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A Comparative Study of Electromyography Activity of Selected Lower Extremity
Muscles in Badminton Players with Functional Ankle Instability during
Single-Leg Landing: A Cross-Sectional Study
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Introduction: Functional ankle instability is one of the most common sports injuries and causes disruption in
neuromuscular control and intensity of muscle activity. Therefore, the aim of this study was to compare the
electromyographic (EMG) activity of selected lower extremity muscles in badminton players with functional ankle
instability in the feed forward and feedback phases during single leg landing with that of healthy players.

Materials and Methods: This cross-sectional study was conducted on 30 male badminton players (15 people with ankle
functional instability and 15 people without ankle functional instability). First, their maximum voluntary contraction
(MVC) was measured. Then, they stood on a platform of 30 cm height, and took several steps to reach the jumping place,
from there they landed on one leg with the dominant leg, and the electrical activity of the selected muscles was recorded in
a feedforward and feedback manner. Independent t-test and Man-Whitney U test were used to analyze the results.

Results: The independent t-test and Man-Whitney U test results showed that EMG activity in the feedforward phase in the
tibialis anterior (P = 0.001), gastrocnemius (P = 0.001), and peroneus longus (P = 0.001) muscles, and in feedback phase in
the tibialis anterior (P = 0.001), gastrocnemius (P = 0.001) and peroneus longus (P = 0.006) muscles were significantly
higher in the group without functional ankle instability than the group with functional ankle instability.

Conclusion: Decreased activity of the lower extremity muscles in the ankle is one of the main reasons for ankle
sprains. The EMG activity of the tibialis anterior, gastrocnemius, and peroneus longus muscles in the feedforward
and feedback phases is lower in people with functional ankle instability compared to people without ankle instability.
Therefore, there are many differences in the intensity of muscle activity between people with functional ankle
instability and healthy people.
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Introduction
The ankle joint is highly susceptible to injury during
sports and everyday activities (1). Ankle sprains account
for approximately 20% of all sports-related injuries (2).
Among athletes, damage to the external ligaments of the
ankle is common, with 85% of sprains involving these
ligaments (3-5). More than 70% of individuals
experience symptoms for up to 18 months after a lateral
ankle sprain (6), which can lead to chronic ankle

instability (7). Initial symptoms include pain, muscle
weakness, proprioceptive disorder, and recurrent ankle
sprains (8), while individuals with chronic ankle
instability often experience pain, instability, and a sense
of emptiness in the ankle (9). Frequent ankle sprains can
lead to ankle instability (4). Chronic ankle instability can
be classified into the two categories of mechanical and
functional instability (10). Mechanical ankle instability
is associated with improper joint mechanics, measurable
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laxity, kinematic limitations, and synovial changes (11).
Freeman et al. were the first to define functional ankle
instability as the tendency of the foot to twist or give
way (12) repeatedly. People with functional ankle
instability may experience a long-term sense of
instability and emptiness in the ankle, but no ligament
laxity is observed in the joint (13). While mechanical
and functional instability can occur concurrently (9),
they are separate phenomena (14). Mechanical
instability refers to joint movement beyond the normal
physiological range, while functional instability refers to
lack of voluntary control over joint movement within the
physiological range (15). Research has shown that more
than half of patients with chronic ankle instability
experience functional instability without symptoms of
mechanical instability (16).

Functional ankle instability is a common
complication in 15-60% of cases following the
primary sprain (4, 17-19). It can be caused by various
factors such as balance (20-22), decreased activity of
ankle muscles (23, 24), strength, proprioception (25,
26), and reflex delay of the peroneus longus muscle
(27-29). This type of instability often causes athletes
to avoid sports activities (30). It also creates
instability in the ankle joint during dynamic
movements, the most significant risk factor for ankle
sprains (31). Research has shown that recruitment
patterns and neuromuscular firing rates of people with
functional ankle instability differ from those of
healthy individuals (32, 33).

Individuals with functional ankle instability show
different muscle activity to those without instability.
During the feedforward stage, the tibialis anterior,
gastrocnemius, and rectus femoris muscles show
more activity, while the peroneus longus and biceps
femoris muscles show less activity. In addition, the
peroneus longus muscle activity decreases across all
ranges in individuals with ankle instability (34). In
the feedback phase, the electrical activity of the rectus
femoris and tibialis anterior muscles is higher in
individuals with ankle instability (35). The mechanics
of the ankle, knee, and thigh joints are affected in
individuals with functional ankle instability (36, 37).
The decrease in dorsiflexion due to instability limits
the ankle's ability to reach the closed-packed position,
which is stable during landing and walking. This
increases the risk of re-injury (38). Furthermore,
individuals with chronic ankle instability exhibit
different landing strategies to those of healthy
individuals (39).

