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Objectives
• Discuss the range of symptoms and presentations of
child abuse in infants and children using case
scenarios and the literature
• Identify the mechanisms of injury causation in serious
physical abuse
• Identify scenarios in which serious injury from abuse
may be “missed”
• Discuss the recommended medical and forensic
evaluation for physical abuse cases
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Child Maltreatment: Facts
• In 2015, Child Protective Services received 4 million referrals
– 683,000 children were victims of child maltreatment
– 75% Neglect, 17% Physical Abuse, 8% Sexual Abuse
• 1,670 deaths in children were the result of child abuse
– More children die yearly from child abuse than from childhood
cancers (1,250 yearly)
– 75% of child abuse fatalities occur in children under 3 years of age
• Our youngest children are disproportionately affected
– Infants are 2.5 times more likely to be maltreated, 3 times more
likely to die than children older than 1 year
• Caregivers play an intimate role

Missed Abuse – More than Anecdotes
• Jenny 1999
– 31% of Abusive Head Trauma initially missed at a
physician visit
• Ravichandran 2010
– 20% of abusive fractures initially missed
• Thorpe 2014
– 33% of abusive fractures had previous medical
visits where the diagnosis was not recognized
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Bias in Screening

Disparities in the Evaluation and Diagnosis of Abuse
Among Infants With Traumatic Brain Injury

ARTICLE

WHAT’S KNOWN ON THIS SUBJECT: Results of small regional
studies have suggested that racial and SES biases exist in the
evaluation and diagnosis of AHT, a leading cause of morbidity and
mortality in young children.

Skeletal Surveys in Infants With Isolated
Skull Fractures

WHAT THIS STUDY ADDS: Data from 39 pediatric hospitals
suggest continued racial and SES biases in the evaluation for and
diagnosis of AHT among infants with TBI.

The authors have indicated they have no financial relationships relevant to this article to disclose.

What’s Known on This Subject

What This Study Adds

Skeletal surveys are performed frequently for infants with skull fractures and no significant intracranial injuries to screen for occult fractures resulting from inflicted trauma;
however, the risk of occult fractures in this population is not known.

For infants with simple or complex skull fractures but no significant intracranial injuries
or suspicious clinical findings, skeletal surveys are unlikely to reveal additional injuries
and may not be warranted.

ABSTRACT
OBJECTIVE. The goal was to describe the utility of skeletal surveys and factors associated
with both skeletal survey use and referral to child protective services for infants with
skull fractures in the absence of significant intracranial injury.
METHODS. A retrospective chart review was performed for infants who were evaluated

at a tertiary children’s hospital because of an isolated, non–motor vehicle-related,
skull fracture between 1997 and 2006. Logistic regression analyses were used to test
for associations of demographic factors, clinical findings that raised suspicion for
abuse (absence of trauma history, changing history, delay in care, previous child
protective services involvement, and other cutaneous injuries), and fracture type
(simple versus complex) with the primary outcomes of skeletal survey use and
reports to child protective services.
RESULTS. Among the 341 infants in the study, 31% had clinical findings that raised

suspicion for abuse and 42% had complex skull fractures. Skeletal surveys were
obtained for 141 infants (41%) and detected additional fractures for only 2 (1.4%)
of those 141 infants. Child protective services reports were made for 52 (15%) of the
341 children. Both infants with positive skeletal survey findings had other clinical
findings that raised suspicion for abuse, and they were among those reported. With
controlling for race and age, Medicaid-eligible/uninsured infants were more likely
than privately insured infants to receive skeletal surveys and child protective services
reports in the presence of a complex skull fracture or clinical findings that raised
suspicion for abuse.
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CONCLUSION. Skeletal surveys were ordered frequently for infants with isolated skull fractures, but they rarely added

