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oBJECTIVES: The TEN-4-FACESp bruising clinical decision rule (BCDR) is a validated screening
tool utilizing information about a child’s body region bruised, age, and pattern of bruising
to predict abuse in children younger than 4 years of age. Our objectives were to (1) evaluate
the accuracy of the BCDR in predicting abuse when only 1 bruise was present and (2) identify
other characteristics differentiating abusive from accidental injury in young children with a
single bruise.

meTHODS: Patients included in this secondary analysis were those from the BCDR validation
study whose only skin finding was a single bruise (including petechiae, subconjunctival hem-
orrhage, or frenulum injury). Cases were previously classified as abuse, accident, or indeter-
minate by an expert panel. We compared demographics, clinical characteristics, bruising
regions, and psychosocial risk factors (PRFs) between abuse and accident groups.

results: Of 349 patients with a single bruise, 27 were classified as abuse. The TEN-4-FACESp
BCDR performed with 81.5% sensitivity and 87.6% specificity in this sample. Patients with
abusive injuries were (1) younger and (2) less likely to present with an injury complaint
but more likely to (3) have a bruise in a BCDR-positive region, (4) have a lower Glasgow
Coma Score, and (5) have PRFs.

concLusions: The TEN-4-FACESp BCDR is an effective screening tool for abuse among young chil-
dren with a single bruise in the pediatric ED. Even 1 BCDR-positive bruise indicated increased
risk for abuse. Negative BCDR results must be interpreted with caution given the higher rate of
false negatives in this analysis compared with the validation study.
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WHAT’S KNOWN ON THIS SUBJECT: The TEN-4-FACESp
bruising clinical decision rule (BCDR) is a validated
screening tool that utilizes information about a child’s
body region bruised, age, and pattern of bruising to
predict abuse with 95.6% sensitivity and 87.1% specificity
in young children.

WHAT THIS STUDY ADDS: The TEN-4-FACESp BCDR is an
effective screening tool among young children with a
single bruise in the pediatric emergency department,
performing with a moderate sensitivity and high
specificity for abuse.
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INTRODUCTION

Bruising is the most common manifestation of child physi-
cal abuse and also the most likely injury to be overlooked or
misdiagnosed before an abuse-related fatality or near fatal-
ity in a young child.'~® Although a bruise may be considered
a relatively “minor” injury, early identification of bruising
due to physical abuse holds major significance toward facili-
tating prompt intervention and preventing subsequent inju-
ries of escalating severity.” Since mobile children often
sustain bruises during everyday play and accidental
events,® the ability to differentiate abusive from accidental
bruising is of high importance to prevent unnecessary
investigations.

Certain characteristics, such as multiple bruises or
bruises in specific regions of the body, help to differentiate
abuse from accidental injury.’~*! The TEN-4-FACESp bruis-
ing clinical decision rule (BCDR) is a validated screening
tool utilizing information about a child’s body region
bruised (Torso, Ears, Neck, Frenula, Angle of jaw, fleshy
Cheek, Eyelids, Subconjunctiva), age (any bruise anywhere
on an infant 4.99 months of age and younger), and pattern
of bruising. It has been shown to predict abuse with 95.6%
sensitivity and 87.1% specificity in children aged younger
than 4 years.'? However, the TEN-4-FACESp BCDR does
not account for the number of bruises on a child, and the
ability of a single bruise to predict abuse is unknown.
Further investigation of characteristics that may differenti-
ate abusive from accidental injury is needed to guide clini-
cians in their approach to evaluation and diagnosis when a
child is identified as having only 1 bruise.

The first aim of this study is to evaluate the accuracy of
the TEN-4-FACESp BCDR in predicting abuse when a single
bruise was present. The second aim is to identify other char-
acteristics differentiating abuse from accidental injury in
young children with a single bruise. Clinical application of
this information has the potential to inform and support
medical decision-making and contribute positively to
patient outcomes by improving recognition of abuse and
reducing unnecessary diagnostic evaluations of children
whose bruises are accidental in etiology.

METHODS

This was a planned secondary analysis of data collected for
the BCDR validation study, a prospective observational
cross-sectional study of bruising characteristics among chil-
dren 0 to 3.99 years of age who presented to the pediatric
emergency department (ED) at 1 of 5 tertiary care hospitals
with varied population demographics. The methods for the
BCDR study were previously published but are summarized
here as pertinent to this secondary analysis.'**?
Following approval by the internal review boards at each
site, enrollment and case classification were carried out
from December 1, 2011, through March 31, 2016. ED practi-
tioners performed deliberate, comprehensive skin exams to
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screen all children younger than 4 years of age for bruising,
including petechiae, subconjunctival hemorrhages (SCHs),
and/or frenulum injuries. Those with at least 1 bruise were
eligible for enrollment in the BCDR validation study.
Children with injuries from motor vehicle crashes, known
coagulation abnormalities, preexisting severe neuromuscu-
lar impairment resulting in spasticity, or severe extensive
skin disorders were excluded.

