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Notice

Medicine is an ever-changing science. As new research and clinical experi-
ence broaden our knowledge, changes in treatment and drug therapy are 
required. Te authors and the publisher of this work have checked with 
sources believed to be reliable in their eforts to provide information that is 
complete and generally in accord with the standards accepted at the time of 
publication. However, in view of the possibility of human error or changes in 
medical sciences, neither the authors nor the publisher nor any other party 
who has been involved in the preparation or publication of this work war-
rants that the information contained herein is in every respect accurate or 
complete, and they disclaim all responsibility for any errors or omissions or 
for the results obtained from use of the information contained in this work. 
Readers are encouraged to confrm the information contained herein with 
other sources. For example and in particular, readers are advised to check the 
product information sheet included in the package of each drug they plan to 
administer to be certain that the information contained in this work is accu-
rate and that changes have not been made in the recommended dose or in the 
contraindications for administration. Tis recommendation is of particular 
importance in connection with new or infrequently used drugs.

00_Moore FM_pi-xxiv.indd   2 06/02/17   4:58 PM



TRAUMA

Eighth Edition

New York    Chicago    San Francisco    Athens    London    Madrid    Mexico City 
Milan    New Delhi    Singapore    Sydney    Toronto

Ernest E. Moore, MD
Distinguished Professor and Vice Chairman of Research  

Department of Surgery 
 University of Colorado Denver

Chief of Trauma  
Denver Health Medical Center  

Editor 
Journal of Trauma and Acute Care Surgery

Denver, Colorado

David V. Feliciano, MD
Battersby Professor and Chief

Division of General Surgery, Department of Surgery
Indiana University School of Medicine

Chief of Surgery
Indiana University Hospital

Indianapolis, Indiana
Adjunct Professor of Surgery

Uniformed Services University of the Health Sciences
Bethesda, Maryland

Kenneth L. Mattox, MD
Distinguished Service Professor

Baylor College of Medicine
Michael E. DeBakey Department of Surgery

Chief of Staf
Chief of Surgery

Ben Taub General Hospital
Houston, Texas

Editors

Video Editors:  Demetrios Demetriades and Kenji Inaba, University of Southern California

00_Moore FM_pi-xxiv.indd   3 06/02/17   4:59 PM



Copyright © 2017 by McGraw-Hill Education. All rights reserved. Except as permitted under the United States Copyright Act of 
1976, no part of this publication may be reproduced or distributed in any form or by any means, or stored in a database or retrieval 
system, without the prior written permission of the publisher.

ISBN: 978-1-26-012860-4
MHID:       1-26-012860-1

The material in this eBook also appears in the print version of this title: ISBN: 978-0-07-184729-2,
MHID: 0-07-184729-4.

eBook conversion by codeMantra
Version 1.0

All trademarks are trademarks of their respective owners. Rather than put a trademark symbol after every occurrence of a trade-
marked name, we use names in an editorial fashion only, and to the benefit of the trademark owner, with no intention of infringe-
ment of the trademark. Where such designations appear in this book, they have been printed with initial caps.

McGraw-Hill Education eBooks are available at special quantity discounts to use as premiums and sales promotions or for use in 
corporate training programs. To contact a representative, please visit the Contact Us page at www.mhprofessional.com.

TERMS OF USE

This is a copyrighted work and McGraw-Hill Education and its licensors reserve all rights in and to the work. Use of this work 
is subject to these terms. Except as permitted under the Copyright Act of 1976 and the right to store and retrieve one copy of the 
work, you may not decompile, disassemble, reverse engineer, reproduce, modify, create derivative works based upon, transmit, 
distribute, disseminate, sell, publish or sublicense the work or any part of it without McGraw-Hill Education’s prior consent. You 
may use the work for your own noncommercial and personal use; any other use of the work is strictly prohibited. Your right to use 
the work may be terminated if you fail to comply with these terms.

THE WORK IS PROVIDED “AS IS.” McGRAW-HILL EDUCATION AND ITS LICENSORS MAKE NO GUARANTEES 
OR WARRANTIES AS TO THE ACCURACY, ADEQUACY OR COMPLETENESS OF OR RESULTS TO BE OBTAINED 
FROM USING THE WORK, INCLUDING ANY INFORMATION THAT CAN BE ACCESSED THROUGH THE WORK VIA 
HYPERLINK OR OTHERWISE, AND  EXPRESSLY DISCLAIM ANY WARRANTY, EXPRESS OR IMPLIED, INCLUD-
ING BUT NOT LIMITED TO IMPLIED WARRANTIES OF MERCHANTABILITY OR FITNESS FOR A PARTICULAR 
PURPOSE. McGraw-Hill Education and its licensors do not warrant or guarantee that the functions contained in the work will 
meet your requirements or that its operation will be uninterrupted or error free. Neither McGraw-Hill Education nor its licensors 
shall be liable to you or anyone else for any inaccuracy, error or omission, regardless of cause, in the work or for any damages 
resulting therefrom. McGraw-Hill Education has no responsibility for the content of any information accessed through the work. 
Under no circumstances shall McGraw-Hill Education and/or its licensors be liable for any indirect, incidental, special, punitive, 
consequential or similar damages that result from the use of or inability to use the work, even if any of them has been advised of 
the possibility of such damages. This limitation of liability shall apply to any claim or cause whatsoever whether such claim or 
cause arises in contract, tort or otherwise.



To obtain material from the disk that  
accompanies the printed version of  

this eBook, please click here.



Te editors of Trauma, Eighth Edition, gratefully dedicate this edition to our fve unique “families”:  
our personal families: Sarah V. Moore, MD, Hunter B. Moore, MD, and Peter K. Moore, MD (EEM); 

Grace S. Rozycki, MD, MBA, David J. Feliciano, Douglas D. Feliciano, JD (DVF);  
June Mattox, Kimberly, Dan, Charles, Alex, and Kelsey Toth (KLM);  

our trainees, who now dot the globe—our lasting legacy;   
our medical schools and academic anchors; our organizations and associations;  

our patients, who continue to teach us so much; and our administrative assistants:  
Jo Fields (EEM), Karen Lynn and Victoria Dodge (DVF), and Mary Allen (KLM).

