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ABSTRACT

Objective: The aim of the current study was to examine and compare the effects of oscillatory transcranial direct current stimulation
(0-tDCS) and transcranial direct current stimulation (tDCS) against sham stimulation on maximal intermittent gripping performance.

Materials and Methods: The study included 25 healthy, right-handed male subjects (age range 18-35 years) who were randomly assigned
to three separate groups: o-tDCS (n=9), tDCS (n=8) and sham (n=8). The left primary motor cortex was selected as the anodal stimulation
region, and a cathode electrode was placed over the right supraorbital area. A hand dynamometer is used to measure the maximum grip
values during a maximal intermittent gripping task. Between-group comparisons were made; for each stimulation group, baseline grip
values of the participants were compared with those obtained during stimulation.

Results: Although the o-tDCS group showed slightly better improvements in maximal and mean strength, there were no statistically
significant differences between stimulation groups (p>0.05).

Conclusion: The findings of the study suggest neither o-tDCS nor tDCS has a significant facilitative impact on grip strength values in
healthy young males, most likely due to a ceiling effect in this population.
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INTRODUCTION

Grip strength is an important motor function that is
frequently used in daily life, sportive activities, and
occupations that require repetitive and strenuous manual
work. It has been shown to be a reliable, non-invasive
marker of overall muscle strength (1).

The literature identified some populations that are
disadvantageous in terms of grip strength. Neuroticism,
stress, anxiety, and depression have been shown to have a
weakening effecton grip strength (2, 3). Theincrease inright
frontal activity was found to be correlated with the stated
psychophysiological factors (4). Additionally, grip strength

was found to be lower in dentists and musicians who are
engaged in professions requiring fine motor skills (5, 6).
Implying that motor control skill develops at the expense
of gross motor strength. Indeed, it has been shown that
reduced cortical excitability and enhanced intracortical
inhibition of the motor cortex alleviate unwanted hand
movements (7). However, the mentioned changes in motor
cortical activations occur in an opposite manner during the
process of strength gain (8).

Both the intrinsic and extrinsic muscles in the forearm
and hand need to operate in coordination to produce grip
strength. Neural adaptations are essential for effectively
coordinated muscle contraction to achieve maximal
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achievable force. This is corroborated by evidence from
strength training participants, which indicated that enhanced
synchronization and discharge rate, along with an increase
in active motor units, provide the basis for training-induced
improvement in maximal force (9-11). Slow motor units are
functioning in every voluntary contraction, but it is challenging
to activate large motor neurons entirely due to their high
threshold. This difficulty in the total recruitment of fast motor
units is the reason for untrained individual’ inability to exert
their potential maximum force. In addition, high-threshold
motor neurons are prone to high-force anaerobic work, but in
the meantime, they are highly fatigable. For this reason, high
force levels cannot be sustained long.

A typical description of fatigue is a progressive decrease in
strength. Reduced stimulation of high-threshold motor units
and increased inhibitory transmission to the motor cortex
represent two mechanisms of centrally developed weariness
that diminish neural drive and motor output. Motor fatigue
further affects the functioning of frontal regions (such as
orbitofrontal areas and middle frontal gyrus) and motor-related
areas in conjunction with decreasing force production (12). All
of the findings indicated that the primary motor cortex and the
right frontal area may conversely influence grip strength.

Transcranial direct current stimulation (tDCS) is a widely used
neuromodulation technique that is proven to be effective
in facilitating firing rate (13), and might stimulate the motor
cortex while mitigating right frontal activity to modulate
strength performance and fatigue. tDCS is mainly operated
via the polarity-related effects of low-intensity direct current
passing through the electrodes. The resting membrane
potential is depolarized beneath the anode of the tDCS,
facilitating the initiation of an action potential. On the other
hand, the cathode reduces the excitability at its target location
by hyperpolarization (14). Literature findings appeared to be
rather inconclusive regarding the effects of tDCS on maximal
strength, especially in the upper limbs (15,16).