additional information, beyond the history and physical findings, to support a report to child protective services.
Pediatrics 2009;123:e247–e252
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NFLICTED TRAUMA, WHICH is a common cause of head injury in young children, is associated with significant
morbidity and death. Between 17% and 33% of infants and toddlers who are admitted to the hospital with head
injuries are victims of abuse.1–3 Because of this high rate of abuse, clinicians routinely perform skeletal surveys to
identify occult fractures in these children. The American Academy of Pediatrics recommends the performance of
skeletal surveys in the evaluation of children !2 years of age with injuries resulting from suspected abuse,4 with the
recognition that up to one third of such children would have occult fractures detected.1,3,5,6 Identification of occult
fractures on the skeletal survey for an infant with head trauma may support the diagnosis of inflicted trauma and the
decision to make a report to child protective services (CPS).
Although the concern regarding inflicted injury is generally high among infants with neurotrauma, the likelihood
of abuse decreases when the reported mechanism of injury is plausible and the injuries are less severe. A particular
group of children for whom the need for abuse evaluations remains uncertain is infants who present with isolated
skull fractures in the absence of significant intracranial injury. Although one fourth of infants with inflicted trauma
have skull fractures,7,8 skull fractures also are known to result from accidental household trauma.3,9 Two studies
suggested that the likelihood of abuse among infants presenting with isolated skull fractures is lower than that among
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abstract
OBJECTIVE: To evaluate in a national database the association of race
and socioeconomic status with radiographic evaluation and subsequent diagnosis of child abuse after traumatic brain injury (TBI) in
infants.
METHODS: We conducted a retrospective study of infants with non–
motor vehicle–associated TBI who were admitted to 39 pediatric hospitals from January 2004 to June 2008. Logistic regression controlling
for age, type, and severity of TBI and the presence of other injuries was
performed to examine the association of race and socioeconomic status with the principal outcomes of radiographic evaluation for suspected abuse and diagnosis of abuse. Regression coefficients were
transformed to probabilities.
RESULTS: After adjustment for type and severity of TBI, age, and other
injuries, publicly insured/uninsured infants were more likely to have
had skeletal surveys performed than were privately insured infants
(81% vs 59%). The difference in skeletal survey performance for infants
with public or no insurance versus private insurance was greater
among white (82% vs 53%) infants than among black (85% vs 75%) or
Hispanic (72% vs 55%) infants (P ! .022). Although skeletal surveys
were performed in a smaller proportion of white than black or Hispanic infants, the adjusted probability for diagnosis of abuse among
infants evaluated with a skeletal survey was higher among white infants (61%) than among black (51%) or Hispanic (53%) infants (P !
.009).
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CONCLUSIONS: National data suggest continued biases in the evaluation for abusive head trauma. The conflicting observations of fewer
skeletal surveys among white infants and higher rates of diagnosis
among those screened elicit concern for overevaluation in some infants (black or publicly insured/uninsured) or underevaluation in others (white or privately insured). Pediatrics 2010;126:408–414
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Skeletal Survey Screening in Children Under 24 Months
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HOW CAN WE ADVANCE CARE?

Why Guidelines on Physical Abuse
REASONS TO SUPPORT

IS IT EVIDENCE-BASED?

• Increased recognition

• Welsh Child Protection
Systematic Review Group

– Reduce missed abuse

• Fairness
– Reduce bias & disparity

• Cognitive handicaps
– Reduce cognitive dissonance
– Reduce reliance on subjective
factors
– Focus on injury identification

– Established 2002
– Systematic reviews of literature

• Multisite Investigators
– ULTRA, ExSTRA, PediBIRN

• Expert Consensus Guidelines
– RAND/UCLA method on Skeletal
Survey use in Bruises, Fractures
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Example 1: Unexplained Injury?

•

Age: 1 month
History: “The baby rolled off the bed to
the floor”
Injury:

•

Mechanism for Spiral Fractures:

•
•

– Spiral fracture left femur
– Torsion or twisting of long bone

•

Key Development?
– Babies begin to roll at 4-6 months

•

Common Injury Falls in Infancy:
– Scalp injury, skull fracture
– Head is large in proportion to body and
usually leads the way in falls in infants.