00_Moore FM_pi-xxiv.indd   5 06/02/17   4:59 PM



00_Moore FM_pi-xxiv.indd   6 06/02/17   4:59 PM

This page intentionally left blank 



CONTENTS

DVD Table of Contents  xi
Contributors  xiii
Preface  xxiii

TRAUMA OVERVIEW  1

1. Kinematics  3
Alan B. Marr / Lance E. Stuke / Patrick Greiffenstein

2. Epidemiology  21
Karen J. Brasel

3. Injury Prevention  35
Rochelle A. Dicker / Catherine J. Juillard

4. Trauma Systems, Triage, and Transport  49
David J. Ciesla / Andrew J. Kerwin / Joseph J. Tepas III

5. Injury Severity Scoring and Outcomes 
Research  71
Howard Champion / Lynne Moore / Ross Vickers

6. Acute Care Surgery  97
Anthony J. Lewis / Matthew R. Rosengart /  
Andrew B. Peitzman

GENERALIZED APPROACHES TO 
THE TRAUMATIZED PATIENT  103

7. Prehospital Care  105
Daniel G. Hankins / Donald H. Jenkins / Scott P. Zietlow

8. Disaster and Mass Casualty  129
Susan M. Briggs

9. Rural Trauma  137
R. Lawrence Reed II / David R. Boyd

I

II

10. Initial Assessment  155
Adam D. Fox / David H. Livingston

11. Airway Management  165
James M. Kempema / Carlos V.R. Brown

12. Management of Shock  189
Callie M. Thompson / Ronald V. Maier

13. Trauma-Induced Coagulopathy  215
Hunter B. Moore / Eduardo Gonzalez /  
Ernest E. Moore

14. Emergency Department Thoracotomy  241
Clay Cothren Burlew / Ernest E. Moore

15. Diagnostic and Interventional  
Radiology  257
Scott D. Steenburg

16. Surgeon-Performed Ultrasound in Acute Care 
Surgery  321
Kazuhide Matsushima / Damon Clark / Heidi L. Frankel

17. Principles of Anesthesia and Pain 
Management  343
Dirk Younker

18. Infections  351
Michaela A. West / Michael W. Cripps

MANAGEMENT OF SPECIFIC 
INJURIES  379

19. Traumatic Brain Injury  381
Alex B. Valadka

20. Eye  401
Petros E. Carvounis / Yvonne I. Chu

III

 vii

00_Moore FM_pi-xxiv.indd   7 06/02/17   4:59 PM



viii	 Contents

21. Face  419
Robert M. Kellman

22. Neck  437
Gary A. Vercruysse / David V. Feliciano

23. Spinal Injuries  455
Philip F. Stahel / Todd VanderHeiden

24. Trauma Thoracotomy: General Principles and 
Techniques  473
Peter I. Tsai / Matthew J. Wall, Jr. / Kenneth L. Mattox

25. Lung, Trachea, and Esophagus  479
Joseph A. DuBose / James V. O’Connor /  
Thomas M. Scalea

26. Heart and Thoracic Vascular Injuries  493
Matthew J. Wall Jr. / Peter I. Tsai / Kenneth L. Mattox

27. Trauma Laparotomy: Principles and 
Techniques  523
Jennifer Salotto / Gregory J. Jurkovich

28. Diaphragm  539
Kevin M. Schuster / Kimberly A. Davis

29. Liver and Biliary Tract  551
Brandon R. Bruns / Rosemary A. Kozar

30. Spleen  575
Brian H. Williams / Joseph P. Minei

31. Stomach and Small Bowel  597
Gary A. Vercruysse  / Peter Rhee

32. Duodenum and Pancreas  621
Walter L. Biff

33. Colon and Rectal Trauma  639
Demetrios Demetriades / Elizabeth Benjamin /  
Kenji Inaba

34. Abdominal Vascular Injury  651
Juan A. Asensio / David V. Feliciano

35. Pelvis  677
George C. Velmahos

36. Genitourinary Trauma  693
Fernando J. Kim / Rodrigo Donalisio da Silva

37. Trauma in Pregnancy  731
David E. Leshikar / Edgardo Salcedo /  
Christine S. Cocanour

38. Trauma Damage Control  741
Jamie J. Coleman / Brian L. Brewer / David V. Feliciano

39. Upper Extremity  765
Nata Parnes / Paul A. Carey / Meir Marmor

40. Lower Extremity  803
John R. Dawson / Ashraf El Naga / Omar Atassi

41. Peripheral Vascular Injury  837
Steven R. Shackford / Michael J. Sise

SPECIFIC CHALLENGES IN 
TRAUMA  857

42. Alcohol and Drugs  859
Alison Wilson / Patrick Marshalek

43. The Pediatric Patient  865
Denis Bensard / David Wesson

44. The Geriatric Patient  897
Jay A. Yelon

45. Ethics of Acute Care Surgery  911
Laurence B. McCullough

46. Social Violence  915
Pearl K. Ma / James W. Davis

47. Wounds, Bites, and Stings  923
Daithi S. Heffernan / Charles A. Adams /  
William G. Cioff

48. Burns and Radiation  945
Jong O. Lee / Paul Wurzer / David N. Herndon

49. Temperature-Related Syndromes: 
Hyperthermia, Hypothermia, and  
Frostbite  963
Greg J. Beilman / Sydne Muratore

50. Organ Donation from Trauma  
Patients  973
Chandrashekhar A. Kubal / Joseph A. Tector

51. Rehabilitation  981
Paul F. Pasquina / Caitlin L. McAuliffe / Kevin F. Fitzpatrick /  
Brad M. Isaacson

52. Modern Combat Casualty Care  999
Jamison Nielsen / Philbert Van / Martin Schreiber

IV

00_Moore FM_pi-xxiv.indd   8 06/02/17   4:59 PM



	 Contents	 ix

53. Genomics and Acute Care Surgery  1019
Callie M. Thompson / Grant E. O’Keefe

54. Trauma, Medicine, and the Law  1025
Kenneth L. Mattox / Stacey Mitchell

MANAGEMENT OF 
COMPLICATIONS AFTER 
TRAUMA  1033

55. Principles of Critical Care  1035
Raul Coimbra / Jay Doucet / Leslie Kobayashi

56. Cardiovascular Failure  1063
Anthony J. Baldea / Joseph A. Posluszny Jr. /  
Fred A. Luchette

57. Respiratory Insuffciency  1079
Ihab Halaweish / Matthew J. Delano /  
Hasan B. Alam

58. Gastrointestinal Failure  1099
Martin D. Rosenthal / Rosemary A. Kozar /  
Frederick A. Moore

59. Renal Failure  1111
Charles E. Lucas / Anna M. Ledgerwood

V

60. Nutritional Support and Electrolyte 
Management  1127
Robert D. Becher / Juan Carlos Puyana

61. Post-Injury Infammation and Organ 
Dysfunction  1163
Angela Sauaia / Frederick A. Moore / Ernest E. Moore

62. Coding and Billing  1187
R. Lawrence Reed

63. Critical Appraisal of Trauma Research  1195
Angela Sauaia / Ernest E. Moore

ATLAS OF TRAUMA  1219

Introduction to the Atlas  1221

Head and Neck  1222

Chest and Thoracic Outlet  1231

Abdomen and Pelvis  1253

Extremity Vascular  1274

Index 	 1287

VI

00_Moore FM_pi-xxiv.indd   9 06/02/17   4:59 PM



00_Moore FM_pi-xxiv.indd   10 06/02/17   4:59 PM

This page intentionally left blank 



DVD TABLE OF CONTENTS

1. Cricothyroidotomy
Stefan Leichtle / Edward Kwon /  
Demetrios Demetriades

2. Resuscitative Thoracotomy
Lydia Lam / David Duval / Edward Kwon /  
Demetrios Demetriades

3. Intracranial Pressure Monitor Insertion
Peter Gruen / Edward Kwon / Demetrios Demetriades

4. Trachea and Larynx
Brian Gavitt / Elizabeth Benjamin / Edward Kwon /
Demetrios Demetriades

5. Cervical Esophagus
Brian Gavitt / Elizabeth Benjamin / Edward Kwon / 
Demetrios Demetriades

6. Sternotomy and Cardiac Repair
Greg Magee / Brian Gavitt / Edward Kwon /  
Demetrios Demetriades

7 Mediastinal  Vessels
Greg Magee / Edward Kwon / Demetrios Demetriades

8. Carotid  Artery
Greg Magee / Edward  Kwon / Demetrios Demetriades

9. Subclavian Vessels
Jennifer Smith / Demetrios Demetriades

10. Axillary Vessels
Emily Joos / Demetrios Demetriades

11. Brachial Artery
Aaron Strumwasser / Elizabeth Benjamin /  
Edward  Kwon / Demetrios Demetriades

12. Iliac Vessels
Greg Magee / David Rosen / Edward Kwon / 
Demetrios Demetriades

13. Femoral Vessels
Eric Bui / Damon Clark / Demetrios Demetriades

14. Lung
Kim Syres / Lydia Lam / Edward Kwon /  
Demetrios Demetriades

15. Spleen
Kazu Matsushima / Edward  Kwon /  
Demetrios Demetriades

16. Duodenum
Edward Kwon / Greg Magee / Demetrios Demetriades

17. Inferior Vena Cava
Edward Kwon / Greg Magee / Kenji Inaba /  
Demetrios Demetriades

18. Thigh Fasciotomy
Edward Kwon / Greg  Magee / Elizabeth  Benjamin /  
Demetrios Demetriades

19. Leg Fasciotomy
Stefan Leichtle / Lydia Lam / Edward Kwon /  
Demetrios Demetriades

20. Upper Extremity Fasciotomy
Stephanie Sea / Eric Bui / Chrissy Guidry /  
Edward Kwon / Demetrios Demetriades

21. Preperitoneal Pelvic Packing for Acute 
Hemorrhage Control
Ernest E. Moore / Clay Cothren Burlew /  
Fredric Pieracci / Philip F. Stahel

