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evaluation of trauma patients.  Research programs include
trauma registry development for public policy implications
on intentional injuries and international travel safety.  

The Department of Physical Medicine and Rehabilitation
provides comprehensive follow-up care for trauma patients
from consultation in the trauma ICU to community re-
entry for all age groups. 

The Department of Radiology has unique access to media
such as teleradiology and advanced imaging devices such as
CT and MR scanners. Through a strong relationship with
GE Medical Systems, the department has access to the
most advanced imaging systems including world-renowned
testing facilities at GE.

The Department of Orthopaedic Surgery has significant
interest in trauma cases, and clinicians from this group are
well known in the community for patient care.

The Department of Surgery, Trauma and Critical Care
forms the principal core for outcome studies.  Investigation
in this area is intensely pursued by trauma physicians in
adult and pediatric hospitals.  Nationally recognized clinical
and biomedical investigators lead the respective teams.
Community outreach activities are also a part of the agenda.

Applied research in areas of impact biomechanics and out-
comes are an integral part of our mission.  The faculty is
fully committed to gather, analyze, and disseminate infor-
mation to the scientific community and public.  Present
accomplishments include authoring books on motor vehi-
cle-related head and neck injuries; contributing chapters on
numerous injury-related issues; peer-reviewed journal arti-
cles; presentations at conferences such as Stapp, IRCOBI,
and AAAM; active participation in committees such as
Injury Scaling, Stapp Association, AAAM, IRCOBI, NIH,
CDC, NIDRR, and DOE; working closely with regulatory
bodies such as US DOT NHTSA; acting as faculty at
national and international courses such as those organized
by SAE professional development seminars and TOPTEC,
AAAM; serving as members of advisory committees of
local and national Injury Centers; providing periodic annu-
al technical briefs to agencies such as NHTSA; informing
the public through media such as newspapers and television
interviews; and acting as consultants to private organiza-
tions.  

Key Personnel Fact Sheet
Co-Directors

Thomas A. Gennarelli, MD
Professor and Chair Department of Neurosurgery

Current Injury Activities and Leadership Positions:
■ International Neurotrauma Society: President
■ International Research Council on the Biomechanics

of Impact (IRCOBI): Board of Directors
■ World Federation of Neurosurgical Societies:

Neurotraumatology Committee
■ Association for the Advancement of Automotive

Medicine: Board of Directors
■ International Injury Scaling Committee: Co-Chair
■ American Brain Injury Consortium: Executive

Committee 
■ Coalition for American Trauma Care: Board of

Directors 1993- 
■ American Association for the Surgery of Trauma:

Organ Injury Scaling Committee 

Past Positions:
■ American Association of Neurological Surgeons and

Congress of Neurological Surgeons: Joint Section on
Neurotrauma and Critical Care; Chairman 1988-1990

■ American Association for the Surgery of Trauma:
Board of Managers (Directors) 1986-1988

■ Association for the Advancement of Automotive
Medicine: President 1992

■ Eastern Association for the Surgery of Trauma:
Founding Member; Board of Directors 1987-1990

■ Stapp Car Crash Conference: Board of Directors 1990-
1999

■ The National Neurotrauma Society: Councilor (Board
of Directors) 1993-1997

■ American College of Surgeons: Committee on Trauma
1983-1993

■ American College of Surgeons: Advanced Trauma Life
Support (ATLS) Committee; National ATLS Faculty
1987-90

Dennis J. Maiman, MD, PhD
Professor of Neurosurgery

■ Director: Spinal Cord Injury Center, Froedtert Hospital
■ North America Spine Society:

Resident-Fellow Education Committee
Award Committee
Research Planning Committee

■ Director: Spine Care, Department of Neurosurgery
■ Director: Spine Fellowship, Department of

Neurosurgery
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■ American Paraplegia Society
■ American Society for Biomechanics 
■ American Spinal Injury Association: Task Force on

State SCI Incidence Reporting
■ Cervical Spine Research Society: Nominating

Committee
■ AANS Professional Development Committee

Key Personnel:

Department of Neurosurgery

Narayan Yoganandan, PhD
Professor of Neurosurgery and Bioengineering
Chair: Biomedical Engineering
Fellow: Association for the Advancement of Automotive 
Medicine

Frank A. Pintar, Ph.D.
Professor of Neurosurgery and Bioengineering
Director: Neuroscience Research Laboratories
Board of Directors: Stapp Car Crash Conference

Elaine Petrucelli Wodzin, PhB
Adjunct Instructor in Neurosurgery
Former Executive Director: Association for the 

Advancement of Automotive Medicine
Co-Chair: International Injury Scaling Committee

Murray MacKay, DSc
Adjunct Professor of Neurosurgery
President: International Research Council on the 

Biomechanics of Impact (IRCOBI)
Co-Chair Program Committee and former President: 

