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- ABSTRACT -

After warming-up exercise for 20 minutes, Isokinetic measurement of trunk strength
for flexor and extensor was done by using Cybex 6000 TEF Unit on 91 healthy male
white workers from 22years old to 49 years old, and compared each other. 20 repeti—
tions of trunk extension—flexion were done at 120°/sec angular velocity. After resting
for 1 minutes, Four repetitions at two different angular velocities(60°/sec, 120° /sec)
were done with 30 seconds of resting interval between each angular velocity.

The purpose of this study is to obtain the isokinetic normative strength values for
trunk extensors and flexors, and is to know the correlation between age, height, weight
of subjects and data from isokinetic trunk strength measurement, and is to provide a
guideline for exercise program of male white collar workers

The collected data were analyzed by ANOVA, Duncan s Multiple Range Test, and
Pearson correlation coefficiency in PC—-SAS program.

The results obtained were as follow
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1. There is significant positive—correlation with the statistic value between weight
and peak torque of trunk muscles at two different angular velocities(60° /sec, 120°
/sec)(p{.01), between height and peak torque of trunk muscles at two different angular
velocities(60° /sec, 120° /sec) except peak torque of trunk flexor at 60° /sec(p{.01).

2. There is nagitive—correlation between age and peak torque of trunk muscles at two
different angular velocities(60° /sec, 120" /sec), there is significant differences with sta—
tistic value between age and peak torque of trunk extensor at 120° /sec(p{.01).

3. Mean peak torque and mean peak torque % by body weight of trunk extensor is 1.1
times higher values than trunk flexor at 60° /sec.

4. There is the increase in peak torque angle of trunk flexor with increasing of age,
and the decrease in peak torque angle of trunk flexor with increasing of age at two dif-
ferent angular velocities(60° /sec, 120° /sec). there is significant differences with statistic
value in peak torque angle of trunk flexor at 120" /sec(p<.01).

5. There is significant decrease in endurance ratio of trunk extensor with increasing
of age at 120° /sec(p<.01).

In conclusion, peak torque of trunk extensor is 1.1 times higher values than trunk

flexor in healthy male white collar workers.

Key Words : Healthy male white collar workers, Isokinetic strength, Trunk flexors, Trunk extensors,
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Fig 1. Subject in Cybex prototype isokinetic exten—
sion—flexion unit
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Table 1. Mean age, heights, body weight and distribution according to age of subjects

HEuele 29 208 Ve
HHESHA & & 187 Subjects {yrs) N Agelyrs) Height(cm) Body Weight(kg)
FAS %3}_7_“ 3t q_ 22-29 19 2712 17445 6718
Al ZHEE 6O° /secoll A 31-39 41 3612 171+5 67+9
ool oz HitE 40 - 49 31 4443 16916 70+9

22 - 49 91 377 17116 68+9

4918 B9 45y w2

A sk, 30&7t 4
A7E 120" /secoll A o] o2 47
HE Fl 434 urEslA shgich

ERANTERLS 45 60° /sec®t 120" /sec
of 2] #|c)j2-3(peak torque), ¢ A
%], $Y%(total work), BFYE(average
power), ¥ 7t& oy X|(peak torque
acceleration energy), LU
(angle of peak torque), AlZol thst 229
ey 9 F A%, FHF Yo dig 749
Hlg 283 ZHEE 120° /secollAle) A7
H]-&(endurance ratio)°o] It}

829 A 242 HAFET Cybex Data
Reduction Computersel|dl €42 £2&52 A
A H(PC-SAS)Et Bdt REHAE A6}
R, BAREA(ANOVA)Y Duncan's Multi~
ple Range Test& o83} z} Mojjzte] e
of tigt FAA FA4S wEstg o, A4uA
Z~(Pearson correlation coefficiecy)2 ©]-&3}
of U] AlF, Alxtat o8 zFezto) A
Aol gt FAA §44E wEskh

I, 9+ 23

Values are given as mean+standard deviation

20t 274, 30t 364, 40t 4441013
o, B AL 171lemo] 3, At 2= 20t
174cm, 30t& 171em, 40t 169cmold, ¥
T AFL 68kgoli, AdERE 2009 30
% 67kg, 40t 70kgo]thTable 1).

2. 3¢ (Peak Torque)®t oL
487} (Angle of Peak Torque)

SEFEEE 60" /secE 3FHE f, 4 A
BRol g8 Fo| FF H$HL 152,59
ft-1bsol XL, B¢ AU ¢y HAdz =
43.92°0]9l2o9, 20df 8 9 g
o 298 HAL = 247} 146 ft-lbs, 34°,
30dl= 157 ft-lbs, 49°, 40th& 150 ft-lbs,
43°0)qict 23R AlHZ HF HoeYHe
158.66 ft-lbsolil, B Fof-+3 LR
£ 84.40° 019121 20t 833 AlAZ9] o)
L3 oo WA= E 77 146 ft-lbs,
34°, 30ti& 157 ft-lbs, 49°, 40th: 150 ft—
lbs, 43° ] tHTable 2)

