SHEIMEHRE

ELSEVIER

SFEARET,

& ## DANIEL H. KIM
Dosang Cho
Curtis A. Dickman
[Isup Kim
SangKook Lee
Alexander R. Vaccaro

£ BB kNS W

g 1 2 i
v SC IR R



HHIMRRER S TAREEY

Ba% 2 Iy
Surgical Anatomy & Techniques to the Spine

JRZ&Z& Daniel H. Kim

Dosang Cho

Curtis A. Dickman

Ilsup Kim

SangKook Lee

Alexander R. Vaccaro
X B KBF AFF #F R
BEFE RILHE #£ & A2H

M4 5 & K i
It 5



B . 01-2016-9595
" A E N

A5 A5 3 R BORURF IR BB 221540 T4 73 3, BRAINEE T SR A A
LA, R SME, SR BIAOME, MOREECAEAE, RS AR KA. FARARK .
I, AR BOEREBOR R R R, A AR R AR A . SOV . R
MFARIBITHIENVIE, BRIE. FARBEAR, TR, HAE, REPHS, FAEFHSY
CTRERER S, SRR FR T AR RIS S FAREARN AN FREITNET X R, HE&
TREFPRFRE, TRIE, FARSEMAERRSE, RESHE, B WERNEME, SikH,
KT — R E R EAREN, & AFREPHE T A SRS BB T ) 6

EH7ER4 B (CIP) #1iF

HHAMVRHER 5 F ARG  FA8 2 K/ (%) £ (Daniel H. Kim) ¥4 ; BREF, 453=, &
RERE . —JbRt : BaE i, 2017.6

5445 3L : Surgical Anatomy & Techniques to the Spine

ISBN 978-7-03-051442-4

[.OF - N.O& @ @%k  @F - [NLOFHE— AMEBH QB K — B FA
IV.MR323.4@)R681.5

P [ Wi AR E ST CIPELIE A% 7 (2017) 550026485

Surgical Anatomy & Techniques to the Spine, 2/E
Copyright © 2006, 2013 by Saunders, an imprint of Elsevier Inc.
ISBN-13: 978-1-4557-0989-2
A5 i b E R BB A R AR (BloF L) SEATEII% . I ARYE o BB th AR R PR A ) (Rt
FRt) 5ZBMER GErbnse) FAHRA TR AE HIR .
AR S FARETT (RH5 2 M) (REFB KFE F ® %)
ISBN: 987-7-03-051442-4
Copyright 2016 by Elsevier (Singapore) Pte Ltd. All rights reserved.
Elsevier(Singapore) Pte Ltd.
3 Killiney Road
#08-01 Winsland House [
Singapore 239519
Tel: (65) 6349-0200
Fax: (65) 6733-1817

Information on how to seek permission, further information about Elsevier’s permissions policies and
arrangements with organizations such as the Copyright Clearance Center and the Copyright Licensing Agency, can
be found at the website: www.elsevier.com/permissions.

Printed in China by China Science Publishing & Media Ltd. (Science Press) under special arrangement
with Elsevier (Singapore) Pte Ltd. This edition is authorized for sale in the People’ s Republic of China only,
excluding Hong Kong SAR, Macau SAR and Taiwan. Unauthorized export of this edition is a violation of the
contract.

TR . FEA T A 84/ e RDE fTiF
WAEERH N % /| B3

A4 8 % K o
AL S A SRt 165
I 35 48 52 100717

hitp: ‘www. scieneep. com
HBHE G LD A A IR 8 ER
PR RAT AU 355 48
20174E 6 HE  — MR JF4 . 889x 1194 1/16
2017 4F 6 HE—IRER  EI5K . 47 3/4
4. 1275000
E4Hr . 398.00 ¢
(A Ep e ), Rt i S i)



| FEEEZE

Daniel Aghion, MD

Resident, Department of Neurosurgery, Brown University,
Rhode [sland Hospital and Hasbro Children’s Hospital,
Providence, Rhode Island
Surgical Approaches to the Craniovertebral Junction in
Rheumatoid Arthritis

Henry Ahn, MD

Scientist, Keenan Research Centre of the Li Ka Shing
Knowledge Institute of St. Michael's Hospital; Assistant
Professor, Division of Orthopaedic Surgery; Assistant
Professor, University of Toronto Spine Program,
University of Toronto, Toronto, ON, Canada
Surgical Approach to Posttraumatic Thoracic Kyphosis

Jaren D. Ament, MD
Resident, Department of Neurological Surgery, University
of California—Davis School of Medicine, Sacramento,
California
- Cervical Microforaminotomy and Decompressive
Laminectomy

Anubhav G. Amin, MD

Resident, Department of Neurosurgery, New York Medical
College, Valhalla, New York
Posterior Approaches to the Craniovertebral Junction:
Lateral Transcondylar Approach

Howard S. An, MD

Professor of Orthopedic Surgery, Rush University Medical
Center, Chicago, Illinois
Cervical Laminoplasty

Frank Attenello, MD

Resident, Department of Neurological Surgery, Keck
School of Medicine, University of Southern California,
Los Angeles, California
Lumbar Microdiskectomy: Midline Open and Far-
Lateral Techniques

loannis Avramis, MD

Orthopedic Surgeon, Minimally Invasive Spine Institute,
Dallas, Texas
Iliac Fixation

Neil Badlani, MD

Orthopedic Surgeon/Spine Surgeon, The Orthopedic
Sports Clinic, Houston, Texas
Cervical Laminoplasty

Rahul Basho, MD

Riverside County Regional Medical Center, Los Angeles,
California
Surgical Approaches to Cervical Kyphosis and
Deformity

Monique J. Boomsaad, MD

Resident, Department of Neurosurgery, University of
Michigan, Ann Arbor, Michigan
Surgical Decompression and Stabilization Techniques
in Thoracic Trauma

Darrel S. Brodke, MD

Professor and Vice Chairman, Department of Orthopedics,
Director of the University Spine Center, University of
Utah School of Medicine, Salt Lake City, Utah
Anterior Transthoracic Approaches to the
Thoracic Spine

Colin C. Buchanan, MD

Department of Neurosurgery, David Geffen School of
Medicine, University of California—Los Angeles, Los
Angeles, California
Transmaxillary and Transmandibular Approaches to
the Clivus and Upper Cervical Spine

Kevin S. Cahill, MD, PhD, MPH

Department of Neurological Surgery, University of Miami
Miller School of Medicine, Miami, Florida
Anterior Lumbar Interbody Fusion

Thomas D. Cha, MD, MBA

Instructor, Orthopaedic Surgery, Harvard Medical School;
Orthopaedic Spine Surgeon, Massachusetts General
Hospital, Boston, Massachusetts
Lumbar Facet Screw Fixation Techniques