Association for the Advancement of Automotive 
Medicine

Irma G. Fiedler, PhD
Associate Professor of Physical Medicine and 

Rehabilitation 
Adjunct Professor of Neurosurgery

Department of Surgery

John Weigelt, MD, DVM
Professor of Surgery
Trauma Director: Froedtert Hospital
Former Chair: American College of Surgeons Committee 

on Trauma

Keith T. Oldham, MD
Professor of Surgery
Chief of Pediatric Surgery: Children’s Hospital of 

Wisconsin

Andrea Winthrop, MD
Assistant Professor of Surgery
Trauma Director: Children’s Hospital of Wisconsin

Karen J Brasel, MD
Assistant Professor of Surgery
Associate Trauma Director: Froedtert Hospital

Other Departments

Stephen Hargarten, MD, MPH
Professor of Emergency Medicine
Chair: Department of Emergency Medicine
Director: Injury Research Center 

Jeffery Jentzen, MD
Professor of Pathology
Milwaukee County Medical Examiner

Richard Marks, MD
Assistant Professor Orthopaedic Surgery

Neil Mandel, PhD
Professor of Medicine
Associate Chief of Staff for Research: VAMCH

Facilities

Neuroscience Research Laboratories (25,000 sq feet)

The neuroscience laboratories are directed by Frank A.
Pintar, PhD.  They are equipped and staffed for a full spec-
trum of clinical and basic science investigations.  Facilities
include: 

Biomechanics Laboratory
Neurophysiology Laboratory
Neurohistology Laboratory
Computer Analysis Facility
Machine and Electronics Shop

Medical College of Wisconsin
US Department of Transportation, NHTSA Cooperative
Agreement 
Directed by professors Narayan Yoganandan, PhD and
Frank A. Pintar, PhD
The Department of Neurosurgery of the Medical College of
Wisconsin has had a cooperative agreement with the US
DOT, NHTSA, since September 1989.  The work centers
on biomechanical testing of human surrogates and is con-
ducted at the Neuroscience and Biomechanics Research
Laboratories housed at the Zablocki VA Medical Center in
Milwaukee, Wisconsin.  In general, the goals of the
research are to provide data on the mechanisms and toler-
ance of the human body to injury in a vehicular crash.  The
federal government directly uses this data in establishing
and upgrading federal motor vehicle safety standards.
There is also a direct benefit to the constant improvement
and redesign of the complete family of crash test dummies.
This cooperative agreement has been renewed until 2002.
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Major Accomplishments
■ A series of simulated frontal impact tests were done

with a new device called the “chestband” to assess
chest injury criteria.  The results of these studies were
directly used in the recent proposal to upgrade the
FMVSS 208.

■ A series of tests were done to assess chest and pelvic
injury in a side impact crash.  This series also used the
chestband to recommend new injury criteria for side
impact protection and investigate possibilities of har-
monization with international standards.  

■ A series of tests were completed providing data on the
tolerance of the human forearm and specifically the
smaller sized occupant to bending injuries.  This data
can be used in the design of safer airbags when the
driver has their arm over the airbag module just prior to
a crash.

■ A series of tests were done to quantify neck compres-
sion injuries.  Results provide direct data as to the tol-
erance of the human neck with respect to age, gender,
and rate of load application.  This data can be used for
development of standards for protection in vehicle
crashes.

■ Investigations were completed to define the tolerance
of the human foot and ankle under vehicle crash con-
ditions.  This data established initial injury criteria for
use in development of improved crash test dummy foot
and future safety standards.

■ A series of rear impact tests were completed to assess
improvements in the vehicle headrest standards.

■ A series of tests to assess the potential harm of side
airbags to child and small female occupants is being
conducted.  Preliminary information has been used to
inform consumers of the potential dangers associated
with occupants positioned too close to a side airbag.  

■ A series of tests is being conducted to provide data to
improve the redesign of airbags to reduce the potential
for severe neck injury to children and small female
occupants.

■ Many articles have been published covering the above
topics in more detail.  To further disseminate the above
research information, numerous presentations have
been given to the government and at technical confer-
ences throughout the world.

The following is a limited list of recent injury-
related publications.
Gennarelli TA. “Brain Injury, Shock and Ischemia:

Theoretical Interactions.” Shock, 8:2,1997.
Alavi A, Mirot A, et al. “Fluorine-18-FDG Evaluation of

Crossed Cerebellar Diaschisis in Head Injury.” 
J Nucl Med, 38(11):1717-20,1997.

Gennarelli TA, Thibault LE, Graham DI “Diffuse Axonal
Injury: An Important Form of Traumatic Brain Injury.”
The Neuroscientist, 4:202-215, 1998.

Smith DH, Cecil KM, et al. “Magnetic Resonance
Spectroscopy of Diffuse Brain Trauma in the Pig.”  
J Neurotrauma, 15(9):665-74, 1998.

Gennarelli TA, Graham DI. “Neuropathology of Head
Injury.” Seminars in Clinical Neuropsychiatry, 3:1-17,
1998.

