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Fig. 1 Electrical impedance tomography ( EIT ) system
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1.2 XZWHE
121 SCH G AN E TG

PG T K2 (Chiba University) AfKSZES
HETERGE, A ZIAE R ARG, BE
ZEMRBEAERES, CTHs54A08
(1), WEAER 5 FURES: o BT WF 5 A8 3 S AR b /R =

B AT AR T, ISR T

KPR ZE DLt e . 16 SRR AE 2 55
PEE ESILSES:, SER TR EA(S BN 1 B
MNo I AR BITCAT LD B sl 22 RSB
s, IFE3AN H NEESMINLA I ZRAA T iz 8l

Table 1 The information of experimental subjects

Subjects Gender Agelyears Hight/cm Body mass/kg BMI/(kg-m™) Right leg lean mass/kg
1 Male 25 175 73.7 24.1 9.88
2 Male 33 176 61.4 19.8 8.85
3 Male 36 173 73.3 24.5 9.15
4 Male 29 175 73.0 23.8 9.61
5 Male 35 168 74.0 26.2 8.73
6 Male 22 170 80.0 27.7 9.44
7 Male 33 172 72.6 24.5 8.74
8 Male 35 164 69.5 25.8 7.67
9 Male 31 163 64.3 24.2 7.09

10 Male 21 162 48.5 18.4 6.45
11 Male 30 181 99.8 30.5 11.41
12 Male 35 165 79.9 24.7 10.02
13 Male 24 176 79.6 25.7 9.39
14 Male 31 180 63.4 19.6 9.47
15 Male 22 163 52.8 19.6 7.14
16 Male 21 176 54.0 17.4 9.26

1.2.2 SR
BRI FE S0 T WK 2 s, B S0 5 8]
WL, EESH. 16 255X Rk BEL 5o 5|
XTHEZH  (control group, CG, n=8) Hlfid:Hi &%
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R NMES # #5 #£ 47 23 min 1) NMES Il 45,
JE 3, M5 FE . NMES i B a9 47 & n e 3
AR, IR S A2 R R A %
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Hl R, BV 8 mA. FIHE I ALINE 4 sHIFL, 4

Day 3
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it
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No NMES training
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(iii) NMES
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Experiment
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Five weeks of repeated experiments

Fig. 2 Human calf long—term experiment protocol

The specific steps in experimental protocol by using EIT (i), BIA (ii), and NMES (iii).
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Fig. 3 The electrode locations for NMES and structure of calf muscle compartments

5, SRR N 20 Hz, 78 OG HY, ARIE ARG Y
AF5 3 A A P P 3 B e PSRN 243 B A /N
Ji ST T LR A R, 2R A A B
Inplli=

¥ 1K, T4 5SAE NMES Il Z: i k47 EIT il 42,
AL/ NRHE SR R o, F4BRT
Al AL AR 1 16 D H R BT & A o SR)E
FH BIA i 5 A5 R G 40 fE b &k i (ECW) 5 B ik
MEkE (TBW) B, (B,=ECW/TBW), LI
ARIURE Y EIT I 30 (8] /NBRZH UK 3 B i A2 4k

AR /IVER A S AR A O, I B R R K
(TBW) 7z, TBW K& R 3G hnmissm, X2
LA KL 73% &K )5, FINMES Y112k
ZARA I/ INEEAILA 23 min.

W2 R AR, WA LELH ., BRI
SHE BRI PR AGE IR

FIRMESK, HiFTNMES Y%k, SL5 X}
Z/NEAILA 32 2 NMES BRI, $574E 23 min,

TECGH, BT Al H NMES I 2218 % 1/
BRSO, SE80 7755 OG M SE 5y 1R .

Fig. 4 EIT sensor location and electrode distribution
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Table 2 The results of Shapiro—Wilk test and Kolmogo-

rov—Smirnov test

Shapiro-Wilk  Kolmogorov-Smirnov

Week Item

Statistic Sig.
1 <o>, 16 0.160 0.200 0.919 0.160
2 i 16 0.158 0.200 0.926 0.210
3 <o>y 16 0.158 0.200 0.947 0.451
4
5

Statistic Sig.

