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Objective: The purpose of this study was to investigate potential effects of transcranial direct current stimulation
(tDCS) on bimanual force control capabilities in healthy young adults.

Method: Eighteen right-handed healthy young adults (10 females and 8 males; age: 23.55 + 3.56 yrs) participated

in this crossover design study. All participants were randomly allocated to both active-tDCS and sham-
tDCS conditions, respectively. While receiving 20 min of active- or sham-tDCS interventions, all participants

*Co-first authors equally contributed.

performed bimanual isometric force control tasks at four submaximal targeted force levels (i.e., 5%, 10%,

15, and 20% of maximal voluntary contraction: MVC). To compare bimanual force control capabilities
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including force accuracy, variability, and regularity between active-tDCS and sham-tDCS conditions, we
conducted two-way repeated measures ANOVAs (2 X 4; tDCS condition X Force levels).

Results: We found no significant difference in baseline MVC between active-tDCS and sham-tDCS conditions.
Moreover, our findings revealed that providing bilateral tDCS including anodal tDCS on left primary
motor cortex (M1) and cathodal on right M1 while conducting bimanual force control trials significantly
decreased force variability and regularity at 5%MVC.

Conclusion: These findings suggest that providing bilateral tDCS on M1 areas may improve bimanual
force control capabilities at a relatively low targeted force level.
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Solodkin, 2008).
HIXEH B 23 M 7|XH= 2= (transcranial direct current stimu-
lation, tDCS)= M7|H X232 Sl Okl I|Z(cortical) FH| 2 &
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2 220 sist=s FHlof dtifez H2 dE2| FF/0.5~20 mA)
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Table 1. Demographic characteristics of the participants

Characteristics Participants

Sample Size (N) 18 (10 Females and 8 Males)
Age (years) 23.55+3.56
Handedness 18 right-handed

- L 85.55£10.96

-R 6.41 right+2.64

- Al 86.11£10.86
Height (cm) 166.68+8.47
Weight (kg) 67.60+15.02

Values are sums or means + standard deviation
Abbreviations. Al: augmented index (-100 < Al <100); LI: laterality
index (-100 < LI £ 100); R: Respondent (10 left < R < 10 right)
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Sham-tDCS2| AL, M3 30x SQ active-tDCS2}t 5Lt ZZEE
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&= o ZEMH Al FE20 & 2 MAS X U CHE 2219 2

Bimanual force trajectory
A targeted goal
Band-width feedback

tDCS SHE MS®7| &, tHdAes & 2ES

k=3
=
zohst ZotA 2747 6= S RSt SHY & +HUNE T

32| MAISHY &= MVCE FHSHIICE MVC TbN| =~ A|, Of A0
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A2 AM(two-way repeated measures ANOVA; 2 X 4; tDCS
Condition X Force Levels)2 MA[SIGLH R E EAMEMOAM HIESH
29010 st #HY 7MY (sphericity assumption)0| & &|X| 23t A
2., Greenhouse-Geisser ZHZfC 2 E 118U CHGreenhouse & Geisser,
1959). 2A2M0] CHot SAHE |2ld0| &elL|AUS d<2, Bonferroni
pairwise comparison2 AME3H0] ALE 4 (post-hoc analysis)S & A[S}
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RESULTS

AL JHQIol Alh R S553S SF ¥ +F0
—
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7 ZICt O[3t Zit= & SIF0IA tDCS =A 7F L &l =
HOH 3 A SE & $£F9| XtO|7F LIEtLEX| U/XS S o|O|shet.

MVC (N)

Sham-tDCS

Active-tDCS

Figure 4. Bimanual MVC values between active-tDCS and sham-tDCS
(M + SE).
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A3,51) = 16.294; p < 0.001; n?
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DISCUSSION
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2& Hl(motor units)2| S&/HE S (recruitment/discharge char-

acteristics)2| Bzt EY = UCHAlix-Fages et al, 2019; Machado,
Jansen, Almeida & Veldema, 2019). O|™ AF10j| =M, Chy| mH
doo| &5 B7Hs HEo S 5T U 2F HRel 2y =+

ot B &M E(motor unit recruitment and discharge rate)2 = QILCt

S
02 HEECE X|ZAZ £ UAsd 3EH
S|

S 28 thRlel 23 e Hoto)] S
7t 20| 7|0 S A2 AR EILE

%MVC F=EOIA active-tDCS MX| A| sham-
tDCS ELCt 22 &l 74 M(decreased force regularity)= 2Lt &8
= 2ol 4ol st dhako|
| ZEERASES 20| HU &

Newell, 2011). EESH O|EAH S7tE 28 =& d(motor complexity)2

N =7

2
H
ur

A B C
6.0 4 3.0 1 " m Active-tDCS 1.0 "
] 0Sham-tDCS
5.0 24 08
s 40 1
; § 1.8 - u=J 06 4
W 3.0 A g -
= o 12 < 04
20 A
1.0 ﬂ 0.6 - 0.2
0.0 - 0.0 - 0.0 -
5% 10% 15% 20% 5% 15% 20% 5% 10% 15% 20%

Force Levels

Force Levels

Force Levels

Figure 5. Bimanual force control at four targeted force levels between active-tDCS and sham-tDCS conditions (M + SE). (A) Force accuracy (RMSE).
(B) Force variability (CV). Force regularity (ApEn). Asterisk (*) means a significant difference between the active- and sham-tDCS conditions (p < 0.05).
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