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Abstract

Background and Objective: Ankle instability is one of the most prevalent injuries among athletes. Biomechanical changes,
sensory-motor impairments, and neuromuscular disorders have been reported in individuals with chronic ankle instability.
The present study was conducted to compare the electrical activity of selected leg and thigh muscles during performing
functional movements in female athletes with and without chronic ankle instability.

Methods: This case-control research was conducted on 40 female athletes in the age range of 18-30 years in two groups,
including the case (with ankle instability, n=20) and healthy control (without ankle instability, n=20) groups. The electrical
activity of selected leg and thigh muscles was recorded during three functional patterns, i.e., the overhead squat, overhead
squat with heel lift, and single-legged squat, by electromyography apparatus. The investigated muscles consisted of the
gastrocnemius medialis (GM) muscle, the gastrocnemius lateralis (GL) muscle, the tibialis anterior (TA) muscle, the fibularis
longus (FL) muscle, the soleus (SO) muscle, the vastus lateralis (VL) muscle, the vastus mediali (VM) muscle, and the biceps
femoris (BF) muscle.

Results: The activity of the VM, VL, BF, and TA muscles in the single-legged squat and the activity of the VM, VL, BF, SO,
and TA muscles in the overhead squat showed a statistically significant increase in the case group compared to the control
group (P<0.05). The highest difference in the muscle activity of the two groups was observed in the overhead squat with heel
lift movement, which in this movement, except for the GL muscle, there was a statistically significant increase among all
other muscles (P<0.05).

Conclusion: Functional movements culminate in increasing the electrical activity level of leg and thigh muscles in female
athletes with ankle instability.
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Extended Abstract

Introduction

he ankle joint is one of the most susceptible joints in sports activities and

daily life. Quick detection of asymmetries and impairments in movement

and stability is among the significant factors in preventing injury and
improving functioning because these things result in changes in movement patterns
in the closed chain exercises and finally injury. Functional tests such as the
overhead squat, overhead squat with heel lift, and single-legged squat are simple
screening tools having high validity and reliability, which can detect individuals
with movement impairments who are susceptible to injury and can be used by
therapists and experts in sports pathology and corrective exercises. One of the
important elements of movement control is the appropriate and efficient muscle
activity pattern in the injury site and other related areas in a chain of movements.
When an injury occurs, besides the injury site, the muscle activation pattern in
other areas of the movement chain should apparently be considered too.
Electromyography is a new laboratory technique dealing with investigating muscle
functioning via the analysis of electrical signals produced during muscle
contractions. Electromyographic signals show the amount of muscle activity,
muscle coordination, muscle activity timing, muscle activity frequency, or even
neuromuscular control strategies while performing static or dynamic tasks. Due to
the nature of sports activities that are carried out as closed-chain exercises, to
assess the injury, researchers usually proceed with assessing the upper and lower
joints of the injury site. The focus in the majority of the conducted studies has been
on one organ and the adjacent organs of the leg and thigh were not examined
simultaneously. Furthermore, the evaluation of individuals has been during
walking or jumping and landing movements, and functional movements such as
various squat types, which, besides being similar to individuals’ daily lives, are
often used in the screening of functional movements as well, have received less
attention. The present study was conducted to compare the electrical activity of
selected leg and thigh muscles during performing functional movements in female
athletes with and without chronic ankle instability.

Methods

This case-control study was conducted on 40 female athletes in the age range of
18-30 years in two groups, including the case (with ankle instability, n=20) and
healthy control (without ankle instability, n=20) groups at Shahrekord University
during 2022. The inclusion criteria for both healthy and case groups included
female athletes in the age range of 18-30 years, having 3-7 years of professional
sports experience for three sessions per week, and voluntary consent to participate
in the study.

The Cumberland Ankle Instability Tool (CAIT) was used to detect functional
ankle instability. The Identification of Functional Ankle Instability (IdFAI)
questionnaire was used to detect the severity of functional ankle instability. The
Foot and Ankle Ability Measure (FAAM) was used to determine the ability of the
foot and ankle in daily activities. Moreover, the FAAM Sport questionnaire was
used to determine ankle ability in sports activities.

On the day of conducting the research, first, the subject’s height and weight were
measured and their dominant leg was determined using the ball impact test. Then,
the required training on how to implement the tests was provided verbally and
practically. The initial 5-minute warm-up duration included dynamic stretching
exercises. In the next step, the electrode was placed on the skin. In order to record
the electrical activity of the selected muscles, disposable electrodes with a
diameter of 3 cm were used. The SENIAM protocol was used to determine the
electrode sites on the muscles. Moreover, a muscle functioning-related movement
was used to determine the exact site of connecting the electrodes, and the
electrodes were then attached along the muscle fiber with a center-to-center
distance of 2 cm.

