial resection of the facet joints and the liga-

ments might lead to an instability within the 

operated level. Possible symptoms are pseudo- 

radicular pain, axial pain under stress, or even a 

new disc herniation [8]. The postoperative facet 

joint syndrome might be another reason for 

FBSS.  A well-designed study, which examined 

the postoperative facet joint syndrome showed 

that this complication occurred in 8.4% of 

patients who underwent the resection of a lumbar 

disc herniation [9]. Apart from others, the study 

identified discectomies and an older age as risk 

factors for a facet joint syndrome. Two options 

are available for the conservative treatment of the 

lumbar facet joint syndrome: the intraarticular 

injection and the ablation of the Ramus medialis 

nerve. However, the patient did not benefit from 

the diagnostic facet joint infiltration. Hence, the 

new MRI scan was indicated. The result of the 

new MRI scan was not clear regarding a postop-

erative infection or an early spondylodiscitis. 

Due to this dilemma we performed a CT-controlled 

biopsy of the operated level L4/5. Although the 

patient’s clinical symptoms were declining under 

oral pain medication and he did not show inflam-

mation parameters in the laboratory examina-

tions, an infection as the reason for a FBSS 

always has to be ruled out if suspected.

73.3.2  Choice of Approach

Since the microbiological results showed the 

growth of Staphylococcus epidermidis, the indi-

cation for re-operation on the one hand, and for 

instrumentation on the other hand, was clear.

The implantation of a lumbar disc arthroplasty 

is basically indicated in young patients suffering 

from osteochondrosis and an axial lumbar pain 

without a degeneration of the facet joints but a 

degenerated disc as confirmed by imaging. Well- 

designed studies are available comparing the 

pure anterior lumbar interbody fusion (ALIF) 

with the implantation of a lumbar disc arthro-

plasty. Regarding the therapeutic effect both the 

ALIF as well as the implantation of a lumbar disc 

arthroplasty could show a significant improve-

ment of pain and quality of life [10]. However, 

the two procedures significantly differ regarding 

the degeneration of the neighbored levels after 

5 years (ALIF: 28.6%, lumbar disc arthroplasty: 

9.2%) [11]. Nevertheless, in case of osteoporosis, 

the affected level should be immobilized by a 

stand-alone cage and the use of a lumbar disc 

arthroplasty is not recommended. Furthermore, 

although it is often performed, the use of a lum-

bar disc arthroplasty for the treatment of a FBSS 

is usually not indicated, since it does not solve 

the underlying problem of the FBSS.  Usually, 

when recurrent or intraforaminal disc herniations 

can be ruled out, lumbar instability is the reason 

for the FBSS in many cases. Stress on the facet 

joints has therefore to be reduced. This status will 
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not be obtained by an arthroplasty but by the 

immobilization of the according level, i.e. 

stabilization.

In case of lumbar instability as a reason for 

the FBSS a dorsal stabilization is indicated 

especially in case of recurrent disc herniation. 

A dorsal stabilization should also be consid-

ered in case of a intraforaminal disc herniation, 

which was assumed to be asymptomatic during 

the resection of an intraspinal disc herniation 

and now reasons a FBSS. The partial resection 

of the facet joint, which must usually be per-

formed in order to decompress the nerve root, 

might lead to a destabilization of the operated 

level and thereby could make a dorsal stabili-

zation necessary. For the operative therapy of 

the FBSS, based on osteochondrosis, lumbar 

instability, or recurrent disc herniation, 

dynamic, semi-rigid, and rigid instrumentation 

are options [8].

The dynamic stabilization is especially used to 

prevent the painful rotation and to take the pres-

sure off the facet joints. Similarly, by enabling a 

slight grade of motion, the possible complications 

of a dorsal stabilization should be reduced [12]. 

Although we do not yet have long- term results of 

comparison studies, prospective cohort studies 

show a significant pain relief, an improvement of 

psychological health, and of mobility [13]. Two 

years postoperatively, rigid and dynamic stabili-

zations showed comparable results regarding 

instabilities of neighbored levels and hardware 

failures [14, 15]. However, the dynamic stabiliza-

tion should only be applied up to two levels.

The semi-rigid stabilization shares the load 

between the screw-rod-system and the ventral 

cages (so-called “load-sharing”) which is thought 

to promote anterior fusion [16]. However, previ-

ous studies showed comparable results in com-

parison to studies examining rigid or dynamic 

stabilizations [15, 17].

As a last operative option for the treatment 

of the FBSS, after ruling out structural reasons 

eligible for direct surgical therapy, the implan-

tation of a spinal cord stimulator (SCS) must be 

considered. Meanwhile, reliable data of meta-

analyses showed a significant pain reduction of 

lower back and leg pain [18, 19]. Furthermore, 

a randomized trial showed superiority of SCS 

over pain medications. However, this trial also 

showed at least one device-related complica-

tion in 32% of patients, such as electrode 

migration, infection, or wound issues. Due to 

complications, 24% of patients had to undergo 

a re-operation [20]. Today, reliable high-quality 

data exists regarding the use of SCS in patients 

suffering from FBSS [21]. Nevertheless, its 

application in FBSS patients is controversially 

discussed [22, 23]. Hence, the indication for 

SCS in such patients must be made very 

carefully.

73.3.3  Accordance 
with the Literature Guidelines

Concerning the presented case, our strategy 

was according to current literature guidelines 

[8]. However, it has to be mentioned that apart 

from studies examining the influence of SCS 

implantation in FBSS patients, high-quality 

data for the treatment of these patients are not 

available.

Level of Evidence

C

73.4  Conclusions and Take Home 
Message

Postoperative epidural scar is often mentioned to 

be the reason of a FBSS. The chapter describes 

the opposite, in particular that obvious reasons 

for the FBSS can be detected and treated after an 

appropriate diagnostic management. Empirically, 

scar tissue does not apply pressure to the dura 

and neural structures. Hence, epidural scar tissue 

as the reason for FBSS must be banned from the 

people’s minds. It’s a myth. After appropriate 

diagnostics and the according treatment strategy 

the FBSS can be treated successfully.
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Adjacent Segment Disease 
with 13 Years Follow Up and Five 
Operations

Jörg Franke and S. Michalitsis

74.1  Introduction

Adjacent segment degeneration (ASD) is 

defined as radiographic degenerative changes at 

a spinal level immediately cranial or caudal to 

the site of a previous fusion procedure. ASD can 

progress to adjacent segment disease (ASDis) a 

clinical phenomenon characterized by the pre-

sentation of new symptoms referable to the 

adjacent level, presumably related to the degen-

erative changes [1].

This case will describe in detail the problem 

of ASDis on a course of a patient over 13 years 

and five operations. Special attention will be paid 

to potential contributing factors to the natural his-

tory of degenerative disc disease (DDD) and pos-

sible strategies to avoid additional stressors for 

the adjacent segments of a fusion. Secondary, the 

presented case will demonstrate the necessity of 

a detailed indication management in order to 

avoid unnecessary inclusion of non-symptomatic 

segments.

74.2  Case Description

This report is about a 1950 born female patient 

suffering from rheumatoid arthritis in addition to 

her back and leg pain. Her major complaint in 

2005 was mechanical axial back pain (VAS 8/10) 

combined with a left sided radicular pain com-

ponent on the left (VAS 6/10) especially worsen-

ing after walking of more than 1000 meter. The 

identified problem was disc degeneration worse 

on the left side with a kyphotic position of the 

segment L3/4 and a central as well as a forami-

nal stenosis in the segment L3/4. There was no 

permanent neurological deficit (Figs. 74.1, 74.2, 

and 74.3).

The decision was made to perform a PLIF 

procedure L3/4 (Figs. 74.4 and 74.5).

The procedure was performed uneventful. 

Please pay attention to the resorbable cage which 

was used and the positioning of the segment in 

the lateral radiograph in a more or less neutral 

position. Clinically the patient had a quick 

recovery an th pain level dropped to 2/10 on the 

VAS (back pain) quickly. The referred pain to 

the legs resolved immediately. After 1 year the 

patient developed neurogenic claudication again 

after 300 meters and referred leg pain following 

the root of L4. Right more than left. The axial 

back pain increased to VAS 7/10. Still, the neu-

rologic examination did not reveal any formal 

deficits (see Figs.  74.6, 74.7, 74.8, 74.9, and 

74.10).
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Figs. 74.1, 74.2, and 74.3 Lumbar myelography 2005 ap and lateral (in flection left and extension middle picture)

Figs. 74.4 and 

74.5 Ap and lateral 

view postoperatively in 

2005 with titanium 

internal fixateur and two 

resorbable cages and 

local bone plus bone 

graft extenders 

(hydroxyapatit 

nanostructure)

The decision was made to extend the fusion to 

L2–5 with PLIF in L2/3 und L4/5 with a better 

sagittal correction in order to improve her sagittal 

profile of her lumbar spine (Figs.  74.11 and 

74.12).

The patient recovered without an postopera-

tive problems rather quick and the VAS for 

back pain dropped to 2/10. Patient was not 

restricted in walking distance 8 weeks after the 

operation. The patient was seen till 1 year post-

operatively. The VAS for back pain stayed at 

the 2/10 level. The patient was fully ambula-

tory and not restricted from her back in her 

walking distance keeping in mind, that the 

patient suffered from rheumatoid arthritis and 

therefore there were several lower and upper 
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limp joint problems in addition. The next visit 

from the patient was in 2010. She complained 

about recurrent back pain in the lower lumbar 

spine VAS 8/10 and after 200 meters increas-

ing leg pain on a L5 distribution without a for-

mal motor deficit. X-ray and MRI were taken 

(Figs. 74.13, 74.14, and 74.15).

The decision was made to extend the fusion to 

S1 and not to L1 as the pain pattern showed a 

clear focus on the lumbar sacral region in addi-

tion with the dynamic L5 component and the 

absence of a positive pain reduction of a L1/2 

facet infiltration. Figures 74.16 and 74.17 show 

the direct postoperative ap and lateral x-rays.

Figs. 74.6, 74.7, 74.8, 74.9, and 74.10 In 2006, the left 

X-ray (standing position show the ASD in L2/3 and L4/5). 

The middle MRI demonstrates the stenosis and ASD in 

both segments the upper right figure shows the type D ste-

nosis in L2/3 and the lower figure the wider central canal 

whereas with the retrolisthetic position seen on the X-ray 

on the most left picture represents a functional foraminal 

stenosis
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Figs. 74.11 and 

74.12 2006, direct 

postoperative X-ray 

images show a much 

better overall sagittal 

alignment and a full 

correction in ap view 

especially in the L2/ 3 

level. The cage material 

was PEEK and again 

local bone and 

Hydroxyapatit 

nanostructure as 

extender was used

Figs. 74.13, 74.14, and 74.15 2010 on the left lateral 

x-ray broken screws in L5 as a sign for pseudoarthrosis 

and on the lateral MRI clear modic signs as an indication 

for adjacent segment disease in L5/S1. The ap view 

revealed in addition a lateral instability on L1/2 with a 

beginning scoliotic deformation
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Again, there was an uneventful quick recov-

ery. The walking distance became free, the back 

and right sided L5 problem resolved again. The 

VAS for back pain dropped to 2 again and the 

referred L5 pain was gone. The postoperative 

control up 1 year showed bony fusion of L5/S1 

and no complication after the last revision what-

soever. The next visit of the patient in the depart-

ment was then in 2013 experiencing left sided 

lumbar sacral pain with some radiation to the 

posterior left leg above the knee. On examina-

tion there was no neurological deficit. A clear SI 

joint pain pattern with a positive Mennell sign. 

The X-ray and CT Scan (Figs. 74.18, 74.19, and 

74.20) demonstrate a mild arthrosis within both 

Si joints and a bony fusion L2-S1 no screw loos-

ening and and moderate increase in the ASD in 

L1/2 with an increased scoliotic deformation 

compared to 2010. Additional SI joint injection 

showed a major pain reduction after the injec-

tion on the left side.

On the basis of the current radiological 

findings and the fact of a clear and recurrent 

pain reduction of the left sided SI joint injec-

tion the patient was sent elsewhere in order to 

get an MIS SI fusion on the left side. This was 

to my knowledge performed in 2013 and led to 

a sufficient pain reduction to her know level of 

2/10 for her back pain till 2017. The patient 

contacted the department with an increased 

level of right sided back pain. A EOS imaging 

was done and CT of the lumbar spine and the 

SI joint (Figs.  74.6, 74.7, 74.8, 74.9, 74.10, 

74.11, 74.12, 74.13, 74.14, 74.15, 74.16, 

74.17, 74.18, 74.19, and 74.20). There was a 

positive Mennell sign of the right SI joint. 

There was no neurological deficit nor positive 

straight leg rise test. There was virtually no 

pain in the thoracolumbar region (Figs. 74.21 

and 74.22).

The EOS and the CT scan revealed an increase 

of the ASD with osteochondrosis for the level 

L1/2 and lateral instability with a consecutive 

increasing scoliotic deformation of the thoraco-

lumbar junction. The SI joint injection generated 

a full pain reduction for 1 week. On this basis the 

conclusion was drawn that the indication is given 

for the SI fusion on the right side.

This was performed in November 2017 

(Figs. 74.23, 74.24, 74.25, and 74.26).

Figs. 74.16 and 

74.17 Ap and lateral 

X-Ray after revision in 

2010 and extension of 

the fusion to L5/S1 with 

a PLIF Procedure
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The patient was discharged on day 4 after 

the operation with a drop in her VAS for back 

pain 3/10 with any pain medication. Her rheu-

matoid arthritis is currently more or less worn 

out. The recovery was uneventful. As the 

patient now lives 600 kilometers away from 

our department I had a last phone call follow-

up with her in April 2018 and she was more or 

less back to normal with the back pain level of 

VAS Score of 2/10. The next on- site visit is 

scheduled for 1 year after the last operation in 

November 2018.

Figs. 74.18, 74.19, and 

74.20 2013 ap and 

lateral X-ray showing a 

full anterior fusion 

L2-S1 and mild arthrosis 

on both SI joints 

(Fig. 74.20) as well as 

an increased scoliotic 

deformation and lateral 

instability of L1/2
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Figs. 74.21, 74.22, and 74.23 2017 EOS Imaging lateral and AP and SI joint injection on the right side

Figs. 74.24, 74.25, and 74.26 2017 Fig. 74.24 shows 

and intraoperative positioning of the last of three Screw 

crossing the SI joint from lateral to medial for the SI 

fusion. Figures 74.25 and 74.26 show ap and lateral X-ray 

images 3  days postoperatively with well-positioned SI 

screws and especially on the lateral X-ray Fig. 74.26 the 

increasing sclerosis of the Level L1/2

74 Adjacent Segment Disease with 13 Years Follow Up and Five Operations
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74.3  Discussion of the Case

One theory holds that adjacent segment patholo-

gies, like ASD and the clinically more relevant 

ASDis, are simply reflections of the natural his-

tory of lumbar  degenerative disease. Others argue 

that prior fusion results in increased motion, 

intradiscal pressure, and strain adjacent to the 

fusion, leading to an increased risk of ASD [2].

Although spinal fusion is an established and 

exceedingly common procedure, the steady evo-

lution of surgical techniques and the availability 

of a myriad of graft materials, cage designs, and 

plate fixation systems have given rise to consider-

able variability between treatment methods. In 

addition, the current literature on adjacent seg-

ment pathology suffers from the absence of a uni-

versally accepted radiographic modality for 

diagnosis of ASD or validated outcome instru-

ment for diagnosis of ASDis [3, 4]. Because of 

this heterogeneity, estimates of ASD incidence 

after lumbar fusion range from 0% to 36% [5]. 

For the cervical spine A.  Hilibrand [6] could 

demonstrate a annual incidence of 2.9% for 

ASDis.

For the lumbar spine there is no such study 

existing with the exeption of the limited investi-

gation of Ghiselli [7]. Figure  74.27 shows this 

“annual” incidence of symptomatic ASD (ASDis) 

according to the Ghiselli paper with the results of 

other studies more or less matching this line. This 

in turn means that something like an annual inci-

dence for ASDis exists for the lumbar spine as in 

the demonstrated case, too.

Obviously, there is a rate of given natural seg-

ment degeneration regardless of an adjacent seg-

ment fusion or not. Therefore, having the 

necessity of a fusion or moreover a needed opera-

tive indication to a spinal segment, the surgeon 

should simply try to avoid additional stressors 

not to boost the degenerative process of the cra-

nial or caudal segments.

This leads to the search of risk factor for an 

increased incidence of ASD and ASDis after 

those spinal procedures. For this specific case 

there will be a focus on risk factors for lumbar 

spinal fusions.

There are many proposed risk factors for ASD, 

including age, instrumentation, fusion type, 

fusion length, and the degree of lumbar lordosis.

Although there is only limited evidence a 2–3 

times higher risk for multilevel fusion could be 

demonstrated for example by the studies from 

Sears [8].

In addition, we get more evidence that a mis-

match of the lordosis of the fused segments even 

in short level fusions might contribute to the nat-

ural occurrence of segment degeneration [9].

