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Child physical abuse is commonly missed, putting abused children at risk for
repeated injury and death. Several so-called sentinel injuries have been suggested to be
associated with high rates of abuse, and to imply the need for routine testing for other,
occult traumatic injuries. Our objective was to determine rates of abuse evaluation and
diagnosis among children evaluated at leading children’s hospitals with these putative
sentinel injuries.

OBJECTIVE:

abstract

This is a retrospective secondary analysis of the Pediatric Health Information
System database. We identiﬁed 30 355 children with putative sentinel injuries. We
measured rates of abuse diagnosis and rates of testing commonly used to identify occult
injuries.

METHODS:

Among all visits for children ,24 months old to Pediatric Health Information System
hospitals, the rate of abuse diagnosis was 0.17%. Rates of abuse diagnosis for children with at
least 1 putative sentinel injury ranged from 3.5% for children ,12 months old with burns to
56.1% for children ,24 months with rib fractures. Rates of skeletal survey and other testing
that can identify occult traumatic injury were highly variable between centers and for different
injuries.
RESULTS:

Several putative sentinel injuries are associated with high rates of physical abuse.
Among eligible children with rib fracture(s), abdominal trauma, or intracranial hemorrhage,
rates of abuse were more than 20%. Future work is warranted to test whether routine testing
for abuse in these children can improve early recognition of abuse.
CONCLUSIONS:
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WHAT’S KNOWN ON THIS SUBJECT: Several
injuries have been suggested to be
disproportionately associated with abuse in
young children, but rates of abuse among
children with these injuries are not currently
known.
WHAT THIS STUDY ADDS: Abuse is diagnosed
commonly in children with sentinel injuries,
including the majority of children ,24 months
with rib fractures.
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Child physical abuse is common, with
more than 119 000 victims, 600
deaths, and $124 billion in total costs
annually in the United States.1–5 It is
also commonly missed by health care
providers. Approximately 30% of
abusive head trauma and 20%
of abusive fractures are missed
initially, putting children at risk for
ongoing abuse.6–8 Several diagnostic
studies (eg, skeletal survey [SS],
neuroimaging, hepatic transaminases,
and retinal examination) can identify
occult abusive injuries and improve
abuse recognition and diagnosis.9–15
However, use of these studies has
been shown to be widely variable,
and to be affected by practice setting,
race, and socioeconomic status.16,17
Twice as many children with highrisk injuries are recognized as
abused in children’s hospitals than
in general hospitals,18 and abusive
fractures are 7 times more likely to
be missed in general emergency
departments (EDs) than in pediatric
EDs.7 Even among leading children’s
hospitals, testing of children with
high-risk injuries ranges from 40%
to 90%.19
In the absence of objective, validated
measures of abuse likelihood, the
decision to undertake screening often
depends on an individual provider’s
gestalt about the likelihood of abuse.
One source of testing variability may
be the subjective nature of several
factors that may affect this gestalt.
Factors such as affect, eye contact,
and the amount of detail in an offered
history have been suggested to be
important in estimating the likelihood
of abuse, though they are difﬁcult to
measure objectively and their
reliability, sensitivity, and speciﬁcity
have not been reported.20,21
An alternative, more objective
approach would be to routinely
screen those children who are found
to have injuries most associated with
abuse. Several such sentinel injuries
have been suggested on the basis of
case reports and retrospective
analyses of cohorts of abused
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children.22–24 However, these studies
have not been able to estimate the
likelihood of abuse in children with
these injuries because they have not
identiﬁed the denominator of
children presenting with these
injuries. One large analysis of the
association between fractures and
abuse was able to overcome this
challenge, but was limited to children
who were admitted to the hospital.25
Our goal was to determine which
putative sentinel injuries are most
associated with physical abuse.
We performed a secondary analysis
of children who were seen in the
ED or inpatient wards of leading
children’s hospitals by using the
Pediatric Health Information System
(PHIS) database. We determined
rates of recognized abuse among
children with putative sentinel
injuries.

METHODS
Data Source
This was a retrospective analysis of
data from the PHIS database for
patients seen in the ED, observation,
and/or inpatient setting from January
1, 2004, through December 31, 2011.
We included data from the 18
institutions with continuous valid
data submission throughout this
period. PHIS is an administrative
database that contains inpatient, ED,
ambulatory surgery, and observation
data from 43 leading not-for-proﬁt,
tertiary care pediatric hospitals in the
United States. These hospitals are
afﬁliated with the Children’s Hospital
Association (Shawnee Mission, KS),
a business alliance of children’s
hospitals. Data quality and reliability
are assured through a joint effort
between the Children’s Hospital
Association and participating
hospitals. The data warehouse
function for PHIS is managed by
Thomson Reuters (Ann Arbor, MI). No
patient-speciﬁc clinical data exist in
the database. This project was
determined to be exempt from review

as human subjects research by the
Colorado Multiple Institutional
Review Board.

