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Background and purpose — Plain radiographs may fail to reveal
an ankle fracture in children because of developmental and ana-
tomical characteristics. In this systematic review and meta- anal-
ysis, we estimated the prevalence of occult fractures in children
with acute ankle injuries and clinical suspicion of fracture, and
assessed the diagnostic accuracy of ultrasound (US) in the detec-
tion of occult fractures.

Methods — We searched the literature and included stud-
ies reporting the prevalence of occult fractures in children with
acute ankle injuries and clinical suspicion of fracture. Proportion
meta-analysis was performed to calculate the pooled prevalence
of occult fractures. For each individual study exploring the US
diagnostic accuracy, we calculated US operating characteristics.

Results — 9 studies (involving 187 patients) using magnetic res-
onance imaging (MRI) (n = 5) or late radiographs (n = 4) as refer-
ence standard were included, 2 of which also assessed the diagnos-
tic accuracy of US. Out of the 187 children, 41 were found to have
an occult fracture. The pooled prevalence of occult fractures was
24% (95% CI: 18-31). The operating characteristics for detection
of occult ankle fractures by US ranged in positive likelihood ratio
(LR) from 9 to 20, and in negative LR from 0.04 to 0.08.

Interpretation — A substantial proportion of fractures may
be overlooked on plain radiographs in children with acute ankle
injuries and clinical suspicion of fracture. US appears to be a
promising method for detection of ankle fractures in such chil-
dren when plain radiographs are negative.

Acute ankle injuries (AAI) are common in patients of all ages
and may constitute up to 12% of emergency department (ED)

visits (Cockshott et al. 1983). They involve about 25% of
all injuries of the musculoskeletal system (Pijnenburg et al.
2000). It has been estimated that approximately lankle injury
per 10,000 people occurs every day (Vasukutty et al. 2011).

Of primary concern is whether patients with AAI have frac-
tures. When there is clinical suspicion of fracture, clinicians
have traditionally relied on the use of plain radiographs to
exclude ankle fractures. However, interpretation of conven-
tional radiographic imaging of childhood injuries is challeng-
ing, due to the developmental and anatomical characteristics
of children (Marsh and Daigneault 2000). In children, plain
radiographs may fail to reveal a fracture; accurate diagnosis
can be complicated by endochondral ossification, additional
areas of ossification, and open epiphyseal plates (Endele et al.
2012). This gives a risk of over- treatment of children with-
out fracture and under-treatment of those with fracture, with
medical (Ogden 1987), financial (Kan et al. 2009), and psy-
chosocial (Loder et al. 1995) consequences.

Using different imaging methods such as late radiographs
(Simanovsky et al. 2005, 2009, Sankar et al. 2008, Kan et
al. 2009) or magnetic resonance imaging (MRI) (Stuart et
al. 1998, Launay et al. 2008, Boutis et al. 2010, Endele et al.
2012, Gufler et al. 2013) as reference standard, numerous stud-
ies have looked for the presence of occult fractures in children
with radiograph-negative AAI and clinical suspicion of frac-
ture. Some authors have also assessed the accuracy of ultra-
sound (US) in the detection of occult ankle fractures, compar-
ing it with late radiographs as reference standard (Simanovsky
et al. 2005, 2009). To date, however, no systematic reviews
or meta-analyses on this topic have appeared. We therefore
undertook a systematic review and—where appropriate—a
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meta-analysis of the relevant literature to estimate the preva-
lence of occult fractures in children with AAI The main ques-
tions addressed in this review were: “what is the prevalence
and what is the clinical significance of occult fractures in chil-
dren with radiograph-negative AAI and clinical suspicion of
fracture?”” We also wanted to assess the diagnostic accuracy of
US in detection of occult fractures in such children.

Methods

We conducted and reported this systematic review in accor-
dance with the PRISMA (Preferred Reporting Items for Sys-
tematic Reviews and Meta-Analyses) statement (Moher et al.
2009).

