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Abstract

Intensive care unit (ICU)-acquired weakness is observed in acutely ill ICU patients, who develop muscle weakness during
recovery, without any underlying disease/condition. Early rehabilitation is recommended to prevent ICU-acquired weakness.
However, voluntary rehabilitation is often limited by disease severity and treatment. Recently, belt electrode-skeletal muscle
electrical stimulation (B-SES) has gained attention for the rehabilitation of ICU patients; however, only a few studies have
explored its effects on patient vital signs and muscle oxygenation status. Therefore, in this study, we aimed to investigate the
effects of B-SES on the vital signs, blood gas values, and gastrocnemius (GM) and vastus lateralis muscle (VL) oxygenation status
in three ICU patients with severe polytrauma (40-, 43-, and 23-year-old males) via near-infrared spectroscopy. B-SES intensity
was set at the minimum level necessary to induce muscle contraction. Notably, no changes in vital signs (blood pressure and
heart rate) were observed before or after treatment, with no hypoxemia. Moreover, no muscle desaturation was detected.
Compared to the muscle oxygenation dynamics observed during voluntary exercise, Atotal-Hb/Mb and Aoxy-Hb/Mb were
increased in the GM muscles of cases 1 and 3 after B-SES. VL muscles exhibited lower AHb/Mb than GM muscles, possibly
due to the low stimulus intensity. Overall, our findings highlight the potential and relative safety of B-SES for ICU patient

rehabilitation, providing that minimal intensity is used to stimulate muscle contraction.
Keywords: Belt-electrode skeletal muscle electrical stimulation, Intensive care unit-acquired muscle weakness, Muscle

oxygenation, Near infrared spectroscopy
(Tokai J. Sports Med. Sci. No. 37, 31-40, 2025)

31



TERARE - AR - ARG - W B ABOKRER - HoREAE

I. #a

G2 (intensive care unit : ICU) 1A
L7-ERE R T BT 2 5] &8 2§ RHER
RS b S IARDIEIAE L 7 BRI 5 AR
TZFEDLIENHD. ZDFEAEZ ICU-acquired
weakness (ICU-AW) & 25"V, ICU-AW 13 H i
BFIR 2 B R » S, RIS ST
BfEkRE & LT ANGE), WAE R & b, 7
T a7 3 RWGMREE R L O R ESBIT O
Tw2”, ICUAW % 59T % &\ AN TP
FENMOER, ICUEZEMMN - Al HBOER
(SRR At JOF RNV 3 (OF:- bR Ry
DO¥EZREL DY,

ICUAW OFFido1o& LT, ICUEZERNS
BEEHOENEZ R 2RI 77— a v
DERAHER EN T 2Y, ICU BH TR, KR
DEEEERIHHRED 72D, AL = v+ — VA
BB B SN Y F—2 3 VS
FATFER S A, WU & D BEREE) (LA HAT,
RET NI X =5 =75 L) EEEHERZ 0%
Wy 22T, BEEB O E L CREMICT
B E 52 HGEZ A LS55 E
LB OEEDIEE > TWB Y, N b EEAE
¥ 5 B &l 7 (Belt-electrode Skeletal muscle
Electrical Stimulation : B-SES)™ 1&., ~U I &
PR - KRR - FRRICEEAE L. WIREICHRMS 5 2
&0 5 T AR O M & JE % [ R 20 S
5T ENTE, BEIEN LV, T2, XV ME
RIS BOEAE SN S & Wi OV 2 B L
TWaHZ b, BERBIEFOERD DR E v
S RED B B

ICU I AZEF % Sk e B3 5 DG % £ 5 3
HEEMT LI LiE WOPOMEND L,
ICU AZBFIE, W - IBR2R O P e )] 23K
TLTWS, DL ZIRPF T, HHGIC &
HIRFNH - AL RFEELEDORIMNIAE ) #H
Ko DMAME O AL A LRI RERH . &
CO,IMIE R FE F MLIE 72 & E U 2 W ReED D %o