Study Population
From the published literature, we
identiﬁed putative sentinel injuries
and the ages at which children with
each injury are thought to be at
increased risk for abuse (Table 1). For
example, although bruises are
extremely common in older children,
they are strongly associated with
abuse in children ,6 months old.26,27
Children with at least one candidate
injury were identiﬁed on the basis of
International Classiﬁcation of
Diseases, Ninth Revision, Clinical
Modiﬁcation (ICD-9-CM) codes. We
excluded children with a previous
diagnosis of physical abuse during the
data abstraction period and children
whose injuries were diagnosed after
a motor vehicle collision (as
determined by the presence of ICD-9CM codes: E810–E845) because these
patients are rarely thought to be
victims of abuse.28 We excluded visits
with Medicare Severity-Diagnosis
Related Group code 795 (normal
newborn). Because children who
were transferred from another center
may have had testing completed
before arrival to the PHIS center,
and because they may represent
a population with different
likelihood of abuse, patients who
were noted to have been transferred
were excluded from the main
study cohort and were analyzed
separately.
We determined how frequently SS,
neuroimaging (computed tomography
[CT] or MRI), and hepatic
transaminases were obtained for
children with each putative sentinel
injury, and how frequently abuse was
diagnosed. Performance of testing
was determined by using clinical
transaction code (CTC) procedure
codes (skeletal survey 427811,
neuroimaging–head CT 417051; brain
CT 411051; neuro/head MRI 417052;
head arteriography MRI 471052; or
brain MRI 411052, hepatic
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TABLE 1 Putative Sentinel Injuries
Candidate Injuries

Age at Risk, mo

ICD-9-CM Codes

Source

Bruising
Burns
Oropharyngeal injury
Femur/humerus fracture
Radius/ulna/tibia/ﬁbula fracture
Isolated skull fracture
Intracranial hemorrhage
Rib fracture(s)
Abdominal trauma
Genital injury
Subconjunctival hemorrhage

,6
,6
,6
,12
,12
,12
,12
,24
,24
,24
,24

920–924
940–949
873.6–873.7
812, 820–821
813, 823, 824
800–804a
800–801, 803–804, 851–853a
807.0, 807.1, 807.4
863–869
922.4, 878
372.72

Harper et al27; Sugar et al26
DeGraw et al36; Hicks and Stolﬁ37
Thackeray22; Maguire38
Leventhal et al25; Scherl39; Strait40
Leventhal et al25; John41
Deye et al42; Wood33; Laskey43
Wood17; Trokel18; Kemp44
Rubin et al12; Maguire45
Lindberg et al9,46; Trokel28
Carpenter47
Sheets et al24; DeRidder48

a

ICD-9 codes that signify skull fracture with intracranial hemorrhage (eg, 804.2) were included in the group with intracranial hemorrhage, not with subjects who have isolated skull
fractures.

transaminases–liver proﬁle 310400;
14-test chem proﬁle 310114;
critical care panel 300171; other
multichem panel 310129; general
health proﬁle 300140; aspartate
aminotransferase (AST) 315060;
or alanine aminotransferase (ALT)
315020). No participating center used
codes for skeletal survey, unspeciﬁed
technique 427800 or skeletal survey,
other speciﬁed technique 427899. A
diagnosis of abuse was deﬁned by the
assignment of any of the following
ICD-9-CM codes, which have been
used previously to identify recognized
abuse from within the PHIS cohort
(995.50, 995.54, 995.55, 995.59,
E960–E967, E968.0–E968.3, and
E968.5–E968.9).19

statistics. Correlation between rates
of abuse diagnosis and rates of SS was
computed by using linear regression.
All analyses were performed by using
SAS 9.4 (SAS Institute, Inc., Cary, NC).

another facility (n = 2747), there
were 34 565 putative sentinel injuries
identiﬁed at 30 766 visits (0.7% of
all visits) among 30 355 children
,24 months old. These visits formed
the main study cohort.

RESULTS

Rates of abuse testing and diagnose
were computed by using descriptive

The number of patient visits with
each putative sentinel injury and
demographic characteristics of
subjects is shown in Table 2. The
large majority of subjects (89.8%)
had only 1 putative sentinel injury
identiﬁed. Two putative sentinel
injuries were identiﬁed in 7.6% and
2.6% had 3 to 6 injuries identiﬁed.
For the 4 100 411 patient visits in
which no sentinel injury was
identiﬁed, abuse was diagnosed in
1414 (0.03%).

After excluding injuries documented
during visits transferred from

From 2004 to 2011, 18 participating
hospitals in the PHIS database with
continuously submitted data had
4 131 177 patient visits for children
,24 months old, excluding normal
newborn deliveries. Among all patient
visits, 7062 (0.17%) were associated
with a diagnosis of abuse. Rates of
abuse diagnoses for all patient visits
in children ,24 months old for each
hospital ranged from 0.04% to 0.46%.