Fady T. Charbel, MD

Department of Neurosurgery, College of Medicine,
University of Illinois at Chicago, Chicago, [llinois
Vascular Lesions of the Spinal Cord

Samuel K. Cho, MD

Assistant Professor, Adult and Pediatric Spinal Surgery,
Leni & Peter W. May Department of Orthopaedics,
Mount Sinai School of Medicine and Hospital, New
York, New York
Surgical Anatomy and Biomechanics in the
Cervicothoracic Junction and Thoracic Spine

Gun Choi, MD, PhD

President, Medical Affairs, Wooridul Spine Hospital; Chief,
Endoscopic Spinal Treatment Center; Invited Assistant
Professor, College of Medicine, Hanyang University,
Seoul, Korea
Percutaneous Endoscopic Diskectomy



Haroon F. Choudhri, MD

Associate Professor, Department of Neurosurgery, Chief,
Section of Adult Neurosurgery, Director, Neurosurgery
Spine Service at Georgia Health Sciences University,
Augusta, Georgia
Anterior Cervical Instrumentation Techniques

Omar Choudhri, MD

Resident, Department of Neurosurgery, Stanford
University, Stanford, California
Cervical Corpectomy, Fusion, and Vertebral
Restoration Techniques

John S. Claff, MD

Department of Orthopaedic Surgery, Massachusetts
General Hospital, Boston, Massachusetts
Lumbar Facet Screw Fixation Techniques

Nader S. Dahdaleh, MD

Department of Neurosurgery, University of lowa, [owa
City, lowa
Surgical Stabilization Techniques for Thoracolumbar
Fractures

Andrew Dailey, MD

Department of Neurosurgery. University of Utah, Salt
Lake City, Utah
Ossification of the Posterior Longitudinal Ligament

Curtis A. Dickman, MD

Director, Spinal Research and Associate Chief, Spine
Section, Division of Neurological Surgery,
Barrow Neurological Institute, Phoenix, Arizona;
Clinical Assistant Professor, Division of Neurosurgery,
University of Arizona College of Medicine, Tucson,
Arizona
C1-C2 Trauma Injuries and Stabilization Techniques
Bone Graft Harvesting Techniques

Dzung Dinh, MD, MBA

Professor of Neurosurgery, University of Illinois College of
Medicine, Peoria, Illinois
Surgical Anatomy and Biomechanics of the
Craniovertebral Junction

Mark S. Eskander, MD

Orthopaedic Surgeon, Christiana Spine Center, Christiana
Health Care System, Newark, Delaware
Spondylolisthesis Reduction

Kyle M. Fargen, MD

Resident, Department of Neurosurgery, University of
Florida College of Medicine, Gainesville, Florida
Transoral Approach to the Craniocervical Junction and
Upper Cervical Spine
Approaches to the Craniocervical Junction: Posterior
and Lateral Approaches

Farrokh R. Farrokhi, MD

Department of Neurosurgery, University of Washington,
Seattle, Washington
Ossification of the Posterior Longitudinal Ligament

Iman Feiz-Erfan, MD

Department of Neurosurgery, St. Joseph'’s Hospital and
Medical Center, Phoenix, Arizona
C1-C2 Trauma Injuries and Stabilization Techniques

Michael Finn, MD

Assistant Professor, Department of Neurosurgery,
University of Colorado School of Medicine, Aurora,
Colorado
Dural Tears

Todd B. Francis, MD

Department of Neurosurgery, Cleveland Clinic, Cleveland,
Ohio
Transpedicular Screw Fixation: Open and
Percutaneous Techniques

Anthony K. Frempong-Boadu, MD

Associate Professor, Director of Neuro Residency Training
Program, Director, Division of Spinal Surgery,
Department of Neurosurgery, New York University
Langone Medical Center, New York, New York
Posterior Approaches to the Cervicothoracic Junction:
Transpedicular, Costotransversectomy, Lateral
Extracavitary, and Parascapular Extrapleural
Approaches

Jared Fridley, MD

Resident, Department of Neurosurgery, Baylor College of
Medicine, Houston, Texas
Surgical Decompression and Stabilization for Lumbar
Lesions: Osteomyelitis and Tumors

Aruna Ganju, MD

Department of Neurological Surgery, Northwestern
University Feinberg School of Medicine, Chicago, Illinois
Facet Dislocation Injuries and Surgical Management
Surgical Anatomy and Operative Techniques of
Lumbar Stenosis

Maurice Goins, MD

Surgeon, Resurgens PC Orthopaedics, Morrow, Georgia
Ankylosing Spondylitis: Posterior Approaches
(Osteotomy) to the Cervical and Lumbar Spine in the
Management of a Fixed Sagittal Plane Deformity

Andrew Grossbach, MD

Department of Neurosurgery, University of lowa, lowa
City, lowa
Surgical Stabilization Techniques for Thoracolumbar
Fractures

Munish Gupta, MD

Professor, Co-Director of Spine Center, Chief of
Orthopaedic Spinal Disorders Service, University of
California—Davis, Sacramento, California
Sacral Screw Fixation and Plating Techniques
Hiac Fixation
Anterior and Posterior Treatment for Thoracolumbar
and Lumbar Scoliosis



Sachin Gupta, MD

University of California—Davis, Sacramento, California
Anterior and Posterior Treatment for Thoracolumbar
and Lumbar Scoliosis

Yoon Ha, MD, PhD

Department of Neurosurgery, Severance Hospital, College
of Medicine, Yonsei University, Seoul, Korea
Posterior Cervical Stabilization Techniques: Cervical
Pedicle Screw Fixation, Lateral Mass Screw Fixation,
and Wiring

Jeffrey S. Henn, MD

Assistant Professor, Department of Neurosurgery.,
University of Florida, Gainesville, Florida
Bone Graft Harvesting Techniques

Sarah Henry, MPH

Professional Research Assistant, Department of
Orthopaedics, University of Colorado, Denver, Colorado
Dural Tears

Joshua P. Herzog, MD

Department of Orthopaedic Surgery, Massachusetts
General Hospital, Boston, Massachusetts
Lumbar Facet Screw Fixation Techniques

Alan Hilibrand, MD

Professor of Orthopaedic Surgery and Neurosurgery,
Rothman Institute and Jefferson Medical College,
Philadelphia, Pennsylvania
Ankylosing Spondylitis: Posterior Approaches
(Osteotomy) to the Cervical and Lumbar Spine in the
Management of a Fixed Sagittal Plane Deformity

