Sensitivity of the Limited View Follow-up Skeletal Survey

WHAT’S KNOWN ON THIS SUBJECT: A previous study suggested
that spine and pelvis views may be omitted from the follow-up
skeletal survey protocol for suspected child abuse, when these
views are normal on the initial skeletal survey, without limiting
the sensitivity of the study.

WHAT THIS STUDY ADDS: This multicenter study provides
estimates of the risk of missing occult fractures in the evaluation
of suspected child abuse with omission of spine and pelvis views
from the follow-up skeletal survey protocol. Results may be used
to update practice recommendations. /

BACKGROUND AND OBJECTIVE: Reducing radiation exposure to mini-
mize risk has been emphasized in recent years. In child abuse, the risk
of missing occult injuries is often believed to outweigh radiation risk
associated with skeletal surveys. Our hypothesis was that there would
be no clinically significant difference in results from a limited view,
follow-up skeletal survey (SS2) protocol, which omits spine and
pelvis views unless these views have findings on the initial skeletal
survey (SS1), compared with a traditional SS2 protocol for
radiographic evaluation of suspected physical abuse.

METHODS: This study was a retrospective record review involving 5
child protection teams. Consultations for suspected physical abuse
were reviewed to identify subjects <24 months of age who had an
581 and a traditional SS2. The results of these studies were compared
to identify subjects in which newly identified spine and pelvis frac-
tures (fractures seen only on SS2 and not on SS1) would have been
missed by using a limited view SS2 protocol.

RESULTS: We identified 534 study subjects. Five subjects had newly
identified spine fractures, and no subjects had newly identified pelvis
fractures on traditional SS2 studies. Only 1 subject with a newly iden-
tified spine fracture would have been missed with the limited view SS2
protocol used in this study (0.2% [95% confidence interval: <0.005—
1.0). None of the newly identified fractures changed the abuse-
related diagnosis.

CONCLUSIONS: We found no clinically significant difference in the results
of a limited view SS2 protocol versus a traditional SS2 protocol for ra-
diographic evaluation of suspected abuse. Pediatrics 2014;134:242—-248
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Skeletal trauma is common in abuse.!
Both the initial skeletal survey (SS1)
and the follow-up skeletal survey (SS2)
are recognized as essential elements
in the medical evaluation of abuse in
young children. The American Academy
of Pediatrics (AAP) and the American
College of Radiology (ACR) consider
331 the standard of care for the med-
ical evaluation of suspected physical
abuse in children <24 months of age.
SS2 is recommended ~2 weeks after
SS1when abnormal or equivocal find-
ings are present on SS1 and when
abuse is suspected on clinical grounds.23
352 may identify occult fractures present
at the time of the initial evaluation
but not visible until some callus has
formed. SS2 may also clarify equivocal
findings on the initial study and help
with approximate dating of fractures.45

The yield of SS2 may be defined as the
rate at which SS2 adds information
to that available from SS1. Different
authors may consider added infor-
mation as newly identified fractures,
clarification of questioned fractures on
SS1 as fractures or not fractures, in-
formation about fracture age, or some
combination of these factors. Previous
research suggests that the yield of SS2
ranges between 14% and 61%.4-2 When
332 has a positive yield, the new infor-
mation affects the abuse-related diag-
nosis by increasing certainty, decreasing
certainty, or reversing the diagnosis in
14% to 41% of cases.5>-8 These features
make SS2 important in the accurate
medical evaluation and diagnosis of
abuse. They also make SS2 important
in the complete documentation of all
injuries when the diagnosis of abuse
has been made. The complete docu-
mentation of injuries has been shown
to be helpful in better establishing the
medical diagnosis of child abuse, the
protection of children, and the legal
prosecution of child abuse cases.°

Although imaging studies are central to
the evaluation of child abuse, concern
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about the use of radiation in children
has increased in the past several years.
The Society for Pediatric Radiology
supports a linear, no-threshold model
as the best way to estimate the risk of
radiation exposure. This model states
that no level of radiation exposure is
without consequence.! The ALARA con-
cept (as low as reasonably achievable)
addresses these concerns as a philos-
ophy of radiation—dose management.'2

In 2009, our center published a study
that suggested that the spine and pelvis
views could be omitted from SS2
without loss of information when no
spine or pelvis findings (fractures or
questioned fractures) were present on
8518 Removing routine spine and pel-
vis views from SS2 not only eliminates
the highest single radiation dose views
from the study but also decreases ra-
diation to the thymus, thyroid, and
gonads, which are particularly sensi-
tive to radiation. This is in keeping with
the ALARA concept while maintaining
the goals of accurate diagnosis and
complete documentation of injuries.