Gennarelli TA, Graham DI. “Neuropathology of the Head
Injuries.” Semin Clin Neuropsychiatry, 3(3):160-175,
1998.

Kimura H, Meaney DF, et al. “Magnetization Transfer
Imaging of Diffuse Axonal Injury Following
Experimental Brain Injury in the Pig: Characterization
by Magnetization Transfer Ratio with Histopathologic
Correlation.” J Computer Assisted Tomography,
20(4):540-6, 1996.

Gennarelli TA. “The Pathobiology of Traumatic Brain
Injury.” The Neuroscientist, 3(1):73-81, 1997.

Smith DH, Chen XH, Xu BN, McIntosh TK, Gennarelli
TA, Meaney DF. “Characterization of Diffuse Axonal
Pathology and Selective Hippocampal Damage follow-
ing Inertial Brain Trauma in the Pig.” J Neuropathology
and Experimental Neurology, 56(7):822-834, 1997.

Gennarelli TA, “The Spectrum of Traumatic Axonal
Injury.” Neuropathology and Applied Neurobiology,
22:509-513, 1996

Maxwell WL, McCreath BJ, Gennarelli, TA, et al.
“Cytochemical Evidence for Redistribution of
Membrane Pump Calcium-ATPase and ecto-Ca-
ATPase activity, and Calcium Influx in Myelinated
Nerve Fibres of the Optic Nerve After Stretch Injury.”
J Neurocytol, 24(12):925-42, 1995.

Smith DH, Meaney DF, Gennarelli TA, et al. “New
Magnetic Resonance Imaging Techniques for the
Evaluation of Traumatic Brain Injury.” J Neurotrauma,
12(4):573-7, 1995.

Meaney DF, Smith DH, Gennarelli TA, et al.
“Biomechanical Analysis of Experimental Diffuse
Axonal Injury.” J Neurotrauma, 12(4):689-94, 1995.

McKenzie KJ, McLellan DR, Gentleman SM, Maxwell
WL, Gennarelli TA, Graham DI. “Is B-APP a Marker
of Axonal Damage in Short Surviving Head Injury?”
Acta Neuropath, 92:608-613, 1996.

101



Gennarelli TA. “Types and Amount of Axonal Injury in
Traumatic Brain Injury.” Neuropath and Applied
Neurobiology, 22(1):44, 1996.

McIntosh TK, Smith DH, Meaney DF, Kotapka MJ,
Gennarelli TA, Graham DI. “Neuropathological
Sequelae of Traumatic Brain Injury: Relationship to
Neurochemical and Biomechanical Mechanisms.”
Laboratory Investigation, 74(2):315-342, 1996.

Hirohiko K, Meaney DF, McGowan JC, Grossman RI,
Lenkinski RE, Ross DT, McIntosh TK, Gennarelli TA,
Smith DH. “Magnetization Transfer Imaging of Diffuse
Axonal Injury Following Experimental Brain Injury in
the Pig: Characterization by Magnetization Transfer
Ratio with Histopathologic Correlation.”  J Computer
Assisted Tomography, 20(4):540-546, 1996.

Bogduk N, Yoganandan N. “Biomechanics of the cervical
spine Part 3: minor injuries.” Clin Biomech, 16(4):267-
275, 2001.

Cusick, JF, Pintar, FA, Yoganandan, N. (2001). Whiplash
syndrome: Kinematic factors influencing pain patterns.
Spine 26(11):1252-1258, 2001.

Kumaresan S, Pintar FA, Yoganandan N. “Finite element
modeling of pre-tension in spinal ligaments.” 
J Mathematical Modeling and Scientific Computing, 13(1-
2):115-119.

Kumaresan S, Yoganandan N, Pintar FA. “Pediatric neck
injury scale factors and tolerance.”  Biomed Sci
Instrumentation, 37:435-440, 2001.

Pintar FA, Kumaresan S, Yoganandan N. “Geometrical ide-
alization of uncovertebral joints of the cervical spine.”
J Mathematical Modeling and Scientific Computing, 13(1-
2):133-135, 2001.

Pintar FA, Kumaresan S, Yoganandan N, Yang A, Stemper
B, Gennarelli, TA. “Biomechanical modeling of pene-
trating traumatic head injuries: A finite element
approach.” Biomed Sci Instrumentation, 37: 429-433,
2001.

Stemper BD, Yoganandan N, Pintar FA, Sun Z.
“Development of extension kinematic corridors to vali-
date a head/neck finite element model.” Biomed Sci
Instrumentation, 37:239-244, 2001.

Thacker BH, Nicolella DP, Kumaresan S, Yoganandan N,
Pintar FA. “Probabilistic finite element analysis of cer-
vical spine.” J Mathematical Modelling and Scientific
Computing, 13(1-2):12-21, 2001.

