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ABSTRACT

Objectives: Child abuse is a significant cause of morbidity and mortality in preverbal children who cannot
explain their injuries. Fractures are among the most common injuries associated with abuse but of themselves
fractures may not be recognized as abusive until a comprehensive child abuse evaluation is completed, often
prompted by other signs or subjective features. We sought to determine which children presenting with rib or
long-bone fractures should undergo a routine abuse evaluation based on age.

Methods: A systematic review searching Ovid, PubMed/Medline, Scopus, and CINAHL from 1980 to 2020 was
performed. An evidence-based framework was generated by a consensus panel and applied to the results of the
systematic review to form recommendations. Fifteen articles were suitable for final analysis.

Results: Studies with comparable age ranges of subjects and sufficient evidence to meet the determination of
abuse standard for pediatric patients with rib, humeral, and femoral fractures were identified. Seventy-seven
percent of children presenting with rib fractures aged less than 3 years were abused; when those involved in
motor vehicle collisions were excluded, 96% were abused. Abuse was identified in 48% of children less than
18 months with humeral fractures. Among those with femoral fractures, abuse was diagnosed in 34% and 25%
of children aged less than 12 and 18 months, respectively.

Conclusion: Among children who were not in an independently verified incident, the authors strongly
recommend routine evaluation for child abuse, including specialty child abuse consultation, for: 1) children aged
less than 3 years old presenting with rib fractures and 2) children aged less than 18 months presenting with
humeral or femoral fractures (Level of Evidence: Ill Review).
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hild abuse affects more than 120,000 victims and

resulted in 1,770 deaths in 2018 with $124 bil-
lion in total costs in the United States per year.!”
Any child presenting with concern for physical abuse
should undergo a standardized evaluation process,
with significant concern for abuse being reported to
the relevant authorities.*® The challenge is for the
clinician to know which injuries are concerning for
abuse, given how commonly childhood injuries are
seen. When child abuse is suspected a comprehensive
child abuse evaluation must be undertaken, including
a battery of additional laboratory, radiologic, and social
services assessments.® Barriers to screening for abuse
include inability to recognize injury patterns suggestive
of abuse, reconciling development with the observed
injury, and overcoming ingrained racial and socioeco-
nomic biases. Furthermore, such evaluations may be
stressful for a family, regardless of the determination.

Fractures are a common abusive injury in children,
but unfortunately, health care providers often do not
pursue a child abuse evaluation when children present
with fractures that could suggest maltreatment.’
Thorpe et al.® found that 33% of children aged two
weeks to three years presenting with fractures had a
previous visit demonstrating symptoms or signs sugges-
tive of inflicted injury but were not recognized or eval-
uated for potential abuse. In addition, patients with
lower-extremity fractures and recurrent abuse have
demonstrated a significantly higher mortality than
those with a single episode of abusive injury.’”

Certain types of skeletal injuries are highly sugges-
tive of abuse but are also highly dependent on the
development of the child.*® Older children can often
describe how they were injured; thus, their specific age
is less relevant than other factors in the decision to
pursue an abuse evaluation. The preverbal child
(often, but not exclusively, below the age of 3 years)
cannot give a history. While only a surrogate for devel-
opmental milestones, age is an objective, reproducible,
and well-reported variable that can guide practitioners
as to when to pursue an abuse evaluation.

Bias may also influence decisions about abuse inves-
tigations. Bias is more common toward African Ameri-
can families and those with low socioeconomic status,
whereas abuse is more likely to be missed in Cau-
casian families and those with higher socioeconomic
status.'®!
is not identified and the disparities in evaluation

' The risks of recurrent trauma when abuse

across health care settings make evidence-based recom-

mendations essential. These could help identify
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children with potentially abusive fractures, even when
presenting with an apparently accidental fracture.

The aim of this study was to provide evidence-based
recommendations to guide which children presenting
with a fracture (when not involved in a publicly wit-
nessed incident) must undergo a comprehensive child
abuse evaluation based on their age, regardless of
other social or subjective features. Components of an
abuse evaluation were not defined due to process vari-
ability and resource availability by center. Some
require subspecialty abuse expert evaluation, others uti-
lize a social worker for the abuse evaluation, and some
have a protocolized approach to testing and report-
ing.!”!? Best practice guidelines are available from the
American Academy of Pediatrics and the American
College of Surgeons to help develop local systematic
programs, and every hospital must have a robust sys-
tem in place.”® This guideline was a collaborative
effort between members of the guideline committees
of the Pediatric Trauma Society (PTS), the Eastern
Association for the Surgery of Trauma (EAST), and
the Ray E. Helfer Society (Child Abuse Pediatrics).

