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Abstract Background: Patients with equinovarus deformity have an increased risk of fall and
ankle ligament injury, because of inappropriate prepositioning of the ankle at the end of the
swing phase, and inadequate leg and ankle stability during the stance phase. Accordingly, the
aim of this study is to compare anterior talofibular ligament (ATFL) thickness of chronic stroke
patients with that of healthy individuals using ultrasonography.
Methods: This was a case-control study conducted in a university hospital between July 2015
and July 2016. We included 38 patients [study group; mean age, 59.0� 11.1 years; mean body
mass index (BMI), 25.4 � 4.3 kg/m2] and a control group of age-, sex-, and BMI-matched
healthy individuals. Demographic and clinical characteristics of the patients (i.e., age, weight,
height, Brunnstrom motor recovery stage, Functional Ambulation Scale, Ashworth Scale, and
duration of hemiplegia) were recorded during their visits. Furthermore, ultrasound image of
the ATFL was obtained from each ankle. The thickness of the ATFL was measured at the
midpoint of the ligament between the attachments on the lateral malleolus and the talus using
ultrasonography.
Results: In the study group, the mean thickness of the ATFLs of the affected side
(2.75� 0.41 mm) was thicker than both the unaffected side (2.42� 0.30 mm) and the healthy
controls (2.35� 0.19 mm; pZ 0.007, p< 0.001, respectively). No differences were seen be-
tween the two sides of the control group.
Conclusion: Chronic stroke patients have a thicker ATFL on both the affected and unaffected
sides, compared with healthy individuals. This architectural feature of the ATFL may be a
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result of equinovarus deformity together with spastic muscles. For this reason, early treatment
of deformed ligaments and spastic muscles is needed to prevent equinovarus deformity in pa-
tients with stroke.
ª 2017, Elsevier Taiwan LLC and the Chinese Taipei Society of Ultrasound in Medicine. This is
an open access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/
by-nc-nd/4.0/).

Introduction

Following a stroke event, patients with hemiparesis may
develop walking disabilities. On the affected side,
muscular imbalance usually causes ankle and foot de-
formities. Inadequate ankle dorsiflexion and spasticity of
the plantar flexors or invertors following stroke have been
described [1]. Ankle equinus deformities are seen in up to
20% of stroke patients, and of these, equinovarus defor-
mity is the most characteristic and the most frequently
seen [2,3]. Increased tone of the plantar flexors and
invertors together with weakness of the dorsal flexors and
evertors may explain the development of equinovarus
deformity [4,5]. Although hemiplegia is primarily associ-
ated with unilateral motor involvement, evident changes
in almost all of the parameters used to assess walking have
been seen on both the affected and unaffected sides of
the body [6].

A ligament is soft connective tissue that transmits
tensile force from bone to bone and undertakes an
essential role in musculoskeletal biomechanical function
by stabilizing and guiding the motion of diarthrodial
joints. It tends to remodel according to the applied motion
and stress [7,8]. Ligaments supporting the lateral complex
of the ankle include the anterior talofibular ligament
(ATFL), calcaneofibular ligament, and posterior talofibular
ligament. The ATFL is a flat ligament that attaches from
the anterior border of the lateral malleolus to the talus,
just anterior to the lateral malleolus articular surface.
The ATFL limits plantar flexion and inversion, which are
the movements coinciding with the most common mech-
anism of injury [9]. As a result, the ATFL becomes
vulnerable in a plantar-flexed and inverted position and is
most susceptible to damage during walking in stroke pa-
tients. Equinovarus deformity results in an abnormal
alignment of the ankle joint, causing the talus to be
directed downward and the forefoot to be deviated
medially and rotated into supination [10]. Patients with
equinovarus deformity have an increased risk of fall and
ankle ligament injury, because of inappropriate preposi-
tioning of the ankle at the end of the swing phase, and
inadequate leg and ankle stability during the stance phase
[11]. However, to the best of our knowledge, the effects
of equinovarus deformity on the ATFL have not been
investigated in patients with poststroke hemiplegia.
Accordingly, the aim of this study was to compare the
ATFL thickness in the affected and unaffected sides of
chronic stroke patients with that of healthy individuals
using ultrasonography.

Materials and Methods

Study design and patients

The study included 38 chronic ischemic or hemorrhagic
stroke patients (26 male and 12 female patients) with
walking disability. Chronic stroke was defined as the open-
ended period starting 6 months after the initial stroke. A
control group was formed of 38 sex-, age-, and body mass
index (BMI)-matched healthy individuals without ankle
disorder or a history of lower limb surgery. Sex, age, BMI,
Brunnstrom motor recovery stage, Functional Ambulation
Scale (FAS), and duration of hemiplegia were recorded. The
Ashworth Scale was used in hemiplegic tonus evaluation.
Inclusion criteria were as follows: (1) a stroke event at least
6 months prior to the study and (2) a walking disability with
equinovarus of the ankle. Exclusion criteria were as fol-
lows: (1) patients with an ankle injury in the poststroke
period, (2) previous botulinum toxin injection to gastro-
soleus muscles, (3) previous surgery on the lower limbs, (4)
fixed ankle contracture, and (5) any reason for pes planus.
All patients were informed about the study procedure and
informed consent was obtained. The Local Ethics Commit-
tee approved the study protocol.

Ultrasonographic measurements

The ATFL measurement was taken using a linear probe (7-12
MHz, Logiq P5, GE Medical Systems, Waukesha, WI, USA) by
a physiatrist (M.T.Y.), with the patient in a supine position
with the ankles in neutral or slight plantar flexion. A lon-
gitudinal image of the ATFL was scanned with the trans-
ducer placed in a slightly oblique direction from the
anterolateral aspect of the lateral malleolus to the peak of
the talus using a previously described method [5]. The peak
of the talus represents the anterior aspect of the lateral
talar articular cartilage and the lateral neck of the talus.
The two bony landmarks were easily identified because of
their hyperechogenicity on sonography. The normal ATFL
was depicted as hyperechoic bundles on sonography. The
thickness of the ATFL was measured halfway between the
two bony landmarks of the ankle (Figure 1).

All sonographic measurements were taken in the plane
perpendicular to the long axis of the ligaments for stan-
dardization and reproducibility of the measurements.
Sonographic measurements for the thickness of the liga-
ments were taken two times, and the mean values were
recorded. The reliability of the thickness measurements
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