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Characteristics of Isokinetic Shoulder Joint Strength in Archers

Katsumi ONnuMa, Ryohei Takapa, Masahiro OkABE, Tooru FujiTa,
Hiroshi Yamamoro and Hiroshi Kivora

The purpose of this study was to examine the isokinetic muscular strength during the
horizontal shoulder exercise (abduction, adduction) in archers and adults.

The subjects were 23 archers (13 males and 10 females from 18 to 22 years of age) and 10
healthy adults (5 males and 5 females from 21 to 28 years of age). The experiments were
measured on a Cybex 6000 machine, and the range of motion of the horizontal shoulder
exercise was from 0 to 90 degrees. The angular velocities used were 0, 60, 120, 160 deg/sec.

The results are summarized as follows.

1. As regards peak torque in various angular velocities during shoulder abduction and
adduction in males, archer showed a higher value than healthy adults.

2. As regards peak torque at 0 deg/sec (isometric), velocities during shoulder abduction
and adduction in females, archers showed a higher value than healthy adults.

3. Asregards shoulder abduction/adduction ratios in various angular velocities, females
(archers, healthy adults) showed a higher value than males (archers, healthy adults).

4., The relationship between left draw strength and bow weight showed a high negative
correlation (r=—0.799, p<0.01) in female archers, but it showed no correlation in male archers.

Having observed the characteristics of shoulder joint strength in archers during this
study, our results based upon we would now like to examine the practice and training of

archers.
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Table 1. Physique and physical fitness of subjects
Skin fold
: Draw
Body Grip strength  Back Bow
A Height strength
ge Hes weight Upper arm Scapula strength strength
(years) (cm)
(kg) Right Left Right Left Right Left (k8 Right Left (Ib)
(mm) (mm) (mm) (mm) (kg) (kg) kg) (kg)
Mean 195 1722 67.7 136 119 159 161 482 438 1769 390 319 41.2
Male SD 1.1 7.3 9.0 6.0 5.2 8.8 8.6 7.8 8.2 34.7 7.9 9.6 2.6
Ccv 54 25 13.3 13 433 554 554 163 187 196 202 30.0 6.4
N 13 13 13 13 13 13 13 13 13 13 13 13 10
Archer
Mean 189 1597 531 166 152 164 148 316 2738 1143 222 196 31.1
Female SD 0.7 3.1 6.2 5.5 5.2 3.1 3.5 4.6 5.1 11.9 2.9 3.2 2.1
cv 3.9 2.1 116 332 345 191 239 147 185 104 129 16.2 6.7
N 10 10 10 10 10 10 10 10 10 10 10 10 10
Mean 222 1700 577 85 95 10.0 9.0 395 399 156,56 248 234
Male SD 1.1 5.2 4.8 1.9 2.7 35 1.7 4.6 54 27.1 7.7 5.2
Ccv 4.9 3.0 8.3 224 281 346 19.2 11.7 136 173 309 221
N 5 5 5 5 5 5 5 5 5 5 5 5
Control
Mean 246 1615 533 151 132 156 147 278 259 101.0 183 175
Female SD 1.9 33 3.8 2.4 3.3 34 2.9 3.6 3.2 19.7 4.3 4.2
Ccv 7.9 2.0 7.1 156 252 217 195 13.0 125 195 235 239
N 5 5 5 5 5 5 5 5 5 5 5 5

Mean: Mean value
SD: Standard deviation
CV: Coefficient of variation
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Table 2. Mean value and standard deviation (SD), coefficient of variation (CV) for peak torque and peak
torque/body weight of shoulder horizontal abduction by using a Cybex 6000

