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= Abstract=

Analysis of the Flexor-Extensor Muscle Force of the Knee with Cybex [

Kwon Ick Ha, M.D., Seong Ho Hahn, M.D., Min Young Chung, M.D. and
Sin Cheol Yu, M.D.

Department of Orthopaedic Surgery, National Police Hospital, Seoul, Korea

As a new concept of resistive exercise, isokinetic exercise was developed during the early 1950’s. In
isokinetic exercise, the subject works at a fixed speed against variable and totally accommodating res-
istance. The isckinetic equipment has been used widely as a therapeutic modality in clinical setting,as
a training and testing device for sports practicians, and as a method for scientific examination of post
-operative status of muscles and joint function for orthopedists.

In order to acquire the isokinetic normative data of the knee for clinical use, we examined the fle-
xor and extensor muscle force of the knee joint in 160 subjects with Cybex J[.

The results were as follows;

1. Mean values of extensor strength were 76.04 ft.-lbs in right knee 75.45 ft.-1bs in left knee, 78.42
ft.-1bs in dominent hand side leg 73.84 ft.-1bs in non-dominent hand side leg, and 8252 ft.-1bs in
dominent leg 71.93 ft.-1bs in non-dominent leg.

2. Sex difference of extensor strength were 95.13 ft.-1bs in male 55.98 ft.-1bs in female, and that of
flexor strength were 54.90 ft.-1bs in male 33.68 ft.-1bs in female.

3. Mean of position angle of maximal torque were between 58° and 65° for extensors, 35° and 45°
for flexors.

4. Mean of total range of motion at working isokinetically with 60° /sec speed was 99°.

5. Mean values of extensor power were 54.43 ft.- 1bs in male 30.63 ft.-1bs in female, and that of fl-
exor power were 35.99 ft.-1bs in male 22.42 ft.-1bs in female.

6. Strength and power decreased as ages getting old, and there was significant diminish between 4-
th decade and 5th decade.

7. Power endurance had more difference when it was compared with occupation. Mean value of po-

wer endurance was between 12 times and 18 times.

Key Words: Isokinetic normative data of knee, Cybex [I.
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Table 1. Distribution of occupation

Occupation No. %
Office worker 77 48
Housewife 27 17
Farmer & laborer 25 16
Policemen 20 12
Others 11 7
Total 160 100

Dynamometer*g 2}-83}9 o=, 43} 2.9 g
3ko] Hlo) Bol] b8 =l 4 4ml e} 5= 8o
ol ATFA THAAL SEE b5l Bk dy-
namometerol] LA \’74 8

}5| -7} 84 dynamome-
el A -2Fe Fo] dy
2 H 2 & 39l cHFig. 1),
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27 2 w2z dymamomter & 60° /sec®] EZE
2 1A 353 chart speed & 5mm/sec &} 25 mm/sec
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Table 2 Distribution of dominent hand

Dominent hand No. %

Right 149 93.1
Left 11 6.9
Total 160 100.0

Fig. 1. Position of extension-flexion test of kn-
ee. A moving leg is parallel with input arm of
dynamometer, and the axis of joint motion coinc-
ides with that of dynamometer.
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Fig. 2. An example of actual test recording. Strength is measured with 5mm/sec. & 25mm/sec. chart
speed, and power is measured with 5mm/sec. chart speed.

