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FOREWORD

Around 2000 children die in the United States each year from some form of child 
maltreatment. Within this text, Dr. Mary Case provides a rich and well-organized 
approach to better understanding what has happened to these children. The forensic 
pathologist, along with the child death investigation team, is in a vital position to 
unravel the truth.

Key clusters of injuries help to define abuse in the absence of admission by the perpe-
trator. In the legal arena, lawyers, judges, and juries want to know what the evidence 
is and how they can be sure. By systematically showing injuries at all levels and types, 
it becomes clear how abusive trauma occurs and what happens to the child when it 
does.

One of the major advantages of this assessment book is the inclusion of detailed case 
studies, which vividly illustrate key points in the pathological evaluation of suspected 
child abuse. They help to cement concepts about trauma around the narrative of 
what has happened to the child. Additionally, this text provides detailed pictures that 
are rarely seen elsewhere. For students and educators, such high-quality photographs 
bring to light what words alone cannot. 

By providing evidence-based research on various topics, case studies detailing spe-
cific instances of child death, images for analysis, and an assessment section de-
signed to ensure the understanding of content, this book engrains in the reader a 
deeper understanding of forensic pathology and causes of child death as a whole. 

Forensic Pathology of Child Death Assessment will be a key resource for those seeking 
to understand the details of abusive trauma and to make such important diagnoses.

Randell Alexander, MD, PhD
Professor and Chief
Division of Child Protection and Forensic Pediatrics
University of Florida
Jacksonville, Florida
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PREFACE

My vision for this assessment book was to document the findings of my many years 
of experience as a forensic pathologist, neuropathologist, and medical examiner and to 
create a way for members of the child fatality review team, especially forensic patholo-
gists, medical examiners, and coroners, to learn from my experiences and research. 

I began handling medical examiner cases in February of 1975 in St. Louis County, 
Missouri, but I did not see a child abuse fatality in St. Louis County until 1981. From 
there, the number of abusive fatalities gradually increased over the following years. In 
1977, I began working as a medical examiner in the St. Louis City Medical Examiner’s 
Office, which had just transitioned from a coroner’s office to a medical examiner’s 
system. When I began managing medical examiner cases in the City of St. Louis, I was 
struck by the large number of fatal child abuse cases we encountered in our work. I am 
both a forensic pathologist and a neuropathologist, so my experience with child abuse 
fatalities has been greatly influenced by my neuropathology background. 

In 2014, Elizabeth Kermgard was a medical student at St. Louis University where I was 
a professor of pathology and is now a pediatric resident. She abstracted much of the 
data on the cases included in this text which include child deaths from 1999 to 2017 in 
the St. Louis metropolitan area (ie, St. Louis County and the adjacent counties of St. 
Charles, Jefferson, and Franklin with a total population of 1.75 million) and the City 
of St. Louis from 1986 to 1994. Access to the case data from St. Louis City was gener-
ously provided by Dr. Michael Graham, Chief Medical Examiner of St. Louis City.

One of the main objectives of this assessment book is to guide the reader through what 
the medical examiner finds when an autopsy is done by well-trained forensic patholo-
gists. The intent is to document every mark on the child’s body, thus every case in this 
text was performed by a forensic pathologist that I had a role in training and to whom I 
stressed that a child’s autopsy should include documentation of each and every mark on 
the body. Documentation of each detail is of extreme importance as the mechanisms of 
accidental death, natural death, and homicide death are considerably different. 

A majority of the cases in this book were ruled deaths by homicide, a conclusion that re-
quires medical, social, and investigative histories from birth to the time of the fatal inci-
dent. While there was extensive circumstantial and historical information that factored 
into the determination of the cause and manner of death in each of these cases, only 
brief histories have been provided in the context of this book for the sake of brevity.  

Since 1991, the state of Missouri has had a child fatality review system that is county 
based and includes members of the medical examiner’s office, child and social services, 
juvenile court, prosecution, police agencies, public health, and a variety of other agen-
cies who might have knowledge of a particular case. Members meet monthly in order to 
share any new information because it is critical that all members of the child fatality re-
view team have full access to all findings in order to coordinate a successful investigation. 

This text and accompanying assessment are written for health professionals, includ-
ing medical examiners, coroners, and forensic pathologists, and others involved in 
the investigation of child death, such as social workers, law enforcement, and legal 
professionals. While the images in this text are often graphic, their intent is to edu-
cate and inform, not to shock. The children in this book are gone, but they are not 
forgotten. Their stories and autopsies will hopefully help us better understand, diag-
nose, and prevent future child deaths. 

Mary E. Case, MD
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REVIEWS

The investigations of sudden unexpected 
death in children are some of the most 
challenging for the forensic pathologist. 
These deaths are even more challenging 
when they involve neuropathological 
injury. This book, whose lead author is 
both a forensic pathologist and neuro-
pathologist, is organized by body region, 
which offers an extremely practical 
approach for the forensic pathologist. An 
entire chapter, as it should be, is devoted 
to the neuropathology of pediatric head 
trauma. Detailed discussions of injuries 
and mechanisms of injury are intermixed 
with referenced studies which put our 
understanding of these injuries in proper 
context and elevate this work beyond the 
typical descriptive forensic pathology text. 
It is an academic, well-referenced work 
that also includes over 150 color images 
and numerous case studies. Not only will 
forensic pathologists and fellows find this 
valuable, but given the well-written, 
concise discussions and descriptions, the 
non-medical pediatric death investiga-
tor will also find it understandable and 
beneficial.  

Forensic Pathology of Child Death As-
sessment is a condensed and restructured 
version of Dr. Case’s original work in an 
assessment format that includes an assess-
ment section, allowing readers to test their 
newly gained knowledge. This assessment 
contains an extra quality educational tool 
for forensic pathologists, medical examin-
ers, coroners, and others who investigate 
or teach about these deaths.

James R. Gill, MD
Chief Medical Examiner

State of Connecticut
Office of the Chief Medical Examiner 

In her book Forensic Pathology of 
Child Death Assessment, Dr. Mary 
Case offers the reader a comprehensive 
review of child deaths that is not only a 
reference for forensic pathologists but can 
also be useful for forensic autopsy techni-
cians, death investigators, professional 
nurses, and physician assistants. Dr. Case 
explores the role of the forensic patholo-
gist and medical examiner/coroner, the 
medicolegal system’s responsibilities, and 
the components of a forensic autopsy, 
and she includes photographs that largely 
depict the information given within 
the text. Dr. Case explains the deaths 
and categories of deaths that jurisdic-
tion is taken regarding organ and tissue 
procurement, and why there is an acute 
need for children’s tissues and organs, 
and she summarizes the decision-making 
process of the medical examiner/coroner. 
She presents case studies with ample pho-
tographs that support the importance of 
being familiar with documentation and 
bodily injuries when making decisions. 
This book, with its extensive descrip-
tions, photographs, and discussions, will 
provide a practical approach to assist in 
making determinations and decisions 
when faced with a fatal child maltreat-
ment case. 

Annette A. Cannon, PhD, MA, RN, 
MSN, D-ABMDI

Jefferson County Coroner
Jefferson County Government

Golden, Colorado

Forensic Pathology of Child Death 
Assessment demystifies jurisdiction issues 
and protocol questions that surround pe-
diatric autopsies. An abundance of high 
resolution color photos adds to the quality 
of the case discussions and highlights the 
impact of findings recovered throughout 
the evaluation of a child’s death−from 
scene investigation findings to hospital 
documentation and finally post mortem 
radiographs and the in situ appearance 
of trauma to the central nervous system, 
soft tissues, organs, and young bones. 
This is an impressive and thorough text 
that will benefit readers across multiple 
disciplines. Child fatality review team 
partners working in health care services, 
law enforcement, social services, and the 
legal system will be able to practically 
apply the information presented in this 
book to better serve child victims.

Marcella Donaruma, MD, FAAP
Associate Professor of Pediatrics

Baylor College of Medicine
Section of Public Health Pediatrics

Texas Children’s Hospital
Houston, TX

As usual, Dr. Mary Case has produced 
an essential work on the investigation of 
child death. The writing is brilliantly 
clear, and the detail is very helpful. I 
would strongly recommend this book for 
fellows in child abuse pediatrics who are 
studying for their board examinations. 
It would also be helpful for emergency 
department and pediatric intensive care 
unit providers to review to understand 
their roles in documenting and protect-
ing evidence of possible child death. I 
give this book an A+ for usefulness and 
thoroughness.

Carole Jenny, MD, MBA, FAAP
Professor Emerita

University of Washington School 
of Medicine
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1

DEFINITIONS

OBJECTIVES:
After reviewing this section, the reader will be able to:

1. Clearly identify and define key terms related to forensic pathology.

2. Accurately apply terms when analyzing cases of child fatality.

INSTRUCTIONS:
The following terms are found throughout the text. This section should serve as a 
convenient reference for readers as they move through the chapters. 

— Abrasion: The wearing away of the upper layer of skin as a result of applied 
friction force.

— Accident: A manner of death; an unnatural death resulting from an 
inadvertent chance happening.

— Adrenal glands: A small gland located on top of the kidney; sometimes 
referred to as “suprarenal” gland.

— Anoxia: An absence or deficiency of oxygen reaching the tissues; severe 
hypoxia.

— Apnea: A temporary cessation of breathing.

— Ascites: The accumulation of fluid in the peritoneal cavity, causing 
abdominal swelling.

— Aspiration: The action of drawing a breath and inhaling foreign substances 
(eg, food particles, objects, or fluid).

— Asphyxia: The failure of cells to receive or use oxygen.

— Autopsy: A postmortem assessment or examination of a body to determine 
the cause of death.

