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ABSTRACT

Objective. The objective of this study was to explore the effect of tDCS with the hand
grip strengthening exercises in amateur badminton players.

Materials and method. The study was a participant blinded randomized controlled trial.
30 amateur badminton players of age group 8-20 years with a minimum playing
experience of 6 months were included in the study. The measurements of hand grip

strength (HGS) were assessed at the baseline, Day 1, 4, 8 and 12.

Result. The result of the present study showed insignificant difference in hand grip
strength when between groups comparisons were done. The overall interaction effect
between the groups was found to be insignificant (p = 0.722) whereas, overall interaction
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effect within the group was found to be significant (p = 0.011*). Result of multiple

comparisons showed maximum improvement in HGS at 12 from the baseline value.

Conclusion. The application of anodal tDCS along with the HGS training was ineffective

in improving the hand grip strength in amateur badminton players.
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INTRODUCTION

Transcranial direct current stimulation (tDCS) is gaining significant attention in the sports
world. While initially developed for clinical applications in various neurological and
musculoskeletal conditions, its use has gained traction in the sports, community as a
potential tool for enhancing athletic performance and recovery [1,2]F§'anscranial direct
current stimulation (tDCS) is a non-invasive brain stimulation technique that applies a low
electrical current to the scalp, modulating neuronal activity, potentially enhancing physical
performance, cognitive function and recovery.

The application of tDCS as an ergogenic aid in various sports has also been investigated
[3]. The use of anodal tDCS s, reported to be valuable in improving muscle power,
endurance and strength [4,5]. A single session of anodal tDCS over M1 in combination
with the voluntary grip exercises produces two fold increase in the motor evoked
potentials [6]. An increase in maximal voluntary isometric contraction (MVIC) of the
shoulder rotators in hand ball players and knee extensors in soccer players was also
observed following the application of tDCS [7,8]. A transient increase in the maximum leg
pinch force has been observed with the application of anodal tDCS in healthy individuals
[9]. In addition to this, anodal tDCS with the strength training improves muscle strength in
healthy individuals [4]. The role of tDCS has also been explored on skilled motor
performance and motor functions in terms of power and fatigue. Its application showed
improvement in the scores related to activities of daily living reflecting improvement in
motor activity [10]. Similarly, improvement in the motor performance of upper and lower

limb was also reported in stroke patients with the application of tDCS [11,12].




While the use of tDCS is considered safe and has the ability to regulate brain activity
broadly, it is yet unclear if it can actually enhance elite sports performance. The
application of tDCS offers exciting possibilities for enhancing sports performance, but it
should be approached cautiously. Athletes considering its use should consult with

professionals to ensure safety and efficacy.

Badminton is a fast paced racquet sport requiring players to have excellent footwork,
rapid change in direction, and imparting powerful shots. A Badminton player holds the
racket and uses prehensile grip forces to execute different strokes by altering the
positions of the wrist to manipulate the racquet for projecting the shuttlecock. The grip
force is one of the important motor skill in the game of badminton. A strong hand
musculature influences the handgrip strength and enhances the velocity of the smashes
impacting the overall performance of a player [13].

Previous researches have explored the role of tDCS on motor skills and motor function
of upper and lower limbs in various conditions. However, there is a dearth of research
examining the impact of tDCS on hand motor function, particularly harE grip strength in
sports like badminton where hand grip strength is crucial. Therefore, the present study
was undertaken to explore the role of tDCS given ig_combination with the hand grip
strengthening exercises in Amateur badminton player. Therefore, the goal of this study is
to investigate the effect of tDCS, when combined with hand grip strengthening in amateur
badminton players.

HATERIALS AND METHODS
Participants

The present study was a participant blinded randomized controlled trial. The study was
condugted on players at Shuttle Masters Badminton Academy in Hisar city, Haryana,
India. The ethical approval for t@estudy was taken from the Institutional Ethics Committee
vide letter no. PTY/2022/155. ﬁz trial was also registered in Clinical Trial Registry of
India (CTRI/2022/06/043591) and was performed as per declaration of Helsinki 2013. The




inclusion criteria for the study was girls and boys of age 8-16 years, amateur badminton
players with a minimum playing experience of 6 months and willing to participate. The
exclusion criteria was players with history of any injury on elbow, wrist or hand in last 3
months, consuming any pain medication, history of epilepsy and recreational players.

Procedure

A total of thirty nine players were screened for participation in the study. Thirty participants
ere selected following the inclusion and exclusion criteria for the study and were

randomly cated to Group A (Active tDCS) and Group B (Sham tDCS) using lottery

method. A written informed consent was obtained from all the participants prior to their

participation in the study.

