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N

onaccidental trauma (NAT) or child abuse is the deliberate
or intentionally inflicted injury of a child and is a form of
child maltreatment.1 One in four children experience some form
of maltreatment in their lifetime.2 Annually, nearly one million
children are victims of maltreatment in the United States1 at a
cost of $124 billion.3 In 2014, 1,580 US children died of abuse
or neglect.1,4
Children who are victims of recurrent NAT experience
significantly higher mortality (25%) compared to victims of a
single NAT episode (10%).5 Up to one third of children diagnosed with NAT had abuse missed on a prior presentation, and
a third of those children subsequently suffered additional injuries from abuse.5–8 It is important to recognize child abuse early
to avoid repeated and/or escalated injuries.1,3,4,9–11
The purpose of this article is to summarize the existing
highest quality evidence on the association of various elements
of history, physical examination, and diagnostic tests with a diagnosis of NAT. This summary is intended to inform the eventual development of a clinical practice guideline and highlight
potential gaps in current research.
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METHODS
The Pediatric Trauma Society (PTS) Guideline Committee identified screening for NAT as a key area for guideline development. A multi-disciplinary working group was created
including the Pediatric Trauma Society members and international experts in NAT. Subgroups were developed to summarize
and assess the quality of the evidence describing the correlation
between NAT and the following: bruising, burns, abusive head
trauma (AHT), abdominal injuries, fractures, historical factors,
and oral trauma. These groups participated in 16 organized
teleconferences.
Each subgroup started to evaluate the literature using the
Grading of Recommendations, Assessment, Development, and
Evaluations (GRADE) methodology to rate the level of evidence
associated with NAT12 by answering clinical questions in a patient population (P), intervention (I), comparator (C), and outcome (O) or PICO format.13 However, following widespread
consultation including medical librarians, and a comprehensive
search of the literature, the subgroups concluded that there was
insufficient evidence to develop GRADE-based guidelines.
The subgroups recognized that there were multiple systematic reviews in the literature, and identified the need for a
single work-product, concisely synthesizing the existing highquality evidence pertaining to the detection of NAT in children.
The evidence was reviewed, critically analyzed, and summarized
through a rigorous iterative process (Fig. 1). When applicable,
validated screening tools to differentiate accidental from nonaccidental injuries were reviewed to further augment the synthesis
of data for application by frontline clinicians. Nonaccidental
trauma in each study was defined by the criteria set forth by
Maguire et al.14

RESULTS
Bruising
Importance
Bruising is a normal part of development.15 However,
some bruising has been shown to be associated with risk for fatal
and nonfatal abusive injury.16

Association
A 2013 systematic review of nonabusive bruises noted
distribution over the front of the body and bony prominences
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Association

Figure 1. The model of the creation of the working group
and process.

(i.e., knees, shins, and forehead), while abusive bruises occurred
most commonly on the face, ear, neck, head, truck, buttocks, and
arms. Abusive bruises were larger, more often patterned (i.e., rope,
pole, belt), and more often associated with petechiae.17 (Table,
Supplemental Digital Content 1, http://links.lww.com/TA/A904).
A longitudinal study of children 6 years or younger found bruising patterns to be dependent on age and development.15
Bruising may predict further abuse. A case-control study
examined previous sentinel injuries (visible or detectable minor
injury in a precruising infant that is poorly explained and suspicious for physical abuse) in children who were found to have
definite abuse, intermediate concern for abuse, or nonabuse after
evaluation by a hospital-based child protection team.18 Infants
with definite abuse had a 4.4 (95% CI, 2.0–9.6) increased odds
of previous injury compared to infants with intermediate concern for abuse; and no nonabused infants had a previous sentinel
injury. Bruising accounted for 80% of sentinel injuries.

Screening Tools
Bruising predictive of NAT involves the torso, ear, or neck
for children 4 years or younger (TEN-4), and in any region for
children 4 months or younger. A Bruising Clinical Decision
Rule (TEN-4 BCDR) including the age of the child and the location of the bruises was derived on an inpatient population in Intensive Care, with a sensitivity of 97% and a specificity of
84%.19 (Table, Supplemental Digital Content 1, http://links.
lww.com/TA/A904).

Burns
Importance
In a study conducted by the Centers for Disease Control
and Prevention, 2.8% of all nonfatal injuries in children ages
0 to 4 years were burns; and of these, 1.3% were identified as
intentional. Up to 25% of children admitted to burn centers
are victims of abuse.20
1148

