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| ABSTRACT

BACKGROUND

Ankle sprain is a common problem among active people and athletes. About 80 % of
the people and 73 % of the athletes, who once had an ankle sprain, have experienced
a recurrence of ankle sprain during their work or sport. Chronic ankle instability is
described as a repeated ankle sprain, ankle giving way, pain and swelling and
functional decline. Due to impaired muscle strength and impaired neuromuscular
and postural control, it seems that the morphological criteria of peri-ankle muscles
have changed. The study aimed to identify the morphological and muscle
performance components of peroneus longus (PL) muscle in subjects with injured
and intact sides of the chronic ankle sprain. Furthermore, the difference in
ultrasonographic characteristics of PL muscle between genders, and the effect of the
dominant limb on PL muscle ultrasonographic characteristics were investigated.

METHODS

The thickness, width and cross-sectional area (CSA) as morphological components
and muscle performance components like fiber length, and pennation angle of PL
muscle of the injured were calculated and compared to the intact side of the control
in 25 subjects with unilateral chronic ankle instability via ultrasonography.

RESULTS

The findings of this study indicated a significant difference in the morphological
component of PL muscle between both sides with no statistically significant
difference in the muscle performance component of PL muscle.

CONCLUSIONS
Awareness of these changes in the injured side muscle morphology may lead to better
clinical decision-making to design the best treatment plan by the physiotherapist.
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BACKGROUND

Ankle sprain is a common problem among active people and
athletes.12 The incidence of this injury is greater in young
athletes, military personnel, and those who run and jump
continuously.3-5> Ankle sprain is a major component of
orthopaedic lesions and includes 7 - 10 % of the patients
admitted to emergency departments.6 The treatment and
prevention of ankle sprain take a great amount of time in the
medical field with an annual cost of $ 4 billion in United States
of America (USA).” Most of ankle injuries are of inversion
injury damaging the lateral ankle ligaments.8-11 The inversion
ankle sprain is a multi-factorial injury. Accordingly, sudden
ankle inversion is controlled by active and passive agents,
which include muscle and soft tissue resistance.l2 Moreover,
ankle sprain can lead to prolonged absence of athlete from
exercises, reduced activity of individuals and decreased
quality of life.13-15 Mansfield and Neumann proposed that, the
weakness of the peroneal muscles predisposes the foot to the
inversion position, which is essential for inversion ankle
sprains.16 About 80 % of the people and 73 % of the athletes,
who once had an ankle sprain, have experienced recurrent
ankle sprain during their work or sports.17-20

Chronic ankle instability (CAI) is described as a repeated
ankle sprain, ankle giving way, pain and swelling, and
functional decline.2122 It also causes functional and mechanical
defects leading to long-term proprioception impairment
affecting the ankle and hip strategy in maintaining dynamic
postural control.l? It has been confirmed that the postural
control is impaired in people with CAL23 Several
electromyographic studies indicated the changes in the
activity of evertor muscles during continuous walking and the
changes in the activity of dorsiflexor, plantar flexor and
evertor muscles during jumping in patients with CAIL24 Since
foot evertor muscles resist inversion, they are the centre of
attention in terms of ankle instability.625 It seems that, the
weak evertor muscles cannot provide a protective contraction
to prevent injury during an unexpected inversion of the
ankle.626 Perceptual impairment, impaired muscular control,
impaired strength and postural control impairment are
considered as functional disabilities, but the changes in ankle
function are related to the changes in morphology and
physiology.2” Therefore, awareness of the structural changes
and possible injuries to ankle structures might help to identify
the risk of lateral ankle sprain and make decisions for
rehabilitation following the injury. The primary objective of
this study was to identify the morphological and muscle
performance components of PL muscle in subjects with
injured and intact sides of the chronic ankle instability.
Secondary objectives were: 1) to determine difference in
ultrasonographic characteristics of PL muscle between injured
and intact sides and genders with unilateral CAl, and 2) to
show if the dominant limb has an effect on PL muscle
ultrasonographic characteristics.

METHODS

Participants
Twenty-five subjects (14 males and 11 females, 28.32 + 6.01
years) with unilateral CAI participated in this case-control
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study. Fifty feet of 25 participants were involved (25 case, 25
control); the injured side of any participant was considered as
the case group and his / her intact side was considered the
control group, between November 2018 to October 2019.