TABLE 2 Demographic Characteristics of Subjects With Sentinel Injuries
Candidate Injurya
Age ,6 mo
Bruise(s)
Burn(s)
Oropharyngeal injury
Age ,12 mo
Femur/humerus fracture
Radius/ulna/tibia/ﬁbula fracture
Isolated skull fractureb
Intracranial hemorrhage
Age ,24 mo
Rib fracture(s)
Abdominal trauma
Genital injury
Subconjunctival hemorrhage
a

n

Age in Months, Median
(Interquartile Range)

Boy, %

White, %

Hispanic, %

7906
1218
295

3 (1–4)
3 (1–4)
3 (1–4)

54.1
54.7
60.3

33.2
18.7
27.5

17.1
13.4
13.2

4587
3692
6433
5829

6
8
5
3

(3–8)
(5–10)
(2–8)
(1–6)

52.5
52.7
59.3
58.8

28.0
29.5
36.9
32.9

14.0
17.5
17.8
16.0

1633
837
535
1600

3
11
15
7

(2–6)
(3–18)
(7–19)
(3–15)

60.4
57.6
58.7
51.8

27.9
23.2
36.5
25.5

13.0
13.0
12.3
18.8

Subjects identiﬁed as having been transferred from another health care facility excluded.
Isolated skull fracture implies that there was no ICD-9 code for intracranial hemorrhage. It does not preclude the
identiﬁcation of injuries in other body areas.

b

Rates of abuse diagnosis and testing
commonly used to identify occult
injury for each sentinel injury are
shown in Table 3. Rates of abuse
diagnosis ranged from 3.5% for
children ,6 months old with burns to
56.1% for children ,24 months old
with rib fractures. Among all centers,
14 138 visits (46.0%) with identiﬁed
putative sentinel injuries included
SS; 21 094 (68.6%) included
neuroimaging, and 7651 (24.9%) had
hepatic transaminases obtained.
Testing varied widely between
centers for all injuries and all testing
modalities (Table 3). Among infants
with skull fractures, the rate of SS
between centers ranged from just
over 20% of patients, to as high as
74%.
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TABLE 3 Rates of Abuse Diagnosis and Testing for Children With Putative Sentinel Injuries
Candidate Injury
Age ,6 mo
Bruise(s)
Burn(s)
Oropharyngeal injury
Age ,12 mo
Femur/humerus fracture
Radius/ulna/tibia/ﬁbula fracture
Isolated skull fracture
Intracranial hemorrhage
Age ,24 mo
Rib fracture(s)
Abdominal trauma
Genital injury
Subconjunctival hemorrhage

% With Abuse Diagnosis,
Mean (Range)

% With Skeletal Survey,
Mean (Range)

% With Neuroimaging,
Mean (Range)

% With Hepatic Transaminases,
Mean (Range)

8.3 (1.1–21.3)
3.5 (0–6.9)
17.0 (0–41.7)

20.0 (5.4–30.8)
13.1 (0–23.3)
31.9 (11.1–62.5)

44.0 (19.9–60.1)
15.7 (4.8–29.4)
39.3 (11.1–62.5)a

14.9 (2.5–24.0)
15.9 (0–44.1)
26.1 (7.1–40.0)

18.9
19.2
4.3
26.3

(7.1–51.4)
(3.5–49.3)
(0.3–11.8)
(10.7–42.9)

59.8
42.8
40.6
59.0

(40.9–82.0)
(25.0–78.9)
(21.5–74.3)
(42.3–81.6)

63.8
45.1
79.6
89.3

(43.3–84.7)
(25.5–78.9)
(66.6–95.4)
(75.8–96.9)

35.2
25.7
19.8
49.6

(9.8–71.2)
(6.0–64.8)
(1.3–47.8)
(15.9–71.4)

56.1
24.5
12.3
8.6

(11.5–71.6)
(0–47.4)
(0–21.4)
(0–22.0)

81.5
31.9
18.5
14.3

(69.2–94.9)
(18.2–57.9)
(0–40.0)
(5.9–36.6)

90.6
58.7
20.0
19.7

(78.2–98.6)
(36.4–75.7)
(0–45.0)
(10.9–38.2)

73.1
74.3
16.5
14.7

(11.5–87.7)
(35.8–91.8)
(39.5–89.5)
(0–35.4)

Rates are percentages after excluding visits noted to be transfers from another institution.
a Ranges for SS and neuroimaging are identical because the 2 institutions with the highest and lowest rates of testing in this group obtained neuroimaging in all children who
received SS.