32

ZD72D. HRANERD TSI ST, R
ORBHIRED T REN DR D S, VLD
Z &M 5, ICU BH T2 B-SES Rl EE 1
FGHE DR B IS /N OFRETHRE L T A3k
A% (W B-SES Ok AL D TR R 0 1
BRI 570 ha—vb RigETH B,

i EXRINESPRON AN B OE X A= i)
43961 (near infrared spectroscopy : NIRS) % H
WTHIEWRE TS 5o AN TERYDEE BRI
LEZWHEIZ. BMMENS X OB - HIRN O
ANEZOV Y (Hb) &HMiaNDIF7roe >
(Mb) T, ZOMFELIRREIC L Y POREAZALT
% 7%, WFit Hb/Mb (oxy-Hb/Mb) &, [il
F#1t Hb/Mb (deoxy-Hb/Mb) DiREZEAL % IE2Z
BRICHEBTE 2", F 72, oxy-Hb/Mb &
deoxy-Hb/Mb OFITH HHEANEZ T L~ (total-
Hb/Mb) &, BISZEB oM R %2R T. HED
NIRS Tl. Hb & Mb D EZL 2 KT 2 =
LIETEROVD, —HAICIE NIRS 12X D llE L

=Y 7 FVD80%IE Hb THE" L EhTwh,

B-SES i O i e FALIREEIZEI 3 A W28 T,
WABEIIB T s EBLAMBEH b —=2 7
T OMGIRFACIRAEDS X R DOZLY | % A%
PN BT 2 555 T LM o T B o R R ALK
Y BHEEN TV S, ICUBRFIIHT 5
B-SES Fiti H o i R AV IRTE 2 5FAifi L 72 a5 13 2%
Vo HfR L7z & 912 ICU 412 B-SES # % i L
oWty WA IREE 2R 5 W RS 5 o
MR ASEE) R ISR ARICKH S &, oxy-Hb/Mb
DA Uit deoxy-Hb/Mb 23340 Ll 5 2
EAS, PHEEVEBIIRTELIE % APk L 72 B O AT
ONIRSFF R E LTHEShTwa”, $72,
ICU-AW % §:38 L 29 WRUMLAE Tl 7 W O/
BRI HZLIRE D LA s ShTH ™2,
B-SES FEjitih O e R ALIREAME T AN L e 5]
REl2sH 5, 2T, AWFETIE. ICU BHIC
B-SES # %ML, /N4 & VA >, BRI A A5
HroZ®) B & 0N OMUILT B X OBEE)
DOHBFZLREZHOL NI LI E2HNE L,



ICU JBH2 BT 5 i d S dh O iR ALIRE DR « 7 — A 2 — Xf%E

. fwBlAy 3

A, NERETHESRIIZEICHT S
(SRRt S DN YN N e o = B
DRB. GRAFET19R024) %1 CTHEME L 720 B
B F 72 3R O FRRIRE S TR WAL
IAREEEI, BIENA 2 Fm & B THM L, X
HCHEE720 20010 E % FE L TW7225,
WA GMIENLT H BEDD o722 LT A,
a0 RN X B MAHIRIC L D REED S OFE
AR 2SHEE L 220 . 5 BIOWETIHIEEZ KT L7z,
5B 2 BIOBERH L. Bk EO 2D, JEdh
DEHPRTT, BELZZMENTE Rdolzlz
DIFNT 2 HERAL L. 50 O 3IEBI DR % RIF%E
DWEDETE L, r—AY ) =Xk LTHET
%o

m. x4eehk

1. RARRE
SEGE, R AE B A 8 o Bt e EE R A2
Y7 —=DICUICAE L7z, 4E#i205 2L 80
Ko EEE L7z,
SHGHEHE OB SE, BRFIEHE, ke & D)
TR,
1) ERS
(1) W20l E80MAT O ICU A B
(2) NLFWEZE, JEREOFMICED ST,
A - AR R A 25 70 VW B E (R R R
fFIE (Sp0,) 93% Lh k]
(3) WA Z VA Y OEF D v G
(LLF. SBP) : 90mmHg Bl E. DA% (U
T HR) @500\ / 43P E12008 / 55 A) ]
2) Byt
(1) 2w P, BRER. SREERGHIE IR
DOfFAER, # 1 ~ 5 MG, BRIHME
EhaE