Adjacent Segment Disease (ASD) after lumbar fusion 
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Particularly for this case there was another 

potential risk factor for the development of ASD 

with the existence of rheumatoid arthritis. Park 

et al. could show that for this patient population 

the risk of developing ASD is 4,5 times higher 

compared to the normal population [10].

Looking at this case there were two mistakes 

with the first operation. First the use of resorb-

able cage, which showed too fast degradation and 

therefore anterior height loss with additional loss 

of lordosis. This in addition to the fixation of the 

segment and a almost kyphotic position may have 

led to the very quick development of the ASDis 

in both adjacent segments with 1 year. Having 

been a little more wise in 2005 concerning the 

necessity of matching the sagittal balance param-

eter better even in case of a short fusion, such a 

fast ASD may have not happened as early as 

2006. But especially the paper from Rothenfluh 

et al. was not published before 2015 [9].

After the Fusion extension to L2–5 with a 

much better sagittal alignment the patient was 

fine for almost 4 years. Keeping in mind the fac-

tors: three level fusion, age over 60 now, rheuma-

toid arthritis the occurrence of an ASD neglecting 

the fact of the broken screws with a radiologi-

cally fused segment L4/5, this seems to be a 

rather “normal” event in the course of a patient 

with a degenerative history. In contrast to some 

of the available literature this patient always 

came back to an almost normal VAS for back 

pain and life. This is may be due to the fact the 

we always addressed a “new” problem of her 

lumbar spine as compared to a revision for the 

same pathology and segment.

For the fourth and fifth operation (SI fusion 

left and right in 2013 and 2017) there was a clear 

indicative workout by several injections that the 

pain generator was the SI joint. Looking at the 

radiological imaging, one could have the idea 

that the radiological evident increasing degenera-

tion and deformation of the L1/2 level may con-

tribute to the pain level. This was not affirmed by 

the diagnostic injections. Actually, we can con-

fess that according to the pain level reduction by 

both SI joint fusions, this could have been the 

main pain generator in 2013 and 2017. Therefore, 

it is a perfect example that a clear radiologic ASD 

of L1/2 does not necessarily needs to be a symp-

tomatic ASDis. At the end we hope that the 

patient does not need a further operation at least 

for the next 4 years.

74.4  Conclusions and Take Home 
Message

ASD is a phenomenon which occurs naturally by 

an obviously genetically influenced process called 

degenerative disc disease. There are obvious risk 

factors like age, fusion length additional disease 

(e.g. rheumatoid arthritis) which we are not able 

to changes while fusing a patient for an ideal indi-

cation. On the other hand there are known factors 

for ASD development where we are able to not 

contribute to the naturally given rate of ASD 

which is segmental lordosis, soft tissue handling 

aso. Paying attention to those factors and optimiz-

ing the fusion procedure for this could prevent the 

development of ASD as much as possible.

Pearls

 – The transformation of ASD into ASDis 

is a combination of natural progressive 

degeneration and potential suboptimal 

treatment solutions

 – Always treat the actual problem

 – A good clinical outcome is achievable 

several times

Editorial Comment

One needs to acknowledge that ASD is 

inevitable, because it relates to the very 

nature of a degenerative disease. Fusing a 

segment will also inevitably increase the 

risk for its development, irrespective of the 

biomechanical quality of the construct. 

This is known and also underscored by 

numbers from high class recent studies. 

Whether a “suboptimal” solution further 

increases the risk for it is not proven to the 

same extent. One should be careful to think 

that an ideal construct will prevent ASD.
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Management of Postoperative 
Infections

Marcus Rickert

75.1  Introduction

Postoperative wound infection after instru-

mented spinal surgery is still one of the most 

common complication in spine surgery. It 

affects the clinical outcome negatively, makes 

operative debridement necessary and often even 

multiple revisions may be required, can lead to 

chronic pain and deformity, extends hospitaliza-

tion and is therefore also responsible for higher 

treatment costs [1].

As the most frequent causative agent of post-

operative wound infections the literature high-

lights Staphylococcus aureus and Staphylococcus 

epidermidis [2].

The incidence of post-operative spinal infec-

tion varies widely from 0.7% to 16%. The main 

reason for this wide range is that different types 

of interventions have different risks for postop-

erative infections. Therefore less invasive proce-

dures present with a reduced infection rate 

compared to surgeries with additional instrumen-

tation showing the highest risk for a postopera-

tive surgical site infection.

Numerous influences on the development of 

postoperative infections have been identified and 

can be divided into subgroups [3, 4]:

75.1.1  Patient Related Risk Factors

• Age (>65 yrs)

• Obesity (BMI >35 kg/m2)

• Previous spine surgery

• Hyperglycaemia (perioperative (stress) hyper-

glycaemia in non-diabetics)

• Diabetes mellitus

• Malnutrition

• Nicotine abuse

• Steroid use

• Chronic obstructive pulmonary disease

• Osteoporosis

75.1.2  Procedure-Related Risk 
Factors

• Implants/instrumentation

• Posterior approach

• Tumor surgery (resection)

• Multilevel spondylodesis with inclusion of the 

sacrum

• Extended operating time

• Blood loss
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Postoperative wound infections can be 

 classified into early and late infections. The exact 

onset of a late infection is not defined clearly. 

Some authors describe a late or delayed infection 

after more than 4 weeks postoperatively. But gen-

erally most of the literature accepts the detection 

of an infection after >3 months postoperatively as 

late infection [5]. In late (low-grade) infections 

the classical signs of infection like fever, night 

sweats, high white blood cell counts and elevated 

C-reactive protein can be absent. More often low 

virulence organisms like Propionibacteria are 

cultured in low-grade infections [6].

Regarding the therapy of wound infections, 

there are no uniform guidelines due to lack of rea-

sonable studies. Often several revisions are neces-

sary until a wound infection has been treated 

successfully. A national multicenter survey of spi-

nal surgeons showed that 55% of the colleagues 

do not apply a fixed therapy standard to eradicate 

postoperative infections of the spine [7].

Therefore the next two following cases will 

demonstrate the different treatment options in an 

early and a late postoperative infection after spi-

nal fusion surgery and will emphasize the poten-

tial problems and lack of evidence in the treatment 

of this disease.

75.2  Case Description

75.2.1  Early Infection

A 42 y/o male without any relevant comorbidities 

suffered from severe bilateral leg pain with a 

reduced walking distance due to ataxia. He pre-

sented a mild weakness of the right ankle extensors 

4/5. Apart from numbness at the calves bilaterally 

there was a normal neurological status without any 

upper motor neuron signs. His MRI demonstrated 

a disc herniation at the level T11/T12 with spinal 

cord compression and myelopathy.

The patient was treated surgically and a single 

level TLIF fusion at T11/T12 with decompres-

sion was performed. There haven’t been any 

intraoperative complications and the patient was 

well after the procedure and mobilized immedi-

ately (Figs. 75.1 and 75.2).

a

b

Fig. 75.1 MRI scan on outpatient visit. The MRI scan 

shows a right sided disc herniation T11/T12 with spinal 

cord compression and a myelopathy. Secondary finding 

was a spondylolisthesis L5/S1 (untreated). Sagittal (a) 

and, axial slices (b)

After 15  days postoperatively the patient 

returned to our outpatient clinic without any dete-

rioration of pain but with subfebrile temperature 

and a leaking wound of the middle/distal part. 

The wound was covered with a fibrin layer but 

still attached. The collected blood showed only a 

 M. Rickert



633

mild increase of the white blood cells and the 

CRP value.

An additional MRI scan was ordered and the 

patient prepared for revision surgery.

The wound revision with debridement and 

wash out was performed the next day 

(Figs. 75.3 and 75.4).

The intraoperative finding was an extensive 

infection with pus involving the deep soft tissue 

layers and the metalwork but without any severe 

muscle necrosis. After thorough debridement and 

extensive wash with betadine and Ringer’s solu-

tion including pulsed lavage two deep drains had 

been inserted.

The multiple microbiological wound swabs 

confirmed the infection caused by Staphylococcus 

aureus. The antibiotic treatment (Rifampicin/

Levofloxacin – i.v. as an inpatient) was decided 

according to the resistogram and after discussion 

with the microbiologists and continued for 

4 weeks (orally) postoperatively.

The postoperative wound infection was 

resolved with a single wound revision and with-

out any further complications.

Fig. 75.2 Postoperative 

standing X-rays. Correct 

implants with adequate 

screw and cage 

placement

Fig. 75.3 Postoperative wound status after 15  days. 

Postoperative wound infection with wound leakage. 

Sutures are removed already
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75.2.2  Delayed/Late Infection

A 59 y/o male was referred to our department 

with a history of a prostate cancer and acute 

deterioration of a formerly diagnosed metastatic 

disease involving lungs and liver. Clinically he 

complained about a progressive unsteady gait 

and increasing weakness of his left leg (3/5) 

since weeks. The imaging (X-ray, CT and MRI) 

demonstrated multiple bony metastases with a 

maximum at T11 and osteolysis. The tumor 

mass was invading the spinal canal causing a 

severe spinal stenosis with spinal cord compres-

sion (Fig. 75.5).

The patient was treated surgically from poste-

rior only with stabilization from T9 to L1 with 

cementaugmented screws, wide decompression 

and a vertebral body replacement after corpec-

tomy of T11 via costotransversectomy. The post-

operative course was uneventful with a normal 

wound healing without any signs of infection 

(Fig. 75.6).

Fig. 75.4 MRI scan prior to revision surgery. MRI confirms a deep fluid collection at the fused segment involving the 

paraspinal muscles with contrast enhancement
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After 6 weeks postoperatively the patient was 

sent back to our clinic by his oncologist due to 

raised laboratory inflammation markers (white 

blood cells, CRP) and a leaking wound that was 

healed initially. The neurological status was 

unchanged (Fig. 75.7).

Due to the wound condition and clinical find-

ings the patient was treated with revision surgery. 

The intraoperative situation proved a deep puru-

lent infection including thesubfascial soft tissue 

and metalwork. There were also extensive mus-

cle and soft-tissue necrosis involving the fascia. 

With these findings the decision was made to 

insert a deep VAC system first and to consolidate 

the soft tissue with a staged strategy and a planned 

re-revision surgery. Before applying the VAC 

therapy a thorough debridement and irrigation 

was performed. Then the VAC sponge was 

 positioned bilaterally close to the screws and rods 

underneath the fascia. Then the wound was 

closed completely. The VAC therapy was applied 

with a negative pressure of 125 mm/Hg continu-

ously (Fig. 75.8).

The microbiological results identified a 

Staphylococcus aureus infection and the antibiot-

ics have been adapted selectively (Cefuroxime). 

The microbiological recommendation was 

 continuation of antibiotics for 6–8  weeks 

postoperatively.

The second look revision was performed 

5 days later and demonstrated much better local 

wound conditions but still mild signs of infection 

so that we repeated the VAC therapy once more in 

the same manner. The third look revision showed 

a macroscopic clean wound which allowed the 

end of the VAC treatment. Before wound closure 

Fig. 75.5 MRI scan before admittance. T11 prostate metastasis invading the spinal canal and causing spinal cord com-

pression with myelopathy. Pathological fracture of T11
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Fig. 75.6 Postoperative 

standing X-rays. Correct 

metalwork with 

adequate screw and cage 

placement

Fig. 75.7 Postoperative wound status after 6 weeks. Postoperative wound infection with wound leakage. Wound heal-

ing disorder distally with pus
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debridement is widely accepted and standard of 

care in the literature [8]. Main indicator for 

wound revision is the local wound condition. 

Persistent leaking wounds, necrosis of the wound 

edges with a fibrin film and dehiscence may 

require surgical treatment. The authors prefer an 

immediate revision and no “wait and see” strat-

egy to reduce the extent of infection with con-

comitant complications (sepsis) and to shorten 

the hospitalization.

The identification of Staphylococcus aureus 

as pathogen confirms the statement to be the 

most prevalent bacteria causing postoperative 

infection. In some cases it is necessary to repeat 

the revisions until the wound and soft tissue is 

consolidated. Rickert et al. showed in their sur-

vey which included also wound infections after 

decompression and microsdiscectomy that on 

average approximately two revisions are neces-

sary to heal the wound completely. Unfortunately 

there is no clear evidence for the efficacy of any 

supportive treatment strategy like antibiotic 

adjuncts, pulsed lavage or specific wash solu-

tions [7]. For example in case of the pulsed irri-

gation there are trends in the literature to be 

more effective in the dorsal muscle layers than 

the conventional irrigation [9]. But the current 

literature does not suggest any clear standards of 

care in case of a wound infection and often there 

is no detailed treatment algorithm in spinal units 

[7]. But there is broad agreement that in early 

infections the implants should be preserved and 

not removed to maintain the stability of the 

spine. That is also beneficial for the patient’s 

mobility [8, 10].

The second case demonstrates a delayed or 

late infection after a tumor surgery with instru-

mentation, debulking and vertebral body replace-

ment in an immune compromised patient with a 

metastatic disease. Firstly, due to the late onset 

and dimension of the infection with extensive 

muscle and soft tissue necrosis the decision was 

made to utilize an additional VAC therapy. 

Secondly there are positive considerations in the 

literature that VAC with negative pressure ther-

apy leads to advantageous results regarding 

implant preservation. Especially in that case 

removal of implants would have led to an  unstable 

Fig. 75.8 Intraoperative VAC application. The VAC 

foams are positioned bilaterally close to the screws and 

rods underneath the fascia

Fig. 75.9 Result after VAC therapy. After three wound 

revisions the wound has healed nicely

two deep drains were inlaid finally. The wound 

healed nicely without irritations in the fur-

ther  postoperative period. Chemotherapy was 

restricted for another 4 weeks (Fig. 75.9).

75.3  Discussion of the Case

The first case presenting the early postoperative 

wound infection was treated with revision sur-

gery, debridement, wash out and drains. An 

immediate surgical treatment with a thorough 
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spine and was hence no option. Therefore one of 

the targets was to eradicate the infection and to 

leave the implants in place. The VAC therapy 

leads to a permanent drainage of the wound helps 

to stimulate wound granulation and to reduce the 

bacterial load. It also improves the blood supply 

in terms of microcirculation and neovasculariza-

tion (vascular endothelial growth factor) [11]. In 

the authors experience when using VAC it is 

important to always close the wound completely 

above the polyurethane foam to avoid retraction 

of the wound edges. Otherwise this can lead to 

serious problems for the definitive and final 

wound closure and can make a plastic surgery 

necessary. When a patient is treated with a staged 

strategy and multiple revisions it is mandatory to 

take microbiological samples each revision so 

that changes of the pathogens can be detected. 

Implant removal especially in late infection is 

still a topic of discussion. There are different 

opinions in the literature but without any clear 

evidence from large clinical studies a helpful 

answer cannot be given. Some authors suggest 

implant removal only in rare cases with late 

(>3  months) and recurrent infections when a 

solid fusion is verified and the implants are suspi-

cious to maintain the infection caused by bacteria 

living in a biofilm [5].

In both cases the antibiotic treatment was 

decided in collaboration with the microbiologists 

and according to the resistograms. For deep 

wound infections with involvement of the metal-

work usually a long term antibiotic treatment up 

to 6–12  weeks is recommended. If the wound 

infection is classified to be superficial (only sub-

cutaneous layer involved – fascia intact), antibi-

otic treatment for 2  weeks postoperative is 

sufficient [12].

75.4  Conclusions and Take Home 
Message

Wound infections are an upcoming problem and 

therefore it is crucial to optimize risk factors pre-

operatively especially in older patients. As the 

first case shows wound healing problems are not 

only concerning the older population with 

 multiple comorbidities even young healthy 

patients can be affected. Routinely a surgical 

treatment is necessary for deep postoperative 

infections to eradicate the infection and achieve 

an adequate wound healing. In severe cases 

sometimes multiple revision surgery is required 

and VAC therapy might be helpful. In times of 

multiresistent pathogens the antibiotic treatment 

should be advised by the microbiologists. 

Postoperative wound infections prolong the 

patient’s suffering, impair the clinical outcome 

and present a great challenge for the entire treat-

ment team. Therefore all efforts for the avoidance 

should be made.

References

 1. Mok JM, Guillaume TJ, Talu U, et  al. Clinical out-

come of deep wound infection after instrumented pos-

terior spinal fusion: a matched cohort analysis. Spine 

(Phila Pa 1976). 2009;34:578–83.

 2. Parchi PD, Evangelisti G, Andreani L, et  al. 

Postoperative spine infections. Orthop Rev (Pavia). 

2015;7:5900.

 3. Fang A, Hu SS, Endres N, et  al. Risk factors for 

infection after spinal surgery. Spine (Phila Pa 1976). 

2005;30:1460–5.

 4. Koutsoumbelis S, Hughes AP, Girardi FP, et al. Risk 

factors for postoperative infection following posterior 

lumbar instrumented arthrodesis. J Bone Joint Surg 

Am. 2011;93:1627–33.