Wijman CA, McBee NA, Keyl PM, Varelas PN, Williams
MA, Hanley DF, Wityk RJ, Razumovsky AY.
“Diagnostic impact of early Transcranial Doppler
Ultrasonography on TOAST classification subtype in
acute cerebral ischemia.” J Cerebrovascular Disease,
11:317-323, 2001.

Yoganandan N, Kumaresan S, Pintar PA. “Biomechanics of
the cervical spine: soft tissue responses and biomechan-
ical modeling.” Clin Biomech, 16 (1), 1-27, 2001.

Yoganandan N, Kumaresan S, Pintar FA. “Importance of
material properties on spinal components load-sharing.”
J Mathematical Modelling and Scientific Computing, 13(1-
2):90-93, 2001.

Yoganandan N, Kumaresan S, Pintar FA. “Biomechanics of
the cervical spine Part 2. Cervical spine soft tissue
responses and biomechanical modeling.” Clin Biomech,
16(1):1-27, 2001.

Abdulhak MM, Gates ML, Hollowell JP. “Bone metabolism
as it relates to spinal disease and treatment.” In
Neurological Surgery, JR Youmans, eds, WB Saunders.
(in Press). 

Cusick JF, Yoganandan N. “Biomechanics of the cervical
spine IV: Major injuries.” Clin Biomech, (In Press)

Helmreich D.L., Cullinan, W.E., and Watson, S.J.
“Molecules and circuits of the brain’s stress axis.
Hormonal Modulation of Brain and Behavior” (U.
Halbreich, ed.) (In press).

Kumaresan S, Yoganandan N, Pintar FA, Maiman DJ, Goel
VK. “Contribution of disc degeneration to osteophyte
formation in the cervical spine: A biomechanical
investigation.” J Orthop Res, (In Press).

Maiman DJ, Pintar FA, Croft MW, Yoganandan N,
Hollowell JP. “Concepts and mechanisms of biome-
chanics.” Neurological Surgery, JR Youmans, eds, WB
Saunders. (in Press). 

Seipel R, Pintar FA, Yoganandan N, Boynton MB.
“Biomechanics of calcaneal fractures: A model for the
motor vehicle.” Clin Orthop, (In Press).

Yoganandan N, Pintar FA, Cusick JF. “Biomechanical
analyses of whiplash injuries using experimental model.”
Accident Analysis and Prevention, (In Press)

Yoganandan N, Kumaresan S, Pintar FA, Gennarelli TA.
“Pediatric biomechanics.” Accidental Injury:
Biomechanics and Prevention, 2nd Ed, AM Nahum, JW
Melvin, eds, New York, Springer-Verlag (In Press).

Battocletti JH, Macias MY, Pintar FA, Maiman DJ, Sutton
CH. “Box coil for the stimulation of biological tissue
and cells in vitro and in vivo by pulsed magnetic fields.”
IEEE Transactions in Biomed Eng, 47 (3), 402-408,
2000. 

Coleman WP, Benzel EC, Cahill DW, Ducker T, Geisler F,
Green B, Gropper MR, Goffin J Madsen III PW,
Maiman DJ et al. “Critical appraisal of reporting of
national acute spinal cord injury studies (II and III) of
methylprednisolone in acute spinal cord injury.” 
J Spinal Disorders, 13 (3), 185-199, 2000. 

Hollowell JP, Larson SJ. “Correction of arthritic deformities
of the spine.” In Arthritic and Allied Conditions - A
Textbook of Rheumatology, 14th Edition, 2000. Koopman
WJ, ed. Williams and Wilkins.

Kumaresan S, Yoganandan N, Pintar PA, Mueller WM.
“Biomechanics of pediatric cervical spine:
Compression, flexion and extension responses.” J Crash
Prevention and Injury Control, 2 (2), 87-101, 2000. 

102



Kumaresan S, Yoganandan N, Pintar FA, Maiman DJ.
“Finite element modeling of the lower cervical spine:
role of intervertebral disc under axial and eccentric
loads.” Med Eng & Physics, 21 (10), 689-700, 2000. 

Macias MY, Battocletti JH, Sutton CH, Pintar FA, Maiman
DJ. “Directed and enhanced neurite growth with pulsed
magnetic field stimulation.” Bioelectromagnetics, 21,
272-286, 2000. 

Przybylski GJ, Maiman DJ. “Planned delayed surgery.
Controversies in Spine Surgery: Surgical Techniques
and Medical Treatment.” Zdeblick TA, Benzel EC,
Anderson PA, Stillerman CB, eds.  Quality Medical
Publishing, St. Louis MO. pp 44-50, 2000.

Torg JS and Gennarelli TA. “Intracranial and cervical spine
injuries. Principles and Practice of Orthopaedic Sports
Medicine” Garrett Jr WE, Speer KP, Kirkendall DT,
eds. pp 153-181, 2000.

Walsh PR: Motor Systems. “Spinal cord and spinal reflexes.”
Neuroscience Secrets, Wong-Riley MT, ed, Hanley &
Belfus, Inc. Philadelphia, PA, 167-176, 2000. 

