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Kinematic analysis for the upper extremity of the hand cyclist disabled in lower

extremities on cranking with various handgrip and seat positions
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Photo 6 Chest-out Position Photo 7 Normal Position with cushion

Photo 9 Pronated Grip
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Figure 2 Analysed segments in saggittal, frontal, and transversal plane.
Numbers indicate position of markers in Figure 1
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Table 1 Rotation time, Downward time and Upward time for Sixteen attempts

Width
Crank - . L Downward Upward
Code | between I?p Seat position Grip  |Rotation time ouln“ a p.\\ &
. position time time
2ips
A001 150mm | Normal Normal Normal 0.598 0.307 0.297
A002 | 160mm | Normal Normal Normal 0.605 0.312 0.298
Coo1 150mm | Normal Backward 1cm Normal 0.598 0.305 0.298
~ Backward 1cm and _
C003 150mm | Normal , Normal 0.600 0.308 0.297
Cushion
C005 160mm | Normal Backward 1cm Normal 0.598 0.305 0.298
B Backward lem and _
C007 | 160mm | Normal , Normal 0.600 0.307 0.298
Cushion
B001 150mm | Normal Normal Pronated 0.588 0.307 0.287
B002 | 160mm | Normal Normal Pronated 0.582 0.300 0.287
C002 | 150mm | Normal Backward 1cm Pronated 0.578 0.302 0.282
coos | 150mm | Normat | Bakwadlemand o o oted 0.578 0.297 0287
Cushion
C006 | 160mm | Normal Backward 1cm Pronated 0.588 0.307 0.287
Backward 1 d
C00s | 160mm | Normal aciware LA | pronated 0.587 0.310 0282
Cushion
E001 [ 150mm | Normal Normal (Chest out) |Pronated 0.573 0.208 0.280
Forward
E002 | 160mm 02“‘ o Normal Pronated 0.582 0.302 0285
cm
Forward R - -
E003 150mm Sem Normal Pronated 0.580 0.307 0278
Forward R -
E004 [ 150mm 5 Normal (Chest out) |Pronated 0.582 0.307 0.280
cm
Mean 0.589 0.305 0.289
SD 0.010 0.004 0.008
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Figure 3 Grip speed for the normal and the pronated grip during one rotation cycle
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Figure 4 Angular velocities of the left forearm for the normal and the
pronated grip during one rotation cycle in the transversal plane.
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b) Frontal plane
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Figure 5 Angles of the left upper arm for the normal and the pronated grip
during one rotation cycle in a) the Saggittal plane and b) the Frontal plane

FRENOLE LA EE, 7V v P ERTiE
WE 7Y v 7 C-3.8£3.5deg THoZDITH L, [A]
W7 U v 7 Tit-3.122.6 deg THHo7-. TD%, A
HRJE ] 60% £ CROAENEML, @7 v
TI%-51.3+3.5 deg, BHINZ U v 7 Ti%-45.9+3.9
deg DEDY—7 HA U, 7Y v T i ERET
B DORAERRAD LTz, [BEREM 100% L 75 7
Uy 7 ERTIXET 7Y v 7 H3-4.043.1 deg, [H]
W7 U » 7 C-3.6£2.5deg 272> Tz, F7z, [H]
HiJE 1] 35% 7> B [AIHESE ] 70% F TO R IZHT
BN 7Y 7 C O L DA O SR N BN 8
7V T BAERITNE ot

RTEE N O Fifa i, 7V » 7 AT
EE 7Y v 7-105.8412.9 deg THHT-DITKI L,
BN Y > 7 TlE-101.0+8.8 deg TH-7=. T D
%, [FHSEH 20% E TADOAERHEML, @27
U » 7’ Ci3-168.0£1.9 deg, BNV » 7 Tid-16
3.7+4.7 deg DADE— 7 BA U1, T D, A
HEJE ] 60% 206 7Y v 7l bR E TADAE O
LRRAIT T o TV, BHEER 100% L 725 7Y v



=S

T EATCITEE 7Y v 7 03-105.7£10.4 deg, [H]
W7 Y w7 C-102.5+8.0 deg lZ72»> Tz, F7z,
[EIHRE H 15%7> & [EHREH] 60% E TO /mEiciun
TEINZ Y v 7 TO _FBao& ORT4ERz N A B3 @
WUy TV BERITNE T,

FAREIZ BT 5 LROA DA/ E ORI, £
R A MRS S X5 2@fEL R L, AEENIC
BT 5 LOADAEOHINE, 758 B % NG
THEOREEEZRLCND. D), K5T
RSN RARFN S L ORTEER NIZ 3BT D ilE o
Vo7 LBNZ Y v T OMOFEREE DT
FEZDHE, BNZ Yy ZOBEEITE, A 156%
N5 EEREH 60% E COREIZBWCTER 7Y v
T Lk U CEBEfioMEN NS, SRR E
Motz WZ 5.

TR ORI NS WK T, MBI
Y7 ENTRE LT Y BT IS K VIRV LEIZH Y,
T, BREEN L MG LB, INBIET
BRI DEENABICH D Z LI D, RIS
ZDE I RLEICH ST HEIS, B i
KoTT7V v 7B FRNCHIK & 5 ZenifoMadE
BDRENDSLEZ LMD, TNHOEER, N R
YA 7 AEITEMEICB N T, X0 E EEEEERE £
B DICEY ThoTmEEXBND.