Most intentional burn injury can be divided into scalds,
contact and flame injury, though some rare cases fall outside this
classification including microwave/radiation, electrical, and
chemical burns.
There have been two comprehensive systematic reviews
focused on intentional burn injury (Table, Supplemental Digital
Content 2, http://links.lww.com/TA/A905).21,22 Factors suggestive of abusive burns include a history that is incompatible with
the examination, coexisting skeletal injuries23,24 or other unrelated injuries, previous abuse, or numerous prior “accidental” injuries, domestic violence, a sibling that is blamed for the injury,
or a passive and fearful child.21,25 One study analyzed 5,553
burn victims and found 297 (5.3%) had confirmed abuse after
investigation by Child Protective Services or their child abuse
team. After multivariate logistic regression, the following characteristics were independently associated with confirmed abuse:
younger age, chemical, contact and scald burns, and burns to
bilateral feet, buttocks, and perineum (Table, Supplemental
Digital Content 2, http://links.lww.com/TA/A905). Indeed, 76.7%
of children who were intentionally burned were younger than 2 years,
and 94.3% of victims were younger than 5 years.22 Burns to chest
were found to be associated with unintentional injury (Table, Supplemental Digital Content 2, http://links.lww.com/TA/A905).22
Scalding represents most (up to 89%) of intentional burn
injuries, which can be difficult to distinguish from unintentional
scalds.22 Factors reassuring for unintentional scalds include spill
injuries from beverages, involve the upper extremities, face, and/
or trunk with irregular demarcation, and asymmetric distributions on upper body (Table 1).21,25
Contact burns that are on the palmar surface of the hands,
superficial, or with irregular demarcations are more likely accidental in that they indicate the reflex to withdraw immediately.
“Branding” burns are described from a hair dryer, cigarettes, a
cigarette lighter, or clothes iron. They are deep, third-degree
burns, often clustered on the face, back, dorsum of extremities,
trunk, genitalia, or buttocks and are more likely intentional.25

Screening Tools
An evidence-based triage tool (Table 1) based on a
systematic review (Table, Supplemental Digital Content 2,
http://links.lww.com/TA/A905) was developed to aid in
distinguishing intentional from unintentional scalds.21 The
tool is currently undergoing a prospective validation study.
A recent study provides validity for this tool and recommends
adding chemical and contact burns to the scald component of
the previously derived triage tool.22

Intracranial Injuries
Importance
Abusive head trauma (AHT) describes traumatic brain
injury and its associated structures in infants and children that
results from violent shaking, blunt impact, or a combination
of the two.26,27 Abusive head trauma is the leading cause of
morbidity and mortality in children suffering from physical
abuse and is a leading cause of traumatic death in infancy.4,28,29
Abusive head trauma has higher mortality rates, increased hospital lengths of stay, higher median Injury Severity Score (ISS),
and incurs higher medical costs compared to unintentional
© 2017 Wolters Kluwer Health, Inc. All rights reserved.
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TABLE 1. Triage Tool for Scald Injury Proposed by Maguire et al.21
Intentional Scald Must be Excluded

Intentional Scald Should be Considered

Mechanism: immersion
Agent: hot tap water
Pattern: clear upper limits Scald symmetry (extremities)
Distribution: Isolated scald buttock/perineum ± lower
extremities Isolated scald lower extremities
Clinical features
Associated unrelated injury
History incompatible with examination findings
Coexisting fractures
Historical/social features
Passive, introverted, fearful child
Previous abuse
Domestic violence
Numerous prior accidental injuries
Sibling blamed for scald

Uniform scald depth Skin fold sparing Central
sparing buttocks
Glove and stocking distribution 1 limb glove/stocking

Intentional Scald Unlikely
Spill injury
Flowing water injury
Nontap water (beverage)
Irregular margin and burn depth
Lack stocking distribution
Asymmetric involvement lower limbs Head,
neck and trunk or face and upper body

Previous burn injury
Neglect/faltering growth
History inconsistent with assessed development
Trigger, such as: Soiling/enuresis/
Misbehavior
Differing historical accounts
Lack of parental concern
Unrelated adult presenting child
Child known to social services

trauma.29,30 Approximately 20% of infants with AHT die from
their injury, and many survivors have long-term disabilities.31
Approximately one in three children who have suffered from
AHT have been previously evaluated by health care providers
and NAT was not diagnosed at initial presentation and were at
risk of reinjury and fatal AHT.6,11

Association
In a meta-analysis of 1,945 children younger than 16 years
old with intracranial injuries (ICI), the probability of AHT differed based on the number and type of additional clinical features. Retinal hemorrhages and apnea, although infrequently
recorded, had strong associations with AHT.32,33 A systematic
review determined that subdural hemorrhage (SDH), cerebral ischemia, retinal hemorrhage, skull fractures with ICI, metaphyseal
fractures, long bone fractures, seizures, apnea, and no history of
trauma were significantly associated with AHT.34 Inconsistency
in the definition and reporting of variables as well as high statistical heterogeneity were limitations to this review (Table, Supplemental Digital Content 3, http://links.lww.com/TA/A906).
A systematic review to identify neuroradiological features
associated with AHT noted SDH to be significantly associated
with AHT.33,35 Meta-analyses of these studies with low level
of heterogeneity found SDH following certain patterns to be
more highly associated with AHT including interhemispheric
hemorrhages (adjusted OR, 8.03; 95% CI, 5.58–11.56) and multiple SDHs (adjusted OR, 6.01; 95% CI, 2.52–14.35).35
Hypoxic-ischemic injury, cerebral edema, and ICI in the absence
of skull fractures were also associated with AHT, while focal
parenchymal injury was not predictive (Table, Supplemental
Digital Content 3, http://links.lww.com/TA/A906).35
Another systematic review described the pattern of retinal
hemorrhages and associated retinal features that distinguish
AHT from non-AHT (Table, Supplemental Digital Content 3,
http://links.lww.com/TA/A906).33,36 Bilateral and multilayered
retinal hemorrhages with extension into the periphery were highly
specific for NAT,36 confirming similar findings of an earlier systematic review.37 The sensitivity of intraocular hemorrhages for