Qur objectiveinthe present studywasto

determine if a large multicenter study
would support the results of our pre-
vious single-center study.® Our hypoth-
esis was that there would be no
clinically significant difference in re-
sults from a limited view SS2 protocol
that omits the spine and pelvis views
(when no spine or pelvis fractures or
questioned fractures are present on
3S1) compared with a traditional $S2
protocol for radiographic evaluation of
suspected physical abuse.

METHODS

This study was a retrospective trial
based on record review involving 5 child
protection teams. Each center obtained
approval from their respective institu-
tional review board. Consecutive child
protection team consultations for pos-
sible physical abuse were reviewed to
identify subjects <24 months of age

(eligible subjects). Study subjects were
those eligible subjects with both an SS1
and a traditional SS2 performed from
10 to 42 days later at the same in-
stitution.

The study included cases that were
evaluated from 1999 through 2009. All
centers performed SS1 and traditional
352 according to published ACR stan-
dards during the study period. The
studies were interpreted by pediatric
radiologists at each institution. The total
study populationincluded 97 cases from
the 2009 study® The data fromthat study
were recollected based on the present
study’s protocol.

We defined the limited view follow-up
skeletal survey protocol as an SS2
with the same views as the traditional
352,13 without spine and pelvis views,
unless there are definite or questioned
spine or pelvis fractures on the SS1.
The spine or pelvis views are included
in the limited view SS2 in that situation
(Table 1).

Definite fractures were those findings
on 331 about which the radiologist
could make a definitive diagnosis of
fracture. Questioned fractures were
those findings on SS1 about which the
radiologist raised the possibility that
the finding was a fracture but could not
make a definitive diagnosis. Newly
identified fractures were findings seen
only on SS2. By definition, these newly
identified fractures were not refer-
enced in the radiology report for SS1,
including as a questioned fracture. If
a new questioned spine or pelvis frac-
ture was identified only on SS2, it was
included as a newly identified fracture
in this study to be as conservative as
possible with regard to the study
question.

Investigators at each institution re-
viewed radiology reports for each study
subject. Definite fractures and ques-
tioned fractures were listed for each
3S1. Newly identified factures and the
follow-up information about questioned
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TABLE 1 Individual Radiographs Obtained in the Follow-up Skeletal Survey

Traditional Follow-up SS2 of 19 Individual

Limited View Follow-up SS2 of 15 Individual

Radiographs Radiographs®
Humeri (AP) Humeri (AP)
Forearms (AP) Forearms (AP)
Hands (PA) Hands (PA)
Femurs (AP) Femurs (AP)

Lower legs (AP)

Feet (PA) or (AP)

Thorax (AP, left and right obliques®)
Cervical spine (lateral)

Thoracic and upper lumbar spine (lateral)
Lumbosacral spine (lateral)

Pelvis (AP), to include mid lumbar spine

Lower legs (AP)
Feet (PA) or (AP)
Thorax (AP, left and right obliques®)

AP, anterioposterior; PA, posterior-anterior.

a | ateral spine and pelvis views are performed when fractures or questioned fractures of the spine or pelvis are noted on the

SS1.

b The ACR and Society for Pediatric Radiology include left and right oblique chest views as part of the initial skeletal survey
protocol.'3 They are part of the limited view follow-up skeletal survey protocol.

fractures on SS1 were listed for each
832. This information was used to de-
termine when SS2 added information
to that obtained on SS1. Added infor-
mation for $S2 was defined as: (1) newly
identified fractures; (2) questioned frac-
tures on SS1 confirmed as fractures; or
(3) questioned fractures on SS1 deter-
mined not to be an injury.

