DISTGHILA+2ZH8RAAAAYO/FOAEIDYIASALLIAIPOOAEIEAHIDI/AD AUMYTXOMADYO!

INXYOHISABZIUT0+eyNIOITWNOI ZTARY HAaSIAAUg Aq soipaedoyuiopad/woo’mm|'sieulnol//:dny woly papeojumoqd

€20¢/¥0/80 Uo

ORIGINAL ARTICLE

Nonaccidental Trauma in Pediatric Elbow Fractures:
When You Should Be Worried
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Stephanie N. Moore-Lotridge, PhD, 7§ and Jonathan G. Schoenecker, MD, PhD7 [ §||#

Background: Nonaccidental trauma (NAT) is a rising source of
morbidity and mortality in the pediatric population. Fractures
are often the first cause for presentation to health care providers
in the case of NAT but can be misidentified as accidental. Given
that elbow fractures are the most common accidental injuries
among pediatric patients, they are not traditionally associated
with NAT. This study aims to determine the prevalence of NAT
among elbow fractures and identify common features in
nonaccidental elbow fractures.

Methods: Current Procedural Terminology (CPT) codes were
used to retrospectively identify all pediatric (0 to 17) elbow
fractures at a single, tertiary children’s hospital between 2007 and
2017. Among these, all fractures for which an institutional child
abuse evaluation team was consulted were identified. The med-
ical record was then used to determine which of these fractures
were due to NAT. Standard injury radiographs of all victims of
NAT as well as all patients under 1 year of age were blinded and
radiographically evaluated for fracture type by a pediatric
orthopaedic surgeon.
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Results: The prevalence of nonaccidental elbow fractures across
the 10-year study period was 0.4% (N=18). However, the
prevalence of nonaccidental elbow fractures in those patients
below 1 year of age was markedly higher at 30.3% (10/33).
Among all elbow fractures in patients below 1 year of age, su-
pracondylar humerus fractures were the most common fracture
type (19/33, 57.6%), yet transphyseal fractures (6/33, 18.1%) were
most commonly the result of NAT (5/6, 83.3%). In children over
1 year of age, fracture type was not an indicator of NAT.
Conclusions: The vast majority of pediatric elbow fractures
(99.6%) are accidental. However, certain factors, namely age
below 1 year and transphyseal fractures increase the likelihood
that these fractures may be a result of NAT.

Level of Evidence: Level IV: retrospective case series.

Key Words: nonaccidental trauma, pediatric elbow fractures,
transphyseal elbow fractures, elbow, trauma
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N onaccidental trauma (NAT) continues to be a sig-
nificant source of morbidity and mortality in chil-
dren, with over 4 million instances of abuse and over 1770
abuse-related deaths in 2018 alone in the United States.!
While tracking the prevalence and trends in NAT can be
challenging, various studies have suggested that both the
number of cases reviews by child protective services and
the incidence of NAT continue to increase in recent
years.! -3

While various physical signs can indicate NAT in a
child,* such as bruising, burns, or ocular manifestations,
fractures are oftentimes the sentinel injury causing pre-
sentation to health care providers.’ In children, certain
fracture locations, such as the femur, posterior rib, or
humeral shaft, are classically associated with NAT.%’
Despite the emphasis placed on reporting fractures suspi-
cious for NAT, cases of NAT are still misidentified as
accidental in up to one fifth of children.® Furthermore,
children were determined to be victims of abuse in ~1 in
6 cases where an investigation was initiated.! Thus, there
remains an opportunity for medical providers to continue
to improve their detection of NAT, in particular following
fractures not classically associated with NAT.

Elbow fractures are a common pediatric injury,
comprising ~15% of all pediatric fractures.” While
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traditionally associated with accidental mechanisms,!”

isolated cases of nonaccidental elbow fractures are re-
ported in the literature and suggest a low incidence of
NAT among pediatric elbow fractures.!!~!> These studies,
however, are limited by their sample size and are likely too
small to accurately estimate the rate of NAT among pe-
diatric elbow fractures. This study aims to identify the
prevalence of NAT among elbow fractures and to identify
common features among nonaccidental elbow fractures to
aid clinicians in accurately reporting these injuries.

