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ABSTRACT

Purpose: This study aimed to compare the accuracy of ultrasound with simple radiography in the
diagnosis of ankle fracture due to an ankle sprain.

Methods: This study was performed on 36 patients with an ankle fracture due to an ankle sprain,
Emergency Department of Besat Hospital, Tehran, Iran in 2016. Two diagnostic methods, including
ultrasound, and radiography were compared with each other. Moreover, true positive, false
positive, true negative, and false negative were evaluated in this study.

Results: According to the obtained results of both ultrasound and radiography tests, 94.4% and
5.5% of the patients were diagnosed without and with an ankle fracture, respectively. The value of
sensitivity and specificity of ultrasound, compared to radiography approach was equal to 1 (Cl:
0.09-1 and 0.85-1, respectively).

Conclusion: The accuracy of ultrasound was equal to one. This finding indicates that both
ultrasound and radiography can be used as accurate instruments in the diagnosis of ankle fracture.
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1. INTRODUCTION

The ankle joint is the most vulnerable joint of the
body because it bears the forces and weights [1].
One of the most important reasons for patient
referral to medical and emergency clinics is an
ankle injury, which accounts for 10% of all
emergency department attendance [2]. It
commonly occurs among people with the age
range of 15-35 years old when the individuals
have their maximum physical activity. Totally,
75% of the ankle lesions result from an ankle
sprain which is a common musculoskeletal lesion
affecting the daily activity and function of
individuals [3].

An ankle fracture is often accompanied by a lack
of sensory-motor control, including sensory
weakness (reduced joint sensory and local
anesthesia), a decrease in muscle strength, and
weakness in balancing exercise (static and
dynamic balance control [4,5]. The most common
complications of ankle injuries include pain
during activity, joint instability, and recurrence
inflammation, which are commonly seen in 10%
to 20% of patients with an acute ankle injury [6].

Ankle fractures are common injuries, which are
more occurred among people with comorbidities,
such as diabetes mellitus, peripheral arterial
disease, and osteoporosis. The incidence of
ankle fractures in the USA has been estimated at
187 cases per 100,000 individuals [7,8].

In recent years, the use of medical technologies
has been dramatically increased. The proper use
of these technologies can help diagnose and
treat diseases. Imaging techniques contain
valuable information on the target organ [9].
Nowadays, imaging methods, such as
ultrasound, are introduced that are able to
provide non-invasive images of facial muscles in
both static and dynamic contractions [10].
Ultrasound is a non-invasive, low-cost, and easy
to use imaging method, which is applicable in
many cases. It is easily accepted by patients
because this method is painless and time-saving.
In addition, there are no concerns about ionizing
radiation [11,12].

The other imaging method is radiography in
which X-ray is radiated to the target organ to
provide the required image. Due to the high
resolution of this method, it can display details
competently; however, if the image is affected by
film handling artifacts, there is no possibility to
improve the image [13]. With regard to the
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importance of faster detection of the ankle
fracture in order to achieve a better prognosis, it
is important to determine the most effective
method. This study aimed to compare the
accuracy of ultrasound with simple radiography
in the diagnosis of ankle fracture due to ankle
sprain among patients referred to the emergency
clinics of Besat Hospital in Tehran, Iran. To this
end, it provided the necessary evidence to
decide on a better and faster diagnostic method.

2. MATERIALS AND METHODS

This diagnostic cross-sectional study was
performed on patients with an ankle sprain who
referred to the Emergency Department of Besat
Hospital, Tehran, Iran, in 2016. The inclusion
criteria were consciousness and stability. On the
other hand, the patients with trauma, open
wounds, open fracture, traumatic dislocation,
local and systemic inflammatory bone
destruction, and internal fixation were excluded
from the study.

2.1 Instruments

Ultrasound or ultrasonography is a diagnostic
imaging technique, which uses sound waves with
higher frequencies than those audible to
humans. Many different types of images can be
provided by ultrasound to show the acoustic
impedance of a two-dimensional cross-section of
a tissue, the anatomy of a three-dimensional
region, the blood flow and its location, the motion
of a tissue, and the presence of specific
molecules.

In this technique, the images of internal body
structures, such as tendons, muscles, joints,
blood vessels, and internal organs are provided
to find a source of a disease or exclude
pathology. On the other hand, radiography is
another imaging technique, in which a beam of
X-ray is radiated toward the object to observe its
internal form.