Trained research personnel documented characteristics
of each skin injury including the type of injury (bruise,
petechiae, SCH, or frenulum injury), the location of injury
on the body, and whether an identifiable pattern was
present. Each skin injury was documented in photographs
and recorded on a spatially mapped electronic body dia-
gram using 35 predefined anatomical regions; total bruise
count and skin tone (fair, light, mid, brown, or black) were
also noted.

Other documented variables included patient demo-
graphics, overall reason for seeking care (medical, trauma,
or abuse evaluation referral) and associated chief com-
plaints, Glasgow Coma Score (GCS), fatality, medical evalu-
ation including diagnostic studies (skeletal surveys, head
imaging) and identified injuries, and parent-reported infor-
mation regarding 5 key psychosocial risk factors (PRFs) in
the caregiving environment: prior law enforcement involve-
ment, prior Child Protective Services involvement, domestic
violence/intimate partner violence, mental health problems,
and substance abuse histories. All data were collected at the
time of patient presentation to the ED and deidentified. Cases
were classified as abuse, accident, or indeterminate by a
multidisciplinary panel of pediatric injury experts blinded
to psychosocial information, as detailed by Lorenz et al.*®

This secondary analysis, completed in August 2023,
included all cases from the BCDR validation study in which
the only skin finding was a single bruise (including
petechiae, an SCH, or a frenulum injury, as key components
of the TEN-4-FACESp BCDR). Given the difficulty of localiz-
ing bruises to small areas with differing BCDR significance
(eg, orbital rim vs eyelid), all cases with bruising to these
regions were reviewed for consistency by A.R. and M.C.P.

We described subject characteristics with counts and
percents for categorical variables and with medians and
quartiles for quantitative variables, for the full single bruise
cohort and for the abuse and accident groups as per prior
expert panel classification. We compared characteristics
between the abuse and accident groups with Fisher exact
test for categorical variables and the Wilcoxon rank sum
test for quantitative variables and adjusted P values for
multiple testing by the Benjamini-Hochberg correction.
We estimated the sensitivity and specificity of the TEN-4-
FACESp BCDR in the single bruise cohort with 95% score
Cls. Analyses were conducted in the open-source R software
environment (R: a language and environment for Statistical
Computing. R Software Foundation, Vienna, Austria).
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RESULTS

Study Sample and Demographics

A total of 349 patients had a single bruise as their only skin
finding, 27 (7.7%) of whom were classified as abuse
(Figure 1). Compared with patients with accidental injuries,
those with abusive injuries were younger (median age 1.1
vs 1.8 years, P =.005). There were no significant differences
based on sex or insurance type. There was limited variabil-
ity in skin tone among patients with a single bruise: 62
(17.7%) fair, 24 (6.9%) light, 240 (68.8%) mid, 15
(4.3%) brown, and 8 (2.3%) black (Table 1).

TEN-4-FACESp BCDR Performance Among Patients With a
Single Bruise

Among patients with a single bruise, the TEN-4-FACESp
BCDR was positive for 22 of 27 patients classified as abuse
and 40 of 322 patients classified as accident, thus perform-
ing with 81.5% sensitivity (95% CI, 61.9-93.7) and 87.6%
specificity (95% CI, 83.5-91.0), compared with 95.6% and
87.1% in the validation study. There were no apparent
differences in BCDR performance based on skin tone,
although subanalysis was limited by the small sample size
of skin tone subgroups.

Of the 5 patients misclassified as abuse by the TEN-4-
FACESp BCDR, 3 were older than 1 year of age: 2 of whom
presented with medical chief complaints and no history of
trauma and 1 who was referred for sibling abuse evalu-
ation; all 3 were found to have long bone fractures. Of
the 2 patients aged younger than 1 year, one presented with
a medical chief complaint but no known trauma history and
the other with neurological symptoms after a reported fall;

Examined Enrolled
(N=21,123) (N=2,161)
|
[ |
16% 84%
Single Bruise Multiple Bruises
(n=349) (n=1,812)
8% 92%
Abuse Accident
(n=27) (n=322)
81% 12%
- BCDR+ — BCDR+
(n=22) (n=40)
19% 88%
— BCDR- — BCDR-
(n=5) (n=282)
FIGURE 1.

