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Abstract

Purpose of Review To provide a resource for providers that may be involved in the diagnosis and management of infant
non-accidental trauma (NAT).

Recent Findings Infants are more likely to both suffer from physical abuse and die from their subsequent injuries. There
are missed opportunities among providers for recognizing sentinel injuries. Minority children are overrepresented in the
reporting of child maltreatment, and there is systemic bias in the evaluation and treatment of minority victims of child
abuse.

Summary Unfortunately, no single, primary preventative intervention has been conclusively shown to reduce the inci-
dence of child maltreatment. Standardized algorithms for NAT screening have been shown to increase the bias-free
utilization of NAT evaluations. Every healthcare provider that interacts with children has a responsibility to recognize
warning signs of NAT, be able to initiate the evaluation for suspected NAT, and understand their role as a mandatory

reporter.
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Introduction

There were over 650,000 substantiated reports of child
maltreatment to the various child protective service (CPS)
agencies across the USA in 2019, and around 1,800 deaths
attributable to abuse or neglect [1, 2]. This burden is car-
ried disproportionately by infants (children < 1 year of age)
accounting for nearly half of all abuse-related deaths in
the USA [2]. In fact, non-accidental trauma (NAT) is an
independent predictor of mortality in infants [3] and older
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children [4e, 5] compared with other mechanisms of trau-
matic injury. However, mortality is only one small aspect
of the consequences of child maltreatment. NAT results in
longer and costlier hospital stays [6], and the lifetime soci-
etal costs for a single year of child abuse cases number in
the billions [7¢]. In addition to the direct harm of physical
injury, traumatic events in childhood have been shown to
lead to long-term issues with attachment as well as alteration
of the biologic responses to stress and early brain develop-
ment [8]. There is also evidence that some victims of abuse
may go on to become abusers themselves, perpetuating the
cycle of maltreatment [9].

Every clinician whose practice includes taking care
of children has a responsibility to recognize the warning
signs of child maltreatment and initiate the diagnosis and
treatment of suspected child abuse. This starts with the
most vulnerable and the most disproportionately affected
pediatric age group—infants. The goal of this manuscript
is to provide a summary of recent literature related to the
epidemiology, evaluation, and diagnosis of NAT spe-
cific for the infant age group. Furthermore, we provide
an update on current, evidence-based strategies for NAT
prevention.
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Epidemiology

Among the spectrum of pediatric age groups, infants
are more disproportionately affected by NAT. While the
overall incidence of abuse in children is 6 per 100,000
children, infants have a nearly tenfold higher incidence
at 58 per 100,000 children [10]. Infants are also three
times more likely to die compared to older children as
a result of NAT [2]. These numbers almost certainly
underrepresent the total number of infants affected by
maltreatment because of known issues with underreport-
ing [11-13].

While individual risk factors for child maltreatment
change depending on the cross section of patients exam-
ined, decreased parental age, decreased gestational age
or weight, parents with pre-existing social concerns, less
access to perinatal care or resources, parental smoking or
substance abuse, households with a history of domestic
violence, and poverty have all been implicated for increas-
ing the risk for NAT [14-16]. Furthermore, victims of
NAT from neighborhoods with a lower median income
(indicators of lower socioeconomic status) or with govern-
ment-based healthcare were more likely to die from their
injuries, regardless of injury severity [17, 18].

There are significant disparities in the management,
reporting, and outcomes of injured children related to race/
ethnicity. While Caucasian children make up the largest
portion of children diagnosed with NAT, Black children
are disproportionately represented [3, 18]. A recent analy-
sis of the 2018 National Child Abuse and Neglect Data
System (NCAND) revealed that Black communities are
the most overrepresented community for physical, sexual,
and psychological abuse of children, followed by multira-
cial, Pacific Islander, and Native American [19e]. When
it comes to physical abuse, Black children are overrepre-
sented in 86% of US states [19e]. And previous studies
show an increase in abuse-related mortality among Black
infants regardless of socioeconomic status [20]. Though,
this information needs to take into account that suspicion
and reporting are biased against Black caregivers due
to implicit and explicit biases, and systemic and struc-
tural racism. As such, Black caregivers are more likely
to be reported to CPS, and their children are more likely
to undergo workups for NAT, including head computed
tomography (CT) scan and skeletal surveys [21, 22].
Depending on the state of origin, children from Latinx-
identified communities are also more likely to be victims
of abuse [19e]. While it is beyond the scope of this paper
to discuss the societal and policy failures that have led to
these disparities, there is a clearly biased overrepresenta-
tion of minority communities in the reporting, incidence,
and severity of NAT.
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Evaluation and Recognition of NAT