Search strategy

In the literature search, we tried to identify all articles cover-
ing the prevalence of occult fractures in children with AAI
and clinical signs of fracture. To identify eligible original
articles, we searched the following electronic databases from
inception to March 2013: MEDLINE via PUBMED, INIST
(Scientific and Technical Information Institute) via article@
inist, and the COCHRANE library. In each electronic data-
base, various combinations of the following search terms were
used: “ankle”, “injury”, “trauma”, “fracture”, “growth plate”,
“physis”, “epiphysis”, “sprain”, “radiology”, “sonography”,
“magnetic resonance imaging”, and “computed tomography”’.
The reference lists of potentially relevant articles were also
screened for additional articles of interest. The detailed search
strategy for MEDLINE via PUBMED is given in the Appen-

dix (see Supplementary data).

9%

Eligibility criteria

We applied explicit a priori inclusion and exclusion criteria.
Studies published before March 30, 2013 were eligible for
inclusion if: (1) they reported data on the prevalence of occult
fractures in children < 18 years of age with radiograph-nega-
tive acute blunt ankle injury and clinical suspicion of fracture,
(2) they used MRI or late radiographs as reference standard
to confirm bone injuries in = 80% of cases, and (3) they were
written in English, French, Spanish, or German. Studies that
included children with other suspected appendicular fractures
or children with other clinical or radiographic characteristics
were included if data pertaining to children with radiograph-
negative AAI with clinical suspicion of fracture could be
extracted from the study population. Studies that included
adult and children populations were selected if they reported
age-stratified analyses (so that the adult population could be
excluded). Where necessary, we attempted to contact authors
who published more than 1 study to establish whether they had
reported results for overlapping patient populations. Because
of the likelihood that small studies would have overestimated
event outcome rates, studies involving less than 10 patients

were excluded. Case reports, review articles, editorials, com-
ments, and clinical guidelines were also excluded.

Study selection process

Study selection was carried out independently by 2 reviewers
(AN and EN) in 2 rounds. Any disagreements were resolved
through discussion with a third reviewer (AM).

Outcome measures and definitions

The primary outcome measures were the prevalence and clini-
cal significance of occult ankle fractures. The secondary out-
come measure was the diagnostic accuracy of US in the detec-
tion of occult fractures. The ankle was defined as the malleo-
lar area and the midfoot area, both of which are commonly
involved in twisting injuries. AAI was defined as any case of
painful ankle with sudden onset, resulting from trauma. An
occult ankle fracture was defined as a fracture not detected on
plain radiographs immediately after ankle injury, but it was
visible on late radiographs only after the healing process had
begun (which may be as early as 7 days after injury) (Prosser
et al. 2005), or on MRI as fracture lines. Fractures that carry
excellent prognosis without treatment, except for maximizing
patient comfort, were classified as insignificant. All other frac-
tures were classified as significant, because they may destabi-
lize the ankle, and they require closer clinical and radiographic
follow-up (Boutis et al. 2001).

Data collection and quality assessment

Data extraction and quality assessment of the studies included
were performed independently by 2 reviewers (AN and EN)
using a standardized data collection form. Any disagreements
were resolved through discussion with a third reviewer (AM).
The following information was extracted from each study:
first author, publication year, study design, clinical setting,
participants (number, age), inclusion and exclusion criteria,
reference standard, criteria for positivity of the reference stan-
dard, number of outcome events (fracture, other bone-related
injuries), and number of patients in whom the outcome events
were determined by reference standard. For each study explor-
ing the diagnostic accuracy of US, we extracted the raw data
regarding true and false positives and negatives. We adapted a
quality assessment system for prevalence articles (Richardson
et al. 1999). Each article was reviewed to determine whether:
(1) study design was appropriate for obtaining prevalence
estimate, (2) the sample was representative of the population
of interest (age, condition, and clinical findings), (3) well-
defined criteria for positivity of the reference standard were
provided, and (4) outcomes of interest were adequately deter-
mined by the reference standard. We assessed these quality
indicators separately; a total quality score was not calculated
(Jiini et al. 1999).