Flowchart of patients included in single bruise secondary analysis
(shaded in purple) from the BCDR validation study.
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TABLE 1. Distribution of Demographic and Clinical
Characteristics by Case Classification
Overall Abuse Accident P

Characteristic (N =349) (n=27) (n=322) | Value
Age (IQR) 18 (1.1-2.8) [ 1.1 (04-2.1) | 1.8 (1.2-2.8) | .005

<1y, n (%) 75 (21) 12 (44) 63 (20)

1y and older, n (%) 274 (79) 15 (56) 259 (80)
Male sex, n (%) 194 (56) 17 (63) 177 (55) 614
Private insurance, n (%) 145 (42) 11 (41) 134 (42) 839
Reason for seeking <.001
care, n (%)

Medical 204 (58) 13 (48) 191 (59)

Injury/trauma 133 (38) 5 (19) 128 (40)

Abuse evaluation 12 (3) 9 (33) 3 (1)

referral
GCS score <15, n (%) 6 (2) 5 (19) 1(0) <.001
Discharge home from 295 (85) 17 (83) 278 (86) .005
ED, n (%)
Fatality, n (%) 3 (1) 3 (11) 0 (0) .001
BCDR positive, n (%) 62 (18) 22 (81) 40 (12)

Region 47 (13) 19 (70) 28 (9)

Age (<4.99 mo) 20 (6) 7 (26) 13 (4)

Pattern 1(0) 1(4) 0 (0)
Skeletal survey, n (%)

Not obtained 321 (92) 7 (26) 314 (98)

Obtained: positive 4 (1) 4 (15) 0 (0)

Obtained: no new 8 (2 4 (15) 4 (1)

finding®

Obtained: negative 16 (5) 12 (44) 4(1)
Head imaging, n (%)

Not obtained 299 (86) 14 (48) 285 (89)

Obtained: positive 19 (5) 7 (26) 12 (4)

Obtained: negative 32 (9) 6 (22) 26 (8)
Cumulative PRFs, n (%) <.001

0 241 (69) 8 (30) 233 (72)

1 59 (17) 8 (30) 51 (16)

2 19 (5) 2.(7) 17 (5)

3 15 (4) 3 (11) 12 (4)

4 8 (2 3 (11) 5 (2)

5 4 (1) 2.7 2(1)

Data unavailable 3 (1) 1) 2 (1)
Abbreviations: BCDR, bruising clinical decision rule; ED, emergency department;
GCS, Glasgow Coma Scale; PRF, psychosocial risk factor.
@ Skeletal surveys were classified as having no new finding when an injury was
identified but were already known from other imaging studies conducted during the
same clinical encounter.

both were found to have cranial and/or intracranial
injuries, and 1 case was fatal. Single bruise locations in
the 5 abuse cases misclassified by the TEN-4-FACESp
BCDR included forehead (2), upper arm (1), finger (1),
and knee (1).

Bruising Regions

Single bruises were identified in 27 of the 35 predefined
anatomical regions (Table 2). Of the 7 regions not repre-
sented in our sample—philtrum, preauricular region,
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TABLE 2. Single Bruise Regions by Case Classification®
Single Bruise Abuse Accident Positive

Analysis (N=349), | (n=27), | (n=322), | Likelihood
Region N (%) n (%) n (%) Ratio
Lower leg 114 (33) 1(4) 113 (35) 0.11
Forehead 79 (23) 3 (11) 76 (24) 0.47
Knee 34 (10) 1(4) 33 (10) 0.36
Upper leg 21 (6) 0 (0) 21 (7) 0.00
Zygoma 18 (5) 1(4) 17 (5) 0.70
Temporal/ 15 (4) 1(4) 14 (4) 0.85
parietal
Orbital rim 14 (4) 4 (15) 10 3) 477
Eyelid 12 (3) 4 (15) 8 (2) 5.96
Ear 11 3) 6 (22) 5(2) 14.31
Lower arm 11 ) 0 (0 11 Q) 0.00
Cheek (fleshy) 9 Q) 1(4) 8 (2) 1.49
Foot 8 (2 0 (0 8 (2) 0.00
Nose 8 (2 1(4) 7(2) 1.70
Hand 72 1(4) 6 (2) 1.99
Occiput 6 (2 0 (0 6 (2) 0.00
Abdomen 5 (1) 2(7) 3(1) 7.95
Back 4 (1) 2(7) 2(1) 11.93
Spinous process 4 (1) 1(4) 3 (1) 3.98
Upper arm/s 4 (1) 2(7) 2(1) 1193
houlder
Chest 3 (1) 2@ 1(0) 23.85
Elbow 3 (1) 0 (0 3(1) 0.00
Top of head 3 (1) 0 (0 3(1) 0.00
Ankle 2(1) 0 (0) 2(1) 0.00
Chin 2(1) 0 (0 2(1) 0.00
GU/anal 2(1) 1(4) 1(0) 11.93
Buttocks 1(0) 1(4) 0 (0
Lip 1(0) 0 (0 1(0) 0.00
Mastoid 1(0) 0 (0 1(0) 0.00
Abbreviations: GU, genitourinary.
@ Bruise count by region exceeds the number of patients because a single bruise could
span multiple regions.

mouth, neck, angle of jaw, subconjunctiva, and frenula—
the latter 4 correspond to TEN-4-FACESp components.
Among patients with abusive injuries, the most common
single bruise region was the ear (6 patients), followed by
the orbital rim (4 patients) and eyelid (4 patients).
Among patients with accidental injuries, the most common
single bruise region was the lower leg (113 patients), fol-
lowed by the forehead (76 patients), then knee (33
patients). Single bruises to the upper leg, lower arm, foot,
occiput, elbow, top of head, ankle, chin, lip, and mastoid
were identified in the accident group but not in the abuse

group.