When newly identified spine or pelvis
fractures were present on SS2, the SS1
radiology report was reviewed to de-
termine if there had been any spine or
pelvis findings on SS1. In addition,
radiographs were reviewed with pedi-
atric radiologists at each center to
determine on which views of SS2 the
newly identified fractures could be
seen, and if the newly identified frac-
tures could be seen in retrospect on
SS1. Notes from child protection team
consultations were reviewed for all
cases with newly identified spine or
pelvis fractures on SS2 to determine
if the newly identified fractures had
changed the abuse-related diagnosis in
any way. This determination was made
by the child abuse pediatrician involved
in the study at each site.

The outcome of interest was any newly
identified spine or pelvis fractures seen
on the traditional SS2 that would have
been missed with the limited view SS2
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protocol. “Missed” newly identified frac-
tures could not be accompanied by any
other definite spine or pelvis fractures
or questioned fractures on SS1 and
could not be seen on any of the views
routinely included in the limited view
832. Secondary outcomes included
changes in abuse-related diagnoses
associated with findings that would
have been missed with the limited view
SS2 protocol.

Due to the ethical and clinical signifi-
cance of missing a diagnosis of child
abuse based on a more limited medical
evaluation, we sought a sample size of
598 study subjects to establish a 95%
confidence interval (Cl) of 99.5% to
100.0% (1-sided) based on the hypoth-
esisthat we would identify no failures of
the limited view SS2. Stata version 12
(Stata Corp, College Station, TX) was
used for descriptive analysis of all data.

RESULTS

The 5 centers involved in this study
identified 1963 eligible subjects. Of
these, 534 study subjects (27.2%) were
identified (Fig 1). Although smaller than
initially planned, the study sample
would provide a 95% Cl that was
>99.4% if no protocol failures were
identified. The mean age of the study
subjects was 5.4 months, and the me-

dian age was 4 months. The SS2 added
information in 207 (38.8%) of 534
cases.

The number of subjects with spine
fractures was 14 (2.6% [95% Cl: 1.4—
44]) of 534, for a total of 26 spine
fractures. For the purposes of this
count, “spine fracture” was defined as
definite spine fractures on SS1, ques-
tioned spine fractures on SS1 con-
firmed as fractures on SS2, and newly
identified spine fractures on SS2.1n 5 of
the 14 subjects with spine fractures (5
of 534 [0.9%]; 95% Cl: 0.3-2.2), these
were newly identified spine fractures,
seen only on SS2, for a total of 8 frac-
tures. The 14 subjects with spine frac-
tures had a median of 3 other fractures
(interquartile range [IQR]: 3—15). Sub-
jects without spine fractures had
a median of 1 fracture (IQR: 0—4).

In 2 of the 5 subjects with newly iden-
tified spine fractures on 3S2 (Table 2),
there were also other spine findings on
SS1 (spine fractures or questioned
spine fractures in other locations). In 2
of the remaining 3 subjects, the newly
identified spine fractures were seen on
the anterioposterior chest view of SS2.
The final subject did not meet either of
these 2 conditions (1 of 534 [0.2%]; 95%
Cl: <0.005-1.0) (Table 2, subject 5). The
newly identified spine fractures did not
change the abuse-related diagnosis in
any of the 5 subjects.

Pelvis fractures were identified in 2
(0.4%) of 534 subjects (95% Cl:0.05-1.3),
for a total of 2 fractures. These were
both identified on $S1. No pelvis frac-
tures were identified on SS2 that were
not identified on SS1 (95% Cl: 0-0.7).
Subjects with pelvis fractures had
a median of 7.5 other fractures (IQR: 2—
13). Subjects without pelvis fractures
had a median of 1 fracture (IQR: 0-4).

DISGUSSION

In this study, 5 subjects had newly
identified spine fractures seen only on



Center A Center B Center C Center D Center E
(n=132) (n=155) (n = 356) (n=543) (n=777)
1963 subjects
identified

Excluded: no follow-up skeletal survey
(n=1375)
Excluded: follow-up skeletal survey not
performed 10 to 42 days after initial
skeletal survey (n = 54)
534 subjects
included in analysis
Subjects without Ssupt;{ne;tr’\sovr\:?e?v?g 7 Subjects with spine Subjects with pelvic
fractures (n = 157) fractures (n = 361) fractures (n = 14) fractures (n = 2)

Fi

Study subjects. “Fractures” include definite fractures on SS1, findings

fractures on $S2, and findings questioned as fractures on SS2.

