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Changes in muscle oxygenation and hemodynamics

during electric power-assisted cycling exercise
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1 A four-wheel electric power-assisted per-
sonal mobility
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speed
(km/h)

= time (min)

5.0km/h (7min) 5.5km/h (7min) 6.0km/h (7min)
L

A 1

1% angle (21min)

. two-legged cycling (4min)

one-legged cycling (3min)

2 The experimental protocol
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speed (km/h)

B) one-legged cycling
Tt Tt tt
| — | [ —|
oassist OFF
massist ON
5.0km/h 5.5km/h 6.0km/h
speed (km/h)

3 Comparisons of oxygen uptake between assist OFF and assist ON during cycling exercise. (A) two-legged

cycling, (B) one-legged cycling.

T Significant difference between the value of assist OFF and assist ON (1 t1p<0.01).
#Significant difference between the value obtained at prior speed (¥#p<0.01).
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L, MPABIOFHEIEHOLELLETO
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ON O FBEX R 5 1R L7z, RigHE» 50
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ON ZH§ 2 &, 7Y A+ OFF IZHRTT ¥ X
F ON D AStO 13 & TOMETHEICHE - 72 (p
<001). 7Y A M OFFIZHXRTT7 YA ON®D
Adeoxy-Hb {273 55km B X IF6.0km @ & & &
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120
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g0 g —a——s—8 i S B
§ 60 t1 Tt Tt
O
E 40 0+ assist OFF
T —=—35sist ON
two-legged cycling one-legged cycling
0
rest 5.0km/h  b.bkm/h  6.0km/h rest 5.0km/h  b.bkm/h  6.0km/h
speed (km/h) speed (km/h)
X 4 Comparisons of heart rate between assist OFF and assist ON during cycling exercise. (A) two-legged

cycling, (B) one-legged cycling.

*Significant difference from the value at rest (**p<0.01).
#Significant difference between the value obtained at prior speed (¥p<0.05, ##p<0.01).
T Significant difference between the value of assist OFF and assist ON (T tp<0.01).

10.0 two-legged cycling 0.020 .
20 N . 0015 a4
. 4.0i it sk #% S 0010 6 ................
g 20] o—m"—° E 0005
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speed (km/h) speed (km/h)
5 Comparisons of StO2, oxy-Hb, deoxy-Hb and total-Hb between assist OFF and assist ON during two-legged

cycling

*Significant difference from the value at rest (¥*p<0.05, **p<0.01).
TThere were the significant interaction between assist OFF and assist ON (T tp<0.01).
#There were the significant main effect of assist factor (¥p<0.05).

L7z (p<0.05).

A EEHcB 557 A NOFF &7 v &
FON TOWMEHOMIRFEEELZR 6 1Z/R L7
R PS5 0TS S5 &, 7Y A OFF ®
Adeoxy-Hb B & UF Atotal-Hb & I # 55km & 6.0
km OEBFREICAZIZHI L 72 (Adeoxy-Hb : p
<0.01, Atotal-Hb : p<0.05). F7z, ZHkFIZH~
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T7 ¥ A I ON @ AStO. 13 I 3 6.0km 0 3 B Ik
ARSI L 7 (p<005). 7 A FOFF &7
VAMONZRKTSHE, 7Y AbOFFIZHX
TT7 YA DONDAStOFAEFICE > 72 (p<
005). 7Y AMOFFIZHXTT7T YA FON®
Adeoxy-Hb B & OF Atotal-Hb i3 A Z KT L 72
(Adeoxy-Hb : p<0.01, Atotal-Hb : p<0.05).
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Atotal-Hb (mM)

10.0 one-legged cycling
8.0 active pedaling leg
6.0
S 40 .
g %8 . *— i = __.]#
& —2.0- (@ SECTITTIPRRPN® SLLIIIIIIIL L
<40 Q ?
—10.0
0.010 .
. 0.008 ek
S 00061 - —— 1<)
E 00041 g »
o 0002 o}
2—0.002
£—0.004
$-0006
—0.008
-0.010
5.0km/h b5.5km/h 6.0km/h
speed (km/h)

0.015

0.010 ) — &

<:0-- assist OFF
—e—assist ON

5.0km/h 5.5km/nh

speed (km/h)

6.0km/h

6 Comparisons of StO2, oxy-Hb, deoxy-Hb and total-Hb between assist OFF and assist ON during one-legged

cycling

*Significant difference from the value at rest (¥*p<0.05, **p<0.01).
#There were the significant main effect of assist factor (¥p<0.05, ##p<0.01).

T2, I XEE) BT B0 XM & 2B EE)
WoMmBESEOFKRE T ¥ A OFF IR 7
2, 7TV AMONRBRE8ICFNENR L. T
Z b OFF Ti&, LRI~ T2B)EE) K o
AStO, 1 HFH 6.0km O BB THZICH ML (p
<001), WXHICHRTHBEISHEMLZ (p<
0.05). # XN~ T2 B EE)H O Adeoxy-Hb
A BRI T L2 (p<001). 7 A N ON Tli,
LHIR IR T B E B 0 AStO, 1R 5% 5.5km
B L U 6.0km OB TH BIZHIIN L (p<0.01),
] EE C il KD AStO IR THEISH I L 72
(p<001). F72, REFFICIRCTZEHESH O
Adeoxy-Hb I3 & TOMETHBEIZWKA L (<
001), & ToOHETHE XM Adeoxy-Hb 121~
THEIZRD L7 (p<001). X512, Lt
NCZEEB M O Atotal-Hb 13 5# 50km TH =
WA L7z (p<0.05).

