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Foreword

The evaluation of children with suspected physical abuse is at a fascinating crossroads 
in its evolution. 

On the one hand, the last 30 years have presented us with a vast proliferation of novel 
research, clinical service, program development, and innovation on seemingly every 
nuance of the topic — from prevention to establishment of diagnostic gold standards 
to the role of emerging technologies in facilitating an assessment and more. 

On the other hand, each day, we continue to accumulate additional missed oppor-
tunities to identify children with injuries concerning for abuse. While we are under-
standing more about the role of bias and racism, the importance of detecting child 
abuse early and the subsequent tragic outcomes of not doing so, and the inter- and 
intra-institutional barriers to communication and data sharing that exacerbates the 
problems, resolving this dilemma some days may feel futile at a level of Sisyphean 
proportions.

Enter Child Maltreatment Assessment, Volume 1: Physical Signs of Abuse. 

Drs. Alexander, Doshi, and Esernio-Jenssen and their expert colleagues have com-
piled a wealth of state-of-the-art information covering all facets of the evaluation of 
the child with suspected physical abuse, including skeletal and thoracoabdominal 
injuries, abusive head trauma, burns, and poisonings. I hope readers share my ex-
citement to also see a specific focus on sentinel injuries – what they are, when to be 
concerned, and how best to evaluate them in the context of possible abuse.

I anticipate this work will appeal to a broad audience of readers. For the most sea-
soned of child abuse pediatricians, this workbook details the latest evidence related 
to pathophysiology, differential diagnoses, and evaluation protocols. For primary care 
and emergency department physicians and advanced practice providers, or perhaps 
even for non-medical professionals hoping to learn more about our field, this work-
book offers a step-by-step fundamental approach to evaluation, from history to physi-
cal examination to diagnostic workup. The case studies allow all audiences to consider 
clinical scenarios of children with specific injuries, formulate an evaluation of the 
child in each scenario, and compare the reader’s thoughts to a detailed rationale from 
clinical experts. For pediatric, family practice, and emergency medicine medical stu-
dents and residents, and for those involved with educating these learners, there is an 
entire chapter of clinical questions that spans the breadth of the topic of child physical 
abuse. These will be useful for pre- and post-testing and to monitor the effectiveness 
of continuing education efforts.

This workbook arrives at the right time for our ever-evolving field of child abuse 
pediatrics. It will be a valuable resource for both those wanting to understand the 
basics of child abuse evaluation and those hoping to keep up-to-date on the latest 
innovations in the field. 

Prevention is always the primary goal, but until we’ve eradicated child abuse, the 
information contained in this workbook will ideally improve the identification and 
response by all who read it for the next child who presents with an injury, and every 
child after that.

Jonathan Thackeray, MD
Chief Medical Population Health Officer
Pediatric Specialist
Division of Child Advocacy
Dayton Children’s Hospital
Dayton, Ohio
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PreFaCe

Physical abuse was one of the earliest recognized forms of child maltreatment. While 
the development of x-rays in the 1890s led to widespread diagnosing of internal 
trauma, it was not until the early 20th century that technological advances allowed 
for the easier identification and treatment of child abuse (eg, ultrasounds, computed 
tomography [CT] scans, and magnetic resonance images [MRIs]). Alongside these 
advances and as society’s values toward children evolved throughout the 20th century, 
the physical abuse of children became recognized as a pervasive and serious public 
health concern.

Much of the child abuse system today is based upon this early recognition. Current 
laws tend to favor discrete actions (eg, a broken bone is 1 instance of abuse). Ongoing 
sexual abuse, neglect, or psychological maltreatment is harder to label (eg, is it labeled 
as a single instance of abuse or many?); therefore, laws of that type are not as easily 
created. Furthermore, the therapeutic and legal systems continue to struggle with 
understanding concepts related to physical abuse such as adverse childhood experi-
ences, neurodevelopmental changes, and long-term ramifications of physical abuse. 
Although many scars from physical abuse can heal, the psychological scars of abuse 
are much harder to overcome.

The need to accurately identify and label indicators and signs of physical abuse is still 
present and this volume explores it in-depth. Skin injuries, the most common form 
of physical abuse, are part of a larger category of sentinel injuries, which are seemingly 
medically minor injuries that signify a risk for future abuse. Often, abusive injuries 
are perpetrated through the use of corporal punishment with the caregiver claiming 
that they are correcting behavior. Because of infant and young children’s vulnerability, 
they are at the greatest risk for serious or fatal injuries, meaning that the detection 
of sentinel injuries is imperative. This volume guides readers through the identifica-
tion of such injuries, as well as abusive head injuries (ie, the leading cause of death in 
children) and abdominal injuries (ie, the most consistently lethal cause of death in 
children). With this knowledge, physicians and other professionals will be better able 
to save victims of maltreatment.

While many forms of child maltreatment can be detected through technological tech-
niques (eg, radiographs), other forms, such as neglect, poisoning, and burns, require 
intensive examinations (eg, toxicological analysis). Furthermore, injuries of neglect, 
poisoning, and burns are often accidental; therefore, these forms of maltreatment 
require a clear documentation and thorough analysis of the child’s family and medical 
history as well as the detailed history of the event itself.

Physical injuries of any kind, whether from neglect or overt physical abuse, will 
have lasting consequences for children, including potential alterations in their brain 
growth. While prevention is the only sure way to stop child physical abuse, this vol-
ume explores the information needed to help physicians of today better identify, 
diagnose, and treat victims of abuse.

Debra Esernio-Jenssen, MD, FAAP

Ruchita Doshi, DO, FAAP

Randell Alexander, MD, PhD
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reviews

This text provides thorough, start-to-
finish approaches for all professionals that 
work with children who have experienced 
maltreatment. It is clear that Drs. 
Esernio-Jenssen, Alexander, and Doshi 
intentionally set the stage for authors to 
present traditional and novel evidence-
based information related to the etiology, 
prevention, treatment, and reporting 
of various types of abuse. These authors 
comprehensively consider the short- 
and long-term effects of maltreatment, 
including what we now know about 
the neurobiology of trauma, all while 
addressing strategies to provide patient- 
and family-centered care. In addition, 
and unique to this text, chapters provide 
case studies and photographs for discussion 
that clearly depict authentic situations 
and lead to deeper understandings of 
realistic practice implications. This 
assessment is a must-read for all who 
aim to remedy the epidemic of child 
maltreatment!

Sara Jones, PhD, APRN,  
PMHNP-BC, FAAN, FAANP

The field of child abuse pediatrics is 
ever-evolving as research continues to add 
to our bank of knowledge. The Child 
Maltreatment Assessment workbook 
series offers up-to-date and peer-reviewed 
reference information for both new 
and experienced clinicians. The text is 
succinct yet thorough, covering multiple 
areas of physical child abuse. Among the 
topics covered are the assessment of the 
presentation of victims, the biomechanics 
of the type injury, and mimics of abuse.

In Chapter 4, Dr. Fugok and Dr. 
Dunn highlight the dynamics of 
thoracoabdominal injuries as well as 
appropriate laboratory studies and 
imaging. The significance of testing results 
is well delineated. The case studies offer 
an excellent method of incorporating the 
manner of presentation and the various 
injuries that are a signal for a complete 
evaluation for child abuse.

In Chapter 7, Dr. Schatzman and Dr. 
Esernio-Jenssen cover the topic of burns. 
This is a must-read for providers who 
care for children whether in primary care 
settings, emergency departments, specialty 
clinics, or hospitals. Most helpful is an 
outline of detailed questions that should 
be asked while obtaining the presenting 
history. The burn history is of critical 
importance in differentiating intentional 
versus unintentional burns. The 
photographs are paired well with the text 
giving an excellent visual of burn depths. 
The case scenarios incorporate the need for 
assessment of developmental ability of a 
burn patient. 

The text is authored by renowned 
experts in the field of child abuse. 
Medical providers as well as members of 
multidisciplinary teams will find this an 
invaluable resource in their daily work.

Joan Phillips, MD, FAAP 
Co-medical Director  

Children’s Advocacy Center 
Women and Children’s Hospital 
Charleston Area Medical Center 

Charleston, West Virginia 

The Child Maltreatment Assessment 
series, a new 3-volume-workbook series, 
should be a welcomed addition to both 
individual and institutional libraries 
as an authoritarian compendium that 
promises to be an invaluable resource 
for health care professionals as well 
as the disciplines of child protection, 
mental health, and law enforcement. 
The chapters that I had the pleasure of 
reviewing were thorough, well-written, 
and provided an easy-to-understand 
overview of complicated topical issues. 
The integration of a case-based format 
should in turn be of great practical value 
to the reader. There should be little doubt 
that the distinguished editors, Drs. Debra 
Esernio-Jenssen, Randell Alexander, and 
Ruchita Doshi have artfully selected 
both traditional and emerging topics 
contributed by well recognized authorities 
in the field. I look forward to adding this 
text to my library. 

Martin A. Finkel, DO, FAAP 
Professor of Pediatrics 

Child Abuse Research Education & 
Service (CARES) Institute  

Rowan University 
Glassboro, New Jersey 
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deFinitions
 

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

1. Clearly identify and define key terms related to child maltreatment.

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

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. 

