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Effects of knee flexor isokinetic training
on Knee muscles strength and walking speed in hemiplegia

Jang, Moon-Heon. R.P.T

College of Medicine, Pocheon CHA University Bundang CHA General Hospital

-ABSTRACT -

The purpose of this study was to determine the effects of knee flexor isokinetic train—
ing on the mean peak torque of knee muscles and hamstrings—to—quadriceps ratio(H/Q
ratio) in hemiplegia able to walk independently for more than 10 meters, to analyze the
effect of torque increasing on functional aspects; fatigability and ambulation times,
also. Forty—one adult subjects with hemiplegia secondary to a stroke partipated in this
study. All participants were in/out patients at the College of Medicine, Pocheon CHA
University, Pundang CHA General Hospital. The patients were allocated to two groups:
one group exclusively for isokinetic maximal voluntary knee flexor training at 150°
/sec(n=20) and the other exclusively for isokinetic maximal voluntary knee flexor
training from 30°/sec to 150°/sec (n=21) gradually. The allocation was performed
according to patient age, sex, affected side to minimize imbalance between the two
training groups. Training was carried out from February 14th, 2000 to April 15th, 2000.

Analysis of the data was done by means of t—test, x2—test, paired t—test, ANOVA,
and multiple regression analysis. The results of this study were as follows: 1.There

were no significant differences between the two groups in mean peak torque of knee
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muscles and relative decreases in knee extensor mean peak torque with increased knee
flexor velocities before training (P{ 05). 2.There was no significant differences between
the two groups in the H/Q ratio, and no relative increases with increased knee flexor
velocities before training., 3.there were significant changes in mean peak torque in
group A after training(P{ 05), but no significant differences as the velocity increased
4.there were significant changes in mean peak torque in group B after training(P< 05),
but no significant differences as the velocity increased 5.there were no significant dif—
ferences between the two groups, and no significant differences in mean peak torque
increase rate between the groups with increased knee flexor velocities after training
6.H/Q ratio increased with increased knee flexor velocities between the two groups, but
not statistically And there was no significant differences between the groups with
increased knee flexor velocities 7 After training, Ambulation time and its decreasing
rate decreased significantly in group B (P 05) 8Before and after training, there was no
significant differences between the groups in the fatiguability 9.In the multiple regres—
sion analysis, mean peak torque increase rate of the knee extensor and flexor were
higher in group B than A(P{05), and significantly higher with increased knee flexor
velocities (P{.05) Also, training method influenced on Ambulation times decreases sig—
nificantly(P<.05). Results indicated that knee flexor isokinetic training was effective to
knee extensor and flexor mean peak torque increase in the hemiplegia able to walk
independently for more than 10 meters. Therefore, we were able to conclude that grad—
ual training from low to high velocity was more effective in the increase of mean peak
torque of knee joint and decrease of Ambulation times than training only at high veloc—

ity.

Key Words : Knee flexor, isokinetic, Memiplegia

[ A& 2 47| So] Brisaizlng 27los 22 4
AAYE 51 Bk, 2719) 2 olghr]of 3y
1L a7 gaXy 22 WA sl ohi] 2e) 254 BHE

= AASHA Sn, S4717F AYA ol F=

HETES AEFTE € ARAET tE AFY 9] £9F 250l et 554 BEx 9 55

U F 7P B FEE A Aty A WHLF TO= uhy] o] 28-S ZFAA)7)
HA 1991). = AEE AYsHA "ot

HEF § 53| W 4A ¢ 3hx 9] oiwjrst (Knutsson¥} Martensson, 1980)2 &%

Ehtis 7154 AolE A Hed, 82k 7] $o 2= di#Z3HA EARA 28 3= Jgk

- 712 -



dl, 852 di7f] AS vjuiujEo g oy
& 8129 ks WA HHg Holn] A7t
o] ol we} npH|&o] o] REFOoT 3
EEolr ddAE A vih| & el 73 A
|2 TotHA ALeiA vnpp &g Pa oj4te
2 gol A= AFE Hlig1 kg

(Engardt et al, 1995)& o}z3t 7|4
Z ALY A& Al BA7F H= o548
(learned disuse)olgt 815l o, vhu]& che] o
a4 B8-S AlstAZlEd QoA 28 £
™ol anpHoletn s}, (Camels
Minaire, 1995)= #dHe 7oA F52/2
1o HEryt FE29] XA A (eccentric) ¥
@&/d(concentric) 2ol distolE W2 -
237t BaEu AR F53/A8E vlao
%873 (Ostering, 1986)°) o3} B3} vl= g
A} it 3k}, 53], (Engardt et al, 1995)
< Hupd] &R9] A9 S AlTof vls) &
d22E 1 A5 vt detes & &
<3 AT FPu9 BAEE Y8l aod 2
9] k7t Fasiiar skt

+8& F7HA7171 Y8t A% (resistive
exercise)2 S&HA &F A4 &% 1@
548 522 s & Ut Hislop®t Per—
rine, 1967). 54744 L&A E & £& 4=
£ Y= Zléi@ SR U L Sy & g B
% ZF WA ZtzoA el 2829] 30
o] HEEER g7 W £ 9l £29 o]
o] Agto] Zpe | 2] Gh=rt, wakA] H4A4 &
T A Huhw] &) 22 Fzlof] mRb9l
HhH o g2 ‘éol #0]3L Q) e (Brrnie®} Brodie,
1986), 5574 5770 gt 2EH7I= 2
9 °k§}r;‘45 A 7hsHAE JEeta Ao

Ol- 2~ o](;}_

xE
QA

k=N
E]l
=]
=)