EEEEE 120" /secE 3IHE W, AF diA
¢ 2% a5y Z29 HiE oL
164.45 ft-1bsolY, Ho 8 WAL=
= 41.57°0)9len, 20t 858 F329] HS
HJat Hojeg YA == 747 174 ft-1bs,
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40°, 30+ 160 ft-lbs, 41°, 40t 164 ft-
lbs, 43 °)3ict 2 3% AHZY B AL
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Table 2. Peak torque and angle of peak torque in trunk flexors and extensors at angular velocity 60" /sec

60" /sec
Subjects Peak torque(ft-1bs) Angle of Peak Torque(’)
(yrs) Flexor p-value Extensor  p-value Flexor p-value Extensor p-value
22-29 146+29 168+43 34+29 89429
31-39 157494 157435 49+33 84115
40 - 49 15029 155+35 43%32 83+13
22-49 152.59 0.8048 158.66 0.4640 4392 0.2276 84.40 0.5111

Values are given as meantstandard deviation
p-value by one-way ANOVA

Table 3. Peak torque and angle of peak torque in trunk flexors and extensors at angular velocity 120" /sec

120° /sec
Subjects Peak torque(ft-lbs) Angle of Peak Torque(’)
(yrs) Flexor p-value Extensor  p-value Flexor p—value Extensor p-value
22-29 174134 168+33 4019 76150
31-39 160+ 31 148127 41120 74£10
40 - 49 164134 147+37 43+32 66+18
22 - 49 164.45 0.3334 15175 0.0514 41,57 0.8964 71.54 0.0065

Values are given as meantstandard deviation
p-value by one-way ANOVA
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Table 4. Peak torque % by body weight of trunk flexors and extensors according to angular velocity (unit : %)
Subjects 60" /sec 120° /sec
{yrs) Flexor p-value Extensor  p-value Flexor p—value Extensor p-value
22-29 99+17 114427 119+23 114119
31-39 97+12 107122 108114 100+16
40-49 97+14 10224 106+14 96123
22-49 97.35 0.8085 106.62 0.1868 109.65 0.8964 10176 0.0055
Values are given as meantstandard deviation
p—value by one-way ANOVA
Table 5. Total work of trunk flexors and extensors according to Angular Velocity (unit: ft-Ibs)
Subjects 60’ /sec 120" /sec
{yrs) Flexor p~value Extensor  p-value Flexor p—value Extensor  p-value
22-29 184436 177+39 207136 180144
31-39 198199 174131 192133 164129
40 ~ 49 194433 180138 198435 172144
22-49 193.58 0.7976 176.80 0.7423 197.03 0.2902 170.20 0.3122

Values are given as mean +standard deviation
p-value by one~way ANOVA

HAHZE 114%, 30tE 107%, 40+ 102%
o] 3irt,

SEFEE 120° /seco) A a3 229 ¢
g9 HFHl= Ha 109.65%01%1, AA
BF 101.76%0)Qen 2009 axn
119%, 30 108%, 40WiE 106%°1%11, 20
o} 855 AAZE 114%, 30HE 100%, 40

+= 96%°] 3 tHTable 4).

EFEE 60" /secollA 229 Hd¢E AHF
Hl= 100%°18t T, +F&E 60" /secolA=
AR A8 AFu7t SR BeH,
SFET 120" /secoll A E A1-Ze 98 A
Zu|7} 222 Wen, 4% 60" /sect
120° /secoll Al 223 Al 2% o929 A
Z8]7} Ao WE4E PSR, 5SS

z
120° /secoll 48] 23} Aldgte] BAX o2

o3t A4S B ch(p.05)
4, Y3 (Total Work)

AT AT 259 FUdFS SFEE 60
/secoA] 858 L B 193.58 ft-lbso]
A3, AAZL HF 176.80 ft-lbsolA 2w,
20t)o] a8 Z22 184 ft-lbs, 30+ 198
ft—lbs, 40t 194 ft-1bso|l3, 20tHe] &3
B OAMZL 177 ft-lbs, 30Ul 174 ft-lbs,
40t 180 ft-lbsolUch EF4= 120° /sec
oA 858 79 FYHFE HH 197.03 ft -
Ibso) T, AL g 170.20 ft~1bso]l e
o, 20tie] a5 L& 207 fi-lbs, 30d=
192 ft—lbs, 40tH= 198 ft-1bsolT, 202
838 AAZL 180 ft-lbs, 30tHE 164 ft-
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lbs, 40l 172 ft-lbso]tHTable 5). &%
£% 60° /sec®} 120° /secol A A hArEe &
=2 220 B S 7 AldjE a8
29 FUFL B & Al2ET} =9t}

5. 39%F9 AFH|(Total Work % by
Body Weight)

AT QAT 59 FLF A FH= 55
% 60°/secoliA 258 228 HF 124.95 %

ol Al@ea Y 118.49 %o]% 29, 20
o] 8% FTL 125 %, 30t= 112 %, 409

= 126 %o] 3, 20d]e] 258 A2 120
%, 30t} 2} 40EH1‘? 118 %ot} &4 120°
[secoll M 835 229 FY%F AFul= ¥

o 132,47 %01, AHTL H 114.48 %s
o]ler 2049 83H FTL 140 %, 304
+ 132 %, 40T+ 129 %031, 20t]2] 254
ARLE 122 %, 309 112 %, 40d+= 113 %
°]°*‘:H'I‘able 6).

