
BROKEN BONES



BROKEN BONES
Anthropological Analysis of Blunt

Force Trauma

Edited by

ALISON GALLOWAY, PH.D., D.A.B.F.A.

(With 16 Other Contributors)



Published and Distributed Throughout the World by

CHARLES C THOMAS • PUBLISHER, LTD.
2600 South First Street

Springfield, Illinois 62704

This book is protected by copyright.  No part of it
may be reproduced in any manner without 

written permission from the publisher.

©1999 by CHARLES C THOMAS • PUBLISHER, LTD.

ISBN 0-398-06992-1

Library of Congress Catalog Card Number:  99-34122

With THOMAS BOOKS careful attention  is given  to all  details of manu-
facturing and design.  It is the Publisher's desire to present  books that are satis-
factory as to their physical qualities and artistic possibilities and appropriate for
their particular use. THOMAS BOOKS will be true to those laws of quality

that  assure a good name and good will.

Printed in the United States of America
TH-R-3

Library of Congress Cataloging-in-Publication Data

Broken bones:  anthropological analysis on blunt force trauma / 
edited by Alison Galloway; with 16 other contributors

p.     cm.
Includes bibliographical references and index.
ISBN 0-398-06992-1
1. Forensic anthropology.  2. Blunt trauma.  3. Fractures.

I. Galloway, Alison, 1953-
GN69.8.B76     1999
614'.1--dc21                                                                99-34122

CIP



To
Walter H. Birkby

whose guidance has helped so many of his students,
whose professional standards provided our goals,

and who knew when we should be allowed to work on our own.



M.H. CZUZAK, PH.D.
Department of Anatomy
University of Arizona Health Science Center
1501 N. Campbell
Tucson, AZ  85724

SANDRA K. ELKINS, M.D.
Director of Autopsy Services and Forensic Pathology
Regional Forensic Center
1924 Alcoa Highway
Box 71
Knox County Medical Examiner’s Office
Knoxville, TN 37920

DIANE L. FRANCE, PH.D.
Human Identification Laboratory
Department of Anthropology
Colorado State University
Fort Collins, CO  80523

LAURA FULGINITI, PH.D.
Maricopa County Medical Examiner’s Office
120 S. 6th Avenue
Phoenix, AZ 85003

ALISON GALLOWAY, PH.D.
Department of Anthropology 
Social Science One 
University of California
Santa Cruz, CA  95064

WILLIAM D. HAGLUND, PH.D.
Director of the International Forensic Program

for Physicians for Human Rights
20410 25th Ave., NW
Shoreline, WA  98177

NICHOLAS P. HERRMANN
Department of Anthropology
University of Tennessee
Knoxville, TN 37996

vii

CONTRIBUTORS



JOHN W. HUDSON, DDS
Professor and Program Director
Diplomate—American Board of Oral and Maxillofacial Surgery
Department of Oral and Maxillofacial Surgery
University of Tennessee Medical Center
Suite 335
1930 Alcoa Highway
Knoxville, TN 37920

MURRAY MARKS, PH.D.
Forensic Anthropology Center
Department of Anthropology
University of Tennessee
Knoxville, TN  37996

RUSSELL NELSON, M.S.
University of Michigan
Museum of Anthropology
4035 Museums Boulevard
Ann Arbor, ME  48109-1079

LAUREN A. ROCKHOLD, M.A.
Department of Anthropology
University of Tennessee
Knoxville, TN 37996

Monterey County Coroner’s Division
1414 Natividad Road
Salinas, CA  

TAL SIMMONS, PH.D.
Department of Anthropology
Western Michigan University
Kalamazoo, MI  49008

STEVEN A. SYMES, PH.D. 
UT Medical Group, Inc.
858 Madison Avenue
Memphis, TN  38163

K.M. TAYLOR, MA
King County Medical Examiner’s Office
325 9th Avenue
Seattle, WA  98104

BARBARA THORNBURG
University of Michigan
Museum of Anthropology
4035 Museums Boulevard
Ann Arbor, MI  48109-1079

viii Broken Bones



CURTIS WIENKER, PH.D.
Department of Anthropology
University of South Florida
Tampa, FL   33620-8100

JOAN E. WOOD, M.D.
Medical Examiner - District VI, Florida
10850 Ulmerton Road
Largo, FL  34648

Contributors ix



xi

PREFACE

Forensic anthropology builds upon the skills developed within physical
anthropology which focus on human osteology.  The aim is to allow the
bones to “speak,” to allow the deceased to tell a story about who they were,
how they lived and how they died.  Our ability to “listen” depends largely
upon our willingness to understand the principles by which the body is
formed, how and why humans may vary phenotypically, and how the body
responds to the environment in which it lives and dies.  