AHT was 75% and specificity was 94%.37 Intraretinal hemorrhage at the posterior pole was the most common finding associated with AHT and extensive, bilateral and multilayered
intraocular hemorrhages were the most specific for AHT.37

Screening Tools
The Pittsburgh Infant Brain Injury Score (PIBIS) was developed to assist providers in deciding when well-appearing infants are at risk for traumatic brain injury and should undergo
head CT for evaluation of AHT. Well-appearing but highrisk infants included afebrile infants with no history of trauma
but presenting with an apparent life-threatening event (ALTE)
such as apnea, vomiting, or seizures; soft tissue swelling of the
scalp, bruising; or other nonspecific neurologic symptoms.38,39
The test characteristics for the five-point PIBIS (abnormal dermatologic examination result [soft tissue swelling of the scalp
or bruising] [2 points], age 3 months or older [1], head circumference greater than 85th percentile [1], and serum hemoglobin 11.2 g/dL or less [1]) in 862 subjects revealed a sensitivity
for abnormal neuroimaging at a score of 2 of 93% (95% CI,
89–96%) and a specificity of 53% (95% CI, 49–57%) (Table 1).
A PIBIS score of 2 or higher may alert a provider about the
possibility of brain injury in a high-risk infant, but should not
be used to make a diagnosis of abuse.38
The Predicting Abusive Head Trauma Tool (PredAHT)
was derived by a multivariate analysis of individual patient
data from six separate comparative studies to determine distinguishing clinical features of AHT from non-AHT (nAHT).32
This tool was externally validated on a cohort of children
younger than 36 months with ICI, confirmed as abusive or
nonabusive.40 Information about six features (retinal hemorrhage, rib and long-bone fractures, apnea, seizures, and head
or neck bruising) was collected in 133 nAHT cases and 65
AHT cases; 97% of the children were younger than 24 months.
When 3 or more features were present, the estimated probability of AHT was greater than 80% (95% CI, 63.3–91.8). The
sensitivity of the tool was 72%, the specificity was 86%,
and the area under the curve (AUC) was 0.88.40
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The Pediatric Brain Injury Research Network (PEDIBIRN)
similarly derived and prospectively validated a four-variable rule
on a cohort of children younger than 36 months admitted to the
pediatric intensive care unit with ICI, confirmed as abusive or
nonabusive.41–43 The variables included acute respiratory compromise before admission; bruising of the torso, ears or neck; bilateral or interhemispheric SDHs or collections; and any skull
fracture other than an isolated, unilateral, nondiastatic, linear,
and parietal fracture. When 1 or more predictor variables were
present, this rule demonstrated a sensitivity of 96%, a specificity
of 43% for AHT, prevalence of 0.43 (95% CI, 0.37–0.49), and
AUC of 0.78. Notably, the isolated predictive quality of any
bruising involving the child's ears, neck, or torso for AHT
demonstrated the following test characteristics: sensitivity,
37% (95% CI, 0.29–0.46); specificity, 94% (95% CI, 0.89–0.97);
and prevalence, 0.43 (95% CI, 0.37–0.49). These tools may assist
in differentiating AHT from nAHT in seriously injured hospitalized children with ICI.

Abdominal Injuries
Importance
The reported incidence of abdominal trauma in NAT
ranges from 0.5% to 4%,44–46 but these injuries account for up
to 50% of abusive fatalities.47 Fewer than 12% of patients with
abusive abdominal injury present with abdominal bruising,47
and the abdominal injury is unlikely to be recognized as abusive.48 Occult abdominal trauma may be as high as 6% to 8%
among abused children without overt signs of injury.49