 xi

Anatomic Exposures in Trauma
Demetrios Demetriades and Kenji Inaba, editors

00_Moore FM_pi-xxiv.indd   11 06/02/17   4:59 PM



00_Moore FM_pi-xxiv.indd   12 06/02/17   4:59 PM

This page intentionally left blank 



 xiii

CONTRIBUTORS

Charles A. Adams, Jr., MD
Assistant Professor of Surgery 
Alpert Medical School of Brown University
Chief 
Division of Trauma and Surgical Critical Care 
Department of Surgery 
Rhode Island Hospital 
Providence, Rhode Island
Chapter 47: Wounds, Bites, and Stings

Hasan B. Alam, MD
Norman Tompson Professor of Surgery
Section Head of General Surgery
University of Michigan Health Systems
Ann Arbor, Michigan 
Chapter 57: Respiratory Insufciency

Juan A. Asensio, MD
Chief of Trauma Surgery and Critical Care
Westchester Medical Center
Westchester, New York
Chapter 34: Abdominal Vascular Injury

Omar Atassi, MD
Orthopedic Surgery
Baylor College of Medicine
Houston, Texas 
Chapter 40: Lower Extremity

Anthony J. Baldea, MD
Assistant Professor
Interim Medical Director, Burns
Loyola University Medical Center
Loyola University
Maywood, Illinois  
Chapter 56: Cardiovascular Failure

Robert D. Becher, MD
Howard H. Bradshaw Surgical Research Fellow 
Department of General Surgery 
Wake Forest University School of Medicine 
Winston-Salem, North Carolina 
Chapter 60: Nutritional Support and Electrolyte Management

Greg J. Beilman, MD
Professor
Department of Surgery
University of Minnesota
Minneapolis, Minnesota
Chapter 49: Temperature-Related Syndromes: Hyperthermia, 
  Hypothermia, and Frostbite

Elizabeth Benjamin, MD, PhD
Assistant Professor
Division of Acute Care Surgery
Keck School of Medicine of USC 
University of Southern California 
Los Angeles, California
Chapter 33: Colon and Rectal Trauma
DVD

Denis Bensard, MD
Professor of Surgery
University of Colorado
Denver, Colorado  
Chapter 43: Te Pediatric Patient

Walter L. Biff, MD
Medical Director, Acute Care Surgery
Te Queen’s Medical Center
Professor of Surgery and Associate Chair for Research
University of Hawaii-Manoa
Honolulu, Hawaii 
Chapter 32: Duodenum and Pancreas

David R. Boyd, MDCM, EMT-B (hon.)
New Market, Maryland
Chapter 9: Rural Trauma

Karen J. Brasel, MD, MPH
Professor and Program Director
Oregon Health and Science University
Portland, Oregon  
Chapter 2: Epidemiology

00_Moore FM_pi-xxiv.indd   13 06/02/17   4:59 PM



xiv	 Contributors

Brian L. Brewer, MD
Assistant Professor of Surgery
Indiana University
Bloomington, Indiana 
Chapter 38: Trauma Damage Control

Susan M. Briggs, MD
Associate Professor of Surgery
Harvard Medical School
Boston, Massachusetts 
Chapter 8: Disaster and Mass Casualty

Carlos V.R. Brown, MD
Associate Professor of Surgery 
Chief, Division of Acute Care Surgery 
Dell Medical School 
University of Texas at Austin 
Austin, Texas 
Chapter 11: Airway Management 

Brandon R. Bruns, MD
Associate Professor-Surgery
University of Maryland School of Medicine
Baltimore, Maryland 
Chapter 29: Liver and Biliary Tract

Eric Bui, MD
Trauma Fellow
Division of Acute Care Surgery
University of Southern California
Los Angeles, California
DVD

Clay Cothren Burlew, MD
Professor of Surgery 
Director, Surgical Intensive Care Unit 
Program Director, SCC and TACS Fellowships
Denver Health Medical Center
University of Colorado 
Denver, Colorado
Chapter 14: Emergency Department Thoracotomy

Paul A. Carey, MD
Guthrie Medical Group
Fort Drum, New York 
Chapter 39: Upper Extremity

Petros E. Carvounis, MD
Assistant Professor
Cullen Eye Institute 
Baylor College of Medicine 
Houston, Texas 
Chapter 20: Eye

Howard Champion, FRCS
Professor of Surgery
Uniformed Services University of the Health Sciences 
CEO and Founder
SimQuest 
Annapolis, Maryland 
Chapter 5: Injury Severity Scoring and Outcomes Research

Yvonne I. Chu, MD
Assistant Professor 
Cullen Eye Institute
Baylor College of Medicine
Chief of Ophthalmology 
Ben Taub General Hospital 
Houston, Texas 
Chapter 20: Eye

David J. Ciesla, MD
Professor
Department of Surgery
University of South Florida College of Medicine
Tampa, Florida 
Chapter 4: Trauma Systems, Triage, and Transport

William G. Cioffi, MD
J. Murray Beardsley Professor and Chairman 
Department of Surgery 
Alpert Medical School of Brown University 
Surgeon-in-Chief 
Rhode Island Hospital 
Providence, Rhode Island 
Chapter 47: Wounds, Bites, and Stings

Damon Clark, MD
Assistant Professor
Division of Acute Care Surgery
University of Southern California
Los Angeles, California
Chapter 16: Surgeon-Performed Ultrasound in Acute Care Surgery
DVD

Christine S. Cocanour, MD
Professor of Surgery
Surgical Critical Care Fellowship Program Director
UC Davis Medical Center
Sacramento, California
Chapter 37: Trauma in Pregnancy

Raul Coimbra, MD, PhD
The Monroe E. Trout Professor of Surgery
Surgeon-in-Chief UCSD, Health System - Hillcrest Campus
Executive Vice-Chairman, Department of Surgery
Chief Division of Trauma, Surgical Critical Care, Burns, and Acute 
Care Surgery
University of California  
San Diego, California
Chapter 55: Principles of Critical Care

Jamie J. Coleman, MD
Assistant Professor of Surgery
Department of Surgery 
Indiana University
Indianapolis, Indiana
Chapter 38: Trauma Damage Control

00_Moore FM_pi-xxiv.indd   14 12/20/17   4:48 PM



	 Contributors	 xv

Michael W. Cripps, MD
Assistant Professor
Te University of Texas Southwestern Medical Center
Dallas, Texas
Chapter 18: Infections

Rodrigo Donalisio da Silva, MD
Urology Specialist
Denver Health
Denver, Colorado
Chapter 36: Genitourinary Trauma