Traditionally, physical anthropologists have engaged in analysis of archae-
ological skeletal series.  The primary information gained includes the age,
sex and ancestry that is used to construct life tables and position the collec-
tion within the past populations.  Analysis of trauma has been used to discuss
the difficulty of life, the types of injuries which affected different social class-
es of people, sex differences in injury and the ability of people to survive and
accommodate to injury.  While the results of analysis can be contested, dif-
ferences of opinion are expected and tolerated.  

Forensic anthropology faces a different situation.  In most cases, we deal
not with a skeletal series, which can be sorted with an understanding of pop-
ulational variation, but with isolated individuals.  In some respects, this par-
allels the situation of the paleoanthropologist with the exception that foren-
sic anthropologists have the ability to generate information from the greater
contemporary population.  Unfortunately, information on the smaller popu-
lation from which the specific individual was drawn is often obscured and
may be the reason for the request for anthropological analysis.  

Forensic practitioners must develop information a step further in some
areas but, simultaneously, pull back from the interpretations of trauma pos-
sible in archaeological material.  Each individual injury must be more exten-
sively examined, recorded and fit within a set of plausible causes.  On the
other hand,  the interpretations cannot extend beyond the forensic anthro-
pologist’s area of expertise—the human skeleton.  Interpretations can include
the application of forces and indications that the defects are or are not con-
sistent with specific causes.  They may not include the discussion of the sce-
nario in which these injuries may have been inflicted unless this can specifi-
cally be read from the bone.  They also should not cross into the arena of the
forensic pathologist and address the clinical implications of such injuries.

This delicate balance is not easily mastered.  Unlike archaeological analy-
sis, the costs of an overextended or incorrect interpretation in forensic analy-
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sis are high.  At the extreme, it may cost a defendant his or her life or free-
dom or may produce subsequent victims if the evidence is found insufficient
to convict a guilty party.  Fortunately, in most cases the testimony of the
anthropologist is not critical to the determination of “ultimate cause” (guilt or
innocence).  Ignorance of the limitations of forensic analysis can, however,
leave the anthropologist open for extremely aggressive cross-examination.
Aside from demolishing the ego and reputation of this individual, impeach-
ment of the anthropologist casts a poor light on the subdiscipline and on
other, more seasoned practitioners.  

Forensic analysis places the individual under extreme scrutiny—everything
relies on what can be read from the bones recovered.  Each bone must be
thoroughly examined and, often, each has a “story” to tell.  The victim in
many forensic cases lived a life that took its toll on their body.  Rarely, then,
can the anthropologist find this chance to devote so much time to a well-pre-
served skeleton with the hope of checking his or her conclusions in the rela-
tively near future.  

Forensic cases present a rare opportunity to examine bone in often pris-
tine condition.  While preservation is compromised due to differential pre-
dation, trauma or recovery, in many cases the bone in forensic cases is
extremely well preserved with remarkable surface detail.  This is particular-
ly so when the skeletal remains are still housed in soft tissue.  This allows
interpretation of details often obscured by time, burial and other taphonom-
ic factors.  

While forensic anthropologists are working within the medicolegal com-
munity and must respect its requirements, we are still anthropologists.  In
addition to the questions raised with regards to the individual cases, we must
retain a broader perspective.  Forensic anthropology provides an excellent
opportunity to examine the factors and influences that affect the human
body.  

Human skeletal structure has evolved in such a way as to withstand the
normally encountered stresses with a relatively large safety margin.  At the
same time, the bones must retain the ability to distort during stress.  This
seeming contradiction enables the body to monitor the stresses it encounters
and allows the bone to respond to increases or decreases in dynamic load-
ing.  Decreases in loading typically result in gradual loss of bone mass while
increased loading is accompanied by activation of bone formation process-
es.  

At the same time, bones fulfill many other functions within the body.
Since both the anatomical and physiological requirements of bone change
throughout life, the morphology, microstructure and associated organic com-
ponents may also change.  While forensic anthropologists exploit this trend
in order to estimate age, these variables also affect how the bones resist
forces and ultimately fail.  



The morphology of the skeletal elements must be seen as having evolved
to cope with a range of motions and loading that has been the norm during
our evolutionary past.  In most cases, this evolutionary pathway has not
included changes in response to violence or accident.  Unfortunately, the
modern world also imposes an additional set of hazards that may often great-
ly exceed even the extremes of loading experienced in our evolutionary past
as well as the resistance of bones to loading.  To our benefit, we have also
improved our ability to medically repair this damage, increasing survivabil-
ity and decreasing morbidity.  