Example 2: Unexplained Injury?
• Age: 13 months
• History:
– Fell from dad’s shoulders to floor

• Injury:
– Epidural hemorrhage, life-threatening
– Skull fracture

• Mechanism for Head Injury:
– Contact head injury – usually arterial
bleed in association with skull fracture

• Key Development:
– Ability to sit independently
– Well documented fall
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BRUISING & ORAL INJURY

Bruising is a Sentinel Injury

defined as a previous injury suspicious for abuse as the infant is unable
to cruise, or an improbable explanation is offered for the injury

• A BRUISE or history of a BRUISE is seen in:
– 1 in 4 infants referred to child abuse providersH
– 1 in 4 infants with abusive head traumaS

• BRUISING is seen in child abuse fatalitiesA,I; and
may be initially missed as an abusive injury in
infants later presenting as child fatalitiesP
NOTE: An ORAL injury is also a sentinel injuryS seen in infants
with abusive injuries.
Harper 2014, Sheets 2013,
Atwal 1998, Ingham 2011,
Pierce 2009
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“Those Who Don’t Cruise Rarely Bruise”
• Bruising and other soft
tissue injury is
extremely uncommon
in children younger
than 6 months of age
• Any bruising on an
infant less than 6
months old should be
considered suspicious
for abuse

Sugar et al. Archives Pediatrics and
Adolescent Medicine 1999

Prevalence of Bruising in Infants
Ambulatory Settings

• Clinic-based study: 0.6% of infants 0-5 monthsS
– Bruising significantly associated with age
– “Those who don’t cruise rarely bruise”

• ED & Clinic study: 1.2% of infants 0-8 monthsL
• 3 Pediatric EDs: 1.3% of infants 0-5 monthsP
• Infants between 6-12 months are more likely to
have bruises with increasing mobility, with rates of
bruising 11-13%.S,C
Sugar 1999, Labbe 2001,
Pierce 2016, Carpenter 1999
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PIERCE - Bruise Characteristics Discriminating
Physical Child Abuse From Accidental Trauma - 2010
• NUMBER:
– Accidental: Up to 4 bruises, 1.5 bruises (median)
– Abuse Patients: Up to 25 bruises, 6 bruises
(median)
• LOCATION:
– All bruising to the ear, neck, hands, right arm, chest
and buttocks was perfectly predictive of abuse.

TEN-4
Torso, Ear, Neck
• DECISION RULES/MODEL:
✴Is there bruising in the TEN region of a child under
4 years of age?
✴Is there bruising in any region in an infant under 4
months of age?
✴Is there a confirmed accident in a public setting in
the TEN region on an infant?
• MODEL: Correctly classified 32/33 abuse patients with
sensitivity 97%, specificity 84%
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Abusive injury is more likely if bruises occur…
• In infants
• On multiple planes
• Are patterned:
– Slap Mark
– Grab Mark
– Looped Mark

• “TEN distribution”
– TORSO
– EAR
– NECK

• “FACES distribution”
–
–
–
–
–

Frenulum
Auricular (ear)
Cheek
Eyelid
Sclera
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Occult Injuries
in Infants
• Neuroimaging:
– Occult injury in approximately 25-30% of neurologically
asymptomatic infants (Laskey 2004, Rubin 2003)
• Skeletal Survey:
– Occult injury in as many as 25% of infants and 12% children
• Abdominal Injury Screening:
– Occult abdominal injury prevalence ranges from 3-6%
depending on population studied
– Highest risk group (12-23 months): 1 in 20 toddlers

A.L.A.R.A.

As Low As Reasonably Achievable
• Background
radiation 3 mSV
• Skeletal Survey
–
–
–
–

15 view 0.2 mSv
24 days background
REID 2-5/100,000
PA death 30/100,000

(Berger et al J Peds 2016)
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Scripting to Caregivers
• “Whenever I see a baby with this injury, I am
worried that that there other injuries we
cannot see.”
• “I recommend that all babies with this injury
(or this history of injury) get blood work to
screen for internal injury and x-rays called a
skeletal survey of your baby’s body so we don’t
miss any injuries.”