2.2 Study Design

In this study, 36 patients with an ankle fracture
due to ankle sprain were selected using available
sampling. The demographic information of
patients was gathered and they were visited by a
trained emergency medicine physician. Two
diagnostic methods, including sonography and
radiography, compared with each other.

Firstly, the ankle fracture was diagnosed by
sonography and the detection was confirmed by
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radiography findings. The sensitivity and
specificity of sonography and radiography as
diagnostic tests were assessed in this study.
Four conditions were evaluated with regard to
the prediction of the outcomes (i.e., true positive,
false positive, true negative, false negative). True
positive was when the second device confirmed
the fracture diagnosis as the first device;
however, the false positive was when the second
device rejected the fracture diagnosis in contrast
to the first device. Moreover, the true negative
occurred when the second device rejected the
fracture diagnosis as the first device. On the
other hand, the false negative was when the
second device rejected the fracture diagnosis in
contrast to the first device.

3. RESULTS

According to the obtained results, the subjects
ranged from 16 to 35 years with the mean age of
21.08+4.32. About 52.7% of the participants
were younger than 20 years and 94.5% of the
patients were male. Table 1 presents the
frequency of education status and economic
levels of the participants.

Based on the obtained results of both ultrasound
and radiography tests, 94.4% (n=34) and 5.5%
(n=2) of the patients were diagnosed without and
with an ankle fracture. The ultrasound and
radiography findings are shown in Table 2. The
results show that the values of false positive and
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false negative are equal to zero. Moreover, true
positive and true negative are 2 and 34,
respectively. Based on the obtained results, the
value of sensitivity and specificity of ultrasound,
compared to radiography approach was equal to
1 (Cl: 0.09-1 and 0.85-1, respectively). The
accuracy of the test and area under the curve
was also equal to 1. In addition, the sensitivity
and specificity levels were obtained at 100% and
97%, respectively. The value of sensitivity and
specificity of ultrasound, compared to
radiography approach based on gender and age
are shown in Table 3, figure illustrates the
receiver operating characteristic curve.

In addition, the value of sensitivity and specificity
of ultrasound, compared to radiography
approach among male was 100% (ClI: 0.09-1 and
0.85-1, respectively). Moreover, the specificity of
ultrasound, compared to radiography approach
among females was 100% (Cl: 0.86-1). The
accuracy of test and area under curve regarding
genders was equal to 100%. The value of
sensitivity and  specificity of ultrasound,
compared to radiography approach among
patients who were older than 20 years was 100%
(Cl: 0.09-1 and 0.85-1, respectively). Moreover,
the specificity of ultrasound, compared to

radiography approach among patients younger
than 20 years was equal to 100% (Cl: 0.86-1).
The accuracy of test and area under curve
among patients in all age groups was equal to
100%.
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Fig. 1. Receiver operating characteristic curve
*ROC: Receiver operating characteristic curve
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Table 1. Frequency of education status and economic levels of participants

Number Frequency
Education Less than high school 4 111
status High school 28 77.8
Bachelor 4 111
Economic leves Low 22 61.1
Average 13 36.1
High 1 2.8
Table 2. Sonography and radiography findings
Devices Radiography Total
Positive Negative
Sonography Positive 2 0 2
Negative 0 34 34
Total 2 34 36
Table 3. Sonography and radiography findings based on gender and age
Variables Sonography Radiography Total
Positive Negative
Gender Female Positive 0 0 0
Negative 0 36 36
Total 0 36 36
Male Positive 2 0 2
Negative 0 34 34
Total 2 34 36
Age <20 Positive 0 0 0
Negative 0 19 19
Total 0 19 19
=220 Positive 2 0 2
Negative 0 34 34
Total 2 34 36
4. DISCUSSION accuracy of ultrasound for extremity fractures is

In recent years, the use of diagnostic instruments
to detect different fractures has grown widely
[14,15]. This technique is useful to diagnose
ankle, wrist, scaphoid, and rib fractures which
could not be determined through radiography
[16-18]. This method has high sensitivity in the
diagnosis of some fractures such as ribs, ankle,
femur, clavicle, and scaphoid [19].

To the best of our knowledge, there has been no
study comparing the reliability of ultrasound and
radiotherapy in lIranian population for the
diagnosis of ankle fractures. Based on the
obtained results of this study, the sensitivity and
specificity of ultrasound in the diagnosis of ankle
fracture were 100 and 97.1, respectively. The
findings of a similar study conducted by Atilla et
al. were consistent with the results of the present
study in which these values were obtained at
78.3 and 96.4, respectively [20]. The diagnostic
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assessed in many studies [19-23].