Jayme R. Hiratzka, MD

Department of Orthopaedics, University of Utah School of
Medicine, Salt Lake City, Utah
Anterior Transthoracic Approaches to the Thoracic
Spine

Patrick W. Hitchon, MD

Professor of Neurosurgery and Bioengineering, Director,
Spine Fellowship, Department of Neurosurgery,
University of Towa, [owa City, lowa
Surgical Stabilization Techniques for Thoracolumbar
Fractures

Daniel J. Hoh, MD

Assistant Professor of Neurological Surgery, University of
Florida Malcom Randall VA Medical Center; Joint
Assistant Professor of Neuroscience, University of
Florida, Gainesville, Florida
Transoral Approach to the Craniocervical Junction and
Upper Cervical Spine ~
Approaches to the Craniocervical Junction: Posterior
and Lateral Approaches

Patrick Hsieh, MD

Assistant Professor of Clinical Neurological Surgery, Keck
School of Medicine, University of Southern California,
Los Angeles, California
Lumbar Microdiskectomy: Midline Open and Far-
Lateral Techniques

Steven W. Hwang, MD

Division of Pediatric Neurosurgery. Floating Children’s
Hospital, Department of Neurosurgery, Tufts University,
Boston, Massachusetts
Surgical Approaches to Craniovertebral Junction
Congenital Malformations, Chiari Malformations, and
Cranial Settling (Invagination)
Anterior Release and Fusion Techniques for Scoliosis

Daniel S. Ikeda, MD

Department of Neurological Surgery, The James
Comprehensive Cancer Center and The Wexner Medical
Center at the Ohio State University, Columbus, Ohio
Surgical Approaches to Thoracic Primary and
Secondary Tumors

Sivakumar Jaikumar, MD

Assistant Professor, Section Chiel of Spinal Neurosurgery,
Department of Neurosurgery, University of North
Carolina School of Medicine, Chapel Hill. North
Carolina
Surgical Approaches to Lumbar Fractures

Andrew Jea, MD

Assistant Professor, Neuro-Spine Program, Division of
Pediatric Neurosurgery, Texas Children’s Hospital,
Department of Neurosurgery, Baylor College of
Medicine, Houston, Texas
Surgical Approaches to Craniovertebral Junction
Congenital Malformations, Chiari Malformations, and
Cranial Settling (Invagination)
Anterior Release and Fusion Techniques for Scoliosis

David H. Jho, MD, PhD

Neurosurgery Service, Massachusetts General Hospital
and Harvard Medical School, Boston, Massachusetts
Endoscopic Anterior Cervical Foraminotomy (Jho
Procedure)

Diana H. Jho, MD

Department of Neuroendoscopy, Jho Institute for
Minimally Invasive Neurosurgery, Allegheny General
Hospital, Drexel University College of Medicine,
Pittsburgh, Pennsylvania
Endoscopic Anterior Cervical Foraminotomy (Jho
Procedure)

Hae-Dong Jho, MD, PhD

Professor and Chairman, Department of Neuroendoscopy,
Jho Institute for Minimally Invasive Neurosurgery,
Allegheny General Hospital, Drexel University College
of Medicine, Pittsburgh, Pennsylvania
Endoscopic Anterior Cervical Foraminotomy (Jho
Procedure)



Sungsam Jung, MD, PhD

Department of Neurosurgery, Eulji University School of
Medicine, Daejeon, Korea
High Cervical Retropharyngeal Approach to the
Craniocervical Junction

M. Yashar S. Kalani, MD

Resident, Division of Neurological Surgery, Barrow
Neurological Institute, Phoenix, Arizona
C1-C2 Trauma Injuries and Stabilization Techniques

lain H. Kalfas, MD

Department of Neurosurgery, Cleveland Clinic, Cleveland,
Ohio
Transpedicular Screw Fixation: Open and
Percutaneous Techniques

James D. Kang, MD

Vice Chairman, Department of Orthopaedic Surgery.
Director of the Ferguson Laboratory for Spine Research,
Professor of Orthopaedic and Neurological Surgery,
UPMC Endowed Chair in Orthopaedic Spine Surgery,
University of Pittsburgh and UPMC, Pittsburgh,
Pennsylvania
Spondylolisthesis Reduction

Sadashiv Karanth, MD

Resident, Department of Neurosurgery, University of
linois College of Medicine, Peoria, Illinois
Surgical Anatomy and Biomechanics of the
Craniovertebral Junction

Abhishek Kashyap, MD

Assistant Professor, Central Institute of Orthopedics,
VMMC and Safdarjang Hospital, New Delhi, [ndia
Percutaneous Endoscopic Diskectomy

Noojan Kazemi, MD

Senior Fellow, Department of Neurosurgery, University of
Washington, Seattle, Washington
Anterior and Posterior Cervicothoracic Junction
Stabilization Techniques

Michael Kelly, MD

Assistant Professor, Orthopaedic Surgery, Washington
University School of Medicine, St. Louis, Missouri
Surgical Treatment of Adolescent Idiopathic Scoliosis:
Lenke Curve Types 1 Through 6

Christopher Kepler, MD, MBA

Professor of Orthopaedic Surgery, Jefferson University
Hospitals; Spine Surgeon, Rothman Institute and
Jefferson Medical College, Philadelphia, Pennsylvania
Ankylosing Spondylitis: Posterior Approaches
(Osteotomy) to the Cervical and Lumbar Spine in the
Management of a Fixed Sagittal Plane Deformity

Edward E. Kerr, MD

Resident, Department of Neurological Surgery, University
of California, Davis Medical Center, Sacramento,
California
Surgical Technique for Resection of Intradural Tumors

Daniel H. Kim, MD

Director, Reconstructive Spinal and Peripheral Nerve
Surgery, Mischer Neuroscience Institute; Professor,
Vivian L. Smith Department of Neurosurgery,
University of Texas Health Science Center, Houston,
Texas
Anterior Approaches to the Cervicothoracic Junction
Thoracoscopic and Posterior Endoscopic Approaches to
the Thoracic Spine '
Surgical Anatomy and Posterior Approach to the
Thoracic and Thoracolumbar Spine
Thoracoabdominal Approach to the Thoracolumbar
Junction
Posterior and Transforaminal Lumbar Interbody
Fusion
Surgical Resection of Sacral Tumors/Sacrectomy and
Lumbopelvic Reconstruction

lIsup Kim, MD

Assistant Professor, Department of Neurosurgery, St.
Vincent's Hospital, The Catholic University of Korea,
Suwon, Korea
Anterior Approaches to the Cervicothoracic Junction
Thoracoscopic and Posterior Endoscopic Approaches to
the Thoracic Spine
Posterior and Transforaminal Lumbar Interbody
Fusion
Surgical Resection of Sacral Tumors/Sacrectomy and
Lumbopelvic Reconstruction