Clinical Presentation

Among all children with a single bruise, those classified as
abuse were significantly less likely than those classified as
accident to cite an injury or trauma as the reason for seeking
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care (5[18.5%] vs 128 [39.8%], P <.001; Table 1). Common
chief complaints among patients with abusive injuries who
were brought to care for medical reasons with no history
of trauma included unexplained bruising/marks, scalp
swelling/bump, colic/irritability/fussiness, altered mental
status, and unresponsiveness (Supplemental Table).

Injury Severity

Of all children with a single bruise, 6 presented with GCS
less than 15, including 5 patients classified as abuse
(18.5%) and 1 patient classified as accident (<1%, P <.001;
Table 1). For all 5 of the patients classified as abuse, GCS
was 5 or lower, and cranial or intracranial injuries were
identified on head imaging. The 1 patient classified as acci-
dent had a GCS of 12 and no evidence of intracranial injury
on imaging. Four of the 5 patients with abusive injuries and
an abnormal GCS were BCDR positive, and the 1 patient
with accidental injury was BCDR negative. There were 3
fatalities, and all were cases of abuse (Table 3); 2 of 3 were
BCDR positive.

Imaging Studies and Identified Injuries

Among those aged younger than 2 years, skeletal surveys
were obtained for 8 of 176 patients classified as accident
(4.5%), of which 0 revealed a new injury, and 17 of 20
patients classified as abuse (85.0%), of which 3 (17.6%)
revealed a new injury. All 3 patients classified as abuse with
new injuries identified on skeletal survey were BCDR
positive.

Among those classified as accident, head imaging was
obtained for 14 of 22 patients aged younger than 6 months
old (63.6%), 13 of 41 patients aged between 6 and
12 months old (31.7%), and 10 of 259 patients aged
12 months or older (3.9%). Of the 37 total studies per-
formed among patients classified as accident, 12 revealed
cranial or intracranial injuries (32.4%), and 8 of these 12
patients were BCDR positive (66.7%). Among those classi-
fied as abuse, head imaging was obtained for 5 of 6 patients
aged younger than 6 months old (83.3%), 5 of 5 patients
aged between 6 and 12 months old (100.0%), and 3 of
15 patients aged 12 months or older (20.0%). Of the 13 total
studies performed in patients with abuse classifications, 7
(53.8%) revealed cranial or intracranial injuries, and 5 of
these 7 patients (71.4%) were BCDR positive. In both the
abuse and accident groups, patients with positive BCDR
scores were more likely than those with negative BCDR
scores to have an injury identified on head imaging.

Of all 27 patients classified as abuse, 14 (51.9%) had a
single bruise as their only identified injury, although in 3
of these 14 cases, no imaging studies were obtained.

Psychosocial Risk Factors

All PRFs were more common among patients classified as
abuse in comparison with those classified as accident,
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TABLE 3. Demographic and Clinical Characteristics of Case Fatalities

Reason for Chief
Age Seeking Care Complaint BCDR (Criterion) | Bruise Region PRFs GCS Other Injuries Classification
4 mo | Medical Unresponsive | Positive (age) Right lower leg | LE, MH, SA 3 | Right tibia fracture, right femur fracture, | Abuse
skull fracture, scalp hematoma
12 mo | Medical Unresponsive, | Positive (region) | Chest CPS, DV/IPV? | 3 | Multiple rib fractures, bilateral humerus | Abuse
vomiting fractures, acute SDH, cerebral edema,
acute liver injury
9mo | Trauma Unresponsive, | Negative Forehead CPS 5 | Acute SDH, cerebral edema, midline shift, | Abuse
seizure after subfalcine and uncal herniation
fall from bed

Abbreviations: BCDR, bruising clinical decision rule; CPS, prior Child Protective Services involvement; DV, domestic violence; GCS, Glasgow Coma Scale; IPV, intimate partner
violence; LE, prior law enforcement involvement; MH, mental healthproblem; SA, substance abuse; SDH, subdural hematoma.
@ Additional risk factors may have been present in this case but are unknown due to unavailable data.
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FIGURE 2.
Presence of psychosocial risk factors by case classification.

including prior Child Protective Services involvement
(44.4% vs 6.2%, P<.001), domestic violence/intimate
partner violence (29.6% vs 9.9%, P<.001), prior law
enforcement involvement (29.6% vs 9.3%, P <.001), men-
tal health problems (29.6% vs 14.0%, P <.001), and sub-
stance abuse (25.9% vs 7.5%, P <.001). Compared with
those with abusive injuries, patients with accidental injuries
were more likely to have 0 PRFs present (72.4% vs 29.6%,
P <.001), and 88.2% of patients with accidental injuries
had 1 PRF or fewer. More than one third of patients with
abusive injuries had 2 or more PRFs present, compared
with 11.2% of those with accidental injuries (Figure 2).