The investigated muscles consisted of the gastrocnemius medialis (GM) muscle,
the gastrocnemius lateralis (GL) muscle, the tibialis anterior (TA) muscle, the
fibularis longus (FL) muscle, the soleus (SO) muscle, the vastus lateralis (VL)
muscle, the vastus mediali (VM) muscle, and the biceps femoris (BF) muscle.
After placing electrodes, muscle activity was recorded with an 8-channel
biofeedback electromyography apparatus (ProComp Infiniti model, Canada). The
obtained data were recorded with a sampling frequency of 2000 Hz and then de-
noised with a low-pass filter of 450 and a high-pass filter of 10 Hz.

For more familiarity, subjects were asked to perform functional movements
several times experimentally. Then, while the device was on and the data were
being recorded, the subject was asked to do each squat exercise 5 times
consecutively and rest for 30 seconds after doing 5 squats. In the overhead squat

with the heel lift, a plate with a height of 5 cm was placed under the subject’s heels
and the test was implemented according to the previous test. For single-legged
squats, the subjects were asked to perform 45-60 degrees of knee flexion with bare
feet on the dominant leg within 4 seconds, just like the previous tests, with hands
on the waist. Fusionetics scoring criteria were used to assess the sameness of the
way of doing the exercises between the two groups. The time of doing the
exercises was controlled by a metronome. The subjects performed each squat
exercise 5 times and the electrical activity of their muscles was recorded in the 3rd
to 5th exercise.

Results

The activity of the VM (P<0.001), VL (P<0.001), and BF muscle showed a
statistically significant increase in all four steps between the two case and control
groups. The TA muscle also showed a statistically significant increase in the first
(P<0.044) and second (P<0.003) steps; however, no statistically significant
difference was found between other muscles. A statistically significant increase
was observed between the two groups in the two-legged squat exercise in the first
step of the activity of the VM (P<0.001), VL (P<0.002), BF (P<0.011), SO
(P<0.007), and TA (P<0.008) muscles, in the second step of the activity of the VL
(P<0.025), BF (P<0.009), and TA (P<0.006) muscles, in the third step of the
activity of the VL (P<0.006) muscle, and in the fourth step of the activity of the
VM (P<0.012), VL (P<0.003), and BF (P<0.037) muscle; however, no statistically
significant difference was found between other muscles. A statistically significant
increase was found between the two case and control groups in the overhead squat
with heel lift movement in the first step of the activity of the VM (P<0.013), VL
(P<0.005), BF (P<0.004), SO (P<0.012), FL (P<0.032), and TA (P<0.001)
muscles, in the second step of the activity of the VM (P<0.017), VL (P<0.001),
and TA (P<0.007) muscles, in the third step of the activity of the VM (P<0.023),
VL (P<0.015), BF (P<0.001), SO (P<0.022), GM (P<0.001), FL (P<0.005), and
TA (P<0.001) muscles, and in the fourth step of the activity of the VM (P<0.001),
VL (P<0.019), BF (P<0.001), SO (P<0.003), GM (P<0.025), FL (P<0.018), and
TA (P<0.001) muscles. No statistically significant difference was found in other
muscles.

Conclusion

The present study results demonstrated the difference in the amount of muscle
activity between the two groups under different conditions so that the highest
difference between the two groups was observed in the squat with the heel lift and
the lowest was observed in the two-legged squat. In the single-legged squat, the
increased amount of load and the body weight tolerance with one leg and also the
reduced support and balance surfaces probably culminated in the increased
pressure on the body, and subsequently, weaker or injured muscles had to work
more than healthy muscles. Similarly, in the squat with the heel lift movement, the
increased heel height by changing the ankle joint position led to changes in the
muscles’ functioning, and the healthy muscles adapted themselves to these changes
with less strength. Furthermore, the joint position change probably caused to
reduced ankle stability and balance, and the leg muscles of individuals with ankle
instability had to do more activation to maintain stability. In line with the results of
our study, in heel lift movement, almost all the muscles of the leg of individuals
with ankle instability were more active than healthy individuals, which may be to
promote ankle joint stiffness and stability. The therapeutic goals in the clinical
rehabilitation of these individuals must be in accordance with the movements and
patterns of the ankle’s wrong muscular activity and the restoration of appropriate
sensory-motor  functioning. Injury-based rehabilitation programs, including
functional movement retraining or sports training programs, must target functional
impairments, which can be prescribed separately or concurrently.
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The results of the current research indicated an increase in the level of applying selected leg and thigh muscles in

squat exercises in individuals with ankle instability. Also, the changes in the movement pattern together with

changes in the position of the joints from the normal state led to increasing the differences and making the

differences in muscle functioning more remarkable. According to the obtained results, ankle instability apparently

leads to reducing the stability and changing the activity of the leg and thigh muscles.
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