Waring III WP, Maiman DJ. “Spinal cord injury unit in
new millennium: Paradigm shift.” Contemporary
Management of Spinal Cord Injury: From Impact to
Rehabilitation. Tator CH, Benzel EC, eds. AANS
Publications, pp 303-310, 2000.

Yoganandan N, Pintar FA, Seipel RC. “Experimental pro-
duction of extra- and intra-articular fractures of the os
calcis.” J Biomech, 33 (6), 745-749, 2000.

Arnold P, Vollmer D, Larson SJ. “Lateral extracavitary
decompression and fusion of the thoracic and lumbar
spine.” Chapter in Spine Surgery, EC Benzel, ed.
Churchill Livingstone, New York, NY, pp. 285-291,
1999.

Baisden J, Voo LM, Cusick JF, Pintar FA, Yoganandan N.
“Cervical spine laminectomy and laminoplasty.” Spine,
24 (13),1283-1289, 1999.

Carmel PW, Albright AL, Adelson PD, Canady A, Black P,
Boydston W, Kneirim D, Kaufman B, Walker M,
Luciano M, Pollack IF, Manwaring K, Heilbrun P,
Abbott IR, Rekate H. “Incidence and management of
subdural hematoma/hygroma with variable and fixed
pressure-differential valves: Data from a randomized,
controlled study of programmable versus conventional
valves.” Neurosurgical Focus, 7 (4) article 7, 1999.

Hollowell JP, Kumaresan S, Yoganandan N, Pintar FA.
“Biomechanics of human cervical spinal column under
physiologic loads.”  ASME Advances in Bioengineering
BED, Vol. 43:289-290, 1999.

Hollowell JP, Yoganandan N, Benzel EC. “Spinal implant
implant attributes cantilever beam fixation.” Spine
Surgery: Complication, Avoidance, and Management,
Benzel EC, ed. Churchill Livingstone, Vol II, pp. 979-
990, 1999.

Larson SJ, Maiman DJ. “Surgery of the Lumbar Spine.”
Thieme Medical Publishers, New York, NY. p. 324,
1999.

Larson SJ, Hitchon P. “Bilateral locked cervical facets with
incomplete myelopathy: Open versus closed reduction.”
Spine Surgery, Benzel EC, ed. Churchill Livingstone,
New York, NY. pp. 1512-1515, 1999.

Larson SJ, Hitchon P. “Management of a patient with a
thoracolumbar fracture with complete myelopathy and
a 40 degree kyphotic deformity: Operative or recum-
bent management.” Spine Surgery, Benzel EC, ed.
Churchill Livingstone, New York, NY. pp. 1529-1531,
1999.

Maiman DJ, Kumaresan S, Yoganandan N, Pintar FA.
“Biomechanical effect of anterior cervical spine fusion
on adjacent segments.” Bio-Med Materials and Eng, 9,
27-38, 1999.

Muszynski C, Hayman L, Weingarten K, Prow H, Cole J,
Contant C. “Conservative management of extra-axial
hematomas diagnosed by CT”. Neuroradiology, 41 (12),
875-881, 1999.

Wright NM, Kaufman BA, Haughey BH, Kauryssen C.
“Complex cervical spine neuroplastic disease:
Reconstruction after surgery by using a vascularized
fibular strut graft. Case report.” J Neurosurgery, 90, 133-
137, 1999.

Yoganandan N, Kumaresan S, Pintar FA and Gennarelli
TA. “Biomechanical tolerance criteria for pediatric
populations.” AAAM-IRCOBI Child Occupant
Protection, London, England, Professional Engineering
Publishing Ltd, pp 97-112, 1999.

Baisden J, Maiman DJ. “Bone healing and maturation.”
Techniques in Neurosurgery, 4 (3), 206-210, 1998.

Gennarelli TA, Thibault LE, Graham DI. “Diffuse Axonal
Injury: An important form of traumatic brain injury.”
The Neuroscientist, 4, 202-215, 1998.

Gennarelli TA, Graham DI. “Neuropathology of head
injury.” Seminars in Clinical Neuropsychiatry, 3, 1-17,
1998.

Gennarelli TA. “General considerations in trauma to the
head.” Principles and Practice of Emergency Medicine, 4th
Edition, Schwartz GR, ed. Williams and Wilkins,
Baltimore, MD. pp 230-234, 1998.

Glaser JA, Janarski BA, Cuddy BG, Albert TJ, Hollowell
JP, et al. “Variation in surgical opinion regarding treat-
ment of selected cervical spine injuries: A preliminary
study.” Spine, 23 (9), 975-982, 1998.

Kumaresan S, Khouphonsgy P, Stemper B, Daruwala D,
Cheng J, Pintar FA, Yoganandan N, Maiman DJ.
“Development of a biomechanically analogous cervical
spine physical model.” BED Adv in Bioeng, 39, 155-156,
1998.

