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ABSTRACT

Purpose: Wheelchair race of the Paralympic games have become increasingly
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popular in the last few years. Development of a wheelchair is record improve very it
being important of an athlete. However, there are little quantification of mechanical
output of an athlete playing a game and kinematic information while development and
study of a wheelchair advance. The purpose of this study was to biomechanics analysis
of wheelchair sprint racing the 100m and 400m race simulations using wheelchair
ergometer. Methods: The six wheelchair athletes (age:40.5+7.2yrs. BH:165.5*
7.6cm, BW:55.5+8.7kg, Class: T53,54, 100m time:16.08 +1.03s, 400m time:54.41
7.37s) were participated in this study. Subjects were performed 100m and 400m race
simulation each wheelchair racer attach on wheelchair ergometer system (1kHz,
KEKU,Canada) . Reflective marker was attached to the upper limb anatomical point:
acromion, humeral lateral epicondyle, ulnar styloid, Finger the second metatarsal.
Upper limb extremity kinematics data was analysed using the motion capture system
(200fps, BTS, Italy) . During race simulate mechanical model was applied form
primary research. One stroke wheelchair power output was calculated from push force
and disk velocity. One cycle time of spatio-temporal parameters were determined by
power curve, stroke frequency (SF) was calculated from the reciprocal number. Stroke
length was divide average of one cycle velocity by frequency (SL) . Mechanical power
output and spatio-temporal parameters of race simulations were indicated Mean = SD
each 10m or 50m phase.

Results: In 100m race simulation, maximum speed was appeared just before 100m,
but the 400m race simulation was indicated between 100m and 150m phases. Stroke
frequency was not difference between 100m and 400m race simulations. As for the
velocity of both races, what SL influenced than SF was accepted. As for the force,
decrease was present, but the power display was steady in 100m race simulation. On the
other hand, in 400m race simulation was indicated that decrease both force and power
output. Maximum velocity was not significant difference between 100m (8.13 = 0.8m/s)
and 400m (8.45+0.41m/s) race simulations. Conclusions: This study suggested that in
wheelchair race, rate of velocity was key factor in 100m, whereas maintenance of force
out put was important in 400m. Higher performance was characterized as narrow rim

range power production in both 100m and 400m racers.

TS EE LT, 87 ¥y 7RI H

"B LCiE, EOBEBIUANO AL 1R R B fif X
2020 FFDHEIA ) v ¥ w7 - X5 Y ¥ v s L MEMEESERE SN, EFAODEML
BMEDUIEIZ X ), BHA R — v 123§ 2 Bk R T&7z FICEIEWT~YT vy YERICE LT
DIEEEoTWVE, 20X BHEDAR—IZ &, LT Y T RETEE L DAT L

T v AR =V EEE Vol. 40



RERLCEL 0, MT v BT, 2016
F)FREIZBNT, BT (T54 277 A) 400m
B & 07 1500m Fidk TH A FL F S L 22
i, BREMADOED T > TETWE. L
AL, 100m OHEEAEH % T53 7 7 A THTh
5L, HHRFLHED 1363 I LT, 14048 &
R E DEPRECFEHDO—2TH 5 .
TPED/INT ) Ly 7T A — bADH R —
BRI E 5 7230 THh L. BT T
ADEN TR ENZ K o THBV — VAR ) BIG 0
I—FRAY v 7E, AV Ey 7 TORERTY
A — b OREBRAEANE 2> SN HE SN W EDS
Z FRYORETO DL, F/2, 851 vy
I ORI E LT, HEDVST =<y ATk
SCBMRT A, RIS, HWIY TV Y OREERE B
B &, 1984 4E 5 2000 DY K= — K& T, #
5043045 A4 AhEEMLTwE Y, ZhuE, HE
DU & o TEFOH IR L LS
ZEbo I ERBBLTWEEEZ LN Y
BT, EBEOL—ZANFFV—LLT, 5
—EOREFIRICEET S &, H O AR
YRV A EMACHEESES X0, Fli T i
ML WEETHIIBITT 52 LA TH S
ERRERIICHEBE L TW A 2o X ) kBRI S
Be LI EIC B W CRAEEOFIICIE,
LRFENGFIET A2 ENFHEEINS, LaL,
DL BFEFLZFIZBNTY, SO
BEICHT 2T U ARZLWEIRTH
L. 37 yEy rEFicBeTE, #FHHO
[OHR] oRe)), BEhAwr I A, ZLTHEZ
ERkA B RER ARG L2 T Ui 5w
B, EBRIZLELEREAREL TN 5
ENALOEAIZB T 2 0%E1E, Ve ) 57—
YarvixHME LGNS SN TwE)S, B
LE RIS T 5 E1T2E 1L 4 7 v». Chow
JW ¥ Chae WS 2 i3, BELH 100m O L — A
IZBWTE A AZPET 2 ERIE, RARKEED