.
AR

TABLE 2 Subjects With Newly Identified Spine Fractures on Traditional Follow-up SS2

questioned as fractures on SS1 and confirmed as fractures on $S2, newly identified

Subject 831 Spine Findings® Traditional Follow-up SS2 Newly Traditional Follow-up SS2 Other Injuries Identified
Identified Spine Fractures Non-Spine Views Showing Newly
Identified Spine Fractures®

1 1 questioned compression 1 compression fracture (at another site None Multiple fractures; humerus,

fracture than the 1 questioned on the radius, ulna, tibia, fibula
initial skeletal survey)

2 2 compression fractures at 1 compression fracture at thoracic vertebrae T6 None Subdural hematoma
thoracic vertebrae T7 and T8

3 None 3 compression fractures at thoracic vertebrae AP chest Subdural hematoma,

T9, T10, and T11

tibia fracture

4 None 2 compression fractures, thoracic vertebrae AP chest Classic metaphyseal lesion
) of femur
5 None 1 fracture at lumbar vertebrae L2 None Subdural hematoma

AP, anterioposterior.

2 When spine findings (fractures or questioned fractures) are present on 8S1, spine films are added back into the limited view follow-up SS2 per protocol; thus, the limited view follow-up $$2

identifies any new spine fractures that may be present.

bThe limited view follow-up SS2 always has an AP chest view, per protocol; thus, if a spine fracture is identified on the AP chest view of a traditional follow-up SS2, the limited view SS2 will also

identify it.

882. The limited view SS2 protocol
would identify these fractures in 4 of
these subjects. Two subjects had other
spine findings on SS1, and the spine
views would therefore have been in-
cluded in the limited view SS2. In the 2
other subjects, the newly identified
spine fractures were visible on the
anterioposterior chest view, which is
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always included in the limited view SS2.
One newly identified spine fracture in 1
subject (Table 2, subject 5) would have
been missed by using the limited view
882 protocol, without changing the
abuse-related diagnosis. This findig
was a questioned spine fracture in-
cluded in the data to be as conservative
as possible in addressing the study

question, and the area in question was
seen on 331 in retrospect. This subject
had other clear evidence of abuse and
also had multiple congenital spine
anomalies.

These data demonstratethatthe limited
view 332 will rarely miss spine and
pelvis fractures that would have been
identified on atraditional view SS2. This
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large multicenter study supports both
the results of our earlier study® and our
hypothesis that there is no clinically
significant difference in results from
a limited view SS2 protoco! versus a
traditional view SS2 protocol for ra-
diographic evaluation of suspected
physical abuse.

The ALARA concept challenges physi-
cians to use the lowest radiation ex-
posure possible to answer the question
addressed by the radiologic study. The
limited view SS2 protocol is compelling
and of clinical significance because it
meets this challenge via elimination of
routine spine and pelvis views, thus
decreasing radiationto organs that are
particularly radiosensitive, without sig-
nificant change in sensitivity from the
traditional SS2. We estimated that the
limited view SS2 reduces radiation by
~90%, compared with the traditional
SS2 (Table 3).' The benefits of less dis-
comfort, less time spent in the radiology
department for the child, and potential
cost savings must also be considered.

Although spine and pelvis fractures are
not common in abuse cases, and are
rarely missed by the limited view SS2,
they do have the potential to enhance
child abuse cases as additional injuries,
with mechanisms different from other
fractures. Centers must balance the
advantages to patients offered by the
limited view SS2 with this potential
impact on the overall outcome of cases.

