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Abstract

Skeletal surveys (SSs) have been identified as a key component of the evaluation for suspected
abuse in young children, but variability in SS utilization has been reported. Thus, we aimed to
describe the utilization patterns, yield, and risks of obtaining SS in young children through a
systematic literature review. We searched PubMed/MEDLINE and CINAHL databases for articles
published between 1990 and 2016 on SS. We calculated study-specific percentages of SS
utilization and detection of occult fractures and examined the likelihoods that patient
characteristics predict SS utilization and detection of occult fractures. Data from 32 articles
represents 64,983 children < 60 months old. SS utilization was high (85%-100%) in studies of
infants evaluated by a child protection team for suspected abuse and/or diagnosed with abuse
except in one study of primarily non-pediatric hospitals. Greater variability in SS utilization was
observed across studies that included all infants with specific injuries, such as femur fractures
(0%-77%), significant head injury (51%-82%), and skull fractures (41%-86%). Minority children
and children without private insurance were evaluated with SS more often than white children and
children with private insurance despite lack of evidence to support this practice. Among children
undergoing SS, occult fractures were frequently detected among infants with significant head
injury (23%-34%) and long bone fractures (30%) but were less common in infants with skull
fractures (1%-6%). These findings underscore the need for interventions to decrease disparities in
SS utilization and standardize SS utilization in infants at high risk of having occult fractures.
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The skeletal survey (SS), a series of radiographs of the entire body, is a key component of
the evaluation of suspected physical abuse, as it can identify occult fractures. ldentification
of occult fractures characteristic of inflicted trauma can confirm concerns for abuse and
enable protection of the child from further harm. In addition, dating the fractures can
sometimes help determine the timing of the abuse. For these reasons, the American
Academy of Pediatrics (AAP; 1991) published a policy in 1991 recommending that
clinicians perform a SS in all cases of suspected physical abuse in children < 2 years old and
on a case-by-case basis for children 2 to 5 years old. The AAP (2000; 2009; (Christian &
Committee on Child Abuse and Neglect, 2015)) reaffirmed their SS recommendations in
2000, 2009 and 2015. Since 1997, the American College of Radiology (ACR) and The
Society for Pediatric Radiology (2006; 2011; 2014; 2016) have also published practice
parameters recommending that SSs be performed in infants and young children who are
suspected victims of abuse. However, in clinical practice, determining which young, injured
children warrant evaluation for suspected abuse and a SS can be challenging.

As a result, disparities by race and socioeconomic status as well as variation across high-risk
groups in SS performance in young, injured children have been described (Higginbotham et
al., 2014; Lane, Rubin, Monteith, & Christian, 2002; Lindberg, Beaty, Juarez-Colunga,
Wood, & Runyan, 2015; Rangel et al., 2009; Wood et al., 2012). These disparities and
variation in SS performance may contribute to missed opportunities to diagnose abuse and
protect children from further harm. Retrospective studies suggest that between 13% and
39% of young children with abusive injuries had missed opportunities for diagnosis of
abuse, and as a result, 17-28% of these children suffered additional injuries from ongoing
abuse (Jenny, Hymel, Ritzen, Reinert, & Hay, 1999; Oral, Blum, & Johnson, 2003; Oral,
Yagmur, Nashelsky, Turkmen, & Kirby, 2008; Pierce et al., 2008; Ravichandiran et al., 2010;
Thorpe, Zuckerbraun, Wolford, & Berger, 2014). To inform the development of
interventions aimed at decreasing these disparities, increasing appropriate use of SS, and
ensuring timely and accurate diagnosis of abuse, we sought to answer the following
questions: To what extent are there variation and disparities in which young, injured children
are evaluated with SS, and in what subpopulations are SS evaluations appropriate? A better
understanding of the current utilization, benefits, and risks of obtaining SS in the evaluation
of young, injured children is important for understanding the gaps in current practice and
determining appropriate use of SS (as determined by the benefits and risks of SS in each
subpopulation). Thus, we aimed to describe the utilization patterns (percentages of children
who are evaluated), yield (percentages of children with occult fractures detected), and risks
of obtaining SS in young, injured children through a systematic review of the literature.
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Methods

Search Strategy

We performed a systematic review of the literature on the areas listed in our aims using a
pre-specified protocol with inclusion and exclusion criteria (available upon request) and
developed this article using the Preferred Reporting Items for Systematic Reviews and Meta-
Analyses (PRISMA) statement. We searched PubMed/MEDLINE and CINAHL databases
for studies published in English between January 1990 and December 2016 using the search
terms listed in Appendix 1. Studies were also identified by reviewing reference lists of
articles identified during the search.

Study Selection

We included observational studies (including cross sectional and cohort, prospective and
retrospective), but excluded surveys, reviews, editorials, textbooks, and unpublished
literature. Studies were included if the majority of subjects were < 60 months old or if the
data for the subset of children < 60 months old could be extracted. We chose a cutoff age of
60 months, since SSs are not recommended for children older than 60 months (5 years).
Studies including fewer than 5 children < 60 months old evaluated with SS were excluded,
as such a small sample size would provide unstable study-specific estimates. Titles and
abstracts of studies were screened by one of four reviewers (CP, JW, MG, or KK), and non-
relevant studies were eliminated (see Figure 1). Full articles for relevant studies were
assessed for eligibility by two reviewers (CP, JW) in an unblinded, standardized manner,
with disagreements resolved by consensus.

Data Extraction, Assessment of Methodological Quality, and Analysis

Two reviewers (CP, JW) independently identified potential sources of bias and extracted the
following information using a standardized form: 1) study population characteristics (ages,
injury presentations, sample size, study location, and dates), 2) inclusion and exclusion
criteria for subjects, 3) imaging methods and interpretation, 4) number of subjects who were
evaluated with SS and who had positive SSs (occult fracture(s) detected on initial SS, and in
some cases a composite of the findings of both initial and follow-up SS), and 5) risks of SS.
In addition, the reviewers contacted the authors of publications for additional information as
needed. The reviewers independently categorized the overall study methodology as A, B, or
C using the rating presented in Table 1.

The two reviewers evaluated risk of bias by assessing whether 1) the study population was
representative of the general population of children < 60 months old who were evaluated
with SS of the age group and/or injury type specified in the study (selection bias) and 2) the
selection criteria used were clearly presented in the article (reporting bias). Disagreements
between reviewers were resolved through discussion and consensus.

The percentage of subjects who were evaluated with an initial SS and percentage of subjects
undergoing an initial SS who had occult fractures detected were calculated with 95%
confidence intervals (CIs) for each relevant study. The study-specific positive likelihood and
negative likelihood ratios for the associations of demographic and clinical characteristics
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with SS performance and detection of occult fractures were also computed. Likelihood ratios
report the likelihood of an outcome based on the sensitivity and specificity of the test. We
reported the likelihood of SS utilization and likelihood of a positive SS if the characteristic
was present (LR+) and if the characteristic was absent (LR-). Formulae described by Simel,
Samsa, and Matchar (1991) were applied to calculate 95% Cls for likelihood ratios. All
analyses were performed using Stata 12 (StataCorp, College Station, TX). We chose not to
perform a meta-analysis due to the heterogeneity of study populations and methodologies.

Search Results

The database search and reference review identified 1,080 non-duplicate citations, of which
196 were deemed relevant after review of the titles and abstracts and 32 met inclusion
criteria after review of the full article (see Figure 1). Of these, 10 provided data only on
utilization, seven provided data only on yield, 12 provided data on both utilization and yield,
and three provided data on risks. Although our study criteria included ages up to 60 months,
the studies that met our inclusion and exclusion criteria included only ages up to 59 months.
Details of the imaging methods and interpretation methods used were so scarcely described
that we only presented and compared the imaging methods of the three radiation studies in
Appendix C. Of the studies on utilization and yield of SS, two studies were prospective and
were categorized as ‘A,” 18 were categorized as ‘B,” and nine were categorized as ‘C’ (see
Appendix B). Of the radiation risk studies, one was categorized as ‘A,” and two were
categorized as ‘C’ (see Appendix C). Of the studies on utilization and yield of SS, 15 had
representative study populations, and 15 had clear selection criteria.