The ankle joint is particularly vulnerable during
sports (40) that involve sudden direction changes and
jumping movements, increasing the risk of injury by
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several times (41). Badminton is considered the
fastest racket sport (42) and requires high levels of
agility (43). Players must perform jumping activities,
lunges, rapid changes of direction, and repetitive hand
movements in different positions and the shortest
possible time. Badminton became more popular after
its inclusion in the 1992 Barcelona Olympic Games,
with 200 million people playing it worldwide (44).
However, with people's participation in badminton
games, injuries in this field have also increased (45).
Ankle sprains are the most commonly reported injury
among badminton players (46), accounting for
33%-49% of all lower extremity injuries in players
who regularly play this sport (47). Most ankle injuries
in this sport occur when landing from a jump (48, 49).
Therefore, ankle injury prevention and rehabilitation
in badminton athletes can be critical.

Moreover, the prevalence of functional ankle
instability is very high among adolescents (50). This
damage can have a long-term effect until adulthood (51).
Therefore, understanding its origin and prevention
strategies in the adolescent population can be much
more effective (50). In the present study, the
electromyographic (EMG) activity of selected lower
limb muscles in teenage badminton players with
functional ankle instability was compared in the
feedforward and feedback phases during single-leg
landing with that of people without functional ankle
instability.

Materials and Methods

The present research was both cross-sectional and
semi-experimental. It is important to note that the
process began by applying to 12 professional-level
clubs in Tehran, Iran. Finally, 3 clubs in Tehran's
Shiroudi Stadium and 1 in Tehran's Hijab Hall agreed
to participate in the study.

The research participants were divided into
2 groups: athletes with functional ankle instability and
those without. The statistical population of this research
included male badminton players who were 15 to 18
years of age, had at least 3 years of sports experience,
and worked professionally in this field. From among
them, 30 people were selected as available samples and
were non-randomly (purposefully) placed in 2 groups of
15 individuals. Using the GPower software (G*Power
3.1.9.2 freeware, University of Dusseldorf, Dusseldorf,
Germany) and considering a statistical power of 0.8, a
significance level of 0.05, and an expected effect size of
0.97 (52), a sample size of 17 people in each group was
calculated. Due to the limitations of the laboratory and
corona pandemic conditions, a total of 30 people, 15 in
each group, were finally selected for participation in the
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study. The research data were collected and analyzed at
the National Brain Mapping Laboratory.

The first group included athletes with functional
ankle instability who scored 0 to 27 on the
Cumberland Ankle Instability Tool (CAIT). The
second group consisted of athletes without any
problems related to functional instability of the ankle,
and a CAIT score of higher than 27. The CAIT has 9
questions, with a validity of 0.83 and a reliability of
0.99, and the total score ranges from O to 30 (53).
This questionnaire was designed by Hiller et al. in
2006. The Persian version of this questionnaire has
also been investigated and it is considered a suitable
tool for diagnosing functional ankle instability (54).

The inclusion and exclusion criteria of the study
were based on the guidelines of the International
Ankle Consortium (55). The inclusion criteria
included the primary sprain occurring at least 12
months before the start of the trial, accompanied by
inflammation (pain and swelling), followed by a
break in physical activity for a day. A history of
uncontrollable or unpredictable sprains (Ankle
Giving-way), frequent sprains, or instability in the
ankle, mainly when a person cannot focus on foot and
ankle movements during activity due to physical or
mental pressure (for example, during a football
match) (9).

The exclusion criteria were a history of surgery on
the musculoskeletal structures of the lower limb, a
history of fracture in the lower limb, acute skeletal-
muscular injury to the lower limb within the past 3
months that has impacted joint function, and disrupted
physical activity for at least 1 day (41), lack of
willingness to participate in the study, and mechanical
instability, which is determined by the anterior ankle
drawing test. During the anterior drawing ankle test, the
examiner stands in front of the person being tested, with
one hand placed behind the heel and the other on the
tibia. It indicates mechanical instability if the heel can be
pulled forward despite preventing the tibia from moving
forward (56). Injuries, pain in the lower limb with a
visual analogue scale (VAS) score above 4 during the
research process, and unwillingness continue the
research process were also grounds for exclusion from
the study.