103



Vogelbaum MA, Kaufman BA, Park TSW, Winthrop AL.
“Management of uncomplicated skull fractures in chil-
dren: Is hospital admission necessary?” Pediatric
Neurosurgery, 29, 96-101, 1998.

Walsh PR, Walsh BP. “Neurosurgical strategies in adult and
pediatric head injury.” Frontiers in Head & Neck Trauma
Clinical and Biomechanical, Pintar FA, Larson SJ, Sances
Jr A, eds. IOS Press, The Netherlands, 527-532, 1998.

Walsh PR, Walsh BP. “Basic mechanisms in craniocerebral
trauma-Integration of biomechanics and clinical patho-
physiology.” Frontiers in Head & Neck Trauma Clinical
& Biomechanical, Pintar FA, Larson SJ, Sances Jr A,
eds. IOS Press, The Netherlands, 533-538, 1998.

104



Hoover, H, First National Conference on Street and Highway
Safety, Department of Commerce, Washington, DC,

Haddon, W, Accident Research – Methods and Approaches,
Harper & Row, New York, 1964 

National Committee on Trauma and Committee on Shock,
Accidental Death and Disability: The Neglected Disease of
Modern Society, National Academy of Sciences,
Washington, DC, September, 1966.

Perrine MW, Waller JA, Harris LS, Alcohol and Highway
Safety: Behavioral and Medical Aspects, DOT HS 800
599, U.S. DOT, NHTSA, 1971.

HUK-Verband, “Interior Safety of Automobiles – Road
Traffic Accidents and their Consequences,” A Study by
German Motor Traffic Insurers on 28,936 Car Crashes
with Passenger Injury, Hamburg Germany, 1975

Foley RW, Harris LS, Pilcher DB, “Abdominal Injuries in
automobile accidents: review of care of fatally injured
patients”, Journal of Trauma, 1977, August, 17(8): 611-5.

National Highway Traffic Safety Administration, Automobile
Occupant Crash Protection, DOT HS 805 474, July 1980.

Kaufman G, Bilge B, Effects of Automobile Accidents Upon
American Families, 1982, DOT HS 806-315, PB 83 156
539.

Rubin LR, Children in Automobile Accidents: The Effects on
the Family, 1982, DOT HS 806 316, PB 83 161 877.

Committee for the Study of Health Consequences of the
Stress of Bereavement, National Academy of Sciences,
Bereavement – Reactions, Consequences, and Care,
Washington, D.C., 1984.

Committee on Trauma Research, Injury in America,
Institute of Medicine, National Academy of Sciences,
Washington, DC 1985.

Ommaya AK, Digges KH, “A Study of Head and Neck
Injury Mechanisms by Reconstruction of Automobile
Accidents,” Proceedings of IRCOBI Conference,
Goteborg, Sweden, 1985. 

Champion HR, Copes WS, Craig M, Morelli S, Keast S,
Bain L, A Preliminary Study of Head and Neck Trauma of
Automobile Crashes, and their Consequences, NHTSA
Report DOT HS 807 052, Washington, DC, June 1986.

Ommaya AK, “Mechanisms and Preventive Management
of Head Injuries: A Paradigm for Injury Control,” 32nd
Annual Proceedings, Association for the Advancement
of Automotive Medicine, September 12-14, 1988. 

Trinca G, Johnston I, Campbell B, Haight F, Knight P,
Mackay M, McLean J, Petrucelli E, Reducing Traffic
Injury – A Global Challenge, Royal Australasian College
of Surgeons, 1988.

Jones IS, Champion HR, “Trauma Triage: Vehicle Damage
as an Estimate of Injury Severity,” Journal of Trauma,
Vol. 29, No. 5, May 1989, p. 646. 

Finelli FC, Jonsson J, Champion HR, Morelli S, Fouty WJ,
“A case control study for major trauma in geriatric
patients”, Journal of Trauma, Vol. 29, No.5, May 1989,
p. 541.

Rice DP, MacKenzie EJ, Cost of Injury in the United States –
A Report to Congress, National Highway Traffic Safety
Administration, U.S. Department of Transportation
and Centers for Disease Control, U.S. Department of
Health and Human Services, 1989

Siegel JH, Mason-Gonzales S, Dischinger P, Cushing B,
Read K, Robinson R, Smialek J, Heatfield B, Hill W,
Bents F, Jackson J, Livingston D, Clark C, “Safety Belt
Restraints and Compartment Intrusions in Frontal and
Lateral Motor Vehicle Crashes: Mechanisms of Injuries,
Complications, and Acute Care Costs,” Journal of
Trauma, Vol. 5, No. 34, 1993.  See also Siegel JH,
Dischinger P, The Medical Consequences of Car Crashes:
An Automobile Crash Trauma Study, Vols. I, II, III, IV,
NHTSA Reports DOT HS 808 156, 808 157, 808 158,
and 808 159, July 1992. 