<o>

<c> 16 0.122 0.200 0.952 0.527

<o>y 16 0.146 0.200 0.942 0.369

M1

2 g4 B
2.1 XERALIGHER
F3WARTHAXL (1) M (2) 53)H xR

(CG) 84 ZINHE A/ N AL R0 E R o 1E
ARZAE s, MU R RS IR i
B B TP HRE I EA R 32 i
WLEE B —SEMa s, EJE W2 BIT REAE S A K6 5]
ZINBE JULPA B ) R~ A P A X0 R 5 3 A v he
Uik o

Table 3 Conductivity distribution images o in control group
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Continued to Table 3

c o o c o
Subject 5 .
Subject 6 o
Subject 7 ’
Subject 8 .
w, week.

Kl Sa i sSEASIE R BoR TECGA S FMlE & (TBW) MR (ECW/TBW) B, ECW/TBW
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fbo EShh s afB R SR THAYHRBEI  TBWH °=39.62 L 5% 1 & /Y TBW {4 '=39.81 L
(Inbody S10, InBody Co., Ltd, ¥hilE) Jrikils LI B (n=8, P>0.05).
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Fig. 5 The spatial-mean conductivity <o>,;,, ECW/TBW ratio 3, of right leg, and total body water (TBW) 7 in control
group (CG) during 5 experimental weeks
(a) The spatial-mean conductivity <¢>,;,; (b) the ECW/TBW ratio §, of right leg, and total body water (TBW) z. *P<0.05, **P<0.01.
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Table 4 Conductivity distribution images o in optimal voltage intensity training group
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Fig. 6 The spatial-mean conductivity <o>,,,, ECW/TBW ratio 8, of right leg, and total body water (TBW) 7 in optimal

voltage intensity training group (OG) during 5 experimental weeks
(a) The spatial-mean conductivity <e>,,,; (b) the ECW/TBW ratio § ,of right leg, and total body water (TBW) z. *P<0.05, **P<0.01.
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Electrical Characteristics of Calf Muscles Under Neuromuscular Electrical
Stimulation”
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Abstract Objective Electrical impedance tomography (EIT) was applied to study the electrical characteristics
of human calf muscles under neuromuscular electrical stimulation (NMES), with the objective of using EIT as a
long-term monitoring method to visualize the effectiveness of NMES training on human calf muscles.
Methods Sixteen subjects were randomly assigned to a control group (CG, n=8), which kept a normal lifestyle
and without NMES or other muscle training; an optimal voltage intensity training group (OG, n=8), in which
23 min of NMES training was performed on the right calf using commercial NMES equipment 3 times a week for
5 weeks. EIT was applied to obtain the conductivity distribution before the start of each training cycle on Monday.
Bioelectrical impedance analysis (BIA) was also used to measure the extracellular volume ratio (ECW/TBW) £,
in the right leg. Results In the CG, subjects showed no significant differences in the electrical characteristics of
right calf muscle and in the extracellular volume of right calf compared to the first week. However, in the OG,
subjects showed the same tendency of increase in the spatial-mean conductivity <o >, of right calf muscle
M, muscle compartment and f,,of right leg compared to the first week. Conclusion NMES training caused an
increase in the stimulated muscle compartment spatial-mean conductivity <¢>,,, with the most dramatic increase
in <¢"”>,, of second week, followed by an increase in the third, fourth and fifth weeks compared to the previous
week with less growth rate. This implies that a significant increase in muscle fiber volume and sarcoplasmic
hypertrophy occurred in the second week, after which the subjects gradually adapted to NMES training and the

physiological response of the muscle slowed but continued to grow.

Key words clectrical impedance tomography (EIT), neuromuscular electrical stimulation (NMES), long-term
monitoring, muscle extracellular volume, muscle fiber volume, sarcoplasmic hypertrophy
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