Table 3. Comparison of strength of extensor

Differentiation

Mean Value

Right leg
Dominent hand side leg

: Left leg

Dominent leg

: Non-dominent hand side leg

: Non-dominent leg

76.04 ft. 1bs : 75.45 ft. 1bs
78.42 ft. 1bs ; 73.84 ft. 1bs
82.52 ft. 1bs : 71.93 ft. 1bs

der shel =1t
a4 o] ‘?'%“ﬁ*’”

L&A o

il—‘& 22 2o $¥og 2
bs**2 vehl ddrt, & AL
7}—6}] Z] force moment= strength &

A3}
ol

v =
& force moment power & A 9|slgic), =T
# (power endurance)-2- 4ol 4] force moment £]
2427t power?| 50%2 Z4d w722 $53
2 Jepido= s 3-5H9 (total range of
motion) = ¢] %] ZHposition angle) 2] # i1zlel 2 A
22| zeo]l 2 A3 vHFig. 2),

I 383 A ¥4

Cybex & ol &3t =79 FIZ3 4432
strength ¢} o]} 2] 2] 2] ZHposition angle), power,
2 7% (power endurance)®] A A 3= cf-&at 2
.

1. Strength

60° fsec 2] 4ol 4] ZA 3} strength= & 1609
oAl 22 1l alze ‘,lzi% strength 7} 9-Z.0)

Z= 1 * Cybex [ Dynamometer is manufactured by

Cybex, Division of Lumex, Ronkonkoma,
N.Y. U.S A.

** 0 @ (torque)-S 7 2] (distance) X} %(load) <
2 el foot-pounds &] tlg]7b AL&5 1
1ft-1bs= 1.355818 Newton-meteroll &} &t
e}

Table 4. Strength of extensor (ft. 1bs)

Decade Male
3rd decade

Right 109. 28 (+18.45) 59.14(+ 9.71)

Left 109. 04 (£20. 13) 60.24 (+10. 24)
4th decade

Right 111.53(411.83) 58.15(+ 7.37)

Left 103.58 (+15.04) 60.80(% 6.63)
5th decade

Right 84.75(+12.80) 53.89(+10.82)

Female

Left 81.88(+12.60) 53.94 (+10.86)
6th decade

Right 80.32(+15.14) 51.27 (% 9.49)

Left 80.68 (+13.57) 50.42(+ 8.52)

Total mean  95.13(415.84) 55.98 (+ 8.49)

76.04ft-1bs, #2o| 75.45ft-lbs 2 &8 o7}
3 9lceHP <0.01), o] 2 c}4] dominent hand™ 8 A
23514 domment hand &-¢- 78.42ft.-1bs, non- do-
minent hand .2 7384 ft.-1bs gic}, 18} 160 o
Z 2999 4 = domlnent hand Z¢] strength”} no-
n-domient hand 22| strength B} oFs}r} vhelyto
=, c}4] strength7} 7 Zab ofgk Fo8 F
dominent leg 2} non-dominent leg 2 2%3g A}
dominent leg 7} 82.52.1t-1bs, non-dominent leg
7} 71.93ft-1bs 2 & 25 JeplH A cHTable 3),

-1045 -



Rate] AT strengtht 2ol 4 2090 109 fr. o AR 2geh AT AR FabR Aol 2ol

-lbs, 30t§ 112ft.-lbs, 40 85ft-l1bs, 50w 80ft. o}, AlAZ strength®] HFaE @=hsh 9513 ft
-lbs 2 # &5 §4}&be] 400 Bg] & A8 T8 eks) -1bs, of z}7} 55.98 ft.-1bs ¢} ¢ic}(Table 4), FI-Zol
Table 5. Strength of flexor(ft. 1bs) Table 6. Strength Ratio of flexor/extensor
Decade Male Female Male Female
3rd decade 3rd decade
Right 63.92(+12.91)  35.19(%5.75) Right 59.81 % 60.75 %
Left 61.44(+16.53) 34.05(£7.19) Left 56.23 % 56.30 %
4th decade 4th decade
Right 58.84(1+10.48)  35.45(+4.29) Right 52.74 % 60.64 %
Left 62.95(+12.15) 36.65(+4.16) Left 63.01% 61.05 %
5th decade 5th decade
Right 49.31(+ 8.16) 36.11(+8.07) Right 60.42 % 67.64 %
Left 44.75(x 9.89)  33.37(%7.50) Left 55.15% 62.60 %
6th decade 6th decade
Right 47.50 (£ 7.97)  27.24(%5.05) Right 53.71% 63.59%
Left 50.56 (+11.84)  31.35(%6.23) Left 52.94% 65.25 %
Total mean 54.90(+10.32)  33.68(=*6.82) Mean 56.75 % 62.23%