Peak torque (Nm) Peak torque/BW (Nm/kg)
0 60 120 160 0 60 120 160
(deg/sec) (deg/sec) (deg/sec) (deg/sec) (deg/sec) (deg/sec) (deg/sec) (deg/sec)
Mean 55.7 50.5 475 46.3 0.83 0.75 0.71 0.68
Right SD 111 11.0 10.7 124 0.15 0.15 0.15 0.17
cv 20.0 21.7 225 26.8 18.6 194 21.1 24.9
N 13 13 13 13 13 13 13 13
Male
Mean 50.1 45.9 43.8 41.6 0.74 0.68 0.65 0.62
Left SD 9.5 7.5 6.6 6.9 0.11 0.12 0.10 0.12
cv 19.1 16.3 15.1 16.6 148 17.0 16.1 19.2
N 13 13 13 13 13 13 13 13
Archer
Mean 32.8 315 29.4 28.0 0.62 0.60 0.56 0.58
Right sD 512 5.76 4.65 521 0.09 0.10 0.08 0.10
& Ccv 15.6 18.3 15.8 18.6 15.2 17.3 15.2 18.3
N 10 10 10 10 10 10 10 10
Female
Mean 315 28.3 26.5 26.7 0.59 0.53 0.50 0.48
Left SD 6.4 5.2 4.8 5.1 0.09 0.08 0.07 0.08
cv 20.3 18.3 18.2 18.6 14.8 154 14.0 18.3
N 10 10 10 10 10 10 10 10
Mean 51.0 454 44.8 44.0 0.89 0.79 0.78 0.76
Right sSD 34 54.0 3.9 3.7 0.11 0.06 0.07 0.06
& Ccv 6.6 89 8.7 85 12.0 8.1 84 8.1
N 5 5 5 5 5 5 5 5
Male
Mean 46.2 422 42.4 42.0 0.80 0.73 0.73 0.72
Left sDh 9.9 9.0 7.4 7.8 0.15 0.14 0.10 0.11
cv 214 214 17.5 18.7 194 19.6 14.3 15.1
N 5 5 5 5 5 5 5 5
Control
Mean 31.8 334 324 32.0 0.59 0.62 0.60 0.60
Right SDh 5.8 25.5 5.9 6.0 0.08 0.07 0.07 0.08
Ccv 18.4 16.5 18.2 18.9 135 10.8 11.6 135
N 5 5 5 5 5 5 5 5
Female
Mean 274 29.0 27.0 25.6 0.53 0.55 0.51 0.48
Left SD 1.7 2.5 2.2 1.7 0.04 0.07 0.06 0.06
cv 6.1 8.8 8.3 6.5 7.0 13.6 114 12.6
N 5 5 5 5 b 5 5 5
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Table 3. Mean value and standard deviation (SD), coefficient of variation (CV) for peak torque and peak
torque/body weight of shoulder horizontal abduction by using a Cybex 6000

