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Abstract

Purpose Magnetic resonance imaging (MRI) has relatively low accuracy in diagnosing chronic anterior talofibular ligament
(ATFL) injury. This study’s purpose was to evaluate the angle between the ATFL and posterior talofibular ligament (PTFL)
as a new indirect MRI sign of chronic ATFL injury in patients with mechanical ankle instability (MAI).

Methods This study included 200 participants: 105 patients with MAI and 95 patients seen at our institution for reasons
unrelated to ankle instability. MR images of all 200 participants were reviewed. The ATFL-PTFL angle in the axial plane
was measured and compared between groups. Receiver operating characteristic curves (ROC) were used to analyze ATFL—
PTFL angles in participants with and without ATFL injury. The sensitivity and specificity of this method for diagnosing
ATFL injury were calculated.

Results The mean ATFL-PTFL angle was significantly larger among MAI patients than among control patients (81.5°+9.8°
vs 75.2° +£8.9°, respectively; P <0.01). The area under the ROC was 0.789 (P <0.01). The optimal cut-off point for diagnos-
ing ATFL injury on the basis of the ATFL-PTFL angle was 79.0° (sensitivity 0.89, specificity 0.67).

Conclusion The ATFL-PTFL angle was significantly larger among MAI patients than among those without MAL. Increased
ATFL-PTFL angle offers a new indirect MRI sign for diagnosing chronic ATFL injury. The ATFL-PTFL angle can be used
not only to improve the accuracy of diagnosis of chronic ATFL injury, but also to evaluate the restoration of normal ankle
joint geometry after lateral ligament reconstruction.

Level of evidence III.
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Introduction functional ankle instability (FAI) [6]. MAI patients have

laxity and excessive motion of the ankle joint caused by

Ankle sprain is one of the most common sports injuries.
More than 20% of patients experience chronic symptoms
after ankle sprain, including pain, swelling, and giving way
or instability [20]. Chronic ankle instability (CAI) can be
subdivided into mechanical ankle instability (MAI) and
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structural damage to the supporting ligamentous tissues [6],
especially the lateral ligaments. In contrast, the lateral ankle
ligaments in FAI patients are normal. The feeling of giving
way and instability in FAI patients may be caused by spe-
cific insufficiencies in proprioception, neuromuscular con-
trol, postural control, and/or muscle strength [6]. In clinical
practice, different treatment strategies are used according
to type of ankle instability. Therefore, it is very important
for clinicians to accurately evaluate the status of the lat-
eral ligaments of the ankle to provide appropriate treatment
recommendations.

Magnetic resonance imaging (MRI) is an important tool
in assessing the status of the lateral ankle ligaments. Some
authors suggested that preoperative MRI of the ATFL is
a reliable and valid decisional tool to choose the surgical
technique for stabilization of chronic lateral ankle laxity
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[18]. However, the reported sensitivity and specificity of
MRI in diagnosing chronic anterior talofibular ligament
(ATFL) and calcaneofibular ligament injures are only
44-75% and 53-86%, respectively. The sensitivity and
specificity of MRI in diagnosing partial ligament tears are
much lower [4, 8, 12, 22, 26]. Therefore, it is necessary to
use indirect MRI signs to improve the diagnostic accuracy.
It has been reported that indirect MRI signs can be used
in clinical practice to improve the accuracy of diagnosing
anterior cruciate ligament (ACL) injury [5, 13, 21, 27].
However, to date, no study has reported the use of indirect
MRI signs to assess ATFL injury.

The main purpose of this study was to measure and
compare the ATFL—posterior talofibular ligament (PTFL)
angles in patients with MAI versus those in control partici-
pants without a history of ankle sprain, and to introduce a
new indirect MRI sign to assess ATFL injury. We hypothe-
sized that the ATFL-PTFL angle would be greater in MAI
patients than in control subjects. Because the accuracy of
MRI in the diagnosis of chronic ATFL injury is relatively
low, confirmation of the hypothesis would provide a new
indirect MRI sign to improve diagnostic accuracy. Moreo-
ver, this indirect MRI sign could be used to evaluate the
restoration of normal geometry of the ankle joint after
lateral ligament reconstruction.