Written informed consent was obtained from all the
participants, and the protocol of the study was approved by
Ethics committee of Ahvaz Jundishapur University of Medical
Sciences (Ethical code: IR. AJUMS.REC.1397.530). The
personal information was also obtained using the Cumberland
Ankle Instability Tool (CAIT). The CAIT comprises of 9 items;
each item scores individually and focuses on the symptoms of
instability during several different physical tasks. In addition,
8 of the 9 questions were designed to explore the ankle
instability during daily and sports activities and one question
was focused on participants' pain. The total score of CAIT
ranges from 0 - 30: lower scores indicate decreased ankle
stability, and higher scores indicate increased stability. The
left and right limbs are scored separately.16.28 The inclusion
criteria were as follows: (a) age range of 18 - 40 years,1¢ (b)
experiencing at least one inversion ankle sprain within 1 - 6
months with pain or swelling and temporary loss of ankle
function,1329 (c) experiencing at least two giving way during
the last 6 months,?9 (d) the Cumberland questionnaire score
lower than 2730-32 and (e) subjective sense of instability in the
ankle.2932 Participants with large structural changes in lower
extremities, neurological disorders, vestibular disorder, head
trauma during the last 3 months, pregnancy, fractures in the
lower extremities, musculoskeletal injuries of lower limb
joints in the last 3 months, and ankle muscle or ligament
rupture were excluded from the study).33-35 In addition, the
limb dominance was identified by preferred limb applied to
kick a ball.3¢

Data Collection

Real-time musculoskeletal ultrasound scanning was
performed with a GE Healthcare, Voluson E6 system. This
system had an 18 MHz linear array and 44 mm footprint probe.
To determine the characteristics of ultrasonography, cross-
sectional area (CSA), thickness, width, fiber length, and
pennation angle of PL muscle, the subject was made to lie in
the supine position and the ankle was placed at a 90-degree
dorsiflexion using an ankle-foot orthosis. Head of fibula and
lateral malleolus was identified using a marker as landmark.
Moreover, the linear probe was perpendicularly placed at 50
% of the distance between the afore-mentioned
landmarks.333738 Then, fiber length and pennation angle were
measured by placing the probe parallel to the sagittal plane,
with three repetitions, and finally, the average of these three
measurements is considered.3® Later, the muscle dimensions
were immediately calculated by on-screen-callipers. In
addition, the maximum distance between the boundaries was
considered during the measurement of thickness, width, and
CSA40

Image Analysis

The muscle thickness or anterior posterior dimension (cm)
was measured at the centre of each image, and the linear
perpendicular distance between aponeurosis, muscle width or
lateral dimension (cm) was the greatest from border to
border, and CSA (cm?2) was measured by tracing the inside
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margin of the scan by ultrasound specialist.164041 The fiber
length (cm) of the muscle was calculated by measuring the line
plotted along the muscle fibers, from the beginning of one
aponeurosis to the end of the other aponeurosis, and
pennation angle (degree) was also measured as the angle
between the muscle fiber length and the deep aponeurosis of
its insertion.394! (Figure 1: a, b, and c).
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Figure 1. a) Thickness, Width and Cross-Sectional Area (CSA),
b) Fiber Length, and c) Pennation Angle
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Statistical Analysis

Statistical analyses were carried out using International
Business Machines Statistical Package for the Social Sciences
(IBM SPSS) statistical software (Version 22.0, IBM Corp,
Armonk, New York). The statistical tests were also carried out
regarding 95 % confidence interval and P value < 0.05 was
considered statistically significant. In addition, the qualitative
outcomes were presented as frequencies and percentages.
Shapiro-Wilk test revealed the normal distribution of
demographic variables (p value > 0.05). Since repeated
application of Wilcoxon signed-rank test for multiple variables
leads to an increase in type I error, in this study, principal
component analysis (PCA) was used to avoid inflated family
wise type I error by performing the same tests on multiple
correlated variables. PCA is a dimensionality reduction
technique of the data set including a number of (possibly)
correlated variables into a (smaller) number of uncorrelated
variables without losing much information. The scores of
principal components (with an eigenvalue > 1) were included
in generalised estimating equation (GEE) approach. GEE was
used to account for the intra-person variability of analyzing
both feet per subject. In addition, the x2 test was used to
compare the variables between the males and females.

RESULTS

Twenty-five subjects (14 males and 11 females) with
unilateral CAI within the age range of 20 - 40 years
participated in this study. Out of these participants, 17 were
right foot dominant and 8 were left foot dominant, among
which 12 had right ankle sprain and 13 had left ankle sprain;
in other words, in 64 % of subjects, the dominant foot was
injured.

