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Abstract

Background: Ankle sprain is one of the most common injuries in taekwondo fighters. This study aimed to investigate the
effect of eight-week functional training on soft surfaces on the balance and electromyographic activity of the muscles of female
taekwondo fighters.

Methods: In this randomized field trial study conducted in Tehran, we selected 16 female taekwondo athletes and assigned them
to experimental and control groups. The experimental group performed functional exercises on soft surfaces for eight weeks and
three sessions per week. We collected the electromyography activity of muscles by a 16-Channel wireless Electromyography
Model V 4.24 (Bayamed Company, Iran) in the biomechanics laboratory of the Allameh Tabataba’i University. Before and after
the functional training protocol, we recorded the electrical activity of tibialis anterior, medial and lateral gastrocnemius, rectus
femoris, and biceps femoris muscles of stance leg while performing Dollyo Chagi. We analyzed the data using ANCOVA at a
significant level of P<0.05.

Results: Eight-week taekwondo training on soft surfaces was significantly effective in reducing the Center of Pressure
displacement (P=0.002 and P=0.045) and standard deviation (P=0.023 and P=0.022) concerning internal-external and anterior-
posterior directions, respectively. Moreover, we observed an increase in the electromyographic activity of medial gastrocnemius
muscle at 100 ms before foot initial contact (P=0.030).

Conclusions: The results of this study showed that functional taekwondo training on soft surfaces was able to increase the
balance of athletes and augment the feed-forward electrical activity of medial gastrocnemius muscle. Therefore, it seems that
these exercises can be used to prevent ankle injuries in these athletes.
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1. Introduction kicking (sliding kicks) during the tournament. Match

rules have further permitted the increased use of the

Dating back to 1500 years ago, tackwondo is one
of the oldest martial arts styles in the world (1). In
Iran and the world, taekwondo’s popularity is so
much that alongside karate and judo, it is considered
among the most popular martial arts (2). Despite
all the benefits of regular physical activity, the risk
of injury in competitive sports is incontrovertible
(1). Due to its fighting nature, tackwondo involves
intense sparring (heavy training), many impacts, and
intense contact characteristics (3). Injuries such as
sprains, muscle tensions, and ligament tensions are
prevalent in contact sports (2), entailing a great deal
more damage compared to non-contact sports (4). It is
highly common to use the lower and upper extremities
in tackwondo exercises and competitions; however,
most techniques are performed by the foot, such that
competing taekwondo athletes perform a combination
of high-level kicks such as jumping, twisting, and

lower extremities. Furthermore, approximately 98% of
the points in tackwondo competitions are gained from
kicking (4).

Most taekwondo injuries occur in the lower
extremities due to the sudden changes in direction
and powerful rotational strikes, and 45% of athletes
have reported sprains and strains (3). Ankle sprains
are caused by high-speed jumping sports (5). Therefore,
taekwondo athletes are susceptible to ankle sprains
because it is fast and involves a great amount of
jumping (6). The majority of ankle injuries happen in
the lateral ankle side where there are three ligaments,
namely calcaneofibular, posterior talofibular, and
anterior talofibular ligaments. Excessively supinated
foot can hurt these ligaments, particularly the anterior
talofibular ligament which bears the greatest strain
when the ankle is in plantarflexion (7). Ankle sprains
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ensue loss of function, pain, swelling (5, 8), functional
ankle instability (6), and chronic ankle sprain (5, 9).
Functional ankle instability is associated with giving
way as well as deficits in neuromuscular control,
proprioception, and postural control (10).

Previous studies showed that balance exercises
increased the activity of ankle joint receptors,
contributing to increased proprioception (11, 12).
Mettler and colleagues reported that balance exercises
were able to significantly alter the Center of Pressure
(COP) displacement (13). Malliou and colleagues
observed that soccer players progressively using balance
board exercises were less likely to have ankle injuries
(14). Existing evidence suggests that training on soft
surfaces might enhance ankle stability and reduce
injury (15); however, the effects of this training method
have yet to be investigated on taekwondo athletes.