Materials and methods

MRI scans taken from 2012 to 2016 of 105 patients (35
women and 70 men) with MAI (Group A) were retrospec-
tively reviewed. Clinical evaluations were made by the
authors on the basis of history, physical examination, and
radiographic findings (anteroposterior, lateral, and MRI).
Arthroscopic ankle evaluation and debridement were per-
formed in all MAI patients. ATFL tears were identified
during ankle arthroscopy. All operations were performed
by a senior surgeon specializing in ankle arthroscopy and
sports medicine.

The control group consisted of 95 patients (28 women
and 67 men) who had undergone MRI at the author’s insti-
tution for reasons unrelated to ankle instability (Group B).
Chart reviews were undertaken to exclude patients with
ligamentous laxity and history of ankle sprain.

The exclusion criteria were as follows: (1) a history of
ankle or ipsilateral lower extremity surgery; (2) deformity
around the ankle joint such as flat foot, high arch, varus
heel, or inverting tibial plateau; (3) previous history of
ankle fracture; (4) age less than 16 or older than 60 years;
(5) patients with PTFL tear; (6) patients with ATFL tear
and the ligament absorbed completely.

MRI scan and image analysis

All MRI scans were performed with a 3.0-T MRI scanner
(MAGNETOM Verio, A Tim system, Siemens, Germany) in
a standardized fashion. Axial images were taken at PD FSE
TR/TE 2600-2800/24-30 ms, matrix 512 x 320, slick thick-
ness 3 mm, at increments from the distal tibial diaphysis to
the most inferior aspect of the calcaneus.

The ATFL-PTFL angle was measured in all participants
in the following manner (Fig. 1). The plane in which the
ATFL and PTFL appeared simultaneously on the axial
image was determined. Two straight lines were drawn, one
parallel to the ATFL and one parallel to the PTFL. The angle
between these two lines was measured. Because the ATFL
and PTFL are oriented in a nearly horizontal plane [24], it
was easy to identify these two ligaments in the same axial
image [25].

Angle measurements were made with a picture archiving
and communication system (PACS version 11.0, Carestream
Healthcare, Rochester, NY, USA). The values were accurate
to one decimal place. An independent observer who was

Fig.1 Line 1 was drawn parallel to the anterior talofibular ligament
(ATFL); line 2 was drawn parallel to the posterior talofibular liga-
ment (PTFL). The angle between lines 1 and 2 is the ATFL-PTFL
angle
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blinded to the group assignment measured all index values
on MRI scans. Each measurement was repeated three times
for intraobserver analysis as well as for calculation of mean
values. The interval between measurements was at least 1
week to eliminate memory effects. To test interobserver
reliability, 30 MRIs from the MAI group were measured
independently by two of the authors (the first and the second
authors).

This study was approved by the Research Ethics Commit-
tee of Huashan Hospital, Fudan University (KY2016-002).

Statistical analysis

All values were reported as means and standard deviations
(SD). Intra- and interobserver reliabilities of measurements
were analyzed with the intraclass correlation coefficient
(ICC). An ICC < 0.4 was considered poor; between 0.4 and
0.7, moderate; and > 0.7, excellent. A reliability analysis
of scale was used to calculate the ICC values. Control and
laxity patients were compared with an independent t test.
Receiver operating characteristic curves (ROC) were used to
analyze the ATFL-PTFL angles of participants with versus
without ATFL injury. The sensitivity and specificity of this
method for diagnosing ATFL injury were calculated. All
statistical analyses were performed with SPSS 19.0 (IBM
Corporation, Armonk, New York, USA). Differences were
considered statistically significant at values of P <0.05. Post
hoc analysis was performed to calculate the statistical power.
Because the calculated effect size was 0.9, the sample size
was 105 in Group A and 95 in Group B, and the a level was
0.05, the calculated power was 1.0.