Skeletal Survey Utilization

Description of studies—Data on SS utilization represents 62,226 children aged 0-59
months (see Appendix 2). The inclusion and exclusion criteria varied across studies, with 4
including all children with suspected or diagnosed with abuse (Belfer, Klein, & Orr, 2001;
Hansen & Campbell, 2009; Hicks & Stolfi, 2007; Lindberg, Berger, Reynolds, Alwan, &
Harper, 2014), 6 including children evaluated for suspected abuse with specific injuries or
presentations (Carrim, Arbabi, & Long, 2012; Deye, Berger, & Lindberg, 2013; Ghahreman,
Bhasin, Chaseling, Andrews, & Lang, 2005; Harper, Feldman, Sugar, Anderst, & Lindberg,
2014; Jackson et al., 2015; Lindberg et al., 2012), 10 including all children with specific
injuries or presentations regardless of whether abuse was suspected (Anderst, 2008;
Higginbotham et al., 2014; Hymel et al., 2015; Lane et al., 2002; Laskey, Stump, Hicks, &
Smith, 2013; Lindberg et al., 2015; Rangel et al., 2009; Shelmerdine, Das, Ingram, & Negus,
2014; Wood et al., 2009; Wood et al., 2010), and 2 including some combination of these
populations (Wood et al., 2012; Wood, French, et al., 2015). All 22 studies included infants,
but the upper age limit ranged from 5 to 59 months.

Evaluation for suspected or diagnosed physical abuse: skeletal survey
utilization among infants < 12 months old—In 4 studies that included all infants < 12
months old with any type of injury from suspected or diagnosed abuse at pediatric hospitals
(see Figure 2A), the percentage who were evaluated with SS ranged from 85% to 99%
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(Hansen & Campbell, 2009; Hicks & Stolfi, 2007; Lindberg et al., 2014; Wood et al., 2012).
A much lower percentage of infants diagnosed with abuse (58%) were evaluated with SS in
a study of primarily non-pediatric hospitals (Wood, French, et al., 2015). Study-specific SS
utilization percentages were also high in studies of infants with specific injuries referred to a
child protection team (CPT) for evaluation of suspected or diagnosed abuse, including
infants with retinal hemorrhages (100%; Carrim et al., 2012), skull fracture (94%; Deye et
al., 2013), bruising (91% to 94%; Harper et al., 2014; Jackson et al., 2015), and burns (89%;
Hicks & Stolfi, 2007).

Evaluation for suspected or diagnosed abuse: skeletal survey utilization
among toddlers = 12 months old—~For children 12-23 months old with any type of
injury from suspected or diagnosed abuse, SS utilization ranged from 77% to 90% in studies
at pediatric centers (Hansen & Campbell, 2009; Hicks & Stolfi, 2007; Lindberg et al., 2014;
Wood et al., 2012), but was only 32% in the study of primarily non-pediatric hospitals (see
Figure 2A; Wood, French, et al., 2015). For children > 24 months old with suspected or
diagnosed abuse at pediatric hospitals, SS utilization ranged from 36% to 45% (Belfer et al.,
2001; Lindberg et al., 2014).

In 2 studies that did not break down the data by age groups, SS utilization ranged from 65%
to 92% for children < 48 months old diagnosed with AHT (Belfer et al., 2001; Ghahreman et
al., 2005) and was 79% for children < 48 months old with abusive fractures (Belfer et al.,
2001).

Evaluation due to specific injuries for which abuse may or may not have been
considered: skeletal survey utilization among infants <12 months old—Twelve
studies provided SS utilization data for all children with specific presentations, regardless of
whether abuse was suspected (see Figure 2B). For infants < 12 months old, SS utilization
was lowest in infants with bruising, burns, or minor head injuries (13%-21%; Anderst, 2008;
Lindberg et al., 2015) and highest in infants with significant head injuries treated at pediatric
centers (59%-82%; Hymel et al., 2015; Lindberg et al., 2015; Rangel et al., 2009; Wood et
al., 2012; Wood et al., 2010). In two studies of infants with any of type fracture, 11% and
60% were evaluated with SS (Higginbotham et al., 2014; Shelmerdine et al., 2014). SS
utilization percentage for infants with long bone fractures, including humerus and femur
fractures, ranged from 0% to 77% across studies (Lane et al., 2002; Lindberg et al., 2015;
Shelmerdine et al., 2014; Wood et al., 2012; Wood, French, et al., 2015). In two studies of
infants < 12 months old with skull fracture without associated intracranial hemorrhage, 41%
of infants underwent SS, but in a third study at an institution with a protocol requiring SS
performance in this population, 86% of infants < 18 months old had a SS (Laskey et al.,
2013; Lindberg et al., 2015; Wood et al., 2009).

Evaluation due to specific injuries for which abuse may or may not have been
considered: skeletal survey utilization among toddlers = 12 months old—Only
one study provided data on SS utilization in injured children older than 12 months. In a
study of children with severe head injury, SS utilization was 66% in children 12-23 months
old and 48% in children 24-35 months old (see Figure 2B; Hymel et al., 2015).
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Skeletal survey utilization among siblings and household contacts of
physically abused children—In a single study that included data from 20 centers on
siblings and other household contacts of physically abused children evaluated by CPTs, 83%
of infants < 12 months old and 72% of children 12-23 months old were evaluated with SS
(see Figure 2A; Lindberg et al., 2012).

Demographic characteristics associated with skeletal survey utilization—
Younger age was associated with higher probability of SS evaluation in 6 of 7 studies
comparing ages <12 months to 12—-23 months (see Table 2; Hansen & Campbell, 2009;
Hicks & Stolfi, 2007; Hymel et al., 2015; Lindberg et al., 2014; Lindberg et al., 2012; Wood
etal., 2012; Wood, French, et al., 2015). Gender was not consistently associated with SS
utilization (Anderst, 2008; Lindberg et al., 2012; Rangel et al., 2009; Wood et al., 2010). In
4 of 7 studies, children with public insurance or no insurance were more likely to undergo
SS than children with private insurance (Anderst, 2008; Lane et al., 2002; Laskey et al.,
2013; Lindberg et al., 2012; Rangel et al., 2009; Wood et al., 2009; Wood et al., 2010). In 2
of 3 studies that analyzed the relationship between insurance status and SS utilization in
multivariate analyses (Lane et al., 2002; Wood et al., 2009; Wood et al., 2010), public or no
insurance remained positively associated with SS utilization after controlling for age, race,
and injury severity (Wood et al., 2009; Wood et al., 2010). In 5 of 6 studies, black or
minority children were more likely to be evaluated for occult fractures than white children
(Lane et al., 2002; Laskey et al., 2013; Lindberg et al., 2012; Rangel et al., 2009; Wood et
al., 2009; Wood et al., 2010). In a study by Anderst (2008), Hispanic ethnicity was not
associated with SS utilization. In a study by Higginbotham (2014) for which the raw data
were unavailable, prior to implementation of a child abuse screening guideline, government
insurance/uninsured status was associated with an increased odds of SS performance
compared to the private insurance, but there were no differences by race.