FH Yk AR— Y FEEE Vol. 40

267

WELTWLZ e L Twb. —7 T Tiago
M & Barbosa EC? 12, 2016 £00/85 1) v ¥y 2
7= ADHENT 100m FEFEDO L — A5 21T - 72
FER BT ORIGEE X 100m XA THIEEY
BANT—HHICEEL TW ARV L2 HME LT
W5, ZOXHI, HEOHEWTEHRL - A
WCRZ—FHLIZRAEIESL LW WIRIR TS
5. PEo TR R L — A FEARN 2 H
R, TORMER L 2 HIGZEMNT A —F —B &
OCHFHEROZILZ ERlb 5 2 Lid, Hny
W BUIA N -2 S %% D) A TEER
YRk L 2 5 b E Z 7o HICARIZEE, BHuwd Ty
TA=F =%/l =2 I2Lb—varnrb
L—A¥ A N EY R, 1 A ba— 7 FHily
DEVWEHFTLZEZHE LT

1. B &

1.1 MHE

BiBREE, XY vy 7B ER T ER A
T AMNe&Et, TH3,54 7 7 ADHNWFTINT T
A= F6HTHol (FFlr405+725%, FE
1655+7.6cm, 1K 555+8.7ke). FEEREHIIZH
720, WEEICH LT, EBROEN, AEBLD
fERPEICOWTHH L, FHISTERSNOM
w7

1. 2 XREHE

WBRE L, FEBRRNC T =30 7T v T
AT 721212, Hng TV T X — 4 — 1T 100m
BXU40m L —AYIalb—Ya vy 18T
DEJ)TATo 7z, W OIS & ERE L TRl
1R DL OB A A TIT R o 72 L—A Y
Ialb—varitiy, SHEBREORE VT L —F—
FHWTIT-o 7.



— 268 —

1.3 BEWTINIA—2—Y AT LOBRE

BLUVTF—2E

10mBLF400m LV —A I L= a0
Hili bV (J7 @ Force), HEm#HPBEB L U7 —
DOFHINCE, HEHOFE W) IT—% — (KEKU
) ARVCTY YT v 7R 1kHz TRH
#fTo7z. RFZEICHHEWT IV T A — 4 —
i, MAOHEWT L —F -z TV I A —
¥y —Ffkou—7— FICEZEL, U—J—0iH
FHIETAHEE 2o TwD (1), M212ik
RINTA—=F = AT LDO—HOREE IR,
KRIAT AL, E—F—I2XoTHIESN, T
TR — & — L) AT Sz Lo b -
WX > THHERO b V7 2L, £—%—T
B SNz &ko MV 7 06 IO #ERO bV 2
RELGIEEAEDO MV 2FHIIL 72, FHIS 7z
P27, U—F—OREEEFETHRTILIZE-

ThNV27%J) (ForceN) & LCRL7Z. L—2A
YIal—YarvE-FCHALLZAMORE
1, EEOL—ZOBRERTIZEDT 572012,
BTN % & TOM|PT (Z253RPT, FiRIKH
FlGERD) 2EBL2L—AY 32—V
YE—FEMEHLLZ. EFESNYFY)LAEF Yy
FLTHhL))—=ATEHETOLHA 7V,
¥ BV A2/ % A T 5 Push off phase & B
1273 % Ji 2 T\ 72 W Recovery phase (24571 5 11
% (M3). 12N Phase 12 81T 5 RKIf7ED
IV T A= =B R, Do