Participants in Group A (Active tDCS) were given single session of tDCS for 20 minutes

along with hand grip strengthening exercises for 4 days per week for 3 weeks. The

participants in Group B (Sham tDCS) were given sham stimulation for 20 minutes followed

by the hand grip strength training four days per week for 3 weeks. Figure 1 shows the

flow chart of the study. The outcome variable for the study was hand grip strength

asured at Day 1, 4, 8 and Day 12.

ﬁanscranial direct current stimulation

The applicatiﬁ of tDCS was given through a battery powered device. A current of 2 mA

was given by a pair of circular sponge electrodes covered with sponges soaked in normal

saline. The anode was placed on primary motor cortex (M1, C3 or C4) gn,the left side of

the brain as per 10/20 International electroencephalogram EEG system and the cathode

was placed on right supra orbital area. For sham stimulation, with the same electrode

placement the current was given for initial 30 seconds, and then was turned off.

Hand grip strengthening

All the participants performed a warm up session of 5 minutes which included gentle
stretching of upper limb followed by the hand grip strengthening as per the protocol
mentioned in Table 1.

Hand grip strength evaluation

The assessment of hand grip strength was done_using a hand held dynamometer
(Jamar). The participants were seated on a chair with shoulder adducted and elbow flexed
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at 90°, forearm in neutral position, wrist in 30" dorsiflexion and 15" ulnar deviation. They
were then asked to squeeze the dynamometer thrice and the average of the three
readings was noted.

The evaluation of hand grip strength was done at baseline and at Day 1, 4, 8 and 12 post

stimulation.
ﬁTA ANALYSIS

The data was analyzed using SPSS (version 21.0). The data was presented as mean and
standard deviation. Unrelated t-test was used for between group comparisons and related
t-test for within group comparisons of the outcome variableﬁqepeated measure ANOVA
was used to see the overall interaction effect of intervention between and within the group
at various time points. The level of significance was set at p<0.05.

RESULTS

The demographic characteristics of all the participants were recorded at the baseline
(Table 2). The present study had 80% male and 20% females of age group between 15-
20 years. The mean age of the participants were 18.43+1.68 years and the mean
experience of play was 12.30+5.17 months, the mean weekly training hours was
19.13+3.20 hours. The result of the present study showed no improvement in hand grip
strength at any time point of assessment when between group comparisons were done.
Table 3 shows the between group comparison of hand grip strength.

The result of repeated measure ANOVA also showed no significant interaction effect of
the intervention at any time points of assessment between the groups (p=.722). However,
the within group interaction effect were found to be significant (p=.011**). The post hoc
comparisons for within group effect of the intervention showed maximum improvement in
the hand grip strength at day 12 MD=-1.591, 95%CI( -2.135,-1.047) as compared to the
baseline value showing that the repeated application of tDCS improved the hand grip
strength. The result of paired t-test for within group analysis showed improvements in
hand grip strength in both the groups irrespective of the active and sham tDCS application
suggesting that the application of tDCS might not have any influence on the HGS rather
it is the hand grip strength exercises that have improved the HGS in both the groups.

5




Table 4 shows the values of multiple comparisons of the outcome variable at various time

point using repeated measure ANOVA.

ISCUSSION

The present study aimed to investigate the effects of tDCS along with hand grip strength
training on the hand grip strength in amateur badminton players. The result of the study
showed no improvements in the hand grip strength when compared between the groups.
However, the improvements in HGS were found to improve HGS when within group
comparisons were done. The post hoc comparisons showed maximal improvement in
HGS at day 12 from the baseline value.

The insignificant improvement in handgrip strength observed in the present study can be
ought to the incongruous stimulation site and the arrangement of electrodes used in the
study. The present study used anodal stimulation of left side of the brain and cathode on
right supraorbital area, this arrangement of electrodes might not be able to induce the
changes in the cerebral cortex and to cause facilitation of the left M1 motor pathway. In
contrast to this, findings from a study also suggests that the tDCS stimulation over right
cathode and left anode (RclLa) area significant improvement in unimanual and bimanual
grip strength as compared to right anode and left cathode (RalLc) and sham stimulation

[14]. This suggests that the stimulation site used in our study was inappropriate.

In addition to this, another possible reason for no improvements in HGS could be the
stimulation intensity used in the study. The present study used stimulation intensity of 2
mA which might not be effective in inducing changes in the hand grip strength. A study
that has also suggested that the application of tDCS at higher intensities i.e of more than
1.5 mA may not necessarily increase the excitability of the cortex, and recommends to

use lower intensity to attain the desired effect of the stimulation [15].