James W. Davis, MD
Professor of Clinical Surgery
University of California, San Francisco, Fresno
Chief of Trauma 
Community Regional Medical Center 
Fresno, California 
Chapter 46: Social Violence

Kimberly A. Davis, MD, MBA
Professor of Surgery 
Vice Chair for Clinical Afairs 
Chief of the Section of Trauma, Surgical Critical Care and Surgical  
  Emergencies 
Section of General Surgery, Trauma and Surgical Critical Care
Department of Surgery 
Yale School of Medicine 
New Haven, Connecticut 
Chapter 28: Diaphragm

John R. Dawson, MD
Assistant Professor
Orthopedic Trauma Surgery
Baylor College of Medicine
Chief of Orthopedic Surgery
Ben Taub Hospital 
Houston, Texas 
Chapter 40: Lower Extremity

Matthew J. Delano, MD, PhD
Assistant Professor of Surgery
Department of Surgery
University of Michigan
Ann Arbor, Michigan 
Chapter 57: Respiratory Insufciency

Demetrios Demetriades, MD, PhD
Professor and Vice-Chairman of Surgery 
University of Southern California
Director of Trauma 
Division of Emergency Surgery and Surgical Intensive Care Unit 
Los Angeles County and University of Southern California Medical  
  Center 
Sierra Madre, California 
Chapter 33: Colon and Rectal Trauma

Rochelle A. Dicker, MD
Professor, Departments of Surgery and Anesthesia
Co-Director, Center for Global Surgical Studies
Director, Wraparound Project
University of California, San Francisco
San Francisco, California 
Chapter 3: Injury Prevention

Jay Doucet, MD, MSc
Associate Professor of Clinical Surgery
Director Surgical Intensive Care Unit
Program Director, Surgical Critical Care Fellowship Program
Division of Trauma, Surgical Critical Care, Burns, and Acute Care  
  Surgery
University of California 
San Diego, California 
Chapter 55: Principles of Critical Care

Joseph A. DuBose, MD
Major 
USAF MC
University of Maryland Medical System 
R Adams Cowley Shock Trauma Center 
Air Force/C-STARS 
Baltimore, Maryland 
Chapter 25: Lung, Trachea, and Esophagus

David Duval, MD
Trauma Fellow
Division of Acute Care Surgery
University of Southern California
Los Angeles, California
DVD

David V. Feliciano, MD
Battersby Professor and Chief
Division of General Surgery, Department of Surgery
Indiana University School of Medicine
Chief of Surgery
Indiana University Hospital
Indianapolis, Indiana
Adjunct Professor of Surgery
Uniformed Services University of the Health Sciences
Bethesda, Maryland 
Chapter 22: Neck 
Chapter 34: Abdominal Vascular Injury 
Chapter 38: Trauma Damage Control

Kevin F. Fitzpatrick, MD
Physiatrist 
Inova Fairfax Hospital 
Falls Church, Virginia
Major 
U.S. Army Medical Corps 
Walter Reed Army Medical Center 
Washington, District of Columbia
Chapter 51: Rehabilitation

00_Moore FM_pi-xxiv.indd   15 06/02/17   4:59 PM



xvi	 Contributors

Adam D. Fox, DPM, DO 
Section Chief of Trauma
Division of Trauma/Critical Care
Assistant Professor
Department of Surgery
Rutgers-New Jersey Medical School 
Newark, New Jersey
Chapter 10: Initial Assessment

Heidi L. Frankel, MD
Los Angeles, California 
Chapter 16: Surgeon-Performed Ultrasound in Acute Care Surgery

Brian Gavitt, MD
Trauma Fellow
Division of Acute Care Surgery
University of Southern California
Los Angeles, California
DVD

Eduardo Gonzalez, MD
Department of Surgery & Trauma Research Center 
University of Colorado School of Medicine
Aurora, Colorado
Chapter 13: Trauma Induced Coagulopathy

Patrick Greiffenstein, MD
Assistant Professor of Clinical Surgery
Surgery Clerkship Director
Department of Surgery
Louisiana State University Health Sciences Center at New Orleans
Attending in Trauma and Critical Care
Norman E. McSwain, Jr., M.D. Spirit of Charity Trauma Center
University Medical Center New Orleans 
New Orleans, Louisiana
Chapter 1: Kinematics

Peter Gruen, MD
Associate Professor of Neurosurgery
University of Southern California
Los Angeles, California
DVD

Chrissy Guidry, MD
Trauma Fellow
Division of Acute Care Surgery
University of Southern California
Los Angeles, California
DVD

Ihab Halaweish, MD
Department of Surgery 
University of Michigan
Ann Arbor, Michigan
Chapter 57: Respiratory Insufciency

Daniel G. Hankins, MD
Emeritus
Consultant and Associate Professor, Emergency Medicine
Mayo Clinic
Rochester, Minnesota
Chapter 7: Prehospital Care

Daithi S. Heffernan, MD, AFRCSI
Department of Surgery 
Division of Trauma and Surgical Critical Care 
Rhode Island Hospital 
Assistant Professor of Surgery 
Brown University 
Providence, Rhode Island
Chapter 47: Wounds, Bites, and Stings

David N. Herndon, MD
Professor of Surgery
Jesse H. Jones Distinguished Chair in Burn Surgery
University of Texas Medical Branch
Chief of Staf
Shriners Hospitals for Children
Galveston, Texas
Chapter 48: Burns and Radiation

Kenji Inaba, MD
Associate Professor of Surgery
University of Southern California
Medical Director, Surgical ICU
Division of Trauma and Surgical Critical Care
Los Angeles County and University of Southern California Medical  
  Center 
Los Angeles, California
Chapter 33: Colon and Rectal Trauma

Brad M. Isaacson, PhD, MBA, MSF
Program Manager
Center for Rehabilitation Sciences Research (CRSR)
Lead Scientist 
Henry M. Jackson Foundation for the Advancement of Military  
  Medicine 
Adjunct Assistant Professor
Department of Physical Medicine & Rehabilitation 
Uniformed Services University 
Department of Orthopedics 
University of Utah
Salt Lake City, Utah
Chapter 51: Rehabilitation

Donald H. Jenkins, MD
Consultant 
Division of Trauma, Critical Care and General Surgery
Associate Professor of Surgery
College of Medicine 
Medical Director 
Trauma Center 
Mayo Clinic
Rochester, Minnesota
Chapter 7: Prehospital Care

Emily Joos, MD
Trauma Fellow
Division of Acute Care Surgery
University of Southern California
Los Angeles, California
DVD

00_Moore FM_pi-xxiv.indd   16 06/02/17   4:59 PM



	 Contributors	 xvii

Catherine J. Juillard, MD, MPH
Assistant Professor
Department of Surgery
UCSF School of Medicine
University of California, San Francisco
Co-Director, Center for Global Surgical Studies
San Francisco, California
Chapter 3: Injury Prevention

Gregory J. Jurkovich, MD
Professor and Vice-Chairman  
Lloyd F. & Rosemargaret Donant Chair in Trauma Medicine
Department of Surgery 
UC Davis Health System  
Sacramento, California
Chapter 27: Trauma Laparotomy: Principles and Techniques

Robert M. Kellman, MD
Professor and Chair
SUNY Upstate Medical University 
Syracuse, New York 
Chapter 21: Face

James M. Kempema, MD
Clinical Assistant Professor of Surgery
Dell Medical School
Te University of Texas at Austin
Austin, Texas
Chapter 11: Airway Management

Andrew J. Kerwin, MD
Professor
Department of Surgery
Division of Acute Care Surgery
Chief, Division of Acute Care Surgery
University of Florida Health
Jacksonville, Florida
Chapter 4: Trauma Systems, Triage, and Transport