Detecting abuse early has the potential to be lifesaving
for that child, and siblings in the same home, and there is
evidence to suggest that physicians may be missing sen-
tinel events or injuries [11, 13]. The possibility of NAT
should be considered by providers who evaluate injured
children. Infants are non-verbal and are unable to provide
a history of events, which makes them a challenging group
of patients to evaluate after injury. Failure to recognize an
injury secondary to NAT comes with a cost—victims of
recurrent NAT are more likely to die from their subsequent
injuries [23]. However, it is important to remember that
there is no constellation of injuries or findings that are
pathognomonic for the diagnosis of NAT.

The American Academy of Pediatrics (AAP) has
released a framework for the initial interview and exami-
nation of children with suspicious injuries [24ee]. The
entire encounter should be thorough and well documented
by the provider. The evaluation of an infant with suspi-
cious injuries starts with a detailed history of both the
events and the social situation of the caregivers, which
can be obtained with a non-adversarial or non-accusatory
interaction. It can be insightful to begin by understand-
ing the circumstances of the pregnancy (i.e., planned vs.
unplanned and wanted vs. unwanted), history of abuse/
child protective services (CPS) involvement with the
family, patterns of discipline for the children, any sub-
stance abuse, any current or prior intimate partner vio-
lence; family history of hematologic, connective tissue,
or bone disorders; and social/financial stressors facing the
family. The circumstances of the injury should also be
thoroughly explored with the caregivers. Potential warn-
ing signs include vague/absent explanations for concern-
ing injuries, denial of trauma in an infant with injuries,
unexplained delay in seeking medical care, stories that
change significantly between caregivers, or explanations
that are inconsistent with the constellation of injuries. In
non-ambulatory infants (typically 0—8 months), any unex-
plained external signs of injury should be carefully con-
sidered for the possibility of NAT [24ee]

The physical exam of the infant should then be done
completely unclothed and should start with assessment of
expected/presenting developmental behaviors and growth
curves. Abuse and neglect can frequently coincide with
developmental and physical growth restrictions, or a rap-
idly increasing head circumference [25]. Next, the pro-
vider moves to a thorough head-to-toe examination of the
child starting with any cutaneous findings, paying par-
ticular attention to more inconspicuous areas such as the
ears, scalp, axillae, hands, feet, buttocks, and genitals. It is
important to assess bruising within the context of a child’s
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mobility as noted above. While 40-90% of children may
present with bruising, this is true for < 1% of babies less
than 9 months of age who have not yet reached the crawl-
ing or cruising stages of development [26—28]. Therefore,
significant bruising in the infant should prompt further
evaluation for abuse, while also evaluating for an early
manifestation of a bleeding disorder. In children of all
ages, patterned bruising, bruising over soft tissue areas
(abdomen, buttocks, genitals, ears, thighs, etc.), or bruis-
ing inconsistent with the reported story should raise con-
cern and warrant further evaluation. Historically, bruises
of varying ages were embraced to be an important con-
sideration for providers; however, there is evidence that
providers are unable to accurately date bruises based on
exam alone [29]. A thorough oral exam should also be
completed looking for signs of intraoral trauma, particu-
larly torn or injured frenula. While it is outside the scope
of this article, burn evaluation should be approached in a
similar manner to bruising with careful attention to the
reported source of the burn, details of how the burn trauma
was caused, timing of exposure, depth and size of the burn,
any first aid applied, and careful attention to patterned
and circumferential burns. Infants with significant burns
should be considered for early transfer to a center special-
izing in burn care [30].