METHODS

Search Strategy

A scoping search of OVID PubMed/Medline was con-
ducted to identify existing reviews and to refine search
terms for fractures relating to each long bone (Fig-
ure 1). Following this, a comprehensive search of
OVID, PubMed/Medline, Scopus, and CINAHL
databases, for the period 1980 to 2020, was conducted
to identify material relevant to each bone (rib, femur,
humerus, forearm/hand, and lower leg). The search
was limited to English language articles and excluded
case reports, case series, review articles, and book
chapters. Studies that dealt only with a specific fracture
subtype or morphology were excluded to minimize
bias because some, such as classical metaphyseal
lesions, are felt to have a specific association with
abuse. Likewise, skull fracture was excluded as this
overlaps with abusive head trauma (AHT) and many
children with AHT do not have skull fractures and
present with varied symptoms (fussiness, vomiting, sei-
zures) warranting a separate search strategy, analysis,
and recommendations.'*!

Title/abstract reviews were conducted by three inde-
pendent reviewers to determine eligibility, and relevant
studies underwent full critical appraisal and risk of
bias assessment. Any disagreements were resolved by
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Database

Search terms

OVID PubMed/Medline

Child Abuse/ OR exp Battered Child Syndrome/ OR exp Shaken
Baby Syndrome/
(“child abuse” or “child maltreatment” or “battered child”).ti,ab.

OR “child abuse”.kw.

SCOPUS

(((( TITLE-ABS-KEY ( "child abuse" ) OR TITLE-ABS-
KEY ( "battered child syndrome" ) OR TITLE-ABS-

KEY ( "shaken baby syndrome" ) OR TITLE-ABS-

KEY ( "child maltreatment" ) OR TITLE-ABS-KEY ( "battered

child")))

CINAHL

(MH “Child Abuse+) OR “battered child syndrome” OR (MH
“Shaken Baby Syndrome™) OR (TI “child abuse” OR AB “child
abuse”) OR (TI “child maltreatment” OR AB “child

maltreatment”) OR (TI “battered child” OR AB “battered child”)

Search terms used for skeletal injuries:

OVID PubMed/Medline:

RIB

Exp Rib Fractures/ OR rib*.mp. AND (exp Fractures, Bone/ OR
fracture*.ti,ab.)

HUMERUS

Exp Humeral Fractures/ OR (humer*.mp. AND (exp Fractures,
Bone/ OR fracture*.ti,ab.)

HAND/FOREARM

Exp Humeral Fractures/ OR (humer*.mp. AND exp Fractures,
Bone/ OR fracture*.ti,ab.)

FEMUR

Exp Femoral Fractures/ OR (femur.mp. AND exp Fractures, Bone/
OR fracture*.ti,ab.)

FOOT/LEG

Exp Foot Injuries/ OR (foot.mp. AND exp Fractures, Bone/ OR
fracture™®.ti,ab.) OR (Exp Leg Injuries/ OR (leg.mp. AND exp
Fractures, Bone/ OR fracture*.ti,ab.)

SCOPUS

RIB

(TITLE-ABS-KEY (rib w/1 fracture*)

HUMERUS

(TITLE-ABS-KEY (humer* w/1 fracture*)

HAND/FOREARM

(TITLE-ABS-KEY (hand* w/1 fracture*) OR (TITLE-ABS-KEY
(radius w/1 fracture* OR radial w/1 fracture*) AND NOT (TITLE-
ABS-KEY (humer* w/1 fracture)

FEMUR

TITLE-ABS-KEY (femor* w/l fracture*) OR (femur w/1 fracture*)

FOOT/LEG

(TITLE-ABS-KEY (foot w/1 fracture*) OR (feet w/1 fracture*)) OR
TITLE-ABS-KEY (leg w/1 fracture*) AND NOT (TITLE-ABS-
KEY (femor* w/l fracture) OR (femur* w/1 fracture*))

CINAHL

RIB

(MH “Rib Fractures+” OR (rib* AND (MH Fractures+ OR (TI
fracture* OR AB fracture*)

HUMERUS

(MH Humeral Fracturest+ OR (humer* AND (MH Fractures+ OR
(TI fracture* OR AB fracture*)

HAND/FOREARM

(MH “Finger Fractures”) OR (MH “Ulna Fractures+) OR (MH
“Radius Fractures”) OR ((MH “Forearm Injuries+) OR (MH “Hand
Injuriest) OR (MH “Finger Injuries+) OR (MH “Forearm
Injuries+)) AND (MH Fractures+ OR (TT fracture* OR AB
fracture®)

FEMUR

(MH “Femoral Fractures+) OR (femur AND (MH Fractures+ OR
(TI fracture* OR AB fracture*)

FOOT/LEG

Figure 1. OVID PubMed/Medline search.