 5. Hedequist D, Haugen A, Hresko T, et  al. Failure 

of attempted implant retention in spinal deformity 

Pearls

 – Preoperative reduction of risk factors is 

mandatory

 – No “wait and see strategy” early  revision 

and wound exploration

 – Surgical treatment with debridement 

and wash out is accepted as standard of 

care

 – For implant preservation VAC therapy 

can be helpful

 – When using VAC it is important to always 

close the wound completely above the 

polyurethane foam

 M. Rickert



639

delayed surgical site infections. Spine (PhilaPa1986). 

2009;34:60–4.

 6. Collins I, Wilson-MacDonald J, Chami G, Burgoyne 

W, Vineyakam P, Berendt T, Fairbank J. The diagnosis 

and management of infection following instrumented 

spinal fusion. Eur Spine J. 2008;17:445–50.

 7. Rickert M, Schleicher P, Fleege C, et al. Management 

of postoperative wound infections following spine 

surgery: first results of a multicenter study. Orthopade. 

2016;45:780–8.

 8. Lee JS, Ahn DK, Chang BK, Lee JI.  Treatment of 

surgical site infection in posterior lumbar interbody 

fusion. Asian Spine J. 2015;9(6):841–8. https://doi.

org/10.4184/asj.2015.9.6.841.

 9. Ahn DK, Lee S, Moon SH, et  al. Bulb syringe 

and pulsed irrigation: which is more effective to 

remove bacteria in spine surgeries? Clin Spine Surg. 

2016;29:34–7.

 10. Ahmed R, Greenlee JD, Traynelis VC.  Preservation 

of spinal instrumentation after development of 

postoperative bacterial infections in patients under-

going spinal arthrodesis. J Spinal Disord Tech. 

2012;25(6):299–302.

 11. Ousey KJ, Atkinson RA, Williamson JB, et  al. 

Negative pressure wound therapy (NPWT) for 

spinal wounds: a systematic review. Spine J. 

2013;13:1393–405.

 12. Rickert M, Fleege C, Rauschmann M. Algorithm for 

treatment of spinal infections and first results of a 

retrospective analysis of postoperative wound infec-

tion and application of a vacuum system for infection 

treatment. Die Wirbelsäule. 2017;4:265–72.

75 Management of Postoperative Infections

https://doi.org/10.4184/asj.2015.9.6.841
https://doi.org/10.4184/asj.2015.9.6.841


641© Springer Nature Switzerland AG 2019 

B. Meyer, M. Rauschmann (eds.), Spine Surgery, https://doi.org/10.1007/978-3-319-98875-7_76

Management of Pseudarthrosis 
with Implant Failure

Christoph Fleege

76.1  Introduction

The degeneration of the intervertebral disc and 

the associated segmental instability is one of the 

most common causes of specific back pain. The 

currently most effective surgical treatment with 

spinal fusion performed by dorsal instrumenta-

tion and intercorporal interposition of cages and 

bone or bone replacement material shows satis-

factory radiographic and clinical results. 

However, 9–45% of the operated patients undergo 

revision surgery [1]. The reasons for the need for 

surgical revision in the early phase are technical 

errors or postoperative complications. In the fur-

ther course, the non-union with pseudarthrosis 

and adjacent segment disease are predominate [1, 

2]. In addition to the poorer results of the revision 

surgeries [3], they are an additional burden for 

the patient and a particular challenge for the sur-

geon. The number of pseudoarthrosis given in the 

literature vary according to surgical procedures 

and evaluation criteria and reach levels below 

10% in the recent literature.

This chapter describes risk factors that may 

favor the lack of a bony fusion and it’s conse-

quences. In addition, solution strategies of the 

case are presented. The characteristic case was 

selected in order to show that existing risk factors 

can have a significant influence on the postopera-

tive result of spinal fusion and if necessary an 

adaptation of the surgical procedure in special 

case constellations are necessary.

76.2  Case Description

39-year-old female patient, monosegmental 

spondylodesis L5/S1 with dorsal instrumentation 

and interposition of a cage in TLIF technique 

ex domo, March 2013 suffering of an isthmic 

spondylolysis. Secondary diseases: obesity BMI 

36.2 kg/m2, nicotine abuse, diabetes mellitus type 

II (Figs. 76.1 and 76.2).

Subsequently, repeated conservative treatment 

with infiltration of the facet joints L4/5 and the 

sacroiliac joint, multimodal pain therapy for pain 

processing disorder, was performed. The lumbal-

giform symptoms with pseudoradicular spread-

ing into the lower extremities could not be 

influenced by the conservative treatment 

(Figs. 76.3 and 76.4).

Posterior-anterior revision surgery was per-

formed in August 2017, with extirpation of the 

right broken screw in S1 and replacement of the 

remaining 6 mm screws with new 8 mm diameter 

screws. Anterior revision with removal of the 

loose TLIF cage and interposition of an ALIF 

cage filled with homologous cancellous bone 

graft was done (Figs. 76.5 and 76.6).
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Fig. 76.1 Conventional X-rays ap. and laterally lumbar spine April 2015. The X-rays show a correct implant position 

(pedicle screws and TLIF-cage) without signs of loosening and without signs of bony fusion

Fig. 76.2 CT scan lumbar spine September 2015. In the 

transverse CT-investigation, aswell in the sagittal recon-

struction, a regular implant position without signs of loos-

ening and without signs of bone union, can be observed. 

Only a little additive bone material in the disc space can 

be detected

Fig. 76.3 Conventional X-rays of the lumbosacral junction in ap. and lateral direction, January 2017. The x-rays show 

a screw breakage S1 on the right, no bone fusion and loss of correction L5/S1
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76.3.1  Nicotine

In 1986, a radomized study showed a signifi-

cantly different pseudarthrosis rate of 8% in non- 

smokers and 40% in smokers [4], although 

 postoperative weaning can reduce the negative 

influence [5]. A confirmation of the significantly 

lower fusion rate (69.6% vs. 85.1%) is also evi-

dent in cases with ALIF fusion technique [6]. The 

use of rhBMP-2 (76.2% vs. 95.2%) leads to an 

improvement in the fusion rate in smokers, 

although the clinical outcome is still adversely 

affected by nicotine use [7]. The most important 

recommendation is smoking cessation for four 

weeks after surgery. In addition, patients may be 

treated with certain surgical techniques, includ-

ing the use of BMPs [8].

76.3.2  Obesity

Scientific research suggests that in the field of 

lumbar fusion, obesity may have a negative 

impact on duration of surgery, blood loss, intra-

operative dura injuries, postoperative wound 

healing, length of hospital stay and adjacent seg-

ment diseases, but pain and functional outcome 

are similar to non-obese patients [9]. In ALIF- 

technique spondylodesis, there are significant 

differences in the rates of fusion for obesity 

(60%), overweight (76%) and normal weight 

(88.2%) patients, with no negative impact on 

Fig. 76.4 CT scan lumbar spine March 2017. The transverse CT-scan and the sagittal reconstruction show a proper 

implant position and no bone fusion

Fig. 76.5 Illustration of the intraoperative salvaged 

material. Presentation of the broken screw

Afterwords, the patient was completely pain 

free, no analgetics were used and she was able to 

return to work as a geriatric nurse.

76.3  Discussion of the Cases

At the beginning of the introduction of posterior 

instrumentation and interposition of interverte-

bral implants in the 1980’s, pseudarthrosis rates 

of up to 40% were observed. Due to the develop-

ment of better implants and an optimization of 

the surgical techniques, the incidence of non- 

fusion after instrumentation and cage interposi-

tion in the lumbar spine, depending on the 

selected surgical technique and the underlying 

disease, is mostly below 10%. However, patient- 

related factors can significantly increase this 

value.
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Fig. 76.6 Postoperative X-ray and CT examination December 2017. The conventional X-rays and the 12 weeks postop. 

CT scans show a correct implant position of pedicle screws and the ALIF-Cage (4 Web)

postoperative functional outcomes [10]. Studies 

investigating the influence of obesity on posterior 

fusion rates are lacking.

76.3.3  Steroid Use

Studies on animal models have shown an inhibi-

tory effect of corticosteroids on bone fusion [11]. 

Although patients with rheumatoid arthritis show 

slightly higher complication rates compared to 

the normal population, the pseudarthrosis rates 

are not affected (11% vs. 16%) [12].

76.3.4  Osteoporosis

Although recent studies have shown that zole-

dronic acid accelerates bone fusion after lumbar 

spondylodesis in osteoporotic bone structure, it 

does not significantly increase the fusion rate 

[13]. Similar results are shown by comparative 

studies between teriparatide and bisphosphonate 

applications. Teriparatide increases the time to 

fusion, but not the total fusion rate [14]. Injection 

therapy with teriparatide is significantly superior 

to oral treatment with bisphosphonates in terms 

of fusion rate (92% vs. 70%) [15].

Low serum vitamin D levels can affect the 

incidence of nonunions and the time to fusion 

[16]. Through an additive postoperative adminis-

tration of vitamin D3, the fusion rate in patients 

with osteoporosis can be significantly increased 

(96.2% vs. 65.2%) [17].

76.3.5  Diabetes Mellitus

In 2003, a negative influence of diabetes mellitus 

on the pseudarthrosis rate was shown (IDDM 

26%, NIDDM 22%, control group 5%) [18]. No 

further specific studies on the relationship 

between lumbar fusion and diabetes mellitus 

have been published. A correlation between an 
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increased postoperative wound infection and an 

increased HbA1c value has been confirmed sev-

eral times.

76.3.6  Different Surgical Techniques 
(ALIF, PLIF, TLIF)

The fusion rate between the listed surgical tech-

niques varies. A study comparing the three estab-

lished fusion techniques show differences in 

fusion rates without being able to demonstrate 

significant superiority of a surgical technique on 

CT scan and segmental ROM (ALIF 69.2%, PLIF 

64.3%, TLIF 72.7%) [19]. ALIF was associated 

with better restoration of segmental lordosis. 

TLIF was associated with a better postoperative 

pain on visual analogue scale. PLIF showed the 

lowest cage subsidence rate [19]. Also identical 

fusion rates for the TLIF and PLIF restorations 

are shown in another study [20]. A review and 

meta-analysis descripes that the available evi-

dence suggests that both TLIF and PLIF could 

achieve similar clinical satisfaction and fusion 

rate in the management of degenerative lumbar 

diseases. However, TLIF was superior to PLIF 

with shorter operation time, less blood loss, and 

lower incidence of nerve root injury and dural tear 

[21]. Influences of the segment level on the fusion 

rate has not been examined in detail. A two-level 

posterior lumbar interbody fusion study, with 

patients treated in PLIF technique, observed all 

non-unions at the caudal level, concentrated at the 

level L5/S1 [22]. This observation can be 

explained by the increased shear forces at this 

segment and leads to the consideration of apply-

ing the largest possible cage surface. In non-union 

cases a revision surgery in ALIF technique 

achieved good clinical and radiologic outcomes 

with low complication rates [23].

76.3.7  Cage Materials (Titanium 
Versus PEEK)

Although in clinical practice it appears that the 

rate of fusion seems to be higher for titanium or 

titanium-coated cages, clinical studies cannot 

confirm this impression. A review and meta- 

analysis found that Titanium and PEEK cages are 

associated with a similar rate of fusion, with an 

increased rate of subsidence by titanium cage-

treated cases at all parts of spinal fusion [24]. 

Another study from 2014 demonstrates different 

fusion rates, titanium 96%  – PEEK 64% at 

12  month and titanium 100%  – PEEK 76% at 

24  month follow up [25]. PEEK cages with or 

without titanium coating showed no differences 

with a similar fusion rate of 91.7% in both groups 

after 3  month [26]. However, both studies 

included only about 50 patients and can therefore 

be assessed to a limited extent.

76.3.8  Sagittal Alignement

Initial data suggest that postoperative sagittal 

imbalance may increase the rate of pseudarthro-

sis after lumbar fusion [27].

76.3.9  Bone Morphogenetic Proteins 
or Bone Substitutes

After evaluation by a systematic review, rhBMP-2 

has only a positive effect on the fusion rate when 

using the ALIF technique and posterolateral 

fusion [28]. Hydroxyapatite demineralized bone 

matrix and autograft taken from the lamina show 

equivalent effects on bone fusion [29].

76.4  Conclusions and Take Home 
Message

The risk factors listed above, have an influence 

on the rate of fusion in lumbar spinal surgery. 

Therefore, a special preoperative assessment of 

the risks should be performed. In addition to an 

optimal performed surgical technique with care-

ful dissection of the intervertebral disc space and 

impaction of autologous bone or bone substitute 

material, the use of BMP, the administration of 

vitamin D supplements, improved diabetes 

adjustment, can increase bone fusion and reduce 

revisions. In cases with proven non-union and/or 
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implant failure, careful revision is required 

 posterior and anterior. Important are stable situa-

tions and no complete stress shielding due to 

Wolffs law to support a bony healing in the inter-

vertebral disc space. Due to the variety of dis-

eases and the inadequate study situation with low 

cases at the field of cage materials and fusion 

technique, evidence- based therapy recommenda-

tions are difficult to give.
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Proximal Junctional Kyphosis 
Despite Best Efforts in Planning 
and Execution

Caglar Yilgor and R. Emre Acaroglu

77.1  Introduction

Concepts in spinal deformity surgery as well as 

the instrumentation used to surgically treat spinal 

deformities has constantly been evolving in the 

last few decades. The biomechanics of the grow-

ing, grown and degenerated spine, and the bio-

mechanical effects of the implants used are not 

yet fully understood. After instrumented fusion, 

the interchange between the instrumented and 

non-instrumented spinal segments are referred to 

as junctional area.

Patients can develop junctional diseases after 

instrumentation and fusion; one particular prob-

lem being proximal junctional kyphosis (PJK). 

PJK, first described as a surgical complication 

after Scheuermann’s kyphosis, currently, is a 

well-recognized postoperative phenomenon that 

can occur after surgery for any spinal condition. 

Originally defined as an abnormal kyphotic 

deformity of the spinal segment proximally adja-

cent to the instrumentation, more recently, it is 

recognized that increased junctional stresses may 

cause soft tissue, ligament, bone, and bone- 

implant interface to fail. Thus, PJK encompass a 

spectrum of disease severities both radiographi-

cally and clinically.

Radiographically, PJK was defined by Glattes 

et al [1]. to occur when the postoperative kypho-

sis angle of the proximal junctional segment is 

≥10° than the preoperative value. The proximal 

junctional angle (PJA) is measured from the infe-

rior endplate of the upper instrumented vertebra 

(UIV) to the superior endplate of the second 

upper adjacent vertebra (UIV +2). As the inter-

pretation of the compensatory mechanisms are 

better understood, this definition has evolved to 

refer to PJA changes between early postoperative 

and follow-up radiographs [2]. This is because 

compensation is a process in which the change in 

a given direction is counteracted by another con-

scious or unconscious change, and angular 

changes from preoperative to postoperative are 

recognized as a reciprocal change of the thoracic 

hypokyphosis that is compensating the lumbar 

hypolordosis.

On the other hand, proximal junctional failure 

(PJF), radiographically includes both kyphosis 

and compromised structural integrity of the ver-

tebral body, facet joints, discs, posterior ligament 

complex and/or implantation. As such, PJF can 

be presented as UIV and/or UIV +1 fracture, UIV 

screw cutout or pullout, hook dislodgement, and/

or as sagittal subluxation [3].

Clinically, PJK refers to a simple radiological 

finding that is associated with no clinical impact. 

PJF, however; causes adverse impact, and may 
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present with pain, neurological consequences, 

ambulatory difficulty, social isolation, and/or 

inability to maintain horizontal gaze due to pro-

gressive deterioration of sagittal alignment. Any 

symptomatic junctional problem requiring any 

type of revision surgery is also referred to as 

PJF [4].

In different clinical settings, PJK was reported 

to occur between 20% and 59% [5], while PJF 

incidence may be as low as 1–5.6% [4]. Many 

studies have documented numerous modifiable 

and non-modifiable risk factors of PJK and 

PJF. Knowledge of such risk factors are impor-

tant for minimizing the occurrence of PJK/

PJF. Yet, despite recent reports and best efforts in 

surgical planning proximal junctional problems 

are still prevalent.

The objective of this case is to demonstrate 

a case that resulted in PJF and discuss future 

directions for a step forward in the prevention 

of this complication. Being able to prevent PJK 

and PJF may be a key component in providing 

optimal clinical outcomes after surgery for 

ASD.

77.2  Case Description

The case was a 75-years-old male patient. In the 

baseline examination, the patient was 178 cm tall 

and weighed 80 kg, to yield a BMI of 25.3 kg/m2. 

He was retired and residing at home. He was an 

ex-smoker.

The patient described claudication, accom-

panied with back and leg pain. He reported to 

feel weakness in both legs. He started experi-

encing back pain issues, more than 15  years 

ago. Leg pain, being the prominent clinical 

symptom, was present for more than 10 years. 

The patient denies any history of prior physical 

therapy, bracing, chiropractic care, injections, 

narcotic use, and spine surgery. His past medi-

cal history reveals hypertension and osteoarthri-

tis and was assessed as ASA I (American Society 

of Anesthesiologists).