 —  Abusive Head Trauma: A constellation of injuries that can include brain 
injuries, intracranial hemorrhages, retinal hemorrhages, skull fractures 
and/or scalp injuries that are a direct result of head trauma inflicted upon 
a child.  

 — Ambulatory: When referring to a patient, this means that they are able to 
walk. 

 — Avulsion Fractures: A separation of a small fragment of a bone cortex at the 
site of a ligament or tendon attachment.

 — Cause of Death: The disease or injury that creates the physiologic 
disturbance that leads to death.

 — Chemical Burns: Caustic or corrosive burns that result from contact with a 
strong acid or base, and they can occur externally through contact with the 
skin or internally through ingestion.

 — Child Abuse: Any recent act or failure to act on the part of a parent or 
caretaker which results in death, serious physical or emotional harm, sexual 
abuse, or exploitation. 

 — Child Protective Services (CPS): The government agency responsible for 
protecting children, which includes intervening in cases of maltreatment. 

 — Chylothorax: A rare condition in which chyle (ie, lymph formed in the 
digestive system) accumulates in the chest cavity. 

 — Classic Metaphyseal Lesions (CMLs): These are planar fractures that occur 
through the primary spongiosa of the metaphysis of long bones and are 
caused by torsional and/or tractional shearing force across the metaphysis. 
This most commonly occurs when an infant’s extremity is pulled with 
extreme force.

 — Comminuted Fractures: A break or a splinter of the bone into more than 2 
fragments, caused by high impact forces.

 — Commotio Cordis: Produces a disorganized cardiac rhythm and rapid 
cardiovascular collapse.

Section
I
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how to aPProaCh susPeCted 
Child PhysiCal abuse
Ruchita Doshi, DO, FAAP

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

1. Identify risk factors and “red flags” that can occur in the setting of child abuse. 

2. Understand how to obtain a history and physical examination for suspected child 
physical abuse. 

3. Recognize suspicious physical examination findings that may be caused by child 
physical abuse.

4. Understand which steps to take next if child physical abuse is suspected.

introduCtion
The American Academy of Pediatrics defines child abuse as “any recent act or 
failure to act on the part of a parent or caretaker which results in death, serious 
physical or emotional harm, sexual abuse or exploitation” or “an act or failure to 
act which presents an imminent risk of serious harm.”1 According to the National 
Children’s Alliance,2 approximately 700 000 children are abused in the United 
States yearly, and although child neglect is the most common form of abuse, 10% 
of the 700 000 children were physically abused. In 2018, 1770 children died from 
abuse and neglect.2 

risk FaCtors and “red Flags”
Child abuse is a universal occurrence and can be experienced by any child. How-
ever, there are certain risk factors that can potentially increase the likelihood of child 
abuse. The most common risk factors for this potential increase in likelihood are as 
follows: 

 — Socioeconomic status (eg, single parent home, living below the poverty line, 
etc.) 

 — Age of child (eg, children under 4 years of age are at higher risk for abuse3) 

 — Caregiver history of adverse childhood experiences

 — Caregiver history of mental illness, including postpartum depression

 — Unrelated caregiver

 — Domestic violence

 — Substance abuse 

 — History of prior abuse  

Although these are known risk factors, child abuse can still occur in any setting. A 
child may present with multiple risk factors yet not be a victim of abuse; or, a child 

Chapter
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may experience abuse but present with zero risk factors. Therefore, it is important 
to keep an open mind and a low threshold for considering child abuse with any en-
counter.

Obtaining a HistOry
Obtaining a detailed history and completing a thorough physical examination are 
the most important aspects of the evaluation for suspected child physical abuse. The 
history can often help to identify abuse, as it may reveal risk factors, inconsistencies 
in the history provided, or histories that change over time. It is highly unlikely that 
a perpetrating caregiver will provide an accurate history for how a child’s injury oc-
curred. More often, a caregiver who brings a child for medical care will either provide 
an incomplete history or no history at all. The child may present with an obvious 
injury (eg, a fractured arm) or may have no visible injury and/or present with vague 
symptoms. 

When conducting an evaluation for suspected abuse, first obtain a history from the 
caregiver. Providers should create a neutral environment that establishes rapport with 
the caregiver, allowing them to feel comfortable enough to narrate the history. The 
evaluator should sit at eye-level with the caregiver. If more than 1 caregiver is present, 
obtain the history from each caregiver separately, if possible. Slight nuances in the 
histories provided by each caregiver can raise “red flags” if the histories do not align. 
If the child victim is old enough to provide a clear history (ie, generally 4 years of age 
or older), obtain a brief history from them separately. If a full forensic interview will 
be completed at a later time, then obtaining a history from the child may be optional. 
This is to protect the child from being interviewed multiple times, which can be con-
fusing and/or traumatizing for the child. 

Begin the evaluation with open-ended questions, which will help maintain a nonbi-
ased setting, and allow ample time for the caregiver to answer each question. 

Consider the following example evaluation scenario: a father brings his 3-month-old 
infant to the emergency department (ED) after a fall off the bed. Open-ended ques-
tions for this case may include:

 — What is your concern today?

 — How did your infant fall off the bed?

Once the initial history has been obtained, the next set of questions should examine 
the event in further detail. A simple approach for this is to ask the 5 W’s – who, what, 
when, where, and why.

The 5 W questions for this case may include:

 — Who was present when the infant fell?

 — What happened right after the fall? What was your infant’s reaction?

 — What type of flooring did your infant fall on? 

 — What is the height difference between the bed and the floor?

 — Where did the fall happen? Which room?

 — When did the fall happen? What time? 

 — Were there any symptoms or obvious injuries noted?

Additional questions may be asked to complete the evaluation. Providers should 
ask themselves, “Is the history provided consistent with the mechanism of injury 
presented?” For example, is it plausible for a 3-month-old infant to roll off the bed 
and fall on the floor? When considering this question, it is important to assess the 
child’s development. A 3-month-old infant is typically unable to roll over, whereas a 
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6-month-old infant typically can. Document the caregiver’s answers to the questions 
with as much detail as possible, and when applicable, place their statements in quotations.

tHe PHysical examinatiOn
Once the history has been obtained, a full head-to-toe physical examination should 
be completed. The examiner must have heightened awareness and should assess for 
any abnormal cutaneous findings. During the examination, 
consider using the TEN-4 FACESp tool to assess any bruises. 
This tool stands for:

 T – Torso (chest, abdomen, back, genitourinary area)

 E – Ears

 N – Neck

 4 – 4 months or younger in age

 F – Frenulum (bruising and/or tearing)

 A – Auricular area and/or angle of the jaw

 C – Cheek

 E – Eyes

 S – Sclera

 p – patterned bruising 

The following images are examples concerning bruises using  
the TEN-4 FACESp tool (Figure 1-1-a through 1-1-d).  

Figure 1-1-a. Two subconjunctival hemorrhages 
in the right eye of a 6-week-old boy after he was 
strangled by his caregiver.

Figure 1-1-b. Bruising on the lower left quadrant 
abdomen of a 4-year-old boy after he was abused 
by his caregiver.

Figure 1-1-b

Figure 1-1-a
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skeletal injuries
Heather-Lynn Menezes, DO 
Ruchita Doshi, DO, FAAP

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

1. Identify the differences between pediatric and adult bone. 

2. Identify the different types of fractures and mechanisms of injury. 

3. Determine which fractures are highly specific for abuse. 

4. Understand how to evaluate a child with a suspicious fracture. 

5. Distinguish between accidental and suspicious fractures.

6. Recognize bone disorders that mimic abuse. 

diFFerenCes between PediatriC and adult bone 
The skeletal system is a crucial organ system. It is made up of 206 individual bones 
that are involved in the mechanics of movement, mineral metabolism, protection 
of surrounding organs, production of red and white blood cells, and regulation of 
critical biologic processes. 

There are a few noticeable differences between adult and pediatric bones. Pediatric 
long bones have 4 sections: the diaphysis, metaphysis, physis, and epiphysis. Adult 
long bones have 2 sections: the metaphysis and diaphysis. The epiphysis of pediatric 
bone is primarily made up of cartilage 
that develops into secondary ossification 
centers, which are subsequently replaced 
with bone. Additionally, pediatric bones 
have a microstructure called Haversian 
canals that are dispersed throughout the 
bone. As a result of these canals, pediat-
ric bone is more flexible than adult bone 
and will bend before it breaks; therefore, 
it is more difficult to fracture a child’s 
bone than an adult’s bone.1  

Chapter
2
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Pediatric and Adult Bone Haversian Canals 

Figure 2-1. Haversian canals in pediatric and 
adult bones. 
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tyPes oF FraCtures and their  
assoCiated MeChanisMs 
There are several different types of fractures that can occur within a pediatric bone. 
Understanding the mechanism required to cause a specific fracture will aid in dif-
ferentiating between accidental and abusive injuries. The different types of fractures 
are:

 — Classic metaphyseal lesions (CMLs): CMLs are planar fractures that occur 
through the primary spongiosa of the metaphysis of long bones and are 
caused by torsional and/or tractional shearing force across the metaphysis,2 
most commonly occurring when an infant’s extremity is pulled with extreme 
force. CMLs are also often seen when infants are shaken violently, causing the 
lower extremities to sway back and forth with high velocity. 