(MH “Foot Injuries+) OR (foot AND (MH Fractures+ OR (TI
fracture* OR AB fracture*) OR

(MH “Leg Injuries+) OR (leg AND (MH Fracturest+ OR (TI
fracture* OR AB fracture*)
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Figure 2. PRISMA diagram.

consensus. Authors were Contacted when necessary to

clarify data details (see PRISMA flowchart, Figure 2).

Quality Ranking

Quality measures were based on strength of study
design and an evaluation of risk of bias within the
studies, as well as exclusion of motor vehicle collisions
(MVCs), underlying metabolic bone disease, and iatro-
genic causes. All studies identified included children
presenting with fractures to ribs, femur, humerus, fore-
arm/hand, or lower leg, within which a cohort of chil-
dren experiencing abuse was identified. Confirmation

of abuse varied widely between studies. To

accommodate for this source of heterogeneity methods

of abuse determination were classified utilizing a modi-

fied version of “ranking of abuse” by Maguire et al.'®
Definition of child abuse criteria for determination
of abuse/nonabuse included:

1. Confessed, witnessed, or confirmed abuse by court
proceeding;

2. Abuse determination contemporaneously with pre-
sentation including multidisciplinary team and/or
social services;

3. Abuse determination contemporaneously with pre-
sentation by single provider regularly tasked with
making clinical child abuse evaluations;
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4. Abuse determined retrospectively;

N

Suspected abuse, referral only to abuse specialist or
social services without determination, or ICD-9/10
coding.

Only studies with a definition of child abuse criteria
ranking 1 to 3 were eligible for inclusion, to ensure
the highest-quality data.

Data Analysis

All studies were imported into an Excel database, and
the incidence of abuse was calculated using MedCalc
(Medcalc Software, Ostend, Belgium) based on a ran-
dome-effects model. Incidence of abused cases, 95% con-
fidence intervals (CI) and 1% values were listed where
appropriate in the text and figures. Sensitivity analyses
could not be performed because studies often reported
only age bands (i.e., 0~12 months or 0-18 months);
however, any study that reported data from older chil-
dren was reported in the qualitative narratives. All
adjustments for additionally provided unpublished data
are reconciled and explained when necessary.

Guideline Development

Following the systematic review and meta-analysis, an
expert panel (Data Supplement S1, available as sup-
porting information in the online version of this
paper, which is available at http://onlinelibrary.wiley.c
om/doi/10.1111/acem.14122 /full), which advised and
contributed to the systematic review design, was con-
vened to review the evidence and develop a recom-
mendation framework. The panel included experts
from the field of pediatric emergency medicine, pedi-
atric and adult surgery, and child abuse, and over a 2-
day period all members were presented with the
included studies and an analysis of the data available.
A framework was developed, utilizing the principles in
Grading of Recommendations, Assessment, Develop-
ment, and Evaluations (GRADE) methodology to rate
the level of evidence identified by the systematic review
and determine the strength of recommendation that
could be made.!” Rigid GRADE methodology could
not be applied given the nature of child abuse studies
and the ethical limitations of all children presenting
with a fracture undergoing a full child abuse evalua-
tion. Even in studies that note hospital policies for
routine abuse evaluations below certain ages, signifi-
cant noncompliance was noted and was often associ-
ated with patient race. Furthermore, a diagnostic test
was not applicable, as there is no “criterion standard”

test that can be applied to diagnose abuse. Although
unable to perform a GRADE analysis, the principles of
considering bias, imprecision, inconsistency, hetero-
geneity, and indirectness were evaluated for each
included study, and these principles underpinned the
consensus recommendations. The panel convened in
October 2018 and an updated search through June
2020 identified two further studies, which following crit-

ical appraisal were included with the panel’s agreement.

Outcome Measures

Panel members agreed that the critical outcome was the
identification of child abuse in children presenting to a
health care facility with a fracture. Outcomes such as
length of stay and mortality were considered but felt not
to be relevant for this analysis. Several variables affect
length of stay including concomitant injuries and social
factors, in addition to treatment of the fracture. In addi-
tion, mortality in the abused population is most often a
result of head injury. In the fracture literature, the cause
of mortality in nonabused patients is not well described.

Evidence to Recommendation Framework
There is currently no criterion standard testing proto-
col to determine child abuse, although some guideli-
nes for child abuse evaluation exist.”'® The panel felt
that the end user of this guideline should weigh our
recommendations in the context of their local and regio-
nal resources to decide the appropriate evaluation pro-
tocol, which should include appropriate investigations
and consultation with a specialist in child abuse.