— Beta-amyloid precursor protein (BAPP): An immunohistochemical stain 
that is helpful in viewing damaged axons. BAPP staining can demonstrate 
damage to axons within 2 hours of injury.

— Bilateral: Affecting both the right and left sides of the body.

— Blunt abdominal trauma: Forceful impact made to the central abdominal 
area, typically inflicting injury to the celiac and mesenteric arteries.

— Blunt force trauma: Physical injury caused by forceful impact with ablunt 
object (ie, one that does not possess any sharp edges and therefore is 
nonpenetrating).

— Brain contusion: A type of traumatic brain injury (TBI) that causes localized 
bruising of the brain, typically occurring alongside a severe head injury.

Section
I
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FATAL CHILD MALTREATMENT, 
MEDICAL EXAMINERS, 
AND FORENSIC AUTOPSY

OBJECTIVES
After reviewing this chapter, the reader will be able to:

1. Analyze and describe the role of the forensic pathologist, medical examiner, and 
coroner.

2. Evaluate and describe the medicolegal system’s responsibilities in relation to death 
and scene investigations. 

3. Categorize and describe the components of a forensic autopsy, including the 
distinctions between an external and internal examination, toxicology, and other 
laboratory studies.

INTRODUCTION
Forensic pathology is a medical specialty that functions within the role of the medi-
cal examiner. The medical examiner is part of the medicolegal death investigation 
system, which is created by a state statute. The forensic pathologist works within the 
office of the medical examiner. Forensic pathologists perform autopsies and carry 
out record reviews to determine the cause and manner of death of individuals whose 
death may have some impact on the well-being of others. While these vary by state, 
the types of deaths that fall into the jurisdiction of the medical examiner are deaths 
that: 

— Occur suddenly or unexpectedly

— Are by possibly unnatural causes 

— Are from accidents, homicides, or suicides 

— May be related to dangers in the workplace or a public place 

— Occur outside of hospitals or the care of a physician 

— Fall into certain categories of interest (eg, children, individuals in custody 
of the law or in the care of others, or at home unattended by a physician or 
other care provider) 

Currently in the United States, all states have specific medical examiner or coroner 
laws for the investigation of children’s deaths. Child death laws generally require 
that a death investigation be carried out by the medical or coroner system unless 
a child in a particular age group died from a known natural disease. These laws 
also specify that certain categories of children must have autopsies and may further 
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indicate which physicians will conduct them. In most medical examiner systems, 
these children are autopsied by forensic pathologists. 

It is important to note that the forensic approach to an autopsy is significantly differ-
ent from a hospital autopsy. Hospital autopsies are performed to determine why the 
patient has died and to evaluate the treatment modalities and the accuracy of diagnos-
tic procedures. Forensic autopsies are performed on a select group of individuals when 
there is concern for a possible unnatural death or harm to society. State statutes usu-
ally allow medical examiners to autopsy those who fall into their jurisdiction without 
family permission or consent. 

DEATH INVESTIGATION
The death investigation begins when a death is reported to the medicolegal death 
investigator, who works closely with forensic pathologists. Every medical examiner 
system has protocols for hospitals, police departments, funeral homes, hospice agen-
cies, nursing homes, and other professionals who might interact with a dead body. 
When conducting a death investigation, the following duties fall to the medicolegal 
system1:

— Taking telephone reports of deaths

— Responding to certain death scenes and carrying out death scene 
investigations

— Determining the cause and manner of death

— Identifying the deceased, if unknown

— Determining the time of death

— Collecting all necessary evidence (eg, toxicology specimens, DNA materials, 
hair, fibers, etc.)

— Documenting injuries or lack of injuries

— Determining how the injuries occurred

— Documenting any natural disease present

— Determining or excluding other contributory or causative factors to the death

— Ordering medical records and police reports

— Arranging the transportation of bodies coming into the medical examiner 
office

— Providing expert testimony if the case goes to trial 

This medicolegal death investigation is separate from the police investigation, which 
also generates information needed by the forensic pathologist in order to fully evalu-
ate a case. 

The cause of death is the disease or injury that creates the physiologic disturbance 
that leads to death (eg, a gunshot wound to the chest). The manner of death de-
scribes how the cause of death occurred. Manners of death include: natural, accident, 
suicide, homicide, and undetermined. In certain cases, even after all information from 
the autopsy, toxicology report, histologic examination, and accessory investigation is 
gathered, the pathologist is still unable ascertain a manner of death, which is then 
considered to be undetermined. 

Many people, including nonforensic physicians, confuse cause of death with mecha-
nism of death. The mechanism of death refers to the actual pathophysiologic de-
rangements that result in death (eg, a gunshot wound to the chest might cause 
death through the mechanism of exsanguination). Mechanisms of death include: 
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exsanguinations, renal failure, respiratory failure, and cardiac arrest. Additionally, 
determining the mechanism of death can be immensely helpful in child maltreat-
ment cases. The most effective way to study the mechanisms of death is to study col-
lections of case histories with known similar injuries and observing the appearance 
and progression of these cases, thus making it easier to understand how the clinical 
presentation of an injured child would look (eg, a liver laceration in a young child 
causes exsanguination, comparable to liver lacerations seen in adults who have been 
in a vehicular accident).  

DEATH INVESTIGATION OF A CHILD

To properly evaluate the death of a child, a number of records need to be reviewed. 
These records are aimed at creating a comprehensive report meant to aid the child 
fatality review process. They include:

— All medical records, beginning from birth and extending to time of death 
(includes: birth records, pediatrician visits, emergency medical service records, 
emergency department records, and hospital records) 

— Growth charts (especially helpful when suspected nutritional neglect is 
present)

— Information gathered from family service agencies, Child Protective Services, 
and the juvenile court system 

— Police department records 

— Insurance examinations (helpful in finding missing details of a child’s life) 

— School records 

— A detailed history of the child’s developmental, medical, and social history 

— Significant family medical and social history including family size, structure, 
ages, and any recent changes or sources of stress such as criminal background, 
drug use, divorce, or death 

— Statements made by the parents or caretakers, siblings, or any others with 
knowledge of the circumstances surrounding a child’s death (note the reaction 
of all individuals who were caring for the child when the death occurred [eg, 
do the individuals appear appropriate in their emotional state, is there any 
evidence of intoxication or mental disturbance?])  

The child fatality review process is one of the most efficient methods of accessing 
all of the information needed by the forensic pathologist before decisions are made 
about the cause and manner of a child’s death; it allows for all of the knowledge of 
involved agencies to be shared with those conducting the death investigation. The 
child death review process varies from state to state but generally involves a panel 
of individuals such as the medical examiner, prosecuting attorney, family services 
specialists, police, juvenile court personnel, pediatricians, and any others who might 
have information about a particular death. 

SCENE INVESTIGATION
The scene refers to the location where the incident surrounding the death or injury 
occurred. The purpose of the scene investigation is to assess the scene, the circum-
stances, and the body if it is still in place, or, if the body has been transported for care, 
the site where the child was found. Information of interest at the scene investigation 
is detailed in Table 1-1. 

The details of the scene listed in Table 1-1 should be documented by photography 
and written descriptions so that the information can be reviewed by the pathologist 
before the autopsy. 
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Table 1-1. Information of Interest at the Scene of the Crime

SITE OR OBJECTS

OF INVESTIGATION

INFORMATION OF INTEREST

Home or 
incident site

— Geographic location

— Urban

— Suburban

— Rural

— How the home compares with other homes 
     in the same area

— Dwelling appearance

— State of repair

— Cleanliness

— Furnishings

— Dangerous conditions

— Infestations

— Temperature

— Weather

— Clothing

— Available food

— Siblings

— Behavior of everyone

— Drug paraphernalia

— Electric and plumbing

Bedding/
sleeping surface

— Toys, objects near body

— Presence of purges, exudates

— Type of bedding, sheets, blankets, pillows

— Others present in bed/sleeping surface

Physical evidence — Stains

— Blood

— Medications

— Formula

— Bottles

Body — Terminal position

— Initial position if different from terminal position

— Moved or altered position

— Pattern of lividity

— Presence of rigor

— Body temperature

— Odor

— Hygiene
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Scene recreation involves having the individual who found the 
child demonstrate the position in which the child was found 
or how the child was injured using a scene recreation doll. In 
specific types of deaths (eg, an infant found dead or unrespon-
sive in bed potentially due to sudden infant death syndrome 
[SIDS], sudden unexpected infant death [SUID], or a sleep-
related death), recreation dolls and scenarios may be useful, es-
pecially because most people are not sufficiently verbal or detail 
oriented enough to accurately describe the circumstances. 

Using a scene recreation doll allows the investigator to photographically docu-
ment a complex scene (Figure 1-1). Many asphyxial deaths are best understood by 
studying scene recreations. Children can easily fall into positions that interfere with 
breathing or chest excursion (Figure 1-2). Sometimes children fall into areas that 
entrap them, and the scene might have findings that are directly related to injuries 
on the child, such as an indented wall where a child’s head was impacted (Figure 
1-3). Detailed scene recreations are imperative in determining whether the injuries 
found on a child could in fact be sustained by the caretaker’s described scenario.

FORENSIC AUTOPSY
The purpose of the forensic autopsy is to fulfill the needs of the medical examiner sys-
tem, as noted previously.1 Although the forensic autopsy will note and document all 
findings in the body, the forensic pathologist or medical examiner will use a number 
of autopsy procedures that are unfamiliar or strange to hospital pathologists. Those 
procedures include: 

— Removal of bones for documentation of injury and aging injury 

— Removal of digits, fingers, or hands for identification

— Extensive dissection of soft tissue

— Skeletonization of the face or body for examination of wounds

— Removal of eyes and inner ears

— Retention of the body after autopsy for later reexamination

— Removal of the entire rib cage or spine

Figure 1-1. Scene recreation doll used to recreate 
unsafe sleeping conditions.

