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ABSTRACT
Introduction: The use of ultrasonography for diagnosing musculoskeletal injuries, especially frac-
tures, in the emergency department is on the rise because of its good diagnostic value. This study
aimed to evaluate the diagnostic value of bedside ultrasonography in detecting the patients suf-
fering from lateral malleolar fractures with an ankle sprain mechanism. Methods: This prospec-
tive study was conducted on patients having acute ankle injuries with ankle sprain mechanism
and diagnosed with lateral malleolar tenderness. All patients underwent bedside ultrasonography
with a 7.5 - 10 MHz probe by an emergency medicine specialist who was assisted by a radiologist.
Next, they underwent lateral ankle and anteroposterior (AP) X-rays by another emergencymedicine
specialist who was blinded from the ultrasonography results. The ultrasonography and X-Ray re-
sults were then compared. Results: A total of 244 patients participated in this study, of whom
92 (37.70%) were diagnosed with lateral malleolar fracture through bedside ultrasonography and
X-Ray tests. The results showed that ultrasonography had a sensitivity of 96.84% and a specificity
of 97.31%. The positive likelihood ratio (PLR) and negative likelihood ratio (NLR) were 36.07 and
0.0325, respectively, and the positive and negative predictive values of bedside ultrasonography
were 95.83% and 97.98%, respectively. Finally, the results indicated a percent agreement (accu-
racy) of 97.13% between the two tests with Kappa coefficient of 0.94 (z = 14.68, P value < 0.01).
Conclusion: The results of this study showed that bedside ultrasonography has a high sensitivity
and specificity in the diagnosis of lateral malleolar fractures with an ankle sprain mechanism. Con-
ducting further studies will lead to the use of this diagnostic test in the emergency department.
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INTRODUCTION
Ankle injuries are among the most common trau-
matic injuries in patients admitted to the emergency
department, accounting for over 5 million emergency
department visits annually1,2. As one of the most
common injuries, ankle sprain has a prevalence of
52.7 to 60.9 per 10,000 people, as reported by recent
studies3, and can cause impairment in the patients’
quality of life and decrease their performance due to
its high prevalence and severity 4,5. It can even cause
long-term disabilities in 60% of the people affected 6,7.
Ankle sprain refers to a series of ligamentous andnon-
ligamentous injuries to the ankle, most often caused
by severe ankle twist inward, with the highest inci-
dence among athletes and those having motorcycle
accidents3,8. Avulsion fractures at tendon junctions
may occur if ligament injuries are severe. The frac-
tures can occur in lateral and medial malleoli, lateral
process of talus, lateral calcaneus, posteriormalleolus,
or fifth metatarsal base3. A combination of clinical
and radiological examinations is commonly used for

initial diagnosis of the fractures with an ankle sprain
mechanism, amongst which X-ray is the simplest and
most common radiological diagnostic procedure re-
quested for these patients by an emergency medicine
specialist9,10.
On the other hand, it has been shown that the re-
sults of radiography for fractures with an ankle sprain
mechanism are negative in 70-80% of cases 11–14. The
use of bedside ultrasonography has increased in re-
cent decades due to its acceptability in the diagno-
sis of different fractures and is now widely used by
physicians15,16. The results of various studies have
shown that bedside ultrasonography can be a reliable
and helpful diagnostic tool for fractures with an an-
kle sprain mechanism due to its advantages such as
ease of use, cheapness, mobility, bedside use, lack
of radiation exposure for patients, and patient sat-
isfaction11,12,16–18. In this regard, studies have in-
dicated that bedside ultrasonography can diagnose
a variety of fractures, such as the ones in the fifth
metatarsal and metacarpal bones16,18, ankle17, and
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occult scaphoid15, with high sensitivity and speci-
ficity.
Given the limited number of evidence and results on
the diagnostic value of bedside ultrasonography in the
diagnosis ofmalleolar fractures with ankle sprain, this
study was carried out to evaluate the diagnostic value
of bedside ultrasonography in the diagnosis of lateral
malleolar fractures with an ankle sprain mechanism
in the emergency department.