From the perspective of the abused child, the group
felt that they would want abuse identified before worse
injury or death ensued. The nonabused child may also
warrant such an evaluation, because neglect or other
medical or social conditions may be identified that
demand attention. Nonabusive caregivers may be una-
ware that abuse is occurring and would want it identi-
fied. Practitioners
subjectivity would benefit from this, because these rec-
ommendations could prompt more standardized evalu-

concerned about bias and

ation criteria. It is acknowledged that children may
experience discomfort from additional laboratory stud-
ies and radiation exposure as part of their abuse evalu-
ation. Likewise, the family may experience significant
stress from the evaluation, including increased hospital
stays, postdischarge social services issues and/or legal
difficulties up to the possibility (considered by the
panel to be low, but serious) of erroneous removal of
custody from the primary caregiver.
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Routine evaluations for child abuse in any child pre-
senting with fractures would undoubtedly place a high
burden on health care facilities and social services.
Abuse evaluations are resource and time intensive, and
reimbursement rarely compensates for the expense and
time involved. For facilities that do not have such
resources, there is the additional burden to them (and
families) associated with transfer to specialized centers.

From a societal perspective, the panel placed great
weight on the profound loss of productive life years
from abusive deaths and the trauma of living with
repeated abuse, which may be avoided if evaluations
prevented subsequent more serious abuse recurrences.
In contrast, it was also reiterated that erroneous
removal from custody due to suspected abuse, while
felt to be uncommon overall, produces a profoundly
negative emotional, physical, and financial impact on
families that would also be borne by society at large.

The consensus of the panel, through a single ballot
process, was that routine evaluation for abuse in chil-
dren presenting with a particular fracture should be
strongly recommended if the incidence of abuse in the
specified age group was more than 10%. A conditional
recommendation would imply recommending that if a
child presented with a fracture and other concerning
factors were present, they should of course be evalu-
ated for abuse. This is already a standard of care in
the evaluation of such children.” Our consensus 10%
threshold is identical to one published entirely inde-
pendently in the United Kingdom in a multicenter
study of fractures and child abuse, three months after
our panel meeting.'” There was also unanimous agree-
ment that all recommendations apply to children pre-
senting with fractures who were not in an
independently verified incident. Thus, our recommen-
dations apply when the mechanism of injury cannot be
verified by an individual unrelated to the child’s care.

RESULTS AND RECOMMENDATIONS

Rib Fractures
“In young children presenting to a health care facility with

a rib fracture, at what age should a routine evaluation for
child abuse be performed?”

Five studies of abusive rib fractures in children met
the inclusion criteria. Three of these had an age band
including the 3-year mark and were included in a
quantitative analysis. The remaining two had different
upper age limits of four and 5 years old and are
included in the narrative synthesis.

Mitchell et al. « CHILD ABUSE AND FRACTURES

Evidence.
analysis, Barsness et al.”® examined all children attend-

In a 6-year retrospective cross-sectional

ing a tertiary children’s hospital with rib fractures. Of
the 78 children identified, 16 were 3 years of age and
older, none of whom were diagnosed with abusive
fractures. Of those younger than 3 years, 82% (51/62)
of children had fractures attributed to abuse. Of the
11 children whose fractures were deemed nonabusive,
all had known medical or postsurgical conditions or
were involved in a MVC. Rib fractures in 100% of
children younger than 3 years, excluding the 11 with
explicit mechanisms of fracture, were attributed to
abuse.?°

A cross-sectional study from 2000 by Cadzow and
Armstrong,”' reviewed data of all children younger
than 3 years of age presenting with rib fractures to a
tertiary pediatric hospital. Of the 18 patients identified,
15 were found to have abusive fractures (83%) and all
the abused children were less than 1 year of age. Of
the three accidentally injured patients, two sustained
motor—pedestrian collision (MPC) injuries and the
third had end-stage liver disease and severe osteopenia.
When these patients were excluded the incidence of
abuse in children younger than 3 years of age present
ing with rib fractures was 100%.

Darling et al.?* reviewed data from children younger
than 3 years of age with radiologically identified rib
fractures over a 7-year period. In this cross-sectional
analysis, children with medical disorders were
excluded, while MVC victims were included. Of the
65 children identified, 47 (72%) were found to have
been abused. Eleven of the 18 nonabused children
were MVC or MPC victims. If these children were
excluded from the analysis, then 87% of children (47/
54) less than 3 years old with rib fractures were
abused.

A meta-analysis of these studies (Table 1) found a
77% (95% CI = 70% to 83%) incidence of abuse in
children younger than 3 years presenting with a rib
fracture. Of all our analyses, only the rib data were
detailed enough to exclude patients who were in an
independently verified incident or had known meta-
bolic diseases. Excluding these events in children
younger than three years, 96% were abused (95%
CI = 83% to 99%; Table 2).

Two other studies warranted inclusion in the narra-
tive synthesis. A case-control study of children aged
below 4 years from a large tertiary pediatric center by
Pandya et al.”> in 2009 identified that 85% (83/98) of
children younger than 18 months with rib fractures
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were victims of abuse. An additional 38% (11/29) of
children with rib fractures between 19 and 48 months
were abused. Of note, independently verified public
injuries were included in the nonabusive cohort.

