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Abstract:

The improvement of the infrastructure of road
and the mobility for handicapped persons such as
elderly and wheelchair users is needed to realize
the barrier-free society. However, few studies
have discussed the energy metabolism with
wheelchair users concerning about the basic ac-
tivities or the propelling a manual wheelchair on
various road environments. The purpose of this
study 1s to evaluate the physical load of wheel-
chair users by the oxygen uptake values and the
wheelchair driving force when they are propelling
a manual wheelchair on a slope and other road
environments, to improve the wheelchairs and to
improve the mobility for handicapped persons.
We measured the physical load with unimpaired
subjects against the wheelchair’s rear tire pres-
sure in the room and the slope at outside. We
evaluated the physical load by the oxygen uptake,
the wheelchair driving force, and the heart rate.
It was clarified quantitatively that the tire pres-
sure significantly influenced on the heart rate,
Borg scale, the oxygen uptake and the wheelchair
driving force. The results of oxygen uptake and
heart rate when wheelchair climbing up the slope
(8%) showed the high physical load almost the
limit of the participants. It was concluded that
the evaluation method of the oxygen uptake

values and the driving force were useful to verify
the physical load of wheelchair users referring to
the tire pressure and the road environment.
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Table 1 Summary data on subjects
Subjects Sex Age(yrs) | Height(cm) | Weight(kg) [Heart Rate
A Male 56 175 71| measured
B Male 32 171 63| measured
C Male 27 174 72{ measured
D Male 23 170 56| measured
E Male 21 167 59| measured
F Male 21 173 57 -
G Male 21 168 65 -
H Male 42 173 90 -
Average 30.4 171.4 66.6
S.D. 12.7 29 11.2
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Fig.3 Power estimated by oxygen uptake
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Fig.4 Wheelchair driving torque (one lap)
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Fig.6 Power by wheelchair driving torque
2.3 BE

TR R E T ERE MV 7 X DR IR
DFERIM S, A VOE[ENKLS LS EHNT %
EXE) 9 2L RN U, BEREE GH K LSK
FEENKRELSBEIENPSMITE 572, 7Y
DELKIEME T UAEFTIRPUHE 3 &0 O #12
% L5 U, BERENCE & FHOGERE) ML s o S B
Iz N ENDOMEFRIIIITHIS0% %= 2 5 KiE
EEEMAER U, ZELRIESEO T EHEO SR EH
ICREXBHEBARIZT I ENP S EL 72,

B ag ) OWFE TR, BB R b —27100Z o —
7 /5 BT #E33km/h (ML oy R IV#ES.6
km/h) OEEREMHICE T, BEBRE» SKD
SN AEFEHIT92.6W, BXE) bV 7 HEFHHFRI0.IW T
b, 4O SHOERERLD VTN EKNEE
RUTW5E, RFEBRTEIEHIEa - X E2ET LK
Wy AHFDN— T EMBEEED T U — FEIEICK
Bk &, EXEIZAS EXOMME#EBNEE SN
B2 EICKOERE) ML M—E TN &, Bk
FOHNTIRIEOHAE, Fa, KK, SRS 22
HIERTE D EEZL SN DI, SBBRFRE
WO UTHRIET 208D H 5,

FIRFFEY TIREOLTOERE) ML hoREh 5
HERE BEENE» SBEHINAHRTHRL
Tz, HOTOETHREER LG AZKA T
W3, AlOEERERD S RDIETHRIZ. 74
Y 72 G E30kPas 200kPad& & U < $910% CGF
EMEOZICEEEML) Thorke (MW7), Fab#E

& ($3.6km/h) EEXEIZ bo—27 260Z ha—7
/o E—EE Ly, BEREMMET L7,
— [ O ERENIZ B 1 B R IBHCGRE & S EXE)
7 OWESILIZHR U, FERE U TETRIERMZIZ
LB -EEZ NS, FRFEEY TR, &
TR A93.6km/h & 4 0] O FEER R FE 121124 LW
B D EFTRIRIZII1% TH O, HHFRZEO—FHER
LTWhb,

zzzzz

Power by torque / Power by oxygen uptake [%]