In suspected cases of NAT, a determination needs to
be made about the utility of radiologic imaging studies
to diagnose and locate injuries. The American College
of Radiology (ACR) published appropriate use criteria
in 2017 for the evaluation of NAT that is based on the
age of the child in question and the presenting symptoms/
physical exam [31ee]. For children < 24 months of age, a
skeletal survey is recommended as the initial screening
imaging evaluation. For all infants < 6 months, and any
child 6 months of age or older with central nervous sys-
tem signs or symptoms, apnea, unexplained emesis, exter-
nal head/face injuries, or a skull fracture, the AAP and
ACR suggest that screening with a non-contrast head CT
is appropriate. Non-contrast magnetic resonance imaging
(MRI) of the brain and cervical spine is recommended if
initial CT head imaging shows intracranial injury. Finally,
for any child with suspected thoracic or abdominal inju-
ries (bruising, tenderness, or elevated liver/pancreatic
enzymes), intravenous contrast CT imaging of the abdo-
men and pelvis is indicated to rule out occult solid organ
and intestinal trauma [32, 33]. Abdominal ultrasound and
plain film radiographs are insufficient modalities to rule
out thoracic or abdominal trauma. Additional imaging of
the chest, abdomen, and head by CT, and MRI of the brain
may be indicated depending on the clinical scenario. It is
recommended that most initial skeletal surveys be accom-
panied by a modified follow-up second skeletal survey
10-14 days later [34, 35].

Skeletal surveys serve as one of the most important
diagnostic evaluations of suspected NAT. However, in the
absence of physical exam findings, the use of skeletal sur-
veys is largely dependent on the level of provider suspicion,
which can serve as a significant source of bias for NAT.
In addition, for children < 6 months of age, head imaging
using either CT or non-contrast MRI is recommended. Head
ultrasound is an insufficient modality to screen for NAT in
these infants.

A thorough ophthalmologic exam should also be per-
formed on infants with suspected NAT, especially when abu-
sive head trauma (AHT) is a consideration. Ideally, a dilated
exam should be performed by an ophthalmologist with the
appropriate equipment to fully examine the retina and docu-
ment any pertinent findings. While retinal hemorrhages can
occur with accidental mechanisms of head trauma, multi-
ple, bilateral, and multilayered retinal hemorrhages and reti-
noschisis are increasingly concerning for AHT [36].

After the initial evaluation, appropriate actions should
be taken to treat any identified injuries, the infant should be
triaged to a facility with the appropriate resources for NAT,
and all medical providers in the USA are mandated by law
to make a referral to local CPS and/or law enforcement for
suspected child maltreatment. Finally, if admission is indi-
cated, it should be a team that is familiar and comfortable
with the complexities of providing care to abused children,
with an immediate consultation to a child abuse pediatrics
expert, where one is available [37].

Table 1 Evaluation of suspected child abuse.

Standardized NAT Screening

A recent survey demonstrated strong support among health-
care providers for the reduction of practice variation in
regard to NAT workup [38]. However, this same survey
demonstrated pessimism among healthcare providers that
there is an effective method for achieving that goal and that
practice variation may be justified because of clinical differ-
ences—highlighting some of the challenges of implement-
ing standardization. Only 57% of providers report using a
screening tool for the detection of NAT, regardless of prac-
tice location [39]. And, while there is larger support for the
use of management guidelines (75%), there is also more
variability; pediatric trauma centers were more likely to use
a management protocol than adult trauma centers (78% vs.
38%, p<0.04). The argument for standardization in NAT
workup centers around two key issues: missed opportunities
for intervention and provider bias.

Thorpe et al. demonstrated that among children with a
confirmed diagnosis of abuse, one-third of these abused chil-
dren had at least one visit in the prior 6 months where the
diagnosis of abuse should have been suspected [40]. Sheets
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Table 1 Evaluation of the injured infant with suspected maltreatment

A. Caregiver/Infant history
Circumstances surrounding the pregnancy

Identification of social or financial stressors (e.g., recent job loss, loss of loved one, move, etc.)

Family history of hematologic, connective tissue, or bone disorders

Identification of all potential caregivers for the child within the timeline of injury

Developmental stage of the child (e.g., rolling, sitting, crawling, cruising, walking, etc.)

Details of the event with an attention to specifics (height of the fall, material that the patient fell on, how the child landed, immediate symptoma-

tology, etc.)