There are various studies that suggest cathodal tDCS over M1 produces the changes in
the excitability of the cortex regardless of the polarity [16417]. An improvement in time to
exhaustion was reported in knee extensors when anode was placed over left motor cortex
and cathode above the shoulder as compared to anode on left motor cortex and cathode

on contralateral forehead [18].




Bilateral anodal tDCS also increases the corticospinal excitability regardless of the side
stimulated suggesting the role of polarity of electrodes [19]. Therefore, the site, polarity
of electrode and the intensity of stimulation might not be appropriate to produce changes
in the hand grip strength in the present study.

Similar to the finding of present study, there are studies that showed no improvement in
hand grip strength in cerebellar disorder patientgand in patients with unilateral cerebral
palsy [20, 21]. A review had also suggested thatgapplication of tDCS had no significant
effect on the upper limb strength, but showed improvement in the endurance in healthy
individuals [22]. Another study in post stroke hemiplegia patients had also suggested
improvement in motor function but no improvement in the hand grip strength [12]. In
contrast, there are studies that have shown the positive effect of tDCS on motor function

of the hand and displayed the motor learning effect of the intervention.

The application of anodal tDCS has been shown greater improvement in the metronome
assisted task and speed accuracy tradeoff function of hand in healthy individuals
displaying the motor learning effect [23]. The application of dual tDCS has also shown
improvement in the precision hand grip and digital dexterity in paretic hand after stroke
[24]. The application of bilateral tDCS produces greater improvement in the grip strength
and supports its use in sports requiring bilateral coordination of upper limb [26]. Similar
findings were suggested by another study that also showed improvement in grip forces
with the application of tDCS in healthy older adults [25]. A positive effect was also
displayed by use of anodal tDCS with strength training on muscle power [26]. It was
also reportedﬁat anodal tDCS applied over primary motor cortex enhances the precise

movement of the hand in healthy participants [27].

Various studies have explored the role of tDCS on stroke and cerebellar patients and
have shown improvement in the motor performance of upper and lower limb. It sequels
the modulation in the neural activation and plasticity of the synapse and increase the
activity of the cerebral cortex thereby, promoting the functional recovery in these patients
[9, 10, 11, 12]. Thus, the result of these studies reflects the varying results on motor
learning effect induced by tDCS. Thus, it can be interpreted from the results that the




application of tDCS is effective in improving the motor skills but has no influence on the
HGS.

The present study encounters some limitations such as small sample size and single
blinded nature of study. Thus, future researches on larger sample size and double blinded
randomized controlled trials using different stimulation site, intensity and polarity can be
done to further explore the effect of tDCS on hand grip strength in badminton players.

CONCLUSION

Transcranial direct current stimulation with hand grip strength training was ineffective in

improving the hand grip strength in amateur badminton players.
ACKNOWLEDGEMENT

The authors would like to thank Shuttle Masters Academy and Mr. Sahil Thareja (coach)
for their co-operation and support in collection of the data from the academy.




REFERENCES

1. Chaturvedi R, Joshi S. Effect of transcranial direct current stimulation (tDCS) and
transcutaneous electrical nerve stimulation (TENS) in knee osteoarthritis.
Physiother Quart. 2021;29(3):68-75; doi:
https://doi.org/10.5114/pq.2021.105887.

2. Chaturvedi R, Joshi S, Malik M. Transcranial Direct Current Stimulation (tDCS)
in chronic low back pain: Systematic review with meta-analysis. Ro J Neurol
.2022; 21(2):128. DOI: 10.37897/RJN.2021.2.7

3. Machado S, Jansen P, Almeida V, Veldema J. Is tDCS an adjunct ergogenic
resource for improving muscular strength and endurance performance? A
systematic review. Front  Psychol. 2019 May 16;10:408963.
doi:10.3389/fpsyg.2019.01127

4. Lattari E, Campos C, Lamego MK, et al. Can Transcranial Direct Current
Stimulation Improve Muscle Power in Individuals With Advanced Weight-Training
Experience?. J Strength Cond Res. 2020;34(1):97-103.
doi:10.1519/JSC.0000000000001956

5. Okano AH, Fontes EB, Montenegro RA, et al. Brain stimulation modulates the
autonomic nervous system, rating of perceived exertion and performance during
maximal exercise. Br J Sports Med. 2015;49(18):1213-1218.
doi:10.1136/bjsports-2012-091658