 — Transverse fractures: These fractures are caused by applying a force that is 
perpendicular to the axis of the long bone or by extreme diaphyseal (shaft of 
long bone) bending. 

 — Oblique fractures: These fractures are caused by a combination of axial 
loading and twisting.

 — Spiral fractures: These fractures are caused by torsion or twisting of a long 
bone along its axis.

 — Comminuted fractures: These fractures are a break or a splinter of the bone 
into more than 2 fragments, caused by high impact forces.

 — Avulsion fractures: These fractures are a separation of a small fragment of a 
bone cortex at the site of a ligament or tendon attachment.

 — Torus or buckle fractures: These fractures are incomplete fractures of the 
shaft of a long bone that are characterized by a bulging of the cortex. They 
result from trabecular compression due to an axial loading force along the 
long axis of the bone, and for radius and ulna fractures, they often occur from 
falling on an outstretched hand.

 — Green stick fractures: These fractures are a break on 1 side of the bone in the 
arm or leg that does not extend through the bone and are caused by a force 
that bends the bone but is not strong enough to break it (eg, a fall in which a 
child tries to break the fall with their arm). Children are at increased risk for 
these fractures because their bones are more elastic. 

sPeCiFiCity For abuse-related FraCtures
Although every fracture of a young child’s bones should be investigated thoroughly, 
there are certain fractures that have very high specificity for abuse (Table 2-1). 

Table 2-1. Fractures and Their Associated Specificity for Abuse 

high speCifiCity

 — CMLs

 — Rib fractures, especially posteromedial1

 — Scapular fractures

 — Spinous process fractures

 — Sternal fractures (continued)
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Table 2-1. Fractures and Their Associated Specificity for Abuse (continued)

high speCifiCity

 — Multiple fractures, especially bilateral

 — Fractures of different ages

 — Epiphyseal separations

 — Vertebral body fractures and subluxations

 — Digital fractures

 — Complex skull fractures

Common, but low speCifiCity

 — Subperiosteal new bone formation

 — Clavicular fractures

 — Long-bone shaft fractures

 — Linear skull fractures

how to evaluate a susPiCious FraCture
Fractures are a common injury in childhood. It is important to recognize, however, 
that any fracture could be caused by abuse even if it is a common fracture with a low 
specificity. A number of studies indicate that the diagnosis of fractures ultimately 
diagnosed as maltreatment may be missed with infants and young children. There-
fore, it is of the utmost importance for medical professionals to recognize and report 
any abusive findings to their state registry to ensure a child’s safety and reduction of 
worsening sequelae.3 

Most children will present to a medical setting with pain and swelling of the affected 
area. A complete history and physical examination should be obtained. If there is 
suspicion of abuse, an x-ray of the affected area should be obtained,4 especially in 
children less than 18 months and/or when the history is not compatible with the 
biomechanics of the fracture.2, 5-7

distinguishing between aCCidental and  
susPiCious FraCtures
Fractures account for 8% to 12% of all pediatric injuries.5 Physicians should consider 
many different details of the history and physical examination when trying to deter-
mine if the fracture was caused by abuse or by accidental injuries. Details of the his-
tory, such as the child’s age, developmental stage, type and location of the fracture, age 
of the fracture, and if the described mechanism that caused the fracture is compatible, 
should be considered in this determination, as well as any other cutaneous manifesta-
tions of maltreatment.4, 8-10 It should also be noted that in contrast to situations of 
abuse, accidental fractures tend to have histories that correlate with the fracture, there 
is no delay in care, and there are no other concerns on physical examination.4,9

The following scenarios should be suspicious for abuse:

 — No history of injury or an inconsistent/changing history 

 — Provided mechanism of the cause of injury is not consistent with the type of 
fracture

 — Fracture in a non-ambulatory child
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sentinel injuries
Teresa M. Romano, MD, FAAP 
Susan K. Yaeger, MD, FAAP

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

1. Describe sentinel injuries as visible, medically minor injuries on an infant that 
are poorly explained and therefore concerning for abuse. 

2. Understand what sentinel injuries are comprised of and when they may be 
discovered. 

3. Properly utilize the TEN-4 FACESp clinical decision tool. 

4. Describe how an injury algorithm can objectively guide health care providers 
through the evaluation of additional signs of abuse, the utilization of 
laboratory studies, imaging modalities, and a consultation with child advocacy 
resources. 

introduCtion
When a child has a minor injury that heals without noticeable long-term sequelae, 
child abuse can be difficult to identify. Children who are developmentally able to 
explore their environment by crawling, cruising, and walking commonly sustain 
self-inflicted accidental injuries that are not suspicious for abuse. However, prior to 
a child becoming mobile, infants are unlikely to sustain traumatic injuries. This is 
because infants do not have the ability to generate the force required to cause self-in-
flicted injuries. Furthermore, the routine care and handling of infants by a caregiver 
does not result in any injury more serious than a superficial abrasion1; therefore, any 
injury beyond that should raise suspicions for abuse. 

understanding sentinel injuries
A sentinel injury is a visible or detectable, but medically minor, injury in a child 
that is poorly explained.2 These minor injuries heal quickly and completely on their 
own without medical treatment and lack long-term sequelae. Because they occur in 
infants who are incapable of sustaining such injuries on their own, sentinel injuries 
are highly suspicious for physical abuse.  

When a patient is brought for medical attention, many sentinel injuries are recog-
nized by medical providers. Directly asking the caregiver(s) about any noticeable 
injuries or scars while taking a history may help to detect previous sentinel injuries. 
It should be noted, though, that caregivers who are perpetrators of abuse typically 
do not provide an accurate or consistent history for their child’s injuries. The most 
common type of sentinel injury is bruising.2 Other injuries that can be precursors 
to more serious abuse include intraoral injuries (eg, frenulum injury, oropharyngeal 
bruising), burns, subconjunctival hemorrhages, or minor musculoskeletal injuries 
(eg, radial head subluxation). It is imperative that medical providers consider the 
developmental capabilities of the child and ask detailed questions about the given 
history when determining if an injury is suspicious for abuse.

Chapter
3
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Oftentimes, sentinel injuries are missed by medical providers who do not per-
form a complete physical examination during health maintenance visits or who 
mistakenly do not associate the injury as consistent with an abusive one. One 
study2 demonstrated that in infants definitively diagnosed with child abuse by a 
hospital-based child abuse team, 27.5% sustained a previous sentinel injury. Fur-
thermore, this study demonstrated that a health care professional was aware of the 
sentinel injury in 42% of the infantile patients. The majority of sentinel injuries 
occur in early infancy, 66% before the age of 3 months and 95% before the age 
of 8 months. 

injury algorithMs 
Certain clinical prediction rules have been developed to help clinicians determine 
if physical examination findings are concerning for abuse. TEN-4 FACESp, a type 
of clinical prediction rule, can help providers identify locations of bruising or inju-
ries that are highly associated with abusive injury (Figures 3-1-a through 3-1-c).3 
Bruising on the torso (T), ears (E), and/or neck (N), in any patient under the age 
of 4, or injury to the face (F), angle of the jaw (A), cheek (C), eyelids (E), and/
or a subconjunctival hemorrhage (S) or pattern bruise (p) are indicative of child 
abuse. This tool is found to have a sensitivity of 96% and a specificity of 87% for 
predicting abuse.3 

When a sentinel injury is detected, further diagnostic studies should be obtained 
in order to evaluate for additional injury. Furthermore, a safety plan should be cre-
ated and a report to Child Protective Services (CPS) should be initiated. At Lehigh 
Valley Reilly Children’s Hospital, an algorithm has been developed to help medical 
providers determine the necessary work-up, laboratory studies, and imaging mo-
dalities necessary to evaluate patients who present with injuries suspicious of abuse 
(Figure 3-2).  

Figure 3-1-a. Petechial bruise on the forehead  
of a 4-week-old infant who could not have  
developmentally generated the force necessary  
to injure herself.

Figure 3-1-b. Bruising of the ear.

Figure 3-1-c. Bruising of the ear. The infant’s  
parent reported that another child hit the baby 
with a hard plastic toy. This reported mechanism 
of injury does not fit with this type of bruise, which 
typically takes an adult-level force.

Figure 3-1-b

Figure 3-1-cFigure 3-1-a
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Figure 3-2. Algorithm used at Lehigh Valley Reilly Children’s Hospital in Allentown, Pennsylvania. It provides the TEN-4 FACESp tool, advises on age-appropriate 
laboratory studies and imaging, and recommends notification of the State Central Registrar and consultation with the Child Protective Medicine team.  