METHODS

Using an institutional Research Derivative
with appropriate Institutional Review Board approval
(IRB#171899), Current Procedural Terminology (CPT)
codes for the treatment of elbow fractures (operative and
nonoperative) were used to retrospectively identify pe-
diatric (age 0 to 17) patients diagnosed with and treated
for elbow fractures by a pediatric orthopaedic surgeon at a
single, large tertiary care center between 2007 and 2017, as
previously reported.!® Humeral shaft fractures without
elbow involvement were radiographically identified and
excluded.

The electronic medical record (EMR) was used to
gather data related to the presentation, management, and
evaluation by the Child Protection and Well-Being
(CARE) team. At our institution, this CARE team is
consulted if there is any clinical suspicion of child abuse.
All CARE consultations were reviewed in patients with an
elbow injury, and a diagnosis of suspected NAT was made
if (1) a diagnosis of suspected NAT was made by a
physician who specialized in Child Abuse Pediatrics, (2) a
change in custody of the child occurred as a result of
the injury, and/or (3) documentation of formal legal
proceedings was present related to the injury.

Radiographs of all patients with elbow fractures
meeting the above criteria for suspected child abuse were
blinded and reviewed for fracture type by a pediatric or-
thopaedic attending. To compare injury pattern differ-
ences between NAT and accidental injuries, radiographs
of all patients with elbow fractures under the age of 1 also
underwent blinded review for fracture typing by the same
physician. The injury patterns as diagnosed by an ortho-
paedist in patients above 1 year of age were collected from
the EMR.

Numerical data were compared using a 2-tailed
nonparametric Mann-Whitney test while categorical data
were compared using a y” test. Statistical significance was
determined at P <0.05. All statistical calculations and
figures were generated with GraphPad Prism version 8.0.0
for Windows 10, GraphPad Software, San Diego, CA
(http://www.graphpad.com).

RESULTS
Across the 10-year study period, a total of 4415
pediatric elbow fractures were evaluated and cared for at
this single institution, of which 347 (7.9%) had CARE
consultations opened during the initial workup of the
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TABLE 1. Patient Demographics

NAT Accidental Trauma
(N=18) (N =4397) P
Sex, n (%)
Male 12 (66.7) 2373 (54.0) 0.281
Female 6 (33.3) 2024 (46.0)
Age, median 0.8 (0.12-10.4) 6.0 (0.2-16.9) <0.001
(range), y

NAT indicates nonaccidental trauma

fracture. Of these 347 patients, 18 (5.2%) patients pre-
senting with an elbow fracture were positively identified as
victims of NAT. The demographics of these patients are
detailed in Table 1.

Age of Patients Impacted by NAT

Compared with patients experiencing elbow fractures
due to accidental trauma, patients identified with elbow
fractures secondary to NAT were significantly younger
(P<0.001, Table 1). Across all patients, 0.4% (18/4415) of
elbow fractures during the study period were the result of
NAT. However, among all patients under the age of
1 presenting with an elbow fracture, the rate of NAT was
markedly greater at 30% (10/33) of patients. Alternatively,
the rate of NAT among patients with elbow fractures
between the ages of 1 and 2 and over the age of 2 was ~1%
(2/212) and ~0.1% (6/4171), respectively.

Types of Fractures in Patients Under 1 Year of
Age

Among patients under the age of 1 (n=33), the most
prevalent types of elbow fracture were supracondylar hu-
merus fractures (19/33, 57.6%), metadiaphyseal junction
fractures (6/33, 18.2%), and transphyseal fractures (6/33,
18.2%). Importantly, when considering the mechanism of
injury, 83.3% (5/6) of transphyseal fractures were found to
be due to NAT, accounting for 50% (5/10) of all elbow
fractures caused by NAT in children under 1 year of age
(Fig. 1). A detailed case example of a patient under the age
of 1 with a transphyseal fracture caused by NAT is
presented in Figure 2 and Supplemental Video 1
(Supplemental Digital Content 1, http://links.lww.com/
BPO/A473).