T4 60° /secollA 30diel 221t AlZe
%‘-°‘E’*—l A E AYsties SFEE 60°
/sec®} 120° /sec RFOA AF ciate 8
2 %1—4 FYFY AlFu|9 Hut 7+ AdE

EU, EFET 120" /secoll A 229 22U
o] HFHl= Uo7t @& E FAH ez §93)
A 243t thpd 05).
6. YE(Avarage Power)

A7 g

ry LEF4E 60° /sec
oA a5
3

BEFo dE2
232 Y 131.74 wattse)
AHTLE H 126.11 wattso|l o, 201:}1—1
8538 3L 132 watts, 30t= 129 watts,
40dl+= 135 wattsol, 20te} 858 AA
2 128 watts, 30"—Hr‘:~ 123 watts, 40tj=
128 wattso|th, 4 E 120" /secollA] dF
g oy 229 FYFE FF 277.01
wattso| 2, %‘iEE B 244.27 watts©]?d
o 20419 8 22 292 watts, 309
e} 40dj+= 273 Watts°l?,iil 20the] ax A
AL 258 watts, 30t 237 watts, 40t
243 wattso]3ltH(Table 7).
EFEE 120° /secoll Q] 223 Aol 9E
&% 60" /secol A9 223 4129 €&
Ho} A9 2ufol4t ¥oH, 2FET 60 /sec
o} 120" /secoll Al A4 did a8 F29]
B EI Z Adid a5y 229 g2 1

o0
- O

T 2TY FEF AFele BF AZEY T AZEYG U
Table 6. Total work % by body weight of trunk flexors and extensors according to angular velocity (unit : %)

Subjects 60" /sec 120" /sec

rs) Flexor p-value Extensor  p-value Flexor p-value Extensor p-value
22-29 125117 120122 140£20 12217

31-39 12+ 14 118+18 132120 112417

40-49 126 £ 14 118125 129+13 113128

22-49 124,95 0.9156 118.49 0.9040 132.47 0.0361 114,48 0.2524

Values are given as mean+standard deviation
p-value by one-way ANOVA
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Table 7. Avarge power of trunk flexors and extensors according to angular velocity

{watts)
Subjects 60° /sec 120° /sec
(yrs) Flexor p-value Extensor  p-value Flexor p—value Extensor  p-value
22-29 132+27 128431 292162 258166
31-39 12922 123125 273£54 237143
40 - 49 135125 128130 213454 243128
22-49 13.74 0.5102 126,11 0.6909 217.01 0.4160 244,27 0.3753

Values are given as meantstandard deviation
p~value by one-way ANOVA

Table 8. Avarage power % by body weight of trunk flexors and extensors according to angular velocity

{unit : %)
Subjects 60" /sec 120" /sec
(yrs) Flexor p-value Extensor  p-value Flexor p-value Extensor  p-value
22-129 83+14 87+18 207+34 17535
31-39 87412 84415 188421 161423
40 - 49 88111 84120 180+23 161142
22 - 49 87.84 0.7491 84.44 0.7846 190.58° 0.0013 163.79 0.2707

Values are given as mean X standard deviation
p-value by one~way ANOVA

7. YE2] AFv](Avarage Power % by
Body Weight)

AT A B 4B AFHle 255
60" /secollA] 855 L FHy 87.84 %ol%
AIHTE Bt 84.44 %olleH, 2000 &
FH 278 89 %, 30t 87 %, 409+ 88 %
ololal, 20co] AR AlMIL 87 %, 30tie}
4033—‘— 84 %o)glct LEEE 120° /secollA] &

0] olgo] HFul: HFF 189.58 %O
, 1 é_—c B3t 163.79 oo, 2042
a4 -—e_%%% 207 %, 30t 188 %, 40T+

180 %o}, 209 AFH AHITE 175 %,
30&39} OCH% 161 %°] 2 ™HTable 8).

F4£%F 120" /secof A9 ST 479 Y€

jﬂ

2k
T

o1

IS

i‘ZJ

o] HFHlE= LF4E 60" /secoll A F21 A
20| Age] HFH| Bt Ao 2ufjol 4 o,
£54% 60" /sec®t 120° /secoll Al AT dAE
8] 858 o 459 AF6 Hai} 7 A
g asy 229 Y89 HFule 25 A2
B} B9, 254 % 120°/secolA 229 ¥
9] AFule Yo7t HErE FARLE 79
A 248 THp<.05).