Clinical characteristics associated with skeletal survey utilization—In 2 of 3
studies of children with head injuries, increased injury severity was associated with
increased SS performance (see Table 2; Anderst, 2008; Rangel et al., 2009; Wood et al.,
2010). The presence of “red flags” for abuse (e.g. delay in seeking care, unknown injury
mechanism, etc.) in 2 studies (Anderst, 2008; Wood et al., 2009) and the finding of
additional injuries on physical exam in 2 studies (Wood et al., 2009; Wood et al., 2010) were
associated with increased SS utilization. Two studies assessed the impact of implementation
of a local clinical SS guideline for infants with specific injuries and found statistically
significant increases in SS use (Higginbotham et al., 2014; Rangel et al., 2009).

Detection of Occult Fractures on Skeletal Survey

Description of studies—Data on frequencies of positive SS represents 6,459 children
aged 0-59 months who were evaluated with SS (see Appendix 2). The inclusion and
exclusion criteria varied, with 9 studies including all children evaluated for and/or diagnosed
with abuse regardless of injury type or reason for presentation (Barber, Perez-Rossello,
Wilson, & Kleinman, 2015; Barber, Perez-Rossello, Wilson, Silvera, & Kleinman, 2013;
Belfer et al., 2001; Day, Clegg, McPhillips, & Mok, 2006; Duffy, Squires, Fromkin, &
Berger, 2011; Hansen & Campbell, 2009; Hicks & Stolfi, 2007; Karmazyn, Lewis, Jennings,
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Hibbard, & Hicks, 2011; Lindberg et al., 2014), and 10 studies including only children with
specific injuries or presentations who were evaluated for and/or diagnosed with abuse (Deye
et al., 2013; Fagen, Shalaby-Rana, & Jackson, 2015; Ghahreman et al., 2005; Harper et al.,
2014; Hymel et al., 2015; Laskey et al., 2013; Lindberg et al., 2012; Rangel et al., 2009;
Ravichandiran et al., 2010; Wood et al., 2009). All 19 studies included infants 0-5 months
old, but the upper age limit ranged from 5 to 59 months.

Detection of occult fractures on skeletal surveys performed in infants < 12
months old—In studies that presented data for infants < 12 months old with any type of
presenting injury who underwent SS, occult fractures were detected in 13%-26% of infants
evaluated for suspected abuse and 31% of infants diagnosed with abuse in one study (see
Figure 3; Barber et al., 2015; Belfer et al., 2001; Day et al., 2006; Duffy et al., 2011; Hansen
& Campbell, 2009; Hicks & Stolfi, 2007; Karmazyn et al., 2011; Lindberg et al., 2014).
Among studies of infants with specific injuries evaluated for suspected abuse, occult
fractures were frequently detected among infants with head injury (23%-34%; Barber et al.,
2015; Hymel et al., 2015; Rangel et al., 2009), long bone fractures (30%; Barber et al.,
2015), all types of abusive fracture (47%; Ravichandiran et al., 2010), or abusive burns
(35%-38%; Fagen et al., 2015; Hicks & Stolfi, 2007) and were less common in the infants
with skull fractures without significant intracranial hemorrhage (1%-6%; Deye et al., 2013;
Laskey et al., 2013; Wood et al., 2009). For infant siblings of abused children evaluated with
a SS, 17% to 34% had occult fractures (Barber et al., 2015; Lindberg et al., 2012).

Detection of occult fractures on skeletal surveys performed in toddlers 12-23
months old—For studies that included all injuries and presentations in toddlers 12-23
months old, 7%-19% of toddlers with suspected abuse and 29% of toddlers with diagnosed
abuse had positive SSs (see Figure 3; Barber et al., 2013; Belfer et al., 2001; Day et al.,
2006; Duffy et al., 2011; Hansen & Campbell, 2009; Karmazyn et al., 2011; Lindberg et al.,
2014). Among toddlers with severe head injury, an abusive fracture evaluated by a CPT, or
abusive burns, 19% (Hymel et al., 2015), 39% (Ravichandiran et al., 2010), and 11-27%
(Fagen et al., 2015; Hicks & Stolfi, 2007), respectively, had occult fractures. Among siblings
of abused children evaluated by a CPT, 5% had occult fractures (Lindberg et al., 2012).

Detection of occult fractures on skeletal surveys performed in children = 24
months old—For studies that included all injuries and presentations in children age = 24
months, 6%-18% of those with suspected abuse and 8% of those diagnosed with abuse had
occult fractures (see Figure 3; Barber et al., 2013; Belfer et al., 2001; Day et al., 2006; Duffy
etal., 2011; Lindberg et al., 2014). Among children = 24 months old with severe head injury,
an abusive fracture evaluated by a CPT, or abusive burns, 19% (Hymel et al., 2015), 44%
(Ravichandiran et al., 2010), and 29% (Fagen et al., 2015), respectively, had occult fractures.

Two additional studies provided data on positive SS percentages but did not break down the
data by age groups. Among children < 48 months old evaluated by a CPT, 35% of those with
AHT, 19% of those with abusive intracranial injury, 31% of those with abusive fractures, and
7% of those with abusive burns had occult fractures (Belfer et al., 2001; Ghahreman et al.,
2005).
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Demographic and clinical characteristics associated with positive skeletal
survey—Infants < 6 months old were more likely to have occult fractures than infants 6 to
11 months old in 2 of 4 studies (see Table 3; Duffy et al., 2011; Laskey et al., 2013;
Lindberg et al., 2014; Lindberg et al., 2012). Age < 12 months was associated with higher
probability of positive SS in four of 12 studies (Barber et al., 2015; Barber et al., 2013;
Belfer et al., 2001; Day et al., 2006; Duffy et al., 2011; Fagen et al., 2015; Hansen &
Campbell, 2009; Hicks & Stolfi, 2007; Hymel et al., 2015; Karmazyn et al., 2011; Lindberg
etal., 2014; Lindberg et al., 2012; Ravichandiran et al., 2010). Gender and race were not
associated with likelihood of occult fractures in two studies (Day et al., 2006; Rangel et al.,
2009). Infants with public or no insurance were more likely to have occult fractures than
infants with private insurance in one study of infants with unwitnessed head injuries (Rangel
et al., 2009). Lone bone fractures were associated with a higher likelihood of occult fractures
than other injuries evaluated in one study (Barber et al., 2015). In two studies of infants with
skull fractures, the complexity of the skull fracture did not affect likelihood of occult
fractures, but the presence of “red flags” for abuse was associated with increased likelihood
for occult fractures in one of the studies (Deye et al., 2013; Laskey et al., 2013).

Risks of Skeletal Survey: Radiation Exposure

Only radiation exposure was described as a risk of SS (see Appendix 5; Berger, Panigrahy,
Gottschalk, & Sheetz, 2016; Drubach et al., 2010; Jha et al., 2013). In one study;, at least 21
images were obtained from each patient evaluated with SS, including oblique views of the
ribs (Drubach et al., 2010). The authors estimated the effective radiation doses for their
standard and high-detail SSs range from 0.15 to 0.45 mSv for a 9-kg patient. In the second
study, Jha et al. (2013) reported that the subset of patients representative of the cohort aged
0-24 months had 12-18 images performed and were exposed to 0.729 to 4.842 mGy cm?
(dose-area product) of radiation but did not state what standard equipment settings were
used. In the third study, Berger et al. (2016) measured the effective radiation dose of a 15-
view SS to be 0.2 mSv in a simulation using a neonatal phantom, Monte Carlo software, and
digital radiography. Other risks of SS were not reported.