Suspicious patterns of bruising*

• Bruises in children who are not 
independently mobile

• Bruising in babies
• Bruises to the face (with exception 

of forehead), back, abdomen, arms, 
buttocks, ears, and hands

• Bruises that are seen away from 
bony prominences

• Multiple bruises in clusters
• Multiple bruises in uniform shape
• Bruises that carry the clear imprint 

of the implement used or a ligature

Child with Suspicious Bruising

 
 

• File report (CY-47) to ChildLine
• Considering discharge?-discuss with Child  

Protection Team on-call physician
• Admission-consult to Child Protection Team

6 months of age

Bruising anywhere If mobileIf non-mobile

No

Assess bleeding historyYes Yes

Clear evidence of trauma? (ie, fractures)  
Suspicious patterns of brusing?*

6 months to 2 years of age 2 years to 5 years of age

TEN-4 FACESp

Torso-chest, abdomen, back, buttocks, GU, hip 
Ear 
Neck
4-brusing on a <4 month old infant
Frenulum
Angle of the jaw
Cheek
Eyelid
Sclera of sub-conjunctival hemorrhage
p-patterned

Concern for Bleeding Disorder

• PT with INR                             • Factor VIII
• APTT                                        • Factor IX
• VWF antigen
• Von Willebrand factor activity
• Consult to Pediatric Hematology/Oncology

If LFT’s>80 obtain CT abdomen pelvis with IV contrast
If CT head is positive for ICH place consult to Ophthalmology

If consult to Ophthalmology, place order for Tropicamide Ophthalmic solution 1% (see order set)

Applicable Diagnosis Codes

Child physical abuse, suspected,  
initial encounter-T76.12XA
Abusive Head Trauma-T74.4XXA

If viewing this algorithm please use
PED: Suspicious Bruising/Fracture 
order set add-on

• CBC with differential
• Comprehensive metabolic panel  

(AST & ALT)
• Troponin I (>2 months with brusing on 

chest)
• CK
• CT head without contrast (<1 year of age  

or symptomatic infants or toddlers)
• X-ray bone survey child
• CT abdomen pelvis with IV contrast  

(brusing on abdomen)

Any family history of (if YES to any one 
question proceed to order panel below):

• Known bleeding disorder
• Easy bruisability
• Excessive nose bleeds (>5 per year of 

lasting >10 minutes)
• Heavy bleeding following surgery or tooth 

extraction
• Heavy periods or bleeding from childbirth 

requiring transfusion
• Bleeding into muscle or joint space
• Excessive bleeding from umbilical stump 

or circumcision

• CBC with differential
• Comprehensive metabolic panel  

(AST & ALT)
• Troponin I (>2 months with brusing on 

chest)
• CK
• CT head without contrast (<1 year of age  

or symptomatic infants or toddlers)
• X-ray bone survey child
• CT abdomen pelvis with IV contrast  

(brusing on abdomen)

Clear evidence of trauma? (ie, fractures)  
Suspicious patterns of brusing?*
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thoraCoabdoMinal injuries
Kimberly Fugok, DO, FAAP 
Amy Lewis Dunn, DO, MPH, FAAP

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

1. List the historical evidence needed to gather for children with thoracoabdominal 
injuries from suspected child physical abuse.  

2. Identify physical examination findings of the thorax and abdomen that are 
suggestive of child physical abuse. 

3. Understand the dynamic impact of blunt trauma to the chest and abdomen in 
child abuse cases.

4. Understand how to order the appropriate laboratory and imaging studies as well 
as how to comprehend the clinical significance of the results obtained.

5. Understand that thoracoabdominal injuries secondary to child abuse are 
relatively rare but that they can have very high mortality and morbidity.

6. Understand the case presentations of abusive physical trauma in children.

introduCtion
Each year in the United States, there are more than 650 000 substantiated cases of 
child abuse and over 1500 child deaths. In 2019, the most recent year for which data 
are available, a national estimate of 1840 children died from abuse and neglect at a 
rate of 2.5 per 100 000 children in the population. The child fatality demograph-
ics report that the youngest children are the most vulnerable to maltreatment, with 
45.4% of child fatalities occurring in children younger than 1 year of age.1,2  

Due to the high number of abuse-related child fatalities, it is imperative that all 
health care providers be knowledgeable of the historical and physical examination 
findings that are suggestive of abusive injury. Though thoracic and abdominal trau-
ma are less common findings in children who have been physically abused, they 
remain a leading cause of mortality due to the severity of the associated injuries.1,2 
This chapter will focus on identifying thoracoabdominal injuries that are a result of 
physical abuse in children. 

CoMParing Presentation FaCtors and history
Significant injury to the thoracoabdominal organs can occur in the absence of ex-
ternal findings that are typically suggestive of physical abuse. This absence makes 
obtaining a thorough history essential. One way that physically abused children and 
adolescents may present is by disclosing a caregiver’s abuse to another trusted adult 
or an older sibling. In this case, the health care professional may attempt to obtain 
historical details from the trusted adult or the older sibling in a non-accusatory and 
non-leading manner. If possible, this type of questioning should be performed after 
separating the older sibling from the caregiver. In the absence of a clear disclosure 
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from the victim, trusted adult, or older sibling, there are several notable differences 
in the usual presentation patterns between abusive and accidental injuries that are 
important to be aware of. The following historical features may suggest an abusive 
injury:

 —  Time of presentation after injury (eg, when was the child last noted to be 
normally active and well-appearing? Was there an unexplained delay in 
seeking medical care?)

 — Significant injury with either no explanation, a vague explanation, or the 
details of the explanation keep changing

 — Explanation of injury is inconsistent with pattern, age, or severity of the 
injury

 — Different witnesses provide different explanations

 — Explanation of injury is inconsistent with the child’s physical or 
developmental capabilities (eg, a 4-week-old infant has bruising to the torso 
on examination and the mother states the baby may have “rolled” and hit the 
edge of the crib, which is developmentally impossible)

PhysiCal exaMination Findings 
When conducting a physical examination, it is helpful to examine the child or infant 
undressed (eg, in a gown) and in a room with good lighting. A physically abused in-
fant with significant thoracoabdominal trauma may present with fussiness, especially 
when moved, reduced activity, poor feeding, vomiting, respiratory distress, and/or 
cardiopulmonary arrest.1 Any infant or child that prefers to be left lying supine and 
becomes fussier upon physical movement should raise concern for pain as a result of 
an occult traumatic injury. 

It is imperative to understand that most children with a significant internal injury 
are typically absent of any physical examination findings. When physical findings 
are present in abuse cases, bruising is the most common and readily visible injury.3 
Bruising locations suggestive of abuse in children younger than 4 years of age can be 
remembered by the mnemonic term TEN-4 FACESp, which stands for: Torso, Ear, 
Neck, Frenulum, Angle of the jaw, Cheek, Eyelids, Subconjunctival hemorrhage, and 
patterned bruises. Any bruising in an infant under 4 months of age is highly associ-
ated with child abuse.3 Bruising in a non-ambulatory child requires careful consider-
ation and medical evaluation for possible abuse, as the saying “those who don’t cruise, 
rarely bruise” demonstrates.3,4,5 As infants learn to crawl, cruise, and walk (between 6 
to 12 months of age), bruising can become common in areas with a bony prominence 
such as elbows, knees, shins, and forehead. Bruising over the chest, abdomen, or back, 
however, should always be viewed as suspicious for abuse-related trauma. Multiple 
bruises in different stages of healing should also be a considered a “red flag” while 
examining an inflicted injury.

If a physical examination of the chest and abdomen reveals injury such as bruising, it 
is essential to document any findings accurately and, if possible, include photographs 
in the medical record. Skin findings (eg, bruises) are often unnoticed as a sentinel 
injury in half of fatal and near-fatal abusive injuries.3 Another important distinction 
to keep in mind while documenting injury is the presence of dermal melanocytosis 
(previously known as Mongolian spots), which are grayish-blue areas that are present 
from birth and are commonly found over the sacrum and back. These are most typi-
cally found in Black, Hispanic, and Asian children, and they should not raise concern 
for abuse.6
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dynaMiCs oF blunt trauMa to the thorax and 
abdoMen in inFants and Children
Abusive thoracoabdominal injuries usually result from a direct blow, a crush in-
jury, or a rapid deceleration upon impact whereby a child is thrown or forcefully 
squeezed.

thoraCiC injuries

Thoracic trauma in physically abused children typically involves rib fractures. Pos-
terior rib fractures are a result of levering of the posterior rib neck over the trans-
verse spinous process as the rib cage is vigorously squeezed. This type of squeezing 
fractures the inner cortex of the posterior rib neck and the posterolateral arc of the 
rib and typically results in multiple rib fractures, which can be unilateral or bilat-
eral. The presentation of this type of abuse can be shallow breathing from pain and 
splinting or irritability when the infant is picked up and moved. With severe ante-
rior and posterior compression of the thorax, the anterior ribs can also fracture at 
the articulation with the sternum but do so less commonly than the posterior ribs.

When considering thoracic trauma, rib fractures warrant special attention. In young 
children, rib fractures are highly specific for abusive injury, and physical abuse must 
be the primary diagnostic consideration.7 Additionally, clinicians should be reluc-
tant to attribute a child’s posterior rib fracture to cardiopulmonary resuscitation 
(CPR). Although CPR remains an unusual cause of rib fractures, more recent stud-
ies have shown an association between 2-handed chest compression techniques, re-
sulting in either anterior or lateral rib fractures but rarely posterior rib fractures.8,9 
A healing rib fracture, incidentally noted on a chest radiograph, may be the first 
indication of abuse and should not be ignored. 