On the other hand, most studies have not considered
functional exercises; thus, it seems that the presence of
functional protocols may have a more effective role in
preventing and reducing athletic injuries (16). Based on
the findings, there is a need to provide preventive strategies
for reducing the incidence of chronic ankle instability
in taekwondo athletes. Accordingly, the present study
sought to determine whether exercise on soft surfaces
affects the balance and electromyographic activity related
to the muscles of tackwondo female athletes.

2. Methods

The present randomized field trial (conducted
in Tehran, 2018-2019) included all young female
taekwondo athletes who had done taekwondo in sports
clubs for a minimum of three years and three sessions
per week. Based on a previous study (13), we obtained
a total sample size of 16 using G*Power ver 3.1 software
and considering a=0.05 and $=0.20 for dependent t-test
of COP displacement variable in the anterolateral foot
region (pretest=231.00+149.6, posttest=118.3+134.4) of
the training group. Through a convenience sampling
method, we selected 16 female athletes and randomly
assigned them to control and experimental groups.
Inclusion criteria were 18-25 years of age, more
than three years of athletic experience, taekwondo
training for at least five days per week, and being a
female. We excluded those with a history of surgery,
lower extremity fractures and severe lower extremity
injuries, feeling of instability over the past six months,
other musculoskeletal joint injuries, ankle fractures,
ankle ligament rupture and ankle muscular injuries,
visual and hearing and nervous system impairments,
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and any other pathologies that impair motor function
and leads to postural disorder. We obtained a written
informed consent form from all tackwondo athletes
and assured them of the confidentiality of their data.
After passing the pre-tests on the studied variables, the
experimental group practiced three sessions per week
for eight weeks. Engaged in daily activities, the control
group did not participate in any rehabilitative exercise
activities during this time. After conducting the study
protocol, all subjects participated in the post-test,
with the test results examined by the same examiner.
The Research Ethics Committee of the University of
Social Welfare and Rehabilitation Sciences approved
all research processes and methods were approved
in terms of ethical considerations (coded IR.USWR.
REC.1397.123).

Training protocol: Intervention groups underwent
specialized training and performed tackwondo
techniques under the supervision of the same trainer.
Toe training program consisted of warm-up, main
exercises, and cool down in each session for 15-20
minutes. Exercises started from a low intensity level
(simple) and gradually progressed, with each session
having increased number and repetition of movements
compared to the previous one.

Experimental group training program: A
professional tackwondo trainer designed the protocol
which was approved by two other experts in the field of
physical education and sport injuries. This protocol was
designed as part of a warm-up program which athletes
had to perform prior to training sessions. During the
first session, they were familiarized with the basics
of the exercises, and these principles were followed
throughout the sessions. The intervention group
performed the exercises on a soft mattress as follows:

First and second weeks:

1. Hopping with the left leg (2 min) and the right
leg (2 min)

2. Leg kicks with both legs (2 min) with the legs
constantly performing Baal Paco (exchanging legs)

3. Leg kicking and simultaneously performing
Ab Dollyo Chagi with the right leg (2 min) and left leg
(2 min)

4. Leg kicking and simultaneously performing
Ap Dollyo Chagi on the mitt with both right and left
legs (2 min)
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5. Leg kicking and simultaneously performing
double Ap Dollyo Chagi (two consecutive Ap Dollyo
kicks) with the right leg (2 min) and the left leg (2 min)

Third-fifth weeks

1. Hopping with the right leg (2 min) and the left
leg (2 min)

2. Legkicking with both legs such that the athlete
constantly perform Baal Paco (2 min)

3. Leg kicking and simultaneously performing
Ap Dollyo Chagi with the right leg (2 min) and the left
leg (2 min)

4. Leg kicking and simultaneously performing
double Ap Dollyo Chagi (two consecutive Ab Dollyo
kicks) with the right leg (2 min) and the left leg (2 min)

5. Leg kicking and simultaneously performing
Ap Dollyo Chagi with the right leg (2 min) and the left
leg (2 min)

6. Legkickingand simultaneously performing Ap
Dollyo Chagi on the mitt with both right and left legs (2
min), 30-40 s rest, and the technique is repeated (2 min)

