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INTRODUCTION

Ankle injuries are one of the common causes of
orthopedic emergencies for patients, while only a
minority of patients (about 15%) suffer from significant
clinical fractures. Ankle sprain is one of the common
injuries among people, including athletes, particularly
in those engaging in sports such as running, cut-back
passes, jumping and lateral jumps, as well as contact
sports.l'?l Ankle sprains constitute 12%-20% of all
trauma-related injuries in various parts of the body,”!
which as a consequence of damage to the sensory-motor
receptors and a reduction in stability and balance, the risk
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of further injury for active people is more than 80%."
While tomography is conducted in almost all of these
patients, in 85% of these cases, it does not provide a
positive diagnostic outcome.®”! In contrast to magnetic
resonance imaging (MRI), ultrasonography (US) is a
relatively inexpensive, widely available, time-efficient,
noninvasive diagnostic procedure. It can be well received
as an alternative to MRI procedure if its precision in the
diagnosis of the injuries resulting from trauma in the
ankle joint is proved.®?

Meanwhile, in Iran, MRI is typically used to diagnose
trauma-related injuries in various body parts, such as
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the ankle, and US, despite its high diagnostic value, cost
efficiency, availability, and lack of evidence proving it
ineffective plays a minimal role in the diagnosis of such
injuries. However, it is not yet known whether MRI is
superior to US in all of the cases, or whether its contrary is
correct, or whether these two methods complement each
other and can cover each other’s deficiencies in various
areas. At the same time, in the majority of earlier studies
in the field of radiology where MRI had been used to
interpret trauma-related injuries in various body parts,
US had also contributed to the final diagnosis, which itself
can falsely improve the diagnostic value of MRI procedure.
Henari and Bank showed that the correlation between
ultrasonography and arthrogram findings was 100%, and
US diagnosed medial deltoid rupture with a sensitivity of
100% and a specificity of 100%, but plain film radiographs
of the ankle were less accurate (sensitivity: 57.1% and
specificity: 60%). Therefore, US can be used easily without
the need for radiation, especially in trauma services.!"!
Khoury et al. showed that US is an excellent diagnostic
modality for ankle trauma because it is not invasive and
expensive. They revealed that US could be considered
a first-line modality for diagnosis.'! In addition, Ekinci
et al. indicated that US is a highly sensitive technique to be
considered in traumatic wards.'? Taggart et al. reported
the precise diagnosis of ankle fracture by US in pediatrics.
To avoid radiation exposure in pediatrics, US can be
employed which is safe and tolerable.!' Although the
effectiveness of US to diagnose ankle fractures is reported
as 100%, Trinh et al. demonstrated the sensitivity of US
to be 90.9%.1"*"*! In a study by Lee and Yun entitled “The
feasibility of point-of-care ankle ultrasound examination
in patients with a recurrent ankle sprain and chronic ankle
instability: Comparison with magnetic resonance imaging,”
it was found that US was as precise as MRI for diagnosing
ankle fracture. Lee and Yun showed noninferiority between
the two US and MRI methods, but demonstrated that US
is useful for immediate diagnosis and is inexpensive.['®!
Langner et al. did another study focused on MRI and found
it useful in detecting bone bruising and fractures.'”)

Given the fact that ankle injury is the most common injury,!
the controversial findings, and based on the above points,
the purpose of this study is to examine the sensitivity and
specificity of sonography in detecting the damage caused by
trauma in the ankle compared to MRI to determine whether
or not an MRI can provide more information than sonography
in the diagnosis of trauma-related injuries in the ankle.

MATERIALS AND METHODS

Study design and participants
In this cross-sectional study, 31 patients with ankle trauma
referred to the MRI imaging center of Alzahra and Kashani
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Hospitals of Isfahan from October 2018 to March 2019 were
studied according to the inclusion criteria. A census method
of sampling was used, and all the patients satisfying the
inclusion criteria entered into the study.

The inclusion criteria included all patients with traumatic
ankles, with age range over 18 years, with written informed
consent for participation in the study, and with no addiction.
It was a census study, and all patients, according to the
Ottawa criteria, needed the necessary imaging to determine
the type of injury they were enrolled in the study.

On the other hand, individuals were excluded from the
study if the necessary imaging was not obtained within the
1% week after the injury, or there were short reports in their
ultrasonography or MRI, or there was only one of the imaging
modalities available. Due to the tenderness in the ankle or
midfoot area, radiography was requested for the same area.