Similar to this study, the accuracy of ultrasound
was compared to radiography in one randomized
double-blind study by Neri et al. This study was
conducted on 204 patients with traumatic hand
injuries. Based on the obtained results, the
sensitivity and specificity of ultrasound were
91.1, and 97, respectively [21]. These methods
were also compared with each other in another
study by Aksay et al. on patients with metacarpal
fracture. The sensitivity and specificity of
ultrasound were 97.4 and 92.9, respectively.
They suggested ultrasound as an alternative tool
for the diagnosis of fifth metacarpal fractures
[23]. In general, the data in both studies were in
favor of ultrasound. However, both studies were
performed on traumatic hand injuries.

The other similar study by Ekinci et al. was
conducted on patients with traumatic ankle
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injuries. The aforementioned study estimated the
sensitivity and specificity of ultrasound at 100
and 99.1, respectively [24]. The obtained result
of this study confirms the effectiveness of
ultrasound in the diagnosis of ankle fracture.

Another study performed on patients with fifth
metatarsal stress fractures, aimed to evaluate
the accuracy of ultrasound regarding the
diagnosis of these injuries. The sensitivity
ultrasound was measured 97.1 and its specificity
was equal to 100 [22]. Moreover, Banal et al.
study confirmed the accuracy of ultrasound and
normal X-ray for the diagnosis of fifth metatarsal
stress fractures. In the mentioned study,
magnetic resonance imaging (MRI) was
accepted as the gold standard for a stress
fracture. Ultrasound was carried out by a trained
rheumatologist in another study in which the
sensitivity and specificity of bedside ultrasound in
the diagnosis of metatarsal fractures was 83%
and 76%, respectively.

The positive predictive value, negative predictive
value, the ratio of a positive test, and the ratio of
a negative test were 59% and 92%, 3.45, 0.22,
respectively [25]. These data support ultrasound
as a reliable diagnostic instrument among
patients suspected to fifth metatarsal stress
fractures, even if their x-rays are normal.

The obtained results of the study conducted by
Simanovsky et al. on patients with traumatic wrist
and ankle injuries were consistent with the
findings of this study. The data showed false
negative and false positive was equal to 0 and 1,
respectively. Moreover, true positive and true
negative were 12 and 4, respectively (16). In this
study, the values of false positive and false
negative were equal to zero. In addition, true
positive was 2 and true negative was obtained at
34. Similar to these data, Trinh et al. study
confirmed the high negative predictive value for
an ultrasound [26].

In one study by Oae et al, three techniques,
including ultrasound, MRI, and radiography were
compared regarding the diagnosis of anterior
talofibular ligament injuries. The results showed
that the sensitivity, specificity, and accuracy of
ultrasound were 100, 33, and 91. However, these
values were 67, 100, and 71 in the case of
radiography, respectively [27]. According to a
study performed by van et al., the sensitivity and
specificity of ultrasound in the diagnosis of ankle
anterior talofibular lesions were 92 and 64,
respectively [28].
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Furthermore, 8 meta-analysis studies evaluated
the clavicle, upper and lower extremity fractures,
and the femur, humerus, and hand injuries. The
obtained results showed a high sensitivity (range:
83.3%-100%) and specificity (range: 73%-100%)
for ultrasound in extremity fractures. Moreover,
the ratio of a positive and negative test ranged
from 3.2 to 56, and 0.0 to 0.2, respectively [19].
These findings were in inline with this study
results.

Despite the advantages of direct radiography as
an applicable and sensitive tool in the diagnosis
of fractures, it is accompanied by drawbacks,
such as direct exposure to radiation, and long
waiting time in the emergency departments.
Therefore, understanding and finding the proper
diagnostic tools that are equally efficient is very
important.

On the other hand, the use of ultrasound has
been increased because it is repeatable and
easy operated with no ionizing radiation.
Moreover, the diagnosis with ultrasound saves
time regarding the diagnosis and the emergency
department length of stay. In addition, different
angles and multiples planes of scanned bones
can be provided using this approach.

Furthermore, ultrasound technique provides data
on the local hematomas near the fracture [29].
However, it should be noted that there are
potential conditions in  which ultrasound
examinations may show false positive results.
For instance, the diagnostic process may be
interrupted by the misdiagnosis of previous
fractured or sesamoid bones in the area under
examination. Moreover, in some areas, dorsal
and ventral aspects, as well as the lateral oblique
imaging, is very difficult. In addition, the main
limitation of ultrasonography includes the highly
operator-dependent nature of this examination.