The rate of abuse diagnosis for each
putative sentinel injury correlated
with the rate of SS completion (R2 =
0.679) with high rates of SS generally
associated with high rates of abuse
diagnosis. However, children with
fracture(s) of the skull, femur, or
humerus were disproportionately
more likely to have SS, whereas
patients with subconjunctival
hemorrhage, genital injury,
or abdominal injury were
disproportionately less likely, relative
to the rate of abuse diagnosis (Fig 1).
Among 32 858 total patient visits,
2092 (6.4%) were noted to have been
transferred from another institution.
A large majority of visits (26 402
85.8%) was coded as having other or
unknown source of admission. A
diagnosis of abuse was more likely
among children noted to have been
transferred from another center:
unadjusted odds ratio = 3.63 (95%
conﬁdence interval: 3.28–4.01). Odds
of having a SS performed were also
higher: unadjusted odds ratio = 2.67
(95% conﬁdence interval: 2.44–2.92).

DISCUSSION
Among young children found to have
putative sentinel injuries without
a motor vehicle collision at leading
children’s hospitals, rates of
diagnosed abuse were high. Rib
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fractures were by far the most
concerning for abuse, with
intracranial hemorrhage and
abdominal injury also associated with
abuse in more than 20% of cases.
Children with burns and isolated
skull fractures had the lowest rates of
abuse diagnoses, though rates were
still high relative to the baseline risk
for children without putative sentinel
injuries.
The American Academy of Pediatrics
considers the radiographic SS to be
“mandatory” for children with
concern for abuse; this
recommendation is echoed by the
American College of Radiology.29,30 In
our population where all children
were ,24 months of age, the decision
to obtain SS might be taken as 1
surrogate measure of whether there
was a concern for abuse that rose to
the level of evaluation. The observed
correlation between rates of abuse
diagnosis and rates of SS is consistent
with the ideas that (1) SS is more
likely to be ordered when concern for
abuse is higher and (2) concern for
abuse is likely to increase if SS
identiﬁes additional, occult fractures
in a child with a sentinel injury.
However, the likelihood of abuse does
not account for all the variability in SS
use, either between centers, or from
injury to injury. These data suggest
that SS use should be increased for

children with abdominal injury,
subconjunctival hemorrhage, or
genital injury.
Overall rates of abuse diagnosis were
also highly variable (range,
0.04%–0.46%) between centers. We
suggest several reasons for this
variability. First, it is possible that
true rates of abuse are actually highly
variable between centers on the basis
of characteristics of the population
the hospital serves or on referral
patterns. Alternatively, it is possible
that the recognition of abuse differed
between hospitals. Finally, it is
possible that recognition of abuse
was similar between centers, but
ICD-9 coding of abuse suspicion
differed systematically between
centers.31 Systematic undercoding for
abuse by some centers would result
in underestimating the signiﬁcance of
putative sentinel injuries and
overestimating the variability
between centers.
Children who were noted to have
been transferred from another
institution were signiﬁcantly more
likely to undergo SS and to be
diagnosed with abuse. This is
consistent with the hypothesis that
children with traumatic injuries are
more likely to be transferred to the
pediatric referral centers that
participate in the PHIS database when
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FIGURE 1
Rate of abuse diagnosis and SS completion for each putative sentinel injury. Skull fracture and
femur or humerus fractures had higher rates of SS completion relative to rates of abuse diagnoses,
whereas genital and abdominal injuries had lower rates. Fx, fracture; ICH, intracranial hemorrhage;
SCH, subconjunctival hemorrhage.

there is some concern for abuse. It is
also possible that abused children are
more likely to present initially to
nonpediatric centers, or that the
difference could be explained by
other characteristics of transferred
children (age, injury type) that
correlate with abuse likelihood.
Children may also have had testing
that we did not identify if they were
transferred out from a PHIS center to
another institution. Because all
centers are tertiary referral centers,
we suspect that the number of such
subjects is small.
Our study is subject to several
limitations. ICD-9 codes have been
shown to have variable and limited
sensitivity for abuse.31,32 Because
a ﬁnal determination of any traumatic
injury’s etiology may come after
a child is discharged from the
hospital, it is possible that many
children ultimately determined to
have been abused were not identiﬁed
by our search. The relatively lower
rate of abuse diagnosis in young
infants with bruises is consistent with
this possibility. Sugar et al26
demonstrated that ,1% of healthy

infants ,6 months old had any
bruising, and when such bruised
infants are evaluated for abuse, rates
of additional injuries and abuse
diagnoses have been reported at
50%.27 However, the rate of abuse
that we identiﬁed in children with
burns or isolated skull fractures
seems more consistent with
previous work.33–37 This limitation
might be especially relevant for
children without any identiﬁed
putative sentinel injuries who might
only be ﬁnally diagnosed as abused
after hospital discharge. If this is
true, rates of abuse would increase
for children with and without
putative sentinel injuries, but our
estimate of the relative increase in
abuse prevalence among children
with putative sentinel injuries
would be inﬂated.
Furthermore, these administrative
data may have poor sensitivity to
detect all diagnostic procedures that
were performed in each subject. For
example, among subjects coded as
having intracranial hemorrhage,
neuroimaging was identiﬁed in only
89.3%, whereas it would seem that