In a relevant, but slightly different population, Bren-
nan et al.”* reported a study of children up to 5 years
of age who presented with a condition unrelated to
abuse (such as cough, wheezing, or gastrointestinal
complaint) and were found to have a rib fracture. The
focus was on rib fractures that may prompt a child
abuse evaluation. Of 67 children, 58% were abused,
including 64% of those younger than 12 months. It is
notable that 28% of all patients were found to have
diagnoses that may have lessened clinical suspicion for
abuse (e.g., osteopenia without prior diagnosis, birth/
trauma, cardiopulmonary
Only two of nine patients more than 12 months old

witnessed resuscitation).

were abused.

Grading the Evidence. All studies pertaining to
abuse in children presenting with rib fractures were
retrospective and observational, but most had similar
settings, populations, methods of accrual, and abuse
determination. There was some inconsistency due to
the smaller sample sizes as reflected in nonsignificant
or high 1% values (Tables 1 and 2). This was balanced
by the overwhelming rates of abuse in children
younger 3 years, which reached as high as 96% when
public incidents were removed. The overall quality of
evidence in children below 3 years of age was deter-
mined to be moderate.

Pandya, Barsness, and Brennan examined the inci-
dence of abuse in children presenting with fractures
over 3 years old. Pandya notes that the incidence of
abused children in the 18- to 48month age band is
38% but does not specifically examine the 36-month-
old time point. Brennan noted 22% of children from

Table 1

Proportional Meta-analysis of the Incidence of Abuse in Children Under 3 Years of Age Presenting With a Rib Fracture

Study Sample size | Proportion (%) 95% ClI Weight (%)
Fixed Random

Barsness 62 82.258 70.4691t090.796 42.57 42.57

Cadzow 18 83.333 58.582 to 96.421 12.84 12.84

Darling 65 72.308 59.810t082.690  44.59 44.59

Total (fixed effects) 145 77.560 69.981 to 84.002 100.00 100.00

Total (random effects) 145 77.560 70.511t083.895 100.00 100.00

Q 1.9765

DF 2

Significance level P =0.3722

12 (inconsistency) = 0.00%

95% Cl for I2 0.00 to 96.61

Barsness -
Cadzow —

Darling —

Total (fixed effects) —

Total (random effects) |-

Meta-analysis

L
L
e
-

0.5

0.6 0.7 0.8 0.9 1.0
Proportion
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Table 2

Proportional Meta-analysis of the Incidence of Abuse in Children Under 3 Years of Age Presenting with a Rib Fracture, Not Involved in a

Motor Vehicle Collision

Study Sample size = Proportion (%) 95% ClI Weight (%)
Fixed Random
Barsness 51 100.000 93.022 to 100.000  42.28 36.13
Cadzow 15 100.000 78.198 to 100.000  13.01 27.46
Darling 54 87.037 75.099t094.626 44.72 36.41
Total (fixed effects) 120 95453  90.123t098.388 100.00 100.00
Total (random effects) 120 96.151  83.709t0 99.958 100.00 100.00
Test for heterogeneity
Q 10.7509
DF 2
Significance level = P =0.0046
12 (inconsistency) = 81.40%
95% Cl for I? 42.14 10 94.02
Meta-analysis
Barsness — —Hl
Cadzow — u
Darling B L

Total (fixed effects)

Total (random effects) |-

—~alp>
e

| .

0.7

ages 1 to 5 years old were abused in a more limited
study population. Barsness specifically examined the
incidence of abusive rib fractures above the age of 3
and found it to be zero.

Recommendation. Although the evidence was of
moderate quality, the extremely high incidence of
abuse led us to conclude unanimously that:

“In children presenting to a health care facility with a
1ib fracture, who were not in an independently werified
incident, we strongly recommend routine child abuse evalu-
ations for patients younger than 3 years of age.”

Humeral Fractures

“In young children presenting to a health care facility with
a humeral fracture, at what age should a routine evalua-
tion for child abuse be performed?”

|
0.8 0.9 1.0
Proportion

Applying our strict inclusion criteria, four studies
addressing humeral fractures were included (Table 3).

Evidence. 1.2

reviewed county child protection team records of all

In a case-control study, Worlock et a

children who sustained an abusive fracture over a 6-
year period. These 35 children were compared to all
children attending the emergency department (ED) of
that county’s only ED for a fracture over a 6-month
contemporaneous period. To account for the accrual
time difference, control data were multiplied by 12.
Among the 10 infants 18 months of age or less who
presented with a humeral fracture, all 10 were due to
abuse. In the toddler group (19 months-5 years), four
children sustained an abusive humeral fracture, but
180 children had a humeral fracture that was acciden-
tal (adjusted from 15 to account for accrual). In
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summary, in this countywide study, 100% of humeral
fractures in infants less than 18 months were due to
abuse, while the incidence of abusive humeral frac-
tures in children aged 19 months to 5 years was only
2%.