O..u n,

4 5, 1991)0] Hohulgs ez
¥ & UUAY AUAZE 292 9L 2e
58S 2718t 657 AAG AT

°>~

oA, 5544 & oxlii""ﬂ/ﬁ &84 =27 4l
29 2] & 120° /secol A Lo £F
AN FostAl S/ At Hastgct,

(Chokroverty et al, 1976)2 Huju] 35
& gge 2 Agst ZAFNA type II 2%
9] iFo] AatA Yeht= AS Wasiga, Al
73 AR Fefshy <l wsrt 9ls-S Wt
fAckn R13 v 9=, (Thomee et al,
1978)0] WE &£x2 S&EALEXZE AA|SH
At & Aol visl 2AFNA type I 2HF
7t A2 8k= WA o] o8t A SRS U5
Byii=g

s, FRUZA 4o T Feotsie)
NS U THY SFARY Heolt ASE

T 554 LEaT | gt A7t ofF] Wol B
3t Aot 283 Hupe] xte] H o=
A&oA 9] FEE &S AWt W2 24
Hol ok, ol Zo] Hu|AAE iz gt
& 150" /secolAl E 8 -2 30°/secoi Al
150° /secE HAAH o2 £ & o|gix &4
L 5 58 HAEHY 29 W £ddE
T/EBEATY B(H/Q ratio) ¥HEe} olof o
E Eysea 2k Wil digh B} zpAgh
AFE st g,

I. a4

1L 4794 R A7
2 A7e WAL HEFoR <lsjel Hoh]
A W EAFEOITSE By do]

U FojAY o A& T A 415E

- 713 ~



o2 QY Ay vhhlE F& nAsto 3+
150" /secd] Z&EEoM(AD), E 3 #2 30°
/secOl A BE 150° /secE HAHOR ZI&L &
FolHA 20009 29 14U%E 4% 159 7R
STA ZTo] diste] 554 2E5N &5
At B o] Folof Folgk Ao =
A2 o5t ot
1) HEF0 2 Q3| Hupnlz} | &R}
2) @FA7F A A= YWE-E ojsfigtr &
U= 81
3) E93 22 10m ol B3o| M3 AL
4) % kAo AR AT Agho] Y& B}
5) #5302 ¢A &3 25 ¢ 4l Aol 7}
5 gt
6) & 3tx)o] ZAAE7} Ashworth scale2
0~121 &=}
7) £ Ao APt o2 Fojsh= 2 A}

2. A+

s 7718 EAR VIEAE
AEsA x50 URbA BT o5h3 EA4E
ZAlBHGch 4Rt EAdo2= AR AES
zARBIg o, AAAFAE o83t AFE =
Astg o, AR AAR7|E ol 838t £33
th. oJEt EA4o2E AHEAEE AR A=
MAY, B /%, Y 7/F 5& A7 5
& AEsY zARIACH, HEFS AU vt
viE, 23 Y B2 A E RS ZAIS
ok &5 A 544 289 532 EN-knee
& &E71TE o183k WA AR
E FAAITo) ¢bsla, o] S7E HAR
oA 10cm $Z7} IRFUE DR DAY}
Ao, F&Eg A8 4 Qe BAHE ARt
Uz A4 FES AR A s, vl S

A= SFA AR 2EHS Zhot A3
t}, 1281 lever arm® 99 R 3E
(lower leg) &}7}=7](lateral malleus) B2 9
ZHEol g4 At ZE AFHIAE
oz E57HAY 315 Ao EN-knee 5%
A 57170l dsstA st7] st eEY
A A3 Z23E 27 1034 AS3H=E s
WA 544 282 evd ALHEH &%
stk 428 30° /secoll A3ty £H4E
HaA 23 A1 AdeollA] gt mz2A AA
A7l &35 33 wHEsigleH, o] W 3%
22 o] HHAXE ALt 71E3H%) o
°2 60, 90, 120 & 150° /secol Al zHz} 33]4
o] £¢4d A2 HFYIHS FA%HA ojg9
HE#aS 7IS3%en, 7 HARle 8%
FAAZE B2t tdgez Z2 yhier &
AL HASA AA- A7) Adefioll A Xoigh wp
2A 2F A7l 53 33 HAste] £33
2329 5454 T8 30~150"/secollA &F
slct, olgjgt Frte &5 Aol HAIsI L, 4
F719] 50 BUI thA] SA3HA
&3 o) Ao gt I3 FYul= 42e]
& zolA &% JdFHY HAaE 083t
of ALt 71&stH o, &5 A 47719
&5 Fof 2§ T2 Yo R ALt
&34 A2 29 2T+ (Watkin,
1984)0] FY HHL o] gt 2AslTt &,
150° /secoll Al 1527t Xdigt w=4 <24dS
Ad 9 Z3 AlAH SHT HAIHE 71551,
ohRjet 33] Hoj2ee] HHE-S A5 3389 F
g2ee] BHHO R rolA HEEE £33}
Ack oA &HA AT} 229 HIREE 2
T A3 4F709 &5 Foll EA3H9T
BHPA 7S AolA 10me] HRE 23t =t