8. ¢ rt& o x| (Peak Torque
Accleration Energy)

AT AE 259 HoLArigzodre &F
25 60" /secolA 238 F22 B4 14.94 ft-lbs
o]gl:, AHZTL W 13.19 fi-lbso)ios, 209
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Table 9. TAE* of trunk flexors and extensors according to angular velocity

{unit : ft-1bs)

Subjects 60° /sec 120° /sec

(yrs) Flexor p-value Extensor  p-value Flexor p-value Extensor  p-value
22-29 16.0+5.9 14955 33.817.0 251188

31-39 145%4.1 12,6+4.7 35.0£3.8 22.816.2

40 - 49 15.613.3 12.914.0 297152 21,8183
22 -49 14,94 0.5693 13.19 0.2096 32.94 0.6863 22.92 0.3094

Values are given as mean*standard deviation
p-value by one-way ANOVA
*Peak Torque Accleration Energy

g 83F 222 15.0 ft-

Table 10, Endurance ratio of trunk flexors and extensors at angular velocity

Ibs, 308= 14.5 fi-Ibs, 120" /sec ' {unit:%)
40t 15.6 ft-1bsol L, Subjects (yrs)  Flexor p-value = /:(Ctensor p-value
20919 fa5H AHZL 29 - 99 84+2 7547

14.9 fi-lbs, 309& 126 " 148

ft-lbs, 40EH%A12.9 ft: 1019 g5 45 68411

lbsejfict. EE&= 1200 84.88 0.3237 70,97 0.0458

/secolX T2 &

oYz =HT 32.94 ft -Ibsol X, AAZL HF
22.92 ft-1bso|R oo, 2009 838 232 338
ft-lbs, 30t+ 35.0, 40th+= 29.7 ft-1bs0] %2, 20
do aFH AHZE 251 ft-lbs, 30d= 22.8 ft-
Ibs, 40+ 21.8 ft—1bso] 2 cHTable 9).

TFEE 120" /secol A Y] F2Y Hy L4
Nz SF4E 60" /secoll A 22 ¢t
oY A| ot 2ufol4t woton EF4E 60°/sec
9} 120" /secollA] A7 diidEe axy 2329 47
Ao ertg oo 2 Moy a3y 229 3
7S TR BF AZE F3d

9. 2X+8&(Muscle Endurance Ratio)

AT QT BEY 2ATELE LEAE 120°

Values are given as meantstandard deviation
8 229 Y2 7t4  p-value by one-way ANOVA

[secoll A 835 I3 B 84.88 %01, AT
BF 70,97 %ol e, 20T)9) /2R Z2 84 %
30ti= 86 %, 40dl&= 85 %o, 20the] RFE
AIRZL 75 %, 30tE 72 %, 40t 68 %olqict
(Table 10).

TSR 120" /secoll A GF 2 &35 22
o ¥ ZATYER 4 A a8 239 24
TYEL BF AEG 43, 4% 479 22
FHEL Uo7l HE5E FAHLE FA3H A
3FATHp<.05).

10. 98, FUF, dEA Az AA
o] it 2529 v

SEEEE 60" /secE UL W, AF YA B
9 Azt AAZ2Y Y, F9F, YE Uig A
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Table 11. Ratio of trunk flexors to extensors on peak torque, total work and avarage power at angular

velocity 60° /sec (unit : %)
Subjects 60" /sec
(yrs) P.T* p-value T.WH* p-value AP p-value
22-29 89116 105+12 104111
31-39 93+18 10719 1071£24
40 - 49 98121 110424 109+24
22-49 93.85 0.2445 107,57 0.5744 107.00 0.7414

*peak torque  **total work  ***

Values are given as mean+standard deviation
p-value by one-way ANOVA

avarage power

Table 12. Ratio of trunk flexors to extensors on peak torque, total work and avarage power at angular

velocity 120" /sec (unit : %)
Subjects 60 /sec
{yrs) P.T* p-value T.W** p-value AP+ p-value
22-29 10625 118+26 11929
31-39 124£95 133+96 119+19
40 - 49 116130 121+33 119436
22~ 49 117.36 0.6119 125.68 0.6449 118,98 0.9975

*peak torque  **total work ***avarage power
Values are given as meanz*standard deviation
p-value by one~way ANOVA

LY o] 2UF 4B gt vl B YEO| i3t vl &0 Yo7t HEFE FHINSY F
4 Zt7} 93.85 %, 107.57 %, 107.00%01%12, 20 AHe2 §93 zlol= gglen, H7t AHZY 3
= 22 89 %, 105 %, 104 %, 30t 242 93 %,  ti¢-o] g At 2T ¢ vl gt
107 %, 107 %, 40t 98 %, 110 %, 109 %o|ct  100%°)5H%ct,

(Table 11).