Discussion

Summary of Results and Implications

Skeletal survey utilization among children evaluated for abuse—Our systematic
review identified 32 studies describing the utilization, yield, and radiation risks of SS in
young children. In keeping with the AAP and ACR guidelines, all but one study reported
high percentages of SS performance among children less than 2 years old who were referred
to a CPT team for evaluation of suspected abuse and/or received a diagnosis of physical
abuse. In these studies, SSs were performed in 85%-100% of infants and 77%-90% of one-
year-olds evaluated for suspected or diagnosed abuse (Carrim et al., 2012; Deye et al., 2013;
Hansen & Campbell, 2009; Hicks & Stolfi, 2007; Lindberg et al., 2014; Wood et al., 2012).
Notably, the majority of the studies were conducted at pediatric institutions. The single study
reporting low percentages of SSs performance among children receiving a diagnosis of
abuse (58% in infants and 32% in one-year-olds) used data from a cohort of primarily non-
pediatric hospitals (Wood, French, et al., 2015). These findings suggest that although
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compliance with national recommendations to perform a SS in children < 2 years old with
suspected or diagnosed abuse is generally high at pediatric institutions, there is a great need
for improvement in some non-pediatric centers.

Skeletal survey utilization among children with specific injuries—In contrast to
the overall high percentages of SS performance among infants and young toddlers with an
identified concern for abuse, striking variation in percentages of SS performance was
observed across studies that included all children presenting with specific injuries, including
fractures and head injuries. Study-specific percentages of SS performance ranged from
0%-77% for infants with femur fractures (Lindberg et al., 2015; Shelmerdine et al., 2014;
Wood et al., 2012; Wood, French, et al., 2015), 5%-56% for infants with all types of long
bone fractures (Lane et al., 2002; Lindberg et al., 2015; Shelmerdine et al., 2014), and
41%-86% for infants with skull fractures (Laskey et al., 2013; Lindberg et al., 2015; Wood
et al., 2009). Among infants with significant head injuries, study-specific percentages of SS
performance ranged of 51%-82% (Lindberg et al., 2015; Rangel et al., 2009; Wood et al.,
2012; Wood, French, et al., 2015; Wood et al., 2010). These results highlight the variability
that exists in the approach to evaluation for possible abuse in young, injured children. The
low percentage of infants with significant head injury (such as traumatic brain injury) and/or
long bone fractures evaluated with SS in some studies raises concern for under-evaluation
and missed opportunities to diagnose abuse.

Demographic characteristics associated with skeletal survey utilization and
yield—Our review also demonstrated that black children and children with public or no
insurance were evaluated with SS more often than white infants and infants with private
insurance, respectively (Higginbotham et al., 2014; Lane et al., 2002; Lindberg et al., 2012;
Rangel et al., 2009; Wood et al., 2009; Wood et al., 2010). However, black infants had
similar likelihood of having a positive SS compared to white infants (Rangel et al., 2009).
Poverty, associated with public or no insurance, is a well-known risk factor for child
maltreatment (Cancian, Slack, & Yang, 2010; Eckenrode, Smith, McCarthy, & Dineen,
2014); however, basing decisions regarding SS utilization on socioeconomic status is
unethical and may lead to both over-evaluation in some populations as well as under-
evaluation in other populations. These findings support Lane and Dubowitz’s 2007 study
that demonstrated through a survey of orthopedists that subjective biases influenced their
decisions to evaluate for and report child abuse.

All of the studies identified in this review included infants. Because the upper age limit
varied, less information was available on the utilization and yield of SS in children over age
12 months and, in particular, children over 24 months of age. A relationship between
younger age and increased likelihood of a positive SS was observed in only four of the 12
studies. Despite the inconsistency, this relationship is noteworthy considering that SS was
used more selectively in older children than in younger children. Of the studies with
statistically significant likelihood ratios, all demonstrated decreased SS yield with increased
age.

Skeletal survey yield—The yield of the SSs was high across studies, with occult
fractures revealed in 13%-26% of infants and in 7%-19% of children 12 to 23 months old
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with any injury presentation undergoing a SS for suspected abuse (Barber et al., 2015;
Barber et al., 2013; Day et al., 2006; Duffy et al., 2011; Hansen & Campbell, 2009;
Karmazyn et al., 2011; Lindberg et al., 2014). The observed high yield of the SSs supports
the AAP and ACR recommendations for performing SS in children less than 2 years old
with concerns for physical abuse. An even higher percentage of SSs were positive in studies
focusing on suspected abuse in infants with fractures (47%; Ravichandiran et al., 2010),
including long bone fractures (30%; Barber et al., 2015), and significant head injuries
(23%-34%; Barber et al., 2015; Hymel et al., 2015; Rangel et al., 2009). The increased yield
among infants with fractures and infants with significant head injuries suggests that these are
high-risk populations for which a more standardized approach to SS performance may be
warranted. The lowest yield of SS with only 1%-6% revealing occult fractures was observed
in infants with skull fractures without associated significant intracranial hemorrhage (Deye
etal., 2013; Laskey et al., 2013; Wood et al., 2009). A 6% yield of occult fractures is not
insignificant and may be sufficient to justify SS in this population. However, a more targeted
approach to SS utilization in this population could also be considered.

Skeletal survey risks—Radiation exposure was the only risk of SS identified in the
literature review, with three studies providing information on it. The ACR placed SS in the
same radiation level category as head computed tomography with a pediatric effective dose
of range of 0.3-3 mSv (American College of Radiology & The Society for Pediatric
Radiology, 2016). This dose has been estimated to place children <5 yearsold ata 2 in
10,000 lifetime risk of developing leukemia (Miglioretti et al., 2013), although this risk may
be overestimated (Journy et al., 2015; Slovis, Strouse, & Strauss, 2015). The studies
identified in this review reported a lower range of 0.15-0.45 mSv for the radiation effective
dose of a SS (Berger et al., 2016; Drubach et al., 2010). Thus, the radiation risk of SS is low
and should not prevent clinicians from ordering a SS for a patient with a high risk of occult
fractures from abuse.

Future Directions

Implementation of injury- and age-specific abuse evaluation clinical pathways is one proven
strategy for addressing the observed disparities and variation in SS utilization and increasing
appropriate SS utilization, as demonstrated by two studies (Higginbotham et al., 2014;
Rangel et al., 2009). While it is acknowledged that increased SS utilization could lead to
decreased yield, the study that measured yield demonstrated that the yield remained the
same even though utilization had increased (Rangel et al., 2009), suggesting that the
institution may be identifying more children with occult fractures. In addition, evidence-
based implementation methods, such as decision support tools, may further increase success
of the clinical guidelines (Prior, Guerin, & Grimmer-Somers, 2008). Results from this
literature review inform the development of such pathways. Despite recent publication of
evidence-informed SS guidelines for children < 2 years old with fractures, bruises, or
intracranial hemorrhage (Paine, Scribano, Localio, & Wood, 2016; Wood et al., 2014; Wood,
Fakeye, et al., 2015), question and controversy regarding the content of child abuse
pathways remain. Thus, there is a need for more hospitals to implement and evaluate
evidence-informed SS guidelines to standardize SS utilization, determine the optimal
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guidelines for various populations, and ultimately decrease the number of missed cases of
abuse.

This review has several limitations. First, most of the included studies were retrospective
and, as a result, subjects were not clinically evaluated in a consistent manner (e.g., various
numbers of radiographs were performed), possibly contributing to detection bias in yield.
The variation in SS utilization percentages across studies, age groups, and injury groups may
have influenced the occult fracture percentages, since centers that only evaluated the
highest-risk populations with SS would be more likely to detect occult fractures than centers
that had a lower threshold for ordering SS. Second, the inclusion and exclusion criteria and
ascertainment methods varied across studies and injury groups. For example, among studies
that included children evaluated for suspected abuse, some included all children evaluated
for suspected abuse while others included only children evaluated by a CPT. Third, many
studies had small sample sizes, limiting their power to detect differences in the
characteristics of children evaluated with SS and diagnosed with occult fractures. Fourth,
many of the studies presented data on children with multiple injury presentations, which
may create bias when comparing injuries and their associations with occult fractures. For
studies that included children with multiple injury presentations, we performed calculations
on injury type only for those whose primary reason for obtaining a SS was presented. In
addition, injury categories were not always consistently defined across studies, making it
difficult to compare certain populations. Lastly, nine studies introduced selection bias and
nine studies introduced reporting bias which may have influenced the results.