- 714 —



Favel BMg ste] &EY] AL 2
, B Eé, cEu] BAt Y AT o2 E

=& 77t ¥3kg-g AAkste B4
g ‘-J_Ais}%lﬂ}

Zr&% 150° /secoll A 58 AAIRE AtollA],
2 =9 EN-knee 5&4 57|70l &2 AH
oA A7iel WHo g & G FF T, Xof
3 WAL H AejolA 7hsdt g wEA S
AL 23 AIEE 58 At e, 535
HhEsle] 58 AAIstaL, oF 18X F41E F
3 Sof ohA] 2 AH O E 53] ¥kE 255 A
At e & 5HE vhEstgch BuolAle
ro. uh oz 5314 F 5¥O] 253 AAEI
o Zt&EE 30° /secoll Al HA AAIBEAL 9F 5
7} FA] 2of 60, 90, 120 E 150° /secof| Al

do

o my

r{m

A+ &
29 9 2guel sk &F At 4% o
AHAD SEFER Yottt
t-test
48 9 29 HEE 4] SE5auelA &
QA 5 d-4% F2 ¢ot £}
paired t-test
7 $E 204 &g T2 2o W 22uE
@gADd oo} grt
ANOVA
28Z7Hg, 2], BYAZL H2ed 9%
@D & oA 89S ot ¥t
Multiple Regression Analysis

o] $5-2 7tz ATt

Rk

iAol duha 9l ojshy 442 A%
X ARE AT 5 A 4F &5 39
<8 W Zgu] 27 N2 59 W
daiAle t-H%, Bela -3, AR 5=
AR, 28 F7F 9 28] 34, 23
At 9 g2z #d4 Fo] AR &FEu
o3 Yoid AJAE dot7] e A&
A& A8

I, |9+4z

1. 4%ty 54 4 933 £4

A AL 419 F 150° /secollAl 252 HA
3t Adto] 2080l 30" /secoll ARE 150°
/secE ARAOE ZHELE o|HA 252 A
A3 B2 2190)0lch ARty B0 Had

Y, AEERL JIAF 2 FaARA ST

E 1 9ty E4 9 o5 B4
54 AT B#
a2 ¢ 209 219
AH(de]) 8:12 11:10
HAAY ) 51.7 50.3
BI2AFkg) 62.2 62.2
HEA % em) 165.2 164.8
HFAN BN LY 20.7 19.3
G (HF 5:15 3:18
TENFF 7:13 8:13
ope| (213 12: 8 11:10
A& K3 10: 10 11:10
Ad - 2 16: 4 17:4

*AZ: 150 /secoll A 53
*B: 30 ~ 150° /secoll A &5&

- 715 =



off f-olst zol7t STt sty BEAS AR
o &R} 219, WA N 209, &
Hops|8}7} 239, 2E HopH] 3kt 1895019
t}, o]F At AEARE A2 HFAR
Alde uhy & g7 199 ol9len AZY BE
Zholle BRARMAIY, T, TEY, oS
2 oju| IRl Foll A f-2lgt zte) 7} RITHE 1),

2. &5 A &Py g&
-9 2YH|L

s A Lo W swd F2a A2
v o A3 A3 Bt ZRoA & #7
3t 289 zpol= ¢l A&ro) 7t
of W o] WsE AHHY ST A2
749 Aol A4 30° /secoll Al 65.1 N - mojjA] 150°
/secollA 24.1 N - mo g #islsie] Zh&x £7}
Al FAA R {ostA FEo| ATt
(PC.05). o]&3t Wizsl= Bl E upxtzlr]e]qd

=¥d 22

(o]

i)
W‘; >

=2 1o
Jo

(T 3

o a5 229 390l AR BE
BEolH & 371 Al 229 gae B
A%, BASH 02 f8kAE YUATHE 2),

2 254 &I UE s 223 U2Y 2 vl

£ 3 2% 4 £0E U2 B 229 28] i
AZ BZ
30" /sec 46.5+107.63 46.4£97.87
60°/sec 57.8+144.51 52.5£125.88
90° /sec 57.9+136.16 49.5+119.52
120 /sec 63.9+126.34 51.5+116.55
150 /sec 57.21128.38 48.2+116,96

* Values are given as mean + S.D. (%).
string / Torque of Quadriceps) x 100

: Torque of Ham-

3. 5 A &E A3 dig =2 29 &
E LRI

30" /secol A ARS B 46.5%°1%11, BT
L BYF 46.4%2 Fatto] 895t zpol7t gl
o}, oA 2 o8 7o) ZEe 011*1 ATy
of feldt ztol7t gilen, &3 4l &Y
e g2 FYuls 44559 B%EMI & A
0|7} YATHE 3)

4. ATA &5 3 I X2 Wis}
&84 A2 A 4w 307 /secold &5 A
B 651 N-moA &% F B 776 N-me2

E 4 A2 &7 ¥ HBLIHA 9 st

44= AT B 254 R
A 30" /sec 65.1+30,82 63.7+29.70 Ag 30" /sec 851 + 30.28 776 + 31.26
60° /sec 52.7+26.50 53.1£22.90 60" /sec 52,7 £ 26,50 69.2 + 28,22
90" /sec 43.5429.15 44.8£22.74 90" /sec 435 £29.15 60.0 + 20.45
120 /sec 31.0+28.67 31.8+21,61 120° /sec 310 £ 28.67 44.6 + 28.41
150° fsec 24.1£26.51 24,1+18.47 150° /sec 24.1 £26.51 43,2 £ 26.22
22 30" /sec 22.1+26.51 22.3+24.61 =< 30" /sec 22.1 £26.51 32.1 £ 25.24
60°/sec 20.5+26.32 19.2+24,51 60" /sec 20.5 £26.32 30.8 = 28.00
90" /sec 19.2£25.50 16.7£23.11 90" /sec 19.2 £25,52 33.0 £ 25.64
120" /sec 15.9+21.26 14,5+21.54 120° /sec 15.9 +21.26 318 + 22,59
150° /sec 11.9+19.65 10.8+18.07 150° /sec 11.9 +19.65 29.2 + 18.82

* Values are given as mean + S.D. (N - m)

* Values are given as mean = S.D. (N - m)

