4345 71 RN E N === FGERAS B 2T
20234F7 H Journal of Nanjing Medical University (Natural Sciences ) + 995 -

cHAL %
ROASTHFEER T tDCS BT EF BRI EIRE N

X AR IFEFL?

VEHARSEBC R 5 TR AR ERE, T HAR 336002; bR R AR, JEET 100871

[ E] B89 IS HUERL T HIH 5T 28500 B HE 1 (transcranial direct current stimulation , tDCS) I AR IR YT A1, 45 EL 5
AR TR T FE AL 5 F 1 (realistic volumetric-approach to simulate transcranial electric stimulation , ROAST) A WELDCS IIfi R
TAIT SRR P A EAR AN, B R 22, I DA ELAR S, B 1R 25 0 AT tDCS I AR RCHE [, J7 3% : LA F3 P4 BRI AR R il , 05 BT
SR P PR DX Tl L I 7 R L tDCS TR R AT B 15 2 X F R TR T DX R A 3R S A RS2 e, IR AN 2 mA F 4 mA
TE R AR 4 . G5 R RN 32 B BN AR 22 AR Y B, P R 43 ) 1 R 3 7 o AR b - 10.3% ~
72.4% ,~12.9%~11.3% , BEAT /U0 AT Y 5 28 R T2 ph T M B B AT AR 20 1k o 21 L3755 e i /D ek, it AR X 2 1 /)
TSR R AED, F AT AT B BDCS RGN o 7 FR RIS tDCS HE N 4 mA B, A U IX B 25 R AT 8K
F R, 32 Blvize 226 B 1 PN B DX R 37 1) o A8 AL A R I 2 mA B AR — 3, o35 70 i AR AR 59t fom P Y R/ N A
ToK. S5 ROAST WG R —ZR R A 4R DCS VR YT I IMATRI AR AL 2 .

[RER] 20BN ph 28 B BRI Ty vk

[PEISZES] R454.1 [EkFREB] A [XEHS] 1007-4368(2023)07-995-09
doi: 10.7655/NYDXBNS20230714

Quantitative analysis of the change of dose caused by the position deviation of tDCS

electrodes with ROAST

LIU Xijie', TAN Yunhua’

'Institute of Science and Technology, Yichun University, Yichun 336002 ; *Institute of Applied Electronics, Peking
University , Beijing 100871, China

[Abstract] Objective: This article aims to use computer model tools to discuss transcranial direct current stimulation (tDCS) for
clinical treatment problems, applying ROAST (realistic volumetric - approach to simulate transcranial electric stimulation) to the
analysis of the influence of electrode position errors in the tDCS clinical treatment , and quantitatively analyze effects from the position
offsets. Methods: This study takes F3 and F4 as an example to treat depression, simulates and calculates the electric field dose excited
in the intracranial target area, compares the influence of the electrode position errors on the intracranial treatment target electric field
dose, and gives the electric field dose variation curve under application of 2 mA and 4 mA current. Results: The simulation shows
among 32 kinds of physical position errors, the pad electrode and the disk electrode cause the electric field dose to vary from-10.3% to
72.4% ,—12.9% to 11.3% , both decreasing and increasing; this result is due to the non-uniformity of the cerebral cortex. When the
electric field dose is reduced, the electric field in intracranial target area will be low than the effective electric field dose, so it is
possible that the clinical treatment effect of tDCS may not be good. The simulation also shows that when 4.0 mA is applied, the
intracranial target area will produce an effective electric field dose. In addition , the variation of the electric field dose generated by
32 kinds of error positions in the intracranial target area is basically the same as that when 2 mA is applied. The degree of electric field
dose change is consistent with the magnitude of the applied current It” s roughly okay. The degree of electric field dose change is
roughly irrelevant to the magnitude of the applied current. Conclusion: ROAST can be used to find the individual dose optimization of
tDCS for clinical doctors.

[Key words| transcranial direct current stimulation (tDCS ) ; neuromodulation ; electric field finite element numerical method

[J Nanjing Med Univ,2023,43(07):995-1003 ]