Component

Variable 1 2
CSA 0.938 -0.025
Thickness 0.839 -0.130
Width 0.675 0.276
Fiber length 0.474 0.623
Pennation angle 0.478 -0.730
Eigenvalue 2.492 1.014
Percent of variance 49.846 49.846
Cumulative variance (%) 20.289 70.135

Table 1. Rotated Component Loadings of the One Principal Component
Including Eigen Values Greater Than One, Their Percentage of
Variance, and Cumulates Percentage of Variance in the PCA of PL

CSA: Cross-Sectional Area

Morphological Muscle Performance
Component Component
P- P-
B (95 % CI B (95 % CI
(95%¢Cn Value (95%¢Cn Value
-0.126 0.135
TR (-0.680;0428) "%° (03380609 *°7°
) . : -0.345 " 0.198
lntra-_sub]ect Injured side (- 0.646; - 0.044) 0.025 (- 0.128; 0.525) 0.234
(side) .
Intact side - - - -
Injured side_ 0.508 -0.399
same. UES 01021117) 192 (og91;0103 O187
Dominant limb No - - _

Table 2. Estimated Effects of the Side and Dominant Limb Variables on

the Morphological and Muscle Performance Components of PL
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Two principal components were obtained with
eigenvalues > 1 for PL muscle, to explain 70.13 % of the total
variance in the dataset. The first PCA accounted for 49.84 % of
the total variance. This can be interpreted as "morphological
component.” The second PCA can be used to characterize
"muscle performance component" (Table 1), which contains
fiber length and pennation angle. PL muscle GEE analysis
displayed significant effect of side variable for morphological
component. It is also showed no significant effects of the side
and dominant limb variables for muscle performance
component (Table 2).

DISCUSSION

The results of the present study show that the morphological
component of PL muscle, which includes CSA, thickness, and
width, are significantly reduced on the injured side compared
to the intact side; but the performance component of muscle,
which includes muscle fiber length and pennation angle, is not
significantly different between the two sides.

Since 2016, there was no study investigating the structures
of ankle muscles in intact and injured sides; however, two
studies have investigated the differences in ultrasound
characteristics of ankle muscles between healthy individuals
and those with chronic ankle instability.1633 Lobo et al,
reported statistically significant differences in CSA of
peroneus muscles between healthy and CAI groups. They
observed that CSA was affected by groups.33 In the present
study, there was a significant difference in morphological
component of PL between the intact and injured sides in CAI;
this finding is consistent with the study by Lobo et al,
reporting the difference in CSA of PL muscle between subjects
with and without CAL

One of the important factors for muscle performance is
muscle fiber length#! and optimum fiber length which is the
main cause of differences in muscle force-length
properties.3942 Muscles with longer fiber lengths have more
sarcomeres in series leading to a greater muscle excursion.4!
The velocity of contraction is calculated from the ratio of the
radial maximum displacement and the sum of the contraction
time and delay time.*3 Therefore, considering no significant
difference of muscle fiber length between the intact and
injured sides in present study, muscle excursion property is
approximately the same for both sides, and despite the delay
time in PL,6 possibly the contraction velocity does not change
significantly. There is no statistically significant difference in
the pennation angle between the intact and injured sides in
these subjects. These results could be justified by the fact that
human body is always trying to save energy via moving with
minimum energy consumption; therefore, to do this, body
maintains pennation angle near optimal value to use ankle
strategy (which is cost benefit) instead of hip strategy to
maintain balance.#* In addition, there was not statistically
significant difference in morphological and muscle
performance components of PL muscle between injured and
intact side in terms of the dominant limb. Since no differences
in muscle performance component were found, using motor
control strategies during inversion ankle sprain may be a more
likely clarification for the differences between the injured and
intact sides of ankles in subjects with unilateral CAI.
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The results of this study also showed that, ankle sprain
occurred in the dominant limb more frequently. Moreover, 64
% of subjects had ankle sprain in the dominant limb. This
finding is consistent with the findings of a study conducted by
Willmes et al.#5 and it emphasizes the results of Ekstrand and
Gillquist,*6 who stated that 92 % of the ankle injuries affected
the dominant leg in football players. The dominant leg may be
at the increased risk of injury because it is preferably used for
kicking, pushing off, jumping or landing. However, there was
no significant relationship between dominant leg and ankle
sprain in other studies.4748 This contradiction in findings may
be due to the different study designs and participants. The
target population in previous studies was athletes, but in this
study, athletes were not included, and non-athlete individuals
were examined; also, the study design of other studies was
prospective, while this study used a cross-sectional design.
Other findings showed no statistically significant difference in
the ultrasonographic characteristics between healthy and
injured limbs, except for morphological component of PL. This
study revealed no significant difference in ultrasonographic
characteristics between genders and this is consistent with the
results of the study by Verma.#® This is probably one of the
reasons for the similar prevalence of ankle sprain between the
males and females.5? The gender differences have not been
considered in other studies.1633,51

CONCLUSIONS

Musculoskeletal ultrasound was used to evaluate the CSA,
thickness, width, fiber length, and pennation angle of peroneus
longus muscle in people with chronic ankle instability. Among
the aforementioned variables, difference in CSA, thickness and
width as morphological components of PL muscle has been
statistically significant between intact and injured sides.
Results of this evaluation showed changes in the morphology
of the injured side of the peri-ankle muscle compared to the
intact side.

Data sharing statement provided by the authors is available with the
full text of this article at jemds.com.
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