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PHYSIOLOGICAL RESPONSES DURING PUSHING OF A RACING-WHEELCHAIR
IN ATHLETES WITH SPINAL CORD INJURY

SATOKO TAKAGI

Abstract

The purpose of this study was to investigate the physiological responses during pushing of a
racing-wheelchair. Five subjects with spinal cord injury (T 4~L 1) participated in two experiments.
In the first experiment, the subjects pushed a racing-wheelchair mounted on a roller. Pulmonary
ventilation (VE), oxygen uptake (VOs), heart rate (HR), blood lactate concentration (LA), and rating
of perceived exertion (RPE) were measured to examine the physiological responses during submaximal
and maximal tests of wheelchair exercise. The mean value of % VQO,max at ventilatory threshold
(VT) was 60.7%5.3%. VO3 increased curvilinearly with speed, and HR increased with speed, form-
ing an S-shape. HR increased linearly with increasing VO. before the VT, then showed a steeper
parabolic rise to almost maximum, followed by a flat phase. In the second experiment, during 1500-m
and 5000-m wheelchair races and a half-marathon, VE, VO, and HR were measured to reveal the
physiological characteristics of wheelchair racing as a competitive sport. During the 1500-m and
5000-m races by four subjects, the mean values of % VQzmax were 73.1+7.3% and 66.0+13.3%,
respectively. During the half-marathon by one subject, % VOamax reached 72.1%. These data suggest
that wheelchair endurance athletes compete at very high intensity (over VT level) in wheelchair races.

(Jpn. J. Phys. Fitness Sports Med. 1998, 47 ; 73~86)
key words : spinal cord injury, racing-wheelchair, wheelchair endurance athlete, 'ventilatory
threshold, maximal exercise
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Table 1.  Personal data concerning the subjects.
Age  Level of Yearsin  Years of Height Weight Arm Length Skinfolds (mm) Weight of Size of
(years)  Lesion Wheelchair  Racing  f(em)  (kg) (cm) Tricep  Subscapular  Wheelchair (kg) ~ Wheel (inch)
KB | 28 L1 7 0.5 170 52 7.3 5 15 8.0 2%
KS 3 T6 6 4 168 54 72.8 4.5 8.5 8.4 26
MT 24 T4 6 1 170 47 74.8 3 6 8.0 27
0D 29 T 6 0.5 172 52 74.5 4.5 9 6.5 26
TN 32 T12 5 2 174 64 76.2 7.5 23.5 7.4 27
Mean | 29.4 6.0 1.6 170.8  53.8 75.12 4.9 12.4 7.66 26.4
SD 3.8 0.7 1.5 2.3 6.3 1.72 1.6 7.0 0.74 0.5
Able-

KY 23 bodied 168 64 71.4 11 13.5 8.0 26
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Table 2. Physiological responses at rest, ventilatory threshold (VT) and
maximal exercise.
REST VT MAX
VE (1/min) 11.09 ( 0.58 ) 33.94 ( 4.49) 80.52 (25.86 )
VO, (1/min) 0.169( 0.035) 1.136( 0.203) 1.881( 0.362)
VO, (ml/kg/min) 3.15 (0.65 ) 21.5 (5.58) 35.5 (8.93)
HR (beats/min) 77.6  (10.7 ) 139.6 (13.6 )° 180.2 (7.4 )
LA (mmol/1) 1.3 (0.3 ) 2.5 (0.5 ) 8.6 (2.1 )
RPE central point 0.0 (0.0 ) 4.6 (0.5 ) 9.4 (1.3 )
RPE arm point 0.0 (0.0 ) 4.6 (1.5 ) 6 (1.5 )
% VOzmax (%) 9.1 (1.8 ) 60.7 (5.3 ) 100.0 (0.0 )
SPEED (km/h) 0.0 (0.0 ) 17.0 (2.7 ) 24.0 (2.9 )
Values are mean (SD) ; n=5.
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by

"

b Lz, FL—Z U TRIROMED D
2%, #EL HR OPEIELXITV, ZORBKRE AL
CEIFARMTHS ).

