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Kinematics study of the upper limb joint movement in the wheelchair tennis
players with high serve velocity
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Abstract

The purpose of this study was to clarify the mechanisms to develop the racket velocity for
wheelchair tennis player. The subjects were ten wheelchair tennis players and four able-
bodied tennis coaches. This study used a motion capture system to obtain the three-
dimensional coordinates of markers attached to subjects and the tennis racket during the
serve. The findings are summarized as follows.

1) Wheelchair tennis players with high racket velocity served using shoulder internal
rotation and wrist palmar flexion in the same way as able-bodied tennis players.

2) Wheelchair tennis players with high racket velocity increased the maximum angle of
shoulder external rotation by restricting shoulder horizontal flexion as much as possible
during the first half of the forward swing, and used the rebound movement to develop
the angular velocity of shoulder internal rotation.

3) In wheelchair tennis, it is important to abduct the shoulder and to extend the elbow as
far as possible in order to obtain a higher hitting point. However, in order to increase
the racket velocity, the elbow has to be bent slightly so that the angular velocity of
shoulder internal rotation is effectively transferred to the racket velocity.
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shoulder internal rotation, wrist palmar flexion, shoulder horizontal
flexion, elbow extension
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RSBS : right shoulder back side
LSFS : left shoulder frontal side
LSBS : left shoulder back side
REMS : right elbow medial side
RELS : right elbow lateral side
LEMS : left elbow medial side
LELS : left elbow lateral side

. RWUS: right wrist ulnar side

©CoNoOOr~WON =

RSFS : right shoulder frontal side
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10. RWRS: right wrist radial side

11. LWUS : left wrist ulnar side

12. LWRS : left wrist radial side

13. RHND : right third metacarpal

14. LHND : left third metacarpal

15. RHED : racket head

16. XPST : xiphoid process of sternum
17. NTHV : ninth thoracic vertebrae

Fig.1 Reflection markers on the body and racket.
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Fig.2 Definitions of the segment reference frame fixed on the upper torso,
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upper arm, forearm and racket.
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Fig.3 Definitions of the joint reference frame fixed on the shoulder, elbow and wrist.
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skilled wheelchair players who suffered spinal cord injury
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Fig.4 Standard motion of the tennis serving movement from the beginning of forward swing to the ball

impact for the skilled and unskilled wheelchair tennis players who suffered spinal cord injury.
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Fig.5 Changes in mean angles of the upper limb joint movement from the beginning of forward swing to

the ball impact for the skilled and unskilled wheelchair tennis players who suffered spinal cord injury.
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Fig.6 Changes in mean angular velocities of the upper limb joint movement from the beginning of forward

swing to the ball impact for the skilled and unskilled wheelchair tennis players who suffered spinal cord

injury.



H#E A5 J—T70HnEWT 7 = ZGRT0 FIFERERICOWT

LA Y7 NETOMBEMEL, 15 % fHiEs
5 95 % i F TOMIEMHEEE OMIZHE A
EOMBBEEAR SNz BINE X OE 4L E)
EIZDWT, B3 50 % FHEh S N L 7%
MHY =T %o TWizD, KRB EITT +
T—FNAA V7D, 3EALRIAB X
ClAVEE 2 LT ido . MaloklE,
A7 MDD Ty NHEEE 75 % A
80 % i T TORPNMAAE L DMIZH R % IE
DOHIBIBAFRATRD BTz,

TR ORESB L OBHEEICO VT, #
MEEX T AT —RFAAL VY ZHEPSRBLT
W2AS, 90 % LA SBEE LIk, FotE
A7 MEMZT —F, RBGHEITT %
FEPHA 2287 FAITTRIELTWwi.
A7 VDT oy FEEE OMBBEGRE
Rz A, 60 BFENHAL V37 FET
DOEEMME L, 25 % FE2 5 80 % AL E T
DO RJEAEE & OWNA 2 E OB BARA,
72, 90 B fENPSA Y7 FETOREB
X OB A L OICH B2 AOMBIBELR
BB Ih, BB X OEEHFEICELT
i, AL IORBMEILE DT+ T —
FZA ¥ 7D SF M L TWwizas, 40 %
WA 87 AT CAEICERL .
MAtOFER, 4 %7 MO 7 v D#EE
60 % LD S A V87 NETOWRMEL D
BHCH B A OMBBIRDY, 7260 % fizsh
LA YRy FETOERMAMEE OMIZHE
LR OMHBBERIED b7

33 EWITZARFODII v FREICHT
3 L EEESOEBEICDOWT

X 7 133 EB L ORAEE DT + T — F
ZAA VY TBRIENSA Y7 FETDT v b
HE T 5 R EE O HKE X R L T
W5, K7OMBLORTEOMARKIZKG &
FTH 5.

