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ABSTRACT

This study evaluated the effects of neuromuscular training compared with
neurofeedback and neuromuscular training on brain waves, foot and ankle ability, and pain intensity of
table tennis players with chronic ankle instability.

[VETELE This clinical trial study was conducted on 29 table tennis players with chronic ankle instability,
which were randomly divided into combined neurofeedback+neuromuscular (MeanzSD age: 21.7312.60
years, hieght: 173.4245.57 cm, wieght: 77.10+10.42 kg) and neuromuscular groups (MeantSD age:
22.14+2.53 years, MeantSD height: 169.26+6.77 cm, MeantSD weight:77.95+15.70 kg). ProComp
Infiniti System and BioGraph Infiniti version 5 software were used to measure brain waves and perform
neurofeedback protocol. The foot and ankle disability questionnaire and the visual analog scale were
employed to assess foot and ankle ability and pain intensity, respectively. The rehabilitation protocol
was performed for eight weeks. The paired t test and 1-way analysis of covariance were used for the
data analyses.

(ST The paired t test results revealed a significant decrease in the amplitude of theta, alpha, and
sensorimotor rhythm (SMR) waves in both groups (P<0.05) and an increase in the amplitude of the
beta wave only in the combined group (P<0.05). In addition, ankle ability was significantly increased
during daily activities and exercise in both groups (P<0.05). On the other hand, the results of a 1-way
analysis of covariance indicated a significant difference between the two groups regarding theta and
beta amplitudes and degree of ankle disability during exercise, and the improvement was greater in the

combined group (P<0.05).
¢ [EREIER According to the results, combined exercises (neuromuscular and neurofeedback) can be
Received: 15 Apr 2022 i used as rehabilitation in table tennis players with chronic ankle instability to correct brain waves, improve
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Introduction

ateral ankle sprain is one of the most com-

mon musculoskeletal injuries, with a high

prevalence among athletes. Chronic ankle

instability is one of the most important side

effects of this injury. Table tennis is con-

sidered among the most popular sports in
the world, where the incidence of ankle joint injuries
is reported to be about 13%. Unfortunately, half of all
athletes do not seek any rehabilitation after the first lat-
eral ankle sprain. Recent neurophysiological evidence
suggests that musculoskeletal injuries may cause neuro-
mechanical complications in patients. Previous studies
also believe that the first lateral ankle sprain damages
the sensory endings of the joint and disrupts the central
nervous system, thereby altering the sensorimotor system
as a whole.

Given that the sensorimotor system after injury needs
proper rehabilitation, one of the new strategies in reha-
bilitation is neurofeedback training, which helps patients
consciously control brain waves. These exercises are
a biofeedback technique used to learn to regulate corti-
cal activation patterns. On the other hand, neuromuscu-
lar training is also an effective rehabilitation method for
improving foot instability. Therefore, in this study, we
tried to find a way to more effectively rehabilitate chronic
ankle instability in elite athletes by combining neurofeed-
back and neuromuscular training. Hypothesizing that the
combination of neurofeedback and neuromuscular train-
ing improves brain waves, foot and ankle disability index,
and pain intensity in athletes with chronic ankle instabili-
ty, we examined the effect of a combination of neurofeed-
back and neuromuscular training on dependent variables
in elite table tennis players with chronic ankle instability.

Materials and Methods

The present quasi-experimental study was conducted
on 29 table tennis players with chronic ankle instabil-
ity. They were randomly divided into two combined
(neurofeedback+neuromuscular) and neuromuscular
groups. In this study, the examiner and participants were
blind. The participants in both groups were unaware of
the other group’s existence and application of the proto-
col in the other group and assumed that the main protocol
applied to them. Before the study, the study objectives
and methodology were explained to the participants. In
this study, 8-channel ProComp Infiniti System (with Pro-
Comp hardware) and BioGraph Infiniti version 5 software
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(Thought Technology Ltd., Canada, at a sampling rate of
256 Hz and 5 U electrode resistance) were used to mea-
sure brain waves and perform neurofeedback rehabilita-
tion protocol. The brain waves were recorded according
to the international 10-20 system in O1 and O2 regions
with open eyes in the pretest and posttest in both groups.
The foot and ankle disability index and the visual analog
scale were employed to assess foot and ankle ability and
pain intensity, respectively. The visual analog scale was
measured by drawing a 10 cm line, grading the pain inten-
sity expressed as a number (each cm) between 0 (no pain)
and 10 (worst possible pain). The neuromuscular rehabili-
tation intervention in the present study was performed for
eight weeks, with three sessions per week, each lasting 30
minutes. For neurofeedback training, the electrodes were
positioned on the points O1 and O2, and beta brainwaves
increased, and theta brainwaves decreased.