Data synthesis and statistical analysis
Prevalence was calculated by dividing the number of chil-
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dren with the target outcome by the number of
children included in the study. A meta-analysis
was performed when at least 3 studies provided
data. A proportion meta-analysis was performed

Database searches (n = 1,783)
PUBMED (n = 1,501)

INIST (n = 148)

COCHRANE (n = 114)

to calculate the pooled prevalence of occult frac-
tures. Proportions were first transformed into a

—>| Duplicate records (n = 108) |
v

quantity based upon the Freeman-Tukey variant

Abstract/title review (n = 1,655) |

of the arcsine square root transformed proportion
(Kendall et al. 1994) suitable for the usual fixed
and random-effects summaries (DerSimonian and
Laird 1986). The pooled proportion was calcu-
lated as the back-transform of the weighted mean

—}| Records excluded (n = 1,631) |

Records identified from other
sources (n = 8)2

<—
v

of the transformed proportions, using inverse arc-
sine variance weights for the fixed-effects model

Full-text articles assessed
for eligibility (n = 32)

and DerSimonian-Laird weights for the random-
effects model. Statistical heterogeneity across
studies was measured using the Q statistic (with
p < 0.1 considered significant). To determine the
percentage of heterogeneity across studies, the
I-squared (I2) statistic was calculated (Higgins et
al. 2003). To explore the reasons for heterogene-
ity, meta-regression analysis was used to test the

Full-text articles excluded (n = 23)

- inability to distinguish children from adults, 7

- inability to distinguish radiograph-negative AAI
from radiograph-positive AAl, 3

- inability to distinguish AAIl with clinical fracture
from signs from AAI without clinical fracture signs, 1

- AAI with radiological suspicion of fracture, 3

- ultrasound as reference test, 3

- no relevant outcome of interest, 3

- patients < 10, 3°

A\ 4

relationship between occult fracture prevalence
and the following clinical and methodological

Articles included in analysis

(n=9)

factors: study design (prospective vs. retrospec-
tive), studies including only children with suspi-
cion of distal fibula fractures vs. studies including
children with suspicion of any fractures, ankle
radiographs (3-view vs. 2-view), reference standard (MRI vs.
late radiographs), and criteria for positivity of the reference
standard (provided vs. not provided). The Galbraith plot was
used to spot the outliers as the possible major sources of het-
erogeneity. Sensitivity analysis was conducted by examining
the effect of excluding the heterogeneous studies. To evaluate
the weight of particular articles on the pooled estimates, we
performed influence analysis. This method recalculates the
pooled prevalence estimate, omitting 1 study at a time. Pub-
lication bias was not assessed because of the small number
of studies included. The US operating characteristics were
assessed in comparison to late radiographs as reference stan-
dard. For each individual study exploring the diagnostic accu-
racy of US, we calculated sensitivities, specificities, and likeli-
hood ratios (LRs). All confidence intervals (Cls) reported are
95% Cls. All statistical tests were performed using STATA
version 11.1, StatsDirect version 2.7.9 (StatsDirect Ltd., Alt-
rincham, UK), and Metadisc version 1.4 (Clinical Biostatistics
Unit, Ramon y Cajal Hospital, Madrid, Spain).

Results
Search findings and studies selected

We identified 1,763 articles through electronic database
search, of which 24 were deemed relevant for full-text review.

Figure 1. Flow diagram outlining the study selection process. AAI, acute ankle injury;
2 Screening the reference lists of potentially relevant articles.
b One study included 5 patients, the other studies 3.

Reference checking identified 8 additional potentially rel-
evant articles. Of these 32 articles, 9 with an aggregate of 187
patients met all criteria for inclusion (Figure 1 and Table 1).