Conclusion

This review highlights the need for improved standardization of SS utilization in young
children with injuries in order to increase SS utilization in infants with high-risk injuries,
such as long bone fractures and unwitnessed or severe head injuries, and decrease racial and
socioeconomic disparities in SS utilization. Implementation of injury- and age-specific SS
guidelines hold promise for achieving these goals. Further study on the effectiveness and any
unintended consequences of SS guideline implementation is needed. Our review also reveals
a need for improved standardization in reporting the methods and results of studies
evaluating SS utilization and yield. Studies should clearly report how SSs were performed
(e.g. number of x-rays), who was included, and what percentage of children with suspected
physical abuse were evaluated with SS. Lastly, multi-center studies are needed to detect
differences in outcomes between populations and to account for hospital-level
characteristics, such as availability of resources (e.g. child abuse experts, radiology staff, and
x-ray equipment) and hospital policies to identify victims of child abuse or to reduce use of
radiation.
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case reports.
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Level Percentage
Author, Indication for of Concern Utilizing Skeletal
Year Skeletal Survey for Abuse? N Survey (95% Cl)
< 6 months
Harper, 2014  Bruising S/ICPT 146 -+ 93.8(886,97.1)
< 9 months
Jackson, 2015 Bruising SICPT 33 —— 90.9(75.7,98.1)
<12 months
Hansen, 2009 Any injury S/ICPT 275 + 98.5(96.3, 99.6)
Hicks, 2007 Any injury D/ICPT 183 -+ 96.1(91.7, 98.5)
Lindberg, 2014 Any injury SICPT 1501 ¢ 91.7(90.2,93.0)
Wood, 2012 Any injury D 8137 * 85.1 (84.3, 85.8)
Wood, 2015  Any injury® D 1602 * 57.6 (55.2, 60.1)
Carrim, 2012  Retinal hemorrhage D 14 —— 100.0 (76.8, 100.0)
Deye, 2013 Fracture: skull S/ICPT 215 -+ 93.5(89.3,96.4)
Hicks, 2007 Burns DICPT 9 - 88.9 (51.8, 99.7)
Lindberg, 2012 Sibling evaluation S/CPT 46 —<—  82.6(68.6,92.2)
12-23 months
Hansen, 2009 Any injury SICPT 104 —&- 904 (83.0,95.3)
Hicks, 2007 Any injury D/ICPT 58 —_— 81.0 (68.6, 90.1)
Lindberg, 2014 Any injury S/ICPT 474 - 78.9 (74.9, 82.5)
Wood, 2012 Any injury D 2033 * 76.5 (74.6, 78.4)
Wood, 2015 Any injury® D 900 -+ 31.9(28.9, 35.0)
Hicks, 2007 Burns D/ICPT 23 —— 826 (61.2,95.0)
Lindberg, 2012 Sibling evaluation S/CPT 88 —— 71.6 (61.0, 80.7)
> 24 months
Belfer, 2001 Any injury D/ICPT 33 —_—— 36.4 (20.4, 54.9)
Lindberg, 2014 Any injury SICPT 634 - 45.1 (41.2,49.1)
11 1 1T 11
0 10 20 30 40 50 60 70 80 90100
Figure 2A.

Skeletal Survey Utilization in Young Children Who Were Evaluated for and/or Diagnosed
with Physical Abuse. Percentage of children who underwent skeletal survey, grouped by
subject age. With the exception of the studies by Wood et al. (2012 and 2015) which used
ICD-9-CM codes to identify children diagnosed with abuse, the study population of each
study was children evaluated by a child protection team. Abbreviations: CI, confidence
interval; N, sample size. 2 Abuse level of concern was categorized as “S” for suspected if all

children undergoing skeletal survey for suspected abuse were included or was categorized as
“D” for diagnosed if only children receiving a diagnosis of abuse were included. In addition,

CPT indicates that only children referred to a child protection team were included. ® Unlike
other studies, the study population in Wood 2015 was evaluated primarily at non-pediatric
hospitals.
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Author,
Year

< 6 months
Lindberg, 2015
Lindberg, 2015

< 9 months
Anderst, 2008

< 12 months
Lindberg, 2015
Wood, 2010
Wood, 2012
Wood, 2015
Hymel, 2015
Rangel, 2009
Higginbotham, 2014
Shelmerdine, 2014
Shelmerdine, 2014
Wood, 2012
Wood, 2015
Lindberg, 2015
Lindberg, 2015
Shelmerdine, 2014
Lane, 2002
Lindberg, 2015
Wood, 2009

< 18 months
Laskey, 2013

12-23 months
Hymel, 2015

> 24 months
Hymel, 2015

Indication for

Percentage
Utilizing Skeletal
Survey (95% CI)

20.0 (19.1, 20.9)
13.1 (113, 15.2)

209 (13.9, 29.4)

59.0 (57.7, 60.3)
72.0 (70.4, 73.6)
68.0 (67.1, 68.9)
51.0 (48.5, 53.5)
81.8 (77.4, 85.8)
73.6 (67.0, 79.4)
60.4 (50.6, 69.5)
10.8 (6.4, 16.7)
0.0 (0.0, 14.8)
77.0 (75.5, 78.5)
53.0 (49.6, 56.3)
59.8 (58.4, 61.2)
52.2 (51.1, 53.3)
45(1.2,11.1)
56.4 (49.7, 63.0)
40.6 (39.4, 41.8)
41.3 (36.1, 46.8)

85.7 (79.6, 90.5)

66.3 (55.3, 76.1)

478 (35.4, 60.3)

Figure 2B.

Skeletal Survey N
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Head injury: ICH 5829
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Fracture: any 1
Fracture: any 158 | o=
Fracture: femur 237 | Aem—
Fracture: femur 2975
Fracture: femur? 859
Fracture: femur or humerus 4587
Fracture: long bone® 8279
Fracture: long bone® 89 |[e—
Fracture: long bone or skull®225
Fracture: skull 6433
Fracture: skull 341
Fracture: skull® 175
Head injury: severe 86
Head injury: severe 67

|
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Skeletal Survey Utilization in All Young Children with Specific Injury Presentations.

Percentage of children who underwent skeletal survey, grouped by injury type.

Abbreviations: Cl, confidence interval; ICH, intracranial hemorrhage; N, sample size; TBI,
traumatic brain injury. @ Evaluated primarily at non-pediatric hospitals. PLong bone was
defined as femur, humerus, ulna, radius, tibia, and/or fibula. ¢ The institutional protocol
required skeletal survey performance in infants < 18 months old with isolated skull fractures.
Based on the data provided by the authors, we estimated that the SS utilization percentage