Polarity-related effects are also preserved in o-tDCS. In
addition, o-tDCS is also capable of entrainment of endogenous
brain oscillations via its sinusoidal current (17). Thus, selecting
the frequency at which the current is oscillated is of great
importance. One of the renowned oscillations that o-tDCS
has been shown to affect is alpha brain waves (18). In general,
alpha waves are linked to the suppression of task-irrelevant
activations in the cortex. A recent study stated that the
occurrence of alpha waves in the cortex generally (and in the
frontal regions specifically) has a favorable correlation with
neural efficiency (19). Additionally, it has been reported that
greater pre-stimulus alpha activity in motor-related cortical
areas is associated with motor excitability (20).

Considering these findings, the aim of this research was to
improve strength performance. For this purpose, a maximal
intermittent gripping task that measures dynamic grip
performance was employed, which has been adopted in the
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literature (21, 22). Through this task, it would be possible to
compare the effects of tDCS and o-tDCS on various force
parameters. A similar study was recently conducted in the
cognitive domain, and the effectiveness of o-tDCS was
demonstrated (23).

The study hypothesizes that since traditional tDCS is relatively
ineffective for enhancing maximal strength, o-tDCS might
be more beneficial due to its potential to not only increase
cortical excitability and firing rate, as tDCS mainly does,
but also to aid synchrony and neural efficiency through its
frequency-related entrainment ability. These effects may lead
to better performance in tasks requiring maximal strength and
endurance.

In strength studies, the male and female populations are
typically examined independently because variations have
been foundin stimulation-induced increases in muscle strength
due to sex differences (24, 25). Hence, the study was conducted
in a specific gender (healthy young male population). Although
achieving maximal strength improvements in a young healthy
population can be challenging due to a possible ceiling effect,
a potential increase in grip strength may benefit a wide range
of individuals with strength deficits.

MATERIALS AND METHODS
Participants

The study population was consisted of 25 healthy male
volunteers between the ages of 18-35 years. A prior sample
size calculation for repeated measures analysis of variance
(ANOVA) was performed with G*Power software, with an effect
size of 0.5, alpha error of 0.05, and statistical power of 0.95 as
parameters, and the minimum sample size was calculated as
21. Participants were recruited from right-handed university
students in order to standardize the electrode placement
based on hand dominance. There were no medical conditions
affecting the forearm, shoulder, or hand muscles that might
have affected the outcome. All participants were informed
in detail about the study procedures and provided written
informed consent. The study was approved by the Istanbul
University Istanbul Faculty of Medicine Clinical Research Ethics
Committee (File no. 2017 / 661). The study was conducted in
accordance with the Declaration of Helsinki.

Design

The study was designed as a randomized, single-blind,
parallel-group, sham-controlled measurement. Participants
were assigned to either the 0-tDCS, tDCS, or sham stimulation
groups via block randomization method.

Procedure

Participants visited the laboratory twice in total. On the
first day, a baseline measurement of handgrip strength was
performed for all participants. On another day within that
week, participants visited the laboratory again and repeated
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the identical task, but this time, during the last 2 min of 20 min
of 0-tDCS, tDCS, or sham stimulation.

Stimulation Protocol

The TESti device developed by TeknoFil Limited Company in
the MakelLab laboratory of the Department of Physiology of
I.U. Istanbul Faculty of Medicine was used for stimulation in
this study. TESti is a single-channel device that can provide
direct, sinusoidal, and sham stimulation. The current intensity
can be set up between 0 and 4500 pA with this device, and its
frequency modulation range is between 0 and 25 Hz.

The current was transmitted to the cortex of the participants
through two electrodes moistened with saline solution. The
electrode dimensions were 5x7 cm. For o-tDCS, the stimulation
frequency was 10 Hz. A sinusoidal currentis created by changing
the intensity of the direct current as a sinus in a specified range,
which is superimposed on a constant offset current. The sine
amplitude of the 10-Hz frequency modulation was set to 0.35
mA, and the offset was set to 1.70 mA. For tDCS, the stimulation
intensity was 2 mA, and the stimulation duration was 20 min.
An identical protocol was followed for sham stimulation, with
the exception that the duration of stimulation was limited to 15
s. The aim of this study was to make the participant feel itching
and other similar effects that occur in active stimulations
(0-tDCS, tDCS); hence, the participants were blind to the
stimulation type they were receiving.