Kee D. Kim, MD

Associate Professor, Chief, Spinal Neurosurgery, University
of California—Davis School of Medicine, Sacramento,
California
Cervical Microforaminotomy and Decompressive
Laminectomy
Primary Malignant and Benign Tumors of the Spine
Secondary Metastatic Tumors of the Spine
Surgical Technique for Resection of Intradural Tumors

Yong-Chul Kim, MD

Professor, Department of Anesthesiology and Pain
Medicine, Seoul National University College of
Medicine; Director, Pain Management Center, Seoul
National University Hospital, Seoul, Korea
Vertebroplasty and Kyphoplasty

Matthew M. Kimball, MD

Resident, Department of Neurosurgery, University of
Florida College of Medicine, Gainesville, Florida
Transoral Approach to the Craniocervical Junction and
Upper Cervical Spine
Approaches to the Craniocervical Junction: Posterior
and Lateral Approaches

Eric O. Klineberg, MD

Assistant Professor, Spine Fellowship Program Director,
Assistant Residency Director, University of California—
Davis, Sacramento, California
Primary Malignant and Benign Tumors of the Spine



Brian Kwon, MD

Assistant Clinical Professor, Department of Orthopedic
Surgery, Tufts University School of Medicine, New
England Baptist Hospital, Boston, Massachusetts
Posterior and Posterolateral Approaches to the
Lumbar Spine

Heum Dai Kwon, MD

Visiting Scholar, Department of Neurological Surgery,
University of California—Davis School of Medicine,
Sacramento, California
Cervical Microforaminotomy and Decompressive
Laminectomy

Matthew Lafleur, MD

Orthopaedic Surgeon, North Oaks Health System,
Hammond, Louisiana
Axial Lumbar Interbody Fusion

Carl Lauryssen, MD

Department of Neurological Surgery, Cedars Sinai Medical
Center, Los Angeles, California
Anterior Lumbar Interbody Fusion

Tien V. Le, MD

Department of Neurosurgery and Brain Repair, University
of South Florida, Tampa, Florida
Surgical Anatomy and Biomechanics in the Mid and
Lower Cervical Spine

John Y.K. Lee, MD

Assistant Professor of Neurosurgery. Attending
Neurosurgeon, and Medical Director, Penn Gamma
Knife, Pennsylvania Hospital, University of
Pennsylvania School of Medicine, Philadelphia,
Pennsylvania
Endoscopic Approaches to the Craniovertebral Junction

Jun Ho Lee, MD

Neurosurgeon, Wooridul Spine Hospital, Seoul, Korea
Anterior and Posterior Endoscopic Approaches to the
Cervical Spine

Peter Lee, MD

Department of Neurological Surgery. Northwestern
University Feinberg School of Medicine, Chicago, Illinois
Surgical Anatomy and Operative Techniques of
Lumbar Stenosis

Sang-Ho Lee, MD, PhD

Founder and President, Wooridul Spine Hospital;
President-Elect, International Musculoskeletal Laser
Society (IMLAS) and Founding President of Asian
Academy of Minimally [nvasive Spinal Surgery, Seoul,
Korea -
Percutaneous Endoscopic Diskectomy

William Lee, MD

Resident, Department of Neurosurgery, University of
[llinois College of Medicine, Peoria, Illinois
Surgical Anatomy and Biomechanics of the
Craniovertebral Junction

Ronald Lehman, MD

Department of Orthopaedics and Rehabilitation, Walter
Reed National Military Medical Center,
Division of Orthopaedics, Department of Surgery,
Uniformed Services University of the Health Sciences,
Bethesda, Maryland
Surgical Treatment of Flat Back Deformity

G. Michael Lemole Jr, MD

Division of Neurological Surgery, Department of Surgery,
University of Arizona Health Sciences Center, Tucson,
Arizona
Vascular Lesions of the Spinal Cord

Lawrence G. Lenke, MD

The Jerome J. Gilden Endowed Professor, Orthopaedic
Surgery; Chief, Orthopedic Spine Surgery; Co-Director,
Adult/Pediatric Scoliosis and Reconstructive Spinal
Surgery: Professor, Neurological Surgery,
Washington University School of Medicine, St. Louis,
Missouri
Surgical Treatment of Adolescent Idiopathic Scoliosis:
Lenke Curve Types 1 Through 6

Michael Lim, MD

Assistant Professor of Neurosurgery and Oncology,
Director of the Metastatic Brain Tumor Center, Director
of Brain Tumor Immunotherapy, Johns Hopkins
University School of Medicine, Baltimore, Maryland
Posterior Approaches to the Craniovertebral Junction:
Lateral Transcondylar Approach

John C. Liu, MD

Department of Neurological Surgery, Cedars Sinai Medical
Center, Los Angeles, California
Lateral Lumbar Interbody Fusion

Steven C. Ludwig, MD

Associate Professor of Orthopaedics, Department of
Orthopaedics, University of Maryland, Baltimore,
Maryland
Surgical Management of Sacral Fractures

Hani R. Malone, MD

Resident, Department of Neurosurgery, Columbia
University Medical Center, New York, New York
Thoracic Microdiskectomy: Lateral and Posterolateral
Approaches

Rex A.W. Marco, MD

Associate Professor of Surgery, Chief of Spine Surgery
and Musculoskeletal Oncology, University of Texas
Medical School; Clinical Assistant Professor,
Department of Orthopaedic Surgery, Baylor College of
Medicine; Adjunct Assistant Professor, Department of
Bioengineering, Rice University, Houston, Texas
Anterior Retroperitoneal Approach to the Lumbar
Spine
Surgical Management of Degenerative Lumbar
Scoliosis



Nikolay L. Martirosyan, MD

Division of Neurological Surgery, Department of Surgery,
University of Arizona Health Sciences Center, Tucson,
Arizona
Vascular Lesions of the Spinal Cord

Tobias A. Mattei, MD

Fellow, Department of Neurosurgery, University of Illinois
College of Medicine, Peoria, Illinois
Surgical Anatomy and Biomechanics of the
Craniovertebral Junction

Marcus D. Mazur, MD

Resident, Department of Neurosurgery, University of Utah
School of Medicine, Salt Lake City, Utah
Odontoid Fractures and Screw Fixation

Beck Deal McAllister, MD
Tri-Parish Orthopedic & Neurological Institute, Houma,
Louisiana

Todd McCall, MD

Assistant Professor of Neurosurgery, University of Illinois
College of Medicine, Peoria, Illinois
Surgical Anatomy and Biomechanics of the
Craniovertebral Junction