VO, & HR ORI EEREIC L > TEVAH
HDHN, I EEEEITHRIEELIDSFEL
VO, T?D HR BEHWIZ &P nTsy, biK
EEIIBWTY VO, & HR BEMBEBRTH S L
WIHEL WL O0H AP, Vokac et al’? DR
BT, BEEOHYA 20 70 VO, &
HR SEMRBERTH BN, Wiz oo x>/ TQH,
HRmax {3 £ Tid VO, 123 L T HR I3 EHAYIC
ERAT DD, VO, L0 EICHEITHICZ D, HR
BH T Y LT VO, BIFKREL A, FL
T, WA 20 7L BLTRE VO, D& &
D HR IEEWE S Twb . SEIORIER R TIE,
VO, (2K LC VT AL F Tid HR IZEMHIIC E
AL, N8B IA5051E HR ® VO, (2
Wt sEME LANASK, BICETHIZRD
HRmax f3E Tld VO, 7213 5K& o/ 20D
BAARIE B0 B~R 72 Vokac et al®® OFiy 7~ F >
FORREBULEIAN DD, ZOLH) BRI
d B 728, HRmax H720) TD VO, (T8 L
weEwnz X,

%V0zmax & HR OBELRICDO VT, VOz &
DOEREIEELRY, LTFLD EEEEDIEI DT
BVEEL Y BFEL %VO0max TP HR ¥E W&
V) BT, ) TR AW, R FERICER
MEECTHhsLnbhTws®, KT,
%VO,max 12X L T® HR & VO, 12335 LD
AT, BRI R s S TERMICZ o7
A, ZOHEBEFRIEENCEZ LTLEDHDT
XenwkEz o,

THEEZTO VO, & LA OBRIZDWTI,
BBEFZIZOVTHE L OHEHH 548205 i
2SRV TEMYA ) Y TOREBE LTS
Bevegard et al.V OEETIX, FL VO, TD LA
Bz o r0iE)BE L, LT TO VO,
BhEw, oF 0, REEXE LA PSS RD
RFTVEWVIZLTHAEY, BEED LT TO
% VO0zmax WAHREZ L D bSO L)
ELHD, SEO VT BT S %V0smax 122D
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WTHZE)Tho722S, BEEHED LFEECBY
HEHITEICER 2 Mo T A BERFEEE L F
BT hweEbns, 72, 4HOBIERKRET
X, LA %% 2.0mmol/l L FOEAITIZIZT—ET,
FNEBRZAEHEITIE VO 1235 LA 3EA
EWRKEDPo72. %VO0smax I L TIEFN LD

BMAZEDI/NEL, %VOmax & LA ORICIZAE
BELHBEMER S22 LY, SHOHETD
LA fEISAH B 2 BHELRL TnD vz 5.

HR & LA ODBEBRICBWVWTDH, LA » 2.0
mmol/l LN & N %88 2 556 120 CEMRE
JRC& 7. WEZORAMSREE & ALEEE D
BRI TEL2BERIG L L b TS
B ERBTFL-RAIBVTOABTHL EEL
ba. SHEOHREHMEOHEL HR 5 LA
*THT A EOWEEERLTBY, PL—=
VTR TAIENTELEEZONSL, Ly
L, R CTIEREERIS D w0, ZoOBR
NOBEEICALEYH Y, %075 IUEICL
DREZLDDLLENH 5.

Mz T, SH0OEETIE, HEEIZLIZO>VT
2OAMO N L -2y L B L — A HERFE
T OEBZRINE DB L% A D20, WHE
POV, M=oV FHRE VW L8
NI TH L. LrLERELTC Al1Mo k
L= U T a7 o072 2 BT AL NT, B
2HD ML= T RFTo 1 AIZB VT
VOsmax 2 VT TOD VO, IZEALSEHR SN, B
AEBRICBT B ML —= v FRRICOWTRESE
BTRHE L DMENDH Y, Bunc etal? 1& VT
1L EBLTHRBBIICZAT, VI T®D VO,
L L 2wvads, VT TOEEEA B+ 5 &8s
LTwa., BboAaSIzARONSEE 14120
W, VI TOMEE I 15.0km/h A 5 20.0
km/h IZ[A] L L7z, % LT VOpmax 121312.2%,
VT TOD VO, (21315.7% D LA S 7z, &
B LTO VO, EHEF/REL holzbwn )
BETHo72h%, %VOmax ZRKEL@ALT. &
BEZA 9 % HR E#4 L724%, HRmax VT T
?D HR IZIFBAE A SN d o 72, LAmax (3%
L horzds, BEICKT S LA RVT TD