Figure 1-2. Scene recreation doll illustrating a 
10-month-old boy who fell out of bed and became 
caught between the dresser and crib, causing 
asphyxia.

Figure 1-3. Hole indented in the wall where a 
5-year-old girl’s head was slammed.

Figure 1-1

Figure 1-2

Figure 1-3



18

Forensic Pathology of Child Death Assessment

In addition, special dissections may be used to investigate specifi c areas of injures (eg, 
posterior neck, palms of the hands or soles of the feet, genitalia).  

Before the autopsy, radiographs are taken in appropriate cases: all children under 3 
years of age and older children involved in select cases. Images should be taken of all 
areas of the body, using as many views as necessary to see the child’s entire anatomy. 
In most cases, the following views are suggested:

— Anterior/posterior skull and lateral skull

— Anterior/posterior torso to include chest, abdomen, and pelvis with adequate 
penetration to view posterior ribs

— Anterior/posterior views of upper and lower extremities 

— Anterior/posterior joints

— Lateral view of entire spine

When any bony injury is found or is questionable, the soft tissue surrounding the 
injured bone is dissected to look for hemorrhage and to take samples of the tissue for 
microscopic examination. Microscopic slides of the soft tissue are used to determine 
the age of the injury by measuring the state of the progression of the infl ammatory re-
sponse to the injury (Figure 1-4-a and b). A relatively new technique used in cases of 
obvious abusive injury is to expose all the long bones during the autopsy by dissecting 
away the soft tissue, even if no injury is visible on the radiograph. This technique is 
aimed at discovering a subtle bony injury. Hemorrhaging in the periosteum, pointing 
to an underlying bony injury, may also be found by this technique. 

EXTERNAL EXAMINATION

The forensic autopsy begins with a detailed examination of the body in the condition 
in which it arrived to the morgue. The clothing on the body is examined for evidence 
and documented. Measurements of height, weight and, in young children, the di-
mensions of the head, chest, and abdomen, are noted. The forensic pathologist then 
proceeds systematically through a detailed external examination of the body, which is 
of paramount importance.

The external examination may take several hours in order to complete the necessary 
descriptive and photographic documentation. Each anatomic part of the body – face, 
scalp, neck, chest, abdomen, back, genitalia, buttocks, and extremities – is examined 
and described regarding the presence of identifying marks, scars, fresh injury, healing 
injury, and healed injury. Injuries are then individually characterized as an abrasion, 
contusion, incised wound, burn, or penetrating injury (eg, gunshot or stab wound). 
Each injury is described by size, color, and shape. Sections of tissues from the injuries 
are taken for microscopic examination to determine the age of the injury (Figure 
1-5). If patterned injuries are noted, these are documented photographically and the 

Figure 1-4-a. Fracture of radius with surrounding 
soft tissue hemorrhage.

Figure 1-4-b. Radius removed and incised to 
submit for microscope sections for aging of fracture. 

Figure 1-5. Many contusions on back incised 
for photography and to take sections to submit for 
microscopic examination for aging of contusions.

Figure 1-4-a

Figure 1-4-b

Figure 1-5
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OBJECTIVES

After reviewing this chapter, the reader will be able to:

1. Compare and categorize traumatic head injuries by mechanism of injury (ie, 
static and dynamic).

2. Explain the causes of subdural hemorrhages (SDH) and hygromas and their 
relation to one another.

3. Identify retinal hemorrhages and describe how they are related to or caused by 
head trauma.

INTRODUCTION
In the United States, it is estimated that 2000 children die each year from abuse and 
neglect.1 Medical examiners often see inflicted head trauma as the cause of death 
in infants and young children because abuse is the most common cause of severe 
traumatic brain injury. As many as 80% of lethal cases of child physical abuse are 
a result of injury to the head.2 Not only does abusive injury account for 10% of all 
injuries in children younger than 5 years of age, but the younger an abused child is, 
the more likely it is that the most significant injuries are to the head, especially when 
under the age of 2.3-8

Fully comprehending traumatic head injury in young children requires an under-
standing that young children and infants have unique differences in the brain, skull, 
and neck related to the long period of developmental and anatomical maturation 
that occurs in the human species. In most animal species, these developmental pe-
riods are brief, some only a day or two. None are as long as the many years required 
for maturation in the human species, which have marked differences at the youngest 
ages and extend into middle childhood, making young children particularly suscep-
tible to injuries from acceleration-deceleration forces (eg, the causation of shearing 
injuries to the brain and adnexal vascular structures). The skull of the young child is 
thin and pliable, features that assist the fetus in moving through the birth canal, but 
are of less help in reducing the force of a blow to the head, allowing force to cause 
skull fractures or to be transmitted through the skull to the brain. 

The brain is a large, heavy organ at birth and grows rapidly after birth to reach 75% 
of its full weight by age 2 years (although the brain is far from mature at this age). An 
adult’s head is about 2% to 3% of the body’s weight, while an infant’s head may be as 
much as 20% to 30%. In young childhood, the head may be as much as 10% to 15% 
of the body’s weight.9 The brain of the young child is very soft in consistency because 
of the high water content, immaturity in the number of and development of the glial 
cells, immaturity of the myelination of axons, and the small size of the axons. A thin 
or absent layer of myelin facilitates axonal damage resulting from strain, as most axo-
nal damage occurs at the node of Ranvier where myelin is discontinuous.10,11 Lastly, 
the neck muscle of a young child is weak, underdeveloped, and offers little support 
to the head or ability to prevent movement of the head on impact or impulse (ie, 
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movement of the body that causes the head to move). The young child’s head is free 
to move with any impact or impulse. 

MECHANISMS OF INJURY
Traumatic brain injury can be classified into static and dynamic injuries on the basis 
of the rate at which force is loaded to the head. Static injuries are relatively rare and 
occur over longer periods of time, usually longer than 200 milliseconds, and cause 
crushing head injury. Crushing head injuries are seen in children in the context of 
a head being run over by a motor vehicle wheel or a heavy object falling onto the 
child’s head. Dynamic head injuries account for the vast majority of head injuries 
at all ages and occur when a force is rapidly loaded onto the head in less than 200 
milliseconds. Dynamic head injuries are caused by impulse loading, such as shaking, 
or impact loading. 

Impulse loading may impart inertial movement of the brain within the cranial cavity, 
wherein the brain moves and is displaced away from the skull. The unsupported head 
will rotate at the point where it joins the cervical spine, which creates differential mo-
tion of the brain and skull because of the differing rigidities between the brain and 
skull. Because the dura is attached to the skull, differential motion between the skull 
and brain may strain and tear bridging veins (eg, the source of subdural bleeding), 
which begins within the interhemispheric sulcus and spreads out over the cerebral 
convexities. The inertial movement of the brain as it rotates within the cranial cavity 
results in traumatic axonal injury and is greatest in the brain’s periphery. With greater 
force, brain motion extends deeper into the center of the brain to the basal ganglia 
and thalamus and down into the brainstem. 

Brain injuries may also be classified into focal and diffuse injuries. Focal injuries (also 
known as contact injuries) result from direct impact to the head and can be seen with 
the naked eye. These injuries include scalp lacerations and contusions, skull fractures, 
epidural hemorrhage, focal SDH, and brain contusions. Diffuse injuries result from 
inertial loading of the head and include interhemispheric subdural hemorrhage and 
traumatic diffuse axonal injury.16-19. 

In 1971, a British neurosurgeon, Guthkelch,20 postulated that SDHs in infants could 
be created by whiplash forces, which tore bridging veins. Referencing the research of 
Ommaya et al21 in the 1960s on the effects of rotational movement of the head on 
the neck producing concussion and hemorrhages over the surface of primates’ brains, 
Guthkelch suggested that the injuries to infants with SDHs might be caused by these 
acceleration-deceleration forces rather than direct impact. In 1972, Caffey22 used the 
term “whiplash shaken baby syndrome” to describe infants with SDH or subarach-
noid hemorrhages (SAH), retinal hemorrhages, and little or no external marks of 
trauma to the head. In the following years, the concept of shaking as a mechanism of 
injury to young children became generally known and has generated great interest in 
continued study and research.