Ehud Mendel, MD

Department of Neurological Surgery, The James
Comprehensive Cancer Center and The Wexner Medical
Center at the Ohio State University, Columbus, Ohio
Surgical Approaches to Thoracic Primary and
Secondary Tumors

Ahmed Mohyeldin, MD

Department of Neurological Surgery, The James
Comprehensive Cancer Center and The Wexner Medical
Center at the Ohio State University, Columbus, Ohio
Surgical Approaches to Thoracic Primary and
Secondary Tumors

Robert A. Morgan, MD

Assistant Professor of Orthopaedic Surgery, University of
Minnesota; Orthopaedic Surgeon, Regions Hospital, St.
Paul, Minnesota
Surgical Management of Scheuermann Kyphosis

Sergey Neckrysh, MD

Department of Neurosurgery, College of Medicine,
University of Illinois at Chicago, Chicago, Illinois
Vascular Lesions of the Spinal Cord

Alfred T. Ogden, MD

Director, Minimally Invasive Spine Surgery Program, New
York Presbyterian Hospital/Columbia University
Medical Center, New York, New York
Thoracic Microdiskectomy: Lateral and Posterolateral
Approaches

Jae Keun Oh, MD

Spine Center, Department of Neurosurgery, Hallym
University Sacred Heart Hospital, Seoul, Korea
Posterior Cervical Stabilization Techniques: Cervical
Pedicle Screw Fixation, Lateral Mass Screw Fixation,
and Wiring

Ibrahim Omeis, MD

Assistant Professor, Department of Neurosurgery. Baylor
College of Medicine, Houston, Texas
Surgical Decompression and Stabilization for Lumbar
Lesions: Osteomyelitis and Tumors

Jennifer Orning, MD

Resident, Department of Neurosurgery, University of
North Carolina School of Medicine, Chapel Hill, North
Carolina
Surgical Approaches to Lumbar Fractures

Adetokunbo Oyelese, MD, PhD

Assistant Professor, Department of Neurosurgery, Brown
Unversity, Providence, Rhode Island
Surgical Approaches to the Craniovertebral Junction in
Rheumatoid Arthritis

Donato Pacione, MD

Department of Neurosurgery, New York University
Langone Medical Center, New York, New York
Posterior Approaches to the Cervicothoracic Junction:
Transpedicular, Costotransversectomy, Lateral
Extracavitary, and Parascapular Extrapleural
Approaches

Ripu R. Panchal, DO

Assistant Professor, Department of Neurological Surgery,
University of California, Davis Medical Center,
Sacramento, California
Primary Malignant and Benign Tumors of the Spine
Secondary Metastatic Tumnors of the Spine
Surgical Technique for Resection of Intradural Tumors

Paul Park, MD

Assistant Professor, Neurological Surgery, University of
Michigan, Ann Arbor, Michigan
Surgical Decompression and Stabilization Techniques
in Thoracic Trauma

Soo Young Park, MD

President of Medical Affairs, Seoul Chungdam Wooridul
Spine Hospital, Seoul, Korea
Vertebroplasty and Kyphoplasty

Akash J. Patel, MD

Neuro-Spine Program, Division of Pediatric Neurosurgery,
Texas Children’s Hospital; Department of Neurosurgery,
Baylor College of Medicine, Houston, Texas
Surgical Approaches to Craniovertebral Junction
Congenital Malformations, Chiari Malformations, and
Cranial Settling (Invagination)
Anterior Release and Fusion Techniques for Scoliosis



Vikas Patel, MD

Assoclate Professor of Orthopaedic Surgery, University of
Colorado School of Medicine; Chief, Orthopaedic Spine
Surgery, University of Colorado Hospital, Denver,
Colorado
Axial Lumbar Interbody Fusion
Dural Tears

Noel Perin, MD

Professor and Director of Minimally Invasive Spine
Surgery, Department of Neurosurgery, New York
University Langone Medical Center, New York, New
York
Posterior Approaches to the Cervicothoracic Junction:
Transpedicular, Costotransversectomy, Lateral
Extracavitary, and Parascapular Extrapleural
Approaches

Tiffany Grace Perry, MD
Spine Fellowship, Cleveland Clinic, Cleveland, Ohio
Surgical Approaches to Lumbar Fractures

Nicholas Pirnia, MD

General Orthopedic Surgery, Bay Area Bone & Joint
Center, Sacramento, California
Chapter 53

Edwin Ramos, MD

Department of Neurological Surgery, The James
Comprehensive Cancer Center and The Wexner Medical
Center at the Ohio State University, Columbus, Ohio
Surgical Approaches to Thoracic Primary and
Secondary Tumors

Wilson Z. Ray, MD

Department of Neurosurgery, University of Utah, Salt
Lake City, Utah
Ossification of the Posterior Longitudinal Ligament

Shaan M. Raza, MD

Chief Resident, Department of Neurosurgery, Johns
Hopkins Medical Institutions, Baltimore, Maryland
Posterior Approaches to the Craniovertebral Junction:
Lateral Transcondylar Approach

Brandon J. Rebholz, MD
The Orthopedic Institute of Wisconsin, Milwaukee,
Wisconsin

Jay Rhee, MD

Resident, Department of Neurosurgery, Georgetown
University Hospital, Washington, DC
Anterior Cervical Diskectomy and Fusion

Albert L. Rhoton Jr, MD

Professor and Chairman, Department of Neurological
Surgery, University of Florida, Gainesville, Florida
Transoral Approach to the Craniocervical Junction and
Upper Cervical Spine
Approaches to the Craniocervical Junction: Posterior
and Lateral Approaches

Elizabeth S. Robinson, BS

University of Colorado Denver Health Sciences, Denver,
Colorado
Dural Tears

Stephen I. Ryu, MD

Staff Neurosurgeon, Palo Alto Medical Foundation and
Stanford University Medical Center; Consulting
Professor of Electrical Engineering, Stanford University,
Stanford, California
Cervical Corpectomy, Fusion, and Vertebral
Restoration Techniques

Faheem Sandhu, MD

Associate Professor, Department of Neurosurgery,
Georgetown University, Washington, DC
Craniovertebral Junction Instabilities and Surgical
Fixation Techniques

Meic H. Schmidt, MD

Chief, Division of Spine Surgery; Associate Professor of
Neurosurgery; Director, Spinal Oncology Service,
Huntsman Cancer Institute; Director, Neurosurgery
Spine Fellowship, University of Utah, Salt Lake City,
Utah
Odontoid Fractures and Screw Fixation