Association
One systematic review to date has compared accidental
and abusive abdominal injuries (Table, Supplemental Digital
Content 4, http://links.lww.com/TA/A907).33,47,48,50–54 Victims
of NAT 4 years or younger suffer from a higher percentage of
hollow viscus injury, particularly duodenal perforation.50,51,53
One study demonstrated 100% of children who presented with
duodenal injuries who were 2 years or younger,54 and another
100% 4 years or younger,51 respectively, were related to NAT,
and none were related to unintentional mechanisms such as falls.
Abused children were more likely to experience duodenal transections than nonabused (35% vs. 17%).54 Another study noted
that the incidence of small bowel injuries were higher in NAT
patients compared to accidental falls (35% vs. 2.9%; relative risk
[RR], 12.2; 95% CI, 1.7–86.9).55
Combined hollow viscus and solid organ injury was more
common in NAT.47,53 Children with intra-abdominal injury
(IAI) due to NAT were younger (2.5–3.7 years)53 compared to
nonabused children (7.6–10.3 years).47,50 Nonaccidental trauma
victims were significantly more likely to die of their IAI (53%)
than those accidentally injured (21%) (p = 0.014).47 Nonaccidental trauma was found to more frequently have a delay in
presentation than accidental injury and have a higher associated
injury severity (Abbreviated Injury Scale [AIS] ≥ 2) compared
to low-velocity injuries (falls <10 feet, bicycle crashes, and
household trauma).47,53
Most evidence suggests that solid organ injuries occur
equally between NAT and accidentally injured patients.47,48,50,53
However, one recent study suggested solid organ injuries were
1150

more likely to occur in unintentional falls (65% vs. 89%; RR,
0.73; 95% CI, 0.59–0.91).55 Nonaccidental trauma pancreatic
injury was noted to be present in 1% of all pancreatic fatalities,
and each of whom had multiple additional injuries.52 Pancreatic
injuries in NAT are often associated with hollow viscus injuries,
and may present late as a pancreatic pseudocyst.48 Pancreatic
injuries were more common among young NAT victims compared to fall casualties (25.4% vs. 5.7%; RR, 4.44; 95% CI,
1.08–18.22).55

Screening Tools
Studies are hampered by the lack of consistent application
of a criterion standard to test screening elements (i.e., CT scan
was not used 100% when analyzing history, physical, and laboratory test results).48 One study found that abdominal tenderness, distension, bruising, and abnormal bowel sounds had a
likelihood ratio (LR) of 5 or higher for abusive abdominal injury.56 Another study noted that only distension (p = 0.03) and
bruising (p = 0.003) were significantly associated with abdominal
injury.57 Most children presented with no definitive history48,49
or history of a fall.47
Low systolic blood pressure, abdominal tenderness, femur
fracture, aspartate transaminase (AST)greater than 200 U/L or
alanine transaminase (ALT)greater than 125 U/L, an initial hematocrit of less than 30%, and hematuria greater than 5 RBCs/
high power field were important predictors of IAI in children
sustaining generalized blunt torso trauma. Pediatric blunt trauma
patients with any one of these findings should be considered at
significant risk for IAI. Patients with none of these risk factors
were at low risk for IAI.45
In NAT, a negative test result (liver function tests, amylase,
and lipase) is of limited value; however, a positive test result
warrants consideration of abdominal CT, especially if amylase
and lipase increase over time or there are physical examination
findings as previously noted.45,46,49,52,56 One prospective, multicenter, observational study of all children younger than
60 months referred for subspecialty evaluation of possible physical abuse determined the sensitivity and specificity of routine
transaminase testing in young children who underwent consultation for physical abuse. The AUC for transaminases
(AST or ALT) as a test for identified abdominal injury was
0.85 (95% CI, 0.78–0.91). A cutoff of 80 IU/L for either
AST or ALT identified 41 of 53 abdominal injuries, with 218
false-positives among 1,219 children without IAI (sensitivity:
77%; specificity: 82%). Transaminase levels were elevated in
14 of 17 patients with occult IAI, i.e., without external injury
(no evidence of bruising).56
Computed tomographic scan remains the criterion standard for screening of both accidental and NAT in children. Children with abusive abdominal trauma have a high likelihood of
associated injuries prompting a thorough evaluation of the child
for additional injuries (Table, Supplemental Digital Content 4,
http://links.lww.com/TA/A907).47,48,50,53,55

Fractures
Importance
Skeletal injuries represent the second most common injury sustained by physically abused children.58 Understanding
the history, development of the child, and the response to injury
© 2017 Wolters Kluwer Health, Inc. All rights reserved.
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by the child and caretakers were critical when differentiating
NAT from accidental injuries (Table, Supplemental Digital Content 5, http://links.lww.com/TA/A908). Children with multiple
skeletal injuries of unclear etiology or without histories of
trauma but who present to care because of a child's change in behavior were more likely to be victims of NAT.59 A diagnosis of
abuse was made in approximately 20% to 25% of fracture cases
in children 12 months or younger and in 6% to 7% in children 12
to 23 months old.60,61 Up to 20% of abuse-related skeletal injuries were not identified initially.8