neuroimaging would be needed to
establish the diagnosis for 100%
of cases. This could be explained
if ICD-9 codes for intracranial
hemorrhage were incorrectly applied
to children with subgaleal hematoma
or other injuries that could be
diagnosed without neuroimaging, or
if we failed to identify children who
were transferred from another
institution after neuroimaging had
been obtained. This latter possibility
seems especially likely given the high
rate of children coded as other or
unknown for the source of admission.
These limits of our administrative
data imply that true rates of testing
may be higher than our estimates, but
would not affect the variability we
identify between sites and injuries
unless there is also systematic
regional variability in the testing
practices of referring hospitals.
Because children with concern for
abuse are more likely than other
children with sentinel injuries to be
transferred to PHIS centers,
inaccuracies in coding transfers could
artiﬁcially inﬂate the rates of abuse
for children with putative sentinel
injuries.
Although CTC procedure codes are
relatively consistent for SS and
neuroimaging, it is likely that there is
more variability in coding for hepatic
transaminases. Although some
hospitals may include AST and ALT in
a “14-test chem proﬁle” (CTC code
310114), others may only include
them in “critical care panel” (CTC
code 300171) or another such panel.
Further, it is possible that some
hospitals obtained hepatic
transaminases as part of a panel that
was obtained to check other
laboratory data, or from routine
ordering, and not to test for
additional abusive injuries. We
attempted to include all CTC codes
that might have included AST/ALT to
use the maximum estimate of
testing prevalence. If CTC codes were
not accurate, and if this inaccuracy
was systematically associated with
different centers, our estimates of
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the variability in ordering of hepatic
transaminases would be inﬂated.
Although SS is primarily done for
occult injury evaluation,
neuroimaging and hepatic
transaminase testing may be
undertaken either to identify occult
injuries or those with clear or subtle
signs. We are not able to determine
the reasons that testing was
undertaken. If rates of clinically
apparent injuries differed
systematically between centers, this
would account for some of the
variability in testing that we
identiﬁed.
Whereas our use of the term sentinel
injury applied to children in whom
abuse was diagnosed on the index
visit, other authors have used the
term to refer to children who are
subsequently diagnosed with
recurrent abuse on a future visit.
Whether the risk of abuse is in the
immediate, near, or long-term, we feel
that the core attribute of a sentinel
injury is that it should prompt the
clinician to consider the possibility of
physical abuse, and in most cases to
undertake testing for additional
occult injuries.
True sentinel injuries would present
without other clinically apparent
injuries or history of abuse. We were
not able to determine the presenting
injury for any given child, nor
whether a child’s sentinel injury was
accompanied by other obvious signs
of abuse, such as a history of
witnessed assault. It is therefore
possible that the putative sentinel
injuries that are most likely to have
been identiﬁed in the course of an
abuse evaluation (eg, rib fractures)

would have inﬂated rates of abuse.
However, for the large majority of
patient visits, only a single putative
sentinel injury was identiﬁed,
suggesting at least that these injuries
were not only the least noticeable
injuries in children with obvious
polytrauma. We therefore believe that
the high rates of abuse among
children with the listed injuries create
a strong presumption that abuse
should be carefully considered when
these injuries are identiﬁed.
Similarly, because we are not able to
identify the reason for presentation,
children who present with clear
evidence of a sentinel injury are
grouped with children whose injuries
were only identiﬁed after testing
prompted for less speciﬁc complaints.
It has been well-described that
abused children frequently present
with subtle signs and symptoms,
and that the history may be
incomplete or misleading.6,22,23
Therefore, although rates of abuse
diagnoses were vanishingly low in
patients without a putative sentinel
injury, our results should not be
interpreted to discourage abuse
evaluations when sentinel injuries
are not obvious.
Several methods could be used to
increase testing and decrease
variability for children with putative
sentinel injuries. These and other
data could be included in physician
training and in the development of
clinical guidelines and pathways that
address abuse evaluations. In centers
with access to subspecialty child
abuse pediatricians, the presence of
a putative sentinel injury could be
considered an indication for

subspecialty consultation to
determine the plan for occult injury
testing. Finally, these data could form
the basis for electronic clinical
decision support prompting clinicians
to consider occult injury testing for
children with putative sentinel
injuries.

CONCLUSIONS
Previous work has revealed that
physical abuse is commonly missed.
Our data reveal an overall high rate of
diagnosed abuse, but tremendous
variability in evaluation and diagnosis
of abuse across hospitals and injury
categories. Together, these facts
suggest that increased, routine, or
protocolized testing for children with
these injuries can identify other
children with abuse that might
otherwise be missed. These results
support future trials of protocolized
evaluations for children with these
putative sentinel injuries.