Fernando J. Kim, MD
Chief of Urology, Denver Health Medical Center
Director of Minimally Invasive Urological Oncology
Associate Professor of Surgery
University of Colorado Denver School of Medicine
Denver, Colorado
Chapter 36: Genitourinary Trauma

Leslie Kobayashi, MD
Associate Professor of Clinical Surgery
Division of Trauma, Surgical Critical Care, Burns, and Acute Care  
  Surgery 
University of California
San Diego, California
Chapter 55: Principles of Critical Care

Rosemary A. Kozar, MD, PhD
Shock Trauma Center
Professor of Surgery
University of Maryland School of Medicine
Baltimore, Maryland
Chapter 29: Liver and Biliary Tract 
Chapter 58: Gastrointestinal Failure

Chandrashekhar A. Kubal, MD, PhD
Assistant Professor of Surgery
Director, Liver Transplant Program (Adult) 
Director, Transplant Surgery Fellowship Program 
Indiana University School of Medicine
Indianapolis, Indiana
Chapter 50: Organ Donation from Trauma Patients

Edward Kwon, MD
Assistant Professor
Division of Acute Care Surgery
University of Southern California
Los Angeles, California
DVD

Lydia Lam, MD
Assistant Professor
Division of Acute Care Surgery
University of Southern California
Los Angeles, California
DVD

Anna M. Ledgerwood, MD
Professor of Surgery 
Wayne State University School of Medicine-Trauma
Medical Director 
Detroit Receiving Hospital 
Detroit, Michigan
Chapter 59: Renal Failure

Jong O. Lee, MD
Professor of Surgery
Annie Laurie Howard Chair in Burn Surgery
University of Texas Medical Branch
Medical Director, Burn Intensive Care Unit
Shriners Hospitals for Children
Galveston, Texas 
Chapter 48: Burns and Radiation

Stefan Leichtle, MD
Trauma Fellow
Division of Acute Care Surgery
University of Southern California
Los Angeles, California
DVD

David E. Leshikar, MD
Assistant Professor
Associate Program Director of the General Surgery Residency 
Program
Department of Surgery
University of California
Sacramento, California
Chapter 37: Trauma in Pregnancy

Anthony J. Lewis, MD
Department of Surgery
University of Pittsburgh
Pittsburgh, Pennsylvania
Chapter 6: Acute Care Surgery

00_Moore FM_pi-xxiv.indd   17 06/02/17   4:59 PM



xviii	 Contributors

David H. Livingston, MD
Wesley J. Howe Professor
Chief of the Division of Trauma and Surgical Critical Care 
Rutgers-New Jersey Medical School
Newark, New Jersey
Chapter 10: Initial Assessment

Charles E. Lucas, MD
Professor 
Department of Surgery 
Wayne State University 
Detroit, Michigan
Chapter 59: Renal Failure

Fred A. Luchette, MD
Te Ambrose and Gladys Bowyer Professor of Surgery 
Loyola University Chicago Stritch School of Medicine 
Maywood, Illinois
Chapter 56: Cardiovascular Failure

Pearl K. Ma, MD
Assistant Clinical Professor
Department of Surgery
University of California
Fresno, California 
Chapter 46: Social Violence

Greg Magee, MD
Trauma Fellow
Division of Acute Care Surgery
University of Southern California
Los Angeles, California
DVD

Ronald V. Maier, MD
Jane and Donald D. Trunkey Professor and Vice Chair 
Department of Surgery 
University of Washington
Surgeon-in-Chief 
Harborview Medical Center 
Seattle, Washington
Chapter 12: Management of Shock

Meir Marmor, MD
Assistant Professor 
UCSF School of Medicine
San Francisco, California 
Chapter 39: Upper Extremity

Alan B. Marr, MD
Professor of Clinical Surgery 
Vice Chairman of Education and Informatics
Department of Surgery
Louisiana State University Health Sciences Center at New Orleans
Attending in Trauma and Critical Care
Norman E. McSwain, Jr., M.D. Spirit of Charity Trauma Center
University Medical Center New Orleans 
New Orleans, Louisiana
Chapter 1: Kinematics

Patrick Marshalek, MD
Assistant Professor
Addiction Services and Consulation/Liaison Service
Telepsychiatry
Behavioral Medicine & Psychiatry
Clinical Faculty
Pain Management, Clinical Faculty
Anesthesiology
Clinical Faculty
West Virginia University
Morgantown, West Virginia
Chapter 42: Alcohol and Drugs

Kazuhide Matsushima, MD
Clinical Assistant Professor of Surgery
Acute Care Surgery and Surgical Critical Care
University of Southern California Department of Surgery
Keck School of Medicine of USC
Los Angeles, California 
Chapter 16: Surgeon-Performed Ultrasound in Acute Care Surgery
DVD

Kenneth L. Mattox, MD
Distinguished Service Professor 
Baylor College of Medicine 
Michael E. DeBakey Department of Surgery
Chief of Staf 
Chief of Surgery 
Ben Taub General Hospital 
Houston, Texas
Chapter 24: Trauma Toracotomy: General Principles and Techniques 
Chapter 26: Heart and Toracic Vascular Injuries 
Chapter 54: Trauma, Medicine, and the Law

Caitlin L. McAuliffe, BS
Research Assistant 
Center for Neuroscience and Regenerative Medicine 
Uniformed Services University of the Health Sciences 
Bethesda, Maryland
Chapter 51: Rehabilitation

Laurence B. McCullough, PhD
Adjunct Professor of Ethics in Obstetrics and Gynecology and of  
  Medical Ethics in Medicine
Department of Obstetrics and Gynecology
Weill Medical College of Cornell University
New York, New York
Distinguished Emeritus Professor
Center for Medical Ethics and Health Policy
Baylor College of Medicine
Houston, Texas 
Chapter 45: Ethics of Acute Care Surgery

00_Moore FM_pi-xxiv.indd   18 06/02/17   4:59 PM



	 Contributors	 xix

Joseph P. Minei, MD, MBA 
Professor
C. James Carrico, M.D. Distinguished Chair in Surgery for Trauma  
  & Critical Care
Department of Surgery
UT Southwestern Medical Center at Dallas
Dallas, Texas
Chapter 30: Spleen

Stacey A. Mitchell, DNP, MBA, RN, SANE-A, SANE-P
Director 
Forensic Nursing Services 
Harris County Hospital District 
Houston, Texas
Chapter 54: Trauma, Medicine, and the Law

Charles Mock, MD, PhD
Professor 
Department of Surgery and Department of Epidemiology 
Harborview Injury Prevention and Research Center 
University of Washington 
Seattle, Washington
Chapter 3: Injury Prevention

Ernest E. Moore, MD
Distinguished Professor and Vice Chairman of Research
Department of Surgery
University of Colorado Denver 
Chief of Trauma
Denver Health Medical Center
Editor
Journal of Trauma and Acute Care Surgery
Denver, Colorado 
Chapter 13: Trauma Induced Coagulopathy 
Chapter 14: Emergency Department Toracotomy 
Chapter 61: Post-Injury Infammation and Organ Dysfunction 
Chapter 63: Critical Appraisal of Trauma Research

Frederick A. Moore, MD
Head, Acute Care Surgery
Department of Surgery
University of Florida
Gainesville, Florida
Chapters 58: Gastrointestinal Failure
Chapter 61: Post-Injury Infammation and Organ Dysfunction

Hunter B. Moore, MD
University of Colorado
Denver, Colorado
Chapter 13: Trauma Induced Coagulopathy

Lynne Moore, MD
Associate Professor of Medicine
Boston University
Boston, Massachusetts
Chapter 5: Injury Severity Scoring and Outcomes Research