Sixth-eighth weeks

1. Hopping with the left leg (2 min) and the right
leg (2 min) with closed eyes

2. Legkicking with both legs and closed eyes such
that the athlete constantly perform Baal Paco (2 min)

3. Leg kicking and simultaneously performing
double Ap Dollyo Chagi (two consecutive Ab Dollyo
kicks) with the right leg (2 min) and the left leg (2 min)

4. Leg kicking and concurrently performing Ap
Dollyo Chagi with the right leg (2 min) and the left
leg (2 min) and simultaneously performing Ab Dollyo
Chagi on the mitt with both right and left legs (2 min),
30-40 s rest, and the technique is repeated (2 min)

5. Leg kicking and simultaneously performing
double Ap Dollyo Chagi (two consecutive Ap Dollyo
kicks) with the right leg (2 min) and the left leg (2 min)

6. Leg kicking and simultaneously performing
Ap Dollyo Chagi and Dollyo Chagi with the right leg (2
min) and the left leg (2 min)
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To assess the muscle electrical activity, we utilized a
16-Channel wireless Electromyography (EMG) Model V
4.24 (Bayamed Company, Iran). Primarily, we recorded
maximum voluntary isometric contraction (MVIC) via
voluntary contraction of each muscle following skin
preparation. Afterwards, we obtained the data related to
vertical ground reaction force and COP through force
plate apparatus that was synchronized with EMG device;
we further collected the data on the electrical activity of
the selected muscles of the stance leg (tibialis anterior,
medial and lateral gastrocnemius, rectus femoris,
and biceps femoris muscles) by an electromyographic
device while the subjects performed Dollyo Chagi (a leg
technique in Taeckwondo). For this purpose, we firstly
asked the subjects to stand opposite one another outside
of the force plate at a distance of 20 cm, holding the mitt
in the preferred position at the height around the head.
Next, we asked the subjects to perform Dollyo Chagi on
the mitt, with the stance foot touching the force plate after
a short jump. Three successful trials were performed and
the mean average of these trials was analyzed as study
data. We attached the electrodes based on the SENIAM
protocol commonly used in recent studies.

After attaching the EMG electrodes on the skin, we
examined the MVIC of each muscle as follows: regarding
tibialis anterior muscle, we asked the subjects to remain
in standing position with the ankle at an angle of 90 ° and
then resist against a maximal force tending to plantarflex
the joint. Concerning the gastrocnemius muscle, we asked
the subjects to perform the maximal plantar flexion while
they were in long sitting with fully extended knee, the
dominant leg resting on the wall, and ankle-flexion angle
of 90. As far as rectus femoris muscle is concerned, we
asked the subjects to extend the knee against the maximal
resistance in the leg while the dominant leg was placed
on the chair in a sitting position, and the knee bent 70-
90 degrees. For the biceps femoris muscle, we asked the
participants to flex their knees against maximal manual
resistance while lying in the prone position, with the
knee at a flexion angle of 45 degrees and external tibial
rotation. These exercises were performed for three times,
each lasting five seconds for each muscle; after that, we
employed their Root Mean Square (RMS) as a reference
for data normalization. Afterwards, we filtered the data
using a 50 Hz notch filter and a 10 to 500 Hz band-path
Butterworth filter to remove the noises. To analyze the
Dollyo Chagi EMGs, we extracted the RMS of EMG
signal in 0-100 ms period before foot initial contacts (as
a feedforward electrical activity) and 100-200 ms period
after foot initial contact (as a feedback electrical activity).
The initial contact time was considered as the first time the
force plate vertical output exceeded 10 N. We calculated
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the average RMS and obtained the percentage of muscle
activity through dividing the muscle activity by MVIC.
To calculate the COP variables, we used Excel software
2016 and extracted and the variation range and standard
deviation of COP displacement using Excel functions.

Statistical Analysis

We analyzed the data at a 95% confidence interval
(P<0.05). Independent t-test and analysis of covariance
were performed to analyze the data, and the Shapiro-
Wilk test was employed to examine data normality in
SPSS software Version 22.