(2) v MEREATE (8. K. T

oM S, FoREEOHLEE T
JRCEFNE M i R L A

(3) XA &IV A ORE (SBP: 90mmHg &
@i, HR @ 50081 / 732k di, 120101 / 73 LAk,
SpO, : 93% i)

3) B-SES 2045 [ o 11 2k

(1) FMEREOD - 756

(2) N4 ZVH A voRE (2) BRI EED
(3) KZFMUL)

2. ZObk3d—-b

INA Z VA Y DREB X OTRIRIE O W A2
OHNH» S, BEICBSES #2040, HH
FEMiL7zo B, BEMFICU ZBE LT
BSES# T & L7, BSESF M 5 1 H (B-SES
Day1). 7 H (B-SESDay 7). 14H (B-SES Day
14) 12, B-SES EJlimith DN 4 ¥ V4 > Bk
1L 7 A oWl @& B X U B-SES H o B 5
(Gastrocnemius muscle : GM) . /M55 (Vastus
lateralis muscle : LV) O M FE LR %, NIRS
W CllE L7z B-SES Day 1 Ejih D /N1 %
WHA UDBEELTWZ L DR TE 7254,
Day 2 LAFE® B-SES % [f] USRI EE T oM L 72,
BEOEMET—5 (Fin, IR, RE, BEHE,
ZWi%. MR & VTSR,

3. B-SES

B-SES Oz, VN ) F—v 3 VREER
#3424 ®E  AUTO TENS PRO Rehabili Unit (FkaX
Kt A=~ — A& VIR AR L7, NV
b A A B (B 3 em BEMD) . WORKE (%
IR 3cm) . W FER (NBHEEM 3 cm) (123
L7zo BSES ®E— Fid, BEEHCRkE Sh7zBEH
V7 bE=F (Bin 5 14308 F T2 3Hz A
520Hz \Z i, 20Hz T 3 Bflik. 2 MRk & L.
TR 143080 & 1 20Hz A5 3 Hz \2iliik) %
o L7z MR EE L. ICU Ao HE B E A%
RTHDHDT, MHIPHGEANERR T & % i/NRORM
BREEE L7z, B AICBWT, KR - IR oI
MOAHHTE AREORELT2HESY 0%k

33



ik - EE T - AR BaR

1TE9e % 2% 12, EHIII40%, EHFTIIA—%
—AKBE 2 (FEATER 35mA). FEE1 (FAT
Wit 2mA) & L7z, B, BSES Tl ffifz&
T 195 203 [ B L2 U 9 B 72 0 S8 28R ) 0 58 1A T
ThrI b, ELOikETGM O & 2
MEIEACERT 2 2 L % HBLCEZE L. T
B S T WD &L 72,

4. B-SES fi#gDI\1 7 LY 1 U DAIE

B-SES B % 1 47 & B-SES #& 1" 1 43R l2 /3 A
VA OWE E BRI A A 5587 (BGA)
FEBLL. NS4V AL i Bk S
(IntelliVue MP 50, 74U vy 7AxXTLZ fu=7
AV x5y (BR) 5. 1R (BT). HR. SBP.
LRMIME (DBP). ME (RR). SpO,% #t fk
L 7zo BGA &, A I & A A 45 #r 3% i
(ABL80OOFLEX, 7 Y% A —%— (¥k)) #HWT,
pH. BRI AL FE 50 (PaCO,) . B ifi ik
FoE (Pa0O,) . FLEERME % 5 L7z,