DISCUSSION

In this analysis of children with 1 bruise as their only skin
finding, the TEN-4-FACESp BCDR performed with moderate
sensitivity and high specificity for abuse. We identified 5
key differences associated with abusive vs accidental
injury: patients classified as abuse were (1) younger and
(2) less likely to present with an injury complaint but more
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likely to (3) have a bruise in a BCDR-positive region,
(4) have a lower GCS, and (5) have PRFs present in their
environment.

Most cases (92.3%) were determined to be accidental in
nature, consistent with previous work by Hibberd et al
revealing that accidental injury mechanisms, such as slips,
trips, and falls, frequently resulted in only 1 bruise.’
Nevertheless, a single bruise is not always reassuring. Of
the 12 total fatalities in the BCDR validation study—all
related to abusive injuries—3 (or 25%) had a single bruise
as their only skin finding. Furthermore, in a study by
Feldman and colleagues, 38% of infants with abuse classi-
fications presented with a single bruise, highlighting that
the absence of additional bruising does not rule out the pos-
sibility of physical abuse.'*

Our results show the TEN-4-FACESp BCDR to be an effec-
tive screening tool even when only 1 bruise is present, cor-
rectly capturing 22 of 27 abuse cases. However, the BCDR
performed with lower sensitivity in this sample (81.5%)
than in the validation study (95.6%); thus, abuse may be
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more likely to be missed in children with a single bruise
based on TEN-4-FACESp BCDR results alone. The BCDR per-
formed with high specificity for abuse among cases with
single bruises (87.6%), matching its performance in the val-
idation study (87.1%). Even 1 BCDR-positive bruise indi-
cated increased risk for abuse.

These test characteristics should be considered in the
context of pretest probabilities in this cohort. With a preva-
lence of only 7%, abuse was a very unlikely classification
among patients with a single bruise, and false positives
were a common occurrence. In clinical application, there-
fore, positive BCDR scores should prompt additional infor-
mation to be gathered before conclusions are drawn.
Conversely, the 93% prevalence of accident in this popula-
tion meant that false negatives occurred infrequently; a
negative BCDR score thus served as a strong indicator of
accidental injury. In other words, even considering the
strong performance of the TEN-4-FACESp BCDR, because
abuse classification was a rare outcome, a positive test
was far from confirmatory, while a negative test was very
close to confirmatory. This supports the role of the TEN-
4-FACESp BCDR as an effective screening test, with greatest
value in ruling out abuse.

Prior research has shown that children experiencing
abuse often present with vague medical chief complaints,
such as vomiting, fussiness, or irritability, and frequently
do not provide a trauma history.>>¢ Similarly, we
found that patients with abusive injuries were signifi-
cantly less likely than patients with accidental injuries
to cite a trauma history as the reason for seeking care.
We identified specific chief complaints commonly
reported in cases of abuse, including bruising/marks,
scalp swelling/bump, colic/irritability/fussiness, and
altered mental status/unresponsiveness. These results
underscore the importance of performing a thorough
and deliberate head-to-toe skin examination in young
children regardless of trauma status or chief complaint
as well as carefully considering the differential diagnosis
accordingly.

Consistent with a wealth of literature describing PRFs in
the caregiving environments of abused children,'” "2 we
found all 5 PRFs assessed to be more common in cases
of abuse than accident. Studies of child maltreatment-
related fatalities and near fatalities have revealed espe-
cially high levels of psychosocial risk,*>*°3! and in our
study, 1 or more risk factors were present in all 3 cases
of single bruising with a fatal outcome. Thus, the number
of cutaneous findings on a child may not be a reliable indi-
cator of overall injury and, in fact, may underestimate that
child’s risk of physical abuse. Our findings therefore sup-
port the critical and consistent incorporation of psychoso-
cial assessments into medical decision-making when
young children presenting to a pediatric ED are found
to have even 1 unexplained BCDR-positive bruise.
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Importantly, the BCDR is not intended to diagnose abuse
nor to prescribe the next steps in diagnostic assessment
but instead to function as a screening tool to improve
the recognition of potentially abused children with bruis-
ing who require further evaluation.

In most cases, providers did not pursue occult injury
evaluation, such as skeletal survey or head imaging. This
is unsurprising for 2 reasons: (1) the screening signifi-
cance of TEN-4-FACESp bruising was not yet known,
and (2) this study includes children up to 3.99 years of
age, for whom imaging may not be routinely indicated.
That said, considering the 20 abuse cases for whom skel-
etal surveys were obtained, 16 (80.0%) showed no new
injuries. This serves as an important reminder that a neg-
ative skeletal survey or negative head imaging does not
negate the diagnosis of abuse but rather conveys the
absence of skeletal or head injuries. Notably, every child
with a new finding identified on skeletal survey in this
study had a BCDR-positive bruise.