It is important to note that the athletes’
participation was voluntary, and they were asked to
sign an informed consent form before participating in
the research. The study was conducted during the
spring and summer of 2021 at the Brain Mapping
Laboratory at Tehran University of Technology,
Iran. An electromyography device [Motion Lab
System MA400 (DTU), Motion Lab System, Baton
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Rouge, LA, USA]], was used during the study.
Participants arrived at the laboratory at their
scheduled times. Surface ElectroMyoGraphy for the
Non-Invasive Assessment of Muscles (SENIAM)
guidelines were followed for the determination of the
location of surface electromyography electrodes.
Before electrode placement, the approximate area was
shaved and cleaned. The fat layer of the skin was then
removed using alcohol and a cotton ball until the skin
was visibly red.

For each muscle, 3 electrodes were attached to the
skin at a distance of 2 centimeters from each other
(between the centers of the electrodes). A reference
electrode was installed on the bony landmark adjacent to
the muscle. The exact location of the recording
electrodes was determined by touching the bony
landmarks and isometric contraction in the direction of
the desired muscle fibers using the SENIAM guide (57).
The tibialis anterior muscle electrodes were installed at
one-third of the distance between the head of the fibula
and the inner ankle. Peroneus longus electrodes were
installed at one-third of the distance between the head of
the fibula and the outer ankle. The external
gastrocnemius electrodes were installed at one-third of
the distance between the head of the fibula and the heel
(58). To reduce motion noises, the cables of the
electromyography device were fixed on the body using
masking tape. It is worth mentioning that this research
used the F-RG electrode model (Skintact, Germany).

First, the subjects’ maximum  voluntary
contraction (MVC) was measured. The participant
was asked to have maximum isometric contraction 3
times in 15 seconds, and all signals were recorded
(59). Before the tests, an accelerometer
(ADXL203CE; SparkFun Electronics, USA) was
connected to the subject's feet. The participant was
placed on a platform with a height of 30 cm. Then, to
reach the platform's edge, the participant was asked to
take 2 steps at a slow pace. Upon reaching the desired
location, the subject landed on the dominant leg. At
the same time, the electrical activity of the selected
muscles was recorded as feedforward (200
milliseconds before the foot hits the ground) and
feedback (200 milliseconds after the foot hits the
ground). This process was repeated 5 times; from
among which, 3 signals with less noise were selected
and their average was calculated. It should be noted
that the moment the foot hit the ground was detected
using an accelerometer.

Data were collected from electromyography at a
sampling frequency of 1000 Hz (60). These signals
underwent pre-amplification (61) 10 times and were
filtered between 20 and 500 Hz (61). To compare
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participants and normalize data, the obtained values
were divided by each muscle's MVC. Muscle activity
was expressed as a percentage of the MVC (%MVC).
The accelerometer signal was checked to determine
the onset moment, and the EMG signals were
segmented accordingly. The root mean square (RMS)
value of each segment was calculated (61, 62). All
devices were calibrated and checked by the operator
of the brain mapping laboratory before starting work.

The data analysis in this study was carried out
using the SPSS software (version 27; IBM Corp.,
Armonk, NY, USA). The normal distribution of data
was checked using the Shapiro-Wilk test, while the
homogeneity of variances was assessed using Lune's
test. The independent t-test and Yeoman-Whitney
test were utilized to analyze the data in the two
groups, one with ankle functional instability and the
other without. Additionally, intragroup comparison
was conducted using the Wilcoxon test. The
significance level was set at 0.05. The GPower
software was used to perform the power test.

Results
All eligible participants thoroughly completed all the
steps of the study, and there were no dropouts
(dropout rate = 0%). Figure 1 shows the research
process and number of participants involved.
The age, height, and weight of the participants are

Kowsari et al.

presented in table 1.

During the feedforward phase, it was found that the
peroneus longus muscle did not follow a normal
distribution in either group, and the tibialis anterior
muscle only followed a normal distribution in the group
with ankle instability (P = 0.001). Moreover, the external
gastrocnemius  muscle in the group without ankle
instability did not follow a normal distribution
(P = 0.009). In the feedback phase, the data distribution
for the anterior tibialis and external gastrocnemius
muscles did not follow a normal distribution in the group
without ankle instability (P = 0.008). Therefore, non-
parametric  statistics (Mann-Whitney U test) were
employed to compare the two groups in the feedforward
phase for all three muscles and in the feedback phase for
the anterior tibialis and external gastrocnemius muscles.
Furthermore, non-parametric statistics (Wilcoxon test)
were used to compare the two phases in the group with
ankle instability for the tibialis anterior and peroneus
longus muscle, and the group without ankle instability
for all three muscles. The dependent variables in this
study were the feedforward and feedback activity of
three muscles, the tibialis anterior, peroneus longus, and
external gastrocnemius. Table 2 provides descriptive
information.

The comparison of the activity level of the
selected muscles in the feedforward phase between
the two groups is presented in table 3.