His physical examination revealed a steady 

gate and intact neurological motor functions. 

His bone mineral density results showed no 

signs of osteoporosis with a femoral neck T 

score of −0.50 and total spine T score of 

+1.30.

Radiographic analysis revealed no coronal 

deformity. Pelvic incidence (PI) was measured to be 

37°. Pelvic tilt and sacral slope were 25° and 12°, 

correspondingly. L1-S1 Lumbar Lordosis (LL) 

Cobb angle was 10°, and L4-S1 Lordosis Cobb 

angle was 22°. PI minus LL (PI–LL) was 27°. T2–

T12 Thoracic kyphosis was 8°. Sagittal Vertical 

Axis (SVA) was −2.75 cm, T1 Pelvic Angle (TPA) 

was 16° and Global Tilt (GT) was 18°. (Fig. 77.1).

MRI scans revealed moderate to severe central 

and lateral recess stenosis at L3-4, L4-5 and 

L5-S1. There were mild to moderate diffuse disc 

bulges asymmetric to the left at L5-S1, accompa-

nied by moderate to severe bilateral facet hyper-

trophy. Mild to moderate neuroforaminal 

narrowing was present bilaterally at L3-4, L4-5 

and L5-S1, most pressure being on the exiting 

left L5 nerve root.

The patient was operated with a single-stage, 

posterior-only surgery that lasted 185 min from 

“knife-to-skin”. He was instrumented from T12 

to ilium using 16 pedicle screws with a 2.0 

implant density per level. Central and foraminal 

decompression was performed at L3-4, L4-5 and 

L5-S1. Transforaminal lumbar interbody fusion 

(TLIF) procedure was applied at L3-4, L4-5 and 

L5-S1 with the use of autograft and poly-

etheretherketone (PEEK) cage. A 6 mm cobalt- 

chrome rod was used on both sides for deformity 

correction and stabilization. Decortication and 

local autograft was applied to achieve fusion.

No changes were recorded in the intraopera-

tive neurophysiological monitoring. Estimated 

surgical blood loss was 1800 ml. Intraoperatively, 

1270  ml of blood and 400  ml of fresh frozen 

plasma were transfused.

Postoperatively, the patient spent 24 h in the 

intensive care, and consequently was taken to the 

ward. Total drain output was 1620  ml and no 
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postoperative transfusions were made. The total 

course of hospitalization was 11 days.

Early postoperative first-erect radiograph 

showed no coronal off-balance. Pelvic tilt and 

sacral slope were 19° and 18°, correspondingly. 

L1-S1 lordosis was 32°, and L4-S1 lordosis was 

26°. PI–LL was 5°. T2-T12 kyphosis was 19°. 

SVA was −3.1 cm, TPA was 7° and GT was 9°. 

(Fig. 77.2).

Preoperative and follow-up patient-reported 

outcome scores are given in Table  77.1. The 

patient was prescribed and used a custom-made 

protective full contact brace until 6 months’ fol-

low- up. He had a course of 12 months of physio-

therapy after which he reported 9/10 pain relief. 

UIV instrumentation pullout was observed 

51 days after surgery at the 6-weeks’ postopera-

tive visit. The patient experienced a rod breakage 

398 days after surgery. The patient had his last 

follow-up visit 1128 days after the surgery cor-

responding to 3-years’ postoperative visit. 

(Fig. 77.3).

77.3  Discussion of the Case

Numerous modifiable and non-modifiable risk 

factors of PJK/PJF have been identified in the 

literature [4]. Radiographic risk factors are pre-

operative hyperkyphosis, greater pelvic inci-

dence and SVA, and non-anatomic restoration 

of thoracic kyphosis. Patient-related factors are 

older age, higher BMI, poor bone quality, and 

preoperative comorbidities. Technical and bio-

mechanical risk factors are posterior approach 

and disruption of the posterior ligaments and 

a b

Fig. 77.1 (a) Ap and 

(b) Laterals whole-spine 

standing radiographs 

before the operation
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a b

Fig. 77.2 (a) Ap and 

(b) Laterals whole-spine 

standing radiographs 

before discharge, 

10 days after the 

operation

Table 77.1 Patient-reported outcome scores at preoperative visit and 6 months’, 1 year’s and 2 years’ follow-up

VAS 

back

VAS 

leg ODI COMI

SF-36 

PCS

SF-36 

MCS

SRS-22 

function

SRS-22 

pain

SRS-22 

MH

SRS-22 

self-image

SRS-22 

subtotal

Pre-op 4 7 24 4.9 39.11 54.79 3.5 3.5 4.2 2.0 3.28

6 month 1 0 18 3.2 39.61 46.18 3.0 4.3 4.2 3.0 3.60

1 year 1 0 9 0.7 44.71 62.04 4.0 4.5 4.6 4.4 4.40

2 years 1 0 14 1.7 36.75 56.36 3.3 4.4 4.2 3.4 3.80

VAS Visual Analog Scale, ODI Oswestry Disability Index, COMI Core Outcomes Measures Index, SF-36 Short Form- 

36, PCS Physical Component Summary, MCS Mental Component Summary, SRS-22 Scoliosis Research Society-22 

spinal deformity questionnaire, MH Mental Health
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a b

Fig. 77.3 (a) Ap and 

(b) Laterals whole-spine 

standing radiographs in 

the latest follow-up visit, 

3 years after the 

operation

damage to the paravertebral muscles, the rigid-

ity of the instrumentation, UIV at lower thoracic 

level, fusion to the lower lumbar vertebra and 

sacrum, the use of thoracoplasty, the correction 

forces applied intraoperatively to reduce the 

thoracic kyphosis or to restore the sagittal bal-

ance and/or greater curvature correction or 

greater change in SVA, and revision surgery [6]. 

There remains a lack of evidence supporting 

prevention strategies such as the use of vertebral 

body cement augmentation and posterior poly-

ester tethers.
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Despite all these efforts, retrospective clinical 

studies of PJK have not been able to isolate a 

strongly related risk factor that can be used in 

prevention, and findings were often inconclusive 

and/or controversial, and included confounding 

results. Postoperative disability have been largely 

attributed to inadequate restoration of sagittal 

alignment. Sagittal plane undercorrection and 

overcorrection have both been reported to be a 

main cause of mechanical complications [7]. 

According to the Scoliosis Research Society 

(SRS)-Schwab classification, the targets for 

achieving satisfactory alignment and favorable 

outcomes are a value of ≤10° for PI–LL, <20° for 

PT, and a SVA of <4 cm.

In the presented case, preoperatively, PT was 

25° classified as ‘+’ indicating moderate retro-

version, PI–LL was 27°, classified as ‘++’ indi-

cating severe spinopelvic mismatch, and SVA 

was −2.75 cm classified as ‘0’ indicating normal 

global alignment according to SRS-Schwab 

classification.

Leg pain and claudication being the most 

prominent clinical symptoms, the main focus of 

the surgery was on decompression. A subtotal 

laminectomy preserving the middle third of the 

lamina was performed on L3, L4 and L5. Bilateral 

foraminotomies were performed at L3-4, L4-5 

and L5-S1. Articular surfaces were widely 

resected in the preserved joints to complete the 

decompression into a posterior column osteot-

omy in order to restore lordosis. Following dis-

cectomy, TLIF cages were inserted at L3-4, L4-5 

and L5-S1 for anterior column support. The rods 

were then bent according to the desired contour, 

and correction was done from distal to proximal 

focusing on rotating the pelvis and increasing the 

lordosis.

Postoperatively, PT was 19° classified as ‘0’, 

PI–LL was 5°, classified as ‘0’, and SVA was 

−3.1 cm classified as ‘0’ indicating good restora-

tion of all criteria according to SRS-Schwab 

classification.

It is not uncommon to observe mechanical 

complications even after ideal correction of all 

SRS-Schwab sagittal modifiers, as demonstrated 

in this case. This might be due to some inherent 

disadvantages of these modifiers [2]. Interpreting 

numerous studies that have sought to uncover 

ideal spinal curvatures and alignment, the only 

reasonable conclusion to draw is that these curva-

ture metrics must be reviewed in light of each 

other. Thus, using the PT, PI–LL and SVA solely 

as linear numerical values can be misleading, 

especially for patients with PI values near the 

upper-normal and lower-normal limits.

The presented case has a PI of 37°, which is 

more than 1 standard deviation smaller than 

reported average normative magnitudes. 

Therefore, although the surgical goal of pelvic 

tilt <20° was achieved, this patient, according to 

his specific anatomical features required even 

lower PT values. Postoperative 19° of PT, in a 

patient with 37° of PI, still corresponds to retro-

version [8]. PI-adjusted individualized parameter 

of Relative Pelvic Version (RPV) was −12.8° and 

was classified as moderate retroversion.

The simplistic criterion of PI–LL within 10° 

also has limitations when applied to individuals 

with different PI values. PI–LL is easy to calcu-

late, yet hard to evaluate, since it also needs to be 

adapted to the intrinsic pelvic morphology of 

each patient. Therefore, although the surgical 

goal of PI–LL <10° was achieved, this patient, 

still had a spinopelvic mismatch [9]. PI-adjusted 

individualized parameter of Relative Lumbar 

Lordosis (RLL) was −19.9° and was classified as 

moderate hypolordosis.

SVA delivers a quick and useful metric to 

describe trunk’s general alignment. SVA can be 

masked by pelvic retroversion. Therefore, 

although the surgical goal of SVA <4  cm was 

achieved almost to a level that can be interpreted 

as overcorrection, this patient, still had a positive 

malalignment depicted by TPA and GT. The ret-

roverted pelvis was hiding this positive malalign-

ment well enough to bring C7 over the pelvis in a 

compensated malalignment. PI-adjusted individ-

ualized parameter of Relative Spinopelvic 

Alignment (RSA) was +6.2° and was classified to 

be within the limits of ‘aligned’ as >10° is con-

sidered to be positively malaligned [2].

Today, it is crystal clear that pelvic morphol-

ogy regulates spinal morphology by affecting the 

magnitude of the curves as well as the shape. Yet, 

SRS-Schwab sagittal modifiers suggest the same 
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rules for every size of PI. More recently, an indi-

vidualized analysis system was proposed that 

uses PI-adjusted radiographic parameters to eval-

uate the pelvic version, magnitude and distribu-

tion of lordosis and global spinopelvic 

alignment [2].

Using the same radiographs and same radio-

graphic measurements of PI, SS, L1-S1 and 

L4-S1 lordosis and GT, but interpreting them as 

disproportion compared with the calculated 

“ideal” based on the specific PI of the given 

patient, one can easily realize that the patient is 

still lacking ~20° of lordosis, and compensating 

>10° from the pelvis only to reach ~5° of positive 

malalignment. (Fig. 77.4).

It was suggested that the amount of compen-

satory mechanisms used after instrumented 

fusion determines the distribution of loads on 

implants, instrumented vertebrae, adjacent seg-

ments, and grafts [2]. Postoperative GAP Score 

of 8  in the presented case, indicates a severely 

disproportioned spinopelvic state, representing 

the extent of the compensation the patient has to 

use.

77.4  Conclusions and Take Home 
Message

As opposed to absolute numeric values of SRS- 

Schwab criteria that are the same for all PI mag-

nitudes, the PI-based individualized parameters 

of the GAP Score parameters better fit the indi-

vidual variability of human anatomy [2]. The aim 

of any instrumented fusion should be to stabilize 

the patient in a position that would require no or 

minimum compensation after surgery. PI-adjusted 

interpretation of the spinopelvic alignment allows 

the setting of personalized radiographic targets 

for preoperative planning.

RPV  =  -12.8 Moderate

    Retroversion

RLL   =  -19.9 Moderate

    Hypolordosis

LDI   =  81% Hyperlordotic

    Maldistribution

RSA  =  6.2 Aligned

GAP  = 8 Severely Dis ro ortioned

    Spine

PI  = 37

SS  = 18

PT  = 19

LL  = 32

L4-S1 = 26

GT  = 9

SVA  = -2.2 em

PT '0'   = 19

PI-LL '0'  = 5

SVA '0'   = -2.2 em

a b c

Fig. 77.4 (a) Pre-operative, (b) First-erect and (c) 

3-years post-operative lateral whole-spine standing radio-

graphs. Measurements in the first-erect radiograph reveal 

all three SRS-Schwab sagittal modifiers to be ‘0’. Using 

the same measurements to calculate the PI-adjusted indi-

vidualized parameters, it is demonstrated that the patient 

is hypolordotic and retroverted. The GAP Score is calcu-

lated to be 8, indicating a severely disproportioned spino-

pelvic state. PJF with implant pullout (at 6  weeks) and 

double rod breakage (at 1  year) was observed, both of 

which were not revised. PI Pelvic incidence, SS Sacral 

Slope, PT Pelvic Tilt, LL L1-S1 Lumbar Lordosis, GT 

Global Tilt, SVA Sagittal Vertical Axis, RPV Relative 

Pelvic Version, RLL Relative Lumbar Lordosis, LDI 

Lordosis Distribution Index, RSA Relative Spinopelvic 

Alignment, GAP Global Alignment and Proportion Score
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Preoperative analysis of the patient according 

to GAP score denotes that the patient had a 

severely retroverted pelvis (despite a PT of 25° 

indicating moderate retroversion) and that the 

ideal PT for for this specific patient was as low as 

6°. Similarly, the spinopelvic mismatch was as 

big as ~42° although PI–LL was only calculated 

to be 27°. (Fig.  77.5) The GAP Score further 

allows to plan the shape of lordosis using the lor-

dosis distribution index.

Setting surgical goals in the sagittal plane on 

the basis of the proportional indices reflected by 

the GAP Score might have allowed reaching the 

goal of GAP score of ≤2 that reflects a propor-

tioned spinopelvic state. Such a state requires 

minimum usage of compensatory mechanisms 

and a more appropriate distribution of loads on 

implants, instrumented vertebrae, adjacent seg-

ments, and grafts. Preoperative planning with the 

GAP score might be used as a prevention tool for 

mechanical complications.
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Management of Failure 
of Osteoporotic Fixation

Andreas Pingel and Frank Kandziora

78.1  Introduction

Especially in osteoporotic spine the rate of 
implant failures is high. Even experienced spine 
surgeons often are confronted with implant fail-
ures and especially proximal junctional kyphosis 
(PJK) in the short- to mid-term follow up after 
surgical correction and stabilization of vertebral 
fracture in osteoporotic spine. There is very poor 
scientific evidence how to treat osteoporotic ver-
tebral fractures and how to prevent PJK as a typi-
cal complication.

This chapter will describe solutions for the 
prevention and management of failure of osteo-
porotic fixation. The presented case outlines typi-
cal pitfalls and surgical problems in osteoporotic 
spine and highlights the problem of PJK in osteo-
porotic spine and dysbalanced sagittal profile.

78.2  Case Description

A 51 y/o male patient had a fall from 7 stairs 
while suffering from steroid-induced osteoporo-
sis. Delayed CT scan showed a compression frac-
ture T7 with slight involvement of caudal 
posterior vertebral wall. A conservative treatment 

was started including bracing and analgetic 
drugs. The conservative treatment failed, nine 
months after the trauma the patient suffered from 
increasing pain in the midthoracic region and the 
thoracolumbar junction; he felt instability in 
standing position.

Because of posttraumatic deformity with sig-
nificant sagittal dysbalance (bisegmental Cobb- 
angle 38° T6-T8, Fig.  78.1a, b) and intractable 
back pain there was the need for surgical correc-
tion. Multiple osteotomies according to Ponte 
were done to reach a posterior shortening and 
fusion with multilevel pedicle screw stabilization 
T2- L2 (Fig. 78.2a, b). The corrective result was 
acceptable, sagittal balance was normalized, the 
patient felt a good pain relief.

Two months later patient suffered from severe 
pain in the neck. Radiographies showed a junc-
tional kyphosis with a fixed luxation T1-2 with 
significant kyphosis (Cobb- angle T1-3: 64°) 
(Fig. 78.3a) in the cervicothoracic junction with 
disruption of posterior osseous and ligamentous 
structures of T2 (Fig. 78.3b). An open reduction 
with incomplete vertebral column resection T2 
and stabilization with pedicle screws C6/7/T1 
were performed. Sagittal profile was acceptable 
after this measurement, stability was reached 
(Fig. 78.4a, b).

Twelve months after revision surgery patient 
was admitted with recurrent neck pain, holding 
his head with both hands. Radiographies 
detected a rod breakage with a loss of correction 
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C6-T3 with significant kyphosis in the cervico-
thoracic junction (Cobb- angle C6-T3: 68°, 
Fig. 78.5a, b). Due to this highly unstable situa-
tion with severe dysbalance corrective surgery 
was urgently indicated. To treat this problem, a 
vertebral column resection T2 and partial T1 
was performed via costotransversectomies of 

the 1st and 2nd rib (Fig. 78.6a), an expandable 
cage was implanted to get stability in the ante-
rior column. Cobalt- Chrome- rods were con-
nected to the implants.