Sydne Muratore, MD
General Surgery Resident 
University of Minnesota
Minneapolis, Minnesota
Chapter 49: Temperature-Related Syndromes: Hyperthermia,  
  Hypothermia, and Frostbite

Ashraf El Naga, MD
Orthopedic Surgery
Baylor College of Medicine
Houston, Texas
Chapter 40: Lower Extremity

Jamison S. Nielsen, DO, MBA, MCR, MAJ, MC, USA
Chief
Clinical Trials in Burns and Trauma 
United States Army Institute of Surgical Research
San Antonio, Texas
Chapter 52: Modern Combat Casualty Care

James V. O’Connor, MD
Trauma Medical Director 
CaroMont Health 
Gastonia, North Carolina
Chapter 25: Lung, Trachea, and Esophagus

Grant E. O’Keefe, MD
Professor 
Department of Surgery 
University of Washington 
Harborview Medical Center 
Seattle, Washington 
Chapter 53: Genomics and Acute Care Surgery

Nata Parnes, MD
Director 
Tri-County Orthopedics 
Carthage Area Hospital 
Carthage, New York
Chapter 39: Upper Extremity

Paul F. Pasquina, MD
Colonel 
U.S. Army Medical Corps
Chief 
Department of Orthopaedics and Rehabilitation 
Walter Reed National Military Medical Center 
Washington, District of Columbia
Chapter 51: Rehabilitation

Andrew B. Peitzman, MD
Mark M. Ravitch Professor 
Executive Vice-Chair 
Department of Surgery 
University of Pittsburgh 
Pittsburgh, Pennsylvania
Chapter 6: Acute Care Surgery

Joseph A. Posluszny Jr., MD
Assistant Professor of Surgery (Trauma/Critical Care)
Feinberg School of Medicine
Northwestern University
Chicago, Illinois
Chapter 56: Cardiovascular Failure

00_Moore FM_pi-xxiv.indd   19 06/02/17   4:59 PM



xx	 Contributors

Juan Carlos Puyana, MD
Director 
Global Health – Surgery
Associate Professor Surgery and Clinical Translational Science 
University of Pittsburgh 
President Pan-American Trauma Society 
Pittsburgh, Pennsylvania
Chapter 12: Management of Shock 
Chapter 60: Nutritional Support and Electrolyte Management

R. Lawrence Reed II, MD
Acute Care Surgery, IU Health Methodist Hospital
Physician Advisor, Revenue Cycle Services
Lead Physician Advisor, Clinical Documentation Integrity
Professor of Surgery, Indiana University
Indianapolis, Indiana
Chapter 9: Rural Trauma 
Chapter 62: Coding and Billing

Peter Rhee, MD, MPH
Senior Vice President
Chief of Acute Care Surgery
Grady Memorial Hospital
Professor of Surgery
Emory School of Medicine
Morehouse School of Medicine 
Atlanta, Georgia
Chapter 31: Stomach and Small Bowel

David Rosen, MD
Surgical Critical Care Fellow
Division of Acute Care Surgery
University of Southern California
Los Angeles, California
DVD

Matthew R. Rosengart, MD, MPH
Professor, Surgery and Critical Care Medicine
School of Medicine
University of Pittsburgh
Co-Director, Surgical Trauma Intensive Care Unit, UPMC 
Presbyterian
Pittsburgh, Pennsylvania
Chapter 6: Acute Care Surgery

Martin D. Rosenthal, MD
Department of Surgery
University of Florida
Gainesville, Florida
Chapter 58: Gastrointestinal Failure

Edgardo Salcedo, MD
Assistant Professor of Surgery
Associate Program Director, General Surgery Residency
Associate Program Director, Surgical Critical Care Fellowship
Surgical Director, Center for Virtual Care
University of California
Sacramento, California
Chapter 37: Trauma in Pregnancy

Jennifer Salotto, MD
Department of Surgery
Queen’s Medical Center
Honolulu, Hawaii
Chapter 27: Trauma Laparotomy: Principles and Techniques

Angela Sauaia, MD, PhD
Professor of Public Health and Surgery
University of Colorado Denver
Schools of Public Health and Medicine  
Aurora, Colorado
Chapter 61: Post-Injury Infammation and Organ Dysfunction 
Chapter 63: Critical Appraisal of Trauma Research

Thomas M. Scalea, MD
Physician-in-Chief 
R Adams Cowley Shock Trauma Center 
Baltimore, Maryland
Chapter 25: Lung, Trachea, and Esophagus

Martin Schreiber, MD
Professor and Chief 
Division of Trauma, Critical Care & Acute Care Surgery
Oregon Health & Science University
Portland, Oregon
Chapter 52: Modern Combat Casualty Care

Kevin M. Schuster, MD, MPH
Associate Professor of Surgery 
Section of Trauma, Surgical Critical Care and Surgical Emergencies 
Department of Surgery 
Yale School of Medicine 
New Haven, Connecticut
Chapter 28: Diaphragm

Stephanie Sea, MD
Trauma Fellow
Division of Acute Care Surgery
University of Southern California
Los Angeles, California
DVD

Steven R. Shackford, MD
Professor of Surgery Emeritus 
University of Vermont School of Medicine 
Director Trauma Graduate Medical Education 
Scripps Mercy Hospital 
San Diego, California
Chapter 41: Peripheral Vascular Injury

Michael J. Sise, MD
Clinical Professor of Surgery 
UCSD School of Medicine 
Trauma Medical Director 
Scripps Mercy Hospital 
San Diego, California
Chapter 41: Peripheral Vascular Injury

00_Moore FM_pi-xxiv.indd   20 06/02/17   4:59 PM



	 Contributors	 xxi

Jennifer Smith, MD
Assistant Professor
Division of Acute Care Surgery
University of Southern California
Los Angeles, California
DVD

Philip F. Stahel, MD
Professor of Orthopedics and Neurosurgery
University of Colorado, School of Medicine
Denver Health Medical Center
Denver, Colorado
Chapter 23: Spinal Injuries

Scott D. Steenburg, MD
Assistant Professor of Radiology
Section Chief, Emergency Radiology 
Director, Quality and Safety
Department of Radiology and Imaging Sciences 
Indiana University School of Medicine & Indiana University Health 
Indianapolis, Indiana
Chapter 15: Diagnostic and Interventional Radiology

Aaron Strumwasser, MD
Assistant Professor
Division of Acute Care Surgery
University of Southern California
Los Angeles, California
DVD

Lance E. Stuke, MD, MPH
Associate Professor of Clinical Surgery
Program Director of General Surgery
Department of Surgery
Louisiana State University Health Sciences Center at New Orleans
Attending in Trauma and Critical Care
Norman E. McSwain, Jr., M.D. Spirit of Charity Trauma Center
University Medical Center New Orleans 
New Orleans, Louisiana
Chapter 1: Kinematics

Kim Syres, MD
Assistant Professor
Division of Acute Care Surgery
University of Southern California
Los Angeles, California
DVD

Joseph A. Tector, MD, PhD
Professor
Director, Xenotransplant Program
School of Medicine
University of Alabama at Birmingham
Birmingham, Alabama
Chapter 50: Organ Donation from Trauma Patients

Joseph J. Tepas III, MD
Emeritus Professor
Department of Surgery
Division of Pediatric Surgery
University of Florida Health
Jacksonville, Florida
Chapter 4: Trauma Systems, Triage, and Transport

Callie M. Thompson, MD
Assistant Professor
Division of Trauma and Surgical Critical Care
School of Medicine
Vanderbilt University
Nashville, Tennessee
Chapter 12: Management of Shock
Chapter 53: Genomics and Acute Care Surgery