Clinically significant injury to the lungs and heart from physical child abuse is 
less common but carries a risk of significant morbidity and mortality.1 Pulmo-
nary contusions (Figure 4-1-a), diffuse alveolar damage, pneumomediastinum, 
and multiple rib fractures can result from intentional forceful chest compression 
(Figure 4-1-b). Pneumothoraxes usually accompany rib fractures in older children. 
Diffuse pulmonary edema can be associated with suffocation or head trauma.10 

Chylothorax can result from tearing of the thoracic duct and may be accompanied 

Figure 4-1-a. Pulmonary contusions. Computed 
tomography (CT) scan of the chest of a 3-month-
old infant with healing left posterior and anterolat-
eral rib fractures that demonstrates parenchymal 
contusions at the base of the left lung.

Figure 4-1-a
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objeCtives
After reviewing this chapter, the reader will be able to:

1. Understand the signs and symptoms of abusive head trauma. 

2. Demonstrate an awareness of the forces that play a role in abusive head trauma.

3. Describe the mechanisms that cause epidural hemorrhages, subdural hemorrhages, 
and contusions.

4. Understand the indications, strengths, and weaknesses for the various imaging 
modalities used to evaluate abusive head trauma. 

5. Outline the radiographic appearance of and possible mechanisms for skull 
fractures in cases of abusive head trauma. 

introduCtion
In general, abusive head trauma is a term that is used to describe injuries that are 
a direct result of head trauma inflicted upon a child. More specifically, abusive head 
trauma refers to a constellation of injuries that can include brain injuries, intracranial 
hemorrhages, retinal hemorrhages, skull fractures, and/or scalp injuries. This type of 
head trauma includes injuries from shaking alone, impact alone, or a combination of 
those 2 mechanisms. Injuries sustained from abusive head trauma are typically not 
consistent with the history provided; or, there is an absence of history altogether.1

Furthermore, abusive head trauma is a medical diagnosis. This diagnosis is made 
using a multidisciplinary approach that consists of aggregating a thorough medical 
history, physical examination findings, laboratory work, and radiological studies, as 
well as additional social and historical information from caregivers, child protective 
services, law enforcement, and/or others who are in contact with the child. Generat-
ing this diagnosis also involves excluding medical diseases that mimic abusive head 
trauma. 

A key factor behind shaking as a mechanism of injury is that an infant or small 
child can be easily shaken by an adult-sized person, and the size/weight discrepancy 
between the 2 may be a 5 to 20 times difference. Thus, it is less common for chil-
dren aged 3 or 4 years to have abusive head trauma, and only a few cases have been 
reported beyond this age.2,3 

ePideMiology 
Abusive head trauma is the most common cause of traumatic death in infancy.4 
Although abusive head trauma can affect older children, it is most common in in-
fants less than 6 months of age, with the largest number of fatalities occurring in 
infants who are 1 to 2 months of age.5 This occurrence is likely multifactorial but 
may be due to the difficulty associated with caring for young infants (eg, the peak 
in crying that occurs around 6 weeks of age, colic, etc.). When looking at data from 
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the Healthcare Cost and Utilization Project’s Kids’ Inpatient Database from 2000, 
2003, 2006, and 2012, Nuno and colleagues6 found that the incidence of abusive 
head trauma was highest at 27 per 100 000 in children less than 1 year of age and at 
least 1 per 100 000 in children 3 to 4 years of age. In a study7 of patients from North 
Carolina who were less than 2 years of age, it was found that 53% of serious or fatal 
traumatic brain injuries were inflicted. Another study,8 looking at children less than 1 
year of age, found that 65% of patients admitted for head injury and 95% for serious 

intracranial injury were victims of inflicted trauma.

Morbidity and Mortality 
Abusive head trauma tends to have poorer overall outcomes than accidental injury. 
This is likely due to the more severe mechanisms of injury, repeated injury, delay in 
seeking care, and other social factors that occur in abusive head trauma cases. Roughly 
50% to 93% of cases result in significant morbidity with a spectrum of outcomes, 
ranging from neurocognitive dysfunction to possible visual and motor deficits, and 

even a vegetative state; another 12% to 25% of cases are fatal.9-12

CliniCal Presentation
The presentation of abusive head trauma is largely dependent on the degree of brain 
injury that results from the trauma. The symptoms vary from mild or vague with 
post-concussive symptoms (eg, irritability, vomiting, or sleepiness) to more severe 
symptoms of neurological compromise (eg, seizures, apnea, cardiac arrest, coma, or 
even death). 

When abusive head trauma coexists with other forms of maltreatment there may be 
other findings upon examination (eg, bruises, burns, fractures, or visceral injury). 
While these other injuries may be one of the presenting problems in some cases, they 
are also commonly occult and will not be detected without further inquiry, typi-
cally in the form of laboratory work and subsequent imaging. A complete trauma 
evaluation should be done in cases of suspected abusive head trauma. Additionally, it 
should be noted that abusive head trauma can occur in isolation, so the diagnosis is 
not excluded simply because there are not additional injuries or any externally visible 

injuries. 

evaluation
History

As with any medical examination, the “history of present illness” is essential for mak-
ing the correct diagnosis. In cases of suspected physical child abuse, it is often the 
absence of a clear history for trauma that leads to suspicion of inflicted injury. If pos-
sible, it is important to speak to all available caregivers in order to ascertain a detailed 
timeline, but abusers may not always provide accurate information in this setting. 
Non-offending caregivers, however, may be able to provide considerable detail regard-
ing when a child was last seen well and any events that led up to their neurological 
compromise. This detailed timeline can be instrumental in determining when and 
where a child was injured. 

In addition to obtaining a detailed timeline, it is also necessary obtain a thorough 
family history, which should include any clotting or bleeding disorders. The child’s 
medical history should include the newborn screen and neonatal course as well as 
any history of easy bruising or prolonged bleeding, which may help detect medical 
problems that initially present similarly to abusive head trauma. 

Reviewing primary care records can also be highly informative. These records al-
low for an assessment of growth and development which may be altered in certain 
medical conditions as well as in cases of abuse and neglect. Additionally, the primary 
care records alert the multidisciplinary team of earlier concerns that were observed 
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or documented by the primary pediatrician, thus providing clues about ongoing 
patterns of maltreatment. A classic example, though uncommon, is an infant who 
did not receive vitamin K in the newborn period and subsequently presents with an 
unexplained brain bleed and resultant neurological compromise. Knowing that this 
child did not receive vitamin K after birth helps to complete an accurate evaluation 
of their current medical condition. 

PHysical Examination 
The physical examination of a young child who is suspected to be a victim of physical 
child abuse should include a full skin and an external/visual genitourinary examina-
tion. This examination should include giving special attention to injuries in places 
that may be more difficult to notice, such as those inside the mouth, on and behind 
the ears, and on the torso. It should also involve a careful look for sentinel injuries 
which may be the only externally visible sign of inflicted injury. Sentinel injuries can 
include, but are not limited to: the torso, ears, neck, labial and lingual frenulae, face, 
eyes (including subconjunctival hemorrhage), and pattern injuries.13,14 It is important 
to consider if bruises, abrasions, or burns are found on a mobile child (more com-
mon) or a non-mobile child (exceedingly rare),15 as well as if they are in locations that 
are not typical of accidental injury (eg, the buttocks of an infant, which are usually 
protected by the padding from a diaper). 

nEuroimaging

Because the neurological examination in infants is notoriously unreliable, it is im-
portant to have a low threshold for obtaining neuroimaging to screen for abu-
sive head trauma, especially in the youngest of infants. Tools like the Pediatric 
Emergency Care Applied Research Network (PECARN) criteria are excellent for 
evaluating accidental trauma with a known or multiply witnessed mechanism, but 
these tools are not validated in cases of abusive head trauma.16 Additionally, there 
are other clinical prediction tools, such as the Pittsburgh In-
fant Brain Injury Score (PIBIS) that can be used in certain 
clinical settings to assess the need for head imaging.17 The 
current data supports neuroimaging to screen for occult head 
trauma in all victims of physical child abuse who are less than 
6 months of age with strong consideration for those less than 
12 months of age.

There are currently 2 widely available choices for neuroimag-
ing in suspected victims of maltreatment: computed tomog-
raphy (CT) and magnetic resonance imaging (MRI). In many 
instances, a non-contrast head CT scan is preferred. This scan 
is quick, can clearly demonstrate acute blood products, and 
can clearly depict fractures, especially when 3D reconstruc-
tion is performed. A CT scan detects findings that are of sig-
nificance for possible neurosurgical interventions; however, 
a head CT scan is not without risk due to radiation, so in 
certain settings, an MRI is preferred or may be used in con-
junction. An MRI is typically preferred in stable patients with 
nonacute trauma. This MRI further characterizes the known 
brain injury or screens for injuries when the presence of a 
fracture is already known and does not require further char-
acterization by a CT scan. Additionally, magnetic resonance 
angiography/magnetic resonance venography (MRA/MRV) 
can be done in conjunction with the MRI to look at the in-
tegrity of and the injury to blood vessels. In many cases, the 
MRI should also be obtained as a follow-up to CT imaging 
(Figures 5-1-a through 5-2-b).

Figures 5-1-a and 5-1-b. Subdural hemorrhage 
seen on non-contrast head CT of an infant diag-
nosed with abusive head trauma. A confession to 
shaking and slamming was made by the caregiver. 
Photographs courtesy of Dr. Jennifer Andrews.