ACKNOWLEDGMENT
We are grateful to Meghan Birkholz
for assistance with data extraction
from the PHIS database.

ABBREVIATIONS
CT: computed tomography
ED: emergency department
ICD-9-CM: International
Classiﬁcation of
Diseases, Ninth Revision,
Clinical Modiﬁcation
PHIS: Pediatric Health Information
System
SS: skeletal survey

FINANCIAL DISCLOSURE: Dr Wood’s and Dr Runyan’s institutions have received payment for expert witness court testimony that each has provided in cases of
suspected child abuse for which they have been subpoenaed to testify; Dr Lindberg, Ms Beaty, and Dr Juarez-Colunga have indicated they have no ﬁnancial
relationships relevant to this article to disclose.
FUNDING: No external funding.
POTENTIAL CONFLICT OF INTEREST: Dr Lindberg has provided paid expert testimony in cases of alleged child maltreatment; the other authors have indicated they have no
potential conﬂicts of interest to disclose.

836

Downloaded from http://pediatrics.aappublications.org/ by guest on February 21, 2018

LINDBERG et al

REFERENCES
1. Sedlak AJ, Mettenburg J, Besena M, et al.
Fourth National Incidence Study of Child
Abuse and Neglect (NIS-4): Report to
Congress. Washington, DC: Department
of Health and Human Services; 2010
2. Florence C, Brown DS, Fang X, Thompson
HF. Health care costs associated with
child maltreatment: impact on Medicaid.
Pediatrics. 2013;132(2):312–318
3. US Department of Health and Human
Services Administration for Children and
Families. Child Maltreatment 2013. In:
Administration on Children Youth and
Families, ed. Washington, DC: Children’s
Bureau; 2015
4. Russo CA, Hambrick MM, Owens PL.
Hospital Stays Related to Child
Maltreatment, 2005. HCUP Statistical
Brief #49. Rockville, MD: Agency for
Healthcare Research and Quality; 2008

injury in high-risk abused children.
Pediatrics. 2003;111(6 pt 1):1382–1386
13. Kleinman PK, Blackbourne BD, Marks SC,
Karellas A, Belanger PL. Radiologic
contributions to the investigation and
prosecution of cases of fatal infant
abuse. N Engl J Med. 1989;320(8):
507–511
14. Kleinman PL, Kleinman PK, Savageau JA.
Suspected infant abuse: radiographic
skeletal survey practices in pediatric
health care facilities. Radiology. 2004;
233(2):477–485
15. Greiner MV, Berger RP, Thackeray JD,
Lindberg DM; Examining Siblings to
Recognize Abuse (ExSTRA) Investigators.
Dedicated retinal examination in
children evaluated for physical abuse
without radiographically identiﬁed
traumatic brain injury. J Pediatr. 2013;
163(2):527–531

23. Oral R, Yagmur F, Nashelsky M, Turkmen
M, Kirby P. Fatal abusive head trauma
cases: consequence of medical staff
missing milder forms of physical abuse.
Pediatr Emerg Care. 2008;24(12):816–821
24. 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
25. Leventhal JM, Martin KD, Asnes AG.
Incidence of fractures attributable to
abuse in young hospitalized children:
results from analysis of a United States
database. Pediatrics. 2008;122(3):599–604
26. Sugar NF, Taylor JA, Feldman KW; Puget
Sound Pediatric Research Network.
Bruises in infants and toddlers: those who
don’t cruise rarely bruise. Arch Pediatr
Adolesc Med. 1999;153(4):399–403

5. Fang X, Brown DS, Florence CS, Mercy JA.
The economic burden of child
maltreatment in the United States and
implications for prevention. Child Abuse
Negl. 2012;36(2):156–165

16. Lane WG, Dubowitz H. What factors affect
the identiﬁcation and reporting of child
abuse-related fractures? Clin Orthop
Relat Res. 2007;461(461):219–225

27. Harper N, Feldman K, Sugar N, Anderst J,
Lindberg D; ExSTRA Investigators. Occult
injury in bruised infants: a multisite
analysis. Helfer Society Annual Meeting;
March 25–28, 2012; Austin, TX

6. Jenny C, Hymel KP, Ritzen A, Reinert SE,
Hay TC. Analysis of missed cases of
abusive head trauma. JAMA. 1999;281(7):
621–626

17. Wood JN, Hall M, Schilling S, Keren R,
Mitra N, Rubin DM. Disparities in the
evaluation and diagnosis of abuse
among infants with traumatic brain
injury. Pediatrics. 2010;126(3):408–414

28. Trokel M, DiScala C, Terrin NC, Sege RD.
Blunt abdominal injury in the young
pediatric patient: child abuse and
patient outcomes. Child Maltreat. 2004;
9(1):111–117