There are limitations to this study. First, because enroll-
ment was conducted in the pediatric ED setting, enriched
sampling of patients with potential abuse could contribute
to a higher prevalence of bruising than would be found in
primary care clinics or other clinical environments.
Second, there is no established criterion standard for abuse
and accident classification. The BCDR validation study
therefore utilized a 9-member panel of multidisciplinary
experts to minimize the potential impact of misclassifica-
tion bias. Each panel member was asked a series of ques-
tions to provide justification in support of their case
classification and could not base their conclusion on bruise
location alone. In previous analyses, this approach has been
shown to meet robust standards of accuracy and reliabil-
ity.'3 Importantly, panel classifications of abuse or accident
were made in reference to each overall case as opposed to
each particular bruise or identified injury. Expert panel
classification of cases preceded validation and publication
of the TEN-4-FACESp BCDR.

CONCLUSIONS

In this sample of children with 1 bruise as their only skin
finding, the TEN-4-FACESp BCDR performed with 81.5%
sensitivity and 87.6% specificity for abuse. Positive
BCDR results may therefore improve recognition of abuse
among young children with a single bruise in the pediatric
ED, although negative BCDR results must be interpreted
with caution given the higher rate of false negatives in this
analysis compared with the validation study. Beyond the
physical exam, patient age, presenting characteristics,
injury severity, and psychosocial factors may contribute
to an overall risk assessment. Further prospective studies
of young children with single bruises are needed, espe-
cially in the context of primary care and other clinical
settings.
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ABBREVIATIONS

BCDR: bruising clinical decision rule

ED: emergency department

GCS: Glasgow Coma Scale

PRF: psychosocial risk factor

TEN-4-FACESp: bruising to specific regions (Torso,

Ears, Neck, Frenula, Angle of jaw,

fleshy Cheek, Eyelids, Subconjunctiva),
any bruise anywhere on an infant
4.99 months and younger, or if
bruising is patterned.

CONFLICT OF INTEREST DISCLOSURES: The authors have no conflicts of interest relevant to this article to disclose.

FUNDING: The TEN-4-FACESp bruising clinical decision rule (BCDR) validation study was funded by the Eunice Kennedy Shriver National Institute of Child Health
and Human Development (NIH-NICHD) 1R01HD060997-01A2, principal investigator (Pl) Dr Pierce.

Accepted for Publication Date: December 18, 2024

https://doi.org/10.1542/peds.2024-067932

COMPANION PAPER: A companion to this article can be found online at www.pediatrics.org/cgi/doi/10.1542/peds.2024-069360.

Copyright © 2025 by the American Academy of Pediatrics

REFERENCES

1

. Ellerstein NS. The cutaneous manifestations of child abuse

and neglect. Am J Dis Child. 1979;133(9):906-909. PubMed
doi: 10.1001/archpedi.1979.02130090034005

. Children’s Bureau. Child Maltreatment 2018. U.S. Department of

Health & Human Services, Administration for Children and
Families, Children’s Bureau; 2020.

. Pierce MG, Kaczor K, Acker D, et al. History, injury, and psychoso-

cial risk factor commonalities among cases of fatal and near-fatal
physical child abuse. Child Abuse Negl. 2017;69:263-277. PubMed
doi: 10.1016/j.chiabu.2017.04.033

. Atwal GS, Rutty GN, Carter N, Green MA. Bruising in non-accidental

head injured children; a retrospective study of the prevalence,
distribution and pathological associations in 24 cases. Forensic
Sci Int. 1998;96(2—3):215—230. PubMed doi: 10.1016/S0379-0738
(98)00126-1

. Letson MM, Cooper JN, Deans KJ, et al. Prior opportunities to iden-

tify abuse in children with abusive head trauma. Child Abuse Negl.
2016;60:36—45. PubMed doi: 10.1016/j.chiabu.2016.09.001

. Thackeray J, Minneci PC, Cooper JN, Groner JI, Deans KJ. Predictors

of increasing injury severity across suspected recurrent episodes
of non-accidental trauma: a retrospective cohort study. BMC
Pediatr. 2016;16(1):8. PubMed doi: 10.1186/s12887-016-0540-y

. Sheets LK, Leach ME, Koszewski IJ, Lessmeier AM, Nugent M,

Simpson P. Sentinel injuries in infants evaluated for child physical
abuse. Pediatrics. 2013;131(4):701—707. PubMed doi: 10.1542/
peds.2012-2780

. Labbé J, Caouette G. Recent skin injuries in normal children.

Pediatrics. 2001;108(2):271—-276. PubMed doi: 10.1542/peds.108.
2.271

. Hibberd 0, Nuttall D, Watson RE, Watkins WJ, Kemp AM, Maguire S.

Childhood bruising distribution observed from eight mechanisms

PEDIATRICS Volume 155, Issue 3, March 2025

Downl oaded from http://publications.aap.org/pediatrics/article-pdf/155/3/e2024067932/ 1774767/ pedi atri cs. 2024067932. pdf
bv Universite de Montreal Bi bli ot heaue user

of unintentional injury. Arch Dis Child. 2017;102(12):1103—1109.
PubMed doi: 10.1136/archdischild-2017-312847

. Kemp AM, Maguire SA, Nuttall DE, Collins P, Dunstan FD, Farewell D.