Participants number (n = 39)

Enrollment

Withdrawal from the study (n = 9)
Mechanical instability (n = 5)
History of lower limb surgery (n = 3)
Report of pain in the lower limb on the day
of measurement (n = 1)

Non-random sampling (n = 30)

Assignment

v

Group with instability (n = 15)

v

v

Group without instability (n = 15)

v

No follow-up (n = 0)
Unwillingness to continue

Consistency

No follow-up (n = 0)
Unwillingness to continue

cooperation (n = 0)

v

cooperation (n = 0)

v

Data analysis (n = 15)
Lack of data analysis (n = 0)

Data analysis (n = 15)

Lack of data analysis (n = 0)

Figure 1. Diagram of the exclusion of participants in different stages of the study
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Table 1. Descriptive statistics test results of anthropometric characteristics of the participants
Variable Group with instability =~ Group without instability | P-value of comparison

n = 15) (mean £ SD

16.10 = 1.20

Age (years)

Height (cm) 175.00 £ 6.05
Weight (kg) 66.10 + 3.96
Body mass index (kg.m?) 21.59 +1.09

n = 15) (mean = SD

i between groups
16.27 £1.19 0.92

176.00 + 4.80 0.95
63.18 £1.18 0.61
2042 £1.15 0.53

SD: Standard deviation

As can be seen in table 3, the results of the Mann-

Whitney U test indicate that during the feedforward
phase, individuals without functional ankle instability
had significantly higher EMG activity in the tibialis
anterior, external gastrocnemius, and peroneus longus
muscles compared to those with functional ankle
instability. Tables 4 and 5 compare the activity levels
of these muscles in the feedback phase for the tibialis
anterior, external gastrocnemius, and peroneus longus
muscles using the Mann-Whitney U test and
independent t-test, respectively.

According to the results of the independent t-test
and Mann-Whitney U test (Tables 4 and 5), during
the feedback phase, people without functional ankle
instability had significantly higher EMG activity in
the tibialis anterior, external gastrocnemius, and
peroneus longus muscles (P < 0.050). The power test
indicated that the current study had a sufficient
sample size.

Discussion
The present study compared the EMG activity of the
anterior tibialis, peroneus longus, and external
gastrocnemius muscles in badminton players with and
without functional ankle instability during single-leg
landing. The study evaluated the feedforward and
feedback phases to assess muscle activity differences
between the study groups (with and without ankle
instability). The results indicated significant
differences in the electrical activity of the tibialis

anterior, peroneus longus, and external gastrocnemius
muscles in feedforward and feedback landing modes.
In another study, women with functional ankle
instability were compared to women without this
condition. The results showed a decrease in the
activity of the peroneus longus and an increase in the
activity of the external gastrocnemius muscle during
the feedforward phase. During the feedback phase, an
increase was observed in the activity of the tibialis
anterior and rectus femoris muscles (24). However, in
the present study, a reduction was only observed in
the activity of the peroneus longus muscle. This
difference may be due to the gender of the
participants and the type of task studied. The previous
study analyzed muscle activity in women who landed
on two legs, one on a flat surface and the other on an
inclined surface, while the present research was
conducted on men who landed on one foot on a flat
surface. This could explain the differences observed
in the activity levels of the external gastrocnemius
and tibialis anterior muscles between the two studies.
A study compared the activity of muscles in
people with functional ankle instability while walking
4.8 km on a treadmill to those without instability. The
results showed that the anterior tibialis muscle had
more activity 100 milliseconds before the heel hit the
ground in the group with instability compared to the
control group (63). However, the peroneus longus and
gluteus medius muscles had more activity in the
feedforward phase in the group with instability, which
contradicts the findings of the present study.

Table 2. The mean and standard deviation of the activity of selected muscles in the feedforward and feedback

phases according to the maximum percentage of voluntary contraction
Muscles Activity type ((20MVC)

Group with | Group without = P-value of between group
instability instability comparison
mean + SD

Tibialis anterior Feedforward activity 2.35+0.87 29.22 + 8,57 0.001
Feedback activity 2.90+1.22 27.89 £5.19 0.001"
P-value of intragroup comparison 0.330 0.720 i
Peroneus longus Feedforward activity 4.83 +2.09 60.97 + 8.09 0.001
Feedback activity 17.24 +4.99 34.38 +16.95 0.001"

P-value of intragroup comparison 0.005 0.008"
Gastrocnemius Feedforward activity 4.10+2.15 36.48 +7.21 0.001°
Feedback activity 3.75+£0.73 42.83 + 18.65 0.001"