Peak torque (Nm) Peak torque/BW (Nm/Kkg)
0 60 120 160 0 60 120 160
(deg/sec) (deg/sec) (deg/sec) (deg/sec) (deg/sec) (deg/sec) (deg/sec) (deg/ sec)
Mean 715 59.3 55.8 53.0 1.06 0.88 0.83 0.79
Right Sh 20.5 17.6 15.9 155 0.26 0.25 0.24 0.24
Ccv 28.6 29.6 28.5 29.2 24.6 28.2 29.1 29.9
N 13 13 13 13 13 13 13 13
Male
Mean 75.5 58.7 57.8 54.3 1.12 0.88 0.87 0.81
Left SD 19.9 12.3 104 10.1 0.11 0.21 0.17 0.17
Ccv 26.3 20.9 18.0 18.6 24.3 23.3 20.2 21.1
N 13 13 13 13 13 13 13 13
Archer
Mean 32.8 31.0 30.5 28.6 0.62 0.59 0.58 0.54
Right SD 6.6 6.5 6.3 54 0.11 0.12 0.11 0.10
cv 20.1 21.0 20.5 19.0 183 20.0 18.3 17.7
N 10 10 10 10 10 10 10 10
Female
Mean 34.9 323 313 29.7 0.66 0.61 0.59 0.56
Left SD 7.40 5.36 4.83 5.01 012 0.09 0.08 0.09
cv 21.2 16.6 154 16.9 18.8 14.3 13.0 15.8
N 10 10 10 10 10 10 10 10
Mean 54.4 484 48.6 46.0 0.94 0.84 0.84 0.80
Right SD 84 11.0 8.2 7.0 0.12 0.17 0.13 0.11
Ccv 15.5 228 16.9 152 12.8 20.1 152 13.5
N 5 5 5 5 5 5 5 5
Male
Mean 36.0 54.0 53.8 49.6 1.10 0.94 0.93 0.86
Left SD 135 13.6 13.6 131 0.23 0.22 0.22 0.22
Ccv 215 25.2 25.3 26.5 21.3 234 23.8 25.5
N 5 5 5 5 5 5 5 5
Control
Mean 31.2 32.2 32.0 294 0.568 0.60 0.60 0.55
Right SD 8.4 8.6 9.4 9.8 0.15 0.16 0.17 0.17
Ccv 27.0 26.8 29.2 33.2 25.2 26.3 28.0 315
N 5 5 5 5 5 5 5 5
Female
Mean 32.0 33.8 326 284 0.60 0.63 0.61 0.55
Left SD 5.8 5.8 5.6 7.2 0.10 0.09 0.09 0.13
cv 18.2 17.0 17.2 24.5 174 14.3 149 23.6
N 5 5 5 5 5 5 5 5
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Fig. 1. Relationship between peak torque and
angular velocity for shoulder horizontal
abduction in archers (@: male, A: fe-
male) and controls ((O: male, A: fe-
male).

Each symbol is mean value.

i, BESRAOHABWERERLI, UL, KT
DIGAE, Kool & BRI ERPBE SN,
2. EBFEFLEELREAOERKERIC K 3ERE
ShER/ERD HE:

RO ERAEA I & 5 JE BT/ R % L,
FEHEEZE, BERE TR LD, Tabled TH D, WiEF
oFEE O ERACER I & 2 BRI R/ Nt o WTH
B L0, Fig.3 Tdhd,

FKEALIC & 2 BB E/NEEE, AFRTICE
WTIREFA 081 55 0.89, WFH098» 51030
HECHL, BESEACBVTRIBEFH094H S
0.97, ¥ 1.07 5 1.20 OFRlich -7, Licdio
T, KFEEPRBLE SBFETRA LD SEVHEEZR
L, BrinsFohsBshFicBuTEnER %
R Lte EBIKEAIC & 2 BREISNG/ NIk, AR
FRBOTRBEFH 07005 080, LLT4#08505

80
. Right
60 °
o] b4 °
o] o]
o)
~ 40
2
A
E 2 2 8
Z
3 G
g ® Left
8
A
[
5]
[ o
60 3 °
o °
[¢)
40
A
2
A [ N
20 . .
0 50 100 150 200

Angular velocity (deg/sec)

Fig. 2. Relationship between peak torque and
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Each symbol is mean value.
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Table 4. Mean value and standard deviation (SD), coefficient of variation (CV) of shoulder horizontal
exercise (abduction/adduction) by using a Cybex 6000