SFEEE 120 /secE FPE W, A A7 gA 11 AHF, AR, dFY AT AHE, =
T A AMTY] Ay oe $UF, Y& dgt A T = RS
7F 252 ], 4%, YEof izt v g—l
YIS 2k} 117.36 %, 125.68 %, 118.98 %013 SEE% 60°/sec} 120°/sec ZFolA A7t A
20t 22} 106 %, 118 %, 119 %, 30t = 4& 124 o9 2F2Y Hd L AF, AR oAEEA
%, 133 %, 1119%, 40H& 116 %, 121 %, 119 %ol o ARZ, AZFFH= GABHA A UATHTable 12),
tHTable 12). EFEE 60" /secolld AL FF2Y HYLHL

EES% 60" /secoll A A7 A2 Hoje, & AFFH AFgBA FAAA FA4e] UdUn
A%, YEO) et A7t FF2Y Aoy FYF,  (p<05), A AHIZY HLH L AF, ARy

14

— 387 —



Table 12. Correlation coefficient(r)* between peak torque of trunk extensors, flexors and body weight,
height, age according to angular velocity

60" /sec 120° /sec
Factors Flexor Extensor Flexor Extensor
r p-value r p-value r p-value r p-value
body weight 0.29 0.0049 0.32 0.0019 0.67 0.0001 0.40 0.0001
age -0.05 0.6079 -0.16 0.1355 -0.09 0.3972 -0.27 0.0089
height 0.16 0.0952 0.37 0.0003 0.57 0.0001 0.38 0.0002

* Pearson correlation coefficient

AZdAq FAHA +9

Table 10. Endurance ratio
120° /sec

of trunk flexors and extensors at angular velocity

Aol AN Lo (p 05), &F (unit:%)
N 60" /sec
£5 ° A A7 2
12(_) /sec°1] 1 _Zﬂ 2 Factors Flexor Extensor
T3 {2 AF, A - —— - p—
Ztato] M3} x
"]4:] v : "74]:“ %:“ . body weight -0.33 0.0015 -0.08 0.4396
0 ol A o
D #e4 }] ]”: 3 ™ age 0.02 0.8235 -0.24 0.0233
7F A% %

(piOS); A “:“4 X height -0.14 0.2012 0.16 0.1411
EHTat 7\“-6—’ c‘:q; G }‘\J% * Pearson correlation coefficient
2Eotol AYUA | FA
Hal fo40] AATHp.05). IV, 11 %

12. AF, A%, 45 AT A-ZE, 25 544052 BAEHAY AA #1E F3HY

<o ZAFHEH A 8A

IEEE 120° /secolA

PARU S

“

FEBA) AL, A 4
% A%
A} AAHTable 13).

d)

A 2529 227488
A%, ARTe AAEBAY AN, dBTE

[e]

A

—

NA2Y ZAFEEE A

QATEA AU, AT AT

SEEE 120" /secolld A7 232Y ZATHEE
& AFae] AgoAe] FAAY F940 U

(p05), W2k A2 exwa%%
$140] QeHpC

A FAHY

%uu Y

o} 753“1' Z& oA 79 gt ko o

3 259 HPE R sk olde A
SFF 5540l AdE A Sl 4L T
SANeTHOE ATEQ e R d2A &
T(Davies, 1987), A& TYFhPess o
g ojgElo] 1 AFrt ¢ o] YFHT AUk
olg|d 544 2%t Z‘%E«l Zolot T3,

IR
o 244 AA 2 HAREETS

e w2 4= 9 I (Dvir, 1995), &
o] &3 Zt& T = B xjo| what oho) PE‘“
234 olgHE HAREF4E d3iAl Parnian-

zo2 Re9 A, HALF §HEF, AP

:4 R°l°ﬂ oaf 4

3@151401]
k! :_LQ
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pour 5(1988)2 YA A7kl ZF3 A
&2 9k 60°/ secgtl 1, Marras 5(1986) &
FEATY A7 7T AAEEE 307/ secol L,
A2 100/ sec® TS =, A §=71
A Zagcy Bagon Dvir1995)= 5%
4 2% TEFTMA E5EEE AAAAAL Hd
28 I3t fAE °‘—: 3ol ozt A4
Aol stgli, ardAbo] AAg| BEHA| ¢
A= 60° /secol’z}ﬂi AAEE A 7158 1E
a3tz Ztctn glon FAolAY #ds] FEE A
£+ 90~180°/ sec2 AARH= 20| ATt 2
T3} Newton $(1993)& 54 % 60°/ sec, 90°
/ sec, 120°/ secollAl Atk Ro) 7H4 gejzolat
7 oo Jerome F(1991)& 30°/ sec, 60°/ sec,
90°/ sec, 120°/ sec, 150°/ sec, 180"/ secS 123
T, 7 $(1996)& 30°/ sec, 60°/ sec, 90°/ sec,
120°/ sec& o]&¥2m, A §(1995), o] 5(1994),
Mayer $(1985a)3} Smith §(1985)2 &54%& 30°
/ sec, 60°/ sec, 120°/ sec®| A AAFBFF AL, Delitto
(1991 545 60°/ sec, 120°/ sec, 180°/ sec
oA AASFE A & $(1996)2 30°/ sec, 120°/
secihe o] &1 uH1998)E 60°/ sec, 180"/ sec
g o] 83ith # AT A= Newton 5(1993)9]
AALSE ST A] AAt ARt A8g 18jste] 90
[ sec M|9J3LT, $FEE 60°/ sec, 120°/ secollA]
HABHSATE,
L2 olxo] HHLFIAMY Zo] Hlaxis)E
Aoz gxdFol doid of, o EAE Y
9= ¥(moment of force)& T8HL, ——’-?—011/\1TE1
o] 782 = 7R 8] A%} 7l =
At (distance force)dl=d] feet-pound? T
AMgEie | 54548 ZEYtAE 288 &8
2 AR, $EFA AR #A7 E Hded
AAAE S goz 4ot

rlo rir

< =3}

|o i _9, ook ~{> °{N

(peak torque)&

(Fillyaw, Bevins, Fernandez, 1986). |7t 342
I 2L FHLY Yo AY FYUsA
(Thorstensson, Nilsson, 1982), 28z M 2}
29 20| YA Z£L3H(Thorstensson,
Arvidson., 1982), 289 #47}t A7t 232 A
Ao vl dAsHA 27| gEof(Mayer, et al.
1985a : Mayer, et al. 1985b) 523 AIAEY &