Subjects

7 EEFROEE
Fig.7 Ratio of power torque/oxygen uptake

3 RO-—TETLEFHNER

BEO 20— 7 (WAt BERratd) 30T
HHZICE>TRERNYVTTH B, @, FE
THOBHEFED Mg o i icBId k3 CFkls
AE) 1T K 2 EBENEM LAY TiE, [HaESE
DOHEMTAE X, 5B LU TFET B, PLEBBWES
CEBWTEHSBLUTFETEIENTEXS | EEDDS
NTWb, COMEORIME L TIE, BEFEHEEX
HREE M 5 5 %LU TH ATl F Bl g
ThbHI &, HOTHHZFLOFEHREER (0. 2.
4, 5. 6, 8% A, 30mEKR) TII244 78 8 %%
AETH 722 EICE->TWB, UL, AL &
DOEYEE, HEOMEIIAHTH D 5HBORHEE
INTWb, FRBFEFENIZEBOTIZEED N T
7 ) —Ab~NDH D A BFERRAIZIT DI TV 5 B3,
ZOMRDERNEIAEDRE L7 > T b,

AETIIEFEHICLOEBORETICBWLTHN
TORu—TETEREITO. BERNAHIIONT
BT - 1,

3.1 EBRFE
3.1.1 FHAIEKE

BN EXE) bV 7 BRREIGE S OMEIR 2 EO
2B & ] CRHIEIE Z v 7e (2.1 122 H),

fitko & 55 < D WREFTERE S 109



3.1.2 ZO—7FIK

EATHRBR IS 2K — Y fitiz o BANBE N 2 o —
TTEE L (K8), ZAu—7DHMIIH 8§ % T,
EHEOBENEILTA FS4 vV RS T34
BEEOHEM AL D _EFR8%IZAHMS T 5,

1FEM S 3% TORIKZEIZNT.6m, ETTRHEE
FH120mTH O, EHL5ME « 2B « 250D h X
LHSIZEHAB 0512 - Thb, A a—7 D&
FIZ120.8m DX A2 » i dd 5, A1 — TR
X 9 1Z/R9,

X8 RO—7DHE

Fig.8 Overview image of slope course

TOP VIEW
I 28. 8m |
m: 76.0m I
2.5F g 3F
_ T 1 - = |
IE: ']"\ 1 1 ] 2F
I lel OLETmI |
| 28.8m |
31.6m 2.8n
FRONT VIEW m [

2.5F

-~ i3

=]

1.5F ——= |~
_g\'(\ﬂ_“"

Approximately\B% (1/12, 4.76° )

K9 zxo—7oEik
Fig.9 Profile of slope course

3.1.3 #EBRELFAAE

PR IR RABIES B TH B (F2), Wk
#D. EFHWLWITOEMFICENTHS 2, #B®REA
~CREOVTOEBIEIENS 12D, EBROFIZEN
A D BRI 8 WO THMTETRE 217 - 72,

HNFT DR —7ETIE. 1T o HLIREE
DOMEHATEHCR A Lok, 3 E Tl L TAm—
7% L0 (K10) < DR OMREHE & g EK
B by 25T 5, 3 B TL0 I LEIRRE D R
BER A%, BTkl TR —7% T 5%,
BB, HOTEECZ ho—7 E@#FIRAHBE L,

20 —=7OHTIE, 1L 3BT b oM OLH
IREBOBMBBIEZFM L, LD T D7) XA
FA M) —LE2HWTIOOR Ty 7/ E L,
Za—7D LD T OFHIlIZENThOEHTIZE
WTHRBERE & & 1 mEHIZETT - 72,

LA OEN 3 A o#EE (AL DL E) T2
WT, Aa—7FEbDA, HVTIZ60X ba—7/
s BATIZ60R 7 v 7/ E100R 7 v 7/ %% 1
B U 72

R2 WEREORH

Table 2 Summary data on subjects

Subjects Sex Age (yrs) | Height (cm) | Weight (kg) | Heart Rate
A Male 21 167 59 Measured
B Male 21 173 57 -
C Male 21 168 65 -
D Male 42 173 90 Measured
E Male 56 175 7 Measured
Average 322 171.2 68.4
S.D. 16.1 3.5 13.3
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