Z ¥

1. EEF7 Y X MEREICK B HEFEANDORE

M B L R W X EHoEzhEnTT A b
ON & OFF 2lti3 5 &, EH53V0,BLY
HRIZ7 YA FONAT7 ¥ A b OFF X ) HE I
KT L7 (p<001; K3, 4). 7 A MEELE
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ST rh 58S 5 o L BN AR I A L
iR, AR O M ILRSE L VM= E- L
ILFTE P A VAR I LA 5 & OY P 0 35
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By OB o MR 297 b 5. HES) O
AIEAPRE S 2T, Saito et al. @ 1&#5 D 3T &
FIRGE) IEI KIR R IR O 40% F TIERHIR
XoEllsns e 2WE L5, F2, B
JELUT @ HlnBIES) & AU I E O LR IEE)
H~OMEH R %2 EkR S 3IEH W TH
2%, RWFFETIT - 72D V0137 ¥ X b OFF
BIOTYZPONDOEDL S SR KEERBIED
40% LFTHY, 7 AMONN7 ¥ A b OFF
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WZOWTH B X Ol EEE o7 2 2 + ON
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AtotalHb 137 Y A M OFF X D AEICIK T T 5
S, R L I L CTEIIA S R d o 72 (K5,
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7 Comparisons of StO2, oxy-Hb, deoxy-Hb and total-Hb between active and passive pedaling leg on assist
OFF during one-legged cycling
*Significant difference from the value at rest (**p<0.01).
#There were the significant main effect of leg factor (¥p<0.05, ##p<0.01).
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2 0000
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—e—Aactive pedaling leg
—m—Dassive pedaling leg

5.0km/h 5.5km/h 6.0km/h
speed (km/h)

X8 Comparisons of StO2, oxy-Hb, deoxy-Hb and total-Hb between active and passive pedaling leg on assist ON
during one-legged cycling
*Significant difference from the value at rest (*p<0.05, **p<0.01).
tThere were the significant interaction between assist OFF and assist ON (1 Tp<0.01).

6). Thbb, MK ERTH SR E I
WBLOHNED LR EZHH SN, 7 A ON

DB MR E IR EINE Z EDTRIEBEINS.
512, 7Y AFONIZ7 YA M OFF &MERIC,
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W3 X O I XGEE) IS BT, HR 2YRHHR
CHBLCTHEEICHIMLZ: (R4). T4abb, O
MM EOHEMAVRIE S, SO IMLH A
MLTWBEZENEZLNS.

L7235 T, TYVAMEREEESEL LT
EREE DB AT REIC 20 5 &, B R O MG
DEREIH SN B 2o MR S s 2 &8
AN 2 (Wl

2. MBS XOCRHESESPOHEEERE

T XEE 2B WVWT, 7Y A N OFF T
Aoxy-Hb B X UF Atotal-Hb 725K 38 6.0km T 2% B
EARTHBIZHML 72 (p<005 ; B 5). KiRE
OFEHAMEE CRIBRAEIOE v E[LE
(Atotal-Hb) 25 BAZHIIM L, BB O iRk O Bz
FIREZAL (AOxy) & A B2 EOHBIBIFR O HERE
SN2 Ens, EHPIZBIT S Atotal-Hb OB
ISR MEPLIRIER L T2 E 2 6
na?. Ko7 v A+ OFF T, Aoxy-Hb
& AtotallHb ICHEZR IEOMBEIBIZ I £
7z, R 6.0km TOMFEEIED314£09% &I
RNIKREOEF M ThH o722 L n, KMl
PR LR OB IAGHIML 72 & & =2
S5hb. F72, Adeoxy-Hb dHEEOHME & H1C
BN 2SR sz CoZlers, #E
DI TR OBRFH =S T8 L 72
LHEEES N D, AStOL T REIRF L AR R AN
Mozl ehb, BEOMKEHEDNT ¥ AN
iz TwieEZzoNhb. 7Y AMONIIRET
DHPE T AStO, DV HHIFICILRTHEISHIM L 72
(p<0.05; B 5). AStO. 238N L 72 @ 13 i ML it =
OB 7% & PICHIREREOWINI L 57 Z L3
REENAG. 72, Adeoxy-Hb 1ZiRA Mm% /- L,
Atotal-Hb 17 ¥ A2 b OFF X ) A &I T L 7-.
Adeoxy-Hb DA 137 ¥ A MEREE B S & 5
LXK THOWEB =LA L, BENHERH
WL LIz7zoThreEZONL., LIz0-T,
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Changes in muscle oxygenation and hemodynamics
during electric power-assisted cycling exercise
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(Abstract] The purpose of this study was to examine the changes in muscle oxygen dynamics during two- and
one-leg electric power-assisted cycling exercises.

Fourteen healthy male students participated in this study. They performed exercises on a treadmill using four-
wheel electric power-assisted personal mobility. Changes in tissue oxygen saturation (StO:), oxygenated hemoglo-
bin (oxy-Hb), deoxygenated hemoglobin (deoxy-Hb) and total hemoglobin (total-Hb) were monitored continuously
at the belly of the vastus lateralis muscle using near infrared spatial resolved spectroscopy from rest to the end of
the exercise. Oxygen uptake (VO:) and heart rate (HR) were also measured during the exercise.

During both two- and one-leg cycling exercises involving an assist function, AStO: significantly increased and
Adeoxy-Hb significantly decreased compared to exercise without an assist function. VO: and HR also significantly
decreased during exercise with an assist function compared to without it.

These results suggest that muscle blood flow would increase more while operating an assist function than with-
out it. The four-wheel electric power-assisted personal mobility may be useful for elderly and hemiplegic persons
to promote their health and activities of daily living (ADL).
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