Figure 5-1-a

Figure 5-1-b
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objeCtives
After reviewing this chapter, the reader will be able to:

1. Describe the epidemiology of childhood poisonings.

2. Examine the impact of marijuana legalization on pediatric substance exposure.

3. Understand the developmental factors that most commonly lead to pediatric 
poisonings.

4. Discuss common medications that are encountered in pediatric ingestions.

ePideMiology
Childhood poisoning is a common, and often preventable, cause of significant 
morbidity and mortality in both the United States and around the world. While 
the specific epidemiology rates differ from country to country, children every-
where are influenced by their community’s own prevalent social, economic, oc-
cupational, and cultural practices, as well as the availability of specific poisons in 
their area. The World Health Organization’s Global Burden of Disease project1 es-
timates that about 45 000 children and young adults under the age of 20 years die 
annually from acute poisoning. In 2019, the United States reported approximately 
100 poisoning fatalities among children under the age of 20 years.2 During the 
same period, more than 1.2 million nonfatal poisonings were reported in children 
and adolescents; 50% occurred in children less than 6 years of age. An overwhelm-
ing majority of these reported poisonings for children under the age of 6 were 
the result of unintentional (eg, accidental) exposure to substances like cosmetics, 
personal care products, cleaning materials, prescription and non prescription pain 
relievers, foreign bodies, toys, and miscellaneous items within the home. 

Conversely, intentional (eg, abusive) exposure to a substance was reported in 63% 
of adolescent (ie, children aged between 13 and 19 years) poisonings in the United 
States; a majority of those substances were prescription and non-prescription pain 
relievers, followed by antidepressants, sedatives, antipsychotics, antihistamines, 
stimulants, and/or illicit substances like marijuana.2 

Reports indicate that 19.8% of high-school-aged youth  try marijuana within 
any given month and that overall, 35.6% of high-school-aged youth have al-
ready tried marijuana at least once.3 While synthetic marijuana use has declined 
from 9% in 2015 to 6% in 2017, there has been a relative sevenfold increase in 
potency.4 Marijuana legalization has led to an increased prevalence of marijuana-
infused candies and food products while simultaneously decreasing public per-
ception of potential harm. Calls to pediatric poison centers involving marijuana 
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exposure rose concurrently with increasing state legalization and marijuana use 
among adults, which has more than doubled from 2010 to 2020.5 

unintentional ingestions
The types of exposure to substances vary by age and include mechanisms such as 
inadvertent administration of an incorrect drug or dosage, supervisory neglect, mali-
cious poisoning, and/or intentional ingestion by the child. Clinically significant expo-
sures are uncommon in children less than 6-months-old. If exposures do occur in this 
age group, they are commonly the result of inadvertent administration of an incorrect 
drug or dosage by a caregiver or sibling or by passive exposure (eg, the inhalation of 
cocaine or cannabis smoke).6 As such, any poisoning of a child younger than 1 year of 
age should be evaluated for intentional child abuse or neglect. 

Children younger than 6 years of age are most prone to unintentional poisoning due 
to their exploratory behaviors. This type of exposure is typically a result of supervisory 
neglect and is associated with these characteristics: the child is 1 to 3 years of age, a 
small quantity is ingested, and there is 1 nontoxic xenobiotic (ie, synthetic chemical 
that is foreign to the body) involved. Patients commonly present symptoms 1 to 2 
hours after ingestion with only 1% of exposed children having a recorded outcome as 
moderate, major, or death.6 The 5 most common substances involved in the fatalities 
of children younger than 6 years of age are analgesics,  fumes/gases/vapors, unknown 
drugs, antihistamines, and batteries.7 

Exposures are likewise common among adolescents due to an increased frequency of 
intentional or risky substance use and suicidal ideation/intent. Additionally, analge-
sics, antidepressants, sedative-hypnotics, stimulants, and illicit substances are often 
implicated in 17% of adolescents’ exposures that result in adverse outcomes. 

In addition to the exploratory nature of young children, there is a rising concern with 
unintentional ingestions as a result of product “look-alikes.” Some common examples 
include vitamins that resemble candy and shampoos or dishwashing detergents that 
are given appealing scents and have pictures of fruits on the labels. More recently, as 
a result of the increase in legalization of cannabis, edible marijuana products are of 
increasing concern. Children easily confuse marijuana-containing foods, which are 
marketed to resemble candies, fruits, and sodas, with ordinary foods. Additionally, 
these products feature bright colors, pleasant smells, and attractive packaging. Nico-
tine liquid refills for electronic cigarettes also pose a potential threat to children who 
are drawn to fruit-like flavors and scents.8 

Exposure to household chemicals or substances are also a risk for the pediatric popula-
tion. Laundry detergent pods (LDPs) are small, single-use packets containing concen-
trated detergent in a water-soluble membrane.9 In 2012, these emerged in the United 
States as a new, more convenient replacement for the liquid form. LDPs containing 
ethoxylated alcohols, propylene glycol, and linear alkylbenzene sulfonates, are mar-
keted in very colorful and attractive capsules resembling commonly sold candies and 
toys.10,11 Recently, adolescents participated in a social media-driven challenge involv-
ing deliberate biting into LDPs.12 Following LDP ingestion, the most common symp-
toms include: choking, coughing, vomiting, mucous membrane irritation, or central 
nervous system (CNS) depression.11 In general, treatment for LDP ingestion or ocu-
lar exposure is largely supportive. Gastrointestinal symptoms tend to occur quickly, 
whereas CNS depression may be delayed 1 to 2 hours; therefore, it is reasonable to 
observe patients for 4 to 6 hours to determine if symptoms develop or to monitor 
them until symptoms resolve. 

examples of xenobiotiCs enCountereD in ChilDren

A common xenobiotic encountered among pediatric poisonings is clonidine. Cloni-
dine is an antihypertensive that acts centrally as an alpha-2 adrenergic agonist, thus 
reducing the sympathetic outflow. It is structurally similar to other imidazolines, such 
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as guanabenz and guanfacine. This class of medications is also commonly encoun-
tered in over-the-counter ophthalmic drops or nasal decongestant sprays, such as 
Visine or Afrin, which contain tetrahydrozoline or oxymetazoline, respectively. In ad-
dition to unintentional home exposures of ophthalmic drops or nasal sprays, children 
are often prescribed medications such as clonidine and guanfacine for attention defi-
cit hyperactivity disorder. Clonidine is completely and rapidly absorbed when given 
orally, and symptoms may occur in as soon as 30 minutes.13 Patients may present 
with CNS depression, bradycardia, hypotension, respiratory depression, or miosis. 
Clonidine is available in immediate and extended-release formulations; therefore, the 
onset and duration of symptoms may vary.13 There is varying evidence for the use of 
naloxone to increase alertness in patients with alpha-2-agonist toxicity with patients 
generally responding well to tactile stimulation if they develop respiratory or CNS 
depression. Patients should remain in a setting with continuous monitoring for at 
least 48 hours following ingestion and until vital signs and mental status normalize. 

treating a Poisoned Patient 
In general, the approach to a poisoned pediatric patient is similar to that of adults. It 
is important to try to identify the xenobiotic, the amount ingested, the time of inges-
tion, and any symptoms. Generally, more information is given by young children 
than by adolescents; therefore, it is reasonable to have a healthy amount of skepticism 
while taking a medical history from each poisoned patient or caregiver.

When a patient arrives to a health care facility, the most important initial step is 
stabilization. Stabilization involves maintaining the patient’s airway, breathing, and 
circulation within normal physiologic function. Once stabilization is achieved, sub-
sequent care is directed toward the maintenance of organ system function and the 
management of common xenobiotic-specific sequalae and toxidromes, such as agita-
tion, delirium, seizures, respiratory depression and failure, hypo- or hypertension, 
cardiac rhythm abnormalities, nausea, vomiting, bleeding, and urinary retention. 
Checking a rapid blood glucose level is an important aspect of an initial evaluation, 
especially among children, because certain medications or ingestions can predispose 
a patient to hypoglycemia. 

Subsequently determining what has been ingested is of paramount importance to en-
sure that the correct treatment is administered. There are certain xenobiotics that are 
included on the somewhat-controversial “one pill can kill” list, which is categorized 
by drugs that cause harm, even in small doses, given a child’s small size. 

Table 6-1. Xenobiotics on the “One Pill Can Kill” List6

 — Beta-adrenergic antagonists 
and calcium channel blockers 
(particularly sustained release 
formulations)

 — Benzocaine and other local 
anesthetics

 — Bupropion

 — Caffeine (powdered)

 — Camphor

 — Caustics (eg, sodium 
hydroxide)

 — Chloroquine

 — Quinine

 — Clonidine

 — Cyclic antidepressants

 — Cycloplegics (ophthalmic)

 — Diphenoxylate and atropine 
(Lomotil)

 — Ethylene glycol

 — Methanol

 — Imidazoline (nasal spray)

 — Methyl salicylate (oil of 
wintergreen)

 — Nicotine (liquid)

 — Opioids

 — Pesticides (eg, organophosphates, 
carbamates, phosphides, and 
tetramine)

 — Phenothiazines

 — Sulfonylureas

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

1. Understand the epidemiology of burns.

2. Describe the causative agents of burns.

3. Differentiate between burn depths. 

4. Identify intentional vs unintentional burns.

5. Describe examination findings for various types of burns. 

6. Understand burn management and mimics.

introduCtion and ePideMiology
According to the Centers for Disease Control and Prevention, over 300 children 
present to the emergency department (ED) for burn-related injuries every day.1 
Studies have shown that in the United States, the percentage of all burns that are 
caused by intentional (ie, abusive) injuries ranges from 3% to 26%.2 However, 
other studies demonstrate that the percentage of intentional burns is actually 
closer to 8% to 12%, but these numbers may be geographically dependent.3,4 

Burns caused by child maltreatment have significant associated morbidity and mor-
tality. The World Health Organization estimates that there are 180 000 deaths from 
burn injuries annually, and for the pediatric population, burn injuries are the third 
leading cause of fatal physical abuse.5 

Causative agents oF burns 
Burns are created by damage to the skin and its underlying tissues. The causative 
agents of burns are various, but they may include: scalding liquids, contact with hot 
objects, chemicals, fires, and/or electrical equipment. 