6. Kim GW, Ko MH. Facilitation of corticospinal tract excitability by transcranial
direct current stimulation combined with voluntary grip exercise. Neurosci Lett.
2013;548:181-184. doi:10.1016/j.neulet.2013.05.037

7. Hazime FA, da Cunha RA, Soliaman RR, et al. Anodal transcranial direct current
stimulation (tDCS) increases isometric strength of shoulder rotators muscles in
handball players. Int J Sports Phys Ther. 2017;12(3):402-407. PMCID:
PMC5455189 PMID: 28593094

8. Vargas VZ, Baptista AF, Pereira GOC, et al. Modulation of Isometric Quadriceps
Strength in Soccer Players With Transcranial Direct Current Stimulation: A
Crossover  Study.J  Strength  Cond  Res. 2018;32(5):1336-1341.
doi:10.1519/JSC.0000000000001985

9




9. Tanaka S, Hanakawa T, Honda M, Watanabe K. Enhancement of pinch force in
the lower leg by anodal transcranial direct current stimulation. Exp Brain Res.
2009;196(3):459-465. doi:10.1007/s00221-009-1863-9

10. Hummel F, Celnik P, Giraux P, et al. Effects of non-invasive cortical stimulation
on skilled motor function in chronic stroke. Brain. 2005;128(Pt 3):490-499.
doi:10.1093/brain/awh369

11. Fregni F, Boggio PS, Mansur CG, et al. Transcranial direct current stimulation of
the unaffected hemisphere in stroke patients. Neuroreport. 2005;16(14):1551-
1555. doi:10.1097/01.wnr.0000177010.44602.5e

12.Cha HK, Ji SG, Kim MK, Chang JS. Effect of transcranial direct current
stimulation of function in patients with stroke. Journal of Physical Therapy
Science. 2014 Mar;26(3):363-365. DOI: 10.1589/jpts.26.363. PMID: 24707084;
PMCID: PMC3976003.

13.Cronin J, Lawton T, Harris N, Kilding A, McMaster DT. A Brief Review of Handgrip
Strength and Sport Performance. J Strength Cond Res. 2017;31(11):3187-3217.
doi:10.1519/JSC.0000000000002149

14.Hikosaka M, Aramaki Y. Effects of Bilateral Transcranial Direct Current
Stimulation on Simultaneous Bimanual Handgrip Strength. Front Hum Neurosci.
2021;15:674851. Published 2021 Jun 2. doi:10.3389/fnhum.2021.674851

15.Neuling T, Wagner S, Wolters CH, Zaehle T, Herrmann CS. Finite-Element Model
Predicts Current Density Distribution for Clinical Applications of tDCS and
tACS. Front  Psychiatry.  2012;3:83. Published 2012 Sep  24.
doi:10.3389/fpsyt.2012.00083

16. Batsikadze G, Moliadze V, Paulus W, Kuo MF, Nitsche MA. Partially non-linear
stimulation intensity-dependent effects of direct current stimulation on motor
cortex  excitability in  humans.J  Physiol.  2013;591(7):1987-2000.
doi:10.1113/jphysiol.2012.249730

17. Wiethoff S, Hamada M, Rothwell JC. Variability in response to transcranial direct
current stimulation of the motor cortex. Brain Stimul. 2014;7(3):468-475.
doi:10.1016/j.brs.2014.02.003

10




18. Angius L, Mauger AR, Hopker J, Pascual-Leone A, Santarnecchi E, Marcora SM.
Bilateral extracephalic transcranial direct current stimulation improves endurance
performance in healthy individuals. Brain Stimul. 2018;11(1):108-117.
doi:10.1016/j.brs.2017.09.017

19.Rahman S, Siddique U, Frazer A, Pearce A, Kidgell D. tDCS Anodal tDCS
increases bilateral corticospinal excitability irrespective of hemispheric
dominance. J. Sci. Med. 2, 1-17. doi: 10.37714/josam.v2i2.40

20.John L, Kiper M, Hulst T, Timmann D, Hermsdorfer J. Effects of transcranial
direct current stimulation on grip force control in patients with cerebellar
degeneration. Cerebellum Ataxias. 2017;4:15. Published 2017 Sep 15.
doi:10.1186/s40673-017-0072-8

21.Inguaggiato E, Bolognini N, Fiori S, Cioni G. Transcranial Direct Current
Stimulation (tDCS) in Unilateral Cerebral Palsy: A Pilot Study of Motor
Effect. Neural Plast. 2019;2019:2184398. doi:10.1155/2019/2184398