Association
Children 24 months or younger remain at highest risk for
abusive skeletal injuries.62,63 Skull fractures were among the
most challenging to classify with regard to risk of abuse. A systematic review of children with skull fractures aged 0 to
48 months noted a positive predictive value (PPV) of a skull
fracture for suspected or confirmed abuse of 20.1 (95% CI,
13.3–26.9).28,33,64 Linear parietal fractures are the most common in both unintentional and abusive injury. Unlike fractures
in other areas of the body, younger age (i.e.; age 18 months or
younger) was not associated with NAT.64
Rib fractures have the highest specificity for NAT at upward of 70%.63–65 These fractures may be found anywhere along
the rib arc although most commonly and equally occurring anteriorly or posteriorly. The classic metaphyseal lesion (buckethandle, chip, or corner fractures) is also highly suspicious for
NAT among those aged 12 months or younger.66 This type of
fracture is typically seen in the distal femur or proximal tibia.65,66
Overall, the probabilities of femur fractures being the result of NAT are 16.7% to 35% in children 12 months or younger
and 1.5% to 6% in children 12 months or older.67 In a systematic
review of femur fractures, the presence of additional injuries and
reported suspicious history were the factors most predictive of
NAT, while the type or position of the fracture was not predictive.67 Once children are walking alone, they can sustain a torsion fracture of the femur, analogous to the “toddler fracture”
of the tibia (a spiral break in the tibia, which occurs after a child
twists their leg during a fall).68
Proximal and mid-shaft humeral fractures have a likelihood of NAT, but a distal humeral fracture (supracondylar) can
be accidental in the ambulating child.64,65 Importantly, humeral
fractures have a PPV for abuse of 43.8 (95% CI, 27.6–59.9) in
0 to 18 months versus PPV of 1.8% (95% CI, 0–3.9) in 18 to
48 months.33 Both femoral and humeral fractures are often
underinvestigated by medical personnel in tertiary centers.69
Tibia/fibula and radius/ulna fractures should be considered for
possible NAT with the exception of distal buckle fractures or
“toddler fractures” in ambulating children with histories of
falls.62–64 Skeletal injuries of the hands, feet, and pelvis are rare;
however, they may be identified as occult injuries from the skeletal survey.70 Spinal fractures are summarized in Supplemental
Digital Content 5 (Table, Supplemental Digital Content 5,
http://links.lww.com/TA/A908).

Screening Tools
The American Academy of Pediatrics has criteria that indicate a full (21-image) skeletal survey should be performed in
all children younger than 2 years of age with suspected abuse.71

A standard protocol has been published including age, history,
and injury type using the UCLA RAND consensus methodology to help clinicians correctly identify those children with occult skeletal trauma in which further screening should be
used.63 This protocol removed any socioeconomic factors and
delineates when skeletal surveys are mandatory.71 Further research regarding the use of this type of protocol is needed to validate its use; 24% of children with suspected NAT had positive
skeletal surveys, with a mean of 2.5 fractures per child (range,
0–9). The ages of positive cases ranged from 2 weeks to
36 months (82%12 months or younger).72 Prevalence of occult
fractures was equivalent between those aged 12 to 23 months
(18.9%) and 0 to 11 months (22.7%). Up to 10% of children
with fractures undergoing skeletal survey had additional fractures that were either acute or healing of their hands, feet, or pelvis.70 Oblique views of the ribs considerably enhance detection
of rib fractures. Follow-up skeletal surveys improve the rate of
fracture detection in suspected cases of NAT;73 however, there
is considerable controversy as to which images can be omitted
on repeat follow-up skeletal surveys (i.e., some argue excluding
the pelvis, lateral spine, hands, and skull is appropriate).74

Historical Factors
Importance
Victims of NAT may not be able to effectively communicate the history of an injury owing to their developmental stage.
History is often obtained from caregivers or witnesses and
helps differentiate unintentional trauma from NAT.

Association
In a multivariate analysis of the stated reason for the visit,
the two best predictors of NAT were (1) injury inconsistent with
the history and (2) if the patient was referred to the clinician for
suspected child abuse.75
In efforts to reduce disparities in child abuse evaluation,
one group used a single historical event (unwitnessed event leading to ICI) to determine which infants received a skeletal survey.76 They found that screening increased and disparities in
evaluations diminished; however, it did not lead to a significant
increase in the diagnosis of NAT.

Screening Tools
There are no identified screening tools regarding historical factors in NAT. Elements of the history that are commonly
attributed to an increased risk of NAT are summarized in
Table 2; however, the sensitivity and specificity of each element
are unknown.77,78

Oral Injuries
Importance
Facial and intraoral trauma has been described in up to
49% of infants and 38% of toddlers with NAT.79 Furthermore,
these numbers likely under-represent the true incidence of
inflicted oral abuse because a documented oral examination is
often lacking in the evaluation of an injured child.