Sentinel Injuries in Infants Evaluated for Child Physical Abuse
Lynn K. Sheets, Matthew E. Leach, Ian J. Koszewski, Ashley M. Lessmeier, Melodee
Nugent and Pippa Simpson
Pediatrics; originally published online March 11, 2013;
DOI: 10.1542/peds.2012-2780

• SENTINEL INJURY: previous injury reported in the
The online version of this article, along with updated information and services, is
medical
historylocated
thatonwas
suspicious
for abuse
the World
Wide Web at:
http://pediatrics.aappublications.org/content/early/2013/03/06/peds.2012-2780
because the infant could not cruise, or the
explanation was implausible
• Compared the following infants under 12 months:
– 200 definite abuse
– 100 intermediate concern for abuse
PEDIATRICS is the official journal of the American Academy of Pediatrics. A monthly
– 101
non-abused
infants
publication,
it has been published
continuously since 1948. PEDIATRICS is owned,

published, and trademarked by the American Academy of Pediatrics, 141 Northwest Point
Boulevard, Elk Grove Village, Illinois, 60007. Copyright © 2013 by the American Academy
of Pediatrics. All rights reserved. Print ISSN: 0031-4005. Online ISSN: 1098-4275.

Downloaded from pediatrics.aappublications.org at Driscoll Childrens Hosp on March 27, 2013
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Sentinel Injuries in Infants Evaluated for Child Physical Abuse
Lynn K. Sheets, Matthew E. Leach, Ian J. Koszewski, Ashley M. Lessmeier, Melodee
Nugent and Pippa Simpson
Pediatrics; originally published online March 11, 2013;
DOI: 10.1542/peds.2012-2780

• SENTINEL INJURY:

The online version of this article, along with updated information and services, is

on the World
Wide Web
at:
– 27.5%
(55) oflocated
definite
abuse
infants
http://pediatrics.aappublications.org/content/early/2013/03/06/peds.2012-2780

• 80% BRUISING, 11% INTRAORAL INJURY
• 41 Face, Forehead, Ear
• 14 Extremity, 11 Trunk
– 8% of the intermediate abuse infants
PEDIATRICS is the official journal of the American Academy of Pediatrics. A monthly
– 0%
of the
non-abuse
infants
publication,
it has been
published continuously
since 1948. PEDIATRICS is owned,
published, and trademarked by the American Academy of Pediatrics, 141 Northwest Point
Boulevard, Elk Grove Village, Illinois, 60007. Copyright © 2013 by the American Academy
of Pediatrics. All rights reserved. Print ISSN: 0031-4005. Online ISSN: 1098-4275.

Downloaded from pediatrics.aappublications.org at Driscoll Childrens Hosp on March 27, 2013

Trauma to the
Oropharynx
• Mechanisms of Injury
– Blunt trauma
• Types of Injury
– Lip
– Frena
– Palate
– Tongue
– Posterior Pharynx

• Direct Impact or Blow

– Insertion of an Object

• Physical or Sexual Abuse

– Burns

• Hot/Caustic Liquids

– Biting the tongue
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FRACTURES

Long bone fractures: Humerus
• Child abuse accounts for 12% of fractures in
children under 3 years of age (Leventhal 2008)
• 48% probability of abuse with fractures of the
humerus in children under 3 years (Kemp 2008)
• Predictors of child abuse with humerus fx:
– AGE – less than 15 months
– LOCATION
• oblique, spiral (abusive) vs. supracondylar (accidental)
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Skeletal Survey

American College Radiology, AAP
•
•
•
•
•
•
•
•
•

AP,LAT skull (2)
AP and LAT C-spine (2)
AP,LAT, OBL chest/ribs (4)
AP pelvis with mid lumbar
spine (1)
AP,LAT axial skeleton/spine (2)
AP,LAT long bones (4-8)
PA hands (2)
PA or AP feet (2)
LAT sternum (1)

Skeletal Survey
• All children under 2 years of age:

– Yield 10-25% (Day 2006, Duffy 2011, Lindberg 2014)
– As high as 30% in children < 12 months
– Yield in burns 14-18%