After this last revision, the further course was 
uneventful. Apart from reduced cervical mobility 
the patient felt not very restricted.

a b
Fig. 78.1 (a, b) 
9 months after trauma: 
Decompensated 
posttraumatic kyphosis 
after conservative 
treated compression 
fracture T7 (Cobb-
angle T 2 to T 12: 90°), 
bisegmental angle: 37°, 
T-score: −2, 87

a b
Fig. 78.2 (a, b) 
postoperative result 
after first surgical 
correction T2-L2 1 yr 
after trauma. Look at 
the overall good result 
of correction, the spine 
is balanced. 
Nevertheless,the 
junctional angle 
between the upper 
endplate C7 (UIV-2) 
and the lower endplate 
T2 is 26° and so there is 
a predisposition for 
development of a PJK
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78.3  Discussion of the Case

Conservative treatment of posttraumatic kypho-
sis could be a choice in cases of mild deformity. 
However, in the long run success rates are signifi-
cantly lower in conservative treatment (27%) [3].

In the case of persistant or increasing pain 
with concomitant kyphotic changes a surgical 
treatment is recommended. Especially in older 
people with osteoporotic bone the risk of implant 
failure and adjacent level problems is crucial.

An important type of postoperative sagittal 
decompensation, especially after long spinal 
correction surgery, is the PJK. A uniform defini-
tion of the PJK does not exist until today. The 
most reliable diagnostical method is the mea-
surement of the angle between the lower end 
plate of the uppermost instrumented vertebra 
(UIV) and the upper end plate of the vertebra 
two level above (according to Cobb). (Fig. 78.7) 
[7, 17, 24, 25].

The reported revision rates due to a PJK range 
from 13–55% [16]. When operative therapy is 
required, it usually involves decompression of 
neural structures, dorsal shortening to restore the 
spinal alignment and stabilization and fusion. If 
the spine is flexible, a stable vertebral body 

a b

Fig. 78.3 (a, b) 2  months after surgery there is a PJK 
with a fixed luxation T1-2 with significant kyphosis 
(Cobb- angle T1-3: 64°) in the cervicothoracic junction. 

The red arrow shows disruption of posterior osseous and 
ligamentous structures of T2

a b

Fig. 78.4 (a, b) After reduction and neuronavigated stabiliza-
tion with incomplete VCR T2 with pedicle screws C6/7 to T3
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a b
Fig. 78.5 (a, b) 
12 months after revision 
surgery there is a rod 
breakage with a loss of 
correction C6-T3 with 
significant kyphosis 
(Cobb- angle C6-T3: 
68°). (b) shows breakage 
of the left transition rod

a

b c
Fig. 78.6 (a) 
Intraoperative situs of 
vertebral column 
resection T2 and partial 
T1, visible are the 
decompressed dural 
sac, the CoChr rods and 
the pedicle screws C6; 
C7 and T1. (b, c) Final 
result after revision 
surgery with vertebral 
column resection T2 
and partial resection 
T1, with 
costotransversectomies 
1st and 2nd rib and 
additional vertebral 
body replacement T2 
with an extendable 
titanium cage were 
performed
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should be found cranial to the upper instrumented 
vertebra. If the spine is rigid, Ponte’s corrective 
osteotomy or a PSO should be performed to 
reconstruct the global alignment.

In the literature there are different definitions 
of a PJK after adolescent deformity correction: 
varying between at least 10° [4], more than 15° in 
the 2 vertebrae above the UIV [10] or 20° between 
UIV2 and UIV [20].

It is generally assumed that PJK usually 
remains asymptomatic, but a proportion of about 
3–4% suffers from symptoms that require follow-
 up stabilization [18].

Yagi et al. could establish a direct correlation 
between the extent of PJK (Cobb angle) and pain 
and an inverse correlation with function [24]. The 
PJK is a progressive change that usually begins 
within the first postoperative year and is still 
detectable 2 years after index surgery. Two thirds 

of all PJK occur within 3 months of a spinal adult 
deformity correction [24].

A classification by severity was prepared by 
the International Spine Study Group (ISSG) and 
the Hart working group. Six different relevant 
components were integrated: neurological defi-
cit, local pain, instrumentation problems, changes 
in kyphosis, integrity of the posterior ligament 
complex, fracture localization, and the level of 
UIV [5].

This scoring system (Hart-ISSG PJK Severity 
Scale) has demonstrated good reliability and 
reproducibility compared to others. A score of 7 
or more leads to the recommendation of a revi-
sion operation. One can distinguish surgical, 
patient-related and radiographic risk factors for 
the PJK.  Patient-dependent risk factors include 
higher age, reduced mineral salt content of bone, 
and increased BMI [2, 19]. In all studies uniform 
correlation with age (> 55 years) [2, 13, 14, 16] 
and with poor bone quality [24] was found.

Some authors consider patient-dependent 
unpredictable predisposing factors for PJK to be 
pre-operative thoracic kyphosis >40° [12, 15].

The type of surgical procedure may correlate 
with the risk for PJK. Dorsoventral stabilization 
appears to be associated with an increased rate of 
PJK.  Here, the risk is about 3 times higher to 
develop a PJK compared to the purely posterior- 
supplied patient group [11, 12, 23].

Extent of sagittal correction: The more aggres-
sive the correction, the greater the risk of a 
PJK. Why this happens is unclear. Patients who 
had a LL closer to PI after their correction had a 
higher risk to develop a PJK compared to patients 
whose LL was much lower than PI [14, 15].

The fact that the extent of the correction is 
associated with the probability of decompensa-
tion in the adjacent segment is confirmed by a 
study by Maruo et al. In his research, he found 
that a correction of LL by more than 30° was 
associated with a significantly higher rate of PJK 
(58% vs 28%). Kim et al. estimated a correction 
of greater than 40° for PJK risk [12, 15].

The design of thoracic kyphosis in interac-
tion with the LL seems to play a major role in 
the development of a adjacent level problem. 
A non- ideal global sagittal alignment (GSA) 

Fig. 78.7 Measurement method for determining the 
proximal junctional angle (red triangle) from the base 
plate of the uppermost instrumented vertebra (UIV) to the 
upper endplate of the 2-segment cranial vertebra (UIV-2). 
The definition PJK involves the presence of 2 criteria: 1. 
At least 10 ° kyphosis of the proximal junctional angle, 2. 
Proximal junctional angle >10 ° greater in comparison to 
the preoperative measurement
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(TK + LL + PI>45°) has been reported by Yagi 
[24] to a 70% risk of a PJK.  A complete cor-
rection of the spine to a normal level with an 
SVA = 0 is obviously not ideal for all patients. 
In particular older people should be corrected 
more restrained. Examinations of symptom-free 
volunteers showed that the SVA increases with 
age [22].

The type of fixation systems (whether pedicle 
screws or lamina hooks are used) may influence 
the incidence of PJK. Helgeson compared lamina 
hooks alone against pedicle screws alone, as well 
as combinations of both, and found that the high-
est prevalence of PJK was in the pedicle screw 
group [9].

Other authors found similar results [8, 15].
The reason for these results could be the more 

aggressive preparation of the muscles and injury 
of ligamentous structures, which is necessary for 
placing pedicle screws. In addition, laminar hook 
systems appear to have lower stiffness compared 
to more rigid pedicle screw rod systems. In a 
biomechanical animal model, the main mobil-
ity in pedicle screws takes place directly in the 
cranially adjacent segment, while this is distrib-
uted more widely in laminar hook systems [27]. 
The stability of the spine in flexion is critically 
dependent on an intact dorsal ligament com-
plex. Biomechanical studies have shown that 
resection of the interspinous and supraspinous 
ligaments significantly reduces flexion stability 
[28]. Iatrogenic injury to the posterior ligament 
complex or adjacent facet joints may be one of 
the possible reasons for PJK [1]. In addition, 
an affection of the autochthonous muscles at  
the highest instrumented level may contribute to 
the development of a PJK.  Whether the use of 
percutaneous screw-rod systems in the upper part 
of multilevel stabilization lowers the incidence of 
PJK remains to be worked out. The level of the 
UIV is another critically discussed point. A signif-
icantly higher incidence of PJK is observed when 
fixation is stopped at T3 compared to T4 (53% vs 
12.5%) In addition, instrumentation T2-6  in the 
upper area of the thoracic spine showed a higher 
incidence of PJK than instrumentation in the 
lower thoracic and upper lumbar spine [4]. This 
may be explained by the fact that more upper 

fixations are more likely to damage the facets 
and that predisposing the transition from rigid 
thoracic to the more mobile cervical spine is a 
PJK [21]. PJK in the upper thoracic spine is more 
prone to subluxation and dorsal tension band fail-
ure and occurs later, while lower thoracic spine is 
more likely to have vertebral fractures in an ear-
lier time frame after instrumentation [10, 17]. A 
cement augmentation of the UIV should prevent 
compression fractures and implant failure [6]. 
To date, it is unclear whether the length of the 
construct plays a role. Both many instrumented 
vertebrae and short instrumentation were accused 
of being risk factors [2, 12].

The presence of a previous kyphosis and an 
increased preoperative proximal junctional angle 
seems predisposing to the onset of PJK.  Most 
likely it is a multifactorial genesis, with a variety 
of possible risk factors.

78.4  Conclusions and Take Home 
Message

Especially older patients after surgical spinal cor-
rection frequently develop problems in the proxi-
mal adjacent segments. PJK in the upper thoracic 
spine seems to be mainly a type of subluxation 
and dorsal tension band failure and occurs later, 
while lower thoracic spine is more likely to have 
vertebral fractures in an earlier time frame after 
instrumentation. There are some strategies for 
avoiding a PJK. One is the reduction of the con-
struct stiffness, it might be important to use lami-
nar hooks on the upper thoracic vertebrae rather 
than pedicle screws. In addition one should avoid 
any damage to the dorsal soft tissues and adjacent 
facet joints. The upper instrumented vertebra 
should be chosen carefully, one should try to 
extend the fusion to segments with segmental 
kyphosis greater than 5°. It is well known that 
stopping the fixation in spinal transition zones 
leads to early PJK. In case of poor bone density, 
the screw augmentation with bone cement espe-
cially in the end vertebrae might be helpful to 
improve the pull out strength and decrease the 
rate of implant failure. Another important fact is 
that an optimal spinal balance and good postop-
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erative alignment should be created in any spinal 
correction to reduce the risk of adjacent segment 
problems. It remains unclear, whether this rule ist 
true for older people with lower SVA as well. 
Several studies showed a correlation between the 
extent of correction and the prevalence of PJK.
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Postoperative C5 palsy

David Rodríguez-Rubio and Jesús Lafuente

79.1  Introduction

This case will detail postoperative C5 palsy, a 

decrease of more than one grade of deltoid and/or 

biceps muscle power measured using the manual 

muscle test that happens after a cervical surgical 

procedure [1]. Its occurrence after cervical sur-

gery is well documented, more frequently in pos-

terior than in anterior procedures. Leading not 

just to muscle weakness, but to brachialgia and 

numbness of the upper limbs, C5 palsy can add a 

significant burden upon patients’ quality of life 

and upon healthcare systems during the postop-

erative recovery period. The period of onset of 

C5 palsy can varied from immediately to 

2 months after surgery.

Recent meta-analyses [2, 3] of C5 palsy after 

posterior cervical decompression report an esti-

mated incidence around 6%. This value varies 

depending on the performed technique [4], being 

less common in laminoplasties (specially in 

double- door type) than in laminectomies (level of 

evidence:3).

79.2  Case Description

A 40 y/o male carpenter was referred to the neu-

rosurgery clinics by his general practitioner 

because of gait impairment progressing during 

the previous 4  months. He complained of neck 

pain and told symptoms consistent with urinary 

urgency during that period of time as well. As 

significant past medical history he suffered of 

non-insulin dependent diabetes, hypertension 

and dyslipidemia, and had a severe head injury 

3 years before.

On examination, a broad-based unsteady gait 

was noticed, drifting towards the right side. 

Lhermitte and bilateral Hoffmann signs were 

observed, with tetraspasticity and clonus impair-

ing mainly the right limbs.

MRI of the cervical spine (C-spine, Fig. 79.1) 

showed severe degenerative spondylotic changes 

from C2 to C6 segments, more evident at the C3/

C4 and C4/C5 levels. The spinal cord was signifi-

cantly compressed at these two levels, showing 

myelomalacia. A bilateral reduction of the width 

at the C3/C4 and C4/C5 foramina (and at the left 

C5/C6 foramen) was also reported. The radio-

logical pictures showed a loss of the physiologi-

cal cervical lordosis and a mild scoliotic 

component as well.

With the diagnosis of cervical spondylotic 

myelopathy, surgical treatment was proposed 

and performed in the form of C3 to C5 

 laminectomy (Bonescalpel/Misonix® was 

D. Rodríguez-Rubio (*) ∙ J. Lafuente
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Fig. 79.1 C-spine preoperative MRI: sagital and axial T2 secuences

used to cut at the junction between laminae and 

lateral masses) with lateral masses screw fixa-

tion. During the procedure, intraoperative neu-

rophysiological monitoring showed a 

significant decrease in the amplitude of the 

motor evoked potentials (MEP) on both sides 

(mainly on the right one, where they were 

almost lost) as the laminectomy was carried 

out. MEP were recovered on the left side at the 

end of the intervention, but not on the right 

one. Evoked somatosensory potentials were 

normal during the procedure.

On the second postoperative day a 1–2/5 

paresis (Medical Research Council scale) on 

the abduction of both shoulders was noticed. 

Postoperative C-spine X rays (Fig.  79.2), CT 

(Fig.  79.3) and MRI (Fig.  79.4) were done, 

showing satisfactory C3-C5 vertebral canal 

decompression and position of the fixation 

implants. Specific muscle strength rehabilita-

tion was started on the patient after postopera-

tive radiological tests and after hospital 

discharge.

The 3  months follow-up showed an almost 

complete recovery of the power and tone of the left 

shoulder, but with 2/5 paresis of the right deltoid 

muscle and pain in the right C5 dermatome. 

Electromyogram (EMG) at that time showed bilat-

eral C5 and C6 root lesion with moderate/severe 

motor axonal degeneration mainly on the right 

side, where marked signs of acute denervation, and 

no evidence of reinnervation in the motor units of 

the right infraspinatus muscle were noticed.

Nearly 18 months after the surgical procedure, 

the clinical and functional recovery of both 

shoulders was almost complete. EMG showed 

then a significant improvement in comparison to 

the previous one, with signs of reinnervation in 

all the explored muscles, but still with impair-

ment on both C5 myotomes.

 D. Rodríguez-Rubio and J. Lafuente
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Fig. 79.2 C-spine postoperative Xrays

Fig. 79.3 C-spine postoperative CT scan
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79.3  Discussion of the Case

The etiology of postoperative C5 palsy is poorly 

understood, having been suggested several 

hypothesis, some of them inconclusive or even 

conflicting. The most possible underlying patho-

logic mechanisms of this palsy include intraop-

erative nerve root injury, nerve root traction, 

segmental spinal cord disorder and ischemia/

reperfusion injury of the spinal cord [5]. Nerve 

root traction (the so called “tethering effect”) has 

been considered the most acceptable of all these 

proposed mechanism of postoperative C5 palsy. 

The posterior drift of the spinal cord after poste-

rior cervical decompression occurs at its peak at 

the C5 vertebral level because C5 is the apex of 

the cervical lordosis. In addition, the superior 

articular process of C5 protudes in a more ante-

rior direction, and C5 roots are shorter when 

compared with other levels, being therefore more 

sensitive to the tension created by a posterior 

shift. Systematic reviews have showed that the 

posterior shift in patients with C5 palsy is signifi-

cantly larger than that observed in patients with-

out palsy.

79.3.1  Risk Factors

Ossification of the posterior longitudinal liga-

ment (OPLL), narrower intervertebral foramen, 

Fig. 79.4 C-spine postoperative MRI. A significant right C4/C5 persistent foraminal stenosis can be noticed on the 

axial T2 sequence
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laminectomy (vs. open-door laminoplasty), 

excessive spinal cord drift and male gender have 

been identified as significant risk factors of C5 

palsy [2, 6].

OPLL is a significant risk factor of postopera-

tive C5 palsy compared with cervical spondylotic 

myelopathy and other cervical degenerative 

 conditions. Presumably, the ossified hypertrophic 

posterior longitudinal ligament increases the spi-

nal cord shifting and tethering effect on the C5 

nerve root.

A significant preexisting foraminal stenosis at 

C4/C5 has been shown in patients with preopera-

tive C5 palsy. The width of the C5 intervertebral 

foramen (both on palsy and normal sides) has 

been noticed significantly smaller in patients 

with C5 palsy, with also greater anterior protu-

sion of the C5 superior articular process in them. 

Therefore, several studies have recommended 

prophylactic bilateral foraminotomy to prevent 

C5 palsy.

Cervical laminectomy have been compared 

with laminoplasty in several studies and meta- 

analyses [2–4]. The results have shown a signifi-

cant higher incidence of C5 palsy in the 

laminectomy group. Laminectomy removes the 

intact posterior arch of the vertebra, thus provid-

ing an excessive space for the spinal cord to shift 

posteriorly. When comparing incidence of C5 

palsy in open-door and double-door laminoplas-

ties, it has been pointed that in patients who 

underwent open-door laminoplasty (especially in 

those with OPLL), the spinal cord was prone to 

rotate due to asymmetrical decompression, result-

ing in tethering of the nerve root on the open side. 