Association
The correlation of oral injuries and abuse have been well
documented, but a systemic review concluded that NAT cannot
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Prediction Tool

Aim

Patient Population

Test Characteristics

4-variable AHT clinical prediction
To validate the screening
No. of subjects: 124 AHT cases,
When ≥ 1 feature were present:
rule (PEDIBIRN)
performance for AHT of a
167 non-AHT cases
sensitivity: 0.96 (95% CI,
Variables: Acute respiratory
previously derived 4-variable
Age range: children <3 years of age
0.90–0.99); specificity,
compromise before admission;
prediction rule
Subject characteristics: Hospitalized
0.43 (95% CI, 0.35–0.50);
bruising of the torso, ears, or neck;
patients in the pediatric intensive care
AUC, 0.78
bilateral or interhemispheric
unit with intracranial injury on CT
subdural hemorrhages or
or MRI, confirmed as AHT or
collections; and any skull fractures
nAHT (nAHT)
other than an isolated, unilateral,
Confirmation of Abuse: A priori
nondiastatic, linear, parietal fracture
definitional criteria for AHT*
Predicting Abusive Head Trauma
To validate the previously developed
No. of subjects: 133 non-AHT cases
When ≥ 3 features were present
Tool (PredAHT)
PredAHT tool to provide a
and 65 AHT cases
in children
Variables: Retinal hemorrhage, rib
prediction of the probability of AHT
Age range, children <36 months
<3 years with intracranial
and long-bone fractures, apnea,
in children aged <36 months presenting
Subject characteristics:
injury: Sensitivity, 72.3%
seizures, and head or neck bruising
with an intracranial injury.
Hospitalized patients with intracranial
(95% CI, 60.4–81.7);
injury, confirmed as AHT or nAHT
Specificity, 85.7% (95%
Confirmation of abuse: abuse
CI, 78.8–90.7); AUC, 0.88
ranking 1–2**
Pittsburgh Infant Brain Injury
To validate the previously developed
No. of subjects: 214 cases (abnormal
Test characteristics of
Score (PIBIS)
PIBIS, a clinical prediction rule to
neuroimaging at enrollment or during
identification of abnormal
Variables: Abnormal dermatologic
assist physicians decide which
follow-up—traumatic and nontraumatic)
neuroimaging at a score of 2:
examination results (2 points),
high-risk infants should undergo
and 826 controls (normal neuroimaging,
sensitivity, 93% (89–96);
age ≥ 3 months (1 point), head
CT of the head
or no imaging at enrollment and
specificity, 53% (49–57); NPV
circumference >85th percentile
follow-up); age range, infants <365 days.
of a score <2 for detection of
(1 point), and serum hemoglobin
Subject Characteristics: well-appearing
abnormal neuroimaging was
<11.2 (1 point)
infants with temp <38.3°C, no history
96% (93.6–97.9)
of trauma, and a symptom associated
with having a brain abnormality
(vomiting, apnea)

Level III

Level II

Level II

Level of Evidence

*One or more of these criteria: 1. Primary caregiver admission of abusive acts. 2. Witnessed abusive acts. 3. Specific primary caregiver denial of any head trauma, although the perambulatory child in his or her care became acutely, clearly,
and persistently ill with clinical signs linked to traumatic cranial injuries visible on CT or MRI. 4. Primary caregiver account of the child's head injury event was clearly historically inconsistent with repetition over time. 5. Primary caregiver
account of the child's head injury event was developmentally inconsistent with child's known or expected gross motor skills. 6. Two or more categories of extracranial injuries considered moderately or highly suspicious for abuse.
**Nonaccidental trauma was defined in each report by meeting one of the following criteria as proposed by Maguire, et al.:14 1. Abuse confirmed at case conference, family, civil or criminal court proceedings or admitted by perpetrator or
witnessed. 2. Abuse confirmed by stated criteria where diagnosis was based upon additional features and did not rely on the variable of interest, and included multidisciplinary assessment. 3. Abuse defined by stated criteria. 4. Abuse stated as
occurring, but no supporting detail given as to how it was determined. 5. Abuse stated simply as “suspected".

Berger et al. (2016),38

Cowley et al. (2015),40

Hymel et al. (2014),41

Overall Group

TABLE 2. Test Characteristics of Prediction Tools for Nonaccidental Trauma
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be diagnosed based solely on a torn labial frenum.79,80 In mobile
children (median age, 19 months), a small study of 21 patients
found that a frenum injury is less suggestive of abuse than previously thought.81 Given that up to 50% of school-age children
will sustain accidental dental injuries, including frena tears, there
is inherent difficulty in distinguishing accidental from inflicted
oral injuries.82

Screening Tools
There are no identified screening tools regarding oral injuries in NAT.