Peter I. Tsai, MD
Chair and Medical Director, Cardiovascular and Toracic Surgery
Director, Cardiovascular and Toracic Service Line
Yuma Regional Medical Center, Yuma, Arizona
Adjunct Associate Professor of Surgery
Michael E. DeBakey Department of Surgery
Baylor College of Medicine/Texas Heart Institute  
Houston, Texas
Chapters 24: Trauma Toracotomy: General Principles and Techniques 
Chapters 26: Heart and Toracic Vascular Injuries

Alex B. Valadka, MD
Professor and Chair
Department of Neurosurgery
Virginia Commonwealth University
Richmond, Virginia 
Chapter 19: Traumatic Brain Injury

Philbert Van, MD
Assistant Professor of Surgery 
Division of Trauma, Critical Care & Acute Care Surgery
Oregon Health & Science University
Portland, Oregon
Chapter 52: Modern Combat Casualty Care

Todd VanderHeiden, MD
Associate Director of Orthopedics
Chief of Orthopedic Spine Surgery
Denver Health
Denver, Colorado
Chapter 23: Spinal Injuries

George C. Velmahos, MD, PhD, MSEd
John F. Burke Professor of Surgery 
Chief 
Division of Trauma, Emergency Surgery, and Surgical Critical Care 
Harvard Medical School 
Massachusetts General Hospital 
Boston, Massachusetts
Chapter 35: Pelvis

Gary A. Vercruysse, MD
Director of Burn Services
Associate Professor of Surgery
Division of Trauma, Burns, Acute Care Surgery and Surgical Critical  
  Care
University of Arizona School of Medicine
Tucson, Arizona
Chapter 22: Neck 
Chapter 31: Stomach and Small Bowel

00_Moore FM_pi-xxiv.indd   21 06/02/17   4:59 PM



xxii	 Contributors

Ross R. Vickers, PhD
United States Army Institute of Surgical Research, JBSA Fort Sam
Houston, Texas
San Antonio, Texas
Chapter 5: Injury Severity Scoring and Outcomes Research

Matthew J. Wall, Jr., MD
Professor of Surgery
Michael E. DeBakey Department of Surgery
Baylor College of Medicine
Professor of Surgery
Uniformed Services University of the Health Sciences
Bethesda, Maryland
Deputy Chief of Surgery/Chief of Toracic Surgery
Ben Taub General Hospital  
Houston, Texas
Chapters 24: Trauma Toracotomy: General Principles and Techniques 
Chapters 26: Heart and Toracic Vascular Injuries

David E. Wesson, MD
Professor of Surgery
Michael E. DeBakey Department of Surgery
Baylor College of Medicine
Associate Surgeon-in-Chief
Texas Children’s Hospital
Houston, Texas
Chapter 43: Te Pediatric Patient

Michaela A. West, MD, PhD
Trauma Research Chair
North Memorial Hospital
Robbinsdale, Minnesota
Adjunct Professor of Surgery
University of Minnesota
Minneapolis, Minnesota
Chapter 18: Infections

Brian H. Williams, MD
Associate Professor – Surgery
Te University of Texas Southwestern Medical Center
Dallas, Texas
Chapter 30: Injury to the Spleen

Alison Wilson, MD
Professor and Chief of Division of Trauma, Emergency Surgery  
  & Surgical Critical Care 
Skewes Family Chair for Trauma Surgery
West Virginia University
Morgantown, West Virginia
Chapter 42: Alcohol and Drugs

Paul Wurzer, MD 
Postdoctoral Research Fellow
Department of Surgery
University of Texas Medical Branch
Galveston, Texas 
Chapter 48: Burns and Radiation

Jay A. Yelon, DO
Chairman 
Department of Surgery 
Lincoln Medical Center 
Bronx, New York
Chapter 44: Te Geriatric Patient

Dirk Younker, MD
Shelden Professor and Vice-Chairman 
Department of Anesthesiology and Perioperative Medicine 
University of Missouri at Columbia
Columbia, Missouri
Chapter 17: Principles of Anesthesia and Pain Management

Scott P. Zietlow, MD
Associate Professor of Surgery
Mayo Clinic
Rochester, Minnesota
Chapter 7: Prehospital Care

00_Moore FM_pi-xxiv.indd   22 06/02/17   4:59 PM



xxiii

PREFACE

Te Eighth Edition of Trauma spans more than three decades 
of development, implementation, and maturation of trauma as 
an academic discipline. While the term “acute care surgery” has 
emerged recently, trauma surgeons have always been the go-to 
surgeon for emergent care, and trauma remains the core. We are 
very fortunate to have served as editors throughout this period in 
history, and truly represent the frst generation of trauma surgeons 
in the United States. We experienced the golden age of trauma 
surgery, during an era in which we did it all: visceral and vascular, 
torso and extremities. At the outset, virtually all seriously injured 
patients underwent operative management, primarily based on 
clinical assessment with the aid of plain x-rays and the venera-
ble diagnostic peritoneal lavage (DPL). Decisions were relatively 
straightforward since few alternatives existed, and few had the 
courage to challenge our behavior. By contrast, today the emphasis 
is on avoiding an operation, and multiple disciplines are involved 
in the decision making. Tere is no lack of oversight, monitoring, 
and data reporting. But the unquestionable benefactor has been 
the patient, who now survives devastating injuries once consid-
ered uniformly lethal. Tis edition may be the last for us as edi-
tors, because we have always believed that to be efective, we must 
remain active in the trenches to understand the importance of new 
concepts. While we are all very active in trauma care today, all 
good things must come to an end.

In the Eighth Edition of Trauma, as in the previous edi-
tions, we have changed approximately one-third of the authors 

to ensure the most current knowledge in all topics. In addition, 
we have expanded our Trauma Atlas, which is designed to pro-
vide a quick reference when performing procedures in the ED, 
OR, or SICU. We are pleased to include a new Trauma Video 
section, which provides an extensive compilation of technical 
procedures for the trauma surgeon.

Finally, the editors acknowledge the invaluable assistance 
of many individuals who have made the Eighth Edition a 
reality. We are extremely grateful to the authors who have 
sacrifced their valuable time to share their experience, knowl-
edge, and expertise. Te Trauma Video section was gener-
ously provided by Demetrios Demetriades and Kenji Inaba, 
who clearly have seen it all at USC/LA County. Mike de la 
Flor was persistent and patient in rendering accuracy in the 
Trauma Atlas. Te professional support of McGraw-Hill Edu-
cation was essential at all levels of publishing; we want to spe-
cifcally thank Brian Belval, Executive Editor of the Medical 
Division, and Christie Naglieri, Senior Project Development 
Editor. And of course, we want to especially recognize the 
tremendous work of our respective Administrative Assistants: 
Jo Fields (EEM), Karen Lynn and Victoria Dodge (DVF), 
and Mary Allen (KLM).

Ernest E. Moore, MD
David V. Feliciano, MD

Kenneth L. Mattox, MD
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Kinematics (kn-mtks) n: Te science of pure motion, consid-
ered without reference to the matter or objects moved or to 
the force producing or changing the motion. From the Greek 
κινηµα′ , κ ινηµατ− - a motion ( κ ινειν−  to move) + -ic sufx.1

All injury is related to the interaction of the host and a 
moving object. Tat object may be commonplace and tan-
gible, such as a moving vehicle or speeding bullet or more 
subtle as in the case of the moving particles and molecules 
involved in injury from heat, blasts, and ionizing radiation. 
Studying kinematics in relation to trauma uses Newtonian 
mechanics, the basic laws of physics, and the anatomic and 
material properties of the human body to explain many of 
the injuries and injury patterns seen in blunt and penetrat-
ing trauma. Injury is related to the energy of the injuring 
element and the interaction between that element and the 
victim. Although most patients sufer a unique constellation 
of injuries with each incident, there are quite defnable and 
understandable energy transfer patterns that result in certain 
predictable and specifc injuries. Knowing the details of a 
traumatic event may lead the treating physician to further 
diagnostic eforts to uncover occult but predictable injuries.