Our results suggest a need for thoughtful
discussion and research surrounding
therole ofnewer modes of radiographic
imaging in selected cases. '°F PET bone
scan and computed tomography (CT)
scans are not the standard of care for
fracture identification in child abuse,
and both studies involve more radia-
tion exposure than the skeletal survey.
One subject in our study had a pelvis
fracture not identified on either SS1 or
$S2, but identified on '®F PET bone scan
and CT scan. In 2 of our subjects with
newly identified spine fractures on SS2,
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TAZLE 3 Approximate Radiation Exposure in the Traditional Follow-up 882 Compared With the

Limited View Follow-up SS2

Skeletal Survey Dose Estimates (Based on

Exposure per SS1

“Traditional S82  Limited View

Average Dose for 1-Year-Old Child) Radiograph (mSv)? Follow-up SS2
Skull 0.016 0 0
Thorax 0.016 0.048 0.048 0.048
Pelvis 0015 0.015 0.015 0
Spine 0.51 0.51 0
Extremity® 0.0005 0.006 0.008 0.008
Total 0.595 0.579 0.054

a Adapted from Ahmed BA, Connolly BL, Shroff P, et al. Gumulative effective doses from radiologic procedures for pediatric

oncology patients. Pediatrics. 2010;126(4): 853.1
b Includes hand and foot views.

these fractures were identified after
'8F PET bone scan had already identi-
fied them. Our cases suggest that SS2
may not be the radiographic study of
choice for identifying spine and pelvis
fractures. Further research is needed
to determine if the benefits of '°F PET
bone scan and CT studies outweigh the
radiation risks when information about
spine and pelvis fractures is deemed
critical to case outcome or to explain
persistent clinical signs or symptoms.

832 is performed primarily to identify
callus. The skull, which is primarily
membranous bone, is not expected to
show new findings in the time frame in
which SS2 is performed,3® and skull
films are not part of the recommended
traditional SS2 protocol.® Similar rea-
soning can be applied to the pelvis and
spine. The pelvis is a membranous,
noncallus-forming bone. The spine is
an endochondral bone, but radiologists
have long noted that the vertebrae do
not develop callus in the manner of
other endochondral bones.

The small number of subjects with spine
and pelvis fractures in this study is
comparable to that found in previous
studies.!3-28 The small number of these
fractures, and their frequent associa-
tion with other evidence allowing the
diagnosis of abuse, has triggered a
suggestion that spine and pelvis views
be omitted from S$S1.2426 Other3 have
opposed this viewpoint for spine frac-
tures,25.27.28 making the argument that
there is high specificity for abuse when

occult spine fractures are discovered,
and that spine fractures, while uncom-
mon, are not rare. The low initial prev-
alence of spine and pelvis fractures on
both SS1 and SS2 supports decreasing
repeated exposure by eliminating these
views from $S2. Retaining them on SS1
allows a balance between complete
evaluation and documentation and the
ALARA concept.

Others have suggested eliminating hand
views from SS2 when these views are
normal on $S1.2 Hand and foot fractures
are anatomically and mechanistically
similar and may be considered to-
gether. Our study found 10 (1.9%) of 534
subjects had these fractures. Despite
this low yield, the inclusion of these
views in SS2 may achieve the best
balance between the ALARA concept
and the need for complete injury doc-
umentation, given the high specificity
for abuse of these fractures and their
relatively low required radiation dose.

Atthetime ofthis writing, 7 studies have
been published with regard to $82.4-9.29
Although of different design, and oc-
curring in different time periods (some
involving screen-film and others com-
puted or digital radiography), all have
supported the utility of SS2 in the
evaluation of child abuse. Our study
also demonstrates this utility, and our
yield of 38.8% is comparable to the
yield demonstrated in previous studies
(14%—61%).4-8 The variation in yield
between studies is explained in part by
the authors’ different consideration of



added information. For example, the
study by Singh et al,8 with an SS2 yield
of 14%, did not consider added in-
formation to include subjects in which
fractures questioned on SS1 were ex-
cluded as fractures on SS2. We in-
cluded these as added information in
our study because these data may af-
fect the abuse-related diagnosis.5” The
AAP guidelines for obtaining SS2 leave
some room for interpretation, and child
abuse pediatricians may vary in their
practice as to which cases receive an
332 and in the effort made in each case
to ensure that the study is obtained.
These variations in practice could con-
tribute to the variation in SS2 vyield
among studies.

Inthis study, SS2 was obtained in 27.2%
of eligible subjects. This finding is
comparable to the rate found in other
studies (11.5%-65%).4-8 Subjects may
not have had an SS2 available for study
purposes due to loss to follow-up,
obtaining the study at another hospi-
tal or in another state, death before the
time when SS2 should be obtained,
identification of a medical cause that
explains the physical findings, or due
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