A pooled incidence of 3.1% of C5 palsy has been 

reported in double-door laminoplasty, vs. 4.3% in 

open-door laminoplasty and 11.3% in patients 

who underwent laminectomy [2]. On the other 

hand, cervical laminectomy with instrumented 

fusion achieves wider decompression and avoid-

ance of kyphotic change and axial neck pain, 

which are common complications of lamino-

plasty. There are controversies over whether intra-

operatively correction of the cervical lordotic 

alignment through posterior instrumentation 

(causing iatrogenic foraminal stenosis and exces-

sive posterior shifting of the spinal cord) has an 

effect on the occurrence of C5 palsy.

Several studies have shown that the posterior 

shift in patients with C5 palsy is significantly 

larger than that in patients without palsy. For this 

reason, it has been suggested a limited decom-

pression to avoid excessive posterior shifting of 

the spinal cord.

79.4  Conclusions and Take Home 
Message

79.4.1  Prevention and Treatment

Prophylactic bilateral partial foraminotomy is 

one of the most reported preventive methods to 

reduce the incidence of postoperative C5 palsy 

[7]. Narrowing the width of the laminectomy can 

also prevent the spinal cord from shifting exces-

sively and reduce this incidence as well [8]. 

When performing laminoplasties, an open angle 

between 15° and 30° should be maintained also 

with this purpose. Some authors have hypothe-

sized that intraoperative damage to the C5 nerve 

root may be caused by the heat generated by 

high-speed drills, and suggested therefore stan-

dard irrigation with cooled saline during bone 

drilling as a preventive maneuvre.

To date, the evidence-based treatment for 

postoperative C5 palsy is very limited. Most 

patients recover within a week to several months 

after conservative treatment including rest, mus-

cle strength rehabilitation, hyperbaric oxygen 

therapy and/or immediate drug therapy with 

high-dose corticosteroids combined with dehy-

dration therapy. Even further surgery can be 

required to ease the symptoms [2].

Pearls

 – Prophylactic bilateral partial foraminot-

omy can reduce the incidence of postop-

erative C5 palsy
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Editorial Comment

This chapter elaborates on a frequent and 

poorly understood complication after cer-

vical spine surgery. I have in part a slightly 

different opinion than outlined here. I have 

come to consider the so called “C5 palsy” 

as a traction injury primarily and the avoid-

ance of it starts with refraining from any 

traction on the shoulders of the patient. A 

major trial is recruiting patients to test this 

hypothesis.

 D. Rodríguez-Rubio and J. Lafuente
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Nonspinal Complications

Sandro M. Krieg

80.1  Introduction

The spectrum and complexity of spinal procedures 

vary widely and so does the rate of complications. 

While we all are well-trained in the management 

of spinal complications, such as dural tears, sec-

ondary hemorrhage, or wound infections, many of 

us are less experienced and trained in the manage-

ment of the more infrequent non-spinal complica-

tions of spine surgeries. Arterial, venous, 

esophageal or bowel injury, hernias, ileus, sympa-

thetic dysfunction or even vascular compression 

along with intraoperative hypoperfusion are com-

plications many spine surgeon only know from 

courses or textbooks. If they occur, however, we 

all should be prepared to be able to provide the 

best management of this unplanned situation. 

Although quite rare for smaller spinal procedures, 

such as microdiscectomy, these complications 

increase in frequency along with the complexity 

and size of the approach and procedure. While for 

microdiscectomy these incidents are mostly case 

reports or such a rare complication, some ALIF 

series report vascular complications in up to 20% 

of cases [1]. Vice versa, the risk of misdiagnosing 

leading to no or improper management can be 

higher in smaller procedures since the surgeons is 

not prepared for it. Diagnosis can be delayed, 

sequelae become more severe, and consequences 

for the patients can get worse [2]. For instance, the 

two largest analyses of intraoperative arterial 

injury during microdiscectomy reported an associ-

ated mortality rate of 38% and 61% [3, 4].

Thus, the aim of this chapter is to provide an 

overview on the potential non-spinal complica-

tions, as well as their diagnosis and management. 

The presented cases provide a practical example 

of complications which are frequent or – on the 

other side – hard to imagine in order to prepare 

the reader for their potential occurrence:

 1. Esophageal laceration along with anterior cer-

vical spine surgery

• Diagnosis & Management

• Further potential complications of anterior 

cervical spine surgery

 2. Vertebral artery injury during posterior cervi-

cal spine surgery

• Diagnosis & Management

• Vertebral artery injury during anterior cer-

vical spine surgery

 3. Segmental artery injury with pedicle screws

• Diagnosis & Management

• Further potential complications of pedicle 

screw placement

 4. Urether injury during anterior lumbar surgery

• Diagnosis & Management

• Further potential complications of anterior 

lumbar surgery
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 5. Bowel injury after lumbar microdiscectomy

• Diagnosis & Management

• Further potential complications of lumbar 

microdiscectomy

80.2  Case Description and 
Discussion

80.2.1  Case 1: Esophageal Laceration 
Along with Anterior Cervical 
Spine Surgery

A 76 y/o male patient had cervical disc replace-

ment in another hospital 2 years ago. He now pre-

sented with progressive myelopathy and 

paresthesia of bilateral C6 and C7 due to spinal 

and neuroforaminal stenosis C4-T1. Therefore, 

ACDF C4-T1 with anterior plating was done 

(Fig.  80.1a). Co-morbidities were osteoporosis, 

cardiac bypass 2 years ago, cardiac insufficiency 

NYHA III with CPR 2  years ago, and COPD 

Gold 3 with chronic steroid medication. Two 

months later, the patient presented with pain from 

ventral plate dislocation due to osteoporosis 

(Fig. 80.1b).

The patient received an anterior VBR C5-6-7 

and then dorsal instrumentation. During dorsal 

instrumentation in prone position patient required 

CPR, surgery was not finished, After a long ICU 

stay with cardiac bare metal stenting, 6  weeks 

Aspirin & Clopidogrel, several medical compli-

cations, i.e. pneumonia and tracheotomy the 

VBR was dislocated (Fig. 80.2).

a b

Fig. 80.1 CT scan after 1st surgery. This is the sagittal (a) and coronal (b) view from the postoperative CT scan after 

ACDF C4-T1 with anterior plating

a b c

Fig. 80.2 CT scan after 2nd surgery and long-term ICU stay. This is the sagittal (a), coronal (b), and axial (c) view 

from the preoperative CT scan showing the dislocated VBR
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The patient then underwent completion of 

the dorsal instrumentation and at the same day 

revision of the VBR (Fig. 80.3) during which 

an esophagus laceration was observed. The 

patient was trachotomized so conservative 

management was decided initially. However, 

he underwent another septic complication due 

to mediastinitis originating from the esophagus 

laceration.

Primary esophageal suture by a general sur-

geon with an additional sternocleidomastoid 

flap was performed, hardware was left in place 

despite anterior infection and long-term antibi-

otic treatment was done. At discharge, the neu-

rological status was unchanged compared to the 

preoperative status and the final X-ray examina-

tion proved swallowing without any leakage 

(Fig. 80.4). Tracheostomy was removed during 

rehabilitation.

80.2.2  Case 1 Discussion

This case offers a large variety of aspects, which 

can be discussed:

 1. Would initial 360°stabilization at first sur-

gery have been indicated due to the comor-

bidities of the patient? (Please see Chaps. 3, 

6, 7, and 87)

 2. Would a conservative myelopathy manage-

ment of the patient have been reasonable con-

sidering the comorbidities? (Please see 

Chap. 6)

 3. Should the hardware been removed due to 

infection or left in place? (Please see 

Chap. 84)

 4. Was the esophageal injury during revision 

surgery or due to dislocated hardware and 

just detected instead of caused by the 

surgeon?

 5. How can we ensure early diagnosis of esopha-

geal laceration in general?

 6. How do we manage these lacerations?

While the issues of points 1–3 are discussed in 

other chapters of this book, we will focus on 

points 4–6.

Whether the esophageal injury was only 

detected rather than caused by the surgeon can-

not be said for sure. Yet, the literature tells us 

that it is a not that rare complication, which 

can even be undetected at first. While postop-

erative dysphagia occurs in 9.5–67% of patients 

after anterior cervical spine surgery, actual 

esophageal perforation is reported to have an 

a b
Fig. 80.3 X-rays after 

360° fusion. This is the 

anterior-posterior (a) 

and lateral (b) X-ray 

after final revision with 

360° fusion due to the 

dislocated VBR
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incidence of 0.2–1.52% of cases [5, 6]. If not 

detected, it can lead not only to dysphagia, but 

also to local infection, hardware failure, 

 spondylodiscitis, mediastinitis, and sepsis with 

potentially fatal outcome. The incidence is 

higher for traumatic spine injury cases. 

Presenting symptoms are mostly multiple 

including dysphagia, fever, wound leakage, 

and swelling of the neck.

One systematic review analyzed 153 cases 

reported in 65 articles to further elucidate this 

topic. The authors found that the origin of 

esophageal damage was specified in 50% of 

cases. Out of these cases, the most frequent 

reason of was hardware failure (41%), such as 

plate or screw migration, or loosened plates or 

screws, followed by chronic erosion from the 

hardware (31%), and injury during surgery 

(19%) [6]. In our case, several of these most 

common causes were present, making it still 

hard to judge whether the esophageal damage 

was before or during revision surgery. The 

same review actually found the average time 

from causative surgery to diagnosis of esopha-

geal damage to be 716.6  days (median 

44.5  days, range 0  days to 18  years), which 

was analyzed in 121 patients. Yet, most of the 

early diagnosed cases (<30 days after surgery) 

were due to intraoperative injury [6]. Overall 

mortality rate in this study due to esophageal 

perforation and its sequelae was 3.9%. As 

soon as an esophageal perforation is sus-

pected, further investigation is mandatory. The 

most commonly used modality is the contrast 

dye swallow study, which can, however, also 

be combined with a CT scan. Endoscopy is 

another option usually used when the esopha-

geal therapy is being planned or if no leakage 

was found on the contrast dye swallow study 

but still suspected.

Depending on the local settings, esophageal 

repair is usually done in collaboration with 

otolaryngology, general, or thoracic surgery. 

For the further treatment, several options are 

at hand, varying from conservative treatment 

to primary suture to muscle flaps. In the recent 

literature analysis, 11% of cases were man-

aged conservatively, while 34% of cases 

underwent primary suture and 55% received a 

muscle flap, most frequently using the sterno-

cleidomastoid muscle (as in our case) but also 

others, such as pectoral, infrahyoid, omohy-

oid, latissimus dorsi, radial forearm, or longus 

colli muscle. Omental flaps and jejunum were 

also used [6]. In 96 reported patients, an aver-

age of 1.54 attempts to repair the laceration 

were required. 66% of patients (63 pts) only 

required one attempt. In the remaining, 21 out 

Fig. 80.4 Contrast dye swallow study. This lateral X-ray 

examination shows proper swallowing without any leak-

age at discharge. Tracheostomy is still in place
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of 29 patients only showed successful closure 

after the anterior spinal implants were 

explanted. Likewise, complications of esopha-

geal repair are quite common summing up 

to 12.4% including pneumonia, osteomyelitis, 

sepsis, and mediastinitis. The most com-

mon  germ found were coagulase- positive 

Staphylococcus, Streptococcus, Pseudomonas, 

and Candida species. The published data on 

reported outcome is surprisingly good; 30 days 

after esophageal repair patient were capable of 

oral intake. Conservative treatment averaged 

to 68 days until oral nutrition.

Coming back to our case and having the 

long time between laceration and diagnosis in 

mind, it is crucial during anterior cervical 

spine surgery to inspect the esophagus at the 

end of surgery in order to detect any injury as 

early as possible. When detected, an interdis-

ciplinary management is required. Depending 

on the size and location of injury, conservative 

management can be an option, especially when 

the inner part of the mucosa is still intact. Yet, 

as seen in our case, it harbors the risk of severe 

complications making these patients manda-

tory to be observed on an ICU. The majority of 

cases can actually be managed without hard-

ware removal. If not successful, this plans 

needs to be subject of discussion, however. 

Concerning chronic erosive processes leading 

to delayed esophageal perforation, many risk 

factors contribute to this complex complica-

tion including nutritional state, hardware mass 

effect, smoking, diabetes, radiation to the 

neck, and potentially preexisting infection [6]. 

As in our case, the reconstruction via a sterno-

cleidomastoid flap is the most standard 

approach do to its size and proximity to the 

potential perforation. The whole medial and 

lateral surface of the muscle is prepared and 

used as an inferiorly pedicled flap which is 

then placed between esophagus and cervical 

spine by suturing it to the contralateral prever-

tebral tissue [7].

To conclude this part, esophageal perforation 

is infrequent but quite serious and if detected 

early linked with a good outcome [6]. Thus, 

patients presenting with an untypical dysphagia 

(symptoms or duration) after an anterior cervical 

spine surgery should undergo a workup ruling 

out esophageal perforation.

Further potential complications of anterior 

cervical spine surgery are injuries to the ver-

tebral artery (see case 2), the carotid artery 

including retracting-associated thrombosis or 

cerebral ischemia, tracheal injury with ten-

sion pneumothorax, mediastinitis, or sepsis, 

thoracic duct injury (dorsal to the subclavian 

vein), and injury to the cervical sympathetic 

chain causing Horner’s syndrome.

80.2.3  Case 2: Vertebral Artery Injury 
During Cervical Spine Surgery

A 75 y/o female patient demonstrated progres-

sive cervical myelopathy which did not get better 

or stopped progressing after previous laminec-

tomy 1  year ago in another hospital. However, 

she also suffered from consecutive progressive 

neck pain. Indication for dorsal instrumentation 

(lateral mass plus navigated pedicle screws in 

C7), fusion and decompression of C2-7 was 

posed and performed. During drilling of right C2 

pars screw brisk bleeding from the burr hole 

occurred and intraoperative laceration of the right 

vertebral artery at C2 with the drill was sus-

pected. Packing with bone wax could control 

intraoperative bleeding and the patient underwent 

a postoperative CT angiography (Fig.  80.5a–c) 

followed by invasive digital subtraction angiog-

raphy (DSA) (Fig. 80.5d).

The laceration was treated by a flow diverter 

and the patient woke up with no new neurological 

symptoms. 4  days later the patient complaint 

about a pulse-synchronous noise in the right 

neck. Another DSA was performed showing an 

arteriovenous shunt at C2 (Fig. 80.6a) leading to 

coiling and closure of the right vertebral artery 

(Fig. 80.6b).

The patient was discharged some days later 

with no new neurological symptoms but still 

80 Nonspinal Complications



678

a

c d

b

Fig. 80.5 Postoperative imaging of the right-sided VA 

laceration. These are the sagittal (a, b) and axial (c) 

images of the CT angiography plus digital subtraction 

angiography (d) showing the laceration and bleeding of 

the right-sided vertebral artery
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 persisting neck pain. Finally, an aneurysm at the 

right femoral artery due to the angiography 

access required surgical resection by a vascular 

surgeon.

80.2.4  Case 2 Discussion

The vertebral artery is the structure most spine 

surgeons are most respectful of when operat-

ing the cervical spine. If vertebral artery inju-

ries are not detected initially or even after 

treatment as in our case, arteriovenous fistulae 

and pseudoaneurysms are delayed complica-

tions. Most commonly, lacerations of the ver-

tebral artery occur during C1–C2 transarticular 

screw fixation procedure, which can be in up 

to 4.1% of cases [8, 9]. This is just due to the 

proximity of the screw trajectory and the ver-

tebral artery but also due to an irregular course 

of the vertebral artery at C2 [10]. Yet, most 

patients overcome this complication without 

developing any symptoms [9]. In general, the 

risk for subaxial vertebral artery injury in pos-

terior instrumentation is low for lateral mass 

as well as pedicle screws (Table  80.1 and 

80.2). As in our case, the risk is higher at C1 

and C2 [8, 9].

While vertebral artery injury is reported to 

be significantly higher for cervical pedicle 

a b

Fig. 80.6 Digital subtraction angiography 4  days later. 

The digital subtraction angiography performed 4  days 

later showed an arteriovenous shunt at C2 at the location 

of the flow diverter (a). After consultations, coiling of the 

right vertebral artery was decided and performed (b)

80 Nonspinal Complications
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screws, the overall numbers are small (lateral 

mass 0 vs. pedicle screws 0.15%) while lateral 

mass screws have significantly higher late 

complications such as screw loosening/pullout 

(2.3% vs. 0.7%) or pseudarthrosis (2.67% vs. 

0.87%; Table 80.2) [11]. In our case, the verte-

bral artery did not show an untypical course 

tough. Hemostasis was possible and the patient 

did not show any signs of further blood loss. 