Jonathan Sellin, MD

Neurosurgical Resident Physician, Baylor College of
Medicine, Houston, Texas
Surgical Anatomy, Approaches, and Biomechanics in
the Lumbosacral Pelvic Junction

Basheer A. Shakir, MD

Resident, Department of Neurosurgery, Georgia Health
Sciences University, Augusta, Georgia
Anterior Cervical Instrumentation Techniques

Jai-Joon Shim, MD, PhD

Associate Professor, Department of Neurosurgery,
Soonchunhyang University Cheonan Hospital,
Chungcheongnam-do, Korea
Surgical Anatomy and Posterior Approach to the
Thoracic and Thoracolumbar Spine
Thoracoabdominal Approach to the Thoracolumbar
Junction
Surgical Decompression and Stabilization for Lumbar
Lesions: Osteomyelitis and Tumors

Amit Sood, MD

Resident, Department of Orthopaedics, University of
Medicine and Dentistry—New Jersey Medical School,
Newark, New Jersey
Bacterial, Fungal, and Tuberculosis Diskitis and
Osteomyelitis of the Cervical, Thoracic, and Lumbar
Spine

Patrick A. Sugrue, MD

Department of Neurological Surgery, Northwestern
University Feinberg School of Medicine, Chicago,
Mllinois
Facet Dislocation Injuries and Surgical Management
Lateral Lumbar Interbody Fusion

Peter Syre, MD

Resident, Department of Neurosurgery, University of
Pennsylvania, Philadelphia, Pennsylvania
Endoscopic Approaches to the Craniovertebral Junction



Gabriel Tender, MD

Associate Professor of Clinical Neurosurgery, Adjunct
Professor, Family Nursing Department at Louisiana
State University School of Medicine, New Orleans,
Louisiana
Surgical Management of Gunshot Wounds to the Spine

Khoi D. Than, MD

Resident, Department of Neurosurgery, University of
Michigan, Ann Arbor, Michigan
Surgical Decompression and Stabilization Techniques
in Thoracic Trauma

Nicholas Theodore, MD

Division of Neurological Surgery, Department of Surgery.
University of Arizona Health Sciences Center, Tucson,
Arizona
Vascular Lesions of the Spinal Cord

Trent L. Tredway, MD

Department of Neurological Surgery and Department of
Orthopaedics and Sports Medicine, University of
Washington, Seattle, Washington
Anterior and Posterior Cervicothoracic Junction
Stabilization Techniques

Juan S. Uribe, MD

Department of Neurosurgery and Brain Repair, University
of South Florida, Tampa, Florida
Surgical Anatomy and Biomechanics in the Mid and
Lower Cervical Spine

Juan M. Valdivia-Valdivia, MD

Clinical Lecturer, Neurological Surgery, Department of
Neurosurgery, University of Michigan, Ann Arbor,
Michigan
Surgical Decompression and Stabilization Techniques
in Thoracic Trauma

Steven Viljoen, MD

Department of Neurosurgery, University of [owa, [owa
City, lowa
Surgical Stabilization Techniques for Thoracolumbar
Fractures

Michael J. Vives, MD

Associate Professor, Department of Orthopaedics,
University of Medicine and Dentistry—New Jersey
Medical School, Newark, New Jersey
Bacterial, Fungal, and Tuberculosis Diskitis and
Osteomyelitis of the Cervical, Thoracic, and Lumbar
Spine

Jean-Marc Voyadzis, MD

Assistant Professor, Department of Neurosurgery, Medical
Director, CMH Neurosurgery Program, Georgetown
University Hospital, Washington, DC
Anterior Cervical Diskectomy and Fusion

Jeff Wang, MD

University of California—Los Angeles, Los Angeles,
California
Surgical Approaches to Cervical Kyphosis and
Deformity

Michael Y. Wang, MD

Associate Professor, Departments of Neurological Surgery
& Rehabilitation Medicine, University of Miami Miller
School of Medicine, Miami. Florida
Anterior Lumbar Interbody Fusion

Taylor Wilson, BS

New York University Langone Medical Center, New York,
New York
Posterior Approaches to the Cervicothoracic Junction:
Transpedicular, Costotransversectomy, Lateral
Extracavitary, and Parascapular Extrapleural
Approaches

M. Neil Woodall, MD

Resident, Department of Neurosurgery, Georgia Health
Sciences University, Augusta, Georgia
Anterior Cervical Instrumentation Techniques

Robert J. Woodruff, MD

Physician, Black Hills Orthopedic and Spine Center, Rapid
City, South Dakota
Surgical Management of Degenerative Lumbar
Scoliosis

Albert P. Wong, MD

Department of Neurological Surgery. Northwestern
University Feinberg School of Medicine, Chicago, Illinois
Surgical Anatomy and Operative Techniques of
Lumbar Stenosis

Kirkham B. Wood, MD
Regions Hospital, St. Paul, Minnesota

Isaac Yang, MD

Department of Neurosurgery. David Gelfen School of
Medicine, University of California—Los Angeles. Los
Angeles, California
Transmaxillary and Transmandibular Approaches to
the Clivus and Upper Cervical Spine

Seong Yi, MD, PhD

Assistant Professor, Department of Neurosurgery, Yonsei
University College of Medicine, Seoul, Korea
Cervical Disk Arthroplasty Techniques

Do Heum Yoon, MD, PhD

Professor, Chief of Spinal Neurosurgery Section,
Department of Neurosurgery, Yonsei University College
of Medicine, Seoul, Korea
Cervical Disk Arthroplasty Techniques
Posterior Cervical Stabilization Techniques: Cervical
Pedicle Screw Fixation, Lateral Mass Screw Fixation,
and Wiring

Usman Zahir, MD

Spine Fellow, Department of Orthopaedics, University of
Maryland, Baltimore, Maryland
Surgical Management of Sacral Fractures



l

][12

Bl

FAE SN FE A N2 DA ff ) F R B2 TG 9 AT TR RO FE 21 A, BEE HTRL A E
E M IR T AR A RE, MR & BB K 2, SRR RE FARBA T L%,
T I — U BRI R 8, VR 2 A SR B T % [R) 38 1] A e 8 R Ok 3 G A W b 8%
wbE . A, FARBTEE MM EEBOR R BB, SR AR O TR 2 1
RIS, AAESMRLER X TR R FARA RS, $OR B PLSRAR A8 15 0k od

BT EIEHAR, FHMAISAM A K, BOREBUNY Y] O RSN T H RETE S /MY FLBR
A FRAGULEF AHRAE. BT ARERERATE RIS, XLEBORG AR SMEHBE IR th B ki, X
WA AEEBUEAR T, WHIES A EEEARS,

