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Isokinetic Evaluation of Knee Flexors and Extensors
on the Effect of Gravity

Chae, Yun-Won, P.T., Jeong, Deng-Hun, P.T.
- Dept. of Physical Therapy, Graduate' School , Taegu University

Kim, Jin-Sang, Ph.D., DVM
Dept. of Physical Therapy, College of Rehabilitation Science, Taegu University

(Abstract)

Since isokinetic exercise can give an evaluation of muscle strength with great accuracy and objectively, it is
widely used as the one of the important methods for evaluation of muscle petfonnanoe The - purpose of this
investigation was to compare values uncorrected. for gravity with values corrected for gravity and to determine the
effect of making this correction on knee fiexors and extensors at three: speeds This investigation measured values
xsokmencally at 60° fsec, 120 fsec, and 18(F /sec in 14 male and 17 female university students. The gravity effect
torque(GET) is the torque resulting from the effect of gravity on the combined weight of the leg and dynamometer
arm. The GET was added to tlie measured extensors peak torque and subtraced from the flexors peak torque to
yield gravity corrected values. Failure to consider GET greatly underetimated extensors torque and overtestimated
flexors torque. Physical therapists must remember the imporiance of making the gravity correction in patients with
reduced torque output where the gravitational torque is a greater pcrcenmge of the measured torque to ascertain
correctly the relative strength of antagonists inversely affected by gravity.
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DARAE W PHAF2e) 99 (torque) FA & Z7te
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Table 1. Gravity Corrected and. Uncorrected Mean Peak Torgue and

Angle of the Peak Torgue jn Male Subject(n=14)

Peak Torque(Nm)

Angle of Peak Torque()

Gravity Uncorrested. Gravity Cotrected Gravity Uncorreeted Gravity Corrected

Flexor ' -
6F /sec 119.24:-28.7 103.4:+23.0° 28.21+8.5 3254155
120 /sec 101.9426.0 90.91+19.0" 344193 323+ 86
180 /sec 88.3+18.9 7594153 36.41+8.4 40.2+10.7
Extensor )
60 /sec 154.61+37.9 172.3433.6" 69.31:8.0 669+ 5.4
120° /sec 116.6125.8 131.8125.1* 64.8:+6.5 61.1+ 5.1
180 /sec 93.6+20.5 104.94+182"° 60.5+5.3 58.1+ 4.6

Values are given as mean and standard devistion

*p<0.05, **p<0.01

go] $-5 @B Aol 60 fsec; 120 fec; 2E R 180/ for Windk o} S8t

seco] $F $E8 38s) UL n2BH G Fuol ' '

o] 323 AH 3o thy A48 (peak torque), H m& o

t4-ee] Zx(angle of peak torque), Y] Z(total
work), F U &(average power), V22 A4
W 2329 Hel-$-Hu|(H/Q Ratio) 12131 FH 4
& AL o Z2}e] fxl9] ¥R 2 HUT.

t3AHE FA Aol g F ARY 33 & A
Ao A diE el WA NG 2gsn &
€ 7ie8ld RAFES Ha] ARt JApITES i
219} $}3)& Cybex NORM Testing and Rehabilitation
Systemol] Us} e U2 nASRR et 845 Yow
WAt Sl F 3 71419 LR el &F
Zo] A5 5 & &1, dynamometer2] input arm3} #}15}
®7t WY ] sxon e 14 NG Fd B
4Rl aFAct. 222 ZHA Hu Y] UH
HES a3 843 7|7 A5el, ayed 1
ol chsh ch Aol xpA1e) AP F 2} FAlwht 28
o] ofu} 5% x|A)sigict.

44 (torque) 2 Mol #AY Rl AAE Y(force)d
Uehinl 399 998 ae8A Qg vst Fole
F9e ARAE o Fale] Hoh 9-¥Y(peak torque}
60° /sec®] FJ2o|A 212} 119.2 Nm, 103.4 Nmo| 1
olfe] A ZATE 287, 3250020, ARSAME

154.6 Nm, 1723 Nmojl2 ¥ ZE¥ 69.3, 66.9 o]

A AA FYe BTE a2k ¥ 60 fsec,

120 fsec, 1213 180° fsece] 422 WMo B2} A

ALES el Yoo 52l BRALS sgon 2}

F5oit) 220 A& 2D 3088 FAF 9o o
%2 viale 388 $4¢ T S0e Wioz Al
At VAe) £F WHE 0 DAHUD $FL
FFaeEelA Alztsie) A ¥ A F35el A 93
o & 7HX& 13 £¥22 WUt

280 JU& RN %L AR FHY JYE
2 Aduistel UL YT & P 2 ANRE
B} 2517] 18 t-testB AT AR A2l SPSS 7.5
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A}, 120 jsecoll el F3& 101.9 Nm, 90.9 Nmoj%)
1 BY ASE 344, 326 0|98, WASAME 116,
6 fsec, 131.8 /secolR 2 VA ZAEE 64.8, 6110131
t}. 180° fsece] FI3L 88.3 Nm, 75.9 NmolQix B3
ZEE 364, 40701920, AAT)ME 93.6 Nm,
1049NmolY L BHLEE 60.5, 58.1°©|RITH(Table
1.