for infants < 12 months old in this study would be between 89% and 95%.
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Level Positive
Author, Indication for of Concern Skeletal Survey
Year Skeletal Survey for Abuse® N % (95% CI)
< 6 months
Harper, 2014 Bruising SICPT 137 e 248 (17.8, 32.9)
< 12 months
Belfer, 2001 Any injury DICPT 64 —— 31.3(20.2, 44.1)
Hansen, 2009 Any injury SICPT 269 - 227 (17.8,28.2)
Lindberg, 2014 Any injury SICPT 1376 kS 25.7 (23.4, 28.0)
Barber, 2015 Any injury S 567 +> 21.0(17.7, 24.6)
Day, 2006 Any injury S 55 — 25.5(14.7, 39.0)
Duffy, 2011 Any injury S 457 & 13.1 (10.2, 16.6)
Karmazyn, 2011 Any injury 8 674 & 15.0 (12.4, 17.9)
Barber, 2015 Head injury: no trauma history S 70 —— 34.3 (23.3, 46.6)
Hymel, 2015 Head injury: severe S 284 - 229(18.1,28.2)
Rangel, 2009 Head injury: unwitnessed S 198 —— 28.8 (22.6, 35.6)
Ravichandiran, 2010 Fracture: any DICPT 193 —— 47.2 (39.9, 54.4)
Barber, 2015 Fracture: long bone S 104 o 29.8 (21.2, 39.6)
Fagen, 2015 Burns DICPT 17 —— 353 (14.2,61.7)
Hicks. 2007 Burns DICPT 8 ¢ 37.5(8.5,75.5)
Deye, 2013 Fracture: skull SICPT 201 |+ 6.0 (3.1,10.2)
Laskey, 2013 Fracture: skull S 134 | &= 6.0 (2.6, 11.4)
Wood, 2009 Fracture: skull S 141 ¥ 1.4 (0.2,5.0)
Lindberg, 2012 Sibling evaluation SICPT 38 —— 34.2 (196, 51.4)
Barber, 2015 Sibling evaluation S 12 |=———— 16.7 (2.1, 48.4)
12-23 months
Belfer, 2001 Any injury DICPT 18 e 286 (8.4, 58.1)
Hansen, 2009 Any injury SICPT 90 —— 18.9 (11.4, 28.5)
Lindberg, 2014 Any injury S/ICPT 374 + 15.2 (11.8, 19.3)
Barber, 2013 Any injury S 126 | == 16.7 (10.2, 25.1)
Day, 2006 Any injury S 6 9 16.7 (0.4, 64.1)
Dufty, 2011 Any injury S 135 | 4= 6.7 (3.1, 12.3)
Karmazyn, 2011 Any injury S 256 | * 9.0(58,13.2)
Hymel, 2015 Head injury: severe 8 57 sl 19.3 (10.0, 31.9)
Ravichandiran, 2010 Fracture: any DICPT 46 Sl 39.1 (25.1, 54.6)
Fagen, 2015 Burns DICPT 1" —— 27.3(6.0,61.0)
Hicks, 2007 Burns DICPT 19 |—— 10.5 (1.3, 33.1)
Lindberg, 2012 Sibling evaluation S/ICPT 63 |4— 4.8 (1.0, 13.3)
> 24 months”
Belfer, 2001 Any injury DICPT 12 p——— 8.3 (0.2, 38.5)
Lindberg, 2014 Any injury SICPT 286 - 16.8 (12.6, 21.6)
Barber, 2013 Any injury s 76 | ~— 105 (4.7, 19.7)
Day, 2006 Any injury 5 T ||t 18.2 (2.3, 51.8)
Duffy, 2011 Any injury S 105 |o= 57(21,12.0)
Hymel, 2015 Head injury: severe S 32 —— 18.8 (7.2, 36.4)
Ravichandiran, 2010 Fracture: any DICPT 16 —_————— 438 (19.8, 70.1)
Fagen, 2015 Burns D/ICPT 17 —— 29.4 (10.3, 56.0)
AR E T
0 1020 30 40 50 60 70 80 90100
Figure 3.

Percentage of Children with Positive Skeletal Survey by Age, Indication, and Level of

Concern for Abuse. Percentage of children undergoing initial skeletal survey who had a
positive skeletal survey (occult fracture(s) detected on skeletal survey), grouped by subject
age. Abbreviations: Cl, confidence interval; N, sample size.  Abuse level of concern was
categorized as “S” for suspected if all children undergoing skeletal survey for suspected
abuse were included or was categorized as “D” for diagnosed if only children receiving a
diagnosis of abuse were included. In addition, CPT indicates that only children referred to a
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child protection team were included. ® The upper limit of this age category varied across
studies.
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Table 1
Study Methodology Rating Scale

A Prospective study
B Retrospective data analysis with clearly defined sources/criteria

C  Retrospective data analysis with unclear sources/criteria

Note. This scale was adapted from a previously published scale (Paine, Fakeye, Christian, & Wood, 2016).

Child Abuse Negl. Author manuscript; available in PMC 2019 February 01.

Page 21



Page 22

Paine and Wood

2000 (6:0-9°0) L0 (8T-TT 7T 6002 ‘POOM [INS paye|os| :ainjoeid aoue.nsul ajeAtid ‘sa auou/a1ignd
T00°0> (s0-€0)t0 (8v-81)0°€ 6002 ‘[8buey passaunmun :Ainfur pesH aoueJnsul ajeAld ‘sa auouyaljgnd
€L0 (€Lv0) LT (T1-6'0)0T 210z ‘Biagpur gsBunais adueINsul ayeALld 'sA auou/alldnd
€L0°0 (0T-1'0) 90 (0260 €T €702 ‘Axise] 1INYS Paye|osI :ainjoelH aourInsul a1eALld “sA auou/aljgnd
TO0'0> :.olv.ov 90 Am.._”lm.._”v 9T 2002 ‘aueT auoq mco_ 10 ||NXS ainjdoelq aoueinsul wum>_‘_a ‘SA auou/al|gnd
€90 (+'1-90) 60 (e1-60)T'T 8002 ‘1s1spuy Joutw :Aunfur pesH aoueInsul 8jeAldd 'sA suou/d1ljgnd
30ueInsu

2100 (10T TT (01-6'0) 60 0TOZ ‘POOM HOI :Ainfur pesy alewsay 'SA BJe|Al
LT0 (T1-90)80 (91-60)2T 6002 ‘[oBuey passaupmun :Ainfur pesH 3[ewsay 'SA 3[eIN
6T0 (T'1-90)80 (82-80)GT 210z ‘Bisgpunn gsbunais alewsy A el
090 (e1-L0)60 '1-80 T'T 800 ‘1s19puy Joutw :Aunfur peay 3[ewsay 'SA [eIN
JENIED)

100°0> (80-9°0) L0 (Chsrakas ¥10Z ‘B1agpu asnqe pajoadsng GE-¥C 'SA€C-CT
1200 (6'0-50) L0 (6T-0T) 7T GT0Z '[PWAH asanas :Anfur pesH GE-¥C 'SAE2-CT
100°0> (80-50) 90 (Chsrakas 200z ‘oue auoq Buo Jo |n3is :aInjoeld GE-ZT 'SATT-0
100°0> (90-'0) 50 (ST-v1T) 8T GTOZ ‘POOM asnqe pasoubelq €2-CT SATT-0
100°0> (20-90) L0 11711 2102 ‘PO asnge pasoubeld €2-Z1 'SATT-0
100°0> (9°0-¥'0) G0 (CRERIEAH 10 ‘B1agpui asnge pajoadsng €2-CT 'SATT-0
120 (T1-90)80 (0e-80)971 210z ‘Baagpurn gsBunais €2-CT SATT-0
2000 (8'0-¥'0) G0 w1111 GT0Z ‘IPWAH a1anss :Anfur peay €2-21 'SATT-0
7000 (90-20) v0 Tr-1nTe £002 '$HIH asnqe pasoubelq €2-CT 'SATT-0
100°0> (5020 ¥'0 (09-TT)9C 600 ‘ussueH asnge pajoadsng €2-21 'SATT-0
820 (216011 (07-6'0)0'T 0T0Z ‘POOM HOI :Aanfur peay TT-L'SA9-0
70 (160 TT (T'1T-80)60 6002 ‘POOM [INXs paje|os| :anjoeld TT-9 SAG-0
L€00 (07-9'0) 80 F1-01T) 2T 102 ‘Biagpui asnge pajoadsng TT-9 'SAG-0
0 (€1-7'0) L0 (6€-90)5T Z10¢ ‘Baagpui gsbunars TT-9 'SAG-0
{Sypuow) sby

ed (1D %S6) -1

e(10 %56) +41

Apms

uoiesIpu| ABAINS [B1818YS

sonsLIgloRIRYD

Child Abuse Negl. Author manuscript; available in PMC 2019 February 01.