5. B-SES FODEREERILINRE

MR LIRAE X, B-SES BiUGHT D% 1 43 A
5 BSES# T 5 4 % T, NIRS % v Tl
M U7ze fHEFIRSERR I, 507 AR AL
Wk & = ¥ & 1& Pocket NIRS Duo. (¥4 F+&
A (#)) <. A% K& 735nm. 810nm,
850nm, 7 U — 7 DEZGHEHEIZ. 4em TH
%o 70— 7RI, VL Tl KIET-E8% 0 %.
AV i B BT 2L B A 2 100 % & L 72 IS0 9 30
GM X FEED I pi % 0 %, PR E100% &
L7230 % 435 T MiIEA IR & %% L& L
7eo T — TN, FREHED RN I o TR
L. BaonNy FTe7u—-7%28w, XL,
i % 1 H X, oxy-Hb/Mb. deoxy-Hb/Mb .
total-Hb/Mb T, B-SES Bil## 1 43-Hi % & B-SES ##
T 5% % F T ® oxy-Hb/Mb. deoxy-Hb/Mb.
total-Hb/Mb 21t (A) %277 7 T/RL. T b
OB A BRI L7z,

34

ST B APRKRE - FRBAE

6. BFRRED KUK TEIHE

70— 7RG AL O KR IS P & T RRE P A 2
AV x—TMEL, HARORHEEL L. 70—
TGO GM & VL OB PIRIHIE X, B2 TR
WiEt (v AL, WEL 7.

V. REFIFER

SIEFOT 7 4 =)V &FK 1 IR L7z, BSES
OFENiE. FER) 11X, Day 1 55 Day 13%F T, JE
%) 2 1%, Day 14 & Day 11% T, B 31X, Day
1725 Day 13F T17 - 72

1. fiEB 1. 405%. Bk

BUREE @ AR CESE T IS T% LBk %.
SHERAME (PR A I 000 S S A 55
AMETE < BB I, SUNIE, RTSEEE T, BEER
BT BHIAME (I & P&, Bas
P WA RS A ) . SERAE
5 (fies 7 FEMERZSRTHT) . WEAME (A
W, WIS, A5 12 R g - HES AT
Fef 2 -9 W, A10-1UEE ). Uik
AWM (B R s o B R ) & 38 &

x®1 B2EFEOTOT 4 —ILEFIRER
Table 1 Patient Profile and Respiratory Care

FEF) 1 fEF) 2 fERF) 3

Fip =x 40 43 23
TR =1 =1 Bt
Bk cm 170 170 170
& kg 75.0 95.0 82.0
BMI kg/m? 25.9 30.3 25.3
FAEE

KER mm 51.0 59.4 52.5

ThE mm 34.0 39.5 37.3
KT HEIFE

KAR mm 11 13 11

ThE mm 13 14
K[ERE B B B

Sk Sk

AL BL (PS, CPAP)  (PS, CPAP)

BREE % 35 30 24

PEEP cmH,0 5 8

PSHE cmH,0 ) 8

BMI : Body Mass Index, PEEP : FEXU&AKBAT, PS : Pressure Support,
CPAP : Continuous Positive Airway Pressure,
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Fig. 1 Case 1 Muscle oxygenation state during B-SES

A: gastrocnemius muscle (GM)

B: vastus lateralis muscle (VL)

B-SES: Belt electrode - skeletal muscle electrical

stimulation

= \OXY-Hb/Mb: oxygenated hemoglobin/

myoglobin

mmmm \deoxy-Hb/Mb: deoxygenated hemoglobin/

myoglobin

= A\ total-Hb/Mb: total hemoglobin/myoglobin
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Fig. 2 Case 2 Muscle oxygenation state during B-SES

A: gastrocnemius muscle (GM)

B: vastus lateralis muscle (VL)

B-SES: Belt electrode - skeletal muscle electrical

stimulation

=== \OXY-Hb/Mb: oxygenated hemoglobin/

myoglobin

mmmm \deoxy-Hb/Mb: deoxygenated hemoglobin/

myoglobin

= \total-Hb/Mb: total hemoglobin/myoglobin
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Fig. 3 Case 3 Muscle oxygenation state during B-SES

A: gastrocnemius muscle (GM)

B: vastus lateralis muscle (VL)

B-SES: Belt electrode - skeletal muscle electrical

stimulation

mmmm \OXY-Hb/Mb: oxygenated hemoglobin/

myoglobin

= \deoxy-Hb/Mb: deoxygenated hemoglobin/

myoglobin

= \total-Hb/Mb: total hemoglobin/myoglobin
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