Actions taken by caregivers at the time of the event and symptoms that led to seeking care

Time interval between the event and seeking care

Social history concerns including prior Child Protective Services (CPS) involvement, current/prior domestic violence, undiagnosed or inad-
equately treated mental health disorders, significant prior law enforcement involvement, substance/alcohol abuse

Warning signs: Unexplained delay in seeking care, injuries inconsistent with developmental stage, vague stories surrounding serious injuries,
inconsistency between caregivers, history that doesn’t explain injury’s nature, pattern or age

B. Unclothed physical examination

Developmental stage, vital signs, weight, and expected/observed growth curves (including head circumference in children < 36 months)

Findings on the skin (e.g., bruising, burns, lacerations)
Oropharyngeal exam (e.g., injury to the frenulum or dentition)

Ophthalmologic and otoscopic examination (e.g., subconjunctival hemorrhages, hemotympanum)

Musculoskeletal exam (e.g., deformities or tenderness)
Abdominal exam (e.g., distension, tenderness)

Warning signs: bruising in pre-cruising infants, patterned bruises or burns, bruising over soft tissue areas, injuries that are inconsistent with the

provided history or developmental stage

C. Mandated reporting to CPS, determination of need for transfer or involvement of Child Abuse Specialists

D. Targeted diagnostic workup and screening

Laboratory evaluation (complete blood count, metabolic panel, coagulation panel, hepatic and pancreatic enzymes)

Skeletal Survey (all children <24 months; low threshold for 24-36 months or non-mobile, delayed older children)

Non-Contrast head computed tomography (CT) (all children < 6 months; children 6—12 months with any other concerning injuries; low threshold
in acute setting for suspected neurologic or intracranial injury in children older than 12 months)

Magnetic resonance imaging of the Head and Cervical Spine (typically a non-emergent study to follow up Head CT with intracranial findings)

Abdominal CT with intravenous contrast (elevated hepatic/pancreatic enzymes, suspected intra-abdominal injury, abdominal bruising)

Fundoscopic retinal exam and retinal photography

Remember: The goal of the child abuse workup is not just the identification of serious and treatable injuries, but also the documentation of

potential maltreatment and prevention of recurrence

E. Management of acute problems and hospitalization

et al. similarly found that, among abused infants, 27.5% had
a previous sentinel injury and that the provider was aware of
this injury in approximately 40% of cases [13]. Furthermore,
even when abuse is suspected, critical components of the
social history and documentation of pertinent exam findings
may be inadequate in the absence of a specific management
protocol and documentation standards [41].

Unfortunately, as noted previously, differences in eval-
uation and treatment are further influenced by race and
socioeconomic status. Black children and children of lower
socioeconomic status are more likely to undergo a skeletal
survey, despite a potentially lower likelihood of positive
surveys in Black children [22, 42]. Among young chil-
dren hospitalized to the intensive care unit for acute head
injuries, minority patients were two times more likely to
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be evaluated and reported for suspected abuse than white/
non-Hispanic patients [43].

The implementation of a standardized protocol for the
evaluation of suspected NAT has been shown to increase
the number of patients screened, ensure that children
with higher risk of abuse have higher rates of evaluation,
and remove socioeconomic bias regarding evaluation
[44, 45]. This holds true even for small interventions.
A simple clinical pathway that automatically involved
a child abuse team and social worker if a child had one
of ten concerning injuries was found to remove socio-
economic bias [46]. While no authors have effectively
demonstrated a reduction in the bias of referrals to CPS,
a standardized protocol for imaging is likely a step in the
right direction.
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The development of an institutional NAT screening pro-
tocol needs to be coupled with a concerted effort at imple-
mentation, provider education, and integration into the
standard workflow to improve compliance [47]. Consider-
ing the economic impact of abuse overall, any utilization
of hospital resources toward this goal is warranted. How-
ever, implementation of a standardized protocol has actually
been shown to have no negative effect on hospital resource
utilization, and, in fact, may actually reduce the need for
hospitalization [48]. Finally, the implementation of a stand-
ard approach to the evaluation of NAT is supported by the
Western Trauma Association, the Pediatric Trauma Society,
and the American Pediatric Surgical Association [49, 50].

Specific Injuries
Abusive Head Trauma

The American Academy of Pediatrics broadened terminol-
ogy surrounding “shaken baby syndrome” to abusive head
trauma (AHT) to account for the variety of inflicted mecha-
nisms that can lead to injury of the head, and its important
structures, in children, including direct blunt force trauma,
acceleration/deceleration injuries, or a combination of the
two [51]. AHT accounts for one-third of all child maltreat-
ment deaths, and infants less < 1 year of age are at the great-
est risk [52]. Even without accounting for the lost quality
of life and lost work, AHT costs society over $1 billion per
year [7¢]. The resulting disability of even mild AHT confers
a lifetime burden greater even than that of a severe burn [53].