Frequently, we, as forensic anthropologists, deal with an individual, or a
small group of individuals, lacking the luxury of a populational perspective.
How much can we say?  What can we substantiate?  How can we begin to
address the broader questions that can be raised in the individual cases with
which we work.  An examination of the bone shape, an understanding of
bone tissue and strength and analysis of the biomechanics of fracture pro-
duction combine to allow interpretation of skeletal trauma.  With such a
foundation, the forensic anthropologist can begin to address broader ques-
tions of secular change in bone strength, the influence of normal life events
on bone morphology, the range of phenotypic expression, genetic factors in
bone strength and the influence of habitual loading.  

Much of our thinking in human osteology has been geared toward the
determination of patterns.  What features are “characteristic” of females or
males?  What clusters of anatomical traits are indicative of certain ancestries?
How can we assess age from the pattern of skeletal and dental changes?
While these interests have stimulated much valuable research, it has also led
us away from the assessment of the individual.  Many of the “sex determi-
nation features” are, in fact, simply differences in robusticity.  The principles
that predict how trauma may affect “females” could, therefore, be as easily
applied to gracile males.

While there will always be a need for updating and refining our under-
standing of the patterns within populations, forensic anthropologists are in
the position to reaffirm the focus on the individual.  We need to study how
the complex of skeletal characteristics that identify each person work togeth-
er.  What features within the life-style, physiology, disease profile or activity
patterns will affect the expression of the skeletal traits that would be predict-
ed due to sex or age or ancestry?  

This volume is designed to serve as an overview of the principles behind
interpretation of skeletal blunt force trauma.  It is intended for those of us
confronting human skeletal material, whether from archaeological or foren-
sic contexts which requires analysis of traumatic defects.  While relying on
clinical reports in large part, it is designed for those dealing with dry bone.
Survivability of injuries and morbidity is rarely mentioned and treatment
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ignored.  Rather, the emphasis is first on documentation and second on inter-
pretation. 

At a second level, this volume aims to emphasize the importance of the
individual in interpretation of skeletal trauma.  The inclusion of case studies
returns to this focus.  Small peculiarities of the circumstances of injury,
including the position of the body, the configuration of the impacting object
and the speed of impact; the anatomical structure of the individual at that
point in his or her life; and the perspective of the anthropologist must all
mesh to produce a viable interpretation of the trauma production.  In foren-
sic anthropology, as in anthropology in general, when all else is done, we
must still deal with the individual.

Alison Galloway
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Chapter 1

THE ROLE OF FORENSIC ANTHROPOLOGY IN
TRAUMA ANALYSIS

ALISON GALLOWAY, STEVEN A. SYMES, WILLIAM D. HAGLUND

AND DIANE L. FRANCE

As forensic anthropologists are increasingly being asked to render an
opinion on the circumstances of death and the decay process, analysis

of traumatic defects of the skeletal material is also falling within their
purview.  The forensic anthropologist does not determine the cause of death
which is a medical opinion, just as he or she does not determine manner of
death (Galloway et al. 1990a).  The expertise of the anthropologist may con-
tribute to the interpretation of the evidence and determination of the man-
ner of death by the medical examiner or coroner through the documentation
of the injuries present on bone, analysis of the interval at which these were
formed (antemortem, perimortem or postmortem) and the mechanisms
involved in their formation.

In this volume, analysis of trauma concerns injuries inflicted to bone as the
result of blunt force forces applied with sufficient velocity to cause some
degree of fracturing or breakage.  Skeletal trauma can be divided into three
primary forms based upon the type of force used: (1) blunt force trauma, (2)
sharp force trauma and (3) gunshot and projectile injuries.  Blunt force trau-
ma is defined as relatively low-velocity impacts over a relatively large surface
area.  In homicidal cases, this includes blows delivered with sticks, clubs,
pipes, boards, rocks, fists, etc.  These objects cause bone breakage due to
direct impact and, indirectly, through the bending, pulling and twisting of
skeletal elements.  In addition, the definition of blunt force trauma can be
expanded to include the fracturing resulting from vehicular accidents and
falls and compaction of the body such as occurs with manual strangulation.
Massive trauma, involving fragmentation of the body, may occur in high-
speed, heavy-impact situations such as aircraft accidents, train wrecks and
explosions.  These result in a less organized pattern of injury but one in
which there are unique requirements in the analysis of bones in terms of
establishing not only identity but location and position of the victim at the
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