Procedures

At the time of the referral of these patients for MRI, ankle
ultrasonography was performed by a radiologist. After
taking MRI imaging, it was reviewed by an experienced
musculoskeletal radiologist who was not aware of the result
of ultrasonography and wrote the final report of patients’
MRI. A common code was considered for orthopedic,
ultrasonography, and MRI responses. Regarding blinding,
it should be noted that our study was not a clinical trial
and was not mandatory to use blinding in this study but
it was followed to avoid bias in the results of the study. It
was possible that the results of MRI be affected by MRI
radiologists after revealing the results of the US. Hence, we
tried to blind the sonographers and MRI radiologists from
the results of MRI and US, respectively.

To obtain an ultrasound evaluation, three ligaments were
investigated: the anterior talofibular ligament (ATFL),
posterior talofibular ligament (PTFL), and calcaneofibular
ligament (CFL). PTFL patients should be supine with a
flexed knee with placing the plantar surface of their foot
flat. ATFL is checked while the ankle is gently inverted and,
for CFL, the ankle should be medially rotated.

To control the quality of the results, 10% of the
ultrasonography cases were controlled by another
radiologist who was unaware of the results of the initial
ultrasonography. Furthermore, 10% of the MRI cases were
separately examined by a different radiologist in addition to
the original radiologist. Ligaments that are damaged in any
way (tearing or partially torn) were determined by each of
these modalities, and the results of all cases were matched.

An MRI device was used (GE 1.5 Tesla, General Electric
Company, New York, United States of America). The ankle
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ultrasonography was performed by GE-0200 (General Electric
Company) using a linear probe with a frequency of 7.5 MHz.

The collected variables included age, sex, tenderness area,
weight intolerance, and abnormal findings in radiology,
ultrasonography, and MRI. In addition, the damage to the
ATFL, PTFL, and CFL in ligament was checked.

MRI and ultrasonography were studied, and the sensitivity
and specificity of the damage to each ligament were checked.

Ethical considerations

This study has been approved by the ethics committee of
Isfahan University of Medical Sciences, and the approval
code is IRRMUILREC.1396.3.831.

Statistical analysis

Data from this study were entered into SPSS version 24
software (SPSS, Inc., Chicago, IL, USA); descriptive
data were presented as mean and standard deviation or
frequency or percentage. Receiver operating characteristic
curve was used to measure the sensitivity and specificity.
To check the accordance between ultrasonography and MRI,
the Kappa test was used. In all of the calculations, P value
was considered <0.05.

RESULTS

Thirty-one patients with ankle trauma were enrolled in the
study with a mean age of 30.73 + 10.15 years, of whom 32%
were male and 67.7% were female, with 83.9% having pain
and tenderness in the ankle. Moreover, 35.5% of the patients
had weight intolerance with no abnormal results reported
in the radiographic film, such as rupture or damage to the
soft tissue. In the case of ultrasound, 12.9% of the patients
had damage in ATFL, 9.7% in PTFL, and 12.9% in CFLs.
Moreover, in the case of MRI, injuries to ATFL were 9.7%,
PTFL were 6.5%, and CFLs were 6.5% [Table 1].

The sensitivity and specificity of ultrasound relative to
MRI for detecting injury to ATFL were 66.67% and 92.86%,
respectively, with the positive and negative predictive
values as 50% and 96.30%, respectively.

The sensitivity and specificity of ultrasound relative to
MRI for detecting injury to PTFL were 50% and 93.10%,
respectively, with the positive and negative predictive
values as 33.33% and 96.43%, respectively.

The sensitivity and specificity of ultrasound relative to
MRI for detecting injury to CFL were 100% and 93.10%,
respectively, with positive and negative predictive values
as 50% and 100%, respectively.
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Table 1: Description of variables studied in this research

Variables Abundance Percentage
Gender

Male 10 32.3

Female 21 67.7
Place of pain and tenderness

Ankle 26 83.9

Midfoot 5 16.1
Weight intolerance 1 35.5
Radical findings (abnormal) 0 0
Having an injury in ultrasound

ATFL 4 12.9

PTFL 3 9.7

CFL 4 12.9
Having an injury in MRI

ATFL 3 9.7

PTFL 2 6.5

CFL 2 6.5

MRI=Magnetic resonance imaging; ATFL=Anterior talofibular ligament;
PTFL=Posterior talofibular ligament; CFL=Calcaneofibular ligament

According to Kappa test, the agreement between
ultrasound and MRI methods for detecting injury to
ATFL (x = 0.51), PTFL (x = 0.35), and CFL (x = 0.63) was
statistically significant (P < 0.05).