DISCUSSION
Nonaccidental trauma is a leading cause of childhood
traumatic injury and death5 and has an increased incidence of
high ISS, craniotomy, exploratory laparotomy, prolonged intensive care unit and hospital length of stay, and mortality compared
to unintentional trauma.83 Evidence for identifying injuries associated with NAT varies widely, as even the highest quality systematic reviews do not reach Level I criteria because there are
no randomized control trials nor prospective trials with large effect size, and no negative criteria (Supplemental Digital Contents).12 The need exists for prospectively developed screening
tools for the identification of NAT. These must then be validated
prospectively and must undergo implementation evaluations in
accordance with the development of a clinical decision rule for
use in trauma.84
Clinical practice guidelines and/or clinical decision support are effective tools to facilitate the application of evidence
during direct patient care in the clinical environment. In countries where child abuse screening in emergency departments is
mandatory, such as the Netherlands, clinicians often use checklists of historical risk factors for abuse to help identify children
who might benefit from additional screening. Most of the instruments are highly sensitive but do not effectively guide clinical
evaluation. A systematic review of 50 years of published studies
evaluating screening tools found a lack of a criterion standard for
determination of abuse and poor quality of the studies.85 Child
abuse instruments identified patients only when they had clinical symptoms with low sensitivity and only moderate specificity.
The literature therefore currently suggests that a more productive way forward is by developing injury-specific tools (e.g.,
for bruising, fractures, head injury, etc.). Existing injury-specific
tools are either aimed at a very specific population (age younger
than 1 year presenting with a fracture86 or children4 years or
younger admitted to pediatric intensive care with trauma and
bruising.87 However, the advances made in developing screening tools, such as those previously discussed to identify potential
cases of AHT, or determine which children with intracranial injury may have been abused, hold considerable promise, particularly if they could be incorporated into the electronic medical
record. When the caregiver history does not provide a clear
mechanism, explain the severity or fit with regard to the timing
of a child's findings, clinicians must have a low threshold for
considering abuse (Table 2). Preschool-age children (younger
than 4 years) are an especially vulnerable population. There is
a lack of “eyes on the child,” the concept that once the patient
has entered school or society, they are much more visible to

the outside world and injuries are much more identifiable.
Apparently, innocuous injuries such as bruising or minor oral
injuries (including torn labial frenum), especially in premobile
children, may provide the opportunity to identify and intervene
with a child before the abuse escalates. Table 3 summarizes
key take home points to differentiate accidental from NAT.
Bruising patterns suggestive of NAT depend on motor developmental stage of the child. The prevalence of bruising in
healthy nonabused infants is low. Specifically, the TEN-4
screening criteria is highly suggestive of NAT when compared
to unintentional bruising patterns: bruising in children younger
than 4 years on trunk, ears, neck; or any bruising in infants
younger than 4 months is NAT until proven otherwise. The
TEN-4 was highly specific for AHT in the PEDIBIRN prediction tool when it was the sole predictor variable. The
traumatologist can use this simple tool to prompt further
screening for NAT, including AHT in particular. Patterned
bruising, associated petechiae, larger size, bruising to cheeks,
and buttocks are also concerning for NAT.
Burns and scalds to buttocks, perineum, bilateral lower
limbs, or unilateral limbs are highly associated with NAT. Other
risk factors include any burn in children younger than 5 years,
multiple contact burns, or clearly demarcated edges of the burn.
Although deep burns to the hands are associated with NAT,
those that are more superficial and with irregular demarcations
are more likely unintentional. “Branding” burns occur in NAT
and may be from household objects leaving distinctive patterns.
Abusive head trauma is associated with SDH, hypoxicischemic injury, diffuse axonal injury, metaphyseal fractures,
rib fractures, retinal hemorrhages, apnea, and seizures. Screening tools such as the PIBIS are highly sensitive and may aid
the surgeon in determining the need for a head CT. Clinical prediction tools such as PEDIBIRN and PredAHT are highly sensitive and specific, respectively, for AHT (Tables 1 and 3).
Duodenal injuries in children 4 years or younger are
highly suspicious for NAT.48,51,54 Physical examination findings
including abdominal bruising and distension are highly associated with IAI, but lack of bruising does not exclude IAI in
NAT. Of note, when considering NAT, a lower elevation of
AST/ALT compared to generalized blunt abdominal trauma

TABLE 3. Elements of the History that are Commonly Attributed
to an Increased Risk of Inflicted Injury77,78
Element
• An unreasonable delay in care
• An unexplained or poorly explained history of events
• An implausible history based on:
ο Type of injury
ο Mechanism of injury
ο Age of the child
ο Developmental capabilities of the child
• A history that changes over time by a single caretaker
• A discrepancy in history by multiple caretakers
• An inappropriate response to the event by caretaker or child
• A report of harm to the child
• An unlikely or unusual injury for the age of the child
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should prompt consideration of CT, even in the setting of a normal abdominal examination result.56
Fractures among nonambulating children, including no
clear correlating history, fractures of the proximal and midshaft humerus, femur fractures in nonambulatory children, rib
fractures without associated major trauma, and occult fractures
in children younger than 2 years are all suggestive of NAT.
The American Academy of Pediatrics recommends a skeletal
survey of the entire bony skeleton in cases of suspected
NAT.71 Up to 24% of patients with suspected NAT will have
findings of occult skeletal fractures.72
The individual components of the history have not been
rigorously studied and are not fully understood. The recent development of a performance assessment tool for documentation
of history taking in physical abuse may elucidate the sensitivity
and specificity of the historical details related to abusive injury.88 A systematic review of professional interventions for
health care providers to improve child protection in emergency
departments identified reminder systems and checklists that included historical elements of the presenting complaint that were
believed to be important to the recognition of abuse.89 Additionally, a modified Delphi process with an expert panel of child
abuse pediatricians identified highly recommended elements

for child abuse evaluations (Table, Supplemental Digital Content 6, http://links.lww.com/TA/A909).90
Finally, intra-oral injury in non-ambulatory children is
highly suspicious (but not diagnostic) for NAT. Thus, children
with intra-oral injuries that have not been independently
witnessed should always be evaluated for NAT; and conversely,
children with suspicion for NAT should have a carefully documented oral examination. Children with intra-oral injuries may
be at risk for further and potentially more significant abuse in
the future.10,16