In 1987, in a landmark paper, Duhaime et al23 questioned whether shaking without 
impact could create the rotational acceleration and velocity to reach the thresholds 
of concussion, SDH, or axonal injury. Duhaime looked at a group of 48 children 
with SDH or SAH, retinal hemorrhages, and a history suggestive of abuse. All of the 
children who died had evidence of head impact at autopsy, and 63% of the living chil-
dren had evidence of impact. Using a doll model that could be shaken or impacted, 
Duhaime found that shaking alone did not reach the thresholds of rotational accelera-
tion for significant injury, while impact did generate forces above the thresholds for 
SDH and axonal injury. Intense scrutiny of these findings led to a corollary question: 
whether abusive head injury that lacks external marks of trauma can be recognized as 
trauma (eg, marks of impact are visible on the inner surface of the scalp).24,25 

Thresholds established for concussion, SDH, and axonal injury were derived from 
animal studies rather than human studies. In the 1940s, Holbourn26 hypothesized 
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that smaller brains would require more force than larger brains to produce similar 
injury and that the critical factor for brain injury is angular acceleration. Ommaya’s21

research on nonhuman primates confirmed Holbourn’s hypotheses and found that 
the increasing risk for brain injury in larger brains was related to an inverse two-
thirds power of the brain mass known as the scaling relationship.27 Because of the 
physiological factors in the young child that were noted above, it seems likely that 
the young child brain would be more vulnerable than the adult brain to acceleration-
deceleration forces as predicted by the scaling relationship. The 1987 Duhaime et 
al23 study relied on the scaling relationship to calculate the thresholds used in the 
study, but more recent biomechanical studies have provided evidence that the tra-
ditional approach of scaling by brain mass does not explain the vulnerability of the 
infant porcine brain model to inertial injury compared with the toddler-age porcine 
brain.13 Raghupathi and Margulies12 found that rotational head injuries in infant pig-
lets resulted in more injured axons per unit area than in adults. There is also clinical 
evidence to support that age significantly affects the response of the brain to trauma. 
There are more severe cognitive and motor function deficits in younger brain-injured 
children than in older children.28 Closed head trauma in infants often results in dif-
fuse brain atrophy, which is seldom seen after head injury in older children.29 

At the present time, there is no conclusion to the discussion of whether shaking is 
a plausible mechanism of injury to the young brain. Much of the controversy sur-
rounding shaking is media generated and not science based. Gilliland and Folberg31

examined autopsy findings in a group of 80 children from which they then defined 
that evidence of shaking had to include at least 2 of the following findings: (1) finger-
marks and/or rib fractures, (2) SDH and/or SAH, and (3) a history of vigorous shak-
ing. From their study, 3 categories emerged: (1) shaking, (2) combined shaking and 
impact injuries, and (3) impact injuries. Of the total number of abusive head injuries 
that they examined, 11% accounted for shaking; therefore, the authors concluded 
that shaking was a valid mechanism of lethal injury.

Some medical examiners state that they have never seen an abusive head injury with-
out evidence of an impact. In looking at the series of cases studied by the author from 
1975 to 1985 and 1986 to 1999, there were a total of 40 abusive head trauma cases, 
of which 11 were likely caused by shaking because there was no evidence of impact. 
The confidence with which the diagnosis is made by a medical examiner may con-
tribute to a difference in findings, particularly in difficult cases wherein no marks are 
found on the head or body but a thin layer of subdural blood, with or without retinal 
hemorrhages, is present. Minns32 notes that across the literature of cases of abusive 
head trauma, approximately 33% are thought to be due to shaking. 

Two cases of shaken adult syndrome have been noted in the literature. Pounder33

described a 30-year-old prisoner who was shaken by a much larger prison guard as 
a form of torture. The prisoner became unconscious and then died after one of the 
multiple shakings carried out over a 3-day period. The autopsy showed SDH, retinal 
hemorrhages, diffuse axonal injury, and bruising over the chest and shoulders. Car-
rigan et al34 reported a similar case of a 34-year-old woman who was the victim of 
domestic violence and had SDH, retinal hemorrhages, and bruising, demonstrating 
that these types of injuries affect people of all ages. 

SKULL FRACTURE
The skull is about 1 mm thick at birth and increases to 3 to 4 mm in the young child 
then to 10 mm in the adult. The skull protects the brain from impact injury. In the 
adult skull, sutures act as shock absorbers and distribute force away from the point of 
impact. While not well studied, some research shows that infant cranial bones offer lit-
tle resistance to external loading and will deform in structure to a much greater degree 
than fully calcified bone. The sutures of the infant lack the ability to absorb shock, 
leading to skull fracture when the strength of the bone fails to resist the loaded force.35
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Hobbs’ seminal paper on skull fracture and the diagnosis of abuse reported findings 
in 89 children younger than 2 years of age with skull fractures, of which 29 were defi-
nite abusive injuries and 60 were accidental injuries.36 There were 20 deaths, 19 of 
which were from the abuse group. The characteristics found more commonly in the 
abused group were: multiple or complex fractures, depressed fractures, fractures with 
a maximum width greater than 3 mm, growing fractures, involvement of more than 
1 cranial bone, non-parietal fractures, and associated intracranial injuries. In the au-
thor’s collection of abusive head trauma cases, fractures were seen in 40% of the cases. 

A large body of literature on short falls in young children has been gathered to assist 
in the understanding of the types of injuries that occur in common household falls 
during childhood.37-43 Short falls from distances of less than 4 to 5 feet seem to be 
primarily associated with focal contact injuries, such as scalp laceration or contusion, 
although the great majority of children suffer no injury at all. This literature reveals 
that about 1% to 3% of children sustain a skull fracture, generally without intracra-
nial injury, in a short fall. In slightly less than 1% of the fracture cases, there is an 
associated epidural or focal SDH, and if these injuries are associated with significant 
increased intracranial pressure, they may have a lethal outcome.44,45 Chadwick’s study 
of the annual risk of death from short falls found a mortality rate of less than 0.48 
deaths per 1 million young children per year, confirming the benign nature of most 
short falls.46

Weber47-49 carried out 3 studies on fractures in infant cadavers that are puzzling when 
compared to observations in the living infant and child. Among his findings was 
that of 15 infant cadavers dropped from a horizontal position from a height of 82 
cm, fractures occurred in all 15. Weber concluded that low-level falls can result in a 
skull fracture that may be asymptomatic and unknown to the caretakers. Because the 
infants studied by Weber were cadavers, the resiliency of the bone may have changed 
from the vital state. 

SUBDURAL HEMORRHAGE
The most common finding at autopsy in a case of abusive head trauma is the 
presence of subdural blood. Knowledge about the subdural space and SDH has 
changed over the last 30 years, and the current understanding is that there is not 
a true subdural space.50 The dura is made up of fibroblasts and large amounts of 
extracellular collagen. The innermost cell layer is a continuous with the arachnoid 
outer barrier, so subdural space only exists when the weak dural border cell layer is 
dissected during traumatic cleaving. Because the dura is attached to the inner skull 
and the arachnoid is attached to the pia mater on the brain’s surface, the dural bor-
der separates from the arachnoid during autopsy to create a subdural space. Bridg-
ing veins pass through the meninges, the pia, and the arachnoid as they exit the 
cortical surface of the brain and pass to the venous sinuses in the dura. While the 
walls of bridging veins attach to both the dural border cell layer and to arachnoid 
cells, their attachment to the arachnoid is stronger, so differential motion between 
the brain and skull causes the dura to move with the skull while the arachnoid 
moves with the brain. If the motion is great enough to strain the bridging veins, 
blood enters the intradural layer of the dural border cells and is seen as “subdural” 
blood. This discussion will continue to use that terminology, although it is under-
stood that the subdural space is only a potential space. 

SDH is present in 90% to 95% of cases of fatal inflicted head injury at autopsy and 
can be imaged in 40% to 55% of living children with such head injuries.23,52,53 There 
is a difference in the numbers of cases with SDH at autopsy and in the living on com-
puted tomography (CT) scan because a thin layer of subdural blood that is visible at 
autopsy may not be visible on CT imaging, while small amounts of interhemispheric 
blood can be seen on CT but not at autopsy.54,55 Magnetic resonance imaging (MRI) is 
better able to detect small amounts of SDH than the CT scan, although many young 
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children with abusive head trauma are too critically ill to undergo MRI.14 In many 
cases, the subdural blood is a thin layer over both cerebral convexities (Figure 2-1). 

In some cases, the SDH will be unilateral rather than bilateral, but it will be over 
the cerebral convexity rather than focally in an isolated location (Figure 2-2). The 
subdural bleeding is caused by the inertial brain motion, which separates the cortical 
surface from the overlying skull and attached dura, resulting in the tearing of bridg-
ing veins.56,57 Inertial motion of the brain begins earliest in the posterior hemispheric 
fi ssure, so the earliest subdural blood appears there and then spreads anteriorly and 
outward.58 Wells et al59 looked at intracranial hemorrhage in 293 children younger 
than age 3 years. They found that interhemispheric SDH was the most common 
type of subdural bleeding, as it was seen in 49% of the cases, and 73% of the chil-
dren with interhemispheric SDH had abusive head trauma. Accidental head trauma 
caused only 15% of the interhemispheric subdural bleeding and these were from 
relatively high force incidents. SDH over the convexities was seen in 47% of cases, 
and abusive head trauma accounted for 72% of the convexity SDH. Accidental head 
trauma accounted for 10% of the convexity SDH and again was from relatively high 
force incidents. 

In cases with an associated skull fracture, the subdural blood is not always immedi-
ately adjacent to the fracture. The amount of subdural blood may be minimal, even 
less than 5 to 10 mL of blood. Because the amount of blood is so minimal, it is impor-
tant that the pathologist is always the person who opens the calvarium of a child, so 
any subdural blood can be observed and documented (Figure 2-3). During this pro-
cess, the venous sinuses will be disrupted, which will cause blood to be added to any 
subdural blood already present. Once the brain is removed, there is often subdural 
blood in the cranial fossae and the spinal subdural space. While the general opinion 
among forensic pathologists is that the spinal subdural blood has descended by grav-
ity from the intracranial compartment, Rorke-Adams60 notes that subdural blood that 
originates in the supratentorial space cannot gain access to the spinal subdural space. 
However, in many cases of abusive head trauma, the posterior fossa, along with the 
convexities, contains subdural blood possibly because blood in the posterior fossa has 
easy access to the spinal subdural space.60

SDH may occur in association with numerous causes and conditions, including 
infl icted head trauma, accidental head trauma, medical or surgical manipulation, 

Figure 2-1. Posterior dissection of brain and spinal 
cord. Child is face down. The skull cap is being 
retracted to show subdural blood over cerebral 
convexities; blood is greater on the left. 

Figure 2-2. The opened skull reveals subdural 
blood over left cerebral convexity.

Figure 2-3. Skull opened to demonstrate minimal 
subdural blood over cerebral convexities.