All stimulation groups received the exact identical application
of the tDCS montage. The anodal electrode was placed above
the left primary motor cortex (C3) region according to the
international 10-20 electrode system, while the cathode
was placed over the supraorbital region in the contralateral
hemisphere (Fp2). Electrodes were placed on the scalp using
an EEG cap.

Hand Grip Measurement

Grip force measurements were performed using a Camry digital
hand dynamometer. The measurement accuracy of the device
was 0.1 kg. When participants release their grip at the end of each
contraction, the greatest force released during this contraction
is displayed on the screen and remains there until the next
contraction starts. The maximal force values of the participants
were obtained by utilizing this feature of the device.

Before both sessions, the participants performed three trial
contractions with their dominant hands to warm up to the task
and to become familiar with the use of the hand dynamometer
before starting the test.

Measurements of hand grip strength were performed with a
maximal intermittent gripping test lasting 1 min in total, with
12 repetitions of a 5 s task cycle, consisting of a 2 s contraction
followed by a 3 s rest (21, 26). The synchronization of the
participant to the task cycle was achieved through a one-minute
video consisting of two visuals representing the “squeeze” and
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“release” commands, generated according to contraction and
rest periods. While performing this task, the participants were
standing with their wrists in the neutral position, their elbows
in 180° extension, and their shoulders in adduction with neutral
rotation (27). They were asked to follow the video instructions to
simultaneously perform the commands. Prior to measurements,
all subjects were verbally informed to squeeze with their
maximal strength during each contraction.

Parameters

The variables of fatigue index (Fl), maximal strength, mean
strength, and endurance constitute the basic parameters of the
study. The percentage of the force readings during the first and
last contraction was used to determine the F/ (22, 28).

First Contraction — Last Confraction

FI = x 100

First Contraction

Other parameters for both baseline and post-stimulation values
were calculated as follows: The percentage of grip strength
measurements between the first and final three contractions
was used to estimate endurance (29).

Mean of First Three Contractions

Endurance = x 100

Mean of Last Three Contractions

The arithmetic mean of the three initial contractions was
used to determine the maximal strength. The mean strength
was identified by taking the mean of the force values of all
repetitions (29). Furthermore, the percentage change values
based on the difference between baseline values and during
stimulation values was calculated as follows:

During Stimulation Value of GV — Baseline Value of GV

Percentage Change of GV = x 100
Baseline Value of GV

GV: Given Variable

Statistical Analyses

All statistical analyses were performed using SPSS version 22.0
software (SPSS, Chicago, IL, USA). The significance level for all
statistical analyses was set as p<0.05. Levene’s test was used
to evaluate the homogeneity of variances. The results of this
test indicated that the data had a homogeneous distribution
of variance between the groups (p>0.05). According to the
Shapiro-Wilk test results, all variables had a normal distribution
(p>0.05). After analyzing the data for normality with respect
to the stimulation type variable, it was observed that all
subcategories were normally distributed, leading to the
conclusion that parametric tests could be employed.

The study aimed to determine whether any type of stimulation
had a significant impact on the participants’ maximal strength,
mean strength, and/or endurance scores during stimulation
in comparison with baseline. For each parameter, repeated-
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measures ANOVA was conducted using a 2x3 design with
“time” (baseline values, online stimulation values) as the
within-subject factor and the “type of stimulation” (o-tDCS,
tDCS, sham) as the between-subject factor.

RESULTS
Age Values

The mean age was 25.7 + 3.3 (21-28) years in the o-tDCS group,
24.4 + 2.6 (20-28) years in the tDCS group, and 28.0 + 5.2 (20-
35) years in the sham group, and there were no significant
differences between the groups.

28

20

16
12 -
8

a

0

0-tDCS tDCS sham

Baseline Fatigue Index (%)
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Baseline Fatigue Index

Initial F/ values were examined to ensure that the possible
effects of different stimulation groups would not stem from
baseline differences between the groups in terms of ability
to sustain the task and tolerate fatigue. F/ values reveal that
there are no significant differences that could have an impact
on outcomes; in particular, the initial F/ values of the sham and
0-tDCS groups were similar (Figure 1). In light of these data,
the effects that may occur in the stimulation groups can be
comparable.