Table 7. Position angle at strength and total range of motion

Decade Strength in extension Strength in flexion Total R.O.M.
Male 3rd decade
Right 65. 40° 38.80° 102. 76°
Left 59.28° 36.20° 96. 52°
4th decade
Right 62.21° 37.42° 103. 89°
Left 63.47° 35.58° 100.11°
5th decade
Right 62.69° 38.38° 102. 50°
Left 58.94° 38.93° 97.56°
6th decade
Right 60. 35° 37.58° 98. 67°
Left 59. 83° 33.34° 97. 00°
Female 3rd decade
Right 60.14° 36.67° 99. 76°
Left 59.81° 41.90° 95.57°
4th decade
Right 62.85° 39.60° 101. 85°
Left 58.95° 41. 40° 99. 25°
5th decade
R Right 60. 32° 39.60° 97.74°
Left 60. 63° 42.63° 97. 32°
6th decade
Right 61.58° 42.77° 99. 80°
Left 61.26° 41.29° 93.76°
Mean 61.11° 38. 88° 99.00°
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Table 8. Power of extensor (ft. 1bs)

Table 10. Power ratio of flexor/extensor

Decade Male Female Male Femal
3rd decade 3rd decade
Right 69.88(+13.27) 34.19 (+£9.45) Right 71.08 % 76.32%
Left 67.44(+14.36) 34.57 (£7.04) Left 67.05 % 71.73%
4th decade 4th decade
Right 60.68(+ 8.27) 33.80 (+6.64) Right 60.92% 72.60 %
Left 59.63(+ 9.15) 32.95 (+6.36) Left 63.76 % 74.13 %
5th decade 5th decade
Right 48.38(% 9.24) 28.58 (45.47) Right 71.02 % 79.89%
Left 45.19(+11.89) 28.95 (+6.33) Left 71.34 % 76.24 %
6th decade 6th decade
Right 41.83(+11.85) 25.29 (+7.28) Right 67.82% 73.29 %
Left 42.38(+12.13) 26.74 (£+7.18) Left 68.93 % 74.23 %
Total mean 54.43(+10.52) 30.63 (+7.24) Mean 67.74 % 74.80 %

Table 9. Power of flexor (ft. 1bs)

Table 11. Power endurance of extensor(times)

Decade Male Femal Decade Male Female
3rd decade 3rd decade

Right 49.15(+11.70)  24.90(+5.79) Right 16.0(+3.4) 12.5(+4.6)

Left 45.32(+11.46) 24.48(1+4.83) Left 16.2(+4.0) 10.2(+4.7)
4th decade 4th decade

Right 36.58(+ 9.14) 24.20(+4.15) Right 17.8(+3.8) 11.8(+£3.8)

Left 37.32(+ 7.53) 23.95(+3.90) Left 16.8 (i4 4) 13.4(+4.9)
5th decade 5th decade

Right 33.94(+ 7.01) 22.74(£5.72) Right 12.9(+3.7) 11.8(+£5.9)

Left 31.69(+ 9.03) 21.79(%6.24) Left 18.3(+6.7) 13.6(+4.5)
6th decade 6th decade

Right 24.38(+ 7.95) 18.76(%3.44) Right 14.7(+3.8) 14.3(+3.9)

Left 29.53(+ 9.09) = 18.50(+5.20) Left 14.8(+4.9) 9.2(+3.7)
Total mean 35.99(+ 9.28) 22.42(=+5.53) Total mean  15.9(+4.8) 12.1(+4.3)

AE Al 23t 2o oFabe|glem HFAL Yals)
54.90ft.-1bs, of z}7} 33.68ft.-1 bs o] ) c}(Table 5),