V. &0

AFFED HIL, 1 D> R A 7V E %
BB & LT, Ny RV A 7 VETEECT L v
W7 Ty BRR R E R D T2 D 7 T T I,
V= NOEME, Ty TOEMERETHHD
MAESDLZETHoT-.  3RITTEMESHIEIZ L
> TEFEDOH BT OFR~T 4 7 AN EAT
W, BB SO AT o T ER, TV v TS
IR L CHERFDRD A LN, Filfas mINg
28970y TERMCERAIL, 7Yy TRTE
BB 7Y vy TR E EIFARmED 7Y v T A
— FEL Ao T, E£72, BRI/ E
<, KVIMELTNT, RIDJERIDNEL 72> T
Wiz, U EORERNG, N> KA 7 VETENME

38

IZBWTC, BINEINALERD X570 v 7R
KV EWEREEM 2S5 T2 DICEI TH o722 &
MR E 7.

V. BE~DISHA

SEIDSHTOFER, N> BYA 7 LEITEET
7V FEiERR A2 EL T, )y
EFEMBED 7 ) v 7O TN D ERA~DE) Y B
25 R BT B O R I K - Thitlii % %
BLHIHICBIEHFEH LT Y v FHEZ ED
HIEMBEERIENRBEIN. £, ZOKL
D Ie SR R T T E W A & U CRiBERI N AL 22
X977V v THRBEHTH D Z ENREE
ni-.

ASEIOLSHTIZ 2 EEDO 7Y » PRk L, 2 1
DU T UINLE, 2HEOY T U E, 4 FEOME
N EDRETORT TH- 7208, %1%, “h
5 DA DK YER B0 U C il 72 B S 2 Bt
THZENEETHLHEEZOLND.

V.3C#Ek

1) Dallmeijer A.J., Ottjes L., de Waardt E. and
van der Woude L.H. A physiological
comparison of synchronous and asynchronous
hand cycling. Int. J. Sports Med. : 25,
622-626, 2004.

2) Faupin A. and Gorce P. The effects of crank
adjustments on handbike propulsion: A
kinematic model approach. Int. . Ind. Ergo.,
38: 577-583, 2008.

3) Faupin A., Gorce P., Meyer C. and Thevenon A.
Effects of backrest positioning and gear ratio
on nondisabled subjects’ handcycling sprinting
performance and kinematics. J. Rehabil. Res.
Dev., 45: 109-116, 2008.

4) Faupin A., Gorce P., Watelain E., Meyer C.,

and Thevenon A. A biomechanical analysis of

handcycling; A case study. J. Appl. Biomech.,



TIROEEERERE R L D7 T 7 TR O LEOBEIC G 2D

2:240-245, 2010.

5) Goosey-Tolfrey V.L., Alfano H. and Fowler N.
The influence of crank length and cadence on
mechanical efficiency in hand cycling. Eur. J.
Appl. Physiol., 102: 189-194, 2008.

6) ANSEEAN QAR HsH s .
http:/fjcf.or.jp/wp2012/wp-content/uploads/dow
nloads/2013/01/16_Para-Cycling.pdf, 2013.

) R . N2 R A 7O (FE EEE
AR=YDZ=a—yx—="7). ) =T EB—
a2, 26(5) : 18-21, 2006.

8) ik H. N R A7 r0FFo (5 1E).
UneUT—i3, 506:19-23, 2008.

9) i H. N R A 70350 (5 20E).
Uy F—33 2, 507:22-26, 2008.

10) gaARSZA, WILEAE, 2 I, BHEM—, &
FEEIR. N> R A I MZBIT D7 T 2 7 [BliEER
B /IHFEAT. FRES T3S S H AL, 45 ¢
9-14. 2010.

39

JE58750
b2



Abstract

Kinematic analysis for the upper extremity of the hand cyclist disabled in lower extremities on

cranking with various handgrip and seat positions

The purpose of study was to investigate the kinematic parameters of the upper extremities
during the cranking motion on the hand cycle with various handgrip and seat position by using
three-dimensional motion analysis method. Subject of the present study was one skilled hand cyclist
disabled in lower extremities, who participated international competitions. Experiment was
conducted in the laboratory with Vicon Nexus system (Oxford Metrics Inc.) on the sampling rate of
200Hz. Twenty infrared reflective markers were put on the upper extremities and torso of the subject
and two markers were on the crank axis of the hand cycle, fixed on the floor. Sixteen attempts with
various handgrip and seat positions on the hand cycle were recorded. The time of one rotation of the
crank significantly related to the upward rotation time of the crank. The speed of the crank end
(handgrip) during one rotation cycle was significantly related to the one rotation time and the upward
rotation time. The elbow flexion at the bottom of rotation may likely contribute to the short one
rotation and upward rotation time. These motions might be induced with the pronated position of the

handgrip.

Key Words: Hand cycle, Adapted sports, Crank, Seat, Grip speed
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