Mean Strength Change (%)

Des sham

0-tDCS

5

Figure 1. Baseline Fatigue Index (FI) values across stimulation
groups (Mean + Standard Error).

Figure 3. Percentage change in mean strength values
according to stimulation type (Mean + Standard Error).

Mean Strength (kg)
8

Baseline Stimulation Baseline Stimulation Baseline Stimulation

0-tDCS tDCS sham

40

38

36

34

32
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28

Maximal Strength (kg)

26

24

22

Baseline Stimulation Baseline Stimulation Baseline Stimulation

0-tDCS tDCS sham

Figure 2. Change in mean strength values (kg) according to
stimulation type (Mean + Standard Error).

Figure 4. Change in maximal strength values (kg) according
to stimulation type (Mean + Standard Error).
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Table 1. Descriptive statistics of mean and maximum strength and endurance before and after stimulation

Before Stimulation During Stimulation

Stimulation Types n Parameters Mean + SD Mean + SD
Mean Strength 30.67 +8.42 31.77 +7.64

i + +
0-tDCS 9 Maximal Strength 33.81+£9.11 35.62 +7.66
Endurance 81.65+11.34 77.62 +9.86
Mean Strength 31.80+6.16 31.68 +6.47

i + +
tDCS 8 Maximal Strength 34.36 +7.89 34.95+7.04
Endurance 89.13+6.48 80.58 +6.10
Mean Strength 28.12£6.38 28.54 £6.97
Maximal Strength 30.71 £ 6.64 31.15+7.08

sham 8

Endurance 86.04 +12.61 80.67 +7.85

SD: Standard Deviation; o-tDCS: oscillatory transcranial direct current stimulation; tDCS: transcranial direct current stimulation.

Effect of Stimulation Type on Mean Strength

We investigated whether the subjects’ mean strength before
and during the stimulation altered and whether the stimulation
type affected their scores. Two-way ANOVA was used for
dependent samples. There was no significant interaction effect
according to results (F(2, 22)=0.242, p=0.787, n2=0.001). There
was also no significant main effect of time observed (F(1, 22)=
0.433, p=0.517, n2=0.001). Lastly, there was no main effect
found according to the type of stimulation (F(2, 22)=0.579,
p=0.569,n2=0.047).The 0-tDCS, tDCS, and sham groups did not
show a significant difference in their scores (Figure 2, Figure 3).

Maximal Strength Change (%)

0-tDCS

4

5

Effect of Stimulation Type on Maximal Strength

We investigated whether the subjects’ maximal strength
before and during the stimulation altered and whether
the stimulation type affected their scores. Two-way ANOVA
was used for dependent samples. There was no significant
interaction effect according to results (F(2, 22)=0.356,
p=0.704, n2=0.002). The main effect of time was also
insignificant (F(1, 22)=1.642, p=0.213, n2=0.004). There was
also no main effect of the type of stimulation variable (F(2,
22)=0.697, p=0.509, n2=0.056). The o-tDCS, tDCS, and sham
groups did not show a significant difference in their scores
(Figure 4, Figure 5).

95
90

85

Endurance (%)

80

75

70

Baseline  Stimulation Baseline  Stimulation Baseline  Stimulation

0-tDCS tDes sham

Figure 5. Percentage change in maximal strength values
according to stimulation type (Mean + Standard Error).

Figure 6. Changein endurance percentage values according
to stimulation type (Mean + Standard Error).
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Effects of Stimulation Type on Endurance

We investigated whether the subjects’endurance values before
and during the stimulation altered and whether the stimulation
type affected their scores. Two-way ANOVA was used for
dependent samples. There was no significant interaction effect
according to results (F(2, 22)=0.826, p=0.451, n2=0.021). There
was also no main effect of the type of stimulation variable
(F(2, 24)=1.468, p=0.252, n2=0.074). Only the main effect of
time was significant (F(1, 22)=5.056, p=0.035, n2=0.065). It is
understood that in all groups, the endurance values decreased
during the stimulation compared to their respective baseline
values. The 0-tDCS, tDCS, and sham groups did not show a
significant difference in their scores (Figure 6). Table 1 provides
a summary of all findings.