Figure 2-1

Figure 2-3Figure 2-2
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metabolic diseases, birth trauma, tumors, genetic disorders, autoimmune diseases, 
clotting disorders, infectious diseases, long-term shunting for hydrocephalus, and 
other miscellaneous conditions. In cases of possible infl icted head trauma, other 
sources of subdural bleeding must be considered, and close attention must be given 
to the history, physical examination, radiological imaging, and laboratory stud-
ies before excluding other causes of the bleeding. Subdural blood isolated to the 
ventral surface of the brain or to a small focal area of the convexity requires close 
examination for another source of bleeding, as these locations are in variance with 
the mechanism of ruptured bridging vein bleeding.61,62 Contact injury to the head 
can also produce subdural bleeding. Denton and Mileusnic44 reported a 9-month-
old boy who fell from 30 inches and sustained a right parietal fracture with a thin, 
adherent clotted 2 cm x 2 cm x 0.1 cm SDH underlying the fracture. This child 
survived without symptoms for 72 hours, but later, at autopsy, had severe brain 
edema and herniation. 

CHRONIC SUBDURAL HEMATOMA
Few cases of SDH evolve into chronic subdural hematomas, as most subdural 
blood will be resorbed over several weeks.62-66 Experimental models are unable to re-
produce a chronic subdural hematoma from acute subdural blood.67 It has become 
clear that the majority of chronic subdural hematomas develop from subdural 
hygromas, which are caused by a traumatically induced tear of the arachnoid so 
that cerebrospinal fl uid (CSF) can pass into the subdural space as an acute SDH 
is resolving.68,70 A major factor promoting the resorption of acute subdural blood 
is the high levels of tissue thromboplastin in the brain and CSF.71 Any pathologic 
process that causes cleavage of the dural border cell zone can induce proliferation 
of the dural border cells, which will produce a neomembrane. As an acute SDH 
resolves, the cleaved intradural zone may remain as a persistent space. A lowered 
intracranial pressure could promote persistence of an intradural space and allow 
CSF or remnants of the liquid portion of an acute SDH to pass into the cleaved 
space and create the hygroma. Intracranial pressure determines what happens to 
the hygroma. Normalizing of pressure leads to the resolution of the hygroma while 
continued lower pressure allows for hygromal expansion wherein the proliferat-
ing of dural border cells may develop a neomembrane. Neovascularization of the 
neomembrane is part of a process by which the membrane develops. Fragile vessels 
created in this neovascularization may tear with little or no trauma and result in 
microhemorrhages. The repeated microhemorrhage bleeding and repeated resolu-
tion of the hemorrhages leads to an enlarging hygroma that then transforms into a 
chronic enlarging subdural hematoma.68,74,75

The histopathology of subdural membranes in young children is similar to those 
described in adults. A chronic subdural hematoma is a liquefi ed hematoma with a 
membrane. The membrane consists of fi broblastic proliferation and neovasculariza-
tion.66 An acute SDH is a clot and does not have a membrane. The fl uid in a subdural 
hygroma is a mixture of blood and CSF. In infants and younger children, it may be 
diffi cult to distinguish between a subdural hygroma and a chronic subdural hema-
toma. Because the infant’s skull is deformable, posttraumatic brain atrophy may allow 
signifi cant enlargement of a chronic subdural hematoma. Later, when the sutures 
fuse, an enlarging chronic subdural hematoma may cause a mass effect. 

SUBARACHNOID HEMORRHAGE
SAH and SDH can both result from disruptions of the bridging veins, as these veins 
pass from the cortical surface through the arachnoid membrane. SAH occurs in 
roughly the same number of cases of abusive head injury as SDH but appears as 
patches over the cerebral convexities and within the interhemispheric surfaces, where 
it may be diffi cult to see. SAH is usually adjacent to or under areas of SDH (Figure 
2-4). SAH is more diffi cult to visualize on CT images than SDH.

Figure 2-4

Figure 2-4. Patches of fresh SAH in the right 
parasagittal region.
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INJURIES OF THE SPINE

AND SPINAL CORD

OBJECTIVES
After reviewing this chapter, the reader will be able to:

1. Describe the relationship between epidural hemorrhages of the cervical spine and 
abusive head trauma. 

2. Define distraction injury of the cervical spine and identify the mechanism by 
which it is caused. 

3. Recognize an artifact that may resemble a cervical cord contusion or distraction 
injury of the spinal cord.

EPIDURAL HEMORRHAGE OF THE CERVICAL SPINE
In 1967, Towbin1 detected the presence of epidural hemorrhages in the cervical spine 
of 5 children who seemingly died suddenly and unexpectedly. He suggested that 
these hemorrhages might be both traumatic and related to the cause of death of 
these children (ie, producing mechanical injury to the spinal cord). Two years later, 
in 1969, Harris and Adelson2 observed 19 infants, aged younger than 1 year, who 
also died suddenly and unexpectedly. They found that:

— 5 of the infants died of natural causes from diseases noted at autopsy. 

— 14 of the deaths were unexplained by findings at autopsy and were 
considered to have died from sudden infant death syndrome (SIDS).

— 18 of the 19 infants had hemorrhage within the spinal epidural region, which 
was greatest in the cervical portion, that varied from venous congestion to 
hemorrhage within the adjacent soft tissues.

Together, these doctors made 3 conclusions: (1) these epidural hemorrhages were 
not traumatic; (2) the presence of blood was not damaging to the spinal cord; and 
(3) hemodynamic forces were probably responsible for this congestive phenomenon. 
However, it should be noted that these conclusions were made preceding the time 
when the diagnosis of inflicted head trauma was generally being made. At that time, 
no one was specifically looking at infants with abusive head injury to determine 
whether they also had hemorrhage in the spinal epidural space.

In 1989, Hadley and colleagues3 observed 13 infants, aged 1.5 to 14 months, who 
were diagnosed as “shaken” infants. Eight of the infants died, and autopsies were 
done on 6 who had inflicted head injuries. The autopsies found that: 

— 5 of the 6 infants had epidural hemorrhages in the cervical spine.

— 4 of the 6 infants had subdural hemorrhage (SDH) in the cervical spine.

— 4 of the 6 infants had contusions of the high cervical cord. 

— 1 of 6 had none of these findings. 

Chapter
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The subdural blood in the region of the cervical spine is not 
an unexpected fi nding because, in infants with abusive head 
trauma, the SDH in the posterior cranial fossa can descend 
by gravity into the spinal subdural space. Additionally, of the 
infants that had contusions of the high cervical cord, Hadley 
did not elaborate on the pathology of these contusions, so it 
is diffi cult to know if they were similar to those described by 
Geddes4,5 in some of their cases—who were found to have fo-
cal axonal injury in the cervical region—or if they were truly 
contusional hemorrhages.

To elucidate the fi ndings of hemorrhages in the spinal area 
of young children with and without abusive head injury, the 
author conducted a study from 1989 to 1992. She observed 
children younger than 3 years of age who died and were autop-
sied, specifi cally examining the spines of children in 50 cases of 
infl icted head trauma alongside control cases (eg, no head in-
jury) for the presence of epidural blood. From this study, it was 
apparent that both groups frequently had spinal epidural hem-
orrhage and that no relationship could be established between 
head injury and spinal epidural hemorrhages (Figure 3-1). 

When there is any possibility of head trauma, it is recommended that all autopsies 
in children younger than 3 years of age include a posterior neck dissection and 
examination of the vertebral bones and spinal cord.6 Epidural hemorrhage of the 
cervical spine is not necessarily indicative of trauma. 

DISTRACTION INJURY OF THE CERVICAL SPINE
A distraction injury is defi ned as an extremely rare, abusive injury of the cervi-
cal cord.7 Several cases have been examined throughout the years, and all involved 
shaking a child while grasping the child’s head. As the child is grasped by the head, 
the weight of the unsupported suspended body will distract the upper cervical spi-
nal cord and lower medulla.

In 1995, Piatt8 described a 15-month-old child who presented to the emergency 
department (ED) with quadriplegia after reportedly falling from a couch. This 
child had linear bruises in front of the right ear and jaw, along with showers of 
petechial hemorrhages over the left side of the neck, over both ears, the right side 
of the jaw, and the upper chest. A magnetic resonance image (MRI) demonstrated 
fusiform swelling of the midcervical cord, representing hematomyelia. Two months 
later, a follow-up MRI demonstrated spinal cord atrophy, and the child’s quadriple-
gia persisted. 

Later, Parrish9 reported a case of isolated spinal cord injury as a result of child 
abuse. This case involved a 2-month-old infant who was found, at autopsy, to have 
a contusion of the upper cervical spinal cord and lower medulla. The eyes were 
examined and found to have anterior chamber bleeding bilaterally, a dislocated left 
lens, and vitreous hemorrhage. These injuries were hypothesized to be the result of 
direct compressional force whereby the perpetrator picked up the child by the head 
with their thumbs positioned over the child’s eyes and violently shook the child.

In the years following these reports, the author has seen 3 cases with fi ndings that 
suggest a distraction mechanism of injury to the cervical cord and lower medulla.10

Two of the cases were siblings. In the fi rst of these 2 children, the father described 
that he had grasped the 3-month-old infant by the head and shook her body. That 
child survived with a central cord syndrome. A second sibling was found dead at 
the age of 3 months. Her autopsy demonstrated petechial hemorrhages of the right 
bulbar conjunctiva and hematomyelia of the upper cervical cord and medulla. It 

Figure 3-1. Infant who died from SIDS demon-
strating extensive epidural blood from the cervical 
to the thoracic regions of the spine. 