So, continuing the surgery with then directly 

postoperative imaging was the treatment of 

choice. However, although the literature does 

not report cerebellar stroke due to vertebral 

artery injury, this further sequel should still be 

kept in mind. Most authors recommend endo-

vascular treatment such as stenting or occlu-

sion despite intraoperative control of the 

bleeding due to potentially rare sequelae such 

as arteriovenous fistulas or pseudoaneurysms 

[8, 9]. And this is also what happened in our 

case. The neuroradiologist in charge aimed for 

preservation of the injured vertebral artery, 

which is worth trying, the patient however, still 

developed a fistula only a few days later 

(Fig. 80.6a).

In anterior cervical spine surgery vertebral 

artery is reported to occur in approximately 0.3–

0.5% of cases [12]. While it is extremely rarely 

reported for standard anterior cervical discectomy 

and fusion (ACDF), it is much more common in 

anterior cervical corpectomy [13].

A large meta-analysis showed that vertebral 

artery injury occurred mostly in surgeries for 

degenerative disease (64%), tumors (14%), and 

Table 80.2 Early and late complications for cervical lateral mass and pedicle screws

Type of Complication LMS CPS p Value

periop

  root injury 0.19 (10/5130) 0.31 (8/2598) 0.47

1.36 (10/737) 1.24(8/643) 0.96

  SCI 0 (0/687) 0 (0/569) –

  VA injury 0 (0/5328) 0.15 (4/2668) 0.012a

0 (0/766) 0.61 (4/661) 0.046a

  Fx of lateral mass 1.62 (27/1662) NA –

  facet violation 0.62 (13/2085) NA –

  malposition requiring postop rev/removal 0.38 (12/3144) 0.29 (5/1711) 0.80

2.64 (11/417) 1.1 (5/455) 0.15

late

  screw loosening 1.17 (15/1287) 0.45 (5/1110) 0.09

unknown 1.73 (5/289) –

  screw pullout 1.1 (8/722) 0.24 (1/418) 0.17a

  screw breakage unknown 176(6/340) –

  plate/rod breakage 0.28 (2/722) 0 (0/94) 1.00a

  loss of reduction 2.21 (10/452) 146 (7/478) 0.54

  pseudarthrosis 2.67 (11/412) 0 87 (3/343) 0.10a

  required rev op 2.81 (17/605) 1.03(1/97) 0.49a

  ASD requiring op 0.74 (4/539) 1.19(1/84) 0.51a

This it Table 4 from Yoshihara et al. [11] showing the meta-analysis of early and late complications associated with 

lateral mass and pedicle screws for instrumentation of the cervical spine [11]

All other percentages are based on the number of patients. NA not applicable, unknown = unknown, rate could not be 

calculated because the number of patients was not given in some articles; — = not done

Data are presented as percentages (event/no.). Complications shown in bold have percentages based on the number of 

screws
aCalculated using the Fisher exact test; the other p values were determined using the chi-square test with the Yates con-

tinuous correction
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trauma (9%) and was independent from the side 

or the approach [13]. The most frequent action 

leading to vertebral artery injury was drilling 

(61%), followed by screw placement (16%), and 

soft tissue retraction (8%). 19% of patients with 

vertebral artery injury actually showed VA anom-

alies on preoperative imaging [13]. In most cases 

intraoperative sudden bleeding is the major symp-

tom but also other, such as delayed hemorrhage 

with neck swelling due to pseudoaneurysm, hypo-

tension, dyspnea, or pulse-synchronous noise due 

to arteriovenous fistula occurred [13]. For imme-

diate intraoperative control, pressure and 

Surgicel® or just screw placement provide suffi-

cient control. Other authors, however, use direct 

suture of clipping as well. With nowadays endo-

vascular options, this should be regarded as not 

indicated in most cases [14]. After intraoperative 

bleeding control, postoperative DSA and stenting/

coiling are recommended since especially cases 

treated with tamponade only showed pseudoaneu-

rysm in 48% of patients [13].

Data on vertebral artery injury are quite exten-

sive. For us this means that vertebral artery injury 

is still rare but due to the amount of spine surger-

ies performed, still quite frequent. The reviews, 

questionnaires, multicentric studies, and meta- 

analyses presented in this chapter tell us not only 

how to manage this complication optimally, the 

also tell us how to avoid it. Extensive drilling, tis-

sue resection, loss of landmarks and loss of the 

midline orientation are factors reported fre-

quently [13, 14]. It is also of utmost importance 

to study preoperative imaging accurately with 

special attention to the vertebral artery. While 

19% of patients with intraoperative laceration 

showing an abnormal course in preoperative 

imaging and cadaver studies proving an abnor-

mal course of the vertebral artery in 2.7%, we can 

see that such patients have a 7 times higher 

chance for vertebral artery injury [13, 15].

Yet, if no vertebral artery injury obviously 

occurred during surgery, patients with untypical 

postoperative complaints such as pulse- 

synchronous noise or new untypical neck pain 

should undergo further imaging due to the poten-

tially dangerous consequences of undetected ver-

tebral artery injury.

80.2.5  Case 3: Segmental Artery 
Injury with Pedicle Screw

A 86 y/o male patient with known multiple 

myeloma presented with osteolysis on L2 and 

severe axial pain. The tumorboard recommended 

primary instrumentation that was then performed 

T11-12-L1-3-4. Intraoperatively, the surgeon 

observed a lateral misplacement of both L3 

screws in the O-Arm® scan (Fig. 80.7), causing 

her to reposition them optimally.

Postoperative plain radiographs showed the 

proper placement of all screws. Four days after 

surgery the patient showed anemia with hemoglo-

bin being 5.4 g/dl resulting in blood transfusions. 

One day later, he required additional transfusions. 

After dropping down to hemoglobin of 5.7  g/dl 

again at the 12th day after surgery, receiving addi-

tional transfusion and after finally developing 

abdominal pain, a CT scan was performed show-

ing a large retroperitoneal hematoma (Fig. 80.8a). 

DSA showed active bleeding from the right seg-

mental artery of L3 resulting in coiling of this 

Fig. 80.7 Intraoperative 3D X-ray imaging. This is the 

axial image of the intraoperatively performed O-Arm® 

scan showing a lateral misplacement of the right L3 screw
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artery (Fig.  80.8b). The patient recovered well, 

the hematoma was managed conservatively and 

the patient was discharged to rehabilitation 

21 days after surgery with no sequel.

80.2.6  Case 3 Discussion

Misplacement of lumbar or thoracic pedicle 

screws cannot only lead to segmental artery injury 

but also injury to the aorta, inferior vena cava, 

common iliac artery and common iliac vein. All 

of those are rare but serious complications. If 

patients do not develop immediate shock, it might 

even stay unnoticed during surgery as in the case 

presented above. Although these injuries by mis-

placed pedicle screws are rare, the pure number of 

placed pedicle screws worldwide should provide 

a considerable number to be reported. Yet, only 

case reports are available on this topic [16].

Most reports agree that the typical symptoms 

are immediate vital shock and/or postoperative 

hemoglobin drop and abdominal pain [16, 17]. 

So quite the symptoms our presented case suf-

fered from. If vital shock occurs after pedicle 

screw misplacement, it is usually impossible to 

repair the injured vessel from a posterior 

approach. Yet, arterial bleeding might be stopped 

with pressure and gauze. All authors agree that 

such arterial injury requires managed by immedi-

ate emergency exploratory laparotomy with and 

direct repair of the bleeding vessel [17]. 

Depending on the suspected vessel, endovascular 

treatment and coil embolization can be an option 

as well, which has recently been advocated to be 

the first-line treatment nowadays [17, 18]. 

However, the best option in the situation at hand 

depends also in the hemodynamic stability of the 

patient. If the patient is stable, abdominal CT and 

angiography can be done, whereas an unstable 

patient requires immediate prevention of further 

bleeding. If the vascular injury does not cause 

and intraoperative symptoms, patients can still 

suffer from postoperative hypotension, anemia or 

pain. Thus, whenever we observe a laterally or 

anteriorly misplaced screw or K-wire, we should 

keep an eye on these patients after surgery. As our 

case shows impressively, the clinical course 

including postoperative hemoglobin decline may 

even occur if there was no intraoperative bleed-

ing. Especially recurrent anemia should by a 

imminent warning sign.

While the presented case concerns the lumbar 

spine, the same is true for the thoracis spine. 

Aortic injury was repeatedly reported from mis-

placed pedicle screws or K-wires [16]. Yet, mis-

placed screws do not always cause acute 

laceration. While some authors reported later 

pseudoaneurysm others reported no sequelae at 

all in a large series of cases [19]. Even more than 

in the lumbar spine, endovascular treatment is 

favored for thoracic aortic repair [16].

a b

Fig. 80.8 Hematoma and acute bleeding diagnosed at the 

12th postoperative day. This is the axial view of the 

abdominal CT scan (a) at level L3 performed after recur-

rent anemia and abdominal pain showing a large hema-

toma originating from the right L3 segmental artery, 

which was then occluded successfully via coiling (b)
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Concerning the published reports, the risk for 

vascular injury by pedicle screw a similar for 

degenerative, trauma and scoliosis cases. 

Regarding anterior scoliosis surgery, segmental 

vessel ligation is routine. One large series 

reported several rules which need to be fulfilled 

in order to minimize the risk for ischemic spinal 

cord symptoms: only at the convexity of the 

curve, unilateral vessel ligation, and ligation at 

the mid-vertebral body level [20]. The value of 

neuromonitoring to avoid such ischemic compli-

cations is controversial, however [20, 21].

In conclusion, for any misplaced screw 

close to known vascular structures we need to 

be aware of potential vascular injury despite 

intraoperative absent symptoms. Moreover, we 

should be attentive for signs of hypovolemia, 

e.g. asking the anesthetist for symptoms he /

she might not have judged as surgery-related 

like a transient drop in blood pressure requir-

ing some more vasopressors. Whether symp-

toms occur during of after surgery, optimal 

management needs to be immediate and usu-

ally requires endovascular stenting or even 

open vascular reconstruction.

For the sake of completeness, anatomy also 

tells us that the thoracic duct can be at risk when 

pedicle screws are misplaced. Actually, Medline 

only contains one report of thoracic duct lacera-

tion due to pedicle screw misplacement resulting 

in chyluria and chylothorax which resolved after 

prolonged thoracic drainage and a medium chain 

triglyceride diet [22].

80.2.7  Case 4: Urether Injury During 
Anterior Lumbar Surgery

A 69 y/o male patient was refered to us with 

spondylodiscitis T12 to L5 after a dental 

abscess. The patient underwent dorsal instru-

mentation T11-S2, decompression, and discec-

tomy. 9 days later ALIF L5/S1 and partial VBR 

L4/5 via an extraperitoneal anterior approach. 

Another 11  days later, the patient also under-

went lateral interbody fusion via a lateral retro-

peritoneal approach L1/2, 2/3 and 3/4 and was 

discharge to rehabilitation 10 days later. After 2 

further days the patient was refered back due to 

increase in inflammatory blood parameters, 

such as CRP.  After extensive lab work, an 

abdominal CT scan was performed showing a 

hypodens formation suspected being due to a 

lacerated urether (Fig. 80.9a). The patient was 

a b

Fig. 80.9 Imaging after re-referal. This axial view of the 

CT scan (a) shows the hypodens formation suspected 

being due to a lacerated urether. The patient received a 

pigtail catheter (b) to the retroperitoneal mass as well as a 

retrograde catheter from the bladder to the kidney proving 

no discontinuation of the urether
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referred to the urology department where he 

received a pigtail catheter to the retroperitoneal 

mass as well as a retrograde catheter from the 

bladder to the kidney proving no discontinua-

tion of the urether (Fig. 80.9b). Thus, the ure-

ther laceration was managed conservatively and 

2 weeks later the patient was discharge to reha-

bilitation again.

80.2.8  Case 4 Discussion

In the presented case, the urether injury 

occurred at the level of L4. Whether the ante-

rior approach to L4/5 or the lateral retroperito-

neal approach to L3/4 caused the injury cannot 

be judged for sure. Concerning the literature 

on ureteral injuries during anterior spinal pro-

cedures, the occurrence of this complication is 

rather small, 0.1% respectively [23]. Regarding 

lateral interbody fusion, two other large 

reviews were also not able to identify a report-

able number of cases [1, 16]. Yet, one series on 

anterior lumbar revision surgery reported a rate 

of 8% of ureteral injuries despite the preopera-

tive placement of a double-J ureteral stent even 

leading to nephrectomy in one case [24]. 

Ureteral injuries were however, much more 

frequently reported as a complication from 

lumbar discectomy [25]. In conclusion, ure-

teral injury during anterior lumbar surgery is 

very rare, is usually not recognized during sur-

gery and can be treated conservatively via dou-

ble-J stent if not discontinued or via 

anastomosis. In order to further lower this risk, 

preoperative stenting via a double-J ureteral 

stent should be done since nephrectomy can 

even be the final consequence when ureteral 

repair is not successful.

Other potential complications of anterior 

lumbar surgery are much more common, 

including lumbar plexus injury, lymphocele, 

abdominal hernia, erectile dysfunction, and ret-

rograde ejaculation [23]. The most common 

ones, however, are vascular complications of 

the aortic artery, iliac artery, iliac vein, and 

vena cava which can all be hemorrhagic or 

thrombotic, too [1]. Table  80.3 provides an 

overview.

Recent cohort studies show, however, that 

this complication rate can be considerable 

lower when performed in cooperation with 

a vascular surgeon [26]. As Table 80.3 shows, 

the complication rate and variety for ALIF 

procedures is actually large and is mostly 

linked to the nearby critical anatomy, such as 

aortic artery, iliac artery, iliac vein, and 

vena cava which need to be visualized and par-

tially mobilized for this approach. Thus, in 

recent years most surgeon tend to limit ALIF 

to L5/S1, sometimes L4/5, and use LLIF, 

XLIF, or OLIF instead due to the considerably 

quicker approach and lower complication 

rates [1].

For the 3 mentioned retroperitoneal 

approaches, to major risks are also easily 

understandable by the respective anatomy, 

such as peritoneum and its contents, the lum-

bar plexus nerves, segmental vessels and great 

vessels. Yet, the great vessels are usually not 

in the direct corridor – with the exception of 

the OLIF approach. However, compared to 

ALIF, the vascular complication rates are far 

less [1]. In most studies, vascular injuries dur-

ing ALIF ranged from 2% to 6%, but even 

went up to 20% [27]. Injuries to the bowel are 

reported to range between 1% and 2% for 

ALIF but also for TLIF during discectomy [1]. 

Yet, ileus is much more frequent than actual 

injury. In a current investigation covering 

more than 13,000 patients undergoing MIS-

LIF, only 0.1% of vascular and 0.08% visceral 

injuries were observed [1].

If small venous injuries occur, they can usu-

ally be managed be compression and a Tachosil® 

patch, if not, direct suture by a vascular surgeon 

is indicated. For arterial lacerations, direct suture 

is the treatment of choice. If further difficulties 

develop, a vascular surgeon should also be 

consulted.
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Table 80.3 Early and late complications for ALIF procedures

References Year Study design

Number of 

patients studies Procedure Complication

Incidence 

(%)

Acosta et al. [52] 2009 Retrospective chart 

review

73 patients ALIF Wound infection 2.8

Baker et al. [35] 1993 Retrospective chart 

review

102 patients ALIF Vascular injury 15.6

Brau et al. [32] 2002 Retrospective cohort 

study

684 patients Mini- 

open 

ALIF

Arterial injury 0.8

Death 0.2

Hernia 0.3

Ileus 0.6

MI 0.2

RE 0.1

Venous injury 0.8

Wound infection 0.4

Brau et al. [45] 2003 Prospective 

nonrandomized 

observational study

45 patients ALIF Left iliac artery 

compression causing 

distal oxygen 

desaturation

57

Brau et al. [42] 2004 Retrospective review 

of prospective 

database

1310 patients ALIF Iliac artery 

thrombosis

0.5

Venous injury 1.4

Faciszeswki [23] 1995 Retrospective chart 

review

1233 (contains 

other anterior 

thoracolambar 

cases)

ALIF Vascular injury 0.3

Fantini et al. [44] 2007 Retrospective chart 

review

338 patients ALIF Aorta injury 0.3

Common iliac vein 

injury

2.6

Fantini et al. [36] 2013 Literature review 9 studies ALIF Vascular injury 1.6–4.3

Flynn et al. [37] 1984 Survey 4500 patients ALIF Impotence 0.44

RE 0.42

Garg et al. [25] 2010 Retrospective review 

of prospective 

database

212 patients ALIF Vascular injury 6.1

Hamdan et al. 

[46]

2008 Retrospective cohort 

study

480 patients ALIF Vascular injury 11

Hrabalek et al. 

[47]

2012 Retrospective chart 

review

120 patients ALIF Sympathectomy 15.8

Hrabalek et al. 

[53]

2014 Retrospective chart 

review

175 patients Mini- 

open 

ALIF

Hernia 2.9

Sympathetic 

dysfunction

1.1

Vaacular injury 1.1

Wound dehiscence 1.1

Inamasu et al. 