Can TEN4 distinguish bruises from abuse, inherited bleeding dis-
orders or accidents? Arch Dis Child. 2021;106(8):774—779. PubMed
doi: 10.1136/archdischild-2020-320491

. Maguire S, Mann M. Systematic reviews of bruising in relation to

child abuse-what have we learnt: an overview of review updates.
Evid Based Child Health. 2013;8(2):255-263. PubMed doi: 10.1002/
ebch.1909

. Pierce MG, Kaczor K, Lorenz DJ, et al. Validation of a clinical deci-

sion rule to predict abuse in young children based on bruising
characteristics. JAMA Netw Open. 2021;4(4):e215832. PubMed
doi: 10.1001/jamanetworkopen.2021.5832

. Lorenz DJ, Pierce MC, Kaczor K, et al. Classifying injuries in young

children as abusive or accidental: reliability and accuracy of an
expert panel approach. J Pediatr. 2018;198:144—150.e4. PubMed
doi: 10.1016/j.jpeds.2018.01.033

. Feldman KW, Tayama TM, Strickler LE, et al. A prospective study

of the causes of bruises in premobile infants. Pediatr Emerg
Care. 2020;36(2):e43—e49. PubMed doi: 10.1097/PEC.000000000
0001311

. Jenny G, Hymel KP, Ritzen A, Reinert SE, Hay TC. Analysis of missed

cases of abusive head trauma. JAMA. 1999;281(7):621-626.
PubMed doi: 10.1001/jama.281.7.621

. Flaherty EG. Analysis of caretaker histories in abuse: comparing

initial histories with subsequent confessions. Child Abuse Negl.
2006;30(7):789—798. PubMed doi: 10.1016/j.chiabu.2005.12.008

. DiLauro MD. Psychosocial factors associated with types of child

maltreatment. Child Welfare. 2004;83(1):69—99. PubMed

. Dong M, Anda RF, Felitti VJ, et al. The interrelatedness of multiple

forms of childhood abuse, neglect, and household dysfunction.


https://doi.org/10.1542/peds.2024-067932
http://www.pediatrics.org/cgi/doi/10.1542/peds.2024-069360
https://pubmed.ncbi.nlm.nih.gov/474541/
https://doi.org/10.1001/archpedi.1979.02130090034005
https://pubmed.ncbi.nlm.nih.gov/28500923
https://doi.org/10.1016/j.chiabu.2017.04.033
https://pubmed.ncbi.nlm.nih.gov/9854835
https://doi.org/10.1016/S0379-0738(98)00126-1
https://doi.org/10.1016/S0379-0738(98)00126-1
https://pubmed.ncbi.nlm.nih.gov/27680755
https://doi.org/10.1016/j.chiabu.2016.09.001
https://pubmed.ncbi.nlm.nih.gov/26772185
https://doi.org/10.1186/s12887-016-0540-y
https://pubmed.ncbi.nlm.nih.gov/23478861
https://doi.org/10.1542/peds.2012-2780
https://doi.org/10.1542/peds.2012-2780
https://pubmed.ncbi.nlm.nih.gov/11483787
https://doi.org/10.1542/peds.108.2.271
https://doi.org/10.1542/peds.108.2.271
https://pubmed.ncbi.nlm.nih.gov/28847881
https://doi.org/10.1136/archdischild-2017-312847
https://pubmed.ncbi.nlm.nih.gov/33602690
https://doi.org/10.1136/archdischild-2020-320491
https://pubmed.ncbi.nlm.nih.gov/23877882
https://doi.org/10.1002/ebch.1909
https://doi.org/10.1002/ebch.1909
https://pubmed.ncbi.nlm.nih.gov/33852003
https://doi.org/10.1001/jamanetworkopen.2021.5832
https://pubmed.ncbi.nlm.nih.gov/29550228
https://doi.org/10.1016/j.jpeds.2018.01.033
https://pubmed.ncbi.nlm.nih.gov/29040244
https://doi.org/10.1097/PEC.0000000000001311
https://doi.org/10.1097/PEC.0000000000001311
https://pubmed.ncbi.nlm.nih.gov/10029123
https://doi.org/10.1001/jama.281.7.621
https://pubmed.ncbi.nlm.nih.gov/16844217
https://doi.org/10.1016/j.chiabu.2005.12.008
https://pubmed.ncbi.nlm.nih.gov/15002913/

20.

22.

23.

24.

8

Child Abuse Negl. 2004;28(7):771-784. PubMed doi: 10.1016/j.
chiabu.2004.01.008

. Herrenkohl TI, Sousa G, Tajima EA, Herrenkohl RC, Moylan CA.