- 716 —



o3t Z7He HYTHPL 05). olget &5 & 289
7t BE 450l f2stHh(P05). :LaM
Z&cy 29 7he Aol wAEA oot &

A F2Y AL 445 307 /seco)A] &5 A T’é‘i‘
22.1 N - molA &% & B 32.16 N - mollA ¢
3 2718 EATHP(05). ol8%t &% & 289 &
7t e 24204 F98t9 o U(PC05), A4
H 28 3719 2lols AR AUTHE 4),

N :10
o‘)I

5. BZoIA && ¥ HdHd2S A9 ¥

o

S0 A9 A MR 307 /secollM 2% A
Bat 63.7 N-molq && & H# 83.7 N-mOo &
FAg F7HE BATHPC05). o3t &5 & 29
F7he e AAEQN AP 05), T4

=9 28 Z7t9] ol WA oot S¢H #

olN

<9 AL 4% 30°/secolld &5 A HF 22.3
N mojA &% & B¢ 40.6 N- mO & gt 7t
E EATHP05). o3 &5 ¥ 299 F7he B E

& o)A Fo3tH WP 05), &= 29 F
7ke} Apol= HEHA FUTHE 5).
#5 BiolM &5 & A B2 o Mzt

il 45

30" /sec 63.7 = 29.70  83.7 + 2864
60° /sec 53.1 +22.90 66.3 + 22.19

90" /sec 448 + 9274 615 £ 22.82

120° /sec 31.8 + 21.61 47.8 £ 20.01

150" /sec 241+ 1847  46.8 *19.08

28 30°/sec 22.3 £ 2461  40.6 * 24.85
60° /sec 19.2 £ 2451  36.1 £ 26.23

90 /sec 16.7 + 23.11 317 + 2314

120° /sec 14.5 £ 21.54 30.9 * 18.14

150" /sec 10.8 + 18.07 31.9 + 17.61

* Values are given as mean *+ S.D. (N - m)

#6, 2FHYo) BE SWE TR AL o 2¥F7Huln

4 AL BZ
Az 307 /sec 77.6+31.26 83.7+28.64
60" /sec 69.2+28.22 66.31£22.19
90" /sec 60.0+29.45 61.5+22.82
120° /sec 44,6+28 41 47,8+20.01
150" /sec 43.2+26.22 46.8+19.08
3 30" /sec 32.1+25.24 40.6£24.85
60" /sec 30.8£28.00 36.1+26.23
90" /sec 33.0£25.64 31.7+£23.14
120° /sec 31.8+£22.59 30.9+18.14
150" /sec 29.2+18 82 31.9£17.61

* Values are given as mean = SD. (N - m)

6 EFU oiE 2R ST 2

ST A2 22014 25 242te] ZEmolA B
; Fazkol Sola Aol7} Qe & &

TR @
ol & 25719 Aol JHEA golthE
6).

1.9% ¥ 2EEAAY v

S8 AZAe BE A&ToA ¢t /9
gt Aol7h gtk aEU, £BA 2 E 30,
60, 90" /secoll A BZoIA 9 2EF7H&0] Aol ]
st FoAstA S718HATHPC05). IZAW, 2%
7H&e] Bk FE UG YR ot AgjAel 9
< Aozt H7joll= EA7F AUTHE 7).

8. 2% ¥ Ao O 22 2w W
3}
SF ¥ 420 gt 229 2k Wske AZT

BEoA Z2te] Z4Eold £5 Fof 2guj7} 27}
SHe AR BAAW, EAHA Sol4e Yo,

- 717 -



BT T F IV v #9 LW T RPN ZA D gL
AL B# p-& +5 A 5 ¥
A2 30°/sec  38.0+69.72 53.8+79.31  0.5016 B X 7Hsec*)
60" /sec 36.3£21.95 55.2x126.05 0.5054 AZ 22,0 £10.21 217 +9.77
90° /sec 51.9+38.19 50.6+36.85 0.9157 B 23.2 £11,01 22,1 + 11.02**
120°/sec  62.4+4843 85.3t68.80  0.2542 HLE@**
150°/sec  170.0+207.32 222.4+272.31  0.5167 A -0.44 £ 1.09
B -5.69 + 3.93
22 307/sec  40.1%31.62 375.6+449.45 0.0028** * Values are given as mean * S.D(sec).
60°/sec  60.6+57.27 564.0+678.71 0.0037** ** Values are given as mean + S.D(%). (Ambulation times at
90°/sec  64.4+39.78 4367462675 00376 Post-Exercise) - (Ambulation times at Pre-Exercise)
X (Ambulation times at Pre-Exercise)
120°/sec  102.21£72.28 107.4+80.91  0.8759 **p( 05
150" /sec  403.4+632.91 248.7+268.43  0.4900

* Values are given as mean + S.D (%)
: (Torque at Post-Exercise) - (Torque at Pre~Exercise)

£10, &5 ¥ W2E ot 9 Wskg vl

{Torque at Pre~Exercise) x 100
**P(05
8 &% F A2 Ui 229 2y st
&5 A &5 ¥
A2 30" /sec 46.5 + 107.63 485 + 59.86
60° /sec 57.8 £ 14451 50.1 = 72.38
90" /sec 579 £136.31 588 + 57.05
120" /sec 63.9 +£126.34 79.4 £ 52.75
150° /sec 57.2 £128.38 175.2 + 39.03
B#  30°/sec 46,4 £ 97,87 53.2 + 47.87
60° /sec 52,5 £ 125,88 63.2 £ 77.34
90" /sec 495 £ 11952 54.9 £ 51.29
120°/sec 51,5 £ 116,55  68.5 + 41.65
150" /sec 482 £116,96 73.0 £ 38.23

* Values are given as mean * S.D. (%)
: (Torque of Hamstring / Torque of Quadriceps) x 100

a3 2§ F 2N 79 dE oA g
Zhol] oI Apol7t WHEA FUTHE 8).