18. Trokel M, Waddimba A, Grifﬁth J, Sege R.
Variation in the diagnosis of child abuse
in severely injured infants [published
correction appears in Pediatrics. 2006;
118(3):1324]. Pediatrics. 2006;117(3):
722–728

29. Kleinman PK, Di Pietro MA, Brody AS,
et al; Section on Radiology; American
Academy of Pediatrics. Diagnostic
imaging of child abuse. Pediatrics. 2009;
123(5):1430–1435

7. Ravichandiran N, Schuh S, Bejuk M, et al.
Delayed identiﬁcation of pediatric abuserelated fractures. Pediatrics. 2010;
125(1):60–66
8. Sieswerda-Hoogendoorn T, Bilo RA, van
Duurling LL, et al. Abusive head trauma
in young children in the Netherlands:
evidence for multiple incidents of abuse.
Acta Paediatr. 2013;102(11):e497–e501
9. Lindberg D, Makoroff K, Harper N, et al;
ULTRA Investigators. Utility of hepatic
transaminases to recognize abuse in
children. Pediatrics. 2009;124(2):509–516
10. Lindberg DM, Shapiro RA, Blood EA,
Steiner RD, Berger RP; ExSTRA
investigators. Utility of hepatic
transaminases in children with concern
for abuse. Pediatrics. 2013;131(2):
268–275
11. Laskey AL, Holsti M, Runyan DK,
Socolar RR. Occult head trauma in
young suspected victims of physical
abuse. J Pediatr. 2004;144(6):719–722
12. Rubin DM, Christian CW, Bilaniuk LT,
Zazyczny KA, Durbin DR. Occult head

19. Wood JN, Feudtner C, Medina SP, Luan X,
Localio R, Rubin DM. Variation in occult
injury screening for children with
suspected abuse in selected US
children’s hospitals. Pediatrics. 2012;
130(5):853–860
20. Kellogg ND; American Academy of
Pediatrics Committee on Child Abuse and
Neglect. Evaluation of suspected child
physical abuse. Pediatrics. 2007;119(6):
1232–1241
21. Louwers EC, Korfage IJ, Affourtit MJ,
et al. Effects of systematic screening and
detection of child abuse in emergency
departments. Pediatrics. 2012;130(3):
457–464
22. Thackeray JD. Frena tears and abusive
head injury: a cautionary tale. Pediatr
Emerg Care. 2007;23(10):735–737

30. American College of Radiology. ACR
appropriateness criteria: suspected
physical abuse–child. Reston, VA:
American College of Radiology; 2009
31. Hooft AM, Asnes AG, Livingston N, et al.
Identifying physical abuse in 4 children’s
hospitals: accuracy of ICD codes. Annual
Meeting of the Helfer Society; 2014;
Annapolis, MD
32. Hooft A, Ronda J, Schaeffer P, Asnes AG,
Leventhal JM. Identiﬁcation of physical
abuse cases in hospitalized children:
accuracy of International Classiﬁcation
of Diseases codes. J Pediatr. 2013;162(1):
80–85
33. Wood JN, Christian CW, Adams CM, Rubin
DM. Skeletal surveys in infants with
isolated skull fractures. Pediatrics. 2009;
123(2). Available at: www.pediatrics.org/
cgi/content/full/123/2/e247

from http://pediatrics.aappublications.org/ by guest on February 21, 2018
PEDIATRICS Volume 136, number 5, Downloaded
November 2015

837

34. Deye KP, Berger RP, Lindberg DM; ExSTRA
Investigators. Occult abusive injuries in
infants with apparently isolated skull
fractures. J Trauma Acute Care Surg.
2013;74(6):1553–1558

39. Scherl SA, Miller L, Lively N, Russinoff S,
Sullivan CM, Tornetta P, 3rd. Accidental
and nonaccidental femur fractures in
children. Clinical orthopaedics and
related research. 2000(376):96–105

35. Laskey AL, Stump TE, Hicks RA, Smith JL.
Yield of skeletal surveys in children #
18 months of age presenting with
isolated skull fractures. J Pediatr. 2013;
162(1):86–89

40. Strait RT, Siegel RM, Shapiro RA. Humeral
fractures without obvious etiologies in
children less than 3 years of age: when
is it abuse? Pediatrics. 1995;96(4 Pt 1):
667–671

36. Degraw M, Hicks RA, Lindberg D; Using
Liver Transaminases to Recognize Abuse
(ULTRA) Study Investigators. Incidence of
fractures among children with burns with
concern regarding abuse. Pediatrics. 2010;
125(2). Available at: www.pediatrics.org/
cgi/content/full/125/2/e295
37. Hicks RA, Stolﬁ A. Skeletal surveys in
children with burns caused by child
abuse. Pediatr Emerg Care. 2007;23(5):
308–313
38. Maguire S, Hunter B, Hunter L, Sibert JR,
Mann M, Kemp AM. Diagnosing abuse:
a systematic review of torn frenum and
other intra-oral injuries. Archives of
disease in childhood. 2007;92(12):
1113–1117