Rosado et al.?® conducted a cross-sectional study of
the records of all children less than 18 months of age
presenting with a humeral fracture. Of the 48 patients
12 months and younger, 22 were determined to have
suffered an abusive fracture, while 10 were not abusive
and five were indeterminate. An additional 11 were
not evaluated by the Child Protection Team (CPT),
despite hospital protocols mandating evaluation for
children less than 12 months with fractures. The inci-
dence of abusive fractures in children less than
12 months was found to be 51% (22/43), when the
indeterminate cases were eliminated. In children
between 12 and 18 months with a humeral fracture
who were evaluated by the CPT, two of five were
abused (40%), but only seven of the 49 underwent
evaluation. The overall incidence of abuse in children
less than 18 months with a humeral fracture was
26%; however, most children 12 to 18 months did
not undergo evaluation.

Pandya et al.?’ published a large case-control study
at a Level I trauma center comparing children with
humeral fractures in their Suspected Child Abuse and
Neglect (SCAN) database to those in their trauma reg
istry. For the purposes of analysis, we adjusted the
controls by a factor of three to account for different
accrual times. For children less than 18 months pre-
senting with a humeral fracture, 43% were determined
to have been caused by abuse (30/69). Only 2% (6/
252) were caused by abuse in the 18 months to 4-year
age group, yielding an odds ratio (OR) for abuse in
the younger age group versus older group of 18 (95%
CI = 7 to 45). Patients with underlying diseases were
excluded; however, MVC victims were included.

Mitchell et al.!” conducted a large crosssectional
study in seven hospitals in the United Kingdom over
a 4-year period, to determine rates of abuse in young
children. Supracondylar fractures were excluded based
on the previously published association with nonabu-
sive injury.”® Independently witnessed trauma and
metabolic bone diseases were not excluded but were
noted within the data set. The published data con-
tained only Cls where the 95% CI for the probability
that a humeral fracture resulting from abuse in chil-
dren aged O to 18 months ranged from 16.5% to
54%. The authors recommended routine screening for

abuse in this population up to 24 months of age (but
specified nonsupracondylar fractures).

A meta-analysis of these studies, which includes raw
data provided by Mitchell et al. (Table 3) found a
48% (95% CI = 24% to 72%) incidence of abuse in
children less than 18 months old presenting with a
humeral fracture.

Grading the Evidence. Overall, an age group
cutoff of less than 18 months was the most common
in the included studies, all of which were retrospective
and observational, but had similar settings, methods
of accrual, age bands, and abuse determination. There
was notable heterogeneity in the results due to sample
size differences, exclusion of classic metaphyseal
lesions, and/or supracondylar fractures and inclusion
of MVC:s. These all contributed to wide ClIs, but each
of these concerns implies that the true proportion of
abuse in the population is underestimated. This
heterogeneity was balanced by the high proportion of
abuse in children less than 18 months presenting with
a humeral fracture. The overall quality of evidence was
determined to be moderate.

Three of the four studies contained data examining
the proportion of abuse in patients older than
18 months who presented with humeral frac-
tures.!”?>27 While all three found an incidence of 2%

or lower, they did not have similar upper age limits.

Recommendation. The agreed  that,
although the evidence was of moderate quality, the

panel

serious inconsistency seen in the data would bias
toward a conservative estimate of abuse in children
less than 18 months compared to older children. The
high incidence of 48%, despite a wide CI, remains
well above our panel threshold of 10%. For the rea-
sons stated in our framework:

“In children presenting to a health care facility with a
humeral fracture, who were not in an independently weri-
fied incident, we strongly recommend routine child abuse
evaluations for patients younger than 18 months of age.”

Femoral Fractures (Tables 4 and 5)
“In young children presenting to a health care facility with
a femoral fracture, at what age should a routine evalua-
tion for child abuse be performed?”