DISCUSSION

The findings of the study indicate that the two types of
transcranial electrical stimulation did not have a statistically
significant effect on grip strength compared with the control
group (sham). Although some improvements were observed
in the maximal and mean strength values in the 10 Hz o-tDCS
group compared with the tDCS and sham groups, they did not
sufficiently vary to reach the level of significance.

The number of participants could be a critical factor affecting
the outcome of the study. It isinescapable that a limited sample
size reduced the study’s statistical capacity to identify minor or
modest effects, which could be the main factor in the absence
of significance in the results.

A further explanation of the study’s lack of strength
improvement could be the possible ceiling effect of grip
strength in healthy young men. It has been shown in the
literature that strength peaks in men between 20 and 30 years
of age (30). Given that the age spectrum was mostly identical
to the investigated participant population. A task must be
sufficiently challenging for a given population to demonstrate
a possible facilitative effect of the stimulation. Therefore, the
potential ceiling effect may be eliminated in future studies
by making the task more difficult by altering task cycle values
(such as increasing the contraction time and shortening the
rest period) or increasing the duration of the task. It would also
be interesting to examine whether similar stimulation would
be effective in different cohorts in future studies to avoid a
potential age-related ceiling effect.

It should also be noted that there are extremely few reports in
the tDCS literature on improving the maximal strength of the
upper limbs (especially on young healthy male population). A
review published in 2019 identified (31) only three studies that
showed effectiveness on strength gains (31-34). Two of these
studies were derived from female participants, and the only
successful study with male participants investigated the lower
limbs (34). Another recent review investigated the impact
of tDCS on the upper limbs could not find any significant
improvement (16). In light of these findings, the outcome of
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the study is not particularly surprising. Although the electrode
positioning used in this study has been shown to be the most
effective for facilitating motor-evoked potentials, other motor-
related regions, such as the premotor area, which has been
shown to have a positive effect on dexterity, may also be tried
in future studies (35, 36).

A plausible explanation for the statistical insignificance of the
results of 0-tDCS could be that the participants’ brain waves
were not entrained to the specified 10 Hz frequency. Spectrum
analysis could not be performed because EEG was not utilized
in the study, and it is likely that if participants’ brain oscillations
drift to a frequency that differs from the 10 Hz alpha oscillation,
this could have negatively affected the results of the o-tDCS
group. Another possibility is that even in the entrainment
period, the 10 Hz endogenous brain oscillations did not have
the desired facilitative effect. Reaching a clear conclusion on
this matter requires studies that implement EEG. Future research
utilizing EEG and testing various frequency values for o-tDCS can
potentially illuminate areas that this study left unexplored.

It may also be interesting if a similar study would be conducted
in a population consisting entirely of women, which would
shed light on whether there are differences in the gender-
specific effects of stimulation on grip strength.

In addition to the limited number of participants, other study
limitations include the lack of anthropometric measurements,
such as muscle thickness, which has been suggested to have a
possible effect on grip strength (37). In addition, more emphasis
could have been placed on acclimating the participants to the
task to make them more familiar and efficient while doing it.

In conclusion, the significant effects expected in the study’s
hypothesis were not achieved even though the o-tDCS stimulation
provided a greater increase in both mean and maximal force than
the tDCS and sham applications. This study has taken place among
the few studies in the literature that investigated the possible
differential effects between o-tDCS and tDCS.

Acknowledgement: We thank Adnan Kurt for providing
technical support with the stimulation device. We also thank
Serkan Aksu for his support in the study conception and data
acquisition.

Ethic Committee Approval: The study was approved by
the Istanbul University Istanbul Faculty of Medicine Clinical
Research Ethics Committee (File no. 2017 / 661).

Informed Consent: Informed written consent was obtained
from the participants.

Peer-review: Externally peer-reviewed.