Abduction/Adduction
0 60 120 160
(deg/sec) (deg/sec) (deg/sec) (deg/sec)
Mean 0.81 0.83 0.88 0.89
Right SD 0.15 0.16 0.15 0.13
Ccv 19.2 18.9 175 14.6
N 13 13 13 13
Male
Mean 0.70 0.80 0.77 0.78
SD 0.20 0.13 0.11 0.15
Left
CcvV 28.8 16.7 14.8 186
N 13 13 13 13
Archer
Mean 1.01 1.03 0.98 0.99
Right SD 0.14 0.13 0.12 0.11
cv 134 12.3 124 11.2
N 10 10 10 10
Female
Mean 0.92 0.88 0.85 0.87
Left SD 0.18 0.09 0.09 0.12
Ccv 20.0 9.8 11.1 14.3
N 10 10 10 10
Mean 0.95 0.97 0.94 0.97
Right SD 0.15 0.17 0.15 0.11
cv 156 17.7 16.1 11.7
N 5 5 5 5
Male
Mean 0.75 0.79 0.81 0.88
Left SD 0.16 0.12 0.15 0.24
Ccv 22.0 15.0 18.0 26.8
N 5 5 5 5
Control
Mean 1.07 1.10 1.08 1.20
. . 0.32 X
Right sD 0.27 0.32 0.48
Ccv 256 29.1 29.7 40.0
N 5 5 5 5
Female
Mean 0.88 0.88 0.85 0.92
SD 0.17 0.18 0.16 0.27
Left
Ccv 18.8 19.9 184 29.0
N b 5 5 5
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Table 5. Mean value and standard deviation (SD), coefficient of variation (CV) of left/right ratio of
shoulder horizontal exercise (abduction, adduction) by using a Cybex 6000

Abduction/Adduction
0 60 120 160
(deg/sec) (deg/sec) (deg/sec) (deg/sec)
Mean 0.92 0.93 0.95 0.94
SD 0.20 0.16 0.18 0.24
Male
cv 215 17.0 187 25.6
N 13 13 13 13
Abduction
Mean 0.96 0.90 0.90 0.92
SD 0.13 0.09 0.09 0.08
Female
cv 13.7 9.5 10.0 8.5
N 10 10 10 10
Archer
Mean 1.08 1.06 1.08 1.06
SD 0.17 0.20 0.20 0.15
Male
Ccv 16.0 19.1 18.7 14.2
N 13 13 13 13
Adduction
Mean 1.07 1.06 1.04 1.05
SD 0.12 0.17 0.13 0.12
Female
Ccv 11.0 159 124 11.9
N 10 10 10 10
Mean 0.90 0.92 0.94 0.95
SD 0.17 0.16 0.13 0.12
Male
cv 193 16.9 14.0 12.8
N 5 5 5 5
Abduction
Mean 0.88 0.89 0.85 0.83
SD 0.13 0.18 0.16 0.18
Female
Ccv 14.8 19.9 19.0 214
N 5 5 5 5
Control
Mean 0.16 1.12 1.10 1.07
sD 0.17 0.13 0.12 0.16
Male
cv 149 115 11.1 14.6
N 5 5 5 5
Adduction
Mean 1.06 1.08 1.06 1.03
SD 0.21 0.14 0.17 0.14
Female
cv 19.6 12.9 16.1 13.5
N 5 5 5 5

weight & 724 ® draw strength OBARICBWT, HE
BEVAOHMEMREATVWE LB, AZETETOD
FHRERBEHSMICRL > T, Sz 3L, A¥B
FEFOBSG, 90m & EEMEESD Y, bow weight
PEDTCEESIcENLENEEZ2EB 5 DI, draw
strength 2= 2HABSL S Shd, Lhl, KF¥EL
TFREFIZBVTR, XFHEHETFLEHIC bow weight
ZMZ A5, draw strength 25D B3 FAENICH - 720

Leroyer' ic &k 3 &, E##&E O drawingthic B 3

draw fllOfENIE, 75 7 F—LICHET %EFE LD b
INEWEHELTWE, Lid->T, ZoOEPEER
WL TVWEbDLELZNLE, TEBLEIEA
DHEET 2 bow weight 2{K< 45 T & IR
DINRBESDEEZOND, SEBELNIERY, KF
BER L IHHREC L 2RI oh, HRNTHEER
DD VWTIE, THEHC BT BN, BN
K UOPBEER TS SR E A, & S BHE 2R L
EELDOEMWBEBITP b L —= v BRI



191

7 —F = U —EFOREBIETEEEN ) OR

“£19An30adsal ‘sanfeasid ayj 01 paredwod se (10°0 > @)y PUE (GO0 > )y SB PIILOIPUI I8 SOOUISYIP JUBIYIUBIS