9. &5 A -F RINT FAA E FAE
H| 1

=5 A 5 ¥ Hag
A2
AZ 30.0£2850  44.4%2833  75.8% 64.12
BZ 31742158  456+2046  71.2+50.05

* Values are given as mean + S.D. (%) * Z4&
(Fatigue at Post-Exercise) - (Fatigue at Pre-Exercise)

X 100

(Fatigue at Pre-Exercise)

5 ¥ RPN A4 d gag via A &F
A AL Bzt YA Fol7t g, &
T AZYold s BYATY fog Zol7t (AL,
BRoJA = o3 Zol7t YATHPL 05). EHFA
AaE 25 F EPATNA &5 A BN
A FolM 5 A YRS U HEES &3
3ttt Aol M= Bt 0.44%9] Zago] TaE| gl
Aut, Bl A= it 5.69%2] A& Kol §A 3
o2 FopRt Abol7h ATk (P05, # 9).

o

10. 5 ¥ Y2% H3 9 ¥k vja

HE2EEE 5 A 25 5o Z 2 HoAut §9]
LS HAS B F 2 TolAe F% Aol7t ¢
Ak, A== WFFS Bt FFs| 17 $i5to]

- 718 —



= gzt
of &3 A2T I T4
frofgt Zark YATHE 10).

11 &%E 29378 Yt
o 387984

W 2YF7HE] U3 oF
AL AT} S0d A2oA o
B 9 93 B 25
893 ZH4E 9dS HajA 2
A 252 AEEAT 19
A ZFol7t ARTHE 11).

IVv. 7 &

rf
ey
=2
X

ol

oL
182
E
2
N

A Al 2t el 4 F
olAY Yz ANEWL Y=

Hehul SRS 2T A7)
o AT 27 AH W
u) BpS oA QusRAl7)E
dl Algo] Qitk. E& AFThA
A A7 5 4B
A 230 7158 Exog
olo] EEHA7F AW u} 150°

E 11 &34 2YZ7He00 it o g AR

i A2 Ee
3AA(SE) p-3t B AAS(SE) P-3t

k) 29.319.97)  0.0037 23.52(7.68) 0.0025

Ugta £4

il -0.03(0.05)  0.4948 -0.06(0.04) 0.0860

A

o0

gl 0.61(0.84) 0.4697 1.18(0.64) 0.0696

A% -0.01(0.05)  0.8691 -0.05(0.04) 0.2166

A% ~0.07(0.06)  0.2193 -0.04(0.05) 0.4017

o8ty £4

1Y

L0

21 -0.0200.76)  0.9779 .51(0.59) 0.0110**

e

fr:0

21 0.30(0.96) 0.7513 0.51(0.74) 0.4930

A2y -0.010.05)  0.8813 0.08(0.04) 0.0532

ohu| &

+:0

EE -0.02(0.76)  0.9746 0.15(0.58) 0.8015

el

H&EH .0

341 -0.78(0.75)  0.2973 0.12(0.58) 0.8051

A - o

4¥e:0

o 11 -0.50(0.90)  0.5815 ~0.68(0.69) 0.3219

o

AF:0

BZ:1 -2.09(0.62)  **0.0009  -4.27(0.48)  0.0001**

Zh45( /sec) 0.03(0.01  **0.0001 0.04(0.01) 0.0001**

R? 0.16 0.04

(Adjust R? (0.10) (0.40)

F-3t 3.00 0.0007 12.38 0.0001

**P{,05

- 719 —



JsecolA] 1527 T} NS AX#| 73
2xold 229 3% 229 B} 27 U
AZA e Fol 2 mIlole BAZ Usln
AAHY drETE $HHA L v
Aoz yzrect

EA, 544 258 AWt 239 thstel
B RYwe Fokgon, A WA
9 BAZE, AY2ArksodA, U 23,
UE 5L 2RAHA 5, 19905 Tstck
g9 W7 NEE QHHOR 282 WS
o ol 2|1 glot o] AFAAE 28L B
74tz 3 Aol ohBE &5 At Fof Ho
P22 Zqste] 290 WAl H/Q
ratio® 78het) glolMt Tzt gloelet A
Zhict,

A, BE ATRAAE R SFAHAY
8% Holl EN-knee 5443257178 °]&3t
2% A - FolAe] 2Y54 L eFHe] A4
s 8] gistel, B AdY BRE 4%
1088 A&, 2 SEntch 24 MY
sl2e2 walstel 4o} s3d AT 22
TS MBAA S5 25 A5 @ o
8 &% 1 SBE AR AN 7 2909 §

4g A3 T 29 PO 17%U0] WY L5
& 4AEAE 5, 10008 B2 Aok 4
W R SEAE glolA Aol7} USiH vt 2

Hojjz 1 %‘%*Ol UHE A2 Ay}

UA, 2 dFoMe E, dadS Aesta ¥
8.YRE S9Y 71A) W 45700 BA 25
AXBIR LY, LE77HeE B o 2gZ7)o)
o] A8l 417314 ajle] avE 2%
ZIdsl7l= ol=8ifd A 2t J9taE =
gutRog FEHEHLFITE ol 83 554