£ Hristo] vlmshe ARG YAH LR T u]o)
tf3t A2 o] At Dvir Z, 1995), 1B & ¢
FolAE S35 AHTTE Q2R FAE 64
I,

Ao edxe 53 Aeelde ZAHE vehd
o, 8|5k ‘3?5}34, ety o JAE, & 25
o Yoy Zol-AwA, A%, A%, A%, A4
EFEE, AAMY 9 F3(gravity effect torque)
5o 93te] g3g weoh(Diffrient, Tilley,
Bardagiy, 1978) 838 4T3} A2 ¢
P2 Y Gl gt A AT A Diffrient
501978) oxte] AL X Fof 63%, GRS B A
| 67%& A3l A7k FA7E 71%7\}*1]54 o
AN Aare of FHRPER 2834 Hob @
1, AR 180cm, A3 80kgQ) AUEAE] BE, &5
&% 30°/ secd] A7t AN FHEWEE 90Nm
ojn], oL AYZZRUEA W1 HjAH=w
Eo] téle YRS A gfoW A 2429
Ag2ge A=, AAZY QIS Ragrt
otz feon 379 ZYSHA FHYY IFE
AAS L AABIAY AEA Ao o] & AAFHY, 2
o) gigk A1z 27t F7hite Bk A
O WHThorstensson, Nilsson, 1982) € @FA+
%29 oo} wiAIH A gkt

283 $E&5=0k0] Ao dig APATA
Mayer $(1985b)}2 85 &AFoA tho] Ado]
Aglel &z 2HY F(high velocity
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drop-off)o] Aok 1 o] L LF&E 60°
/secoldte] A&z} 90° /secol A T4 E o)A Al
A2 FYeEo) o dAsH AaYo1 31, o
AL AAZo] FHI2f vj3 w2 =245 (fast
twitch fibers)& A FF3IL 2, AEEN 2
422 4571 Z7tEEd 7Hgel ad laccel-
eration and higher initial force)o] 875 °]
g3 FAg Fo| AF 72| Batslo] FFo] dojut
< A% Bt A4 TEYA (neuromuscular
inhibition)ZH&of 71218t Aojgx 21Tt Dvir
199D 3 AATY 4¥S T3l 2E=A
L8 2719 7= (initial high stress)ol| &
$317] Y%t Aol Yon, Thorstenssonn &
(197602 A&=EFoAME &8 £5 24 w(slow-
twitch fiber : Type D& ®W& £= T4 A (fast-
twitch fiber : Type ID7} 2% £&314 14EEF
e F2 g £ ZHFU 250 BAFLEH
LE4E7 wEkyd get £3o] gaditty 3,
Barnes(1980)2} 2 &4z B THEEY &5
THEAY T SEAEFTAY Y BA) g3t A
TN E54E7 BESLE £ $FH71BFO
Zage 2ugon SELTUHEEAY 2ol ¢
28k AL F£H0] & T4 93 FYLA

TAH9 A} otoleale] mAHZA
(crossbridge)2 FA3H7] AT Algte] F24] ¥
A d4" Agstn P A F(1999), o F
(1994), 7 $(1996), & 5(1996)= HAEFEE7}
D&EULE AAZT 233 Yoo gay
Aoz B, B G 232 ¢
£ 60° /secoll BI3] 120° /secollA 2313 F718HALL,
AAZL AgaTe Buet YA R&=dsE
ZAaste Aoz Jeigt, o]RAL Thompson
(1985)0] 120° /seco A= FFZo| AR} o 7

Shhn RIY A QAHAY, TEEYSS I3

ftjo

<9 Y e Zasgichs AgdTe Baoh=

dA)312] gtk
A7E AR M2 gt 2T AL
Bl 544 E397A 4% 71245 59 dhut
ojckBaltzopoulos, Brodie, 1989). 3j2]& $4o8
T 282 40 3 derd oz Az A
<Y TYo| FEY FYET oF 1.24) o4t A
F3 =ty o (Delisa, 1993 : Foster, Fulton,
1991), Thef olgt #¥u|7t AW ol2 % 83
Hol &atol 2aE 4= 91 2(Smithl, et al. 1985) T
A2 T B0%oMYol RAFRY 2, A,
Z L 3T SY FYo] FARI R} F3HA LHE
o

r

£3] AAZY YT FEAA e B
Hot 2 Ao|7} Y= = FHE BolA "€ &
(Elnaggar, 1991 : Risch, Norvell, 1993), AlHZ
BHEEE FHHLE Ao aFdY ¢ A3t
37t A9 YA E &, 1995 @ £54,
1998 : ¥49Y &, 1996 : o|A4d, AAIF, 1994). &
AFoME 60°/secollA AT Hoj2y] 2 F
> AFu7t IR oF L8] o ¥ AL
2 e