T AT = KAA VTRGE» D BEB X O
KRB E L L B ICTE B O KN B RS
EoTI7y MEEOBIIEML TV,
A VX PN CHEBKEZWRA L2, 4~

_18_

R NED Ty ML O BEBERE RN
72 ZAh, TAT—=FAAL VITRHRETS 40 %
MIEE COHEBE: OBICHE R ADOMHBE
BB INT. 747 — A4 ¥ 7B
SEME IIMEEMEIC L > TS 7y MHED
BIMCEMRL Twizas, 2ok, 1 287 b
AN CTEBREZRA L. —F, RIdE
1250 % AFIED D A 87 M ADIT TS
W&o TT 7 v MHEEOWMICEBL Tz,
MEtORESE, 4 2 VDT oy P&
74T — FAAL ¥ THIER S 45 % B ETO
B & OMICAHE R IEOMBBERAS, 70 %
P4 o287 bFETOFEBE L ORIZIX

BERAOMBBE/REE LN 747 —F
AA TG b BAME & RBBF L E B
IR O EBIEIC L 5 TS 4 v bl E R
IS ERR L T 7228, IS 40 % 5,
REGHEZ 25 % FHEH S NEEBIMEIC X > TH
BRLCTWiz, A %7 NEED T 7y Ml &
DOMBBRZ T2 A, 40 % 1HEH 5 60
% I E COBEME L OMICER B OB
FRDS, 85 % IS A 787 + FTOER
FE L OBIH B2 IEO MBI BRI b/,

B L RBGRE X T AT — KA AL V7B
IRE A SN S OMEEEICL > TT 7 v
FEEOBMZIER L TWwizds, 747 —F
AA 2 TN S HEE T L7z #Eto
W, A 87 VDS MEFEE 90 % 1
WA 87 NETOEBE & OMICHE
LAOMHBBRIR SN 747 — K24
VT B S B & RGBS L & B ICEIN
BEIC L > TT 7y PAEEICH L TROER
(F7 v P2 RESELBE) 2 LTV,
T AT = FAA V7P THOERE
B L7z, 4 X7 DSy ML
OMBEERZE RN ZA, 70 % L5 75
BT ECOEMELOMICAEELRADOHBE
BIfRDSFED H 7.

T AT = FAA V7 HRER, P LR
PHEEEDICTFHHORBEHECIL->TT
7y NEEOHINMIEKL TWizh, 7+ 77—
FAA ¥ 7RI CERERRA L,



KIAFFAITE 5 56 &

Al L l

JASZAN
Y ?TTT

ey

Normalized time (%)

Normalized time (%)

/\ : positive significant correlation, p < 0.05

§ 60  ulnar / radial flexion r dorsi / palmar flexion

>

g 40} 40f /”"\

E @ N ’/

2 L K /

3 s 20 /,_f:\\ 20 \ /
4

SN N R AN

o) )

] -20 -20

L

‘g’ 60  extension / flexion 40  pronation / supination

§

o 40 20 -

2 3 .

- o 20r Y, 4 .~ s

o 0 20 f \L

c - v /\\

< -20 -40

] YRYRY
horizontal flexion / Internal rotation /

aQ - -

> 60 horizontal extension 60 - adduction / abduction 60 external rotation

)

£ L 401 40 - 40 -

5 .

o 3 20l . 20 - 20 \ -

< o N - ~—

S > S 7 ==

= f) o AN [ T—— ol S _-” /

o

= Y——— — —— M

5 -20 -20

) 0 25 50 75 100 75 100 0 25 50 75 100

Normalized time (%)

V¥ : negative significant correlation, p < 0.05

skilled wheelchair players who suffered spinal cord injury

unskilled wheelchair players who suffered spinal cord injury

Fig.7 Changes in mean contributions of the upper limb joint movement to the racket velocity from the

beginning of forward swing to the ball impact for the skilled and unskilled wheelchair tennis players who

suffered spinal cord injury.
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Fig.8 Changes in mean angles of the upper limb joint movement from the beginning of forward swing to

the ball impact in the sitting and standing serve of able-bodied tennis coaches.
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Fig.9 Changes in mean angular velocities of the upper limb joint movement from the beginning of forward

swing to the ball impact in the sitting and standing serve of able-bodied tennis coaches.
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beginning of forward swing to the ball impact in the sitting and standing serve of able-bodied tennis
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