Figure 3-1
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CHEST TRAUMA

OBJECTIVES
After reviewing this chapter, the reader will be able to:

1. Recall the statistics surrounding traumatic chest injuries as well as the 
mechanisms of death. 

2. Recognize rib fractures and other traumatic chest injuries as likely indicators of 
abuse. 

3. Identify the procedures for and expected findings of a forensic autopsy examining 
chest trauma injuries.

CHEST TRAUMA
Thoracic injuries account for 25% of all traumatic deaths in the adult population.1

Abusive trauma of the chest is common in young children, but it is rarely lethal. Car-
diac lacerations in infants and young children are the result of severe blunt trauma 
(eg, from a motor vehicle accident, violent assaults, or large falls). These injuries 
do not occur from cardiopulmonary resuscitation or minor incidents in the home; 
therefore, if they are found, it is highly suspicious for abuse. 

Rib fractures are common abusive injuries and account for 5% to 51% of all frac-
tures in abused children.2 Rib fractures are uncommon in accidental incidents to 
children3 but are common abusive injuries in infants and may constitute 35% to 
60% of fractures in infants compared to fractures in older children.3,4 Rib fractures 
are highly correlated with abusive practices toward infants because of the mecha-
nisms that result in these fractures. For example, holding an infant tightly around the 
chest with the strength of the adult hand can generate the forces necessary to fracture 
the anterior, lateral, and posterior aspects of the ribs. In addition, shaking an infant 
while holding a child tightly around the chest adds additional force that may injure 
the ribs as well.2

It should also be noted that rib fractures in infants and young children may be associ-
ated with cardiopulmonary resuscitation, but such fractures are much less frequent 
than rib fractures from resuscitation in adults.5 In most cases, these fractures have 
been described in the anterior portions of the ribs. Since the institution of the newer 
method of infant cardiopulmonary resuscitation using 2 hands, forensic pathologists 
tend to find more resuscitation-associated rib fractures in infants, which are located 
in the anterior, lateral, and posterior aspects of the ribs and tend to be minimal. The 
fractures go through the cortex of the inner surface of the bone and are often associ-
ated with little hemorrhage (Figure 4-1).6

The entity of chest squeezing, in which an adult holds an infant with both hands 
or in their arms with the infant against their chest and then squeezes, is rare but 
has been seen. In one such case, the father noted that “she [the infant] liked to be 
held like that,” because, when she was crying and then squeezed in this manner, she 
would stop crying. The father also noted that, on occasion, he could hear popping 
sounds as ribs broke. 
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At autopsy, other infants killed in this manner were reported to have 27 to 36 rib 
fractures that ranged from acute to older and old. The mechanism of death for chest 
squeezing may either be compression asphyxia from the actual squeezing that is pre-
venting the infant from excursing the chest, or from the effects of the many fractured 
ribs, causing instability of the rib cage and altered breathing. In all cases that have 
been personally seen by the author, the perpetrators were males who wished to stop 
the infant from crying. 

FORENSIC AUTOPSY OF CHEST TRAUMA INJURIES

The forensic autopsy includes stripping the pleural membrane from the ribs to enable 
direct visualization of each bone. Radiographs do not always demonstrate acute rib 
fractures, especially in young infants. Acute rib fractures appear as a disruption of the 
cortex and adjacent bony trabeculae, often with hemorrhage around the fracture site 

or in the adjacent intercostal muscle. The pleural membrane 
may be intact or punctured by the displaced fractured bone, 
and any hemorrhage may persist for several weeks after the in-
jury. In a living child, the body’s fracture repair process begins 
very early. Microscopically, the earliest stage of healing is the in-
fl ammatory response, wherein there is an infl ux of neutrophils 
into the hematoma associated with the fractures, followed by 

Figure 4-2-a. Rib cage removed to demonstrate 
multiple healing rib fractures with callus.

Figure 4-2-b. Single rib with callus transected 
and in cassette to be submitted for microscopic 
examination for aging of fracture. 

Figure 4-1. Rib cage removed to demonstrate 5 
acute rib fractures from resuscitation. The fracture is 
through only the cortical surface of the inner surface 
of the bones.

Figure 4-1

Figure 4-2-bFigure 4-2-a
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ABDOMINAL TRAUMA

OBJECTIVES
After reviewing this chapter, the reader will be able to:

1. Classify and define the different types of abdominal injury, including the 
differences seen between accidental and inflicted/abusive injury.

2. Interpret the correlation between abdominal organs and structures and the types 
of injuries inflicted.

3. Identify causes of increased susceptibility to abdominal injury in children.

INTRODUCTION
Significant blunt abdominal trauma is a rare but deadly form of child abuse and 
ranks second only to head injury in causing abuse-related fatalities.1 Only 1% of 
children hospitalized for child abuse have abdominal trauma, but 45% to 50% of 
these abdominal injuries are lethal.2 Furthermore, of total child abuse deaths, about 
12% are attributed to abdominal injuries.3,4 Inflicted abdominal trauma has a high 
mortality rate compared to accidental injuries of the same magnitude.5 In inflicted 
injuries, the perpetrator knows that the child has been injured, but they frequently 
delay seeking medical care until the child is morbid or dead to avoid arousing suspi-
cion. By contrast, in accidental injuries, medical care is sought immediately.2

Inflicted abdominal injuries tend to terminate with severe peritonitis or hemorrhagic 
shock as a result of the untreated injuries. The anatomy of the young child’s abdomen 
is distinct in that the abdominal wall has little or no muscle for protection against 
impact, and force can easily penetrate it. In addition, the rib cage is widely flared, and 
the ribs are flexible, so fewer organs are covered by this protective layer. Abdominal 
injuries are caused by direct blunt force from a punch or blow, or indirect forces 
of deceleration such as a child being thrown against a wall or object. In accidental 
circumstances, solid organs such as the liver, kidney, and spleen tend to be more 
commonly damaged than hollow organs. However, in inflicted abdominal trauma, 
the spleen and kidney are seldom injured, but the liver is frequently injured by both 
accidental and inflicted traumas.6,7 Hollow viscus injury is more common in inflicted 
abdominal trauma than in accidental trauma, and it most commonly occurs in the 
proximal small bowel. Pancreatic and mesenteric injuries also occur. It is important 
to note that the abdominal wall may not demonstrate any area of contusion even 
when there has been significant impact and underlying lethal trauma (Figure 5-1-a 
and b). In some cases, however, prominent marks are present (Figure 5-2-a and b).8    

The anatomy of the abdomen, in addition to being distinctly different in the young 
child, also has certain characteristics of importance in blunt abdominal trauma. The 
blood supply of the area most at risk of injury when an impact is made to the central 
abdominal area consists of the large arteries coming off the anterior side of the aorta, 
the celiac trunk, and the superior mesenteric artery. These 2 large arteries arise in close 
proximity to the area most commonly injured by inflicted trauma, and these arteries 
or their major branches may be transected.9 Branches from the celiac artery supply the 
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BLUNT SOFT TISSUE TRAUMA

OBJECTIVES
After reviewing this chapter, the reader will be able to:

1. Recognize blunt soft tissue trauma as a rare form of lethal child abuse and list its 
potential mechanisms of death.

2. Describe the ways in which blunt soft tissue trauma can lead to heart lesions 
known as stress cardiomyopathy. 

3. Identify expected autopsy findings of children who died from blunt soft tissue 
trauma.

BLUNT SOFT TISSUE TRAUMA
Blunt soft tissue trauma is a rare form of lethal child abuse with external evidence 
of beating but an absence of injury to the internal viscera. The lethal mechanism 
in these cases is not always certain and may be due to the large volume of blood 
shed into the soft tissue; the fat embolism released by the crushed fat of the soft 
tissues; or the effects of the stress associated with pain, fear, and traumatic shock.1-3

Adults, in rare cases, have died with extensive external trauma without internal in-
jury. In some of these cases, as well as in some children with these injuries, lesions 
in the heart can be found and have been termed stress cardiomyopathy, which 
are believed to be related to catecholamine release from stress, causing damage to 
the heart.

The lesions in the heart are microscopic changes of myofibrillar degeneration and 
contraction band necrosis. Pavin4 described 2 cases of reversible left ventricular 
dysfunction precipitated by acute emotional stress, which may be a similar mech-
anism. Autopsies on children who died from blunt soft tissue trauma demon-
strate extensive contusions, abrasions, and patterned injuries of the extremities, 
chest, back, and buttocks. Incisions into the soft tissues of the extremities, back, 
and buttock reveal the large amounts of soft tissue hemorrhaging. These chil-
dren should undergo thorough microscopic examination of the organs to exclude 
other causes of death and to determine whether there are catecholamine effects 
in the heart. In addition, the vitreous fluid should be analyzed for electrolytes, 
glucose, urea nitrogen, and creatinine to determine whether there is a dehydra-
tion pattern as well. 
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BURNS

OBJECTIVES
After reviewing this chapter, the reader will be able to:

1. List the types of infl icted burn injuries and identify the most common lethal type.

2. Describe the pattern burns associated with both scalding and contact burns. 

3. Distinguish between homicidal and accidental lethal burn injuries.

BURNS IN CHILD FATALITY CASES
There are many types of infl icted burn injury, including scalding, contact, chemical, 
and fl ame burns. Of these, the most commonly infl icted lethal burns are scalding 
burns. Scalding burns are produced by holding a child under hot water or submerg-
ing a child in a tub or sink of hot water. In young children, lethal infl icted hot water 
burns are often related to anger at toileting issues (ie, potty training) or in an attempt 
to discipline a child for soiling diapers or clothing.1 When evaluating scalding burns, 
the relationship between the water temperature and the time it takes to produce full 
thickness burning of the skin needs to be taken into consideration. At 126oF, full 
thickness burning takes 120 seconds, but as the temperature goes up toward 140oF 
to 150oF, the time drops from less than 10 seconds for full thickness burning to 2 
to 3 seconds.2

Chapter
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Figure 7-1-a. Foot of a 24-month-old boy who 
died from blunt abdominal trauma with a lacerated 
spleen. He has scarring of the left foot from skin 
grafting for an old dipping-pattern scald burn.

