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Abstract: Objective To analyze the electrical signal transduction of electronic analgesic apparatus in the arm muscle, thereby
providing a theoretical basis for analgesia elicited by electrical stimulation. Methods In combination with the human anatomy
and histological structure, the numerical simulation finite element model of electronic analgesic apparatus was established
using the circular truncated cone, cylinder and ellipsoid as geometric entities in COMSOL Multiphysics 5.5 finite element
simulation software, and the current signals with carrier signals of 100 kHz, 1 MHz and 10 MHz and the amplitude of £20 mA
were injected in the frequency domain environment for analyzing the transduction mechanism of electrical signal in the arm.
Results With the continuous increase of carrier frequency, the skin effect became more and more obvious, and the signal was
more concentrated at the part where the electrode contacted the skin, and the diffusion inside the volume conductor would
lose consistency. At 100 kHz, as the communication distance from the electrode center gradually increased, the signal
diffusion in the arm became more and more well-distributed. Conclusion For muscle soreness treatment with the electronic
analgesic apparatus, the higher the communication frequency is, the more difficult it is for the signal to enter the body, and the
worse the signal consistency is. Therefore, during electronic analgesia, the signal electrode should be arranged near the
analgesic target area as much as possible.
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Table 1 Tissues electrical parameters
M RPHFEMz  BFH(o, ) XA HEEE(e)
Fe 1tk 100 k 4.51c-4 1.12¢3
1M 1.32¢-2 9.91e2
10M 3.66 e-1 221e2
i1 100 k 2.44¢-2 9.29¢1
1M 2.51e-2 2.72el
10 M 2.29e-2 138 el
LA 100 k 3.60e-1 8.10e3
1M 5.00e-1 1.80e3
10M 6.17¢-1 1.71 e2
il 100 k 2.08¢-3 2272
1M 2.44¢-3 1.45¢2
10M 2.92e-2 138 el
V- (-69p(R)) = 0 (1)

H 6 RN TNEH T 6 =0 + ige, s RENIM
T L KA AR BR AL B 5 0 s S (AR P B ST L
1.2 RIFEBRIEH T2
H, R ASOR I R e i R TE AL AR
IR AT LARIR N
0p(R) _ Jinpress
OR, G
Horbr, R R 7R MU 5 K Bk 3 fh Ak 2 T T AR . 7R SRR
FRGEH, 1E B H Bt A P A A
7, Electrode (+)
T mpressed (RS) = {0, Others (3)
-7, Electrode (- )

E¢,j%%%%$&?£AE@%%ﬁ%E,Ej=§;1%%/%i}:
B FR R 5 7% M 5 T 2 T T
BT U5 I 52 00 B A % Ao, R 5
o A 7 A R L B 2 2 1) L SR
ATRE/NT 36 VT 45 A BTESY , HLI G B
J71<20 mAL 1,

2 BRTHEBEST

2.1 BB EAE

N T AE TR S R R, AR 3 TR ] o
LER ML AR5 R 0 B SR A AL P AR
il 5 5 FEAE B 5 N BB BT P ROk s TR
W, BB — RN LE AR, TE I PRIA
R T A, A 23 B Bk IR 7 LA
AR A (P 1) o

(2)



N e

5539 %:

. 754 -

e * ¥ A 25

x LR 2.BH
3ALA; AEE

e
u
E1 FENEBEET

Figure 1 Geometric modeling of arm
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Table 2 Mesh parameters
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Figure 2 Mesh generation
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Figure 3 Electric signal distributions in central section of electrodes at different frequencies
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Figure 4 Potential distributions of electrode center connection at different frequencies
0.32F e 7 0.32 128m
03 ot W03 oai
0.4 0.4 0.06
s 030 s 030 oos
0.2 0.29+ 12 029 :
01 028 0.1 _ 0.8 0.02
o £ 0 =
o, B0 1, 2027 0
02 026 1o, 10.26 -0.02
03 0.25f 18-03 025 ~0.04
-0.4 0.24 -0.4 (.24
-0.06
05 o23f {E05 g3
. o, —= B o, s (©
0 0.02 0.04 006 0.08 0.10 0 0.02 0.04 0.06 0.08 0.10 0 0.02 0.04 006 0.08 0.10
x J7 6] /m x J3 A /m x J7 ] /m
0.32 _ 2im 0.32f ! ! 032 * T i
031 X107 031 xig-s 031 1x107
0.30} > 030 0.30 1>
20 15 235
0.29 15 029 o 0 ] s
0.28 10 0.28; s 028 1h225
£ s E > £ 1H220
5027 b D027¢ , 2027 -
2026 -5 Ro26r {15 o026 110
0.25 025 S0 025 205
B 2.00
0.24 20 024} {15 024 i
0.23 - o023t {20 023 g
0.22 @ 1 0.22 0.22 @

0 0.02 0.04 006 0.08 0.10
xﬁrﬂ/m

0 002 004 006 008

0.10

X J7 []/m

0

002 0.04 006 008 0.10

xJ7 l/m

ES5 100 kHz iR EA T ARER xy BEEESHH

Figure 5 Electrical signal distribution in xy section at different distances and at the frequency of 100 kHz

e IHRYCK 4 cmx4 em K/NAFRELEL , AHFST
TESHTHLR H o0 B FUR BRI 5 BRI e st B R
MaIBFE A 1 em(&15H11.30.1.29.1.28.1.27m), 45 FH

Wil 2 e bt (5 AR IR e A IR 4B ., 2 10 cm
KRR BRI (B S 1.2, 1.1 m) ., 245 BT
20 cm B, JAE 5 JLF- oA - FHUAR , A P57



- 756 - T PR A A 2 R H39%
i TTO0KI 12 T i T T 5 1
0.00451 1 0.00451
0.0040F 1 0.0040"
0.0035F 1 0.0035r
0.0030r 1 0.0030r
= =
= 0.0025+ 1 ﬁRO.OOZS-
#0.0020¢ = 60020
0.0015¢ 1 0.0015¢
0.0010F 1 0.0010F
0.0005+ : 1 0.0005F
o —— —— \‘x ‘ . Ot j i i i ‘
0 0.1 0.2 0.3 04 0.5 0 0.1 0.2 0;3/ 04 0.5
R ; T ?)I% L\-/m ; x 1070 o : I /m ‘ ~
0.0020} 161
0.0018} 14F
0.0016} \ ol
0.0014} 1oh
% 0.0012f Z g
20.0010} =
0.0008 4l
0.0006F ol
0.0004
0— 4
0.0002F 5 |
0 0.1 02 03 0.4 05 0 0.1 0.2 0.3 0.4 0.5
H/m K /m

6 FERA S ETHLEENHE

Figure 6 z—axial potential distribution of arm model
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