Author Contributions: Conception/Design of Study- S.S., S.K.,
G.E; Data Acquisition: S.S., G.E,; Data Analysis/Interpretation:
SK., S.S., ZK, Drafting Manuscript- SK, SS., GE, ZK,;
Critical Revision of Manuscript- S.K., S.S.; Final Approval and
Accountability- S.K.,, S.S., G.E., ZK.




152

Experimed 2024; 14(3): 146-153

Conflicts of Interests: The authors declare that they have no
competing interests.

Financial Disclosure: This study was funded by the Scientific
and Technological Research Council of Turkey (TUBITAK 1001
Grant No: 1135302).

REFERENCES

Wind AE, Takken T, Helders PJM, Engelbert RHH. Is grip strength
a predictor for total muscle strength in healthy children,
adolescents, and young adults? Eur J Pediatr 2010; 169(3): 281-7.
Everhart DE, Harrison DW, Shenal BV, Williamson J, Wuensch KL.
Grip-strength, fatigue, and motor perseveration in anxious men
without depression. Neuropsychiatry Neuropsychol Behav Neurol
2002; 15(2): 133-42.

Fink B, Weege B, Pham MN, Shackelford TK. Handgrip strength
and the Big Five personality factors in men and women. Personal
Individ Differ 2016; 88: 175-7.

Mathersul D, Williams LM, Hopkinson PJ, Kemp AH. Investigating
models of affect: Relationships among EEG alpha asymmetry,
depression, and anxiety. Emotion 2008; 8(4): 560-72.

Ding H, Leino-Arjas P, Murtomaa H, Takala EP, Solovieva S. Variation
in work tasks in relation to pinch grip strength among middle-
aged female dentists. Appl Ergon 2013; 44(6): 977-81.

Sims SEG, Engel L, Hammert WG, Elfar JC. Hand sensibility, strength,
and laxity of high-level musicians compared to nonmusicians. J
Hand Surg 2015; 40(10): 1996-2002.e5.

Stinear CM, Byblow WD. Role of intracortical inhibition in selective
hand muscle activation. J Neurophysiol 2003; 89(4): 2014-20.
Mason J, Frazer AK, Avela J, Pearce AJ, Howatson G, Kidgell DJ.
Tracking the corticospinal responses to strength training. Eur J
Appl Physiol 2020; 120(4): 783-98.

Del Vecchio A, Casolo A, Negro F, Scorcelletti M, Bazzucchi |, Enoka
R, et al. The increase in muscle force after 4 weeks of strength
training is mediated by adaptations in motor unit recruitment and
rate coding. J Physiol 2019; 597(7): 1873-87.

Fling BW, Christie A, Kamen G. Motor unit synchronization in
FDI and biceps brachii muscles of strength-trained males. J
Electromyogr Kinesiol 2009; 19(5): 800-9.

Zatsiorsky VM, Kraemer WJ, Fry AC. Science and practice of
strength training. Third edition. Champaign, IL: Human Kinetics;
2021.

Van Duinen H, Renken R, Maurits N, Zijdewind I. Effects of motor
fatigue on human brain activity, an fMRI study. Neurolmage 2007;
35(4): 1438-49.

Das S, Holland P, Frens MA, Donchin O. Impact of transcranial
direct current stimulation (tDCS) on neuronal functions. Front
Neurosci 2016; 10: 550.

Nitsche MA, Paulus W. Excitability changes induced in the human
motor cortex by weak transcranial direct current stimulation. J
Physiol 2000; 527(3): 633-9.

Chinzara TT, Buckingham G, Harris DJ. Transcranial direct current
stimulation and sporting performance: A systematic review and
meta-analysis of transcranial direct current stimulation effects on
physical endurance, muscular strength and visuomotor skills. Eur
J Neurosci 2022; 55(2): 468-86.

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.

20.

21.

22.

23.

24,

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

Seker et al.
Effects of o-tDCS and tDCS on Grip Strength

Neuling T, Rach S, Wagner S, Wolters CH, Herrmann CS. Good
vibrations: Oscillatory phase shapes perception. Neurolmage
2012;63(2):771-8.