Results

Participants’ demographic data are shown in Table 1. No
significant differences were found in age, sex, height, weight,
or body mass index between the groups.

The intra- and interobserver reliabilities were 0.953 and
0.863, respectively.

The mean angle between the ATFL and PTFL in laxity
patients was 81.5°+9.8°. The angles varied from 59.4° to
110.1°, a range of 50.7°. The mean ATFL-PTFL angle in

the control group was 75.2° +8.9°. The angles varied from
54.7° to 103.8°, a range of 49.1°. There was a statistically
significant difference in ATFL-PTFL angle between the
patient and control groups (P <0.01).

The area under the ROC was 0.789 (P <0.01). The opti-
mal cut-off point of the ROC curve in the diagnosis of ATFL
injury was an ATFL-PTFL angle 79.0°, which had a sensi-
tivity of 0.89 and a specificity of 0.67.

Discussion

The most important finding of the present study was that
the angle between the ATFL and PTFL was significantly
larger among MAI patients than among control patients. The
ATFL-PTFL angle offers a new indirect MRI sign in the
diagnosis of chronic ATFL injury.

CAI can be divided into MAI and FAI, according to dif-
ferent pathological changes. Moreover, different treatment
strategies should be chosen for these two types of CAL
Patients with MAI often require ligament reconstruction
to restore the laxity of the ankle joint. In contrast, patients
with FAI often rely on proprioception, balance, and strength
training to restore neuromuscular function [7, 16] and to
reduce the risk of ankle re-injury [29]. Accurate assessment
of the status of the lateral ankle ligaments is very important
when determining treatment strategies. The importance of
MRI in evaluating injury of the lateral ankle ligaments has
been demonstrated in many studies [9, 10, 17, 19, 23,]. How-
ever, recent studies have raised doubts about the accuracy
of MRI in these patients [8, 10, 14, 22]. In a meta-analysis,
the pooled sensitivity and specificity of MRI in diagnosing
chronic ATFL are 0.83 and 0.79, respectively [1]. Moreover,
the sensitivity and specificity of MRI are lower in patients
with partial versus full ligament tears [12, 22]. One reason
for the low accuracy of MRI in the diagnosis of chronic
lateral ligament tears is that patients with chronic instabil-
ity lack joint-space hemorrhage and soft-tissue swelling
over the lateral malleolus, making diagnosis more difficult
[22]. A second reason is that the sensitivity of MRI for the
detection of ATFL tears varies according the location of the
ATFL injury [11]. A third reason is that dynamic assess-
ment of joint laxity is not possible with MR scans, which

Table 1 Participant

. Group Subjects Sex Age, years Height, mm Weight, kg BMI
demographic data n Male/female, n Range Range Range Range
MAI 105 70/35 33.2+83 173.6+7.8 72.1+14.7 235+32
(16-59) (152-189) (45-111) (17.3-35.2)
Control 95 67/28 31.2+7.0 170.9+9.3 73.7+£12.1 24.5+3.7
(16-60) (149-198) (46-109) (16.9-33.8)
P value n.s n.s n.s n.s n.s

BMI Body Mass Index, MAI Mechanical Ankle Instability
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limits the diagnostic accuracy. Previous study indicated that
stress ultrasound could increase the diagnostic accuracy of
chronic ankle laxity [3]. Moreover, the accuracy of assess-
ing ligament injuries is affected by the experience of the
radiologists. Therefore, it is necessary to propose new and
easy methods to increase the accuracy of diagnosing chronic
lateral ankle ligament injury.