MATERIALS—METHODS
This prospective blinded study was carried out on
patients admitted to the emergency department of
Shahid Hasheminejad Hospital in Mashhad, Iran in
2017. Having received permission from the Ethics
Committee of Mashhad University of Medical Sci-
ences, the researchers selected the subjects with acute
ankle injuries with an ankle sprain mechanism who
were over 18 years of age and had lateral malleolar
tenderness with normal neurovascular limbs. The pa-
tients were entered into the study, prior to which their
informed consent was obtained. The exclusion crite-
ria were as follows: open wound and bleeding at the
site of injury, impossibility of performing two diag-
nostic tests (bedsides ultrasonography and X-ray) on
the subjects, previous history of fracture at the site
of injury, unwillingness to participate in the study,
and being unblinded from the diagnostic test results
by the radiologist. All bedside ultrasonography scans
were done with a 7.5-10 MHz probe by an emergency
medicine specialist who was assisted by a single radi-
ologist, and fracture diagnoses were made based on
cortex disruption. Lateral ankle and anteroposterior
(AP) X-rays were then performed on each subject by
another emergency medicine specialist and radiolo-
gist who were unaware of the ultrasound results. The
results of the ultrasonography and X-ray tests were
collected and compared using a study checklist.
In this study, sensitivity was calculated by dividing
true positives by the total number of positives (includ-
ing true and false ones). On the other hand, speci-
ficity was calculated by dividing true negatives by the
total number of negatives (true and false ones). Pos-
itive and negative likelihood ratios were also calcu-
lated by dividing the test sensitivity by 1-specificity
(Equation (1)) and dividing 1-sensitivity by the test
specificity (Equation (2)), respectively.
Equation 1:

PLR =
Sensitivity

1−Specificity
(1)

Equation 2:

PLR =
Sensitivity

1−Specificity
(2)

STATISTICAL ANALYSIS
Descriptive statistics such as mean, standard devia-
tion, frequency and frequency percentage were used
for data description. Sensitivity, specificity, posi-
tive predictive value (PPV), negative predictive value
(NPV), Positive Likelihood ratio (+LR), Negative
Likelihood ratio (-LR), and kappa statistic were also
used to evaluate the diagnostic value of bedside ul-
trasonography, compared to that of X-ray. The ac-
curacy of ultrasonography was calculated by dividing
the sum of total true positives and true negatives ob-
tained from the two tests by the total number of sub-
jects. Furthermore, the area under theROCcurvewas
used to evaluate the diagnostic value of bedside ultra-
sonography for diagnosing lateral malleolar fractures.
The statistical analysis was performed using Stata12
software (StataCorp LLC, College Station, TX, USA),
and the significance level was considered as p < 0.05.

RESULTS
A total of 244 individuals with the mean age of
35.81 ± 10.61 years participated in this study, of
whom 96 (39.34%) showed positive results and 148
(60.66%) showednegative results of fracture diagnosis
through bedside ultrasonography. In addition, 95 pa-
tients (38.93%) had positive results while 149 patients
(61.07%) had negative results for fracture diagnosis by
X-Ray. Overall, 92 patients (37.70%) were diagnosed
with lateral malleolar fracture by both bedside ultra-
sonography and X-Ray tests, and 145 (59.43%) were
diagnosed with no fracture.
Evaluation of diagnostic value of ultrasonography in
the diagnosis of lateral malleolar fractures showed
that the sensitivity and specificity of bedside ultra-
sonography were 96.84% and 97.31%, respectively.
Furthermore, positive and negative likelihood ratios
were 36.07 and 0.0325, respectively. Moreover, the
positive predictive value of bedside ultrasonography
in the diagnosis of lateral malleolar fractures was
95.83% and its negative value was 97.98%. Finally,
the results showed that the percent agreement (ac-
curacy) between the two tests was 97.13%. Examin-
ing the kappa coefficient between the two tests also
showed that both bedside ultrasonography and X-ray
tests had a kappa coefficient of 0.94 which was statis-
tically significant (z = 14.68, p < 0.01)Table 1. The
area under the ROC curve for bedside ultrasonogra-
phy was 0.97 as well (95% Confidence Interval: 0.948
– 0.99).

