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Abstract

Keywords Background and Aim: This study aimed to determine the effect of 12 sessions of
neuromuscular exercises with and without tDCS on changes of the knee-controlling
muscles in single—and double-leg squats of taekwondo athletes with dynamic knee

Anterior cruciate valgus (DKV).
Methods: Thirty-four taekwondo athletes with DKV defect were purposefully selected
ligament, and randomly divided into two experimental groups and a control group. Both groups

received three sessions of neuromuscular training for 4 weeks, however, the experimental
group received real stimulation and the control group received sham stimulation. Before

Neuromuscular and after 12 sessions of intervention, the activity of the knee muscles controlling was
o evaluated in double and single leg squat (SLS & DLS) skills.
training, Results: Both experimental and control groups showed a significant improvement in

DKYV factor (p<0.05). However, between-group comparisons did not show a significant
difference (p<0.05). Within-group comparisons showed that in both groups, the activity
of all muscles (except the lateral gastrocnemius muscle in the control group and SLS)
improved significantly (p<0.05). However, between-group comparisons showed that the
two study groups in double squat skills only in the activity of the vastus lateralis muscles
(p=0.02) and gluteus Maximus (p=0.02) and in the SLS task only in the activity of the
vastus lateralis (p=0.001) and lateral gastrocnemius (p=0.05) were statistically
significantly different.

Conclusion: Based on the results of the present study, it was determined; applying a
course of neuromuscular training with and without combination with transcranial direct
current stimulation can be effective on the dynamic valgus of the knee and the activity of
the muscles acting on the knee. And this increases the stability of the knee during jumping
movements, which increases the risk of knee injuries; to improve.

Transcranial

simulation,

Knee injuries,
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Introduction

Double and single-leg squats, especially
single-leg squats, in evaluating the lower limbs
and identifying abnormal movement patterns
in sports movements that expose them to knee
injuries; have been used and approved as
screening tasks (1) in addition; One leg squat
is known as a factor to increase the pressure of
the patello-femoral joint and stimulate anterior
knee pain (2). One of the reasons that can
increase the pressure in the patello-femoral
joint is dynamic knee valgus, which is a known
risk factor for lower extremity injuries and the
most prevalent known cause of anterior
cruciate ligament injury (2, 3). Probably, the
imbalance in the level of activity of the
muscles acting on the lower limb can increase
the dynamic valgus of the knee during
activities such as double squats and especially
single-leg squats. For example, the weakness
of the medial gluteus medius and internal
hamstring muscles can cause dynamic knee
valgus during various sports activities. This
study aimed to determine the effect of 12
sessions of neuromuscular exercises (NM)
with and without tDCS on changes of the knee
controlling muscles in single and double leg
squats of taekwondo athletes with dynamic
knee valgus (DKV).

Method

34 healthy women with knee dynamic
valgus defect among the elite taekwondo
players, aged ranged of 15 to 30 years were
participated in the study. The inclusion criteria
were: the physical health of the athlete at the
time of the study, at least three years of
continuous and regular participation in combat
training, and knee valgus angle of more than
12 degrees (4,5); and the exclusion criteria
were: acute injury in the last six months,
history of fracture or unresolved surgery in the
lower limb, having a significant deformity in
the lower limb, receiving other interventions at
the same time, and neurological diseases.

Sample size was estimated by (G*Power®©,
version 3.1.9.2, University of Dusseldorf,
Germany) based on the research of Dobbs et al.
(2019), with an effect size of 46.0 for knee
valgus variable, significance level 0.05 and the
statistical power of 0.80 was determined for

the Independent sample t-test statistical
method, 30 people (6). At first, to check the
absence of an abnormal reaction to the
electrical stimulation of the brain, they
received short doses of stimulation during a
baseline assessment session. The landing test
from a 30 cm box was used to determine the
valgus angle of the knee. From the frontal view
of the subject's landing process, recording
video and Kinovea software were used to
assess valgus dynamic. Eligible subjects were
randomly divided into two groups of
transcranial stimulation in combination with
neuromuscular exercises (tDCS+NME) (n=17)
and a group of neuromuscular exercises in
combination with sham stimulation (sham-
tDCS+NME) (n=17).

The electromyographic activity of the
muscles controlling the knee (gluteus
maximus, gluteus medius, vastus medialis,
vastus lateralis, semitendinosus, biceps
femoris, gastrocnemius) in squat tasks (single-
leg and double-leg) was measured. Both
groups received their respective interventions
for four weeks, 3 sessions per week.
Immediately after the completion of the
interventions, the outcomes of the study were
re-evaluated.

Results

Both experimental and control groups
showed a significant improvement in DKV
factor (p<0.05). However, between-group
comparisons did not show a significant
difference (p<0.05). within-group
comparisons showed that in both groups, the
activity of all muscles (except the lateral
gastrocnemius muscle in the control group and
SLS) improved significantly (p<0.05).

However, between-group comparisons
showed that the two study groups in double
squat skills only in the activity of the vastus
lateralis muscles (p=0.02) and gluteus
maximus (p=0.02), and in the SLS task only in
the activity of the vastus lateralis (p=0.001)
and lateral gastrocnemius (p=0.05) were
statistically significantly different.

Discussion

The findings of the present study showed
that both groups of tDCS+NME after 12
sessions were able to significantly increase the
amount of DKV and the activity of knee
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controlling muscles in double squat tasks. and
improve single leg significantly. However,
inter-group comparisons did not show a
statistically significant difference in DKV
improvement between groups. In the double
squat task, only in the activity of the vastus
lateralis and gluteus maximus muscles, and in
the single leg squat task, only in the activity of
the vastus lateralis and gastrocnemius lateralis
muscles, a statistically significant difference
was seen between the two groups. This was
while the calculation of the percentage of
changes in all the factors of the real stimulation
group was more effective.

Both the tDCS+NME and sham
tDCS+NME groups were able to significantly
improve DKV and the activity of the knee-
controlling muscles during double and single-
leg squats after 12 sessions. However, there
was no significant difference in the
improvement of the DKV between-groups. In
the double squat task, a significant difference
was observed between the two groups only in
the activity of the vastus lateralis and gluteus
maximus. In the single-leg squat task, a
significant difference was found only in the
activity of the wvastus lateralis and
gastrocnemius lateralis muscles.

Clinical application

Neuromuscular exercises are an acceptable
intervention for reducing the amount of dynamic
valgus.

Significant differences in activity levels were
observed in only a few muscles. This finding could
be promising for preventing knee injuries.
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