P-value of intragroup comparison 0.570 0.210

MVC: Maximal voluntary contraction; SD: Standard deviation

P <0.05
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Table 3. The results of the Mann-Whitney U test in the comparison of the average activity of selected muscles
of the lower limbs between the two groups

Variable Muscle

Feedforward Tibialis anterior With instability
activity Without instability
Peroneus longus With instability
Without instability
External gastrocnemius With instability

Without instability

Activity rate Z-score  P-value

2.35+0.87 28 3.90 0.001
29.22 +8.57

4.83+2.09 28 3.94 0.001"
60.97 £ 8.09

410+2.15 28 3.92 0.001"
36.48 £7.21

MVC: Maximal voluntary contraction; SD: Standard deviation; df: Degree of freedom

‘P<0.05

Moreover, during the feedback phase, 200
milliseconds after the heel hit the ground, the gluteus
medius muscle was more active in the last 50% of the
stance phase, and the first 25% of the swing phase,
but this muscle's activity did not show a significant
change in the present study. The difference in the
activity investigated, and the possible effect of fatigue
caused by prolonged walking in the study by
Koldenhoven et al. may be the reasons for the
inconsistency in the findings of the studies.

Kim et al. conducted a study (64) on 1,000 athletes
who had functional ankle instability and 100 healthy
athletes. They measured the electromyography of the
lower body muscles 200 milliseconds before the foot hit
the ground during a jump-landing task. The results
showed that more activity was recorded for the peroneus
longus muscle at the beginning and end of the
movement in people with instability, and less activity
was recorded in the middle, which contradicts the
findings of the present study. Additionally, the
gastrocnemius muscle showed more significant activity
in all activity ranges for people with instability. In
contrast, the tibialis anterior muscle showed the same
amount of activity in both groups, which is inconsistent
with the present research. It is worth noting that in the
study by Kim et al., both men and women participated,
and the jump-landing task was evaluated, while in the
present study, only landing was assessed. Furthermore,
in the study by Kim et al., the participants underwent a
10-minute warm-up and performed 10 jumps and
landings to the sides before the main task, which may
explain the differences in the results of the two studies.

A study by Tretriluxana et al. (65) on 40
volleyball and basketball players (20 players in each
group) showed that people with functional ankle
instability had shorter activity in the peroneus
longus, tibialis anterior, and gluteus medius muscles
200 milliseconds before foot impact than people
without instability. This finding is consistent with
the results of the present study. The research by Li

et al. (24) and Tretriluxana et al. (65) has also shown
lower activity in the peroneus longus muscle, which
is critical for lateral ankle stability, in subjects with
functional ankle instability compared to subjects
without it. This study shows that people with
functional ankle instability may have different
neuromuscular control in the forward phase than
healthy people.

Limitations

The research was conducted on male badminton
players in the Tehran league. It is important to note
that due to variations in weather, skill levels, sports
facilities, and other factors, the findings of this study
cannot be generalized to other cities or countries.
Additionally, the gender differences between male
and female players suggest that the results of this
research may not be applicable to women.

Recommendations
The research findings indicate that individuals with
ankle instability have different muscle activity in the
tibialis anterior, gastrocnemius, and peroneus longus
muscles to that of healthy individuals.

Table 4. The results of the Mann-Whitney U test for the comparison of the average activity of selected lower
limb muscles between the two groups

Variable Activity rate
Feedback Tibialis anterior With instability 290 +1.22
activity Without instability 27.89+5.19 N
External gastrocnemius With instability 3.75+0.73 2 3.92 0.001
Without instability 42.83 £ 18.65

MVC: Maximal voluntary contraction; SD: Standard deviation; df: Degree of freedom
P <0.05
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Table 5. Results of independent t-test in the comparison of the average activity of selected lower limb muscles
between the two groups

Variable Muscle

Feedback activity Peroneus longus

With instability
Without instability

Activity rate P-value
17.24 £4.99 28 3.07 0.006*
34.38 +18.65

MVC: Maximal voluntary contraction; SD: Standard deviation; df: Degree of freedom

‘P<0.05

To prevent ankle sprains and control instability,
future studies should consider using various
protocols, such as exercises based on virtual reality,
to improve the activity of these specific muscles.

Conclusion

The present study revealed that individuals with
functional ankle instability had different neuromuscular
control to that of healthy individuals, as evident from the
differences in muscle activity during the feedforward
and feedback phases. This difference in neuromuscular
control can result in frequent sprains, making it a crucial
factor to consider. Additionally, the functional instability
of the ankle affects the feedback phase, feedforward
activity, and commands from the central nervous system
before landing. Therefore, addressing this issue and
considering its impact on landing tasks is imperative to
prevent frequent ankle sprains.
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