Al Zoll oH3E FF22] strengthw] = elof] =}
€ zte]= flovd i} H o] 56.759%, Iz} HF
o] 6223%2 M H o7 ozlr} YRy FIZ
o] strength7} Alx 2ol wlsll & Aoz Jepyt
tHTable 6),

2. Position angle at strength and total ran-
ge of motion

Strengtholl # T4k 11722 vo|, o] o]
b RReh AlA Al 2 Fo] HFe 58°64 6579
oo AAHFE 6L11°%e}, TFAL 2 Fo H
ol 35%oll 4] 42°9d . M HFL 3888° A} (Ta-
ble 7).

Cybex 9] 8% 44 3 T3z 2aizge
total range of motiono| 135°c|Well 4 £ 7} -3}
5% 2oks]e] gle] active range of motiono| o]
SIUL A 2] B $EE 60/
sec® FHAFFE sk & 240 £AAT 209
total range of motion & 118°¢ic}, 7 F 3zl
£ 93°ell 4 103°0]= 25 F-S 99° 9 chTable?),

3. Power

180° /sec®] 2ol 4] 243 power: strength
o} Zro]l AlA Zol} FTHZoNY 25 300 9} 400
Apolol 77 g okEbh d9or] 4B pow-
er+ ‘d2}7} 54.43ft-1bs, o3 =}7} 30.63ft.-1bso] 1
(Table 8) T-22] power =}7} 35.99ft.-1bs,
o 2}7} 22.42ft.-1bs 9] -FS ¥.9c}(Table 9).
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Table 12. Power endurance of flexor (times)

Decade Male Female
3rd decade
Right 13.5 (+4.4) 16.8 (+4.9)
Left 15.6 (+3.4) 9.7 (£4.7)
4th decade
Right 14.9 (£3.8) 13.8 (£3.2)
Left 18.2 (£5.7) 19.8 (+3.4)
5th decade
Right 14.3 (+4.8) 18.7 (+4.2)
Left 15.2 (+3.8) 16.8 (+2.8)
6th decade
Right 14.6 (+4.2) 14.9 (£5.1)
Left 16.8 (+3.2) 16.8 (£5.8)
Total mean 15.3 (+4.5) 15.9 (£4.7)

Table 13. Comparison of power endurance with

occupation
Occupation No. Pow(?;miz;j urance
Office worker 77 13.1
House wife 27 12.5
Farmer & laborer 25 18.3
Policeman 20 15.3
Others ‘11 11.8
Mean 14.0

Al A Lol gk FF2| power v & strength ¢}
vhdsbal 2 of 2pr) dairel FF24 v Fo] Tk
oo HFL G} 67.749%, =7 74.80%¢°] H
(Table 10),

4., Power endurance

Power endurance = powerZ 3 2} 2] 5097} = i
7tz 9] Rex veple ALz Hdel daist
1593, o=}7} 1213], FZZL =izl 1533,
47 159312 FF2sh AAel Aol 4 A
s o= vholo] @ FAE Ao (Table 11,
Table 12) Aol 7l ako] 74 Al feh, = 4222l
power endurance & ] x& o] dukA}FAL 131
3, F4& 1253], 5 ¥ =F42 1833, 3%
Fe 1533], 7lebrt 1183512 HFE vehislon
1607 A 2] 41" power endurance = 14.0 3|
o] 9} (Table 13),
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F7H8 vepd Aok shsiot.