Figure 1 demonstrates MRI of the right ankle without
contrast media, coronal and sagittal Short-TI Inversion
Recovery, sagittal and axial T2-weighted image (WI), and
coronal T1-W1. Joint effusion was seen at the tibiotalar and
subtalar joints. Fluid was seen around the ankle tendons,
mainly posteromedial tendon in favor of tendinopathy and
tenosynovitis; bone bruise and bony contusion were seen at
the calcaneal bone; bone bruise and trabecular injury were
seen at the medial malleoli; the sign of sprain injury was
seen at the superficial part of the deltoid ligament; and the
interosseous ligament between the radius and calcaneus
was intact.

DISCUSSION

This study aimed to check the sensitivity and specificity of
ultrasound in the diagnosis of ankle injuries in comparison
with MRI. The results of this study show that the sensitivity
and specificity of sonography were 66.67% and 92.86%,
respectively, in comparison with MRI in the diagnosis of
injuries in the ATFL. The positive and negative predictive
values of sonography were 50% and 96.3%, respectively.
The sensitivity, specificity, positive predictive value, and
negative predictive value of ultrasound for PTFL were 50%,
93.1%, 33.33%, and 96.43% and the corresponding values
for CFL were 100%, 93.1%, 50%, and 100%, respectively.

In recent years, various studies have investigated the
efficacy of ultrasound in the diagnosis of injuries to different
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ATF

Figure 1: Magnetic resonance imaging of the right ankle without contrast media;
coronal and sagittal Short-Tl inversion recovery; sagittal and axial T2-weighted
images; and coronal T1-weighted images

ligaments. In a study by Barzin et al., the sensitivity,
specificity, positive predictive value, and negative
predictive value of sonography in comparison with MRI in
the diagnosis of injuries of posterior collateral ligament were
100%, 94.28%, 42.86%, and 100%, respectively. Furthermore,
in the diagnosis of the anterior cruciate ligament, the
corresponding values were determined as 65%, 100%, 100%,
and 70.21%, respectively. Moreover, the corresponding
values were determined at 61.90%, 94.23%, 81.25%, 25.81%,
and 85.96% in the diagnosis of injuries in the medial
meniscus, and 100%, 97.14%, 60%, and 100%, respectively,
in the case of lateral meniscus injuries."”! In addition, in a
study by Salehi et al., out of 100 cases of surgery conducted
on the shoulder rotator cuffs, 27 rupture cases were reported
consisting of 20 full ruptures and 7 partial ruptures. The
sensitivity, specificity, positive predictive value, and
negative predictive value in sonography were determined
as 92.6%, 95.9%, 89.3%, and 97.2%, respectively, and, for the
MR, the corresponding values were determined as 96.3%,
97.3%, 95.9%, and 98.6% respectively.?"

In a study by Court-Payen, the sensitivity and specificity
of the sonography were determined as 75%-95% and
78%-100%, respectively.l?!! These results confirm that
ultrasound could be a proper modality for ligament
injury, especially for superficial ligaments. As the ATFL is
located in the superficial layers, sonography can be almost
as practical as MRI in the diagnosis of its rupture. Our
study demonstrated that ultrasound at 96.3% of the cases
would be able to determine the health of ATFL. This result
was repeated in a study by Oae et al. in 2010 that showed
that ultrasound has a satisfactory diagnostic accuracy for
ATFL injuries. Therefore, sonography can be suggested as a
suitable noninvasive procedure for the diagnosis of injuries
in the ATFL.
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In the present study, the sensitivity of sonography in
comparison with MRI in the diagnosis of rupture in CFL
was 100%, and its specificity was 93.10% that is a high
diagnostic value. In a recent review by Seok et al. in 2019,
the average sensitivity and specificity of ankle ultrasound
were 95% and 99%, respectively.! It means that, in case
of an injury or lack thereof in the CFL, sonography is
capable of providing a reliable diagnosis. Considering the
positive and negative predictive values of 50% and 100% for
sonography, it can be said that a sonography scan can be as
useful as an MRI in detecting or rejecting the rupture cases
in the CFL. There is controversy in the diagnostic accuracy
of ultrasound for PTFL injuries. As this ligament is placed
deeper, several studies declare evaluation of the PTFL in
ultrasound to be difficult. Our study showed an acceptable
high specificity rate of ultrasound in comparison with MRIL
42 However, this difficulty could be the reason for the 50%
sensitivity in our study.

There are limitations to this study, including small sample
size and not checking the other useful variables for the
diagnosis of an ankle injury. The small amount of research
in this field was the other restricting factor of our study.

CONCLUSION

It can be concluded that ultrasound is a useful diagnostic
method to detect injuries to specific ankle ligaments. The
diagnostic value of ultrasound for injuries of CFL is nearly
100% and, for ATFL, it showed satisfactory results; it was
lower for PTFL than the other two ligaments. This modality
can be helpful in cases where methods such as MRI are
unavailable.
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