571748 6552 2 3314 ANBHE WURA

& %, 199D vuFS f TFF, 2FNEF
o) W4=0f 2G| dis] o]l HE-E AT
T R2BE 129 fiio] H &

TEEIHUS AT A 20, 5%, &
712t SOl gt A3t Z2EF o] da
g Aoz BzEc

= A ]
, o548 &

2. 42 g 2@

kn‘u

(Don et al, 1979)2 ¥l WE &5
He] Folgof dste], 7R FH 2R

3

Tof Aol 29| ¥zt glot B s}
%1, (Coyle et al, 198D = 65710 544 &

T ¥ o84 28 ¥k @xstglien vie) A
Aol Mste | Bkt olzdh
5o & 2F7te] Hol et ohye
TUT &5 oAM= 59 o Hdrsd
9ol & ZHI7HY EolE gol =91
k. (Moffroid®} Whipple, 1983)0] -3 4
oA 55 AARE e =¥ ST 2
g9} F717 e, wE Lxoxe] &5 A
ol &5 AAF 259} 1 0]3}e] L E oA
T 289 F7t AT Kt & 54
of & anto] oo iz @S A7t Bx
LA

(BF4E &, 199)2 SE Aol A %%91 a
I7h it S o #4 &
Loz FHsh=t B =30l E 3 ‘11 u}
A TEA SN R B SeSEolA &5
S AARE & FE9 7P Ui S of
= Zo] FAA Ayl 454 57179
ANGE 9T HAE S5 E A st g2
E2o) "t 5ttt (Thortensson et al,
1976)2 type II & 447 B&42 w2 &5

- 720 -



oA =2 TYXNE vebd 4= ok 8o type
II & Adf71 Aoz ez gol 55 U= H
upH] Zkxjof Qlo) Zb& =7 Wbl g Akl
v HArgggo] FE Aee Histgrt,
(Thomee et al, 1982)% H]3t A1E 3t Aub
wE L2 SFARE dollA 2AHHA type
II 2 Af7F RAek= wAo] f-ostA F71s
now SEXRE Qg 2] Tt FH R
v, 359 A% ¥ 259 SA= A
o $A]3Hsynchronization)7} Eolx]&= 2 of
Eoleta kg (Coyle et al, 1981)2
TE 5 A8d 2 BE 4gkolA 9o 9]
£ 289 3718 B v, =Y £5 8 &5

A &3 Foll M= =8 o Ant FEo] SIS

Helckn 5}95100’1 thE AP} upT A R
=5 AR oAl ZABAl type
I & 4+4 Bl‘iﬁa wast ool Baskgich
oje} Zro} AALEe) upet A2 ohE ANES
N1k il g

B Aol M oA 253 b A& A
ARARoR nH(oR AEHEE Fo|HA &5
T ZRojA &8 AT} SHolA BE 74
Lol A F2jt ;1@1_,] F7HE R, e x F
7ol whE XPOI A, wE sxg 9%
A&d & B2 -’-‘? oAl oln] 9l 2¥ 9]
Z7+E 51‘{214.;.. B3t (Coyle et al, 1981)2]
Ko} -2 Axpo|qlrt, shxgt Awt#t B+t
i BFI=Rodle &pol7t A, FHINS
& Boh AAEHA Brs) flste] &% & &
Aol A &5 A IYE WA gt TYHINES
L5 A TEHOE Yol MEES A4St &
g SZTHEE v a S doe &304 AT
oAe F 1ol Fg Apol7t fila, &
2o ATk 30, 60, 90° /secollA] Bel 2%

= A
W}T: =

740l foldhA wdtt o] Aihs type I &
AY $F0] sl USRS YR F
&4 AR Aol WE &2 &FA7e
Aol type Il THFE EAFA]7]= Wlol =
o wME &8 2FARE A I¥EZFo| &
Qbx]o] #RAke] Frlgubol @t dojute Zgfol
U222 HuHBAES YR FE54 &5
g Al =¥ HoflA AFete ghate] 3 EH
Tof upe} Hz} whE 429 FAE PHE A
AE (Thistle, 1967)9] 2AT= A4FEH A
<89 BigjFifo] AR ST &5 2
ol st AR ek thFIAEA A A
ol wjsf] BollAe] 2 F7HEo] 2.09% H
I, AE=7F 'Y wobd winpt} 2857}
o] 0.03%4 oA ZHEEE 30° /secoll A
60" /secE &ejHA 25 AL & 0.9%2 &
HE7HeY anE 7idiE & it & Al
off gl 9 el 9u] Q= W3t ¢
Aed, =] UsRYE B AAEHA Bt
3171 915t &5 & 2EuloA &5 A 8]
g WA 73 2YHFUISE 5 A THR
Lol MRS AAlsle] X%k 2eu]iEstg
Akt Axh £3d Al E F 270
f2pgt &polzt gidla, &dd Fo At 30,
60" /secol Al B9 28Z7Heo] {934 =
Ut AYgE/FEEY Sl AAEEE
S 93t FEAHE URsly] diof, 5338
o] Hof QojA 27]QRICE F= I F
AzAG EY 716A 3o diE Ao a4
24 1 7k S8k 3k (Grace et al,
1984). (Calmels® Minaira, 1995)& &8-&
WERHURA (S, At Sol el THE 52
Ao AT FUT TREHN SHUY 7
Al 2 20 i3t 23A 2ZHgo] Boidtn, EFH