5. LIMITATION

Although this study provides insightful results, it
suffers from some limitations. Firstly, the patients
in the present study were assigned to diagnostic
procedures non-randomly by a physician. In
addition, the length of time spent on ultrasound
imaging was not measured. Therefore, it was not
possible to compare the diagnostic speed of the
instruments with each other. As another
limitation, our study was a single-center frial.
Moreover, no data were provided with regard to
the duration or the degree of difficulties involved
in the ultrasound examinations. Furthermore, the
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sample size was small which limits the
generalization of the findings to the other similar
population. Future studies are recommended to
compare the ultrasound and radiography with
other diagnostic instruments which are used to
detect ankle and other organ fractures.

6. CONCLUSION

This study showed a high sensitivity (100%) and
specificity (97.1%) of ultrasound imaging in the
diagnosis of ankle fracture. Moreover, the
accuracy of ultrasound was equal to one. High
sensitivity and specificity were also observed in
the diagnosis of ankle fracture using radiography.
These findings indicate that both ultrasound and
radiography techniques can be used as accurate
instruments in the diagnosis of ankle fracture.

ETHICAL APPROVAL AND CONSENT

As per international standard or university
standard guideline participant consent and
ethical approval has been collected and

preserved by the authors.
COMPETING INTERESTS
that

Authors have declared
interests exist.

REFERENCES

1. Fisher N, Atanda A, Swensen S, Egol KA.
Repair of bimalleolar ankle fracture.
Journal of orthopaedic trauma.
2017;31:S14-85.

2. De Dea M, L Loizou C, Allen GM, Wilson
DJ, Athanasou N, Uchihara Y, et al.
Talonavicular ligament: prevalence of
injury in ankle sprains, histological analysis
and hypothesis of its biomechanical
function. The British journal of radiology.
2017;90(1071):20160816.

3. Wolfe MW. Management of ankle sprains.
American family physician. 2001;63(1).

4. Wikstrom EA, Naik S, Lodha N, Cauraugh
JH. Bilateral balance impairments after
lateral ankle trauma: a systematic review
and meta-analysis. Gait & posture.
2010;31(4):407-14.

5. Anandacoomarasamy A, Barnsley L. Long
term outcomes of inversion ankle injuries.
British  journal of sports medicine.
2005;39(3):e14-e.

6. Zengerink M, van Dijk CN. Complications
in ankle arthroscopy. Knee Surgery, Sports

no competing

32

10.

11.

12.

13.

14.

15.

16.

Traumatology, Arthroscopy.
2012;20(8):1420-31.
White CB, Turner NS, Lee G-C,

Haidukewych GJ. Open ankle fractures in
patients with diabetes mellitus. Clinical
Orthopaedics and Related Research®.
2003;414:37-44.

Ziegler P, Schlemer D, Flesch |, Bahrs S,
Stoeckle U, Werner S, et al. Quality of life
and clinical-radiological long-term results
after implant-associated infections in
patients  with ankle fracture: A
retrospective matched-pair study. Journal
of orthopaedic surgery and research.
2017;12(1):114.

Bridges JF, Jones C. Patient-based health
technology assessment: A vision of the
future. International journal of technology
assessment in health care. 2007;23(1):30-
5.

Gillett JG, Barrett RS, Lichtwark GA.
Reliability and accuracy of an automated
tracking algorithm to measure controlled
passive and active muscle fascicle length
changes from ultrasound. Computer
Methods in Biomechanics and Biomedical
Engineering. 2013;16(6):678-87.

Crawford R. Diagnosis and treatment of
plantar fasciitis. Am Fam Physician.
2011,84(6):676-82.

Mahowald S, Legge BS, Grady JF. The
correlation  between  plantar fascia
thickness and symptoms of plantar
fasciitis. Journal of the American Podiatric
Medical Association. 2011;101(5):385-9.
Stufkens SA, van den Bekerom MP,
Knupp M, Hintermann B, van Dijk CN. The
diagnosis and treatment of deltoid ligament
lesions in supination—external rotation
ankle fractures: a review. Strategies in
trauma and limb reconstruction.
2012;7(2):73-85.