NAT Fracture Characteristics in Patients Above
1 Year of Age

The proportion of NAT among patients with elbow
fractures between the ages of 1 and 2 and over the age of
2 was markedly lower at ~1% (2/212) and ~0.1% (6/4171),
respectively. In patients 1-2 years of age (N=2), both
children sustained supracondylar humerus fractures as a
result of the NAT. However, this accounts for only 1.2%
(2/173) of all supracondylar humerus fractures in patients
1 to 2 years of age during the study period. In patients
over the age of 2 (range: 2.3 to 10.4 y of age) found to have
fractures caused by NAT, 5/6 children sustained lateral
condyle fractures, while 1 child sustained a supracondylar
humerus fractures. Importantly, NAT accounted for only
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FIGURE 1. Nonaccidental trauma (NAT) in children below
1 year of age with elbow fractures. The leftmost bar indicated
all children with elbow fractures below 1 year of age, N=33, of
which 10 (30%) resulted from NAT. The most prevalent frac-
ture types in children below 1 year of age included trans-
physeal fracture (N=6), metadiaphyseal junction fractures
(N=6), and supracondylar humerus fractures (N=19). Per-
centages in bars indicate the percentage of elbow fractures
caused by NAT. Two patients with elbow fractures as a result of
NAT were classified as lateral condyle (N=1) or radial head
(N=1) fractures and not included within the reported
fracture types.

Metadiaphyseal Supracondylar

Transphyseal
Fractures Humerus

Fractures

Junction
Fractures

0.9% (5/532) of lateral condyle fractures and 0.04% of
supracondylar humerus fractures (1/2644) in patients over
the age of 2 during the study period.

DISCUSSION

NAT remains a significant source of morbidity and
mortality among pediatric patients. Complementing prior
clinical reports and small case series, this present study,
using a large single-center, pediatric elbow fracture data-
base, a 0.4% incidence of NAT was indicated. While el-
bow fractures are predominately accidental injuries,'? this
study further confirms that helpful warning signs, such as
age below 1 and transphyseal fractures, can aid in the
identification of elbow fractures caused by NAT.

Aligning with prior reports, age exerted a tremen-
dous effect on the likelihood that an elbow fracture was
the result of NAT, with 30% of elbow fractures in children
below 1 year of age being a result of NAT within this
study population. This finding indicates that elbow frac-
tures in children below 1 year of age indicate NAT at a
similar rate to other associated fracture types in young
(under 3 years of age) and nonambulatory children, such
as the femur or humeral shaft fractures.!%17-18 Thus, while
elbow fractures have classically not been a cause for alarm
of NAT, this finding illustrates that particularly in chil-
dren below 1 year of age, providers should exercise similar
scrutiny to that when evaluating pediatric femur or
humeral shaft fractures.

In addition to age, an important finding from this
study was that among elbow fractures in children below
1 year of age, not all fracture types carried the same

Copyright © 2022 Wolters Kluwer Health, Inc. All rights reserved.

association with NAT. Specifically, transphyseal humeral
fractures conferred a markedly greater rate of NAT in this
patient population (Fig. 2 and Supplemental Video 1,
Supplemental Digital Content 1, http:/links.lww.com/
BPO/A473), aligning with prior case reports and small
studies.>!? 23 Transphyseal fractures are often due to a
combination of rotational or shear forces,?* aligning with
injury during twisting or pulling of the extremity in cases
of NAT. These fractures are notably difficult to diagnose
due to limitations in visualizing the nonossified distal hu-
merus in very young children. Because of this, these
fractures are likely often missed as a possible first sign of
NAT or as a secondary injury on the skeletal survey.
However, given the association identified here and in prior
studies, care should be taken to search for this injury
among patients below 1 year of age with elbow pain or
any child who is the suspected victim of NAT. Physical
exam findings such as pain, ecchymosis, and swelling,
coupled with careful scrutiny of the elbow film on the
skeletal survey will aid clinicians in accurate diagnosis. It
is essential to obtain a true anterior-posterior (AP) and
lateral radiograph of the elbow as part of the skeletal
survey to be able assess the alignment of the capitellar
ossification center with the shaft of the radius (AP).2*
Where possible, these films should be reviewed by a pe-
diatric radiologist or pediatric orthopaedist for highest
sensitivity.