While severely injured infants may present in a delayed
fashion with severe neurologic symptoms, infants with AHT
can present with a non-specific constellation of findings
(apnea, altered mental status, limpness, emesis, seizures,
or feeding intolerance) related to a brief, resolved, unex-
plained event (BRUE) [54]. Both non-contrast head CT and
MRI have utility in the diagnosis of AHT—the former being
more useful for identifying acute injuries and skull fractures
(especially with 3D reconstruction) that may require inter-
vention and the latter elucidating subtle, parenchymal, or
subacute/chronic findings [55].

Though neither is required for the diagnosis of AHT, reti-
nal hemorrhages and subdural hematomas (SDH) are present
in the majority of AHT cases [53]. Retinal hemorrhages, in
cases of severe AHT, tend to be diffuse, bilateral, and mul-
tilayered, but can be unilateral and more focal depending
on the mechanism of injury. Retinal hemorrhages may also
be accompanied by retinoschisis (separation of the retina
into multiple layers) or retinal folds/cavities. Though these
findings are uncommon, controlled studies have not docu-
mented their presence in infants outside of AHT [56]. In
general, SDHs are more common in AHT than in accidental

head trauma. While SDHs associated with accidental injury
tend to be unilateral, thin, and associated with cephalohema-
toma or skull fracture, SDHs associated with AHT are more
likely to be larger, bilateral, and without an associated scalp
or bone injury. Although SDHs associated with AHT can
vary in size, location, and density, they are often multiple
and are frequently found overlying the cerebral convexity,
along the falx, or within the posterior fossa [57]. Imaging
may also reveal other injuries including parenchymal contu-
sions or lacerations, diffuse axonal injury, or signs of cer-
ebral ischemia, edema, or infarct [58, 59]. Imaging should
be read by an experienced neuroradiologist who is familiar
with potential mimics of AHT and normal suture variants of
the developing skull [60, 61].

Care for the infant with AHT centers around hemody-
namic and respiratory stabilization, treatment of associated
injuries, monitoring for and treatment of intracranial hyper-
tension, and neurosurgical intervention when appropriate.
Unfortunately, data is conflicting in the infant population
regarding specific monitoring methods (e.g., head circumfer-
ence, fontanelle examination, intracranial pressure monitors)
and neurosurgical interventions (e.g., craniectomy, fonta-
nelle tap, subdural drainage) but efforts should be made to
preserve uninjured brain [62, 63]. Seizures can occur in up
to two-thirds of children with AHT but can be difficult to
detect in children < 2 years of age. As such, continuous EEG
monitoring may be helpful early in the hospital course of
injured infants [64].

It is important to remember that there has been some con-
troversy surrounding the “classic triad” of AHT in recent
years [65, 66]. However, this serves mainly as a reminder
that there is no injury pattern that is pathognomonic for
abuse, and providers should put injuries within the context
of the reported event and make an effort to rule out underly-
ing conditions or alternative explanations. That said, there
are a variety of validated clinical prediction scores that,
when used in conjunction with an individual physician’s
clinical judgment, and consultation by a child abuse expert
if available, may help detect the presence of AHT [67, 68]
(Table 2).

Abdominal/Visceral Trauma

While inflicted abdominal trauma accounts for <5% of NAT
presentations, it is the second leading cause of death in this
population [69]. Compared with accidental injury, inflicted
abdominal trauma is more likely to present in a delayed fash-
ion, more likely to affect younger children, and has a higher
overall mortality. Infants and young children are also more
likely to have inflicted abdominal trauma than their older
counterparts [24ee]. In fact, for children <1 year of age,
inflicted abdominal trauma accounts for more than 25% of
admissions related to abdominal injury [70].
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Table 2 Summary of clinical prediction tools for AHT

Pittsburgh Infant Brain Injury Score
(PIBIS)

Predicting Abusive Head Trauma
(PredAHT-2)

Pediatric Brain Injury Network 7-Vari-
able Clinical Prediction Rule (Pedi-
BIRN-7)