Tis chapter has been organized in a stepwise fashion. 
First, the basic laws of physics and materials that dictate the 
interaction between the victim and the injuring element are 
reviewed. Tis is followed by a more detailed examination of 
penetrating and blunt trauma with an efort to dispel some of 
the common myths about these injury mechanisms. Finally, 
a synopsis of mechanisms specifc to organs and body regions 
is examined. It is hoped that this will ofer the reader a bet-
ter understanding of specifc injury patterns, how they occur, 
and which injuries may result.

BASIC PRINCIPLES
Te goal of studying kinematics in trauma is to help us under-
stand how injuries occur. Understanding the biomechanics of 
injury may help us prevent and treat these injuries in order 
to optimize outcomes. It is tempting to believe in the fnite-
ness of the understanding of physics and biomechanics, the 
sense that all there is to know is already known; however, 

ever-improving technology is making the experimental study 
and computer modeling of such phenomena more efec-
tive. Terefore, continual reassessment is critical in order to 
continue to maintain relevance in an ever-changing world. 
Nevertheless, much of the basis of current understanding has 
been laid down by the great minds of the past whose insight 
and understanding, though it might have come from rather 
humble or mundane observances, has absolute relevance as 
we examine biomechanics today.

James Prescott Joule, a 19th century English brewer and 
amateur physicist seeking to optimize the energy needs of his 
brewing operations, stumbled upon what is now known as 
the frst law of thermodynamics or the law of conservation of 
energy. It states that, in a closed system, energy can be nei-
ther created nor destroyed, only transformed from one state 
to another.2 Tis is in line with Newton’s frst law, which states 
that an object in motion or at rest will tend to remain in this 
state unless acted upon by an external force. Tus, kinetic 
energy, or the energy of motion will be conserved until it is 
transformed by an external force. When this transformation 
occurs in the form of transference of energy from one object 
to another, it can lead to alteration of one or both objects. 
Tis is the fundamental principle of traumatic injury.

In order to understand this principle, one must frst con-
sider the basic principles of physics. One can divide these 
principles into two broad groups as follows: principles that 
describe motion of objects and their interactions, and those 
that describe the efects of these interactions on the objects 
themselves. Te key principles that describe the former are 
force, momentum, and impulse. Te key elements that 
describe the latter are stress, strain, and elasticity. First, let us 
consider momentum (p), which is defned as the product of 
mass (m) of an object and its speed or velocity (v). 

p = mv

Intuitively, we understand that in order to change an 
object’s momentum, we must typically introduce a force, 
which will cause the object to either speed up or slow down. 
When a force causes a change in momentum, it is referred to 
as impulse. Tis is a bidirectional exchange, however, where 
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4	 Section I  Trauma Overview

a force causes a change in momentum and, concomitantly, a 
change in momentum will generate a force.3

Newton’s second law builds on the frst and further defnes 
a force (F) to be equal to the product of the mass (m) and 
acceleration (a). 

F = ma

Te application of a force does not occur instantaneously, 
but over time. If we multiply both sides of the above equation 
by time, we get: 

∫  Fdt = ma(t)

Te product of force and time is known as impulse and 
multiplying acceleration by time yields velocity. Tis leads 
us to Newton’s third law, which states that for every action 
there is an equal and opposite reaction.4 For instance, when 
two objects of equal velocity and mass strike each other, their 
velocities are reduced to zero at the moment of impact. Each 
exerts its force on the other and, because these forces are 
exactly equal and opposite, the net force is zero. Terefore, 
the net change in momentum is zero. Tis means that these 
two objects would change their direction and “bounce” in 
opposite directions if each was traveling at the exact same 
velocity, but in the opposite direction. Tis occurs only if 
100% of the energy could be transferred into changing veloc-
ity and none into altering mass.

Interactions in which both momentum and energy are 
conserved are termed elastic. In real trauma scenarios, colli-
sions are inelastic. Inelastic collisions conserve momentum, 
but not kinetic energy. In these instances the kinetic energy 
“does work” in the deformation of materials even to the point 
where objects can conglomerate and form a single object. Tis 
is the hallmark of the inelastic collision. Tis energy transfer 
to structures that are deformed in response to a change in 
their momentum, such as organs and bones, is responsible for 
the injury sustained by the host.

We can understand the simple basics of these complex inter-
actions using the example of two cars colliding. Figure 1-1A 
represents a head-on collision of two vehicles with equal mass 
and velocity and, thus, equal kinetic energy and momentum 
in opposite directions. Tus, the total momentum for the 
system is 0 prior to the crash and, by the law of conserva-
tion of momentum, must be 0 after the crash. Because both 
cars are traveling in exact opposite directions at exactly the 
same speed, their momentums will cancel each other out. If 
the cars were made of a perfectly nondeformable material, 
all kinetic energy would be exchanged and the cars would 
bounce in opposite directions at the exact same speed. In real-
ity, however, these vehicles will be deformed by this inter-
action relative to their velocity on impact. Assuming that 
both cars come to rest as a single mass of entangled metal 
(referred to as object C), this change in momentum repre-
sents a force, which is equally applied to both cars. Because 
the fnal velocity is 0, the fnal kinetic energy is 0, meaning 
that all the kinetic energy has been converted to work that 
stops the other car and causes deformation such as breaking 

glass, bending metal, and causing physical intrusion into 
the passenger compartment. If the momentum of car A was 
greater than that of car B by having a greater mass or velocity, 
the resultant mass C will have momentum the direction of 
car A prior to impact. As such, the kinetic energy transferred 
to the occupants of vehicle A will be relatively less than that 
transferred to car B. Tis is intuitively accepted as we consider 
the efects of collisions between a compact car and an SUV 
with predictable consequences.

In T-bone type crashes the directions of the momentum 
of cars A and B are perpendicular and momentum is con-
served in a third direction, C, Fig. 1-1B. Because kinetic 
energy is partly conserved in this new momentum, less energy 
was transferred to the vehicles (or their occupants) and less 
deformity occurs. In rear-end collisions, the energy exchange 
is a function of the net diference in momentum, not abso-
lute momentum. Te more momentum the conglomerate 
of the two vehicles (mass C) can conserve, the less energy 
is transferred into deforming the vehicles A and B and their 
occupants. In biomechanics as in life, the key to avoiding 
destruction when two forces meet is to maintain harmony in 
motion. If such an ideal is impossible to ensure, the next best 
thing is to protect the essential core of an object by focus-
ing the deformity on nonessential parts. Modern automobile 
design, taking the lead from automobile racing engineers 
whose subjects are exposed to extraordinary speeds, involves 
building impact zones that deform easily on impact and 

A C B

(a) Frontal collisions

A

C

C

B

(b) T-bone collision

FIGURE 1-1  Energy and momentum available in various motor 
vehicle crash scenarios. (A) Frontal collisions have the greatest change 
in momentum over the shortest amount of time and hence the high-
est forces generated. (B) T-bone collision. When cars A and B collide 
their resultant momentum directs them toward their fnal position C; 
the individual momentums in the x and y axis are dissipated over a 
greater time resulting in smaller forces then head-on collision.
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