Finally, this study found that in patients over 1 year
of age, the rate of NAT resulting in elbow fracture was
markedly lower. In addition, the types of fractures expe-
rienced aligned with common accidental fracture patterns,
including supracondylar humerus and lateral condyle
fractures. As such, fracture type in patients over 1 year of
age was not an indicator of NAT; thus, physicians must
still rely on common indicators that raise the suspicion
of NAT.

Common Presentation of Children With NAT-
Utility of Prediction Algorithms to Help Guide
When a CARE Consultation Should Be Initiated?

Accurate and timely detection of NAT in children is
paramount. Upon presentation, signs of suspicious bruis-
ing, the presence of burns, or instances of fractures, par-
ticularly of ribs or long bones, are considered classical
indicators of potential abuse in children.?> In addition, in
cases of NAT, the history provided by the caretakers is
often inconsistent with the injuries present, and there may
likewise be additional evidence of poor care of the child.
Furthermore, evaluation of the injuries upon presentation
relative to the age and ambulation status of the child can
be a helpful indicator of potential abuse, given that the
risk of NAT is inversely associated with the age of the
child and most confirmed NAT cases occur in children
younger than 2 years of age.2>2’ While each of these
above-noted factors can be an indicator for potential
abuse, it is important for medical providers to continue to
evaluate the case to provide sufficient, but also accurate,
reporting for suspected child abuse.
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Injury
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FIGURE 2. Example of a pediatric patient below 1 year of age with a transphyseal fracture resulting from suspected nonaccidental
trauma. Radiographic imaging at presentation to the emergency department illustrated a fracture of the left distal humerus,
primarily involving the posterior medial aspect with mild displacement and no callus formation. A true lateral view was not able to
be obtained. Patient was taken to the OR for a closed reduction and percutaneous pinning Following a successful closed reduction,
a single k-wire was inserted from the lateral side to provide stability where the periosteum was torn. An arthrogram was then
performed to verify the reduction (Supplemental Video 1, Supplemental Digital Content 1, http://links.lww.com/BPO/A473).
Percutaneous pin were removed at 23 days following surgery. At 12-weeks following surgery marked healing of the transphyseal
fracture was observed with near-anatomic alignment and callus remodeling observed.

To assist with detecting and distinguishing cases of
abuse in children, multiple studies have focused on de-
veloping care and prediction algorithms.?>?8 In 2021, the
Western Trauma Association and Pediatric Trauma So-
ciety published a joint recommendation on a clinical de-
cision algorithm for the management of children with
concern for physical abuse.?® This publication provides an
overview of the key “red flags” when evaluating a child for
suspected abuse, and a comprehensive overview of the
recommended clinical workflow. Complementing this
work, a recent large-scale study assessing predictors of
NAT in children with fractures recorded as part of the
national inpatient database, reported that younger age,
the presence of intracranial injury, concomitant rib frac-
ture, and concomitant burns were all positive predictors of
NAT in children with fractures.?? Similarly, work by
Baldwin and colleagues found that in children with femur
fractures, risk factors that aided in predicting NAT in-
cluded age below 18 months, physical or radiographic
evidence of a prior injury, or an inconsistent or suspicious
history from the caregivers. Through retrospective anal-
ysis of 70 children with nonaccidental femur fractures and
139 children with accidental femur fractures, they found
that children with no risk factors had a 4% chance, chil-
dren with one risk factor had a 29% chance, children with
two risk factors had an 87% chance, and children with all
3 risk factors had a 92% chance of their femur fracture
being a result of NAT.3? Furthermore, a similar study by
Pandya and colleagues found that similar variables in-
dependently predicted NAT in children with humerus

€604 | www.pedorthopaedics.com

fractures.®® Taken together, findings from these studies
can help aid physicians and medical providers in detecting,
distinguishing, and responding to cases of NAT.