Intersection of child abuse and children’s exposure to domestic
violence. Trauma Violence Abuse. 2008;9(2):84—99. PubMed doi:
10.1177/1524838008314797

Putnam-Hornstein E. Report of maltreatment as a risk factor
for injury death: a prospective birth cohort study. Child
Maltreat. 2011;16(3):163—174. PubMed doi: 10.1177/10775595114
11179

. Seng AC, Prinz RJ. Parents who abuse: what are they thinking? Clin

Child Fam Psychol Rev. 2008;11(4):163—175. PubMed doi: 10.1007/
$10567-008-0035-y

Chaffin M, Kelleher K, Hollenberg J. Onset of physical abuse and
neglect: psychiatric, substance abuse, and social risk factors
from prospective community data. Child Abuse Negl. 1996;20
(3):191-203. PubMed doi: 10.1016/S0145-2134(95)00144-1

Kelleher K, Chaffin M, Hollenberg J, Fischer E. Alcohol and drug
disorders among physically abusive and neglectful parents in
a community-based sample. Am J Public Health. 1994;84(10):
1586—1590. PubMed doi: 10.2105/AJPH.84.10.1586

Institute of Medicine. Preventing violence against women and
children: workshop summary. forum on Global Violence
Prevention; 2011. National Academies Press; 2011.

25.

26.

27.

28.

29.

30.

31.

Phillips SD, Dettlaff AJ, Baldwin MJ. An exploratory study of the
range of implications of families’ criminal justice system involve-
ment in child welfare cases. Child Youth Serv Rev. 2010;32(4):
544-550. doi: 10.1016/j.childyouth.2009.11.008

Edleson JL. The overlap between child maltreatment and
woman battering. Violence Against Women. 1999;5(2):134—154.
doi: 10.1177/107780129952003

Augustyn MB, Thornberry TP, Krohn MD. Gang membership and
pathways to maladaptive parenting. J Res Adolesc. 2014;24(2):
252-267. PubMed doi: 10.1111/jora.12110

Fryer GE, Miyoshi TJ. A survival analysis of the revictimiza-
tion of children: the case of Colorado. Child Abuse Negl.
1994;18(12):1063—1071. PubMed doi: 10.1016/0145-2134(94)
90132-5

Dakil SR, Sakai C, Lin H, Flores G. Recidivism in the child protection
system: identifying children at greatest risk of reabuse among
those remaining in the home. Arch Pediatr Adolesc Med. 2011;
165(11):1006—1012. PubMed doi: 10.1001/archpediatrics.2011.129

Huebner R, Webb T, Brock A. Using models of lethality to enhance
child welfare risk and safety assessment. Protecting Children.
2010;25(3):76—-89.

Dean JR, Kaczor K, Lorenz D, Mason M, Simonton K. Characteristics
of child abuse fatalities: insights from a statewide violent death
reporting system. Child Abuse Negl. 2024;149:106649. PubMed
doi: 10.1016/j.chiabu.2024.106649

www.pediatrics.org

Downl oaded from http://publications.aap.org/pediatrics/article-pdf/155/3/e2024067932/ 1774767/ pedi atri cs. 2024067932. pdf
bv Universite de Montreal Bi bli ot heaue user


https://pubmed.ncbi.nlm.nih.gov/15261471
https://doi.org/10.1016/j.chiabu.2004.01.008
https://doi.org/10.1016/j.chiabu.2004.01.008
https://pubmed.ncbi.nlm.nih.gov/18296571
https://doi.org/10.1177/1524838008314797
https://pubmed.ncbi.nlm.nih.gov/21680641
https://doi.org/10.1177/1077559511411179
https://doi.org/10.1177/1077559511411179
https://pubmed.ncbi.nlm.nih.gov/18548348
https://doi.org/10.1007/s10567-008-0035-y
https://doi.org/10.1007/s10567-008-0035-y
https://pubmed.ncbi.nlm.nih.gov/8734549
https://doi.org/10.1016/S0145-2134(95)00144-1
https://pubmed.ncbi.nlm.nih.gov/7943475
https://doi.org/10.2105/AJPH.84.10.1586
https://doi.org/10.1016/j.childyouth.2009.11.008
https://doi.org/10.1177/107780129952003
https://pubmed.ncbi.nlm.nih.gov/24883000
https://doi.org/10.1111/jora.12110
https://pubmed.ncbi.nlm.nih.gov/7850614
https://doi.org/10.1016/0145-2134(94)90132-5
https://doi.org/10.1016/0145-2134(94)90132-5
https://pubmed.ncbi.nlm.nih.gov/21727259
https://doi.org/10.1001/archpediatrics.2011.129
https://pubmed.ncbi.nlm.nih.gov/38295604
https://doi.org/10.1016/j.chiabu.2024.106649
www.pediatrics.org

	Single Bruise Characteristics Associated With Abusive vs Accidental Injury
	Introduction
	Methods
	Results
	Study Sample and Demographics
	TEN-4-FACESp BCDR Performance Among Patients With a Single Bruise
	Bruising Regions
	Clinical Presentation
	Injury Severity
	Imaging Studies and Identified Injuries
	Psychosocial Risk Factors

	Discussion
	Conclusions
	References