Cybex 2] accuracy ¥ reproducibility &= 180°
scaleo] &/ +25ft-1bs®} +1.0ft.-1bsE JERY o ***
ol Folol e AHHE] bl & AW4E
3 o, FYoqatddel A F2 A5, F
4, Z5olvt A o AT ﬁ]ﬂi—ﬂ-lzl
a5 W2 o] S5 T glepr e, Eg of
v AxzA4 A2NEe ot Y E °|-‘=r-
i 21%:— =59 g2 Argde] gl LE2
£ Hk, c} L Ao FEH R i'
‘u‘ —% dFsh=dl 73k

ol A Hol #& %
Z0) strengthV}- poweroﬂ °‘°~] 1090] 4Fe] z}o] 7}
AL = o] & 289 ol Ut & + do
= olol] gt o] Hashrett, HITole 4k
A3 o] oflubS 9lall 4}¢) s} 84 screening program
s2x Agsx Ur

Thomas G. Gracex u]|= &T7A4 1728 ¢ C-

§° ui IN

po

ybex I &3 ol 4 strength= A3 &2Zo] 171 ft.
-1bs, #}Z-¢] 170ft.-1bso] FFF $Z0] 102 ft.
-1bs, 2}Zo] 102ft 1bs 2] =& JepPH e, o
Loy 7448 ddoe 249 Al o

v, 2 =79 ZODH =213 o] AlAF 109ft.- 1bs
FIZ 62ft-bsoll vlshal T o] & Halrh skl
t}. Strength &} poweroll 4] 30l 4] 40t Afo]el]
FTAg sl BHole AL Ao =& T8 3ol
U dedge Wtz Ao "o}, 292 Ao
dominent hand 2] x}o| ¥t} dominent leg2] 3}o]
7} vk& A o2 Ho} dominent hand 2} dominent
leg 7t QdAlgl= Aol obd& & 4 AUrk.  Power
endurance = o]y A ¥ ol= 21:1"%‘3*:: 83}
qoi g Al Aol o Eod, Adol de F

T-22] u]E ballistic effect & 1l_— &l=d] o] bal-
listic effectzt &% 7} wel2 =8 FIZo] AAE
o] B8 Agste] EdF A4 BE FAA7]E =

g0 mko] 42 Aol AT %J:—% o ]
A} ogolaleh, ¥ EFAE o] 2
‘1

effect.k’_t;]--‘; Al o g 429 Oﬂki}i gt A
2 Azse ool gt AA AT o Hag
Ao AtrH o),

i

v.Z2 &

:***Cybex [ ¢] hand book ¢ & Cybex, Divis-
ion of Lumexoll 4 wlal 5] “Isolated-Joint Te-
sting Exercise”oll 4] 143,

N

AAEe A4RFYL 160
I8 o4, £33 44 ¥ TI28E 249 o
g3 2o AEE Qe

1. extension strength+= $Zo] 76.04ft.-1bs 2}
Z.0] 75.45ft.-1bsg] 1, dominent hand &-& 78.42ft.
-1bs non-dominent hand &8 73.84ft.-1bs gl o=,
dominent leg = 82.52ft.-1bs non-dominent leg =
71.93ft.-1bs & dominent leg® &7} 7} & =z
0] & ¥4l o g dominent hand 2} dominent leg =

at

A shA FEE T
2. *J_%Ql 3 strengthl= F=pr} 9513 ft.
1bs, «J=}& 55.98ft-1bsq]:, FTIXZL zlst

54.90 ft.-1bs z} 33.68 ft.-1bs 93t}

3. 4 ?d{’»l #H o 98 -2 58°0l| 4 65° #Jo| gl

T2 Ho$2 e 35%0 4 42° AJololl 4 e}t
2

4, 60° fsec?] £5 8 F44 54| total range
of motion-& 3 99.00°%ic},

5. AlAZe HF power: Iz}t 54.43ft.- 1bs
oA}t 3063ft-1bsyl T, FIZL yhabr} 35.99 fr
-1bs, o #x}3= 22.42ft.- 1bs G c},

6. Power 8} strength= 1}o| 7} wb-&48 oks)s]
£ ARE Holo) 30944 400 Abol7l A pe
ezt g4,

7. Power endurance =
= 12~183]2| HTAE

AW A7t glole
vhebsel,
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