3. Results

At the end of the study, 16 female athletes (eight in
experimental and eight in control groups) completed the

study. There were no statistical differences between the
groups in terms of age, weight, height, and Body Mass
Index (BMI). Table 1 summarizes the demographic
information of subjects.

Analysis of covariance examined the COP
displacement in the experimental group; the results
showed that the functional training on soft surfaces
had a significant positive effect on the balance (Table 2).
Furthermore, we used analysis of covariance to assess
the electrical activity of the muscles at 100 ms prior
to foot initial contact (Table 3) and 100 to 200 ms
following the foot initial contact (Table 4). According
to the results, functional exercises influenced medial
gastrocnemius muscle activity at 100 ms before foot
initial contact in female tackwondo athletes; however,
these exercises did not change the activity of the
selected muscles 100 to 200 ms after the initial contact.

Table 1: Demographic information of subjects and comparison between two groups

Group Number Age (year) Weight (kg) Height (cm) BMI
Control 8 22.47+0.42 53.8816.67 164.58+4.45 19.28+2.06
Experimental 8 23.63+0.91 58.81+4.27 167.43+4.75 20.99+1.53
Independent t-test (P value) 0.321 0.117 0.273 0.099
Table 2: Analysis of covariance results for variable of center of pressure (COP) variations
Variable Direction MeanSD F P value Effect size
Group Pre-test Post-test
COP displacement Medial -lateral Control 14.93+3.45 13.47+2.35 16.125 0.002" 0.594
Experimental 12.92+2.37 10.27+1.93
Anterior- interior  Control 14.84+0.60 14.631+0.74 5.116 0.045" 0.317
Experimental 14.15+1.20 12.71+0.89
COP SD Medial -lateral Control 7.67+2.02 7.62+1.50 7.001 0.023" 0.389
Experimental 8.08+1.60 6.40+1.92
Anterior- interior  Control 6.29+1.26 6.49+0.90 7.156 0.022" 0.394
Experimental 6.08+1.44 4.98+1.09
COP: Center of Pressure, SD: Standard Deviation, *Observation of significant difference
Table 3: Analysis of covariance results for muscle activity variable 100 ms before foot initial contact
Variable MeanxSD F P value Effect size
Group Pre-test Post-test
Anterior Control 0.45+0.15 0.44+0.08 0.062 0.809 0.006
Experimental 0.37+0.12 0.39+0.13
Medial gastrocnemius Control 0.51+0.27 0.49+0.24 2.242 0.030" 0.362
g Experimental 0.53+0.26 0.65+0.18
g Lateral gastrocnemius Control 0.4310.21 0.44+0.20 0.977 0.344 0.082
§ Experimental 0.54+0.19 0.62+0.28
% Rectus femoris Control 0.45+0.27 0.47+0.23 3.842 0.076 0.259
2 Experimental 0.51%0.36 0.59+0.29
g Biceps femoris Control 0.74+0.13 0.78+0.15 1.572 0.236 0.125
= Experimental 0.62+0.30 0.75+0.31

*Observation of significant difference
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Table 4: Analysis of covariance results for muscle activity in 100-200 ms before foot initial contact

Variable MeanSD F P value Effect size

Group Pre-test Post-test
Tibialis Anterior Control 0.93+0.68 0.109+0.37 0.293 0.599 0.024

Experimental 0.119+0.46 0.123+0.55

B Medial gastrocnemius Control 0.127+0.60 0.132+0.52 0.441 0.520 0.039

% Experimental 0.135+0.35 0.146+0.37

§ Lateral gastrocnemius Control 0.122+0.63 0.105+0.53 0.087 0.087 0.242

% Experimental 0.123+0.33 0.137+0.38

é’ Rectus femoris Control 0.102+0.27 0.105+0.23 1.504 0.246 0.120

S Experimental 0.98+0.24 0.110+0.25

g Biceps femoris Control 0.150+0.57 0.152+0.54 0.428 0.527 0.037

a Experimental 0.138+0.81 0.150+0.83

4, Discussion

The purpose of the present study was to investigate
the effect of eight-week functional exercise on soft
surfaces on the balance and electromyographic activity
of the muscles of female taekwondo athletes. The results
indicated the influence of functional exercises on the
COP displacement and feedforward EMG activity of
medial gastrocnemius muscle.