996 - (2= S PN

A3 B 7
20234F7 A

2% fil E i B M) 3 (transcranial direct current
stimulation, tDCS) J& T #f 4 4 ¥ (neuromodulation )
FoR o B XHDCS 1) 2 058 Al R X5, tDCS
VER — RS TEAS B P B IR YT, 2 Bk £
(Y ITE 5 I AR R AR S A S Fir b 28 45 1
PR AR A RSO P 40, 5 vt 24 M B A T
J& (FDA) A 435I tDCS J&— Bl AR %5 6 | fa7 o
BT B AR ) i RO 2C L, 0 TR R A
FMEMIBI T AT, KR E LR DCS I PRIA ST HE
PAg BRI 19 SCRR T, B B A RO [a] £ B2 Y 0
5%, Nitsche ZE1 T Bennabi 222 W15E 1 tDCS XHHIAERIE
AW EVER . Herrera-Melendez 252 AT 78 561F
DCS XPAE I ZEAE G HIUA E AT PR . Fregni
SEIE RIS T DCS & A AT RICAZ . IAh tDCS
HA G Z PRI J1 o Knotkova 55 Y BF5E 46
PSR R AL S A3 DCSTRYT IR, /R
HHBRAPATEIR AR A BURSCR , o & 2k
3 ROS

SR, A WFTEHE H  ADCSTRY I PRACE vl RER
B 22T FEOTER R, Herrera-Melendez
SR B DCS IR T RBOR Y 22 S PR AT B A M
Wo AR SCIA Sy OB ) B 158 22 T AU R
SER Y —A R it (DCS G 7 B P L 303 A
TR A BT B e R i H AR IX Ry i 37 B 5
T AR (R, DA ] W AR ZE (DCS IR YT 1A
R

FEISE D CS I A TR ) E 5 P B , A SORFELSEAA
BUEITHAUZ TIHAIETE (realistic volumetric-approach
to simulate transcranial electric stimulation, ROAST)"™
iz FH B ] 55 PR R RS, R R A B R 2
S S e b S AT OR] E A R R ek tDCS YR YT
FI 5 A R 37 B8 A TR i, MERR A IR A DCS TR YT HL )

—— > iso2mesh ———— getDP

SRE DR A AR XA L 3 REAE i T A ORI
{EL, ANTTTFI B tDCS 3375 X R A Rk

ARSI B AR TR A Rl — AR R AN
WAL B Y. N, ABFFELL R4 AR AL B O
191, 64 A T BT 25 R RELHEE 1 2K R A, A b A v %
XHIARIGYY AR AL

1 #HRFTE

1.1 ROAST % s A+ 64 it #2912

S AT B SRR P AR A AR A0 e 1
6T B X H 3 0 B Y AR Ab o B T OJT R K1
ROAST3.0™ . o B33 0o 7 A 45 o 45 =k /i MRI
BOUE , MR BCHE JEA7 I 41 21435, 5 A DCS H )
AT SO, B AR BAS S | R A% A e
PEAT LA BT EUE T . X AR AR AR L2
tDCS IRIT B AVE R — A KTk i 2 s i 0
{EL )

ROAST £ ff 3k fiii 4z v i 45 Fa S (B n) T,
XA BT AR bR — AN R T ROl
TR AR . MRS PE B 2 B0 T ROAST 5¢ 8k
3 ) FEBR 42 . ROAST 75 75 Matlab R85 rh iz
A . 129G, ROAST 78 Matlab FP 36T A3k MRI#Y
T HTRERL  fE SPM12 B A AR B 58 i 2 21 5351
FRAG SR Loy EN i ) 254 5 3225 FH Matlab FR 654
FEL AL 1) = A 50080 35 I e S s A ) S A A TR - 4R
Jii ROAST #E i iso2mesh , K55 1 1 HL AR ) 3k Fifi A5 75
AT IREAL o iso2mesh ZAE Matlab PR35 A TR ITRIAE
TR A R AE . ), ROAST j# i Matlab #5518 1T
getDP, S {ECK A f S BRTTABE R L 3 53 A, S8 Sk
P4 22 5 B 45 FL 300 A1 ) TR K i

A F s IR O By 1, i ROAST
Phig 247 5 XD CS 22 v 45 H 5730 4 1) Ak 47

BAER A

ROAST

1 ROAST R BZHEITERN®KE
Figure 1 The path of ROAST to complete the numerical calculation of electric field
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Figure 3 A circular electrode offset is indicated
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Table 1 VOXEL coordinate position of F4 electrode center and its offset center coordinate in different direction