Figure 7-1-b. Lateral view of foot with grafted 
burn scar.

Figure 7-1-a

Figure 7-1-b
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Table 7-1-a. Autopsy Results

INJURIES

TYPE

Eyes were swollen from edema

Third-degree burns of the right side of face

Third-degree thermal injury left cheek

Second-degree thermal injury of the anterior chest wall

Third-degree thermal injury right anterior chest wall

Second-degree thermal injury of anterior abdominal wall 
surrounding the umbilicus

Third-degree thermal injury inferior to the costophrenic junction

Third-degree thermal injury of fingers

Third-degree thermal injury overlying both patella

Thermal injury covered approximately 20% of the total body surface

MEASUREMENT

120 mm × 120 mm

70 mm

200 mm

70 mm × 40 mm

200 mm

200 mm × 50 mm

100 mm × 40 mm

20 mm

Table 7-1-b. Diagnoses

THERMAL INJURIES

— Second- and third-degree burns over 20% of the body surface (including face, 
trunk, and all 4 extremities anteriorly)

— Metabolic acidosis

— Acute renal failure

— Pulmonary edema

— Bilateral pleural effusion

— Ascites

— Cerebral edema and brain death

— Sepsis

BURN CASE STUDIES

Case Study 7-1

According to the mother, this 13-week-old 
girl was sleeping with her mother in bed. The 
child rolled off the bed onto a heat register. 
The mother did not awaken at that time but 
later found the child and put cocoa butter on 
the burns. She did not take the child to the 
hospital for more than 12 hours after the inju-
ry occurred. The child was only taken to the 
hospital after she began gasping for breath. 
Further investigation found that the child had 
fallen face first into an open oven that was set 
to 500oF. The mother did not want to take the 
child to the hospital because of other depart-
ment of family services investigations involv-
ing child neglect. The child was unresponsive 
in the emergency department (ED) and died 
after being admitted to the hospital. 

Cause of Death: Complications of thermal 
injury after inordinate delay in seeking proper 
medical treatment; burn from oven; neglect 

Manner of Death: Homicide
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SUBTLE LETHAL

ABUSIVE INJURY

OBJECTIVES
After reviewing this chapter, the reader will be able to:

1. Differentiate between the various types of asphyxiation including suffocation, 
strangulation, and chemical asphyxia.

2. Identify the requirements to determine drowning as the cause of death in 
children.

3. Describe the role of an individual’s history and crime scene investigation in 
identifying both the cause and manner of death in cases of lethal neglect and 
medical child abuse.

INTRODUCTION
In addition to the more overt forms of child maltreatment, there are a number of 
subtle forms of child abuse that may be lethal. Included in this category of deaths are 
drownings; poisonings; asphyxia; and neglect of medical care, safety, or nutrition.1

Establishing the fatal pathophysiologic mechanism of death may be the first step in 
understanding the cause of a child’s death, along with consideration of the surround-
ing circumstances from scene investigation and police and other agency reports. 

Deciding the manner of death may be a difficult choice, particularly in cases of subtle 
lethal deaths. All the cases discussed in this chapter were investigated by the medical 
examiner’s office and underwent extensive police investigation. In addition, in cases 
after 1991, there were extensive child fatality reviews carried out. Despite these exten-
sive reviews, in some cases there was not clear evidence for manner of death determi-
nation, and the manner was certified as undetermined. The manner of death is the 
opinion of the forensic pathologist who performed the evaluation, often in conjunc-
tion with the chief medical examiner, but it is an opinion and is reflective of local tra-
ditions, as well as how an individual forensic pathologist was trained. In some cases, 
the manner of death being ruled an accident might also be questioned. The manners 
of death noted in these cases are not intended to represent what others might or 
should do but to illustrate how the cases were certified in a medical examiner’s office.

It should be noted that prosecuting attorneys are not bound to adhere to the manner 
of death certified by the medical examiner. If they believe there is evidence to pursue 
a death from neglect or action on another’s part, they are free to do so.

DROWNINGS
Drowning, in all cases at all ages, is a diagnosis of exclusion. For the forensic patholo-
gist to make a diagnosis of drowning, other causes of death must be excluded from 
a case in which an individual is seen to become submerged or is found in the water. 
There are no absolute pathologic changes that diagnose drowning, and homicidal 
drownings are difficult to distinguish from an accidental drowning. Gillenwater2
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Figure 8-1-a

reported 205 submersions in children younger than age 19, either drowning or near 
drowning, and found 16 (8%) were inflicted. The inflicted drowning victims were 
younger, with a median age of 2.1 years, and the bathtub was the most common site 
for the drowning. Nixon and Pearn3,4 described several features that they believed 
helped to distinguish between accidental and deliberate immersion of a child. These 
features included: (1) the nonaccidental drowning took place in the bathtub, (2) the 
drowning took place at an unusual time of day for the child to be bathing, and (3) the 
child was alone in the bathtub. Griest and Zumwalt5 described 6 childhood homicidal 
drownings and pointed out the importance of cooperation between the investigation 
by the medical examiner and the police. Their cases had a history of previous abusive 
actions by the parents in 3 cases and drug or alcohol abuse by the parents in 1 case. 
The wet state of the body or clothing were important clues in 2 cases, and in 4 of the 
cases, there was a delay between the event and the call for help.

Table 8-1. Autopsy Results

EXTERNAL EXAMINATION

— 30 mm x 10 mm area of hyperpigmentation left of the midline of the lower abdomen

— 15 mm x 5 mm abrasion on the right thigh

— 20 mm x 4 mm abrasion on the left thigh

INJURIES

Petechial hemorrhages on right and left cheeks, lateral to right eye, right 
side of chin, and below lower lip

Abrasion, right nose

Right forehead contusions with underlying focal soft tissue hemorrhage

Left forehead contusion with underlying soft tissue hemorrhage

    — Contusion with soft tissue hemorrhage

10 mm x 3 mm

4 mm

8 mm x 8 mm

8 mm x 6 mm

TYPE MEASUREMENT

Lungs

— Congestion and edema

Brain

— Edema with flattening of gyri and narrowing of sulci

MICROSCOPIC EXAMINATION

— Lungs: Congestion

DROWNING CASE STUDIES

 Case Study 8-1

This 9-month-old boy was staying with 
the mother at an extended stay motel. The 
mother stated that she turned on the water 
in the bathtub and put the child in the tub. 
The mother then left the bathroom and was 
lying on the bed, talking on the phone. She 
eventually went back to check on the child, 
and he was floating in the water. She pulled 
him out and called 911. Investigation found 
that it would take about 9 minutes for the 
tub to fill up to 2 inches from the top of the 
bathtub, which is the level that the mother 
indicated the water was at when she found 
the child floating. He was pronounced dead 
in the emergency department (ED). 

Cause of Death: Drowning

Manner of Death: Homicide; neglect of 
safety

Figure 8-1-a. Bathtub filled with water and 
many objects.
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ORGAN AND TISSUE

PROCUREMENT

OBJECTIVES
After reviewing this chapter, the reader will be able to:

1. Identify and understand the deaths and categories of deaths that medical 
examiner coroners (ME/Cs) have jurisdiction over. 

2. Explain why the need for children’s organs and tissues is acute. 

3. Summarize the ME/C’s decision making process for organ and tissue procurement 
of a child in relation to documentation and other bodily injuries. 

INTRODUCTION
Every state has statutes that create a ME/C jurisdiction over individuals who die sud-
denly, unexpectedly, or by possibly unnatural causes of death (eg, accidents, suicides, 
homicides) as well as many natural deaths due to age or circumstances of death. 
There are also certain categories of deaths that medical examiners will always have 
jurisdiction over: all children; those in the custody of law enforcement or who die 
during an interaction with law enforcement; deaths in the workplace; and deaths 
outside of medical care. The ME/C mandate is to determine the cause and manner 
of death, seize evidence from the body (eg, bullets, material for DNA, specimens for 
toxicology, clothing, hair, fibers), and document injuries and disease. The National 
Association of Medical Examiners has taken the position that ME/Cs should permit 
procurement of organs and tissues in cases under their jurisdiction, as well as have 
cooperative agreements with the organ and tissue procurement organizations (O/
TPO) in order to enable these procurements while still fulfilling the ME/C mandate.1

ORGAN AND TISSUE PROCUREMENT  
The success and 5-year survival rate for both solid organ and tissue transplantation is 
impressive; however, the perpetual shortage of them continues to increase. The need 
for organs and tissues for children is especially acute, and children are a special con-
cern in organ and tissue procurement. Because children must receive size-matched 
organs and tissues, the scarcity of these are greater than for adults. Additionally, 
the transplant programs for children tend to be smaller and require special exper-
tise. Children and adolescents cannot give antemortem permission for donations, as 
might be done with an adult driver’s license, so the parents must make this decision 
during a time of great emotional stress. 