Our exercises were able to reduce the center
of pressure displacement and improve balance,
which is consistent with other research findings
(15). Previous studies showed that neuromuscular
exercises significantly improved the dynamic postural
control of athletes with functional ankle instability
(17), enhanced COP displacement in all directions,
and might ameliorate balance (18). The increase in
COP displacement reflects greater muscle strain and,
consequently, less balance, and the reduction in COP
displacement means improved muscle function and
better balance (19). Balance exercises activate different
parts of the nervous system involved in the stability
of the joints and ameliorate the function of the motor
and neuromuscular sensory system; accordingly,
these exercises may further reduce the time required
to receive sensory stimulation and motor reactions. It
seems that accelerating reflexive muscle contractions
reduces joint stresses during daily exercises and
movements (20), and exercising on unstable surfaces is
a form of neuromuscular exercise. This is in line with
the current research findings, based on which COP
displacement was reduced in both internal-external and
anterior-posterior directions. Thus, balance exercises
on unstable surfaces appear to i) increase muscle
activity, ii) enhance postural, static, and dynamic
postural control, iii) improve postural performance
through enhancing proprioception inputs and motor
awareness, iv)ameliorate athletic performance, and
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v) prevent sports injuries (21). Therefore, functional
exercises on soft surfaces reduce displacement in both
internal-external and anterior-posterior directions,
thereby improving balance in taekwondo players.

Theresultsalsoshowed thatthe feed forwardactivity of
the medial gastrocnemius muscle significantly increased
after exercise. Other studies showed that exercise could
influence muscle feed forward activity. For instance,
the muscle activity of gluteus medius muscle decreased
following neuromuscular control exercises (21). This
controversy is probably attributed to the type of task
and exercises provided by the researcher examining the
muscle activity before and after landing; moreover, pre-
landing muscle activity is due to predictive contraction
and before foot initial contact, where lower extremities
are activated and forces are applied during the contact. A
previous EMG investigation of single-leg landing motion
showed that gastrocnemius muscle activity was higher
in the pre-contact phase compared with the contact
phase, and it might be that the increased predictive
performance of this muscle stabilized the ankle and
induced preparation for landing (22). A possible reason
for this finding is that training on unstable surfaces
may increase the sensitivity of the muscle spindles and
the activity of the lower extremity muscles; therefore,
increased muscle activity prior to contact might be a
factor improving the balance in Taekwondo athletes
after functional exercises on soft surfaces (23). The feed
forward mechanism, the neuromusculoskeletal system,
activates the muscles before they enter the stimulus. In
this way, it prevents disrupted balance during landing
and keeps the body in a position to maintain balance
when exerting large forces such as kicking. This
mechanism further provides distal motions that control
muscular activity through generating reactive torques,
forces, and loads on the joints. Muscle spindles receive
static and dynamic stimulation from gamma nerve
efferent, and neuromuscular exercise may increase
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gamma efferent activity (24). Given the role of muscles
in controlling body balance, it is recommended that
functional exercises be performed to enhance and
increase endurance in athletes. , in this study, there were
no significant changes in the feedback activity of the
selected muscles after functional exercise. It seems that
muscle activation may depend on other factors such as
landing level or kick severity, which can be investigated
by future studies.

Thecurrentresearchencountered certainlimitations:
first, the small number of participants reduced the
effect size. Moreover, there was no follow-up period to
evaluate the durability of the effects of exercise. This
study also lacked variables for assessing sport-specific
performance; thus, the effect of this intervention on
taekwondo athletic performance remains unknown.
Furthermore, this study investigated the effects of
training on young females; therefore, the findings may
not be generalized to other ages or sexes. Finally, we
did not examine the effects of the training protocol on
injury rate and severity of ankle injuries.

5. Conclusions

Based on the results, functional exercises on soft
surfaces reduced the center of pressure displacement
and changed the EMG activity of the lower extremity
muscles. These changes might reduce the likelihood
of further injuries. Therefore, this exercise program is
recommended for preventing lower extremity injuries
in female tackwondo athletes.
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