JySrom mog :mog UOMONPPE 1J97T :ppe ]
y38uaIls meIp 3] tMeID T uonoNpqe o1 :pae I
[BUSNS MBIP 1YBLY MBI Y uononppe 1481 ppe Y
UOLONppE/UOHINPE 3] :PPE/PGRT] uononpqe 1YY pqe A
uonoNppe/uoHONpPqe 1S :ppe/pary 1ySem Apog  img
6920 £57°0 £82°0 9980 — 8820 0650 £950 020 8950 aog
#kB66L°0— %9LL0 G100~  S000— 9120 1880 G180 v8Y0  OVT0— | MmeIp T
882°0— %8990 g6T0—  6810— 1190 6970 £190 2290 1810 ARIP ¥
L020— 8810 020°0— 2150 865°0— 1170 1920 8900 6190 ppe/pqe T
1280 £600—  2ST0 86710~ £98°0— 0210 S09'0— 0LT0  €V0°0 ppe/pqe J
1900 1800— 9Z80— 3690 89V'0— SPF0  48SL0 L090  VEZD ppe 1
G800~  £%00 182°0— 9180 3200 AR 8290 3280 48TL0 pqe T
£120— 9820 GZ00—  LSE0—  §8G0— 48980 £290 «699°0  05¥0 ppe ¥
£90°0 £¥2°0 p210 ¥00°0 1900 #8120 «EVL0  4F9L0 0TV0 pae g
00— 1900~  L900—  69%0 8020 gze0 %1690 0¥00 £91°0 mda
arel
mog mesp T meIp ¥ Ppe/pqeT Ppe/paed  Ppe 11 pae 1T ppe A pae nd ey

SIoyoJe JO JUSIOLJO0D UOHB[AIIOD JO XLIJB ‘9 d[qe]



192 /IR« TS - BRIET « BRHH - 1A - VEH

1.4
Abduction

1.2

1.0

BOB >
>
>@
o

0.8

0.6

14 Adduction

Left / Right

1.2

1.0

0.8

0.6

0 50 100 150 200

Angular velocity (deg/sec)

Fig. 4. Relationship between left/right and
angular velocity for shoulder exercise
(abduction, adduction) in archers (@:
male, A: female) and controls (O:
male, /\: female).

WTHBEFTLTOERZ,

V. E #

AEBEZLEBELRAIOZEZTRE L,
Cybex 6000 % H W C)FBEEIOKEALIT & 5 Az » Niig
DEHRBEHAERME LTz 5, TORRE bow
weight & ORARIC>WTRETL 72,

1. AEOEHEET I, EAsbAEETRFDL
BHEFORELSHEAL D SFVHEEERL, Fk, K
FRFETONEOEEMS I, EGE b 0deg/sec
KBOTEZTORELRALD LPPEVEGDZRL -
B, HOAFEFCEVTRELTORBELBRAOLBPL
EVERE R U o

2. NEOZEWTH R, AL AFETEEDN
PRFORBUEALY bEVEBER LI, £/, &
TONEDOFEREH TR, EAEbAELTEFDO
deg/sec ILB VW TLFOEBELAALD &P PR

BRI, HOMEEIIBWTREZFORBIREAD
FrpeEgnwEnER L,

3. LA/ RNEEE, A¥EFELBELRAE D
LFOABBTLD bRmVERNER LI, £, Bk
bEOEBLEED bEWERIZRL

4. ZHMm S & bow weight ORI, AFETH
FTRPPEVIEOHBESED S i, APl T3
FOoBWTREEMNED LN -7, £, bow
weight & draw strength OBE% 3, AF¥BEFEFETIE
{EWIEOHBENED S b, A¥LFREFLBVTIE