Study characteristics

Table 1 summarizes the main characteristics and results of the
studies included. 5 studies used MRI and 4 used late radio-
graphs as reference standard. Of the studies that used late
radiographs as reference standard, 2 (conducted by the same
group of researchers, including different patient populations)
also assessed the diagnostic accuracy of US (Table 2). Overall,
the quality of the studies included was satisfactory (Table 3, see
Supplementary data). 7 studies were prospective and 2 were
retrospective. Participants were representative of the target
population in all studies, and were described as a consecutive
sample in all studies except 1 (Gufler et al. 2013), where con-
secutive recruitment was not reported but was implied. 6 stud-
ies included children with suspicion of any ankle fracture and
3 included those with suspicion of distal fibula fracture. Ankle
fracture was ruled out by 3-view radiographs in 4 studies, by
2-view radiographs in 2, and not mentioned in 3. Patients with
past history of ankle injury were excluded in 4 studies and
not mentioned in the others. 5 studies provided a clear defini-
tion of criteria for positivity of the reference standard. Out-
comes were well documented by reference standard in 100%
of patients in all studies.
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Table 1. Characteristics and results of the studies included
Study Study Setting Patients Age Reference Fracture, n Other bone-
type standard Significant Insignificant Total  related injury
Gufler et al. 2013 @ P ED 10 10.7 ¢ MRI within 1-4 Distal tibia: 2 0 2 Contusions: 8
days of injury Periosteal
reaction: 2
Endele etal.20129 P OC 20 10.3° MRI within 3 0 SH1DF: 3
days of injury Fibular avulsion: 3 6 Contusions: 18
Boutis et al. 2011 B ED 18 8.7b MRI within 1 0 Fibular avulsion: 1 1 Contusions: 11
week of injury
Launay et al. 200894 P ED 10 11.6 ¢ MRI within 3 Medial malleolus: 1
days of injury Navicular:1 0 2 Ns
Stuart et al. 1998 B ED 10 =6 MRI within 7 Lower tibia and fibula Lower fibula growth
days of injury growth plate injury: 2 plate injury: 1
Lower tibia growth
plate injury: 2 5 Periosteal
reaction: 7
Simanovsky et al. P ED 41 8b 2- to 3-week 0 Small metaphyseal
2009 f follow-up cortical fractures of
radiographs the distal fibula: 11~ 11 -
Simanovsky et al. P ED 20 10.5b 2- to 3-week 0 Small metaphyseal
2005 f follow-up cortical fractures of
radiographs the distal fibula: 6 6 -
Kan et al. 2009 2 R ED 21 1-189 Follow-up 4 0 4h —
radiographs
Sankar et al. 2008 R ED 37! 85b 3-week follow- Distal fibula
up radiographs and tibia: 1 Distal fibula: 6 7 -

P: prospective; R: retrospective

ED: emergency department; OC: outpatient clinic
MRI: magnetic resonance imaging;

SH1DF: Salter-Harris type-1 distal fibula;

Ns: not specified.

2The authors included children with radiography-negative acute joint injury in their study; of those, only children with ankle injury were included

in our review.
b Mean.

¢ The number represents the mean age of the patients (n = 24) with acute joint injuries included in the study.
d The authors included children with radiography-negative acute ankle injury in their study; of those, only children with clinical suspicion of

fracture were included in our review.

€ The number represents the mean age of the patients (n = 102) with radiography-negative acute ankle injuries included in the study.
fThe authors also assessed the diagnostic accuracy of ultrasound (performed within 24 h of admission) in comparison to 2- to 3-week follow-

up radiographs as reference standard.
9 Range.

h All were considered significant because they were associated with an increased risk of complications if under-treated.

i One child had 2 isolated injuries, one in each ankle 4 months apart.

Table 2. Operating characteristics of ultrasound for diagnosis of occult fractures in children with radiography-negative ankle

injury and clinical suspicion of fracture

Study Patients  Prevalence Sensitivity Specificity Positive LR Negative LR

n % and (95% CI) and (95% ClI) and (95% ClI) and (95% CI)
Simanovsky et al. 2009 41 27 1.00 (0.72-1.00) 0.97 (0.83-1.00) 20 (4-95) 0.04 (0.00-0.66)
Simanovsky et al. 2005 20 30 1.00 (0.54-1.00) 0.93 (0.66—1.00) 9 (2-43) 0.08 (0.01-1.15)

LR: likelihood ratio; Cl: confidence interval.