Inclusion Criteria 1. Age 30-364 days
2. Afebrile (<38.3 °C)
3. No reported history of trauma
4. High-risk symptoms*
Utility Predicts neuroimaging need in absence
of reported head injury

1. Age >3 Months (2 pts)
2. Bruising (2 pts)

Tool Components

(1 pt)
4. Hemoglobin< 11.3 g/dL (1 pt)

Interpretation Score > 2 should prompt further imag-
ing (93% sensitivity, 53% specificity
for abnormal imaging study). Does
not make a comment on AHT vs.

non-AHT

1. Admitted to the hospital
2. Age <3 years
3. Positive neuroimaging

Predicts abuse in children with known
brain injury

1. Apnea

2. Head or Neck Ecchymosis

3. Head circumference > 85th percentile 3. Seizure

4. Rib Fractures

5. Long Bone Fractures

6. Retinal Hemorrhages

Probability of AHT increases with
increasing number of risk factors.
Likelihood ranges from 4% with none
of the risk factors to nearly 100%
with all of the variables present

1. Admitted to the PICU
2. Age <3 years
3. Positive Neuroimaging

Predicting likelihood of abuse in children
with known brain injury

1. History of respiratory compromise

2. Ear, Neck or Torso Ecchymosis

3. SDH or fluid collection that are
bilateral or involve the interhemispheric
space

4. Skull fracture (except isolated, linear,
parietal fractures)

5. Concerning Skeletal survey

6. Ophthalmologic exam with concerning
findings

7. Brain hypoxia/ischemia/edema

Assuming an AHT probably of 50%,
had a sensitivity of 73% and specific-
ity of 87% for predicting AHT in ICU
patients

*Apnea/ALTE, emesis without diarrhea, seizures, scalp soft tissue swelling, bruising, non-specific neurologic symptoms.

Initial evaluation should start with a thorough history
and physical examination with any positive findings (e.g.,
bruising, tenderness, emesis) prompting further evaluation
with intravenous contrast CT of the abdomen and pelvis.
However, occult injury without overt signs of injury is not
uncommon and < 12% of patients will present with abdomi-
nal bruising to suggest underlying injury [69]. Routine labo-
ratory examination with liver enzymes (AST and ALT) and
pancreatic enzymes (lipase and amylase) is an important
adjunct to the initial survey [32], especially given the con-
cern to balance the use of radiation in this young popula-
tion [71]. One retrospective study used a screening cutoff
of 80 IU/L for either AST or ALT which had a sensitiv-
ity of 84% for the detection of intra-abdominal injury, both
of which outperformed routine evaluation with amylase/
lipase [33]. The use of routine urinalysis in the screening
of inflicted abdominal trauma is more controversial, but the
presence of hematuria certainly warrants further evaluation
[72]. The threshold for formal screening with cross-sectional
imaging in potential cases of abuse should, by necessity,
be lower. Detection and documentation of occult injuries
in cases of abuse could be lifesaving for the abused child
and siblings.

While solid organ injuries are more common in both
inflicted and accidental abdominal trauma, inflicted abdomi-
nal trauma has a higher incidence of associated hollow vis-
cous injury [24ee, 69]. Treatment of inflicted abdominal
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trauma parallels that of accidental injury and can range from
supportive to surgical depending on the injury.

Skeletal Injuries

Overall, most fractures in children are related to accidental
injury and are the most common manifestation of accidental
injury in children that present for medical evaluation [24ee,
54]. In contrast, fractures in pre-cruising infants are much
more likely to be associated with abuse, especially in the
absence of a clear mechanism of injury. While older chil-
dren can frequently undergo targeted radiographs based on
symptoms, there should be a lower threshold for skeletal
survey in children <2 years of age with any concerns for
potential maltreatment, bruising or other skin injuries, oral
injuries, and unexplained intracranial injuries, and children
with abused siblings [24ee, 3] ee],

Skeletal surveys should be completed using high-resolu-
tion systems and include dedicated films (21-24 individual
x-rays) of each of the body regions including each upper
arm, forearm, hand, thigh, lower leg, and foot, and oblique
views of the ribs [31ee]. Findings can be subtle on initial
survey and repeat imaging in 10-14 days is often indicated
[34, 35].