• Select children 2-5 years of age

– Developmental Delay, Extensive Trauma
– Yield in children 2-3 years 10% (Lindberg 2014)

• What is a Follow-up Skeletal Survey

– Repeat SS performed in 2 weeks to detect occult fractures
– Minimum: Infants under 1 year of age
– Yield is approximately 1 in 5 (Harper 2012)
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Rib Fractures
• Most common type of abusive fracture

– 80% occur in children under 3 years
– Rib fractures have an estimated 95% PPV for abuse

• Rarely occur:

– Accidentally in healthy infants/children
– As a result of birth trauma
– As a result of CPR in children

• Posterior rib fx do not occur as a result of CPR
• Accidental causes are rare, especially if there are
multiple fractures in differing stages of healing
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Metaphyseal Fractures

• Fractures occur at the growth plate of the long bones
in the legs or arms
• Considered to be highly specific for inflicted injury

Classic Metaphyseal Lesion (CML) &
Traumatic Injury

• 2,890 subjects à 1500 were infants 12 months and
younger with 8% of these having a CML identified
• 95% had at least one additional injury
– 84% had additional fractures
– 44% had cutaneous injury
– 28% had traumatic brain injury

Thackeray et al.
Pediatr Radiol. 2016
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Radiologic Findings
• Rib Fractures
• Classic Metaphyseal Fractures

– AKA “Corner” or “Bucket Handle” fractures

• Long bone fractures in non-ambulatory infants
Other unusual radiologic findings:
• Complex skull fractures
• Scapula & acromium (shoulder) fractures
• Sternum, vertebral, pelvic fractures
• Unsuspected fractures in children with normal
mineralization of bone.
• Lack of repeated fractures in a protective environment
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Fractures Without Bruising
• Only 9% of fractures had bruising at presentation
near site of fracture (Matthew; Peters)
• 72% of fractures were without bruising within one
week of the injury (Matthew)
• It is normal for children to have fractures without
bruises
– “The presence or absence of bruising does not
make the fracture more or less likely from abuse”
(Matthew)

Matthew et al BMJ 1998; Peters et al Arch Ped Adolesc Med 2008

ABDOMINAL INJURY
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Laboratory Testing
• Bruising/Bleeds: CBC, PT/PTT
• Abdominal Injury:

– Comprehensive Metabolic Panel with Liver Enzymes &
Lipase (abdomen)

• Fractures (bones):

– Add: Calcium, Phosphorous, Alk Phos (bones)

•
•
•
•

Consider CPK (extensive cutaneous & muscular injury)
Troponin (cardiothoracic injury)
Urinalysis
Urine Drug Screening

• Injuries are related to blunt
force trauma
– Duodenal hematoma
– Splenic and liver
lacerations/contusions
– Bowel rupture
– Pancreas laceration

Abdominal
trauma

• These injuries account for a
significant percentage of
fatal abuse injuries
• 2nd Leading Cause of
Physical Abuse Deaths
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Clinically v Forensically Significant Injuries

Holmes 2013
21
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ULTRA 2009
• 1676 consultations, 1272 transaminases
• 54 (3.2%) with abdominal injuries
– Liver, bowel/mesentery, spleen, pancreas, adrenal,
kidney, other
– 14 (26%) clinically occult
• No bruising, tenderness, distention

• AST or ALT cutoff of 80
– Sensitivity 77%, Specificity 82%

For every 100 children with liver enzymes:
18 CT Scans will be ordered, 3 new injuries will be detected
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Mechanisms of Injury
• Fall
– Not associated small intestinal injury in young
children (Barnes 2005, Gaines 2004)
– No small intestinal perforations from stairway falls in
young children (Huntimer 2000)
• Motor vehicle crash
• Bicycle (e.g. handlebar injury)
– Older children 5-10 years (Canty 1999)
• Direct blows or impacts

So uncommon, why so deadly?
• 40-50% mortality from inflicted abdominal injury
• 2nd leading cause of fatal child physical abuse
– Delay in seeking care
– Lack of obvious external injury
– Low suspicion
– Misleading or inaccurate history
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CONTACTS & SIBLINGS