The present study aimed to investigate the diagnos-
tic value of bedside ultrasonography in the diagno-
sis of lateral malleolar fractures with an ankle sprain
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Table 1: Diagnostic value of ultrasonography in diagnosis of lateral malleolar fractures with ankle sprain

Test X-Ray Sensitivity   Specificity Positive 
Likelihood Ratio

With
Fracture

Without
Fracture

Bedside Positive 92 4

Negative       3 145

Total 95 149

Percent Agreement 97.13%

Kappa Statistic 0.94

mechanism. The results showed that bedside ultra-
sonography had a good acceptability in the diagno-
sis of such fractures such that over 96% of the pa-
tients with lateral malleolar fractures (sensitivity of
96.84%) were identified in this study. Also, bedside
ultrasonography had a specificity of 97.31% in the di-
agnosis of such fractures in the present study, indicat-
ing the high capability of this diagnostic tool in the
diagnosis of musculoskeletal fractures. The diagnos-
tic value of bedside ultrasonography in the diagno-
sis of different fractures has been evaluated in recent
decades and it has been well-demonstrated that bed-
side ultrasonography has good sensitivity and speci-
ficity in fracture diagnosis19,20.
However, there is little evidence on the role of ultra-
sonography in the diagnosis of lateral malleolar frac-
tures. In their study, Shojaee et al.17 stated that ultra-
sonography had a high diagnostic value in the diagno-
sis of ankle fractures such that its sensitivity and speci-
ficity were 98.9% and 86.4%, respectively. The PLR in
their study was 16, which is consistent with the results
of our study and demonstrates the capability of ultra-
sonography to increase the pre-test probability of lat-
eral malleolar fractures. Yesilaras et al.16 showed that
bedside ultrasound had sensitivity and specificity of
97.7% and 100%, respectively, in the diagnosis of fifth
metatarsal fractures, which is consistent with the re-
sults of the present study. In a study by Atilla et al.10,
it was found that bedside ultrasound had 87.3% sensi-
tivity and 96.4% specificity for diagnosing ankle frac-
tures. In this study, significant differences were found
between sensitivity and specificity of ultrasonography
with respect to the fracture site such that the sensi-
tivity was about 86%, 71%, 100%, and 93% in lateral
malleolus, medial malleolus, fifthmetatarsal and nav-
icular tenderness fractures, respectively. Trinh et al.21

also reported the sensitivity and specificity as 100%
and 89.9%, respectively, for ultrasonography in the
diagnosis of lateral malleolar fractures compared to

radiography, which is consistent with our results. In
their research study, Ekinci et al.11 showed that most
of the fractures caused by foot and ankle traumaswere
those of lateral malleolus and fifth metatarsal. Re-
garding the evaluation of ultrasonography in the di-
agnosis of lateral malleolus and fifth metatarsal frac-
tures, their findings showed that the sensitivity and
specificity of ultrasonography were 100% and 99.1%,
respectively, which was somehow consistent with our
study. Finally, according to various studies, ultra-
sonography is an operator-based imaging technique
and the heterogeneity among those interpreting the
results is of great importance. Therefore, the inter-
rater reliability in this study was calculated using the
kappa coefficient of about 0.94, indicating significant
homogeneity between the two physicians (X-ray in-
terpreter and ultrasound operator) who were blinded
from the results.
Generalizability of the results is one of the limitations
of this study since only the patients with acute ankle
injury with ankle sprain mechanism were included.
Hence, the ultrasound results are only generalizable
to these patients and cannot be extended to the gen-
eral population. The use of other diagnostic methods,
such as computed tomography andMRI, can be help-
ful in investigating the diagnostic value of ultrasonog-
raphy, but they were not used in this study due to their
high costs.

CONCLUSION
The results of this study showed that bedside ultra-
sonography had high sensitivity and specificity in the
diagnosis of lateral malleolar fractures with an ankle
sprain mechanism, and could be used in the emer-
gency department due to its advantages compared to
X-Ray. However, more studies are needed to confirm
its diagnostic acceptability.
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ABBREVIATIONS
AP: Anteroposterior
NLR: Negative likelihood ratio
NPV: Negative predictive value
PLR: Positive likelihood ratio
PPV: Positive predictive value
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