Identifying Transphyseal Supracondylar
Humerus Fracture in Young Children

As mentioned previously, transphyseal supra-
condylar humerus fractures are highly associated with
NAT in very young patients.3! As such, in those patients
for whom concern for NAT has already been raised due to
the presence of previously mentioned warning signs or in
those patients younger than 1 year with significant elbow
pain, thorough investigation of the elbow is vital to ac-
curate diagnosis of transphyseal fractures. Radiographs
are often unreliable in this injury pattern secondary to
their inability to visualize the nonossified distal humeral
epiphysis. However, malalignment of either the ulno-
humeral or radiocapitellar joint on AP and lateral radio-
graphs can be concerning findings for transphyseal
fractures. Furthermore, with adequate analgesia or pro-
cedural sedation, an anterior to posterior force can be
applied to the elbow and show displacement of the ulno-
humeral joint with respect to the humeral shaft, with or
without an arthrogram. This can confirm fracture through
the distal humeral physis. Upon diagnosis, at the study
institution, these fractures are typically managed oper-
atively with closed reduction and percutaneous pin fix-
ation. The number of pins and construct used is
determined by performing intraoperative stress testing
including flexion, extensions, varus, valgus, and internal/
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external-rotational maneuvers.32 The minimum number of
pins that is sufficient to prevent failure of stress testing in
any plane is accepted. Lateral-entry pinning is preferred,
unless it is found to be insufficient at preventing failure of
internal-rotational stress testing, and if so a medial-entry
pin is added to create a cross-pinning construct.3?

Family Risk Factors Associated With NAT

Across the last 2 decades, numerous studies have
investigated the effects of race and socioeconomic status
on the rate of abuse in children. While a variable con-
sensus has been drawn regarding the rates of abuse relative
to race or socioeconomic status,3* numerous societal fac-
tors have been found to influence the rate of NAT. Spe-
cifically, lack of community support available to parents,
prior history of alcohol/drug abuse or violence, engage-
ment in criminal activity, life stressors, or an impaired
psychological state have each been found to lead to an
increased likelihood of NAT. Given that families from all
racial and socioeconomic backgrounds can be influenced
by these factors, it is important for providers to continue
to work towards limiting racial and socioeconomic bias
when evaluating NAT.2835:36

Limitations

This study, like many other retrospective studies
assessing rates of NAT, is limited by the fact that out-
comes from DCS investigations are many times not de-
finitive. As such, studies in this field of research must rely
on proxies and documentation available to determine the
primary endpoint and presence of NAT.%17:37:38 In addi-
tion to the possibility that cases of NAT were missed upon
presentation,® it is also likewise possible that cases were
not identified retrospectively in this study due to in-
sufficient documentation by the provider. The authors
believe that the criteria outlined to classify patients as
victims of NAT within this study are of sufficient quality
to identify the greatest number of cases possible given
these limitations. Through assessing multiple years of re-
cords from patients experiencing all severities of elbow
fractures derived from a large single-center pediatric elbow
fracture database, this study aimed to limit ascertainment
bias to provide an accurate incidence of NAT within this
population. In addition, all cases were discovered through
CPT search for operative or nonoperative management of
elbow fractures. Although CPT coding was the standard
billing practice at the single center for these injuries during
the time of investigation, it is possible that some cases
were overlooked if they were coded only through E&M
without an associated CPT. Despite these limitations, the
authors believe this study remains a valuable addition to
the literature.

CONCLUSION
Elbow fractures in ambulatory children have a very
low likelihood (0.4%) of being caused by NAT. However,
the likelihood of transphyseal elbow fractures being
caused by NAT climbs in patients below 1 year of age,
with rates of NAT comparable to that of the femur or

Copyright © 2022 Wolters Kluwer Health, Inc. All rights reserved.

humeral shaft fractures. Furthermore, transphyseal frac-
tures in children below 1 year of age were associated with
a NAT injury mechanism. By understanding the patient
and fracture characteristics most frequently associated
with NAT, these findings can assist providers in detecting
this diagnosis.
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