Merlet |, Birot G, Salvador R, Molaee-Ardekani B, Mekonnen
A, Soria-Frish A, et al. From oscillatory transcranial current
stimulation to scalp EEG changes: a biophysical and physiological
modeling study. PLoS ONE 2013; 8(2): e57330.

Filho E, Dobersek U, Husselman TA. The role of neural efficiency,
transient hypofrontality and neural proficiency in optimal
performance in self-paced sports: a meta-analytic review. Exp
Brain Res 2021; 239(5): 1381-93.

Ogata K, Nakazono H, Uehara T, Tobimatsu S. Prestimulus cortical
EEG oscillations can predict the excitability of the primary motor
cortex. Brain Stimulat 2019; 12(6): 1508-16.

Bemben MG, Massey BH, Bemben DA, Misner JE, Boileau RA.
Isometric intermittent endurance of four muscle groups in men
aged 20-74 yr: Med Sci Sports Exerc 1996; 28(1): 145-53.

White C, Dixon K, Samuel D, Stokes M. Handgrip and quadriceps
muscle endurance testing in young adults. Springer Plus 2013;
2(1):451.

Vuli¢ K, Bjeki¢ J, Paunovi¢ D, Jovanovi¢ M, Milanovic S, Filipovi¢
SR. Theta-modulated oscillatory transcranial direct current
stimulation over posterior parietal cortex improves associative
memory. Sci Rep 2021; 11(1): 3013.

Workman C, Fietsam A, Rudroff T. Transcranial direct current
stimulation at 4 mA induces greater leg muscle fatigability in
women compared to men. Brain Sci 2020; 10(4): 244.

Rudroff T, Workman CD, Fietsam AC, Kamholz J. Response
variability in transcranial direct current stimulation: why sex
matters. Front Psychiatry 2020; 11: 585.

Gerodimos V. Reliability of handgrip strength test in basketball
players. J Hum Kinet 2012; 31(2012): 25-36.

Xu Z yang, Gao D fa, Xu K, Zhou Z qi, Guo Y kun. The Effect
of posture on maximum grip strength measurements. J Clin
Densitom 2021; 24(4): 638-44.

Karatrantou K. Dynamic Handgrip Strength Endurance: A reliable
measurement in older women. J Geriatr Phys Ther 2019; 42(3):
E51-6.

Nicolay CW, Walker AL. Grip strength and endurance: influences of
anthropometric variation, hand dominance, and gender. Int J Ind
Ergon 2005; 35(7): 605-18.

Evans WJ, Hurley BF. Age, gender, and muscular strength. J
Gerontol A Biol Sci Med Sci 1995; 50A(Special): 41-4.

Alix-Fages, Romero-Arenas, Castro-Alonso, Colomer-Poveda,
Rio-Rodriguez, Jerez-Martinez, et al. Short-term effects of anodal
transcranial direct current stimulation on endurance and maximal
force production. A systematic review and meta-analysis. J Clin
Med 2019; 8(4): 536.

Hazime FA, da Cunha RA, Soliaman RR, Romancini ACB, Pochini A de
C, Ejnisman B, 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): 402-7.

Vargas VZ, Baptista AF, Pereira GOC, Pochini AC, Ejnisman B, Santos
MB, 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): 1336-41.

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): 459-65.

DaSilva AF, Volz MS, Bikson M, Fregni F. Electrode positioning and
montage in transcranial direct current stimulation. J Vis Exp JoVE
2011;(51): 2744.



Seker et al.
Effects of o-tDCS and tDCS on Grip Strength

36. Pavlova E, Kuo MF, Nitsche MA, Borg J. Transcranial direct current
stimulation of the premotor cortex: Effects on hand dexterity.
Brain Res 2014; 1576: 52-62.

37. Trinidad-Fernandez M, Gonzélez-Molina F, Moya-Esteban A,
Roldan-Jiménez C, Gonzélez-Sanchez M, Cuesta-Vargas Al. Muscle
activity and architecture as a predictor of hand-grip strength.
Physiol Meas 2020; 41(7): 075008.

Experimed 2024; 14(3): 146-153