TRINS.
SESMa e e @
FA-FR-Fp=Ma «ccocvvrerereeennneeeannn @
FaA-FR-Fp=Fy« v v vrrrreeneeneeain. @

ZZT, MalZ&fhkDE— A b, FalZBEED
I 727, FrIZEWT L — 9 — L & Oz

1 oI x—&—=hElk) B L OFEBRES ()

Athlete’s Force

sipring | Rolier2 [ Motor Rl

® Finertia: F, =(M -M,)a

. 1
Motor Ampl. | (2) Aerodynamic drag : F,, = 5 priC,4
M I p=12328. A density,
ﬁiMI... w S
é < r C,4 =021m’ 1o 0.23m” test on racer in windtunnel for speed between 20 to 40 km/h
gl 1 [ +finertia (7 |-»@—+ command |
o
g ) .
=| ¥ @ Rolling resistance : Fy = ;Mg +k Mgv*
2 ic drag
% Rolling friction ﬁ where 41, =001 et k, = 5.\‘1()'63.—:
HH I 1 friction (:) m
ilS m athlete + wheelchair weight (kg), g = 9.81m/s*
|
(@) 1ntemal friction > coast down calibration and polynomial evaluation :
—|Dlwlaylsavodala Fema =B +B*v+ PV + PY
Computer - N

K2 TVIRA—F— AT LBE

FH Yk AR— Y FE Vol. 40



(a) push off
. «—F,
' Y F=Ma
& e Fo-Fa-Fp=M
f A~ Fr~ Fp=Ma
(b) recovery FaA-Fr—-Fp=F;
F, Force produced by athlete
Fr Rolling resistance force
E <—Fp Fy, Drag resistance force
1 F; :Inertia force
"

M3 L—AYIal—3aryE— FONFHETIV

P30 3RHT, Fp 13 Z25URPT, R 3w oEME %
Y. Fp, B X0 Fr Offid, EAFRFESRL Y
(M2:®@, ®@). AWFETHEALIZZOL—AY
Ial—3a Y EFVORE, Jean LL et alV
Lo TREH SN T 5.

X 424, HEfEE, Hig Vs BIUNT —
T ERT. BTl —ZAvIal—varH
DRFZERIST — A =5 —%, NT—FT—=5 LD,
1% A 7 )V % Push off phase & Recovery phase |2
Gtk 1AN—2 K Abtu—JHEEB X
U144 7 vHZ 58 % Push off phase FFfE o [t
K % # ) L 72 [Push phase ratio (%) = Push off
phase (ms) /1 Cycle time (ms) *100]. /¥7 —35

— 269 —
FOHF—%1%, 1 A ru— 7 FoFIEHE % G
L7z, =AY 3al—yaryhoghlss x—
% —i%, 100m L — AT 10m [X 4%, 400m L —
AT 50m XHEIZPIgE + EaERAETR L.

1. 4 EEFTF—-20NE

L—2Av3alb—¥arhoboEasss—
7, E—var¥x7Fr—T A7 L4 (BTS
FEB) & V> CERAE I EUE 200Hz TEHI S 7z,
INVTA—F—LE—Tar Xy TF Y-V AT
2%, BHOFEMY A7 212X - THEBFEE S
7o, WERE ORFERINCE, T Py —h—
el A L

HROEAI0 M THo7z, BHFOF v vF LY
) = ANEEFES S 72012, HigE 3607 1257
FL, Higodbz Ea L o mEERE L,
SR & WERFE O 2 P RENOY - D%
TAEE ROz (H5).

il (a) Velocity

Velocity (m/s)

Z
[0}
o
(e}
[V
{52
o
B
o

(b)Power(W), Force total, R, L(N)

i (c)

Power (W) Force(N)

1Cycle

Recover

Push off phage 4 Phase

Time

M4 HEgHE, U=, F=s TN, 1A 2 VoEE(T)

TH b AR =V FFE Vol. 40



— 270 —

270° ... CHNSEEE.....