Of the large number of studies examining femoral
fractures in young children, eight met our inclusion
criteria. Many used an upper age limit of 3 years;

29,30
4

others used or 5 years.’! In addition, several
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Table 3

Proportional Meta-analysis of the Incidence of Abuse in Children Under 18 Months of Age Presenting With a Humeral Fracture

— Weight (%)
Q I, P e
Study ple size Proportion (%) ‘ 95% Cl }W[ T
Worlock 10 100.000 69.150 to 100.000 534 20.53
Rosado 94 25532 17.094 to 35.567 46.12 27.43
Pandya 69 43.478 31.576 to 55.958 33.98 27.00
Mitchell 29 27.586 12.734 to0 47.238 14.56 25.04
Total (fixed effects) 202 36.436 29.860 to 43.408 100.00 100.00
Total (random effects) 202 48.691 24.801 to 72.904 100.00 100.00
Test for heterogeneity
Q 335153
DF 3
Significance level | P < 0.0001
12 (inconsistency) | 91.05%
95% Cl for 2 80.18 to 95.96
Worlock — B E————
Rosado — —.—
Pandya — —B—
Mitchell = —_———
Total (fixed effects) |- -
Total (random effects) |~ -—.—-
. . 1 . . .
0.0 0.2 0.4 0.6 0.8 1.0
Proportion

studies used 12 months as the lower age cutoff, while
others used 18 months as the youngest age group.

Six included studies reported an incidence of child
abuse in children less than 12 months of age
(Table 4).1%?°7*3 An analysis of these studies (includ-
ing raw data provided by Scherl et al.*?) found a 34%
incidence of abuse in children less than 12 months
presenting with a femoral fracture. No significant bias
or indirectness was noted, and all studies contained
patients within this age band. There was significant
heterogeneity as noted in a higher 1%, which could be
explained by the inclusion of MVCs in the data sets.
Additionally, the study by Scherl et al. was the only
one in this review which was limited to a particular
part of the specified bone (in this case, the femoral
shaft). It was included because it fits our abuse deter-
mination criteria, had consistent age groups, and
focused on all femoral shaft fracture types. The exclu-
sion of distal femoral fractures including CMLs would
also account for some heterogeneity, suggesting a lower
incidence of abuse than the actual rate.

This heterogeneity in the evidence is balanced by a
very high incidence of abuse seen in the pooled analy-
sis of this population. Over onethird of children in
this age group were identified to have been abused
when presenting with a femoral fracture.

Our systematic review identified four studies that
examined the incidence of abuse in children presenting
less than age 18 months with femoral fractures
(Table 5).1%%%%%3* Agin, there was significant hetero-
geneity that would be explained by similar factors to the
less than 12 months age group, but bias, indirectness,
and other confounding factors remained minimal.
There was a slightly lower pooled incidence when com-
pared to the less than 12 months age group (25% vs.
34%), but this would be expected, because this age
band includes more children who are independently
mobile. The studies demonstrate that more than a quar-
ter of children younger than 18 months who present
with a femoral fracture have been abused.

The fourth study, Mitchell et al., has been described

in the humeral fracture section above. It found the
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Table 4

Proportional Meta-analysis of the Incidence of Abuse in Children Under 12 Months of Age Presenting With a Femur Fracture

e P Weight (%)
Study ple size Prop (%) ‘ 95% Cl — T
Hui 60 16.667 8.293 to 28.522 23.46 17.61
Son-hing 27 74.074 53.715 to 88.886 10.77 15.52
Comnell 54 35.185 22.681 to 49.376 21.15 17.39
Scherl 37 24.324 11.773 t0 41.199 14.62 16.47
Rex 33 39.394 22.907 to 57.861 13.08 16.14
Mitchell 43 20.930 10.044 to 36.042 16.92 16.86
Total (fixed effects) 254 31.257 2567310 37.274 100.00 100.00
Total (random effects) 254 34.079 20.319 t0 49.372 100.00 100.00 |
Test for heterogeneity
Q 321344
DF 5
Significance level | P < 0.0001
I? (inconsistency) | 84.44%
95% ClI for 12 67.8110 92.48
Hu -
Son-hing - L
Comell - —.—
Scherl - ——I—
Rex — .
Mitchell - —a—
Total (fixed effects) — S
Total (random effects) |- e
. . 1 . A 1
0.0 02 04 0.6 038 1.0
Proportion

95% CI for the probability that a child aged 0 to
18 months presenting with a femoral fracture was
abused ranged from 6% to 25%. Once again, this
study did not exclude children with known metabolic
diseases or independently witnessed incidents, yielding
a probability of abuse estimate that is likely lower than
the true probability. The authors concluded that all
children O to 18 months sustaining a femoral fracture
should undergo an abuse evaluation.

Over the age of 18 months, individual study abuse
rates of 0% (Worlock, upper age five years), 2.4%
(Baldwin, 4 years), 3% (Mitchell 3 years), and 9%
(Schetl, 3 years) are much lower than for the less than
18 months age group (25%). Unfortunately, as the
studies use different upper age limits, a quantitative
analysis could not be performed.

Grading the Evidence. All studies examining
femoral fractures were retrospective, but have largely

similar settings, methods of accrual and abuse deter-
mination. Heterogeneity in the less than 12 months
and less than 18 months age groups was present;
however, the incidence of abuse remains high (34
and 25%, respectively). The differences in the upper
age limits yield predictable changes in the incidence,
which decreases between the 12- and 18month age
ranges, consistent with increasing independent mobil-
ity. The overall quality of evidence for the incidence
of abuse in children presenting with a femoral frac-
ture for both those aged less than 12 and 18 months
was moderate.