i 50 mm X 30 mm pad 6 mm disk i 50 mm %30 mm pad 6 mm disk
x y z x y z x y z x y z
F4 0y 204 225 265 204 225 265 F4H0s 204 225 265 204 225 265
E14 192 234 265 203 226 265 W14 213 214 265 205 224 265
E24 179 241 265 201 227 265 W24 220 201 265 206 222 265
E34 165 244 265 200 229 265 W34 224 186 265 208 221 265
E44 150 245 265 199 230 265 W44 225 172 265 209 220 265
SE14 198 230 270 203 226 266 NW14 209 219 261 205 224 264
SE24 192 233 275 203 226 267 NW24 213 213 258 205 224 263
SE34 186 236 281 202 227 268 NW34 215 207 255 206 223 262
SkE44 179 237 287 201 227 269 NW44 217 200 253 206 222 262
S14 204 225 274 204 225 267 N14 204 225 256 204 225 263
S24 202 223 282 204 225 269 N24 202 223 248 204 225 261
S34 201 221 291 204 225 270 N34 201 221 239 204 225 260
S44 198 219 299 204 225 272 N44 198 219 231 204 225 258
SW14 209 219 270 205 224 266 NE14 198 230 261 203 226 264
SW24 213 213 275 205 224 267 NE24 192 233 258 203 226 263
SW34 215 207 281 206 223 268 NE34 186 236 255 202 227 262
SW44 217 200 287 206 222 269 NE44 179 237 253 201 227 262

®2 2 mA R, pad.disk BRFEARE R T, DLPFC R E P R FIR AL Q mAYFEIARE
Table 2 Under 2 mA excitation, electric field strength of point P on the surface of the DLPFC and point P of the pad and

disk electrodes under different offsets (V/m)
fm - pad . - disk . fm - pad . - disk . fm - pad . - disk .
F4 036 029 0.71 0.62 || S34 039 030 062 058 || N\W24 035 033 067 0.59
E14 043 030 066 0.61 S44 0.41 0.39 0.64 061 NW34 036 036 062 0.62
E24 0.41 032 0.66 0.6l SW14 037 035 063 0.60 | N\W44 036 040 064  0.59
E34 042 030 067 0.63 || SW24 037 033 066 0.60 | N14 035 029 066 0.61
E44 042 032 080 0.54 | SW34 035 035 064 0.62 || N24 035 035 078 0.67
SE14 042 033 0.64 058 | SW44 036 038 064 0.69 || N34 035 034 064 057
SE24 040 030 0.68 057 | W14 036 034 065 058 || N44 037 040 064 057
SE34 046 026 0.66 059 | W24 037 039 066 0.64 | NE14 035 031 0.66  0.61
SE44 035 032 0.68 054 | W34 038 050 062 0.67 | NE24 044 030 065 0.59
S14 037 032 066 0.60 | W44 042 050 067 0.60 | NE34 042  0.31 0.67  0.62
S24 035 033 066 060 | NW14 035 029 065 0.61 NE44 040 029 063 0.60
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B, P A HIZTE0.26~0.50 V/im, 4507 B 15 2 %t
o7 L DXy 7 A T H, 3 7] i 2 46 K 2 55 R e e
FEAERT 0.3 Vim I H I &, B2 800S4tk
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Table 3 Excited by 2 mA and 4 mA, electric field strength of point P on the surface of the DLPFC and point Q under

different offsets (V/m)

. I=2mA =4 mA . I=2 mA =4 mA . =2 mA =4 mA
(A< 0 3 ) 0 (VA ) T ) P o 0 0 0 0
F4Hrs 0.71 0.62 1.29 1.15 S34 0.62  0.58 1.30 1.22 || NW24  0.67 0.59 1.30 1.25
E14 0.66  0.61 1.33 1.24 || S44 0.64  0.61 1.24 1.20 || NW34  0.62 0.62 1.26 1.20
E24 0.66  0.61 1.42 144 || SW14 0.63 0.60 1.27 1.12 || NW44  0.64  0.59 1.23 1.12
E34 0.67 0.63 1.31 1.23 SW24 0.66  0.60 1.28 1.14 | N14 0.66  0.61 1.30 1.21
E44 080 054 1.63 141 || SW34  0.64 062 126 131 | N24 078 0.67 129 1.22
SE14 064 058 136 1.26 || SW44  0.64 069 1.27 1.16 | N34 064 057 135 1.23
SE24 0.68 057 140 1.20 | W14 0.65 058 134 1.21 | N44 0.64 057 129 1.20
SE34 066 059 130 1.13 || W24 0.66 0.64 127 1.17 | NEI4 0.66 061 124 122
SE44 0.68 054 139 1.12 || W34 0.62 0.67 1.23 1.10 | NE24 0.65 059 123 1.15
S14 066 0.60 135 1.17 || W44 0.67 0.60 130 1.25 | NE34 0.67 062 127 1.25
S24 066 060 132 1.12 || NWI4 0.65 061 128 1.24 | NE44 063 060 130 1.25
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Figure 5 Electric field value of point P in DLPFC under different electrode offset when 2 mA excites 6 mm disk electrode
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Figure6 Electricfield value of P pointin DLPFC under different offsets when 2 mA excites 50 mm x 30 mm rectangular electrode
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