Wheel rim catch and
release position(deg)

180°

5 NYFYLAFvyF, V) — AMEEESR

2. # R

AHFZED 100m B L M400m L —A ¥ I 2 L —
YavIALLEREBRED Y - ANA ML, LA
YIial—a yMRWEER L2, fEt A
BhmlIAbNeror: (R1).

2.1 100mL—X¥3Ialb—Y3>
I00ml—AYIalb—Ya oL — AN
=, HlEHEEAS T — VIZ [ CHEI L T
HEmERLZ. L—AYIL—v a3 yPoRk
ML 8.13+0.8my/s ICEEL, TV THHE LA
(R 6). ZOREORZER/NT X —F — 28T 5 A
bo—28EL, ZIFAY— 2L T—VET—
FEHERL, —HAu—27 Eid, HEEEOZE
Lk /8 8 — v &R LIz 1A 7 VDR
X, A= 2bT—=NVETIEIET—EDMEERL
7273, Push off phase DI A R L7z =
OBEOHERHNT —1F, AY — 25 T—Inly
T 400W DA R L7245, 17— ICH LT
(&, BRSO & R ) AT B N R R

£1 100m, 400m L —A3 I 2l =23 DF A LB LM T A —% —

Race simulation average velocity average distance  average stroke

Best time (sec) stroke (times) frequenc
time (sec) (m/s) stroke (m/stroke) (stroke/s
Race Mean SD Mean SD Mean SD Mean SD Mean SD Mean SD
100m 16.08 1.03 15.60 1.83 33.00 4.65 648  0.68 3.08 041 2.12 0.24
400m 5441 7.37 53.79 261 9580 6.80 745 037 419  0.29 1.72 0.23
100m 400m -
100 -8 100 18 8
3 [
% 80 + 195 80 + I A,‘é
2 60 + 60 1 % 3
: W T e I T |
o 40 + 40 + =T
S Iz
20 1 —e0—e0—0—0——0—— {3 2 20 1 >0 -0-0-0 0 o0 —0T2 °
o
E 00 4 1o 00 L Lo &»
£ 700 70 700 70 -~ )
o X - Velocity
% 600 + + 60 600 + T 60 G _g Stroke distance
e 500 + 4 50 500 + + 50 E Stroke frequency
S W00 4 lao 400l 140 @ —® 1Cycetime
n: é g —e Push phase ratio
% 300 + + 30 300 + T30 g -@ Push off phase
2 200 120 200 + & 120 £ o Pover
£ 100 + f10 100 4 10 & R
"% ol Lo ol Lo
700 T 250 700 T - 250
600 ¢ Lo 80T 14200 =~
g 500 500 + <
T 400 T 150 400 + 108
% 300 é 1 100 300 + é " 100 I.E
o
200 o —0—-96-0d o, @7 O —0—0-0 0 0l
100 + 100 4
0 0 0 0

10IZOI30'40‘50‘60I70I80'90‘100 50 100 150 200 250 300 350 400
Distance(m)
6 100m, 400mL—ZA¥ I 2l —3 a3 yHoOHEE, KEMNSTI A= — NU—-BI0NT7—5 D%l

T2 b AR =Y EE Vol. 40



L7,

2.2 400mL—X¥3Ial—Y3>

400m L —AT3Ia2alb—=ar DL —ANY —
E, B DY 100-150m [X [ T 8.45 % 0.41m/s
WCEBEL, 2ok, TV TR LTr<
i ZR L7z, COBOA MO —ZHHEIZ—ED
ERL, —HTA M= R, HHEs &
WZEALE R L7 (K6). 194 7 VvEiE—E
fliz7" L, ZOEED Push off phase M T IZ 50m
XMLl %R L7z 400m b —A Y I 2 b —
YarhoNT—41E, RAO 50m X THRA
lAERL, T— N TR AT 5 %
R L7z Mg ST — ik, 50-100m X [ TRl
HABI, O T— VI TR 5 MEE %
RL7z