Esposito TJ, Reynolds SA, Sanddal ND, Hansen JD, Rinker
CF, Dale G, Maningas PJ, O’Reilly PJ, Bleicher J,
Petrashek B, Rural Preventable Mortality Study, NHTSA
Report DOT HS 807 973, Washington, DC, Dec. 7,
1992.

Lombardo LV, Ryan SD, “Detection of Internal Injuries in
Drivers Protected by Air Bags,” NHTSA Research Note,
August 1993.

Hunt RC, Brown RL, Cline KA, Krohmer JR, McCabe JB,
Whitley TW, “Comparison of Motor Vehicle Damage
Documentation in Emergency Medical Services Run
Reports Compared with Photographic Documentation,”
Annals of Emergency Medicine, 1993, 22:651-656.

105

Engineering
Prevention

Medical
Treatment

References

Dec 15-16, 1924.  Available at http://199.79.179.91/
scripts/ws.dll?login&site=dot_highways.pdf



National Highway Traffic Safety Administration
(NHTSA), “New Car Assessment Program – Response
to the NCAP FY 1992 Congressional Requirements”,
Report to the Congress, December 1993, NHTSA
Docket 79-17-GR-088.  

Augenstein JS, Digges KH, Lombardo LV, Perdeck EB,
Stratton JE, Malliaris AC, “Injuries Sustained by Air
bag Occupants in Frontal Crashes”, Proceedings of The
XIII International Technical Conference on Enhanced
Safety of Vehicles, Paper No. 94-S4-O-18, 1994. 

Augenstein JS, Digges KH, Lombardo LV, Perdeck EB,
Stratton JE, Malliaris AC, Quigley CV, Craythorne
AK, Young PE, “Occult Abdominal Injuries to Airbag
Protected Crash Victims: A Challenge to Trauma
Systems,” Journal of Trauma, Vol. 38, No. 4, 1995.  See
also Augenstein JS, et al, “Heart Injuries Among
Restrained Occupants in Frontal Crashes,” SAE
970392. 

Maio RF, Burney RE, Gregor MA, Baranski M, Welch KB,
Rothman ED, Michigan Rural Preventable Mortality
Study, NHTSA Report DOT HS 808 341,
Washington, DC, June 1995.

Cunningham PRG, North Carolina Preventable Mortality
Study with Inter-Rater Reliability Modifications, NHTSA
Report DOT HS 808 345, Washington, DC, July 31,
1995. 

Blincoe LJ, The Economic Cost of Motor Vehicle Crashes,
1994, National Highway Traffic Safety Administration,
1996, DOT HS 808 425.

National Highway Traffic Safety Administration
(NHTSA), “NHTSA Crash Injury Research and
Engineering Network,” Annals of Emergency Medicine,
October, 1996; 28:450-451.  

Greene DL, Jones DW, Delucchi MA, The Full Costs and
Benefits of Transportation – Contributions to Theory,
Method and Measurement, Springer, 1997.

Champion HR, Augenstein JS, Cushing B, Digges KH,
Hunt RC, Larkin R, Malliaris AC, Sacco WJ, Siegel
JH, Lombardo LV, Post-Crash Injury Control, Briefing for
NHTSA Administrator, R Martinez, Washington, DC,
March 27, 1997. 

Malliaris AC, Digges KH, DeBlois JH, “Relationships
Between Crash Casualties and Crash Attributes,”
Society of Automotive Engineers SAE 970393,
February 1997. The development of the URGENCY
triage algorithm reported in this paper was part of a
multidisciplinary team’s effort and was presented to the
NHTSA Administrator in a briefing March 27, 1997.
The multidisciplinary team was led by Champion HR,
and included Augenstein JS, Cushing B, Digges KH,
Hunt RC, Larkin R, Lombardo LV, Malliaris AC, Sacco
WJ, and Siegel JH. 

Testimony of Mortimer L. Downey, Deputy Secretary, U.S.
Department of Transportation, before the U.S. Senate
Committee on Environment and Public Works,
Subcommittee on Transportation and Infrastructure,
Feb. 13, 1997, p. 11.  Also see NHTSA, NHTSA 2020
Report, DOT HS 808 665, Washington, DC,
September 1997, p. 2.

Sampalis JS, Denis R, Frechette P, Brown R, Fleiszer D,
Mulder D, “Direct Transport to Tertiary Trauma
Centers versus Transfer from Lower level Facilities:
Impact on Mortality and Morbidity among Patients
with Major Trauma,” Journal of Trauma, Vol. 43, No. 2,
August 1997, p. 288. 

Champion HR, Augenstein JS, Cushing B, Digges KH,
Hunt RC, Larkin R, Malliaris AC, Sacco WJ, Siegel
JH, “Automatic Crash Notification,” AirMed,
March/April 1998, p. 36.

NHTSA, 1998 Strategic Plan of the NHTSA, Promoting Safe
Passage into the 21st Century, September 1998, DOT
HS 808 785, p. 30. 