- 721 -



Aol ol 5ol 2FT9 FE-S AHE
A mAeZo A= 1 Ao e vist
o, AEF R dig UAE, 4 F52o Qs
dAgk 3, S2ols £ 9 tgdt 2y
452r8-S B o 3d. (Solomonow
et al, 1988)2 ol A& 3 Y Aol
2318 AR, R 2 Yo F=2 Al
o= olE &l AFIY 5 M= o
3L shtw 319, (Hirokawa et al, 1991)2
o]9} Zro] FAoj Fej7t 71A] k= 9 HolA
AL FE Y] o] R = UEF FFL
¥ Ago) ER3uER Aosto Z-ggctn &t
Aok, 23u (Knapik et al, 1983)2 £33 F
S2/A%2ol digt dEHo| HYHQ v|E
& Fs7ie g gt e, 53 53
B(EAA, $34, 35IY 330l &
uja} 22 x|of Apelsta W47} 2Hg-ste] 23t
T &k (Nosse, 1982)= £33 F2/AIE
Hlg2 1Rk Zton PEFezE 0.60°) 3
Fetcta slglen (Knutsson et al, 1980)2
34 Zuls FAAL #5500 244=7
50° /secoll A 400° /secE F7teel whet 0,589
A 0.78%2 Z7Igicta B ustgct (Kannus$}
Jarvinen, 1990)2 ¥ Z& oA &5 o
E oF 50%9] 2Eu|9 F7HE H<l ¥, Z4%
=7} 300" /secE F7Htol wel 100%2 5715t
Aoty BEtHA Zr4z7) 715t uet 8
v] £3 Z71%kga stged olEgt Aole 2
&0 EARL 7153 U 225HA Bigof o3t A
wj-Zolefal st

ojAtofixel Zo] 28 F7t |He 2= 24
8913 4174 8102 s 4= ok (Wilmore,
1975)7} 24| glo] 289 F77 AT B
I3 & 29 Frke Tujdl ol 259 Hd

A=
T=

3o B g F= A A 7| Golgi
tendon organ)® TFAS ZAAA I A
2hg-g hafstal, d4EA| TUEE SEEds
o] 7} 181 FYEE EFEHY YAz
(fire frequency) ¥ 5Al13Hsynchron ization)
5 Z2 417304 8%lo] A TAsk= 47—
T BEFAQL R o3 AR A= AL
=R ook, E3F 2= 27|57 = YA
o2 FPA4HE dg 59, FIH A58, 5
2o Z7E 8435 39 ARAY] Hgn w1
o] A ALR Koy F7]9 A7|HA F7h=
F2 2adiy 432 21 JoH(AAES T,
1991).

(Glasser, 1986)+«= Yutz{9l Haj3.2iqk
2ol vl 5EA SFREE Brlste] Agit
oA Be&w s whabz]z] ggtovt, 2 8t
z)o] RyPPe 7t Fopx|il Kol FrtE|glon
ME LR AR A LY {58 258
Hot & o] Arto|eta BustH A 24134
£48A 0 Qo] 554 2 FAERE BV T
7o) obF AFpFoleta FAs & A4
oA F & 7ol &5 FolAe] BRIt
Ao T o F3t 2olg HolA= FUA
ok BYPAZE BAEE ot O HAPEE B
o} AAE] B8 g A AFolA = 0.44%, B
2 AE 5.69%2 TAEE Hol BFoA 79
s #2322 o4 & Ao FAFA F,
1989)= 544 25 AE §F W2 x50l =B
3ol Bagt Bz7|7t 9Q A =Uen, 10m
£ AL: B34 A FEH4SFARE WS
oA folEHA st RSkt E3
E2E EFoHNE 28] F7td & A4ES
ZAslo] TS v DIRGES of TR Fant
ztol= & 4 Qe ol (Watkins et al,

- 722 -



1983)°] 25 A Fof Hun] §zte] FZof A
29%9 M2Ee] fad HUF A= Aol
SHch 2 AFANE Hopx &¢HE 229 F
H4EF0l 22, A2 2SN AFtF oIy
I YA UM = AHEoA n&oz H
Ao &2 8 go7liAM &63hs ol 18
st 2] o] FAdstols =go] HA) Ze}
AL, &M FHEY &5 AT BE A4
oM 2HFe] A7t ey &z e
Aole ATk T, sFHIHSAH 2y
o} et RYAE SIHA7)0 SRR
Fard Aoz st oyt 2e57te) an
2H HPAZEL D& AT 58 ol vl
AEEE AHoA 1402 PIUH LR Fold
A &% 2ol A FefsHA Fast oy 2oz
=9 4 avts B 4 Tk

oldol At ol ZiFrtel Qlof 5ol
02 FRHE Aol & 5 UAMAT, 2HIY

AHS Bt 24X BAE) 2 A 25458 A

WHoZ RoldA £55H: Wilo] ol A=
TEZN L BYA Fao] EHel Yoz
LEEE
V.2E
2 A7E $o) @ AR thew gt
L% 27

d
w o, Zt&5 9] 71
ThE 229 At W AZlATt fo5ka
o}

2. F w3l &5 A s Aol digt 22
o] Bt THWE Aol7t e, Z&xo] w
£ 2849 Hokes i

3. A& A ZHASL-FZ HAT AFolA

BHAYIHE &5 F ZE T4 {93t
A F7V8FH 2P 05), Z45E ¥ 28 F719]
Ztol= gl oiet.

4, AGoA 1402 AAER 2S5
& AAE Bt A B2 B E ke
ANA FoAsHA F71stA 2 P 05), A& ¥
oY F7t9] Aol gltt.

5. F w1toll & A2 229 &5 & ¥
w3 IHL F-Y3t 2jol7} gl oo, 2YF7t
& 7 F BE A& zolA 3t zloj7t
A3t

6. & F Aol Ui 22 2= F &
LRoA Zhzte} Zh& ol A F71st AR, BA
A o482 e, T 7t feft Aolx
Uit

7. % ¥ BIolAT HA|zto] folslA 7t
282 n(PL05), LSS BFoA |2l
Edh (PC05).