X ] 5 5 B AN R IE WS TR B i) A L AR P9 B E AN SR TR A AR AT R
& B HOREI A, T8 T R AU IR

FEMENFAE SN R AT T AR 2 R A IR I, AP i B0 T AL SR A X s 8, B35 e 4N
WA SRR E, oh, FATEMEB T 580 B A BB AR A, AR I 265 8 X5 30 By
BRI, &a, ABLHe T KWBRRA, MEEXTEE%,

T T2 TR T B DAY 2] R 2 B AR R B B AR, 5 A A B U 0 20 48 R X A T F AR e R ) i A
JREE, UL, WA EESXX L EENAENGR, IR BRI At — N 0 7 SRR B X 2
Hil S B i ) H 20 52 2% B MR,

Max C. Lee, MD

Il PR BT

W R R o DA 22 A1 )
Writgg, InFtE 2




H X

SE—ERSr  UHESSH XM LR

F1E FHEXRRAIMEBIRENNZE 2

e PR FR B REGEE cvvvvevvevneneinnae 2
. PR B DB SR e 4
= A LR HIAE ) T2 e e 15
T U U —— 16
¥2F AR ETIHNZO

— | ¢

o BB suwoes sucamerasnason s s sussines wonves 17

T AR AT A KM B A e %1
= SBRPFAE veeweeverens sossme asnovemsossnaes somions 22
U0, AERFEEELIE sovses sowves ssmoninnanonsios svmass 22
5 Sl ot 1o rms AT 55 As g S 22
754 - 30
%3 ZEMBMETHABNBELE
ST BT oorovomesnsmssainsncnios 31
| A 1] R TR T LTI TR TP ISP PPIROPPRIS 31
el 1y 3= R — 32
= T ———— 35
IR : - 38
48 FAXRRMELHE- RS
39
—. OIS AR (RIS ARE) - 39
T MU S AR e ere e 44
= I v e e T YT SR 47

$5E MHmRRXHBEMNEFSMY

AR e reemninisi e 48
e SIS e 48
T M A e 5]
=AM JS AR v vee e 52
PO, TEIMI A - vveeememmneememnnnenenans 52
ﬂ‘ B?é’ ....................................... 54
FOE FFIRIEMA AR ENE.
M F5RBRNGE oo evvveensnreninnnaninnans 56
e R AT e e 56
T TERTAIE e e e 58
=L HIXERRIE . 58
DO . ARBIBE oeveevererermremsrmneiniinan 58
T, FARBEAR 58
AL RGBT e 61
b FERRE e 61
B7TE FMIRMAEET . 62
e OB ZE e 62
T FEREAR s . 65
L FERE e e e 70
PU . G eee e ereerrrmmsmnemsnneremne e 71

¥ 8E LEXMMHXR XM . Chiari B

AE T (FEN) BFRNEE- 72
— ﬁﬁﬁiﬁ,g%%ﬁﬁ%ﬂ ..................




i BEIRHEESSFRET

T PRJEEBBAGE cooeveeevsensessrensrnnrenson s 72 B 3 = 3 106
EIFE ERUEXTERMAMIIXTFA oy SRR W 106
Fo ik cerceevesenessennerinssanninesnisnenes 79 I . AT R covsns snnsnn o nissains susions vpsenssns 110
— . BETETRAE voer o covoosnunruoons snvnns susass 81 T BERFEAS coveervremencnarvan et s srenen s 111
= GENUEFIARREBERRUE oo e eeeeeees 85 B BB e eeren s T S—— 11
= FARFHEE e 85 F 12T C1—C2HRGEIERHIT «wroererrea112
PO ARISHRTR «veomowe s wovanssuomonitan sosisd mann 92 — . EHHSEREE TG e 112
h, HRAE - 92 =, C1—C2 Ml HeE 5 e R 5T [ 8 - 112
pa il |4 R 93 =. Cl—C2 M HE S HRETREE - 113
¥£10E SHEEEARIIMBEIERA - 94 O, FERRBELR ISR oo vvevmrmesvommesens 114
—s PR o 5 om0 95 T BT B GE - oevvmveeeremmmeeenes 115
T TEBIAIE er cveeee e vensveamaes s s srsinns 97 75. Halifax JEEE  cooooevereornnermromsaninns 116
= . BRI cmnsemsas s s 97 . BRI LR ooveervevereermrennnnn 116
B, ARIGHNTH oroenemmsmmmaneninssnsonins vas e 102 I\, FiHEG A EEB S ARNENVIE- - 118
T FHBGE e rrnrenniesennnniniinnens neens 103 . B FERIGIT L HHEAUG S AR - 118
ENME HRREBIFSEZTEE - 105 o BREE s e suscssn s catisn swguR T 119
— IEF_‘ZTIE ....................................... 106

BBy b oM M

£ 1B3E TIMIEMBRZENENNZ - 122 F15F NETHTHABREETILE

P M:%%ﬁg%ﬂ .................................... 122 E* (JhO ii}%‘) sersesareaseens 143
T B e 123 . TR B B [A] FLIRRE AR B T ARIEHE
S BB IMLAFLER - e e e s e e 126 OIE e I T p— 144
B, P s resmrsmersonmmmnssnenbnnamstssnnnsunsns 129 = PRTEFIER o omsinsvamssosammmnsees 144
i TR — 129 = R i einm e o 146
. BEIERILBT L v «oevnrome wavmen snesumens 130 T, IR s mms comons ssrshwesnibians sonswmnvs 154
143 FIREESYIBREERS - 134 B PR B oruw 55w coomentii s 50003 545 155
s SR o owm s s arsgans B T 134 iR 1 ot ST —— 155
= T —— 134 E£16= FHWITBHEBHUASELR - 157
S BRI e e om0 i 135 — PR BRI v v voveresssnsar ey ves 157
PO, ARISHET <wssessonsninuninn ssi sesoiivsiionsis 142 T BAEFIAAREEE R AE e veerereermveneeen 158

T, HREE eeeererrremrernrin 142 = O FAREMERIE R e 158



£

| |

1]

.,
i,

| 1

|1l

M H

= >l‘

ES

| 1

& > HOE

&

M B

= 3P
M

TE DHEMEETIR. RS RHER

1k BT ———

RTNEEE T oo
B ATS 1 = g TRE———

#Zv—‘;ﬁ .................................

« BUME N AR () 53 B T AE SRS
 RBIBAREETRA ---eveevmromenrosasn s
L |1 T TPEPPRIERp—————

FRBEIRE evvrrreernennereenennnns

A THENR] B B H AAEAM A R
]

F 208 FHERRBEMERVIFRER

||

[1]

FES swsvevinis enini et

166
166
167
169
185

......