2.3 L—2ZXY3a1lL—Y a3 EESHSE
724k Ny RFYLA0FyyFL)1)—2R
FLEIZDWT, 100m & 400m L — AT I L— 3
YHDY A LOBENTET LS L HETFOMES] A
RLZ, ML—AY3Ial—Yaryhodxy
F ) = AMEIZBWT, ¥ L20ENR-R

271
Fix, V) —AEE, AF¥—F+pb5T—LF
T 260deg ¥t % — IR D, F v v FOME,
20~40deg 7> & 15 4 12 120~140deg (2 BAT A S I,
FywF L)) = ZAOFPDPRE AR E > Tl
s H SNz, —HT, 540055 EFICB
WTlk, A= 06T—=NVFEFTHFrvFL&)
1) — Z[LEASEWEIBH TN — 382 L CWw A 1
A A & 7.

3. £ =
3.1 BEWFIINdXA—%2—%#HWEL—X

PIal—Y a3 OEYM
RFZEIE, HWFT VT A—F —F izl —
AT aIb—Tarhrby A A EE LIRS
BT A—F =B L] A ba— 2 HiloEny
AMET LI EHBNTH -7 5, AWIZET
MWW F I VT A= —DL =AY I 2L —
TarOELYEIIOVTHEmET A, AifZETH
WEHWTIVIA—F—DL—ADY I 2l —
AVIANEY—ARURAMNDY A LRI
TfER, L—Av3Ial—2arD¥y A ahy—
AUV RAMDE A NENETFTED L AHNE
AR LCH, HeF L EEREZEASN L o

100m 400m

2 14.21sec | - ~ 49.79sec
- I B
% ; —— ) st e : 2 ‘"‘"‘.--‘."..a-"-\"'\"‘.-..,.fv'v-_u\’,
€ [ Y B W Release
:% P o/ - position
s t. D s S R e S " # Wb e
- R " oo
8 & 16.07sec  : 56.13sec ™ rositon
E = ; : -
3 = : S &
2 B =
= B B

E\L 15 ot 1 = i e Ewrh._‘ r"‘\/ ’V\ N\/‘/\_‘/ ka.“hv-\._‘, oed ’\.’\,‘ /."J"\*‘-A'R\.-x.d'\p‘

i P T T T T T R T T o " - " - - - - -

Distance (m)

7 100m, 400mL—AY I 2Ll —3arDIALDENILL, FxvF L)Y —A[EDILE

FH Yk AR— Y FEEE Vol. 40



— 272 —

72, KR THWIZIEWST IV T =X =5 =D ¥
A ADEBOBEEDO S A L L) A2 7R L
ZERAE LT, FndL—H -tV TA—%—
DU — T = OIMPUEAFEIE OB FFEIE LD
LMl S NG 720, HRELTY A LICE
T DENH S NI EEED D D, RIFFEH 7=
L—ZA33Ib—YarE—RNk, FEEOREL
F v 7 TGPS THW TN L 727 — ¥ o i %
1T o 7204 gR I B IE, WRMEIC DA Stk
Mol b ERELTCWwE Y, ity Ta—
FEMWIZL =AY IL—Yaroy A Al
HTOESEIAELL 0D, ZDHIINEL, L—
AHDONB IO T —%FHHITE BRI, b
L=V INSHT A0 TH D £ 2
57z,

3.2 100m, 400mL—ZX>¥ 32l —Y 3>
CEdL—XNm2—->

KIFFED 1I00m L — AT I 2b—va ol
JEZALIE, AZ — N5 TV CHINY A 1H
MWL, T=IVCRAEEIZEET /85 — ¥ &R
L7z, EBOF WY 100m Hifix 2 50/ =~
T H AT EBCTHH L22#% ik 2, 100m X
M CTERAEEDZ B L, TIZHRKHE DT 100m
L— A% A4 LMIHEICHEBRL T3 I Ll
ENTWD. KIFZEO#RIL, AT DO HE
D LRLE DR TH o7 —HT16FED F
851 ¥y 7 BWY 100m L — A OHED S
TRV F R MET LA Y, AR
Fe L FRR M Ny — 2 L, B, KR
FERHB L e o722 L5, B 100m L —
AN BV CEFEDPIRRKONNT — 5% 5572012
EHEEE T X5 EFmOIT T b, — Ry
HHEORE L 100m I8 WTiE, &K
HE I, R OEEOZE A S, Bk
KPGEFRE L, T—=v 5 A L& RS A1
SNTWB Y. KRR L SEITIISE Y 2BV T,