8. & 7o A2 S BFojA 25 F 1
B fot Zpol7t gidloer, & oA 5
Z B2 =0 Fo)3t ¥iste gloict,

9. thE3HEA A, BRoA £33 AT
229 THF7MEC] FYA w9k
(PC0%), Z&:=9] 57t Al 2857HES /28t
A w=4cHP05). 1 B P71 o
5ol F-5kA B v HHPL05).

ol4e} ZAxtollA 10m o4 Hafo] 7hs3t H
uhejgkzle] Qlo] &4 EVIFHE o] &35 &
3 279 2EH3H 52 £9F A8 22
of ZeF 1ol qlojA aTpAo|glon J1dofA
7o) R ALoA n&o 2o HAH &
ol 2EFX L EYPA|TE ool Bt B EF
4E Y 4 AU

- 723 —



Figd

A3, E4, =8A, g A A=
A Ade ¥ 3448 S5HA & 716H
g5z, gt Ets A, 21(6); 1154~
1166. 1997.
Ag4. =HEF9 A
991-997, 1992
33, AL, 2734, A3 3,
o3t 239 84 &5 a1t o Oi%
gk 2ol at3)#]| 15(3); 77-90, 1991
AFA, AR, JAY. Hopulgrp of oigt
548 AR a7 g EEsA|
15(3); 57-68, 1991

Burnie J, Brodie DA: Isokinetics in the

. tigrestd A, 35;

A
£4d A

d
G

>

assessment of rehabilitation. Clinical
Biomechanics, 1; 140-146, 1986
Calmels P, Minaire P. A review of the
role of the agonist/antagonist muscle
pairs ratio in rehabilitation. Disabil
Rehabil, 6; 265-276, 1995

Chokroverty S, Reyes MG, Rhbino FA,
Baron KD: Hemipletic amyotrophy.
Muscle and motor point biopsy study.
Arch Neurol, 33; 104-110, 1976

Coyle EF, Feiring DC, Rotkis TC, Cote
IIT RW, Roby FB, Lee W, Wilmore JH.,
Specificity of power improvement
through slow and fast isokinetic train—
ing. App Physiol, 51; 1437-1442, 1981
Dons B, Bollerup K, Bonde—Peterson F,
Hanke S. The effect of weight lifting
exercise relate to muscle fiber compo-—

sition and muscle cross—sectional area

— 24 -

in humans. Eur J Apply Physiol, 40;
95-106, 1979

Engart M, Knusson E, Jonsson M,
Sternhag M. Dynamic muscle strength
training in stroke patients: effects on
knee extension torque, electromyo-
graphic activity, and motor function,
Arch Phys Med Rehabil, 76; 419-425,
1995

Glasser L. Effects of isckinetic train—
ing on the rate of movement during
ambulation in hemiparetic patients.
Phys Ther, 66; 673—676, 1986

Grace TG, Sweeter ER, Nelson MA,
Yden LR, Skipper BJ. Isokinetic muscle
imbalance and knee joint injuries. J
Bone Joint Surg, 66; 734-740, 1984
Hirokawa S, Solomonow M, Luo Z, D’
Ambrosia R.Muscular co—contractions
and control of knee stability. J Elec—
tromyogr inesiol, 1; 119-208, 1991
Hislop HJ, Perrine JJ. The isokinetic
concept of exercise. Phys Ther, 47;
114-117, 1967

Kannus P, Jarvinen M. Knee flexor/
extensor strength ratio follow—up of
acute knee distorsion injuries. Arch
Phys Med Rehabil, 71; 38-41, 1990
Knapik JJ, Mawdsley RH, Ramos MU,
Angular specificity and test mode
specificity of isometric and isokinetic
strength training. J Orthop Sports
Phys Ther, 5(2); 58-65, 1983

Knutsson E, Martensson A: Dynamic



motor capacity in spastic paresis and
its relation to prime motor dysfunc-
tion, spastic reflexes and antagonist
co—-activation. Scand J Rehab Med, 12;
93-106, 1980

Moffroid M, Whipple R, Hofkosh J,
Lowman E, Thistle H. Study of isoki-
netic exercise. Phys Ther, 49; 735-747,
1969

Ostering LR. Isokinetic dynamo meter:
Implication for muscle testing and
rehabilitation. Ex Sport Sci Rev, 14;
45-80, 1986

Solomonow M, Baratta R, Zhou BH, I’
Ambrosia R, Electromyogram coacti—
vation Patterns of the elbow antago-—
nist muscle during slow isokinetic
mobement, Exp neyrol, 100; 470-477,
1988

Thistle HG, Hislop HJ, Moffroid M.
Isokinetic contraction: new concept of
resistive exercise. Arch Phys Med
Rehabil, 48; 279-282, 1967

Thomee R, Renstrom P, Grimby G,
Peterson L: Slow or fast isokinetic
training after knee ligament surgery. J
Oritho Sports Phys Ther, 8; 475-479,
1987

Thorstensson A, Grimby G, Karlsson J.
Force—-velocity and fiber composition
in human extensor muscle. J Appl
Physiol, 40; 12—-16, 1976

Watkins MP, Harris BA, Koziowski BA:

Isokinetic testing in patients with

- 725 —

hemiparesis: A pilot study. Phys Ther,
64; 184-189, 1984

® Westing SH, Seger JY. Eccentric and

concentric torque velocity characteris—
tics, torque output comparisions, and
gravity effect torque corrections for
quadriceps and hamstring muscle in
females. Int J Sports Med, 10; 75-180,
1989

Wilmore JH: Alterations in strength,
body composition and anthroprometric
measurements cons equents to a 10
week weight training program. Med
Sci Sports Exerc, 6; 133-138, 1974