Recommendation. The agreed  that,
although the evidence was of moderate quality, the

panel

variability seen in the data would bias toward a conser-
vative estimate of the likelihood of abuse in children
less than 18 months compared to older children.
With no exclusions for MVCs or MPCs, the true
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Table 5

Proportional Meta-analysis of the Incidence of Abuse in Children Under 18 Months of Age Presenting With a Femur Fracture

Study Sample size Proportion (%) I 95% CI Fb“’::“["“ (%)
Worlock 34 29.412 15.098 to 47.478 10.32 19.53
Baldwin 195 32.308 25.803 to 39.360 57.82 33.19
Scherl 47 19.149 9.149 to 33.260 14.16 2259
Mitchell 59 15.254 7.220 to 26,992 17.70 2468
Total (fixed effects) 335 27.107 2244510 32.173 100.00 100.00
Total (random effects) 335 24,628 16.323 to 34.015 100.00 100.9707|
Test for heterogeneity
Q 8.8185
DF 3
Significance level | P =0.0318
I? (inconsistency) | 65.98%
95% Cl for 2 0.20 to 88.40
Worlock - -
Baldwin = ——
Scherl B i
Mitchell - L
Total (fixed effects) ‘
i
Total (random effects) |- .-
1 L L L 1 L L
0.0 0.1 0.2 0.3 0.4 0.5

abuse incidence in our intended clinical setting is assu-
redly higher.

“In children presenting to a health care facility with a
femoral fracture aged less than 18 months, who were not
in an independently werified incident, we strongly recom-
mend routine evaluation to identify child abuse.”

Additional Extremity Fracture Types

The systematic review revealed many studies that
examined the presence or absence of abuse in chil-
dren who sustained forearm, hand, lower leg, and/or
foot fractures. Unfortunately, there were not enough
studies with age-comparative data that also met the
inclusion criteria to produce an evidence-based recom-
mendation for routine or universal evaluation. Children
with such injuries should continue to be evaluated
based on clinical suspicion and factors other than age

alone.*’

Using These Guidelines in Clinical Practice
These recommendations are intended to guide practi-
tioners and facilities in standardizing the age at which

Proportion

an abuse evaluation is routinely initiated for young chil-
dren presenting with rib, humeral, and/or femoral
fractures who were not in an independently verified
incident, regardless of clinical suspicion. The standard
that any child with a clinical suspicion of abuse war-
rants an evaluation should govern care for all children.
This is true even though there was inadequate data
that met our criteria to inform recommendations for
routine evaluations in other fracture types.

These recommendations are intended to comple-
ment (and not replace) those made in the American
Academy of Pediatrics’s Committee on Child Abuse
and Neglect 2015 position statement.” That position
statement described history, physical, laboratory, and
radiologic findings that should prompt an abuse evalu-
ation, emphasizing that children less than 2 years old
are particularly vulnerable. Our recommendations rein-
force this need for vigilance in young children, while
providing data to reinforce routine evaluation for abuse
in children with particular fracture types and ages. Pro-
viding objective indicators to mandate a child abuse
evaluation, when applied across institutions, would
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help to limit racial, socioeconomic, and other biases
inherent in the selective evaluation of child abuse.*®
Our framework also acknowledged that while we
have identified a set of veryhigh-risk populations,
many children who will be evaluated under these rec-
ommendations will be found to have sustained
nonabusive injuries. It is recognized that this puts
pressure on resources and can cause considerable dis-
tress to families. However, we seek to strike the bal-
ance between protecting abused children and their
siblings from further harm and avoiding large num-
bers of unwarranted investigations; thus we are mak-
conservative

ing these well-evidenced

recommendations.

CONCLUSION

In children who were not in an independently verified

incident, we strongly recommend routine evaluation

for child abuse, including specialty child abuse consul-

tation for:

1. Children aged less than 3 years old presenting
with rib fractures.

2. Children aged less than 18 months presenting
with humeral or femoral fractures.

Statistical support was provided by Annaliese E.
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Institute of Dental Public Health, with funds donated
by the John L. Santikos Charitable Foundation, a
fund of the San Antonio Area Foundation to The
Children’s Hospital of San Antonio. REDCap support
was provided by Robert Geller, Information Technol-
ogy Project Manager, Population Health Sciences, UT
Health Sciences Center, San Antonio. Information
sciences support was provided by Christine Gaspard,
Liaison Librarian to the UT Health Sciences Center,
San Antonio, School of Medicine. The authors thank
Drs. Susan Scherl and Piers Mitchell, as well as their
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included in this article.
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