uonezinn AsAIng [e1818XS 10 PooyI|axIT YIIM SONSLIBIoRIRYD [edlul]d pue olydesBowaq JO UoNRIoosSy

¢ dlqeL

Author Manuscript Author Manuscript Author Manuscript Author Manuscript



Page 23

Paine and Wood

"afeyioway [elueIoRAUL ‘HO| ‘0e pooyraxll ‘YT ‘AydeiBowo) paindwod ‘1D ‘eAlslul 30USPLUOD ‘1D SUONRINRIGAY BJON

‘JueolIuBIS A|[eonsIels PaJapISu0d sS8] 40 G0°0 10 8NJBA S IS8 10BXa S, Jaysi4 PapIS-0M] ‘QT > SeM JUN0J ||89 & UBYM ‘10 18] a1enbs 1yo papIs-omj e Buisn pareInofed,

G6v0°0 (07-8'0) 60 (zv-0T)0C 6002 ‘[9Buey passaupmun :Ainfur peaH 8U0U "SA JUssald
100°0> (90-'0) 50 (Zz-€T) LT 70T ‘weyoquibbiH Aue :ainjoei 8UOU "SA Jussald
BUI[3PINGD [edIUIND [eNdsoH

100°0> (07-2'0) 80 (Sv1-9'2) 29 8002 ‘Isiapuy Jounw :Anfur peaH ouysaA rewnen o Aioisiy oN
100°0> (6'0-9'0) L0 (Lv-6T1)0°€ 8002 ‘Isiapuy Jounw :Aunfur peaH  ouysak :sinoy 9= ared Burxaas ut Aeja@
100°0> (£0-50) 90 (6v-v2)ve 600 ‘POOM [IN¥s paie|os! :ainjoeld ou/saA ‘5esnqe Joy ey pay
JOISTH U0 Sbejq pay

100°0> (0T-6°0) 60 (8e-6T) LT 0T0Z ‘POOM HOI Aunfur pesH OU "SA S3A
6000 (0T-6°0) 60 (T627T) 9 6002 ‘POOM [INS paye|os! :ainjoeid 0U "SA S3A
1UsSald Saunluy [euonippy

2€0 (T1-80)60 (ST-60TT 6002 ‘POOM [INXs paje|os| :anjoeld ainoely [Inis djduwis 'sA xajdwod
100°0> (So-v0)vo (re-L2) o€ 0TOZ ‘POOM HOI :Ainfur pesH Juasqe "sA Juasaid :aimoely [IN4S
120 (T1-90)80 (2160121 6002 ‘[oBuey passaupmun :Anfur peaH 81eIBPOW/P|IW "SA 818N8S
100°0> (80-L0) L0 (61-6T) 9T 0T0Z ‘POOM HOI Aunfur pesH aJeI3POW/PIW "SA 913N
T000> (9'0-€0) ¥'0 (6792 9¢ 8002 ‘1s4apuy Joutw :Aunfuy pesH anirebau sa annisod :sbupuy 1D
sonsusIoetey) Ainfuf pesH

€L0 (T1-6'000T (zz-9021 10z 4odseH asnge pajoadsng 18410 “sA pBuIsinig
ST0 (216021 (T'1-20)50 L002 ‘SHOIH asnge pasoubelq 18U10 'SA ,SUINg
AInfur Jo 8dAL

100°0> (80-L0)80 (rz-91) 02 0T0Z ‘POOM HOI :Ainfur pesH SHUM "SA0EIg
€V0°0 (07-2'0) 80 (8T-0T) €T 6002 ‘POOM [INXs Pale|os| :a.njoeld aNUM 'SA XoB|g
9000 (6'0-2'0)8°0 (Te-€1) Ve 6002 ‘196uey passaunmun :Ainfur pesH alym 'sajoelg
1200 (60-5°0) L0 (8z01T)LT Z10z ‘Bisgpur gsBunais anym ‘s Ayroutn
8.0 (€1-80)0T (6'1T-7'0) 60 €102 ‘Aovse [INXs paye|os| :3injoei auym ‘sa Aiouiy
T00'0> (9°0-+0) S0 (52-91) 02 2002 ‘aue] auog Buoj Jo |Inys :ainoel4 aYM 'sA AjLIoun
010 (Tz0D¥T (T'1-2'0)80 8007 ‘1sJ3puy Jounw :Anfur peaH OluedsiH-uou 'sA dluedsIH
I0IUuyIE/30eY

T000> (so+0)¥o (OT¥1) ST 0TOZ ‘POO HOI :Ainfur pesH aourInsul ajeAldd 'sA auou/aljgnd
e(10 %66) -4 (1D %G6) +471 Apms uoIeIIPU| ASAINS [BI3]9NS sonsLIgloRIRyD

Author Manuscript

Author Manuscript

Author Manuscript

Author Manuscript

available in PMC 2019 February 01.

Child Abuse Negl. Author manuscript



Page 24

Paine and Wood

"1odal sa21AU8s aAnda10.d pliyd 1sed Jo ‘Asolsiy Bunaijpuod Jo Buibueyd ‘ewnesy Jo A101sIy ou ‘sinoy g/ < a1ed Buiyass ul Aejap se paulyap sem asnge 10y Bepy vmmm

‘asnge [eaisAyd pa1oadsns 104 PalEN|BAS 819M PUE Pl SYIUOW 9 > UBIP|IYD ||V Pele|os] sem m:_m_am_h

*3SNQe UM PasouBelp a1em UsIP[Iyd ||V “UOIEINSU0D asnge 4oy uoseal Arewiid ay) sem >S.E_u

"asnge [eaisAyd yim pasouBelp usip[iyd 40 S10eIU0D pjoyasnoy Jaylo pue sbuljgis papnjoul %an

Author Manuscript Author Manuscript Author Manuscript

Author Manuscript

Child Abuse Negl. Author manuscript; available in PMC 2019 February 01.



Page 25

available in PMC 2019 February 01.

Child Abuse Negl. Author manuscript

Paine and Wood

6.0 (ST-20)TT (z1-80) 0T 6002 ‘|obuey passaupmun :Ainfur peaq a[ewsay 'sA d[elAl
8.0 (97-50)60 (6T1T-20)TT 900z Ae@ asnqe pajoadsns 3[ewdy ‘sA B[eN
JENIED)