It has been reported that indirect MRI signs can be used
to improve the accuracy of ACL injury diagnosis [5, 13, 21,
27]. For example, the angle between the lateral tibial plateau
and the ACL is smaller after ACL injury whereas the angle
between the Blumenstaat line and the ACL is larger. The
presence of indirect signs corroborates the diagnosis of ACL
tear [5]. Among the lateral ligamentous structures of the
ankle, the ATFL is most often disrupted in ankle sprains and
is thus highly important clinically [28]. Therefore, in the cur-
rent study we proposed a new indirect MRI sign to improve
the accuracy of diagnosing ATFL injury. The angle between
the ATFL and PTFL was significantly larger among patients
with ATFL injury compared with that of the control group,
suggesting that this angle may be an indirect MRI sign for
diagnosing ATFL injury. Detection and measurement of
the angle between the ATFL and PTFL is very simple and
reproducible on axial images; therefore, the angle can also
be used to evaluate the restoration of the original geometry
of the intact joint after lateral ankle ligament reconstruction.
Because the ATFL is the most commonly injured ligament in
ankle sprain, we believe that evaluation of the ATFL-PTFL
angle could be very helpful in clinical practice.

The reasons for the increased size of the ATFL-PTFL
angle in patients with MAI are not clear. One potential
reason is that the ATFL becomes loose and distorted after
injury, resulting in a larger angle between the ATFL and
PTFL. Recent studies found that patients with ankle lax-
ity were more likely to have an internally rotated talus [2,
15]; a change in the relative positions of the ATFL and
PTFL insertions on the talus, resulting in an increase in the
angle between ATFL and PTFL, could also help explain our
findings.

Although this study revealed a significant difference
in the ATFL-PTFL angle between ankle laxity and con-
trol participants, an increased ATFL-PTFL angle was not
found in all patients with MAI. The angle between the
ATFL and PTFL was less than 79° in one-third of patients
with unilateral ankle laxity and was more than 79° in one-
third of participants in the control group. Therefore, an
increased ATFL-PTFL angle may be present in some, but
not in all patients with MAI. Additionally, there was wide
variability in the ATFL-PTFL angle (ranges of 50.7° and
49.1° in ankle laxity and control groups, respectively).
Therefore, the ATFL-PTFL angle cannot be used as the
gold standard to diagnose ATFL injury. The diagnosis of

ATFL injury in MAI patients should be based on patient
history, clinical examination, and imaging. Further stud-
ies are needed to address the relationship between these
abnormal changes and MAI.

The advantage of the current study was its large sample
size.

One limitation of this study was that participants in the
control group might not be representative of the normal
healthy population. However, patients with ankle insta-
bility were excluded from the control group. A prospec-
tive study will be required to compare the differences
between CAI patients and the normal healthy population
in the future. A second limitation was that the MRI scans
were obtained in a supine, non-weight-bearing position.
Because the angle between the ATFL and PTFL may be
different in weight-bearing versus non-weight-bearing
positions, the values of the ATFL-PTFL angle could be
altered. However, all participants in the current study were
scanned in the same supine position; therefore, we believe
that the results of the measurements were comparable
between the two groups. An MRI study in weight-bearing
ankles may be needed in the future.

In previous studies, the accuracy of MRI for diagnos-
ing chronic ATFL injury was relatively low, especially
for the diagnosis of partial injury. Therefore, new indirect
MRI signs are needed to improve diagnostic accuracy. In
the current study, a new, simple, and reproducible indirect
MRI sign was introduced to evaluate the angle between the
ATFL and PTFL. The ATFL-PTFL angle could be used
to evaluate ATFL injury in a clinical setting. An increased
ATFL-PTFL angle may be an indirect MRI sign of ATFL
injury. Moreover, the ATFL-PTFL angle could be used to
evaluate the restoration of normal ankle joint geometry
after lateral ligament reconstruction.

Conclusion

Patients with ankle laxity were more likely to have a larger
ATFL-PTFL angle than patients without ankle laxity. The
angle between the ATFL and PTFL offers a new indirect
MRI sign for diagnosing ATFL injury. A larger angle
between the ATFL and PTFL was associated with a diag-
nosis of ATFL tear.
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