LA WAL P—=or 723 LoTERE
PHAHTHY, V-AHERTOETT I =y 77
EXFELLKMET AN TH- 722 L BERTH
9. —F, AR LOTEIPATH>TH,
B1ED M == 7 TEFNEEE IR b0 AR

ENBnEwiflddorz. L LagEr»di
WOT, SOOEREERT LI L IITEREND
BB

B. hZv¥, O—FTOL—-XBEBSFERT

ICH 1 3 EIRFAVSH

HIEF L — A OBHE L b A HALRETO
EBFHEEICET 2 MBI L A LR
Lakomy etal?” Z FL v FIVEHWT, *tE
BHEI0ZIZOWT, L— AR IR EST
TOWEEEER 7 A N ZITWEERE D VO,
EREOBMBER AL DY, EEHS 5000m FEFT
O VO, BB LTWA, FhicihiE, rLy
FIWVTO 500m EFTH O VOz iF 1.501/
min, % VOmax 1376.3%, #HE X 14.8km/h T
o727, VOsmax & 5000m FED ¥ £ AlZDWT
EHEELHEBEREH Y, L — AHBERTFE M
LB BT S SICE VBRI A S
Nz, WEEHRAMNT A P TOREED 14.4km/h
(4.0m/sec) D& XD VO, % #FDWehE ORRFHME
EL, 5000m EDY A L EDEBRLATEY,
T IR D 2 VEE TR oz, L
LTw5.

BHFL - AEERER T2 HCS720, Fh
BT AT =y VRHERT OB L ED L —
AREREFECKRELSLEAT S, BT 74 =200
DI LS REEET, BWELROTH LD, Hifl
AL DT B B IYIRIE & BROSIR VD 2,
ZLTEDL) ZHEBEBIFEE LML —=
FEBEATVITIZL VO, L) 2k Bk
RWHETH L. KFEORZZOFIZH5HD
EITHO HR 2HE L2055 L —= v 7 Lzn
EVIHIEEL DY, FhmE TREATFIC A
VB MEEH ORI EE L T A DL TTE
7o, SN RER D% L, B L s
HFEAZ L DR A B Z L I3EEL VDT, 1500 m
&, 5000m &, N—TTITV L OERKEELTO
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B#rsarbZ izt EEol 1500m ETOF
B VO, 1% 1.4021/min, % VOsmax (& 73.1%,
5000m 7 Tl 1.2451/min, 66.0% T& 1y, HR
2OV it 174.4 beats/min, 175.0beats/min &
lZ12[F U T& o 72. HRmax fF¥T Tid HR 25131T
—ET VO, ML TwtwnwH)u—I—Lo
FEITTORER L FRIZ, 1500m FE & 5000m #T
i, HRIZIZIZFE L TH A VO, [ZIZE VD H -
72, M OWETIE, N—T7<TF Y O HR
REIE L7 & 2 AEBERNRERNALNIHD
HY, 1500m FER 5000m ED & ) LEGIEED
FEAT T, MR, EBRENLEZ»HLLEZD
N5, Xo>THR DS VO # %VOsmax % K
HZEREELW, L2L, ML=V 7OBICE
W, FOEFTTOAHEER N -2V 73R %
ExALECE, HR OWEZIT TS+ %0 T
EEANYAP R W

1500m &, 5000m EBZ2WT T v 27 18
(160m) T & O#EE L VO,, HR DEALE A5 &,
1500m ETIX, BEOREERTOREVHRE
IZOWTIERED VO, PEIFEL Y 34 7% <, HR
FIFIE—EE 3B ERT RV Ry —
THhotz. BEOREDNHFE VKT LR E
IZoWTiE, VO, 2513IF—Z T HR X7 A LA
B o7z, 5000m ETIEBPEOREIZETL,
CHR BIEIE—E T VO, WAL ANS LS B L
WYY — %o 1. VOy 3 EE OIS
31ZE b Hho B ET 525, HR IETZFNIZE D
OB R Lk wz b, £ LT VE E HR
WL REETHo. T2 EbT—
55— EORIEEFEL TR,

O— FTO5000m #EELELT, PFv T
? 1500 m &, 5000m FEDOHE R HR MMEH - 72
P, FOERIEZO— FL—APEBOKETH-
b lwnwy bl FFu A1 160m &
W, AE=FBLZLIZ W EBHIToNAE.