Results

The paired t test results showed that both combined and
neuromuscular training decreased the theta wave ampli-
tude (P<0.001 for the combined group; P<0.005 for the
neuromuscular group), alpha wave amplitude (P=0.004
for the combined group; P=0.005 for neuromuscular
group), and sensorimotor thythm (SMR) waves (P=0.005
for the combined group; P=0.002 for the neuromuscular
group) as well as increased the beta wave amplitude in
the combined group (P<0.001) among table tennis play-
ers with chronic ankle instability. The 1-way analysis
of covariance results indicated a significant difference
between the two groups in the theta (P=0.015) and the
beta (P<0.001) wave amplitudes. Based on the paired t
test results, the combined and neuromuscular training
significantly improved foot and ankle ability during daily
activity (P<0.001 for the combined group; P=0.001 for
the neuromuscular group) and ankle ability during exer-
cise (P<0.001 for the combined group; P=0.001 for the
neuromuscular group) and pain intensity (P<0.001 for the
combined group; P<0.001 for the neuromuscular group).
The results of the 1-way analysis of covariance indicated
a significant difference in the degree of ankle ability dur-
ing exercise (P=0.025) between the two groups.

Conclusion

This study aimed to investigate the effects of neurofeed-
back and neuromuscular training on foot and ankle dis-
ability, brain waves, and pain intensity among table tennis
players with chronic ankle instability. The results showed
that adding a neurofeedback protocol could affect brain
waves, so combined training was more effective than
neuromuscular training. One of the mechanisms involved
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in developing chronic ankle instability is neurocognitive
dysfunction of the brain. Chronic joint injuries, such as
chronic ankle instability, alter motor control in the cen-
tral nervous system. The central nervous system changes
are one of the important factors in neurophysiological
mechanisms in chronic ankle instability patients. Neu-
rofeedback helps the patient optimize brain activity by
providing visual feedback, which leads to improved vi-
sual-spatial cognitive function. This mechanism, in turn,
improves behavioral performance. Neurofeedback can
regulate brain function, improving brain waves and foot
and ankle disability.

Based on the results, the present intervention of neuro-
feedback training can be accompanied by proper activity
of the central nervous system by affecting the areas of the
cerebral cortex, ultimately leading to pain relief in these
individuals. Therefore, combining neurofeedback and
neuromuscular training can be more effective than neu-
romuscular training alone, in addition to brain waves on
foot and ankle ability indices during exercise in people
with chronic ankle instability. Accordingly, coaches, ath-
letes, and physiotherapists are advised to pay attention
to the neurocognitive indicators of athletes after ankle
sprains to rehabilitate and properly prevent chronic ankle
instability. In addition, the neurofeedback training should
be performed in conjunction with routine rehabilitation
techniques to rehabilitate people with ankle instability.
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21. Visual scale of pain (VAS)
22. One-legged knee flexion
23. Toe stand
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19. Foot and Ankle Disability Index (FADI)
20. Likert scale
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29.Nuprep

30. Alectrod active

31. Electrode Reference
32. Alectrod grand

33. Ten 20 Cundoctive Gel
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24, One-legged stand

25, Runner’s pose

26. Cross-legged sway

27. Toe walk

28. International 10-20 system
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34. Shapiro-Wilk

35. Levene

36. Paired sample t test
37. Table Tennis Players
38. Body Mass Index (Bmi)
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