00T (025001 (L'z-€0)60 GT0Z ‘udbieq suIng anisnqy 65-¥7¢ 'SA €221
080 (21-50) 60 OT-L0TT 1T0Z ‘Ana asnqe pajoadsns 6512 'SA €221
€€0 (ez-T0)¥'0 (Te-60) LT 1002 484leg asnge pasoubelq 8v—¥¢ 'SA €¢—C1
620 (e1-7'0) L0 (91-60) 2T  oST0Z/ETOC 8qieg asnge pajoedsng 8y 'SA £2-CT
LL0 (Lz-g0zt (€T-L0)0T  0TOZ ‘UeitpueydINey anIsnge :aimoel Ge—v¢ 'SA€Z-CT
280 (7'1-80)0'T (z1-80) 0T 10 ‘B1agpuin asnqe pajoadsns GE-¥¢ 'SA €¢—CT
00T (025001 (§1-20)0T GT0Z ‘[PWAH a1anes :Aunfur pesH GE—¥C 'SA €¢—CT
00T (9720071 (9v-z0)0T 9002 ‘Ae@ asnqe pajoadsng GE—C 'SA€C—CT
€€0 (eT-7'0) 80 (ZT-6'0) TT  0T0Z ‘UBdpuBydIARY aAIsNqe :ainjoel €2-¢T 'SATT-0
100°0> (80-50)90 (cT-TDTT ¥10¢ ‘Biogpur asnqe pajoadsns €221 SATT-0
T00°0> (Lo-T0) €0 (T7-8T1)82 210z ‘Biagpun gsbunais €¢-¢T 'SATT-0
9100 (6'0-7'0) 90 (10T TT 1102 ‘uAzeulrey asnqe pajoadsns €221 'SATI-0
G50 (515080 (z1-6'000T GTOZ '1sWAH :Ainfur pesH €¢-¢T 'SATT-0
vT°0 (971-2°0) 50 (92-60)9¢ L00¢ 'SYIH suing aAISNqY €2-¢T SATI-0
Sv'0 (e'1-50) 80 (@160 71T 600¢ ‘uasueH asnqe paroadsng €¢-¢T 'SATT-0
00T (e'z-€080 (Te-902T GTOZ ‘uabieq suIng aAIsnqy €¢-¢T 'SATT-0
900 (01-€0)50 (10T TT 1102 ‘Ana asnge pejoadsns €2-CT 'SATI-0
00T (97-10) 90 (€T-60TT 9002 ‘Ae@ asnqe pajoadsng €¢—¢T 'SATT-0
00'T (92-€0)60 (e1-80)0T 1002 184199 asnge pasoubelq €221 'SATI-0
1€°0 (e1-50) 80 (T7T-0T) 0T  »STOC/ETOC Ueqleq asnqe pajoadsns €221 SATT-0
110 (WN) 00 (L1187 €10 ‘Aaviser 1INs paYe|os! :aInjoel T1-9 'SA G0
0200 (01-20)80 (eT-0M)TT 10z ‘B1agpui asnge pajoadsng TT-9 'SA G0
670 (91-€0) 90 (zz-80€T 2102 ‘Biagpun gsbunais TT-9 'SAG-0
5000 (60-€0) 50 (ST-TTET 1102 ‘Ana asnqe pajoadsns TT-9 'SAG-0
{Sypuow) sby

ed  e(109%56) -4 (1D %56) +d1 Apmis  uonealpul ASAINS [e19]93S sonstIsloRIRYD

ABAING [€18]8XS BAINISOd 1O POOYI|XIT YIIM SONSLIBoRIRYD [edlul]d pue olydesBowaq JO UoIRId0SSY

€ 9lqeL

Author Manuscript Author Manuscript Author Manuscript Author Manuscript



Page 26

Paine and Wood

"asnge 1oy BuiuIaouo9 sarInful feuonippe Jo/pue ‘A101sIy S4O Joud ‘sinoy g/ < ated ul Aejap ‘satiolsiy Buiioljyuod Jo Buibueyo ‘ewnely J0 A10IsIy Ou Se paulap sI asnde 1oy ey Pad;

"PJO SYIUOW 9 > BI8M UBIP|IYD ||V "Sanful 1310 Ag paiuedwiodde 10U Sem mc_m::.m_MN
*SISA[BUE SIU) WY PAPNJOX® 48M UOTINIISUI APNIS BY) URY) JBYI0 LONMIISUI Ue 18 pawiopiad SS [eniul 418yl pey oym uaIpIuO,

‘paJoU SIMIBYI0 SSBJUN SS JUaMIBpUN ABy) YdIYM o uonelussaid T < pey aAey Aew UBIpP|IYd pue ‘paje|ost 10U a19Mm 8_5._:_\N

'SS annisod Jo uoniulap awes ayl asn pue uoirejndod Apnis awes auy 4o sdnoib abie Jualaip o) ate Asy se ‘sisA[eur SIU) Ul PauIqUIod aiam GTOZ ‘legeg pue £T0Z ‘1ageg ul pajuasaid Smou

‘asnge [eaisAyd yim pasouBelp uaJp|iyo Jo S19BIUOI pjoyasnoy Jayio pue sBullgis papnjoul %Emn

“JURdIUBIS A|[BO1ISITEIS PRISPISUOD SS3] IO GO'( JO BNJBA S 1S9} 19BXD S, Jaysid PapIS-0M] ‘0T > SBA JUN0J |32 B USYM ‘10 153} a1enbs 140 papis-om) e Buisn pareInofed),

"013B4 POOYISX1] ‘YT {[eAIBIUI BIUSPIUOD ‘1D :SUOHRIABIGQY ‘BION

700 (TT-10€0 (9e-9T) ve €10z ‘Aoxse alnjoely NS paje|os| ouysak asnae Joj Beyy pay

OISTH U0 SB[ oy

100°0> (8'0-€0) G0 (TzeD LT 6002 ‘[oBuey passauymun :Ainfur peaH 8)eISPOW/P]IL "SA BIBASS
00T 180 TT (Tv-10)90 £T02 ‘Aoxse] aImaR.y [|M{s pate|os]  aimaedy [[nys ajduis A xajdwod
.0 (ST-60TT (zz-z0) 90 €707 ‘9kaQ 2lnjoely [INXS Pare|os|  ainioely [INys ajdwis 'sA xajdwo)
sonsualoerey) Anfuj pesH

€90 (c1-6'0) 0T (81-€0) L0 £002 'SHOIH asnqe pasoubelq J3yjo 'sA suing
60 (T1-07) 071 (z1-90) 60 10 “adieH asnqe pajoadsng Jaypo 'sa Buisinig
2000 (60-2'0)8°0 (gz€1)871 GTOZ ‘4agieg asnqe pajoadsng 243U10 "sA aimdeuy suog Buo
200 (01-20)80 (Tz-1T1) 8T GT0Z ‘19qteg asnqe paydadsng 1310 "SA (Jn3s-uou) ainjoelH
p3GRL KInluj

6£°0 (€1-60)TT (#'1-¥0) 80 600¢ '19Buey passaupmun :Ainfur pesH SHYM "SA Xoe1d
INRIETE)

1000 (L'0-z0)v'0 (CREAIE A 6002 ‘[oBuey passauymun :Ainfur pesH - 9ueinsul ajeAtd ‘sA auou/o1ignd
aduelnsuf

ed (10 %56) ~dT (1D %56) +47 Apms  uonesipul ASAINS [e18]9)S sonsiisloRIeyD

Author Manuscript Author Manuscript Author Manuscript Author Manuscript

available in PMC 2019 February 01.

Child Abuse Negl. Author manuscript



	Abstract
	Methods
	Search Strategy
	Study Selection
	Data Extraction, Assessment of Methodological Quality, and Analysis

	Results
	Search Results
	Skeletal Survey Utilization
	Description of studies
	Evaluation for suspected or diagnosed physical abuse: skeletal survey utilization among infants < 12 months old
	Evaluation for suspected or diagnosed abuse: skeletal survey utilization among toddlers ≥ 12 months old
	Evaluation due to specific injuries for which abuse may or may not have been considered: skeletal survey utilization among infants <12 months old
	Evaluation due to specific injuries for which abuse may or may not have been considered: skeletal survey utilization among toddlers ≥ 12 months old
	Skeletal survey utilization among siblings and household contacts of physically abused children
	Demographic characteristics associated with skeletal survey utilization
	Clinical characteristics associated with skeletal survey utilization

	Yield of SS: Detection of Occult Fractures on Skeletal Survey
	Description of studies
	Detection of occult fractures on skeletal surveys performed in infants < 12 months old
	Detection of occult fractures on skeletal surveys performed in toddlers 12-23 months old
	Detection of occult fractures on skeletal surveys performed in children ≥ 24 months old
	Demographic and clinical characteristics associated with positive skeletal survey

	Risks of Skeletal Survey: Radiation Exposure

	Discussion
	Summary of Results and Implications
	Skeletal survey utilization among children evaluated for abuse
	Skeletal survey utilization among children with specific injuries
	Demographic characteristics associated with skeletal survey utilization and yield
	Skeletal survey yield
	Skeletal survey risks

	Future Directions
	Limitations

	Conclusion
	References
	Figure 1
	Figure 2A
	Figure 2B
	Figure 3
	Table 1
	Table 2
	Table 3