While any constellation of injuries can be associated with
accidental injury or abuse, the likelihood a fracture is related
to abuse increases with decreasing age regardless of body
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region [73]. There is no specific fracture pattern that is diag-
nostic for NAT and even the “classic metaphyseal lesion
(CML)” is controversial with evidence both supporting and
refuting its association with metabolic bone disease [74-76].
However, certain fracture patterns (CML, posterior rib frac-
tures, scapular fractures, spinous process fractures, sternal
fractures) have a much higher specificity for abuse than other
fracture patterns (e.g., clavicular fractures, long bone shaft
fractures) [77]. When excluding motor vehicle collisions, rib
fractures were associated with abuse in 96% of cases in chil-
dren < 3 years of age [78]. Furthermore, age < 12 months,
rather than anatomic location, was the only risk factor asso-
ciated with increased incidence of abuse in the setting of rib
fractures [79]. Similarly, long bone fractures of the humerus
or femur have a high incidence (25-48%) in abused children
and especially infants [73, 78, 80]. Skull fractures, on the
other hand, are the most common presenting fracture and
are associated with abuse in <20% of cases, especially when
simple and linear [73].

Prevention

The identification, treatment, and prevention of child abuse
and neglect have been a consistent priority of the Cent-
ers for Disease Control and Prevention (CDC), which has
culminated in the publication and continuous update of
evidence-based practices for prevention [1]. This targeted
effort focuses on strengthening economic support for fami-
lies, changing social norms to support parents and positive
parenting, providing quality care and education early in life,
enhancing parenting skills to promote healthy childhood
development, and intervening to lessen harms and prevent
future risk [81].

Harden et al. lay out an organized framework and in-
depth discussion of a variety of prevention methods spe-
cifically targeted at early childhood and infancy [82]. They
divide these interventions into three broad categories—
primary/universal prevention, secondary/selected preven-
tion, and tertiary/indicated prevention. Primary preven-
tion focuses on population-based interventions aimed at
reducing maltreatment and mortality from abuse. These
programs largely focus on specific demographics (e.g.,
young, single mothers; low-income families) to provide
support in the pre- and post-natal periods. Implemented
appropriately they have been shown to decrease emergency
room visits, improve positive parent behaviors, and most
importantly reduce infant injury and death [83, 84]. Fur-
thermore, the economic impact of a successful primary
prevention program cannot be understated. A study done
in British Columbia showed that with just a $5 investment,
the Period of PURPLE Crying program was estimated to
save society an estimated $243 per child by educating new

parents about normal infant behaviors and crying prior to
discharge [85]. However, while these interventions may
save hospital systems money in the long term, no program
has shown a consistent reduction in the incidence of child
maltreatment.

In contrast to primary prevention, secondary prevention
focuses on parents with specific risk factors for abuse or
who may have trouble bonding, such as parents with mental
health disorders or substance use issues. Nurse Family Part-
nerships, which provide home visits for at risk mothers over
the first several years of life, and Durham Connects, a more
highly structured and intensive home visit system in North
Carolina, are both examples of this type of intervention [83].
In addition, Moving Beyond Depression and Attachment and
Behavioral Catch-up (ABC) are two programs which have
shown promise [86, 87]. The programs have already dem-
onstrated improved coping among parents, increased nurtur-
ing behavior, higher rates of attachment, and fewer behavior
problems among older children [82].

Finally, the tertiary prevention programs are largely
involuntary and are targeted at preventing recurrent mal-
treatment. Unfortunately, these types of programs have the
lowest quality of evidence to support their effectiveness. A
recent meta-analysis of 23 different randomized controlled
trials found no evidence these programs reduced reports to
CPS, child home removals, emergency department visits,
hospitalizations, improved child development, or reduced
mortality [88].

This highlights the importance of programs that aim at
preventing the first incidence of maltreatment, rather than
preventing recurrence.

Conclusion

Through education, use of a detailed history and exam, as
well as a standardized approach, providers can help iden-
tify NAT earlier while minimizing historical biases based
on race and socioeconomic status. In addition, expanded
efforts regarding primary and secondary prevention appear
to be most needed to help further mitigate NAT in the infant
population. For the individual providers that may be called
upon to evaluate children, we encourage providers to utilize
standardized tools to screen patients when concerns arise,
reach out to child abuse experts where available, and follow
through with mandatory reporting requirements.
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