A Y I ADRFEFHUMNRE LTS
A5, g 100m L — ADMEEISY —  DR—FK
WAL NTz Stk BhbDT— 5 OEREEEDI W
7T AR OBGEEDRLEN b &2 b, F72,
RIFFED 400m L— AT I 2l —a s i2BnT
100-150m X2 KSEEO BB A SN2 &
5, 100m PAREIZ i R I IX I 258 5 & HE
WS, AL, Tiago M & Barbosa EC.S) o
Woe s LT 2R THLEEZ LN 5T,
RIFZEDKE 2 HFE EBVE 100m L — A 2B W
T, BHENN 7+ =< 2% M LS L2012,
AH — FBEFHO 20m XN B 5 HE D
L ER) R LEEED T EDHE ST - R
MEOERE D I EDTRENT.

400m L —AY3Ial—3 a3 DL —ARY —
1%, 100-150m X ECTHRAEESHBL, 20
BT — VAN CHREDPMA T2 /85 — &R L
7z, BIWE 400m L — AW ORER LA HiiE Lz
WFFEIE UL S s, B e WHLL S 400m 3
Hho2 ba—Z8ELRO Y 1 3 27 &Kt
L2 L 8 12z — 2 ekgmlL
TA bW — 274 HY100-120 [8] /min % 7% 9K B
Thotz. RFFEOA bu—Z7HHED L — ALk
il LTI A S T, JefTRRgE & AR fiE &
Rz BE, BEEOREL400m L — 288 —
Y OWETIET, K9 100m $E 0 C Rk EEE |2 5
L, Z0f, T—IViad CERENHAT 2%
R, FLTC, RMEED S A E O #I1L
#20%THoH I ENWESRTWD D Kk
D400m L —A Y I 2L — a3 yORERP SRR
PR OFEFEEE 100-150m X THBLL, &k
L 2 & I A HE DA 1L 16 % FRETH o 72,
TRIE DR R O 400m L — A L LY 5
ERNEITIZH 5 7228, B0 L — Ay — vk
LCiE, BV 400m L — A2 BT b & o
MeFFOBEEA RSN F72, ABF%ED 100m
E400m L —AYIalb—Ta YHOAMT—2

T2 b AR =Y EE Vol. 40



B, (ZIZFE AR L7 (B 6). Perret C. et
al® 1%, 400m, 800m, 5000m o> A ko —
JWAE R MG LA R, L — AREAEEIN T 5 &
AME = HENRAT L LML TV 5.
Yo T, BERHWTHEIZH T 400m Hf E T
DHEHETIE, A ba— 7 HEDS—ETH 2 W Helk
Wa B, P HKHEEEFE % O Push off phase @
REf (3 100ms LT TH D, Z OB THE
WOMEMEEZFML, W22 72 A ba— 7 53l
DBNEDEI TR DGR D B IRIE S A7z,

3.3 L—XY3Ia1lL—YarhnX hO-
g 7]

ARWFZEIE, 100m B L 0400m L—A Y 3 2L —
Ta s OA M= T HMOBENIOWT, ¥ A
LADOFND LW AT 72, ZORR, WL —2A
YIialb—Tared, ¥4 L0ENLETFIE,
NY R LADF vy FAEOAENAY — F0b
BAIZKRELRY, FrvF L)) —ALEOH
BAR S e 2@ 2R L72AS, —HT, ¥4 LD
P 5HEFIL, A= MPO#GBEF Yy F L)) —
AL AS—ETdH -7z (E 7). Push off phase ®
B0, N FU 0% v v FEIEICRETLE
HO—2IZAMPHEST D Z LI nTn
%% 25— MEROAHIND ZHETE, K
B OSRIE I~ OBEE % K& { L2BfEIC
LT, EEORANC X o THEOEMDE < 2
Lo TAMMEEL 2D, RS OHE HI
NOBEEE LR THHIC, KELHET S
BB T A2 EDEZ 5N 100m B L O
400m EBE 5D L —AZBWThH, BELS AT
% & Push off phase D E§E 1 200ms LA T 127 % 72
B, HEGORE % A S TITREEMII ST — &
FEHES 5 7200208, KT OSRE TN ORH)
BERY LA BLTINENHL LY 25
N5, HWTHE L M BEEHEE TR, A5
17 REWEEN R BT IME R B 2 & AR