Occult fracture prevalence

Of the 187 children, 44 were found to have an occult fracture
(31 insignificant and 13 significant). The pooled prevalence of
occult fractures using a random-effects model was 24% (CI:
18-31) (Figure 2). There was heterogeneity among the esti-

mates from the studies (I = 41%; p = 0.09). On meta-regres-
sion, prevalence of occult fracture was lower in studies that
included only children with suspicion of distal fibula fracture
than in studies that included children with suspicion of any
fractures (p = 0.04); none of the other variables investigated
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cal suspicion of fracture. In a multicenter
study in North America that used the same
definition of ankle fractures as we did, 45
of 226 children with AATI and high clinical
suspicion of fracture were found to have a
significant fracture following routine plain
radiographs (Boutis et al. 2001). Extrapo-
lation of our results (13/187) suggests that
approximately 13 of the remaining 181
children (who had negative radiographs)
would have had a significant fracture.
The total number of significant fractures
in these 226 children could therefore be
estimated to be 58, one-fifth of which

0.20 (0.02-0.56)
0.30 (0.12-0.54)
0.06 (0.00-0.27)
0.19 (0.05-0.42)
0.27 (0.14-0.43)
0.20 (0.02-0.56)
0.18 (0.08-0.34)
0.30 (0.12-0.54)
0.50 (0.19-0.81)

0.24 (0.18-0.31)

Gufler et al. 2013 :

Endele et al. 2012 E o

Boutis et al. 2010 —I—;—

Kan et al. 2009 | :

Simanovsky et al. 2009 —Er.—

Launay et al. 2008 E

Sankar et al. 2008 —.—;—

Simanovsky et al. 2005 E N

Stuart et al. 2013 E

Combined +
O.OIIIIOiZ'IIIO.I4IIII0.I6IIIIOIBIII’I

Proportion (95% confidence interval)

Figure 2. Forest plot displaying the pooled prevalence of occult fractures in children with
radiography-negative acute ankle injury and clinical suspicion of fracture.

(see Methods) were associated with the prevalence estimate.
Galbraith plot identified the populations studied by Boutis et
al. (2010) and Stuart et al. (1998) as the sources of heteroge-
neity; however, exclusion of one or both of these studies did
not alter the results (p = 0.4). Furthermore, influence analysis
showed that omission of no single study significantly affected
the pooled prevalence estimate. A formal meta-analysis was
not done to calculate the pooled prevalence of significant
occult fractures because of the excessive number of zero
events in the sample.

Diagnostic accuracy of US

The operating characteristics for detection of occult ankle
fractures by US ranged in positive LR from 9 to 20, and in
negative LR from 0.04 to 0.08 (Table 2). We did not pool the
results due to the small number of studies.

Discussion

We have not found any previous systematic reviews or meta-
analyses that have attempted to determine the prevalence of
occult fractures and their clinical significance in children with
radiograph-negative AAI and clinical suspicion of fracture.
We found a 24% prevalence of occult fractures with about
one-third classified as significant. US showed good diagnostic
accuracy in diagnosis of occult ankle fractures.

In children, the radiographic diagnosis of fractures near the
growth plate is challenging because ossification of the epiphy-
sis has either not yet taken place or is incomplete. Given the
aim of our review, we focused on children with radiograph-
negative AAI and clinical suspicion of fracture. As such, we
were not able to assess the sensitivity of plain radiographs
in the detection of fractures in children with AAI and clini-

1.0 (13/58) were not visible on plain radio-
graphs. Although a coarse estimate, this
figure indicates limited sensitivity of plain
radiographs in the detection of significant
fractures in children with AAI and clinical
suspicion of fracture.