N=TTTI) Y TOREETLIA(IN L —=
FREFIUOTHE B DOEF) T, VO, 1T 1.773
1/min, % VOQ,max (¥ 72.1%, HR 1% 178.8beats/
min &V ) KRIZEW LV TH 1 RBOEITE
LTWAZERThol., TOROFEEEEIZ

s

x

20.24km/h Th o712, L TH—F— LDF X
PR, ZOxEFIZ LA A 20.0km/h T 3.9
mmol/l, 22.5km/h T 7.1mmol/l TH-o72. B
La—S5—FoETEN—TTT VUV DEEILE
75 LA EEEOHBRIPRABOL DL, 20
BAEEbrH L LA PR LA T HER O OBLA
WMEHI) TEITLTAEEZ LNLY, B
F~ 7V OEBEMEFHIEHL P TR, FEE
TO LA MIENLET NG, BROREBIZEL %D
Aibxk A5 L, L &Er RV T HR (ZITIE—
FETHAEDIIHL, BED VO, FRTFITHART
INEL o T2, T MYLTEI O HR 3% R
FTINEL Y, TA M 4~55MiF VO, B
VOomax fFITICE TEL Tz, ZOETOBED
BEEEELZATENTELDPLSDT, 3
BDOWNEEZENZDOWTH O T —ATO 21 km FEAT
Iy, 1EQI0m) ZEicTgy Fre kol 1
FZen#EEL HR OFHEZER L 25,
BE (A PAS—= MEBEL) T2 % & HR 1A
3 L CHT AN S (o Tz,

1500m &, 5000m &, N— 77TV T TX
TVT 2BZABEVHEEDEITTH L I D57
Mol EITHORSE LT, K2 5000m E &
N—T T T, HR BS—F T VO, X EE
MR LT e RFRAbhsz. L,
M EB AR EIE, W VO, REEN—ET
HR 7 L7 LT CETHTTL B e Bbh s,
0 — 5 — EORIE TIIEEE TOETRE A5 7
BT, N—=7<F3V DI ALAN—= MNEFIZH
2B &) ECEERTH L 720, RBEICL 5 EE
VDY, EETREEROETHEIE W
®, HR 2 VO, DG S HEMIC 2> T A, &
DEHI BV —AREAEIT) DIZE o THHEKES
TLABTHASH. UED LI 7% HR # VO, DE
BIBAERR L LTORBEEZONEN, £
DAHZAL GRS LIS HROBEL o7,

V. B #9

A7 CiE, L— AHBEATETHOEHZER
InEEMAZ L EANE LT, FHEES (T4
~LD)BEMS L5 BICSTODERYIT- 7.
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E—DFEEBRTIE, 0—9— LTl — AHERT
TR T 070, AR TEE L R AERICBIT A48
BENREEAD 0, BEAE(VE), BRFERN
&= (VOz), A% (HR), IMLPFLERIERE (LA), F
B EE)EE (RPE) % %€ L7z, BR Rl
(VT) TD %VOzmax i3 60.7+5.3% T o 72,
HEICHT LT VO, i kBB L, HR
FSFRICEA LA HR X VO, 12X LT VT
L CIBERIIC LR L2, 2okays -
AVHR LN, VO, L) BRICHEITLERY, £
DRIE VO, DANHEEN L 72, T DOERTI,
Moy Ru— T, L—2AHEKFTH 1500
m 7E, 5000 m &, N—T< 5V HFD VE, VO,
HR ZHIE L, ZOHEE L COBMEZHEL KL
4T- 72, 1500m, 5000m FEATH D % VO,max
EENFN73.127.3% & 66.0+13.3% (4 %)
THY, N—=TTF3VIIBNTIET2.1% (14)
Tholz. TNOOMERIE, EAFORAMESER
BEFEADVT B2 L) BBOIRETO
L—2A%4ToTnAI ERRLTWVA,

o
WRaEBRZBICH720, RFEEOERIZETZ 1L
WMo TKEEVE LIBEEZAR—y b & — 4
TR VOBRICE#C LIS, 2L, L
DB N2 EF LERTFYS Y v ORFED
FAlbr Y E#ezLES. $72, THREZSY
ILABETHRESEZ Lo, RRAKEEEY - 2
K=y HERREO ST B OB EL I+
(SHH FRIFIH5A)

X 73
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