Scald burns are the most common type of burn for both intentional and un-
intentional injuries. Scald burns occur when hot liquids (eg, tap water, soups, 
beverages) or other food sources make contact with the body. The second most 
common burn injuries are contact burns. Contact burns result from direct physi-
cal contact with a heated surface (eg, stovetops, heated hair styling tools, clothing 
irons, cigarettes). A review3 of pediatric cases over a 14-year period revealed that 
63% of patients presented with scald burns and 32% presented with contact 
burns. 

The remaining 5% of burns seen in this review consisted of flame, chemical, and 
electrical burns.3 Although flame burns represent a small percentage of evaluated 
burns, flame burns do occur more frequently as a result of neglect rather than inten-
tional or unintentional injuries.6 
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Chemical burns are caustic or corrosive burns that result from contact with a strong 
acid or base (eg, drain cleaner, bleach), and they can occur externally, through contact 
with the skin, or internally, through ingestion. Most chemical burns are a result of 
a child’s exploratory contact with household chemicals while they lack supervision 
from a caregiver. One study7 found that nearly half of all chemical burn cases in chil-
dren less than 10 years of age were the result of an unattended child. This same study 
noted that in children over 10 years of age, the most common cause for a chemical 
burn was self-harm. 

Electrical burns, resulting from live wires, electrified water, and/or lightning, are the 
least common causative burn agent, and they account for less than 1% of all burn 
injuries.3,6 

burn dePths 
Burns that are a result of the aforementioned causative agents are categorized by 
depth. Those categories are:  

 — Superficial: A superficial burn affects only the epidermis and is characterized 
by pain and redness.

 — Partial thickness: Partial thickness burns involve the epidermis and parts of 
the dermis. This category is further divided into superficial partial thickness 
and deep partial thickness depending on the depth of dermis involved. These 
burns are red, painful, swollen, and blistered. The blisters in superficial partial 
thickness burns are usually intact, whereas in deeper burns, the blisters have 
typically sloughed.

 — Full thickness: A full thickness burn destroys the epidermis, dermis, and 
sometimes the subcutaneous tissue. It may appear white or charred and may 
not be painful if the nerve endings are damaged.8 

It should be noted that depending on the mechanism of the injury, burns may not 
have a uniform depth of involvement.

intentional vs unintentional burns 
obtaining a history

Differentiating intentional burns from unintentional ones requires obtaining a thor-
ough and detailed history of the burn injury, as well as an assessment of the develop-
mental ability of the child. The burn history should include: 

 — Information about the caregiver, such as where they were when the burn 
occurred, if they saw or heard the burn occur, and if they attempted to treat 
the burn in any way  

 — The physical location of where the child’s burn was sustained (eg, kitchen, 
bathroom)  

 — The causative burn agent (eg, hot water, flame, etc.)   

 — The clothes the child was wearing at the time of injury 

 — The affected body site(s) of the child 

 — In cases of a scald burn, how hot the liquid was (eg, boiling water on a stove) 
and how much liquid was present  

 — In cases of a contact burn, where the hot object was placed and how hot it was  

If the history is inconsistent or if the reported mechanism of injury changes, there is 
an increased likelihood that the burn resulted from intentional child maltreatment. 
Other aspects of the history that may indicate an increased risk for intentional harm 
include a child being cared for by the caregiver’s unrelated romantic partner, a sibling 
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being blamed for the event, or an inciting event such as toileting issues or a temper tan-
trum.4,6 There are also multiple social variables associated with intentional burns that 
should be considered in the history. Those are: domestic violence, any caregiver mental 
health concerns, previous ED visits for injuries or burns, active involvement of a social 
worker, highly mobile families, and any drug and/or alcohol abuse in the home.3,9 

The child’s developmental history is also paramount to the evaluation of suspect-
ed child maltreatment. Any history given by the caregiver that involves the child 
performing an action clearly outside of their physical capabilities is a “red flag” for 
maltreatment. In a burn patient, if possible, part of the thorough physical examina-
tion should include a partial recreation of the event to ascertain the child’s ability to 
perform any activity described in the history (eg, walking, jumping, climbing, etc.). 

There are some variables regarding the history and physical examination of burn vic-
tims that have been found to be statistically significant for child maltreatment. This 
is shown in one study5 that compared 16 burn victims of suspected maltreatment to 
52 nonmaltreated children. The study found that the suspected maltreated victims 
were statistically younger; presented with higher percentages of total body surface 
area (TBSA) burned (10.1% vs 5.5%); were more likely to suffer scald burns (75% vs 
37%); and had delays in seeking medical care (38% vs 6%). Other studies10,11 affirm 
the above information, as well as identify the most likely sites for intentional burns: 
the posterior trunk, buttocks, and lower extremities. These studies also acknowledge, 
however, that there are conflicting data. 

examination finDings 
The physical examination and laboratory/radiologic tests are as equally important as 
the history when assessing for the occurrence of maltreatment. While examining a 
child with burn injuries, it is important to document the TBSA burned, as well as the 
burn’s depth. Additionally, in cases of suspected maltreatment, the actions and emo-
tions of the caregiver should be observed. 

During an examination, the child should be completely undressed to assess for 
other cutaneous manifestations of maltreatment (eg, bruises, old burns, or scars). 
Burn patients should also undergo a skeletal survey. Degraw and colleagues12 com-
pared the rate of fractures found in 1676 children who were referred to a child 
protection team that was investigating the occurrence of physical maltreatment. 
It was found that 18% of those burn patients had radiologic evidence of current 
or healing fractures, therefore reinforcing the recommendation that burn patients 
older than 2 years of age should undergo a skeletal survey. In addition, providers 
should obtain a complete blood cell count and comprehensive metabolic panel to 
screen for electrolyte abnormalities or internal organ damage. In a 14-year study3 
from an urban burn center, 5.5% of children with intentional burns had evidence 
of internal injury compared to 0 children with unintentional burns. The child’s 
current height and weight should be also recorded and plotted on their growth 
chart to assess for malnourishment.

Scald Burns
Most scald burns are a result of mobile children pulling down a hot liquid onto 
themselves. This type of burn typically has a triangular appearance with varying burn 
depth. The cephalad portion of the scald burn will be most severely affected and, 
while moving towards the caudal portion of the body, the burn depth will become less 
severe. This is consistent with a child pulling down a cup of hot liquid that initially 
makes contact with the child’s upper body and then continues to spill down their 
body, cooling as it goes. The pattern may appear differently if a child is wearing cloth-
ing, especially cotton, which absorbs the water and “sticks” to the underlying skin. 

The manifestation of these types of unintentional scald burns are in stark contrast to 
the manifestations of intentional scald burns. Intentional scald burns are seen most 
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typically in the buttock and perianal region.8 Intentional scald burns will also fre-
quently have clearly demarcated borders between normal and burned skins, are sym-
metric, tend to spare skin folds or the central buttocks, and are completely circumfer-
ential around the affected limb.2,6,13 

Immersion Burns 
A commonly described scenario regarding immersion burns is when a child climbs 
into a bathtub full of hot water and subsequently causes an unintentional, self-inflict-
ed immersion burn. The more commonly seen immersion burn, however, is one of 
intentional harm. 

The frequency of this discrepancy led to a study14 designed to determine the age 
at which most children can climb into a bathtub of their own accord. Of the 176 
healthy, full-term children who participated in this study, 37% were able to climb 
into a standard bathtub that was located in a pediatric examination room. Five per-
cent of 10-month-olds and 79% of 18-month-olds could complete this task. Nearly 
twice as many boys as girls climbed into the tub. Of the infants and toddlers who 
were successful, 73% entered the tub leg first and 27% entered head first. The results 
of this study suggest that children under the age of 14 months are likely incapable of 
scalding themselves with an immersion pattern by entering a bathtub. When assess-
ing an immersion burn, the complete history of injury and the results of the physical 
examination must be considered when determining the likelihood of the child scald-
ing themselves in this manner. 

In addition, a significant indicator of an intentional immersion burn is the caregiver 
disclosing that the child soiled themselves prior to the sustained burn. While there is 
a possibility for unintentional immersion burns, any immersion injury should raise a 
“red flag” for child maltreatment. 