9ZE FHEEBEHREAR ooreereeeees
R EAIEE R e

187
187
187
188
188
188
191

192

[

93

193
194
194
194
198

199

201
201
201
202

Y
1.

N. B

FANE

[

1]

M E

N

£

2E

T DUERBBATRESE e ee e en e

FBE

|

|l

*oHE

|l

> o E

&
513

. MERRUE AR 263
L T ————
T PP AL voces »<omann s sowmes swvne

FHEMEAR R TE R +ovver e vovenene

FHERBEIERAR. THSR
BRETEIRE, MRIBETEIRE, ML

@E cecssessssesssssencrscassnnsnnane

INEB IR S F ARG -

BRI e
LBy e

...................................

L BET IR e
L FART BB FNGER oo

--------------------------------------



iv BN SFRED

F=Ea Sl Bl HE

F25F FMERRMHENFRESM

. T RFEG e ere e s 248
T IS i e 253
F260FE FHITHRXOAERK e 254
| P T T PR PP PR PP 254
= FERER e et s s 255

F22NE FMTRXMOBIMING. ZH

SIRAK. MERTIBRNE.

5 KB sh B RRSS RERR PN BE -+ 260
e BT e 260
T T ARARE e 264
SOBEE 273
£ 28E RERTIMIZKEFRANE - 274
R BE P ZE ooeoneeresrsmunnnnssnansinnnsvas 274
| R 275
= BRI e 275
M, FAREAR :275
. ARIGHEH ooeeevvrnreiininiiie e 279
. VTN BHE A BRI e 279
. MIREHESS AT AR SET 279
I\ FERRE v reevrere s 279
Flo ML s s 280
£ 29F HIBKMEBIAMEIRERLR - 281
e T ARFBE e 281
T ARABE e 281
L T T m— 282
. FAREA 1282
H. FIEEIS T ERAL veerrmreeorennnes 285
A B - JEHEB AL oo 288
+ . G- - JEEEE AR e 288

R, JEE wnnvsmsnss swsssmnnesness sssuvessmmonsy IR8
£ 30F SMUELEIMU G HEE Z R

BRI oeveesosarsonunrnnnnsessassnones 280
— . BB ERAING R vevververrererreransane 289
= QESIBOERIE . oo e e 289
=L OBBEERGE 200
DU . JBREGE +vveneenveneeneenvunermmmmnan vovess s 290
T RS B csosss s summas s susiomas sssiuns vos 203
P QT AL s vemrane smmmas s mann s smsins e 293
A EARE cvaerons vencensusnirreinne sy sns 297
P =7 299
Fho FEBEE oo eeremrsrrsorvessvsmesinvsnansue 299
+. BE *300
FINE MENBERREBATEAR - 301
e ESAS A B sonmsnar ssawss conivii samssaseuss 301
. BB - eee e e sesersanannnenas 308
£ 32F WEHNFARERENEE

FER ooovneen 317
s (RIS TN 5.0 oo e d R e 317
= . ERIEFBEREE o csowen s swvsissnossamas oo 318
S R R R s o S R H T 318
$3IBVE RAMMBR MR

FEREIR soreerrensesennsssorsarses 323

BB RN R R %
. IR -« -vvvevsvoevons sonns cos 324
| WRETFRAIFARAG U oo

|

1]

P, SNBHFARBIRBE R oo 325
T, FEHRRIE cvesrnremsssenammerrarsapinnssorsssn 336
7. BHETFRAJE <sowvssvenssonsinsnsnervis sis 326
e R i v v sy b ST 332



SEIUERSY Nl Be A HE

£ 3ME HREEREENIFERF

BB FERNEE -oververcoeasccnee 334
I BRI B wvwns wmswe s swmav sy womien s swwom s o 334
el = A L rm— 335
= AR B I LEM e veeeereen e e 337
DO, ARSI A vovons s swmosmne seames sewsssses 338
T BRI AT AR e eemererreeeeee e, 341
7. BRI ARE - vereee oo 341
. AHEREEHRIE B 343
A BB BRI ST A - 346
Ju. —HESMI A SR AR HEDIRR
L0y ) - 349
¥ 35F RRERRAIMBERS NE oo 354

o BB B HIAR oo 354
. BEEECRORT AR (MIRRSS 10 BhA9S

BRERRILARE ) wevveeerormneeeennnerenens 358

=, WEBRLME - EEEAR (28
RIILY 5o vmvme »somne one simsa s nusisns o pwvwmmns 362

., UIBREE 11 flR B i A i
}\Eg .......................................... 363

T, MEIMEVIT LB (Mini-
TTA) cvvvrveeeenensnnenenannannieiee e e, 367
£ 36F MEHSFHIHERZRLK - 376
— . BRI e e s 376
ol T peey— 277
£ E BEWAMAERBNE e 386
e BB e rreseres s evsere s evvmsan yevsens 386
I T Tpep————— 389
S BERE e eeeee e e s e 389
PO, SRR s svsws eas sossn s naviens s 53 sasse » sxions 389
Fi . R cvererrer e enn et e e 390

T I oo some  vusone s v omna s owwien s o s vu 390
B AU BRI o ¢ ssimnn s s ¢ s 0w sasins s 393
Iy PEEFEBRE - oveevos vromsssomens osvunnas so 393

£38% EHEMFEIMINE - 394

-] (R 394
1 AL LT p——— 396
= AR s semne s e s s snama s s ss £ gwma s e 397
PO . SERFEAR e vevernnssvonmiarisvnenonaenans 398
T, FEEIO e - 400
B FEBRE covewr s owvernes suainsssmnnaes vonuen s 401
t. B4 -401

FI9F EHEFHFRNE o 402

= IR e ans s n e s o e s s o 402
= BRI RAE TR e e e e een enneenann 402
DG, BRI ==+ sveios  swwmos v eusise » s s 404
E R o1 Y DO ——— 404
e R BN v vewms s usenss s e s wmnn 5 405
. ARG BRI ERARE v e e 405
PR 7 - O — 407
Bt O o crvoens s smusns s sww nas ome s s woen wes 408
e FSFIREE v erererrre e 408
Jrm BRI vumenins vosens s sumosmns wsusas s vomay s 408

F40E EWIHWER. MERIREM

ERE weoveesesonsssonvonssannons saenes 409
e RBITER v eevennns . 409
(il — 1= o) RSP —— 410
= BT AR cwiess eveine e saaon s sumune e vy sanns 411
DU . HEAREE AT AR - oveevrrevmeenereeeenens 413
P —— 413
oo FEIREE vvr vonrns s nmroins t ions s 46 in iss 414

Vv