Dvir(1995)& 77} o2 &34 oA 244 AT
ZH2 AT AL XA Apolzt gl
D2 M2 thE SFEToA AR ATHE vlashes
AL 9ul7} gickx X, Thompson $(1985)2
120° /secoll Ae 24o] AIAZ R o F3ta, 90°
[secollde ST AAZY 20| 2L, 30°/sec
oA AlH o] of Z3lrta EIFHA 2o hE
29 Aol T4 34 BAHY FEFS o B
7] g olztx fon o] F(1994)9 AFeMe A
Az 3¢ AAEEEET BESE AHZY 3
g¢go] Fastn, Bx7Y Aee TSR
off FA o} AHT gt 429 Hoj-uj= A
o dAstgicte 2ugen & (19969 a7l

B e R
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L UHABBAY A9olA a%Rel TeystE
2 el 238 2223 AA2Y AL Ko}
87710 S44 £58 A9 23,

Bz ggte
27298 92 7R 4o 2F F8E A
29 180] 93t 37H17] Aol 8% Bole

oF 28%%] FAfo] RATHI EIBHAA FF2E} 4l
Ao} 9ol Bt go] F7hd AL HEIYuns
sz Eo] wol AstHEE Avldte R 4 §
(1996)0] AL diAfo2 AR & A

e = o B P I o U s

o vz AL A e & ‘E:MW%
/secollAl= Al ol o &4
120" /secolli = 249 )L F7tsl=d] ¥
3o} AT Fadhs A2 e 2329 Ay
2380l ¢ A YEPd 22 A Thompson 5(1985)3%

o] §(1994) % 7] 5(1996)9 B¢ YAt on,
o FYEAE 31A g2 ARE FZ2Y FHO
AR E A2 AARE,

Smith (19852 Hth$-H 9] AFulE 54T 2
o, A B¢ 54T 60°/secoll A ST 94%
A2 121%, $54% 120" /secoA 232 O%
Aito} 110%olat BT, Delitto 0(1991)
Ao) 7L E&E 60° /secoll A 2FT 81%, A
111%, SE45 120° /secollAl 232 79%, A3
99%2 Bugon o] $(1994) AAYZZY
£ SFEEE 60" /seco)d FIL 81%, AAZ
86%, +E&E 120" /secoll A 2 77%, AAL
14%2 HIT QENANDY ALL LEAT 60
[secollA] ZZ2 T1%, AAZ 65%, 54 120°
/secol A FEZ 66%, AHT 56%0| EJ—??!"
o B AxARAE L54E 60" /secollA 23
97.4%, AAZ 106.6%, S54% 120" /secollA] %*

o > x>

o Tl ri

o 109.7%, AAZ 101.8%2 Yebg, Agd12
Hol M AHTT SE3Y dEY AFu7t AR
L7 HeASE Fasiged £ A7 Z A
ARTE £271 Pl & gasigoy 232
ST Betd g 28] Frlsiglth &
3 2 A7 AT) o] 5(1994)) HIojM = 60 /sec
oMe AHZe A& AFu7F ¥, 120" /sect]
Ae 250l gteu AR AT EIgAME 60°/sec
9} 120" /secoll4] BF AlAZO] &ktHMayer, et
al, 1985a : Smith, et al, 1985 : Delitto, et al.
1991: Reid, Hazard, Fenwick, 1991).

A%, A%, do] T AAH 2471 5454 &
d3kol] tjsjA} Mayer 5(1985a) HFo| 2
AT AN M FFE Fol vl Eh"— 2
P, Newton 51993} HF1 2HL &
ARA ] Aok P, Jerome F(1991)2 #HFo]
Ltojot AlE Tt HrjZeef v)x|= FFejo] AT
AFo] F7HIT djA FREA] HiEEo] F7}8}A]
£ @=ota oo Delitto 5(1989)2 A 29
2 gAY AeE AY Aol g, dAY Ao
ot AT AT AFol vo] 59 83le] £
7 |9 1 g3Felo] £713tct X3P Langrana
5019842 Yol 28} JAmEA e, 30
o} 50tjAtelell A T zpolrt EAEA yehdTha
F1, Timm(1988) 20t ol 30thAtoloflAl= wtol
o} Z7bof wret o] F7Rke AT TA U,
30410132 e da4ABA gtk Wk, Smith
(1985)2 Mayer S(19852)2 85819 Hol=
thojof TAIglo] A AlfollA] AL 2 Fg U
ity Bagich B d3AT A= HEeet 1
= 250l AFo AR T3 A2
g} LAHEA O Qln, BAXHLE FF B4
R 0 Bi(PC 05), Mayer $(1985a)¥} Newton &
(1993)9) 219}t RAFAL, A& =9 &% BT

flo rir o

2

| 2] =

A R e

B
<t

n mlo 4o J}-)-
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A Yole 2323 AHTY Huj-ejat Q4
£ Yelyo] Langrana 5(1984)9 219} %Xlﬁxl
U A&z ZFTT FAZ R {oF A
& UEHATHp<.05).