22.Hu K, Chen Y, Guo F, Wang X. Effects of Transcranial Direct Current Stimulation
on Upper Limb Muscle Strength and Endurance in Healthy Individuals: A
Systematic Review and Meta-Analysis. Front Physiol. 2022;13:834397.
Published 2022 Mar 9. doi:10.3389/fphys.2022.834397

23.Fan J, Voisin J, Milot MH, Higgins J, Boudrias MH. Transcranial direct current
stimulation over multiple days enhances motor performance of a grip task. Ann
Phys Rehabil Med. 2017;60(5):329-333. doi:10.1016/j.rehab.2017.07.001

24, Lefebvre S, Thonnard JL, Laloux P, Peeters A, Jamart J, Vandermeeren Y. Single
session of dual-tDCS ftransiently improves precision grip and dexterity of the
paretic hand after stroke. Neurorehabil Neural Repair. 2014;28(2):100-110.
doi:10.1177/1545968313478485

25. Parikh PJ, Cole KJ. Effects of transcranial direct current stimulation on the control
of finger force during dexterous manipulation in healthy older adults. PLoS One.
2015;10(4):e0124137. Published 2015 Apr 9. doi:10.1371/journal.pone.0124137

26. Lattari E, Rosa Filho BJ, Fonseca Junior SJ, et al. Effects on Volume Load and
Ratings of Perceived Exertion in Individuals' Advanced Weight Training After

11




Transcranial Direct Current Stimulation. J Strength Cond Res. 2020;34(1):89-96.
doi:10.1519/JSC.0000000000002434

27.Matsuo A, Maeoka H, Hiyamizu M, Shomoto K, Morioka S, Seki K. Enhancement
of precise hand movement by transcranial direct current stimulation. Neuroreport.
2011;22(2):78-82. doi:10.1097/WNR.0b013e32834298b3

12




TABLE 1: Hand Grip Strengthening Training Protocol

Exercises

Weeks

Week 1

Week 2

Week 3

Ball Squeezing

2 sets (20 reps)

3 sets (20 reps)

4 sets(20 reps)

Hand Grippers

2 sets (15 reps)

3 sets (15 reps)

4 sets(15 reps)

Wrist flexion with | 2 sets (20 reps) | 3 sets (20 reps) | 4 sets(20 reps)
dumbbells
Wrist  extension  with | 2 sets (15reps) | 3 sets (20 reps) | 4 sets(20 reps)
dumbbells

*reps=repetitions

TABLE 2: Demographic Characteristic of the study participants

13

Std.
N Mean o t-value | p-value
Group Deviation
Height (cm Grou
ght (cm) P 15 164.13 | 6.47
A .328 .745
Group
15 163.40 | 5.75
B
Weight (k Grou
ght (ko) P 15 59.73 | 6.89
A .956 347
Group
15 57.73 | 4.27
B
BMI Group
15 21.82 |1.29
A 499 .621
Group
15 21.59 |1.30
B
Group 1.890 |.069
A 15 19.13 |3.20




Weekly
Training
(hours)

Group
B

15

16.80

3.55

TABLE 3: Between group comparison of the Handgrip Strength

Std.
Hand Grip Strength N Mean o t-value p-value
Deviation
Baseline Group A 15 41.18 | 14.70
.348 .730
Group B 15 39.23 | 16.03
Day 1 Group A 15 41.55 | 14.87
274 .786
Group B 15 40.01 | 15.92
Day 4 Group A 15 4193 |14.93
275 .785
Group B 15 40.37 | 15.93
Day 8 Group A 15 4255 | 15.03
364 718
Group B 15 40.46 | 16.37
Day 12 Group A 15 43.04 | 14.91
441 .663
Group B 15 40.55 | 15.94
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TABLE 4: Multiple comparison of the outcome variable at various time points using

Repeated measure ANOVA

Pairwise Comparisons
95% Confidence Interval for
) Mean Std. Difference
Hand_Grip_Strength ) p-value
Difference | Error Lower
Upper Bound
Bound
Baseline Day 1 -0.580° 127 | .002** | -1.006 -.154
Day 4 -0.945 .145 | .0001** | -1.429 -.461
Day 8 -1.301° .162 | .0001** | -1.842 -.761
Day 12 | -1.591" .163 |.0001** | -2.135 -1.047
Day 1 Day 4 -0.365 151 475 -.871 140
Day 8 -0.721° 152 | .001** | -1.229 -.213
Day12 | -1.011" .142 | .0001** | -1.486 -.537
Day 8 -0.356 .153 .581 -.868 .156
Day 4 ;
Day 12 | -0.646 152 | .005** | -1.155 -.137
Day 8 Day12 | -0.290 A11 .306 -.662 .082
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