Falcone RE, Herron H, Werman H, Bonta M, “Air
Medical Transport of the Injured Patient: Scene versus
Referring Hospital,” Air Medical Journal, Vol. 17, No. 4,
October-December 1998, p 161. 

Berkowitz M, O’Leary PK, Kruse DL, Harvey C, Spinal Cord
Injury: An Analysis of Medical and Social Costs, Demos
Medical Publishing, 1998. 

Luchter S, Measuring Injury Outcomes: Proceedings of a
National Conference, NHTSA Technical Report, 1998,
DOT HS 808 782. 

Champion HR, Augenstein JS, Cushing B, Digges KH,
Hunt RC, Larkin R, Malliaris AC, Sacco WJ, Siegel
JH, “Urgency for a Safer America,” AirMed,
March/April 1999, pp.18-23.

Champion HR, Augenstein JS, Cushing B, Digges KH,
Hunt RC, Larkin R, Malliaris AC, Sacco WJ, Siegel
JH, “Reducing Highway Deaths and Disabilities with
Automatic Wireless Transmission of Serious Injury
Probability Ratings from Crash Recorders to
Emergency Medical Services Providers,” Proceedings of
the National Transportation Safety Board (NTSB)
International Symposium on Transportation Recorders,
May 3-5, 1999, pp. 67- 84.  Also available at
http://www.ntsb.gov, and at http://www.nhtsa.dot.gov/

Committee on Injury Prevention and Control, Institute of
Medicine, National Academy of Sciences, Reducing the
Burden of Injury, Advancing Prevention and Treatment,
Washington, DC, 1999, pp. 1-17, 32. 

Committee on Quality of Health Care, Institute of
Medicine, National Academy of Sciences, To Err is
Human: Building a Safer Health System, Washington,
DC, 1999, pp. 4, 153.

106

cars/problems/studies/scns/chamion.htm.



106th Congress, Congress of the United States, Public Law
106-81, October 26, 1999, Wireless Communications and
Public Safety Act of 1999, 113 STAT. 1286, 47 USC
609.

World Health Organization, Geneva, Injury – A Leading
Cause of the Global Burden of Disease, 1999, WHO/
HSC/PVI/99.11, Available at http://www.who.int/
violence_injury_prevention/index.html

Scally JT, McCullough CA, Brown LJ, Eppinger R,
“Development of the Crash Injury Research and
Engineering Network” International Journal of Trauma
Nursing, Vol. 5, Number 4, October-December 1999.

NHTSA, Traffic Safety Facts 1998, DOT HS 808 983,
October 1999, pp. 48, 170-173. 

American College of Surgeons, Committee on Trauma,
Resources for Optimal Care of the Injured Patient, 1999,
p.14.

Lerner EB, Billittier AJ, Adolph JE, “Ambulance, Fire, and
Police Dispatch Time Compared with the Atomic
Clock,” Prehospital Emergency Care, Jan./March, 2000,
Vol.4/No.1, pp. 28-30.

Kanianthra J, Carter A, Preziotti G, “Field Operational Test
Results of an Automated Collision Notification
System,” 2000-01-C041, SAE Proceedings, Convergence
2000, Detroit, Oct. 1, 2000.

Prasad P, “Role of Electronics in Automotive Safety,” 2000-
01-C086, SAE Proceedings, Convergence 2000, Detroit,
Oct. 1, 2000. 

Oppe S, De Charro FT, “The effect of medical care by a
helicopter trauma team on the probability of survival
and the quality of life of hospitalized victims,” Accident
Analysis and Prevention, 33 (2001) pp. 129-138.

Committee on Quality of Health Care, Institute of
Medicine, National Academy of Sciences, Crossing the
Quality Chasm: New Rules to Redesign and Improve Care,
Washington, DC, 2001.

Augenstein JS, Digges KH, Ogata S, Perdeck E, Stratton J,
“Development and Validation of the Urgency
Algorithm to Predict Compelling Injuries” Proceedings
of the 17th International Technical Conference on the
Enhaced Safety of Vehicles, June 4-7, 2001, Amsterdam,
DOT HS 809 220, http://www.nhtsa.dot.gov

107



NHTSA
Washington, D.C.

Volpe National Transportation
Systems Center,
Cambridge, MA.

UMDNJ-New Jersey
Medical School,

Newark, NJ

University of
Maryland 

CIREN Center,
Baltimore, MD

FORD Inova 
Fairfax Hospital
CIREN Center,

Falls Church, VA

William Lehman
Injury Research

Center, U of Miami,
Miami, FL

Mercedes–Benz
CIREN Center,

U of Alabama at
Birmingham, AL

Children’s National
Medical Center,
Washington D.C

U of Michigan 
Program for Injury

Research & Education,
Ann Arbor, MI

Froedtert Hospital 
& Medical College 

of Wisconsin,
Milwaukee, WI

Harborview Injury
Prevention &

Research Center,
Seattle, WA

San Diego County
Trauma System,
San Diego, CA

DOT HS 809 377
December 2001