Prevalence of Abusive Injuries in Siblings and
Contacts of Physically Abused Children
Lindberg et al. Pediatrics. 2012

• 627 abused index children & 479 contacts
– Contacts: Children who share a home with an injured
abused child

• Exam positive in 6%, Skeletal Survey in 12%
• Interview? Positive in 30%
Conclusion: Skeletal Survey should be obtained in all children under
24 months regardless of physical examination findings.
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VALUE OF THE MEDICAL HISTORY

Medical History from the Child
(separate from caregiver)
•
•
•
•

Correlate history with medical findings
Determines additional medical evaluation
May direct medical treatment
Chance to provide therapeutic messages
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Medical History
(separate from caregiver)
• Build rapport, use child’s language
(developmentally appropriate questions)
• Minimal facts
• Wh’ questions – who, what, where, when, how,
sometimes why…
• Open ended: “What happened here (point)?”
“How did you get that bruise?”
• Focused: “What were you hit with?”
• Facilitators: listening, “what else happened?”

Federal Rules of Evidence
Article VIII. Hearsay

Rule 803. Exceptions to the Rule Against Hearsay –
Regardless of Whether the Declarant is Available as a
Witness

• (2) Excited Utterance. A statement relating to a startling
event or condition made while the declarant was under
the stress or excite that it caused.
• (4) Statement Made For Medical Diagnosis or Treatment.
A statement that:
• (A) is made for – and is reasonable pertinent to –
medical diagnosis or treatment; and
• (B) describes medical history; past or present
symptoms or sensations; their inception; or their
general cause.
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Applications in the Field
• DOCUMENT CAREGIVERS: Persons Present
• DOCUMENT HISTORY:
– What is the initial history? History changing?
– FRE Rule 803: “Excited Utterance”
– FRE Rule 803: Statement for the purpose of medical diagnosis and
treatment

• DOCUMENT GCS with vital signs
• DOCUMENT Injuries – especially injuries present to Torso-EarNeck & Oropharynx prior to CPR and/or intubation
• STABILIZE cervical spine in suspected abusive head trauma
even in infants

Recommendations to Prevent Missed Injuries
• Fully undress children especially infants

– Look for bruises and oral injuries in all infants

• Unwrap splints and log roll to see all skin
• No injuries are “pathognomic” for abuse, but any injury can
be child abuse
• Consider transfer for specialty care including child abuse
physician consultation and skeletal survey
• Follow ACR standards and include oblique views of the chest
on all skeletal surveys
• Add 3D Reconstruction to trauma head CTs in children under
4 years of age
• Take a systematic approach to identify additional injuries and
minimize bias in screening
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What Will Be Your Barriers?
• A strong desire to believe caregivers
• Failure to add child abuse to the differential
• Challenge of working in a a busy clinic or ED setting
• Frustrations of the mandated reporting process
• Lack of follow-up from child protective services
• Fear of court testimony
Facilitators: Advocacy, Education, Case Consultation
(Tiyyagura et al. Barriers and Facilitators to Detecting Chidl Abuse and Neglect in
General Emergency Departments. Annals of Emer Med 2015)

MN Child Abuse Network
Child Abuse Physicians
• Consultants on call 24 hours/day
• Consider calling a consultant:

– Bruising or oral injury in infants
– Unexplained head injury
– Unexplained fractures or fractures in
non-ambulatory infants
– Unexplained (non-MVC) abdominal
injury
– Unexplained burns including
immersion, patterned, and
questionable burns

• May need to refer/transfer for
skeletal surveys, consultation or
other studies
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Otto Bremer Trust
Center for Safe & Healthy Children
University of Minnesota Masonic Children’s
Hospital:
Center for Safe & Healthy Children
• (612) 273-SAFE (7233) – Referrals
• (612) 625-6678 Office
• Email: safechild@fairview.org
Hennepin County Medical Center:
Center for Safe & Healthy Children
• (612) 365-1000 Operator
• (800) 424-4262 Hennepin Connect
• (612) 873-2671 Office
• Email: safechild@hcmed.org
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