Most of the candidates for tissue and organ procurement involve cases that fall into 
the jurisdiction of the ME/Cs, and before a case is released for donation, permission 
must be obtained from the ME/C after reviewing the case details. Forensic patholo-
gists working in large medical examiner systems generally have extensive experience 
and interaction with the O/TPO in their community, so, in most cases, they are 
comfortable with allowing the donation of organs and tissues. However, in cases 
of homicide or sudden infant deaths, donation can be a difficult decision for the 
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EXTERNAL EXAMINATION

— 2-year-old female, 37 inches and 38 pounds

— Sutured horseshoe-shaped incision, right fronto-parietal-temporal scalp, 
for evacuation of subdural blood

— Y-shaped sutured incision, chest, midline down abdomen

Table 9-1-a. Autopsy Results

INJURIES

Head 

Swollen face

Contusion, pinna of right ear

Contusion, posterior right pinna

7 to 8 contusions, right temporal scalp 
below surgical incision

Contusion, bridge of nose

Contusion, midline upper lip

Contusion, right forehead 

    — With central abrasion 

Contusion, upper right forehead at hairline

6 to 8 contusions, left forehead

2 contusions, left cheek

2 contusions, inside left pinna

Shower of red petechial hemorrhages below left pinna

2 contusions, right occipital scalp 

Subgaleal hemorrhage from midline right frontal through 
right temporo-parieto-occipital

Bone of right fronto-temporo-parietal craniotomy was removed and left out, and brain 
was herniating out of defect

Acute subdural blood, thick layer, over cerebral convexities and anterior, middle, and 
posterior cranial fossae

Heavy optic nerve sheath hemorrhage, bilateral

Subdural blood over spinal cord

10 mm

30 mm x 10 mm

5 to 12 mm each

3 mm

5 mm

30 mm

10 mm

5 mm

5 to 10 mm each

10 mm, 3 mm

5 mm, 10 mm

15 mm area

5 mm, 10 mm

20 mm x 30 mm area, 
up to 10 mm thick

TYPE MEASUREMENT

(continued)

ME/C. In many child abuse homicides, the victim dies in a children’s hospital where 
there has been extensive examination by child protective services and social services. 
In these types of cases, most injuries have been documented; therefore, at the time 
of death, the pathologist can review the medical records and determine if organs and 
tissues that were not impacted by injury can be recovered. In addition, many patholo-
gists will even attend the procurement procedure to assure that if any internal injury 
becomes apparent during the removal, the injury can be properly documented. 

Infants and young children who are found dead outside of hospital care will often still 
be eligible for donation of certain organs and tissues without the fear of lost evidence. 
However, in the past, in smaller coroner communities, it was not unusual for the 
coroner to refuse any recovery of organs or tissues simply because they were unfamil-
iar with the procedures and protocols. In response to this attitude, many states have 
enacted laws that bar ME/Cs from forbidding procurement of organs and tissues.  

ORGAN AND TISSUE

PROCUREMENT

CASE STUDIES

Case Study 9-1

This 2-year-old girl lived with her mother 
and the mother’s boyfriend in the boy-
friend’s parents’ home. The boyfriend 
was home alone with the child when she 
became unresponsive. He admitted to 
being “ridiculously violent” to the child. 
There were previous injuries and bruises to 
the child. The boyfriend texted pictures of 
the bruises to the mother, and the mother 
noted that they could cover up the bruises 
with makeup. There were also videos of the 
child that showed her stumbling around and 
then becoming unconscious. The child was 
transported to a children’s hospital where 
she remained for 2 days, unconscious. She 
was able to donate a beating heart, lungs, 
liver, kidney, pancreas, and intestines after 
an extensive workup of her injuries in the 
hospital. The O/TPO was instructed to take 
full-body photographs before organ pro-
curement and to take photographs during 
the removal of organs if trauma was present. 

Cause of death: Closed head trauma 

Manner of death: Homicide

Comment: This case has multiple significant 
injuries that were able to be demonstrated, 
photographed, and documented, despite 
having organs donated. 
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Table 9-1-a. Autopsy Results (continued)

OTHER BLUNT TRAUMA

Multiple contusions, 6 on the right shoulder and 3 on the left

Shower of petechial hemorrhages, left upper chest 

Contusion, left upper chest

2 contusions, left lower abdominal quadrant

Contusion, right lateral

2 contusions, dorsal surface of right forearm

Contusion, anterior right arm

Contusion, medial right elbow

Contusion, lateral right knee

Contusion, right upper leg

2  contusions, left arm lateral

Contusion, upper lateral left arm

Contusion, lower lateral left arm

3 contusions, anterior left arm

3 contusions, left elbow

Contusion, ventral surface of left wrist

Contusion, anterior lower left thigh

Contusion, lateral left thigh

7 contusions, left upper back

3 contusions, right upper back

4 contusions, right mid-back 

Contusion, right upper buttock

Contusion, left lower back

Compression fractures of T4 and T5

Dissection of soft tissue of back revealed extensive deep hemorrhage in the posterior right 
thigh in muscle and fat

5 to 20 mm

10 mm area (2)

3 mm

5 mm each

10 mm x 15 mm

5 mm, 10 mm

5 mm

10 mm

6 mm

5 mm

10 mm each

5 mm

5 mm

10 mm, 5 mm (2)

5 mm each

30 mm

20 mm x 10 mm

30 mm x 10 mm

5 to 10 mm

5 mm each

5 mm each

15 mm

5 mm

TYPE MEASUREMENT

NEUROPATHOLOGY EXAMINATION

— Acute subdural blood, cerebral convexities

— Early brain death

— Mixed pattern of traumatic and hypoxic axonal injury

— Bilateral retinal hemorrhages, too numerous to count, in all layers, out to ora serrata

— Bilateral optic nerve sheath hemorrhage 

MICROSCOPIC EXAMINATION

— Right shoulder: Acute hemorrhage within subcutaneous and deep fat without 
inflammatory response

— Medial left knee: Minimal acute hemorrhage in deep fat without inflammatory response

— Left upper back: Minimal acute hemorrhage without inflammatory response

— Right buttock: Extensive acute hemorrhage in deep fat without inflammatory response

— Right frontal: Massive subgaleal hemorrhage without inflammatory response

— Right temporal: Massive subgaleal hemorrhage associated with minimal inflamma-
tory response with neutrophils and mononuclear cells

— Right occipital: Massive subgaleal hemorrhage with minimal mixed neutrophil and 
mononuclear cell response

— Left radius and ulna: Acute fracture with disruption of bone and acute hemorrhage
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Table 9-1-b. Diagnoses

CLOSED HEAD TRAUMA

— Contusions on pinna right ear (2), right mastoid (7 to 8), right occipital (2)

— Contusions on bridge of nose, upper lip, right forehead (2), left forehead (6 to 8), 
left cheek (2), left ear (2)

— Massive subgaleal hemorrhage, right fronto-temporo-parieto-occipital

— Status post right frontoparietal craniectomy for evacuation of subdural hemorrhage 
and pressure monitor left frontal

— Subdural hemorrhage, cerebral convexities and basilar

— Mixed pattern of traumatic and hypoxic axonal injury

— Early brain death

— Bilateral retinal hemorrhages, too numerous to count, extending out to ora serrata

— Bilateral optic nerve sheath hemorrhage 

BLUNT TRAUMA

— Contusions on right (6) and left (3) shoulders, left lower quadrant (2)

— Petechial hemorrhages on left upper chest (2 areas), below left pinna

— Contusions on right arm lateral, right elbow (2), dorsum right forearm (2),
 anterior right arm, medial right elbow, right thigh, right leg

— Contusions on left arm (7), left elbow (3), left thigh (4)

— Contusions on left upper back (7), right upper back (3), right mid-back (4), 
right upper buttock, left lower back

— Massive deep contusion, posterior right thigh

— Fractures, left ulna and radius

— Compression fractures, T4 and T5

Figure 9-1-a. horacic spine after defl eshing of 
the spine showing compression fractures of T4 and 

.

Figure 9-1-b. Lateral view of thoracic spine after 
defl eshing of the spine showing compression frac-
tures of  and .

Figure 9-1-c. Lateral radiograph of thoracic spine 
showing compression fractures of  and .

Figure 9-1-d. Anterior posterior radiograph of 
thoracic spine showing compression fractures of 

 and .

Figure 9-1-a

Figure 9-1-dFigure 9-1-cFigure 9-1-b
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TEST QUESTIONS

EXTENDED MULTIPLE CHOICE QUESTIONS
1. Which of these injuries are static head injuries? Select all that apply.

A. A child’s head is crushed by a falling shelf while lying in their crib

B. A child’s head is run over by the tire of a motor vehicle 

C. A child’s head is injured, and their head does not move

D. A child’s head strikes the ground after falling from a bicycle without 
wearing a helmet

2. Which of these injuries are dynamic head injuries? Select all that apply.

A. A child’s head strikes the chair in front of them when thrown from an 
unbuckled car set in a motor vehicle accident

B. A child’s head is injured when thrown against a wall by a parent 

C. A child’s head is injured and jerks rapidly

D. A child’s head is run over by a motor vehicle

E. A child’s head is injured as they fall from a treehouse

3. Select all statements that are true of thoracic and chest injury. 

A. Thoracic injuries account for 25% of all adult traumatic death 

B. Abusive chest trauma is rarely lethal in children

C. Rib fractures are never caused by cardiopulmonary resuscitation (CPR)

D. Rib fractures account for up to 51% of all fractures in abused children

E. Rib fractures are commonly caused by accidents

F. Abusive chest trauma is frequently lethal in children

G. Rib fractures account for as much as 60% of fractures in infants

H. Rib fractures are usually caused by CPR

I. Rib fractures are uncommon abusive injuries, accounting for only 3% 
of injuries in children

J. Rib fractures are rarely caused by CPR

4. Select all the steps of the forensic autopsy of the chest.

A. Stripping the pleural membrane from the ribs

B. Taking radiographs of the chest

C. Checking for hemorrhage around the fracture site of rib injuries

D. Inspecting only anterior ribs for fracture

E. Checking for hemorrhage in intercostal muscles adjacent to site of 
injury

Section
IV