Contact Burns
Unintentional contact burns are most commonly found on the child’s hands and/or 
feet. Contact burns occur on the hands when children attempt to pick up or touch a 
hot object, and they occur on the feet when children drop hot objects onto the top of 
the foot or when they step on hot surfaces.5 

Contact burns on other any other part of the body should raise suspicion for in-
tentional abuse. These intentional burns will frequently be patterned and may be 
matched to the instrument used to burn the child. The most common items indicated 
in intentional contact burns are cigarettes and clothing irons. 

Chemical Burns
Chemical burns account for just 2% of all burns and are commonly the result of ex-
posure, either intentionally or unintentionally, to household cleaning products. Un-
like scald burns, pain can be delayed with caustic burns, and alkali burns get worse 
with exposure to water. Therefore, caregivers may initially underestimate the severity 
of their child’s burn and not seek immediate care.10

burn ManageMent 
A delay in seeking medical care is often a factor of suspected maltreatment, but 
there are conflicting reports in the literature.2,6,9,10 While a delay in care may still be 
debated in terms of its probability for intentional maltreatment, there is no debate 
that a delay in care has significant implications for burn management. Delaying 
appropriate care is particularly problematic because most caregivers are unaware of 
proper burn management; thus, this delay of medical care could result in infection, 
eschar formation leading to compartment syndrome, dehydration, poor blood  
glucose control, and/or inadequate nutrition.15,16 In full thickness burns, which often 
require skin grafting to restore nerve function, there are fewer complications seen 
when early intervention is present. 
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burn MiMiCs 
When a child presents with a blistering lesion and no clear mechanism of injury, it 
is important to remember that not all that blisters are burns. There are several infec-
tions that mimic burns, including staphylococcal scalded skin syndrome, impetigo, 
and scabies. Inflammatory or autoimmune separation of the epidermis could also 
cause blistering and redness that will appear similar to partial or deep thickness burns. 
Conditions that cause these types of mimics include phytophotodermatitis, epider-
molysis bullosa, and pemphigus vulgaris.5 Excessive irritation to fragile areas of skin 
(eg, profuse diarrhea or medications that contain senna), may also result in burn-like 
lesions.17 In these cases, it is important to look for irregular burn patterns and signs of 
systemic illness. The medical provider should also obtain a detailed history, including 
which medications are in the child’s environment, to avoid unnecessary investigation 
from a child protection team.

Figure 7-1. A healing of mixed partial thickness 
burns to right foot and ankle. The dorsum of his foot 
beneath the third and fourth toes is not yet fully 
granulated.

Figure 7-1

Case studies

Case Study 7-1

This previously healthy 2-year-old boy was left unattended on his potty-training chair in the 
bathroom for several minutes. When his mother returned, she noted stool all over the seat 
and toilet. She then filled the bathtub with 6 inches of warm water, lifted him by his sides, and 
placed him in the tub. She left the bathroom for 2 minutes to get soap and a towel. She heard 
him screaming and returned to find him straddling the side of the tub with his right leg in the 
tub and his left leg out of the tub. She noted that the skin on his legs was red and beginning to 
peel. She treated his burns with ointment and administered alternating doses of acetaminophen 
and ibuprofen for pain. The child would not bear weight on his legs, so she kept him in bed. 
She brought him for medical care 5 days later.

The physical examination revealed a very thin and alert toddler. His body mass index (BMI) was 
0.49% with a Z score of -2.58. He had 9% TBSA healing with mixed superficial and deep par-
tial thickness burns. The burns were circumferential around both legs with a clear demarcation 
between normal and burned skin. Areas of the dorsum of his feet were not healed. There were 
numerous healed superficial partial thickness splash burns to his knees and medial aspect of his 
thighs. There was sparing of his popliteal areas. He was unable to bear weight and had limited 
and painful range of motion of his feet.
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PhotograPhiC atlas
 

PhysiCal abuse
Documentation of child abuse is necessary for several purposes other than the obvi-
ous aim of building a forensic case. Some of those reasons are: photodocumenta-
tion enables further reflection on an examination long after a child has left; other 
examiners are able to assess the examination without reexamining the child; some 
examination findings change over time and it is possible to preserve the child’s con-
dition for later viewing; and photodocumentation can add visual nuances to the 
findings that words alone may describe inadequately. Documentation can involve 
the measurement of physical dimensions, quantities, and qualities in a manner that 
may be reproducible or more understandable. For example, a fall off of a bed may 
invoke a mental image of a likely height, but measuring the actual height removes 
any guesswork, and a photograph of the bed helps to understand what was involved. 

In the following case studies, examples of child physical abuse and physical abuse 
mimics are analyzed. Each case includes details of given histories, injuries docu-
mented, and any steps taken to determine the cause of injury. The accompany-
ing images highlight the key findings 
of each investigation and the medical 
examination that was performed.  

bruises and FraCtures

Case Study 1

This 2-month-old presented with an acute 
right femoral oblique fracture, bruises around 
her eyes and on her chest, a torn upper frenu-
lum, multiple healing rib fractures of different 
ages, and a metaphyseal fracture of her distal 
right tibia. There was no history of any bleed-
ing disorder or metabolic bone disease. In 
addition, this infant was falling off the weight 
growth curve, from 3% down to 0.52%. Ad-
mission labs demonstrated elevations in the 
liver function enzymes: aspartate transami-
nase (AST) 335 (23-83 U/L) and alanine trans-
aminase (ALT) 246 (< 56 U/L). Head com-
puted tomography (CT) and ophthalmologic 
examination were normal, and abdominal 
CT with contrast did not reveal any visceral 
injuries.

There were multiple caregivers in the home, 
but the only history offered to explain the in-
juries was that the grandmother rolled over 
onto the infant. This history was inconsistent 
with the infant’s numerous cutaneous, ab-
dominal, and bone injuries. Child Protective 
Services indicated this case as “perpetrator 
unknown,” and the infant was removed and 
placed in kinship care.

Section
III

Figures 1-a and 1-b. Facial bruises.

Figure 1-a

Figure 1-b
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Figure 1-c. Bruise beneath cervical collar, and 
cluster bruises on left upper abdomen.

Figure 1-d. Healed frenulum tear (granulation 
tissue).

Figure 1-e. Acute oblique angulated right femoral 
fracture with overlying soft tissue swelling.

Figure 1-f. Acute, classic metaphyseal lesion at the 
distal right tibia, appearing as a “bucket handle.” 
This finding is highly specific for abuse.

Figure 1-c

Figure 1-d

Figure 1-f

Figure 1-e
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test questions  
MultiPle ChoiCe questions
Select 1 correct answer for each question.

1. Which statement is FALSE regarding thoracoabdominal abusive injuries in 
children?  

A. Diffuse pulmonary edema can be associated with suffocation or head 
trauma 

B. Chylothorax can result from tearing of the thoracic duct and may be 
accompanied by rib fractures 

C. Rib fractures are highly suspicious for abusive injury in younger 
children and are always easily identifiable on x-rays 

D. Pulmonary contusions and pneumomediastinum can result from 
intentional forceful chest compression 

2. Which of the following are NOT steps for obtaining a history involving a 
suspected abused child?  

A. Obtaining histories from caregivers simultaneously 

B. Asking open-ended questions

C. Obtaining a history from all children who are verbal enough to 
provide a clear history 

D. Establishing rapport with the caregiver and child 

3. Which of the following is not part of the acronym TEN-4 FACESp? 

A. Angle of the jaw

B. Sclera

C. Ears

D. 4 years or older in age

4. Which of the following is not considered a risk factor for child maltreatment?

A. Caregiver substance abuse

B. Domestic violence

C. Single, teenage parent

D. Multiple related adults in the home

Section
IV
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5. About 15% to 25% of abusive head trauma victims die as a result of their injuries. 
Which of the following are possible negative outcomes for those who survive 
abusive head trauma? 

A. Motor delays

B. Cognitive delays

C. Visual concerns

D. All of the above

6. Figure 1 shows a 6-week-old infant with a fractured humerus and no offered 
history. What is the scale rating regarding its specificity for abuse? 

A. 1, high specificity for abuse

B. 2, moderate specificity for abuse

C. 3, low specificity for abuse

7. Which of the following histories are NOT suspicious for a 26-month-old 
presenting with a spiral femur fracture? 

A. No history of injury

B. A history that correlates with the injury

C. An inconsistent or changing history 

D. A history of prior unexplained injuries 

8. Unintentional exposures to substances in young children are most likely to 
include all of the following EXCEPT? 

A. Prescription and nonprescription pain relievers

B. Cosmetics

C. Alcohol

D. Cleaning Substances

9. Which of the following is true about pediatric bones versus adult bones? 

A. They are more rigid and easier to fracture

B. They are more rigid and harder to fracture

C. They are more elastic and easier to fracture

D. They are more elastic and harder to fracture

10. In pediatric poisonings, the following are true EXCEPT? 

A. Children 1 to 6 years of age are the most prone to unintentional 
poisonings

B. Children younger than 6 years of age are more likely to have adverse 
outcomes associated with poisonings than teenagers

C. Ingestions/poisonings in children less than 1 year of age should always 
raise suspicion and be evaluated as potential child abuse or neglect

D. Adolescent drug exposures are most commonly associated with 
intentional substance abuse or suicidal ideations/intent

Figure 1