BRAOHBESED ST,

Lichio T, AFHRTEFY, BEHON « NEzDF
RYEF B L OCEHEHH B W TETFORBREA X
DEEVHEHEERL, FRAELTETY, BEEGO
f e NEEOEREBH T BV TKFORERBEALVE
WERZER LI LTk, T—F = U — IS
B BH - NEOBNINES0H 5 EBNEETH S
ERBENT, UL, T—F U -8R, 1E0fT
HTEbL L EULRELZEHRTOT, 5% RBHING
HEBHRANEED S LS55, HKLAZEEOH I L
— =V TRDVTRF LTV E L,

Eil (53

SEIOHR Y -» Tid, FEK 10 FEFHXEL5
RO EZ I ChES, BBREMDOL ., K¥F
ok hEHoBELRLES,

X 8

1) Clarys, J.P,, Cabri, ], Bollens, E., Sleeckx, R,
Taeymans, J., Vermeiren, M., Van Reeth, G. and
Voss, G.: Muscular activity of different shoot-
ing distances, different release techniques, and
different performance levels, with and without
stabilizers, in target archery, J. of Sports
Sciences, 8, 235-257 (1990).

2) Colachis, S.C. and Strohm, B. R.: Effect of su-
prascapular and axillary nerve blocks on
muscle force in upper extremity, Archives of
Physical Medicine and Rehabilitation, Jan. 22—
29 (1971).

3) Eckert, H.M. and Wendt, D. M.: Relationship

©  between perception of pull and draw in ar-
chery, The Research Quarterly, 38(4), 544-549
(1967).

4) Grieve, D.W. and van der Linden, J: Force,
speed and power output of the human upper
limb during horizontal pulls, Eur. J. Appl.
Physiol, 55, 425-430 (1986).

5) Hennessy, M. P. and Parker, A. W.: Electromyo-



9)

10)

7 —F = Y — RFORBIHEESER O R 193

graphy of arrow release in archery, Electro-
myogr. clin. Neurophysiol., 80, 7-17 (1990).
Lt BRAE, KEHEE, BE B, 2K
—5, S8R, MEEARW, MAnH Rl
P, BeESUE, HRA, BRI B FH
E, KN B BaBbEEo sy 7R FOE
SRR BT B RS, HARBRFHE
28(1), 67-75 (1998).

B AL 28— v ERREE, Kt
EJE (1987).

EH OE, MEEKREE EEF P KEET, R
OE, WmaEE, BEO 18 RHEET, FEE
¥, BRIER: By v h —EBFoSHMM I
Bd 3 AL, HAFERELE 2702,
209-220 (1998).

Kronberg, M. and Brostrom, L-A. Electro-
myographic recordings in shoulder muscles
during eccentric movements, Clinical Ortho-
paedics and Related Research, 314, 143-151
(1995).

Leedham, J. S. and Dowling, J. J.. Force-length,

11

12)

13)

14)

15)

16)

torque-angle and EMG-joint angle relation-
ships of the human in vivo biceps brachii, Eur.
J. Appl. Physiol, 70, 421-426 (1995).

Leroyer, P., Hoecke, J.V. and Helal, J.N.
Biomechanical study of the final push-pull in
archery, J. of Sports Sciences, 11, 63-69 (1993).
Mann, D. L. and Littke, N.: Shoulder injuries in
archery, Can. J. Spt. Sci., 14(2) 85-92 (1989).
McArdle, W.D., Katch, F.1. and Katch, V.L.
Exercise physiology, third edition, Lea and
Febiger (1991).

Mountford, S. and Ainsley, J.. Keeping in-
formed: archery—an analysis of archery—,
AJOT, 20(2), 93-9 (1966).

Pekalski, R. Experimental and theoretical
research in archery, J. of Sports Sciences, 8,
259-279 (1990).

Robazza, C., Bortoli, L. and Nougier, V.. Emo-
tion, heart rate and performance in archery
—A case study—, J. Sports Med. Phys.
Fitness, 39, 169-176 (1999).



	Page 1
	Page 2
	Page 3
	Page 4
	Page 5
	Page 6
	Page 7
	Page 8
	Page 9
	Page 10
	Page 11