[16]

2006 Literature review 31 studies

6923 patients

ALIF Vascular injury 0–20

Jiang et al. [33] 2012 Systematic review 9 studies

948 patients

ALIF DVT/PU 6.3

Hernia 0.4

(continued)
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References Year Study design

Number of 

patients studies Procedure Complication

Incidence 

(%)

RE 3.1

Vascular injury 2.2

Wound infection/

dehiscence

6.4

Kulkarni et al. 

[38]

2003 Case–cortrol study 336 patients ALIF Arterial injury 2.4

Li et al. [27] 2010 Prospective 

nonrandomized 

observational study

112 patients ALIF Vascular injury 1.8

Wound infection 7.1

Lindley et al. [39] 2012 Retrospective cohort 

study

54 patients ALIF RE 7.4

Penta et al. [34] 1997 Retrospective cohort 

study

103 patients ALIF PE 3.9

Wound infection/

dehiscence

2.8

Quraishi et al. 

[54]

2013 Retrospective cohort 

review

304 patients ALIF Arterial injury 1.6

ADR Venom injury 6.2

Wound dehiscence 3.9

Wound infection 4.3

Rajaraman et al. 

[51]

1999 Retrospective chart 

review

60 patients ALIF Acute pancreatitis 1.7

Bowel Injury 1.7

DVT 1.7

Ileus 5.0

Sexual dysfunction 5.0

Sympathetic 

dysfunction

10.0

Vascular injury 6.7

Wound income 

petence

3.3

Regan et al. [48] 1999 Retrospective chart 

review

58 patients ALIF RE 1.7

Vascular injury 5.2

Sasso et al. [40] 2003 Multicenter, 

prospective 

nonrandomized 

observational study

146patients ALIF RE 4.1a

Scaduto et al. 

[49]

2003 Retrospective cohort 

review

88 patients ALIF Ileus 6

Vascular injury 2

Wood et al. [41] 2010 Systematic review 40 studies ALIF Vascular injury 0–16

Zahradnik et al. 

[50]

2013 Retrospective cohort 

review

260 patients ALIF Vascular injury 13.8

This it Table 7 from Uribe et al. (2015) showing a review of early and late complications associated with ALIF proce-

dures [1]

ALIF Anterior lumber interbody fusion, ADR artificial dise replacement, DVT deep vein thrombosis, MI myocandial 

infarction, PE pulmonary embolism, PLIF posterior lumber interbody fusion, RE retrograde ejaculation, TLIF trans-

forminal lumbar interbody fusion, XIJF extreme lateral interbody fusion
aIncidence of RE wav 1.7%; through retroperitoneal approach and 13.3% through transperitoneal approach

Table 80.3 (continued)
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80.2.9  Case 5: Bowel Injury After 
Lumbar Microdiscectomy

A 47 y/o male patient presented with sciatica 

since 2 years originating from a L5/S1 prolapse 

on the right side (Fig. 80.10a). The patient was 

operated via a right-sided L5/S1 interlaminar 

fenestration. While he felt fine with no further 

sciatica at the first day, he developed a new right- 

sided L5 and S1 sciatica including a L5 paresis 

BMRC 3/5. The patient therefore underwent 

another MRI scan at the 2nd postoperative day 

showing an even larger L5/S1 prolapse on the 

right side (Fig. 80.10b). He was then scheduled 

for reoperation.

During surgery the L5 foramen was also 

decompressed on the right side. During decom-

pression and discectomy, the surgeon later said 

that she was unsure about the actual nature but 

there was some kind of unusual fluid. Whether 

a

b

Fig. 80.10 Initial and postoperative MRI scan. These are the sagittal and axial views of the MRI scans at initial pre-

sentation (a) and at the 2nd postoperative day (b) showing a L5/S1 prolapse on the right side
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this could have been hematoma from the first 

 discectomy or anything from anterior cannot be 

said for sure. The patient improved neurologi-

cally with no sciatica anymore, but the morning 

after surgery he complaint about severe abdomi-

nal pain thus indicating a CT scan (Fig. 80.11).

Abdominal surgeons were then consulted 

and brought to the OR where he underwent 

partial ileum resection and end to end anasto-

mosis. The surgeons observed a transmucous 

hole and beginning peritonitis. The patient 

recovered well, received antibiotics due to the 

peritonitis and was observed for several days 

afterwards in order to face the risk of associ-

ated discitis properly.

80.2.10  Case 5 Discussion

Bowel injury associated with lumbar microdis-

cectomy is rare but not unknown. Eighteen 

case reports have been published until now 

[28]. Some authors suggest that a concomitant 

anterior disc herniation due to perforation of 

the anterior part of the annulus could be a risk 

factor for injuries due to anterior breach of the 

disc space with the rongeur. Most of the 

reported cases occurred at L5/S1 and affect the 

small intestine, as in our case. Since discec-

tomy patients are operated in prone position 

the intestines are compressed towards the lum-

bosacral disc. Early or even very late detected 

bowel injury is really rare but if unnoticed 

associated with considerable morbidity and 

mortality [28].

Another much more common and potentially 

life-threatening complication is the intraopera-

tive vascular injury during lumbar discectomy, 

which occurs in 1.6–4.5 per 10.000 cases and 

which is associated with a mortality rate of 

38–61% [3, 4, 28]. If immediate intraoperative 

bleeding with hypotension or shock does not 

occur, late complications by pseudoaneurysms 

or arteriovenous fistulas (e.g. right common 

a b

Fig. 80.11 Postoperative abdominal CT scan. Sagittal 

(a) and axial (b) views of the postoperative CT scan show-

ing intrabdominal free air. The air can also be seen right 

anterior of the L5/S1 disc and continues into the spinal 

canal cranially up to L2/3
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iliac artery and the inferior vena) can also 

develop. Most commonly, laceration of the left 

or right common iliac artery occur. Moreover, 

about 80% of vascular injuries during microdis-

cectomy occur at the level of L4/5 since the left 

common iliac artery crosses along the disc 

space from the right to the left side only sepa-

rated from the disc space by the anterior spinal 

ligament. Altogether, the vascular laceration 

during discectomy is an emergency requiring 

immediate action such as dorsal control and 

immediate laparotomy or endovascular treat-

ment if possible [3, 4, 16, 29]. It is also decisive 

to consider any intraoperative hypotensive epi-

sode as a warning sign; even if the anesthetist 

does not do so, and decide for emergency lapa-

rotomy if the patient suspected of vascular 

injury is becoming unstable [4, 30].

After bowel laceration, Patients generally 

complain of acute abdomen or abdominal pain. 

Yet, if there are uncommon symptoms even 

late after discectomy, any vascular or anterior 

complication such as arteriovenous fistulas 

should be kept in mind and further diagnostics 

are indicated, such as abdominal CT scan with 

arterial and venous contrast in order to rule are 

concomitant injury to other ventral structures, 

e.g. urether, which was reported as well [28, 

31]. If diagnosed early, the prognosis of dis-

cectomy-associated bowel laceration is quite 

good compared to vascular incidents [3, 4, 16, 

28, 29]. Yet, fatal courses including progres-

sive peritonitis and sepsis are possible [28]. As 

in our illustrative case, early exploratory lapa-

rotomy and repair via primary suture or resec-

tion and end-to-end anastomosis are the 

treatment of choice.

Avoiding such incidences is much better 

than reaction, however. Thorough imaging 

studies for anterior annulus breach and prox-

imity or abnormalities of critical anterior 

structures are mandatory. Especially for 

younger surgeons, depth markings of rongeurs 

might be helpful. Likewise, opening the ron-

geur right when entering the disc space also 

helps to prevent anterior perforation. If ante-

rior perforation is suspected, filing the disc 

space with saline can help to confirm: if it 

escapes quickly through the disc space, ante-

rior perforation of the annulus and anterior 

spinal ligament is likely.

In our case, the surgeon intraoperatively 

suspected an anterior problem, asked the anes-

thetist for hypotension and proceeded with sur-

gery due to unsuspicious further course. 

However, when the team report at the morning 

meeting reported abdominal pain, she immedi-

ately connected her intraoperative impression 

with the current complaint and CT imaging 

was done 30  min later leading to emergency 

laparotomy. Thus, despite this severe and rare 

complication, immediate care avoided at least 

further harm and lead to optimal treatment of 

the complication.

80.2.11  Accordance 
with the Literature 
Guidelines

Concerning these complications, there are no 

guidelines at hand. Depending on the surgery, 

patient, risk factors and reoperations, indication 

and technical nuances can help us to further reduce 

the rate of complications in spine surgery.

Level of Evidence

C

The available level of data quality concerning 

complications and their is considerably good but 

not optimal due to the differing frequencies of 

occurence.

80.3  Conclusions and Take Home 
Message

The illustrative cases above shall serve as exam-

ples which stay in the mind of the reader in order 

to connect these sometimes quite unfortunate 
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courses with the potential complications of these 

mostly routine procedures. Independently from 

the complication itself, early diagnosis and opti-

mal treatment reduce morbidity and mortality 

considerably.
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Management of CSF Fistula

John M. Duff and Rodolfo Maduri

81.1  Introduction

Unintentional dural tear with spinal cerebrospi-

nal fluid (CSF) fistula has a prevalence of 1–17% 

approximately [1]. It is almost certainly underre-

ported and the clinical consequences can carry a 

significant morbidity [1, 2]. One of the most seri-

ous risks of that of meningitis [1, 3]. Additionally, 

it can lead to further surgeries, prolonged hospi-

talisation and a significant increase in health care 

costs [4, 5].

This case illustrates how the seemingly innoc-

uous problem of a small dural tear leading to a 

leak of CSF can carry significant morbidity. It 

also illustrates the importance of dealing appro-

priately with such leaks at the time of occurrence. 

Several problems will be outlined, including the 

hazard of “pinhole” leaks, the need to adequately 

expose the site of dural tear, the difficulties 

encountered following multi- attempt unsuccess-

ful repairs, and possible salvage operative strate-

gies for dural repair including the use of 

vascularised local tissue cover to facilitate wound 

closure.

The goal of this case presentation is to empha-

size these potential problems and to highlight the 

lack of scientific evidence in the treatment of 

postoperative CSF fistula. This case will high-

light the fact that a proactive approach to pseudo-

meningocele, especially when it is not contained 

by the deep fascia, is usually the best one, and 

that this approach should often be a “maximalist” 

one.

81.2  Case Description

An 84 year old male with a history of coronary 

artery disease and hypertension complains of 

typical neurogenic claudication and is limited to 

200 metres walking distance. His neurological 

examination of his lower extremities is normal. 

He underwent an L2 to L5 posterior decompres-

sion. He woke up from surgery with a distal para-

paresis. An MRI scan showed a “small” 

hematoma at L4 which was not explored surgi-

cally. He was transferred to a rehabilitation 

facility.

The patient was re-admitted 8 days later with 

a large visible and palpable subcutaneous fluid 

collection compatible with a pseudomeningo-

cele. A blood patch was attempted and was 

unsuccessful. CSF subsequently began to leak 

through the wound. At 11  days after the index 

surgery, the patient was taken back to the operat-

ing room and re-explored. A collection of pus 

was drained, and a dural repair was carried out 

with a local fascial patch and reinforced with 

fibrin glue. Wound cultures revealed Escherichia 
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coli and Serratia marcescens, and the patient was 

treated with vancomycin and ciproxin. He was 

subsequently transferred back to rehab. Several 

days later, a new large subcutaneous fluid collec-

tion was noted and the patient was transferred to 

our institution for evaluation.

On admission, the patient was afebrile. He 

did not complain of any back or leg pain, but 

complained of weakness in both legs. On 

examination, he could walk a few steps with 

the use of crutches, and he had distal weakness 

of his foot dorsiflexors, more on the right side 

than on the left side. There was a very obvious 

large subcutaneous pseudomeningocele with 

fluid leaking through the skin incision. His 

laboratory values showed a normal white blood 

cell count and a normal C-reactive protein and 

erythrocyte sedimentation rate through antibi-

otic coverage. A lumbar MRI scan with gado-

linium was done (Fig. 81.1), which revealed a 

voluminous pseudomeningocele breeching the 

lumbar fascia as far as the skin. A CT of the 

lumbar spine (Fig.  81.2) showed a degenera-

tive lumbar scoliosis with resection of the facet 

joints at multiple lumbar levels. Full spine 

X-rays (Fig. 81.3) show a compensated lumbar 

scoliosis with good alignment in the sagittal 

and coronal planes. It was decided to re-explore 

the patient to perform a definitive dural closure 

and to control the wound infection. A decision 

was taken to defer any surgical fusion to a pos-

sible later date.

The patient was placed prone on the operat-

ing table following induction of general anes-

thesia. The whole thoracolumbar region and 

both lateral thighs were prepped and draped 

into the field, so access to fascia lata and local 

muscle flaps was ensured. The previous midline 

incision was re- opened. A large fluid collection 

was immediately encountered and drained. A 

large musculofascial defect was found and the 

posterior lumbar dura was immediately visible. 

The remainder of the fascia and muscles was 

re-opened to expose the entire length of the 

decompression. Careful examination of the 

dura with the operating microscope revealed 

CSF emanating from the left L5 foramen area. 

Following additional bone removal and removal 

of epidural inflammatory material, the fistula 

site was clearly identified, which was pinhole-

sized. Sutures were identified on the dura close 

to the dural defect. Sutures of 6-0 prolene were 

placed in the dura and a small piece of local 

muscle was harvested, placed over the defect as 

a patch and the sutures were tied down. The 

repair was reinforced with Duraseal®. A vascu-

larised latissimus dorsi flap was harvested by 

the plastic surgery team using a separate inci-

sion and was placed over the dural repair. For 

the closure, the skin flaps were undermined for 

Fig. 81.1 MRI lumbar spine at presentation. The large sub and supra-fascial fluid collection is visible. There is mass 

effect on the lumbar thecal sac

 J. M. Duff and R. Maduri



699

several centimeters on both sides, relaxing inci-

sions were performed in the lateral lumbar fas-

cia to assist in a low tissue tension closure. A 

subcutaneous drain was placed and the skin was 

closed.

At 8 months postoperatively, the patient had 

fully recovered his paraparesis, and his lumbar 

wound healed, which was confirmed by MRI 

(Fig. 81.4). At 3 year follow up, the patient had 

minimal low back pain and no evidence of spinal 

instability.

81.3  Discussion of the Case

The management of this case is open to discus-

sion. A blood patch had been attempted as has a 

surgical re-exploration prior to presentation at 

our institution. The body of literature for postop-

erative CSF fistulae is small, and as a surgical 

complication, is likely to be underreported. 

Furthermore, treatment guidelines are sparse and 

are largely based on expert opinion, as is the 

management of this case.

Fig. 81.2 Lumbar CT scan shows a degenerative scoliosis with extensive postoperative posterior element bone 

resection

Fig. 81.3 Full spine X-rays at presentation. The degenerative scoliosis is seen and spinal alignment is well 

compensated
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The first important point is that the decision to 

perform a blood patch is difficult to justify. 

Injecting blood into a large fluid filled cavity has 

a low probability to adhere to the dural defect, 

particularly in a completely open spinal canal. 

We would not recommend this strategy.

The second point is that 2 unsuccessful 

attempts have been made to close the dura, once 

at the index surgery, and again 11 days later. The 

dural defect is likely to be small and possibly dif-

ficult to access. The hydrodynamics of a very 

small dural defect means that it operates like a 

“valve”. In other words, CSF flows out and can-

not get back in, as it would with a very large dural 

defect, which has “ebb & flow” and is a low pres-

sure system. Small dural defects therefore can 

lead to very large pseudomeningoceles, as in this 

case.

For this case, there is no choice but to revise 

the wound. The strategy is to find and primarily 

close the dural defect with some local muscle or 

fascial patch, unless the dura is robust (highly 

unlikely in the older ager group, infected, multi- 

operated). Coverage with healthy vascularised 

tissue enhances dural healing and closes off some 

dead space around the defect, and in a compli-

cated dural closure revision should be strongly 

considered.

The above discussion is purely case-based 

reasoning/expert opinion, and constitutes level 5 

evidence.

81.4  Conclusions and Take Home 
Message

Postoperative CSF fistulae with fluid leaking out 

through the skin almost always require a surgical 

solution. We recommend a thorough exploration, 

identification and closure of the fistula site. We 

do not recommend blindly covering a large area 

of the dura with fibrin glue or dural substitutes 

in the hope that it will “do the trick”. As in this 

case, further bone removal may be required to 

adequately identify the fistula site. The use of a 

vascularised local muscle flap should be consid-

ered in multi-operated cases, and interdisciplin-

ary collaboration with plastic surgery colleagues 

is invaluable here. We caution against underes-

timating the problem and thus undertreating it. 

The exact choice of surgical strategy depends on 

the surgeons experience, however, it requires a 

clear understanding of the contributing underly-

ing factors, and mandates accurate localization 

of the fistula.

Fig. 81.4 Follow-up MRI showing resolved pseudomeningocele

Pearls

 – Postoperative CSF fistulae with fluid 

leaking out through the skin require a 

surgical solution
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