Patil P, Dasgupta B. Role of diagnostic

ultrasound in the assessment of
musculoskeletal diseases. Therapeutic
advances in musculoskeletal disease.

2012;4(5):341-55.

Rabiner JE, Khine H, Avner JR, Friedman
LM, Tsung JW. Accuracy of point-of-care
ultrasonography for diagnosis of elbow
fractures in children. Annals of Emergency
Medicine. 2013;61(1):9-17.

Simanovsky N, Hiller N, Leibner E,
Simanovsky N. Sonographic detection of
radiographically  occult  fractures in
paediatric  ankle injuries. Pediatric
radiology. 2005;35(11):1062-5.



17.

18.

19.

20.

21.

22.

23.

Massaeli et al.; AUMPCP, 3(4): 27-33, 2020; Article no.AJMPCP.62185

Turk F, Kurt AB, Saglam S. Evaluation by
ultrasound of traumatic rib fractures
missed by radiography. Emergency
radiology. 2010;17(6):473.

Platon A, Poletti P-A, Van Aaken J, Fusetti
C, Della Santa D, Beaulieu J-Y, et al.
Occult fractures of the scaphoid: The role
of ultrasonography in the emergency
department. Skeletal radiology.
2011;40(7):869-75.

Joshi N, Lira A, Mehta N, Paladino L,
Sinert R. Diagnostic accuracy of history,
physical examination, and bedside
ultrasound for diagnosis of extremity
fractures in the emergency department: A
systematic review. Academic Emergency
Medicine. 2013;20(1):1-15.

Atilla OD, Yesilaras M, Kilic TY, Tur FC,
Reisoglu A, Sever M, et al. The accuracy
of bedside ultrasonography as a diagnostic
tool for fractures in the ankle and foot.

Academic Emergency Medicine.
2014;21(9):1058-61.
Neri E, Barbi E, Rabach |, Zanchi C,

Norbedo S, Ronfani L, et al. Diagnostic
accuracy of ultrasonography for hand bony
fractures in paediatric patients. Archives of
disease in childhood:Archdischild-2013-
305678;2014.

Yesilaras M, Aksay E, Atilla OD, Sever M,
Kalenderer O. The accuracy of bedside
ultrasonography as a diagnostic tool for
the fifth ~metatarsal fractures. The
American journal of emergency medicine.
2014;32(2):171-4.

Aksay E, Yesilaras M, Kilic TY, Tur FC,
Sever M, Kaya A. Sensitivity and
specificity of bedside ultrasonography in

24.

25.

26.

27.

28.

29.

the diagnosis of fractures of the fifth
metacarpal. Emerg Med J.
2015;32(3):221-5.

Ekinci S, Polat O, Ginalp M, Demirkan A,
Koca A. The accuracy of ultrasound
evaluation in foot and ankle trauma. The
American journal of emergency medicine.
2013;31(11):1551-.5

Banal F, Gandjbakhch F, Foltz V, Goldcher
A, Etchepare F, Rozenberg S, et al.
Sensitivity and specificity of
ultrasonography in early diagnosis of
metatarsal bone stress fractures: a pilot
study of 37 patients. The Journal of
rheumatology. 2009;jrheum. 080657.

Trinh E, McMillan D, Gough J, Brewer K.
Emergency department use of
ultrasonography to detect lateral ankle
fractures. Annals of Emergency Medicine.
2004;44(4):S61-S2.

Oae K, Takao M, Uchio Y, Ochi M.
Evaluation of anterior talofibular ligament
injury with stress radiography,
ultrasonography and MR imaging. Skeletal
radiology. 2010;39(1):41-7.

van Dijk CN, Mol BWJ, Lim LS, Marti RK|,
Bossuyt PM. Diagnosis of ligament rupture
of the ankle joint: physical examination,
arthrography, stress radiography and
sonography compared in 160 patients
after inversion trauma. Acta
Orthopaedica Scandinavica. 1996;67(6):
566-70.

Chen L, Kim Y, Moore CL. Diagnosis and
guided reduction of forearm fractures in
children using bedside ultrasound.
Pediatric emergency care. 2007;23(8):528-
31.

© 2020 Massaeli et al.; This is an Open Access article distributed under the terms of the Creative Commons Attribution License
(http://creativecommons.org/licenses/by/4.0), which permits unrestricted use, distribution, and reproduction in any medium,
provided the original work is properly cited.

Peer-review history:
The peer review history for this paper can be accessed here:
http://www.sdiarticle4.com/review-history/62185

33