ot 2852 Y b9 Zol(resting
length)ol A A S Yehu2 gJdaes 5%
A $%(isotonic exercise)S AAISHE A4l &
Ao} vt AR e AQshs & AR 243t
I, 27158 Brstet QoM BAREE &5k

89 7|AH EA dg ZEE AFsr] gl

5]‘“ 54 $HAE U e BEGEY ke F
£.3}9(Baltzopoulos, Brodie, 1989), ¥ =9} &
YA IA= 259 YDA, T2 Hol-AY
oA, ARG Y 71AH B4 Fol Y3t 2 H
B2 3 289 283 3AGEY #AE ok A
< AR dat JAFE AN o F-E3ict
(Jerome, et al. 1991). Moffroid $(1989)& &%5<%
= 371 98 o F44 $YAE Hole Y
=] ¥sto] oiste] F4F849 FEo] AU
T 2ol2tZ 3191, Langrana 5(1984)2 258z}
oA AdAZo] LYo =Gt Z=7F HAA
off vl 2o|YE LA, ol AAZY YL
Ao =3l FEo] ZAEgl] Qojztr 213}
don. Williams 5(1989)2 54 A== ¢4
< 259 WHZ= g 27)7}F H3sty, b
28 289 Aozt FolA e FHZA=A A £8o] g
480 Bt 2 d7ARA Hg-Hdgz
& A ESE B gt 242oMe F
7t 2, AR FasHE AR et &, 2%
455 7 gt 2322 AUy ddE
7t A 23R E o)L, AAZE HA A
A= P22 o|FHA o, &Lk Aol F
718 E AR ARy ert FostA &

238}49thpd 01) o}AE Williams £(1989)9] 2 1o}

S 43 Al ez olgasia, 223
A% W% BIYL PPO2 o|FHAGE g
SRR

2ATFRE 290] FUY B BAL 294G 4
& 592 Qoisiel, 2ATFAL DL s

1, A&E A AARE AR g2 % 203] ¥t
525E ALEA AABRE 4¢, I8 g2
12E £ £ 7] Yol Newton $(1993)2 A
TEHUEE TYE HYSA wrgstA ®ota, E%
AR 25319 7 Al 2Yd3HE Brtsle
ol g3t AL FAFIHY PYof, & AFA 24
TEEL AHTNA Aol F1AE Ao §
ostA Zashs A2 Yehdth(pd 05).
V.4 &

fAZ ot 25 gle AFHLE
AgAM 22M 58 49471A] E2t 91%9E qez
TEALT7VIE ol 88te] BAEFTEE 60" /sectt
120" /secolAl At 2523 AAZY 2H& £43
of BFAE FoL, Yol AF, AR dHdE
ZALSL A2 AE2 o 2.

171cm, "5'?7'11]%—"— 68kgol At 1‘]-"‘-59}
Sl Az FRAT W2 Ao AFHE
$AHZ v}e § o8 £ATRAG] JAALPOD),
ARE AR AR, H4EA 2228 A
JatnE 2Rod BAGoE e $oshdt
(PCOD. AL HEES} TEE BEA A7 23
23 429 A dABRANNL, 4
B4 el EAROZ o SOt daan
A% decHP( oD,
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2. 60" /secoll A X179 B Hcf¢gu) @ M)
FE A7t 2R F 1Ll o w2 Ao
LEbth 120" fsecol Al BF2o0] AMZ R &4
et A2 T4 254 B4 9 o W)
) &olety Azt

3. N&EE9 AL BRA ST ooy
e = dgo] W4 E Z713 T, A

ol FETE Pasiglon, a4RN AlAS
oz i Jo3kA Z43Ak(p0.00). ol
o] BE&TE AATY HYLYAof xF3l=
257 g Zojztn Azt

4, FAFYEL AATNA Aol F/HESE 7
7o fYstA Fadhe 222 Yebitth(p(0.05),

g

il
2
o

o
—
o
T
L
ey
[
g

EN

olde] 2 & f &MY THEAY F
HEAE 2 gl Frty Bk, 4H29 2
=529 o Lidjolde] e Aol FAbolztn Azt
ok B3 474 A" 544 22 ZA He
AE AR HRAEY oshd THHEE sk
—7g7]ﬂ+ 8379 715YEL A 29379 &

ARt 2FTE AT TFAY o1 &F 7
T°ﬂr AT, dol, Aol e g2 el Qs o]
Fof AHof getx Atz gt

F1Ed

o %, AR, YA, 4 49 2%
R 544 97t 4 BY a2 B4, ga
2rojats] 7], 20(4); 929~938, 1996.
o 3y A4E, 2% Wy A2, A
, 15(4); 407~420, 1995,
. 787 15301] e Aud, F8E,
L8 F3 gl A0 T4 aE
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| BT Tist e hAlerg)
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