7 N AR—VEE Vol. 40

273
BRF) VI E SNTWEY, BHOBTHRET
(%, BEIEBEEO X IV L REAEE SN
TWRRETIE AL, 1A =27 F2Fy v F
&)Y — A% 200ms L O EER] T H o R
MICHFEIEEZ T RIT IR 5w, Zo—H0
e REMIAT ) o Il o BRI,
HIGORE A b TR EREES TIE, Hv F
D A UCERIE NS 2 56 L, e ol B S,
W BIZONTIHRAIINY Y ADF v v FIE
LSS, A AL b I e
RENT. o T, SHROMEOREIX, #FES
INY R ANINZTWDOKRKE ST, L
THOFHED 5 A 3 2 7 % M MGES 2 LB
WhbEEZLND .

4. ¥ @

ARWFZe1, B V$ L — 2o iR 22
/8T 2 — & —BLUOTANEROZALE I Z,
MM 1A PO — 7 HATOENERET T 5 2
LrHBE L7z ZoOfE, H\»d 100m HE T
X, A% — ;05 20m KM OMEDE EAD,
400m BEFLTIE, WAKHEEOMEFEO EBEEAVR S
N7 W, N7+ =< ADENLETL,
I AbE TNy FY ADF v v FALE
BT L THGIEEIC ST — ST I AR 2 5
FEHiE L TWh 2 EATRENT.

B

ARWFZEI LTl 0 £ LA EEAN
AARRLET T Y P AR = YRR EIC 2 212
FLLAEA CHRBH L LT T

X

1) Vanlandewijck Y., Theisen D., Daly D.: Wheelchair
propulsion biomechanics: implications for
wheelchair sports, Sports Med., 31 (5):339-67 (2001)

2) Chow J.W., Chae W.S.: Kinematic analysis of the
100-m wheelchair race, J. Biomech., 40(11):2564-8



— 274 —

(2007)

3) Tiago M., Barbosa E.C.: Monitoring the

biomechanics of a wheelchair sprinter racing the 100
m final at the 2016 Paralympic Games, European
Journal of Physics., 38 (2017)

4) Jean L.L., Genevieve M., Cécile S., Félix B., Eve

L., Denis R.: Platform for racing wheelchair
performance enhancement, 24th Congress of
international society of biomechanics. Brazil, Natal.
(2013)

5) MR, ILJIBKHS, Maasnt, it 2

HIEW B2 100m L —AD A ¥ — FZ&(b. /N1
F A 71 =7 AWFSE, 12(2):74-83(2008)

6) Perret C., Wenger M., Leicht C.A., Goosey-Tolfrey

VL.: Locomotor-respiratory coupling in wheelchair

8)

9)

racing athletes: A pilot study, Front Physiol., 7 (11)
:1-6(2016)

ot BEF, EAEG, WS, RBEERE, 4105
RINRERE, BTE BERE - BELEESEF 400
MEICBITLL =AY =2 bR T =3 Ak
OIfR. EFFIZE, 59:159-173(2014)

Chow J.W., Millikan T.A., Carlton L.G., Chae
W., Morse M.1.: Effect of resistance load on
biomechanical characteristics of racing wheelchair
propulsion over a roller system, J. Biomech., 33(5)
:601-8(2016)

Korff T., Romer L.M., Mayhew I., Martin J.C.:
Effect of pedaling technique on mechanical
effectiveness and efficiency in cyclists, Med. Sci.

Sports Exerc., 39(6):991-5(2007)

T v AR =V EEE Vol. 40