838

41. John SD, Moorthy CS, Swischuk LE.
Expanding the concept of the toddler’s
fracture. Radiographics: a review
publication of the Radiological Society of
North America, Inc. 1997;17(2):367–376
42. Deye K, Lindberg D, for the ExSTRA
Investigators. Screening for Occult
Injuries in Children with Apparently
Isolated Skull Fractures. Helfer Society
Annual Meeting, March 25–28, 2012;
Austin, TX
43. Laskey AL, Stump TE, Hicks RA, Smith JL.
Yield of Skeletal Surveys in Children
#18 Months of Age Presenting with
Isolated Skull Fractures. J Pediatr. 2013;
162(1):86–89

44. Kemp AM, Jaspan T, Grifﬁths J, et al.
Neuroimaging: what neuroradiological
features distinguish abusive from nonabusive head trauma? A systematic
review. Archives of disease in childhood.
2011;96(12):1103–1112
45. Maguire SA, Kemp AM, Lumb RC, Farewell
DM. Estimating the probability of abusive
head trauma: a pooled analysis.
Pediatrics. 2011;128(3). Available at:
www.pediatrics.org/cgi/content/full/128/
3/e550
46. Lindberg DM, Shapiro RA, Blood EA,
Steiner RD, Berger RP, Ex Si. Utility of
hepatic transaminases in children with
concern for abuse. Pediatrics. 2013;
131(2):268–275
47. Carpenter RF. The prevalence and
distribution of bruising in babies.
Archives of Disease in Childhood. 1999;
80(4):363–366
48. DeRidder CA, Berkowitz CD, Hicks RA,
Laskey AL. Subconjunctival hemorrhages
in infants and children: a sign of
nonaccidental trauma. Pediatric
Emergency Care. 2013;29(2):222–226

Downloaded from http://pediatrics.aappublications.org/ by guest on February 21, 2018

LINDBERG et al

Testing for Abuse in Children With Sentinel Injuries
Daniel M. Lindberg, Brenda Beaty, Elizabeth Juarez-Colunga, Joanne N. Wood and
Desmond K. Runyan
Pediatrics 2015;136;831
DOI: 10.1542/peds.2015-1487 originally published online October 5, 2015;

Updated Information &
Services

including high resolution figures, can be found at:
http://pediatrics.aappublications.org/content/136/5/831

References

This article cites 39 articles, 20 of which you can access for free at:
http://pediatrics.aappublications.org/content/136/5/831.full#ref-list-1

Subspecialty Collections

This article, along with others on similar topics, appears in the
following collection(s):
Emergency Medicine
http://classic.pediatrics.aappublications.org/cgi/collection/emergency
_medicine_sub
Trauma
http://classic.pediatrics.aappublications.org/cgi/collection/trauma_su
b
Injury, Violence & Poison Prevention
http://classic.pediatrics.aappublications.org/cgi/collection/injury_viol
ence_-_poison_prevention_sub

Permissions & Licensing

Information about reproducing this article in parts (figures, tables) or
in its entirety can be found online at:
https://shop.aap.org/licensing-permissions/

Reprints

Information about ordering reprints can be found online:
http://classic.pediatrics.aappublications.org/content/reprints

Pediatrics is the official journal of the American Academy of Pediatrics. A monthly publication, it
has been published continuously since . Pediatrics is owned, published, and trademarked by the
American Academy of Pediatrics, 141 Northwest Point Boulevard, Elk Grove Village, Illinois,
60007. Copyright © 2015 by the American Academy of Pediatrics. All rights reserved. Print
ISSN: .

Downloaded from http://pediatrics.aappublications.org/ by guest on February 21, 2018

Testing for Abuse in Children With Sentinel Injuries
Daniel M. Lindberg, Brenda Beaty, Elizabeth Juarez-Colunga, Joanne N. Wood and
Desmond K. Runyan
Pediatrics 2015;136;831
DOI: 10.1542/peds.2015-1487 originally published online October 5, 2015;

The online version of this article, along with updated information and services, is
located on the World Wide Web at:
http://pediatrics.aappublications.org/content/136/5/831

Pediatrics is the official journal of the American Academy of Pediatrics. A monthly publication, it
has been published continuously since . Pediatrics is owned, published, and trademarked by the
American Academy of Pediatrics, 141 Northwest Point Boulevard, Elk Grove Village, Illinois,
60007. Copyright © 2015 by the American Academy of Pediatrics. All rights reserved. Print
ISSN: .

Downloaded from http://pediatrics.aappublications.org/ by guest on February 21, 2018