The discrepancy between clinical and radiographic findings
could lead to both under- treatment and over-treatment. Kan
et al. (2009) retrospectively reviewed 204 children with sus-
pected appendicular fractures and negative initial radiographs
(22% with ankle injury) who had follow-up related to their
injury; one-seventh of these children had a fracture identified
on follow-up radiographs. Half of the children without frac-
ture were over-treated and one-third of children with fracture
were under-treated (Kan et al. 2009). In our review, 13 of 187
children were found to have a significant fracture. Accord-
ingly, about one-tenth of the children included in our review
were at risk of under-treatment if based solely on initial plain
radiographs, and nine-tenths were at risk of over-treatment
if based solely on clinical grounds. This figure illustrates the
need for an adjunct to conventional radiography in such cases.
Other imaging methods, when clinical findings are suggestive
of fracture but plain radiographs are negative, can allow for
appropriate care to be instituted at the outset, thereby reducing
the risk of both over-treatment and under-treatment.

A variety of imaging methods such as CT (Adey et al. 2007,
You et al. 2007, Stevenson et al. 2012), bone scintigraphy
(Beeres et al. 2008, Querellou et al. 2009, Cho et al. 2010),
MRI (Carey et al. 1998, Stuart et al. 1998, Launay et al. 2008,
Boutis et al. 2010, Endele et al. 2012, Gufler et al. 2013), and
US (Graif et al. 1988, Singh et al. 1990, Smeets et al. 1990,
Gleeson et al. 1996, Lazovic et al. 1996, Wang et al. 1999,
Ali et al. 2001, Hauger et al. 2002, Enns et al. 2004, Hsu et
al. 2013) have been reported to be useful for detecting occult
fractures. In children, bone scintigraphy is not favored for this
purpose because intense physiological osteoblastic response
concentrating radiopharmaceutical at the margin of the growth
plate can mask an underlying fracture (Rogers and Poznanski
1994). Radiation exposure is a matter of concern when exam-
ining children with the CT approach. MRI is extremely help-
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ful for detecting occult fractures and soft tissue abnormalities,
especially ligamentous injuries in cases of AAI (Lohman et
al. 2001, Launay et al. 2008). However, high costs, limited
availability, and long duration of the MRI examination limit
wide application of MRI for AAL. US does not have these
limitations; it is a readily available and inexpensive method
with no radiation risk. Several studies have demonstrated that
US, when performed by trained and experienced operators,
is an effective tool for detecting occult ankle fractures and
associated soft tissue injuries in children (Gleeson et al. 1996,
Farley et al. 2001, Callahan 2013). In our review, we observed
a good diagnostic accuracy of US for diagnosing occult ankle
fractures (Table 2). However, it should be acknowledged that
these findings were based on the results of only 2 studies of
small size in which late radiographs were used as reference
standard.

Our analysis had several limitations. The first limitation
relates to the small size of the studies included. However, one
important use of meta-analysis of small studies may not be
to provide a definitive answer to a question, but to provide a
reliable estimate of an outcome probability or the effect of an
intervention. That estimate can be used in planning a future
study with adequate power to detect such a probability or an
effect if it truly exists. Secondly, the use of late radiographs
as reference standard is open to debate. While some authors
have suggested the use of late radiographs as the final arbiter
in the detection of occult fractures (Farley et al. 2001, Sankar
et al. 2008, Simanovsky et al. 2009), others have questioned
its validity (Tiel-van Buul et al. 1997). However, in our review,
there was no significant difference in the prevalence of occult
fractures between studies using late radiographs and those that
used MRI as reference standard. Finally, there was slight het-
erogeneity across studies. This could be explained by the dif-
ferences in injury patterns among patients included in the dif-
ferent studies; a lower prevalence rate of occult fractures was
found in the studies that included only children with suspi-
cion of distal fibula fracture. However, exclusion of the outlier
studies did not substantially alter the results. We also applied
a random-effects model to take variation between studies into
consideration.

In conclusion, our findings provide evidence that in children
with AAI and clinical suspicion of fracture, a substantial pro-
portion of fractures could be missed initially because radio-
graphic evidence of such fractures may not appear until weeks
after the initial injury. US appears to be a promising method
for detecting occult fractures and associated soft tissue lesions
in such children. However, given the small number of patients
included in our review, further studies with an adequate sample
size are needed to provide a more reliable estimate of such
fractures, and to assess the true role of US in these children.

Supplementary data

Appendix and Table 3 are available at Acta’s website (www.
actaorthop.org), identification number 7259.
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