CONCLUSIONS
The original intent of the work group was to create a
screening tool for the traumatologist to meaningfully screen
for NAT in children. As previously noted, this could not be
achieved based on the lack of available high-quality data. Nevertheless, a pattern of injuries based on a careful review of the literature that should prompt the traumatologist to consider NAT
when evaluating injured children emerged. These data should
inform the development of local guidelines and be used to drive
further research in this field. Any injury in nonambulatory
child, specific patterns of bruising (TEN-4), characteristic

TABLE 4. A Summary of Features Associated with NAT) and Recommendations Based on Specific Findings Including Bruising, Burns,
Intracranial Injury, Abdominal Injury, Skeletal Injuries, Historical Factors, and Oral Injuries
Category

Features Associated with NAT, Compared to Nonabused Children

Bruising

TEN-4 clinical prediction rule: bruising in children <4 years on
trunk, ears, neck; or any bruising in infants <4 months19
Patterned, petechiae, large size, cheeks, ear, neck, head, truck,
buttocks, arms17
Less likely from abuse: Front of body, bony prominences;
however, “expected” bruising depends on developmental
age/disability of the child17
Independent associations with confirmed abuse—age
(2.1 vs. 5.0 years); chemical burn; contact burn; scald burn; feet;
buttocks; perineum22
Less likely from abuse: beverages, spill injuries with irregular
margins, burns to chest and head (spills)21

Burns

Intracranial injury Subdural hemorrhage, hypoxic-ischemic injury, diffuse axonal
injury, metaphyseal fractures, rib fractures, retinal hemorrhages,
apnea, seizures

Abdominal injury Children with NAT and abdominal injury have a higher ISS,
higher mortality, and often need an operation. It is important
to note that intra-abdominal injury may be found without
bruising but in the presence of elevated LFTs.
Skeletal injury
Fractures in children <3 years and/or nonambulating child
Fractures proximal and mid-shaft humerus, femur fractures +
nonambulating child
Rib fractures in absence of major trauma
Oral injury
Frena injury + nonambulating child
Historical factors

Delay in care, inconsistent or implausible history, a history that
changes or is developmentally incompatible, a report or concern
for harm to the child, domestic violence

Summary Recommendations
TEN-4 bruising 97% sensitive, 84% specific for NAT ➔
child abuse workup
“When you don't cruise, you don't bruise.”

Up to 25% children admitted to burn centers have been abused20
Most intentional burn injury is from scalds to buttocks,
perineum, bilateral lower limbs, feet, unilateral limbs,
multiple contact burns, or clearly demarcated edges ➔
child abuse workup.21
Any burn in age <5 years ➔ child abuse workup.22
PEDIBIRN clinical prediction rule, 96% sensitive, 43% specific
for AHT
1+ feature* in child <3 years ➔ child abuse workup41–43
PredAHT clinical prediction rule, 72% sensitive, 86% specific
for AHT 3+ features** in child <3 years ➔ child abuse workup32
Hollow viscus injury, particularly duodenal injury, in children <4 years,
combined hollow viscus + solid organ injury ➔ child abuse workup48
Fracture patterns inconsistent with degree of mobility and child age ➔
child abuse work up65
Skeletal survey to screen for occult fractures is indicated for any
child <2 years with suspected NAT71
Lip injury is extremely common in accidental trauma and does not
justify a child abuse workup79
Children who present with a change in behavior + skeletal injuries,
subdural hemorrhage with suspicious history, injury inconsistent
with history, and delay in seeking care ➔ child abuse workup

*Acute respiratory compromise before admission; bruising of the torso, ears, or neck; bilateral or interhemispheric subdural hemorrhages or collections; and any skull fractures other than an
isolated, unilateral, nondiastatic, linear, and parietal fracture.
**Retinal hemorrhage, rib and long-bone fractures, apnea, seizures, and head or neck bruising.
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burns (sharply demarcated scalds or contact burns) or fractures,
ICI (especially with associated fractures, retinal hemorrhage,
apnea, and suspicious history), abdominal (especially duodenal
injuries in patients 4 years or younger) or intra-oral injuries as
defined in Table 4, or injuries inconsistent with the history offered or the child's developmental stage, must prompt a full child
protection evaluation.
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