- Szt Slol F8e] Y%L neA WRE W} F
9] Y& el W Ao ¢8& 60 fsece] B
F2o|A 242} 56.8 Nm, 46.7 Nme|i51 olwje] ¥4 2t
S 305, 35.6 o]R.2n], AH2ME 90.9 Nm, 95.4

- Nmolfln 338 4%y 58.1°, 55.9° 010}, 120° /sece))

9] 2E2E 479 Nm, 378 Nme|gla B4 A=
36.1°, 39.5' 0|l on], AA2ME 62.1° /sec, 68.2 fsec
o] B ATE 586, 57.8 olRAc}. 180 fsecs] B2
2& 40.5 Nm, 31.1 Nmej2lz #8 e 338, 355
o]gleni, AAToM = 48.8 Nm, 55.1NmojQlm ¥4
ZtE 59.7, 58.4° o] AtH(Table 2).
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Table 2. Gravity Corrected and Uncorrected Mean Peak Torque and Angle of the Peak Torque in Female

Subject(n=17)

Peak-Torque(Nm) Angle of Peak: Torque( )
Gravity Uncorrected Gravity Corrected Gravity ‘Uncorrected Gravity Corrected
Flexor : ) :
60 fsec 56.8+13.1 4671115 305% 86 35.61149
120° /sec 479+102 37.8:11.0° 36.11+10.5 39.5+13.7
180" /sec 405+ 87 K)RER TN 338+ 89 355+12.8
Extensor
6(F /sec 90.9:+175 9541152 - SB.1+ 9.7 55.9+10.5
12F /sec 62.1+13.1 68.24+12.0" 586+ 8.1 . 578+ 83
180 fsec 4881+ 98 55.1% 94" 5924 6.6 58.41 4.2
Values are given as mean and standard devistion
)05, **p<0.01

Table 3. Gravity Corrected and Uncorrected Total Work in Male Subjectns14)

_ Flexor v Extensor
Gravity Uncoprected.  Gravity Comected ~ Gravity Uncorrected  Gravity Corrected
60 fsec 136,6432.9 118.14266° 145.14:33.1 167.3+35.0"
125 fsec 1318.6128.6 104.1+218° 113.9+27.7. 1351+ 30.0°
18(F /sec 101.0+20.0 .85.1+19.0° 9404227 110.1+21.3"

Values are given as mean and standard dzvuhon(l)
*p<0.05, **p<0.01 '

Table 4. Gravity Corrected and Uncorrected Total Work In Female Subject(n=17)

~ Flexor o Extensor
Gravity Uncorrecied ~ Gravity Comected  Gravity Uncorrected Gravity Corrected
6F fsec 65.8+15.9 53.1+132" 885+173 94.0+13.7"
120F fsec 55.61+12.2 42.8+139° ) 63.8:’: 124 723+10.8°
18(F /sec 4641109 34.2113:8™ 502115 59.84+10.2°

Values are given as mean and standard dcv'mtion(l)
*p<0.05, **p<0.01 ,
7l met Fvletgch. 299 Y%L el o
2 2F2ANME LA2E VPS4 E 374 Bo) BA
S o2 fold Ajolg Bt

gl $F(otal work)e WHLFE s B A48
Yol HAS) A2l I8 AE LU 290 P&
A ks Wst 29 JPL wSnG W B
£ EF2elM 60 /sece] el FaFL 2z 136.6 ], 118.

180" fsecoH M= 46.4 J, 34.2 JolRTh AT NN 607/

1 Jo]¥m 120 fsecoll M= 118.6 J, 104.1 JojRiowtd

180° fsecoll A& 101.0 J, 85.1 Jolich. AHBNA 60/
seco] o] e 145.1 J, 1673 JolAa 120 /secol A
£ 1139, 135.1 JolRl2n] 180 fsecol M 94.0 7, 110.
1 Jo|RAtH(Table 3). _

ojzlol] flel 2HTAM 60 /sece] U2] $F& 65.8
3,531 JO]R R 120 /secol A& 55.6 1, 42.8 Jo|Rl o0

seco) o] L 885 J, 94.0 Jo]UT 120° fsecol =
63.8 J, 723 Jelglon] 180 fsecoll A= 50.2 J, 59.8 Jo)
Ac}(Table 4).
- Ue) 33 o] EF2L K27t 2wt 3
28 B3 AAScM e FHE B FEe)
& DS ¥ BRSO E A2 B AASANE F
7HE Bel FANA 2 K2 Xol & B

Bt d#(average power)S T9]A|Ltol] 2[ol &
QE Y& Jenin 39 QP& neishA Wke o
s} 29 4%E 23 EHAE o) FApof Qlo] FFTol
60 fsecol M & 83.7 Watts, 71.1 Wattso) 131 1208 fsecol]
A 125.1 Watts, 1104 Wats$ o0 180 fsecoljr]
148.0° Watts, 126.7Wattst}. Aol 9o 60° /secol)



Table S. Gravyity Corrected and Uncorrected Average Power in Male Subject(nald)

-Flexor - o ‘ Extensor
Gravity Uncomected  Gravity Corrected  Gravity Uncomrected  Gravity Corrected
60° /sec 71.1+149 - 8371214 107.4:£20.0 91.7£193
120 sec 110.4£25.7 125.1+£30.8° 160.7+35.0 138:2+46.5
180 /sec 12674255 148.0%:33.5° 183.5+41.9 147.8:302
Values are given as mean and standard deviation(Watts) '
*p<0.05, **p<0.01
Table 6. Gravity Corrected and Uncorrected Average Power in Female ‘Subject(n=17)
Flexor ’  Extensor
Gravity Uncomrected  Gravity Cortected  Gravity Uncorrected  Gravity Corrected 60 fsec
30.0+ 7.59 3.7+ 92 $6.5+ 9.1 56.3+£12.9% 120 /sec
4421+13. 9 57.5414.8° 81.9+19.3 73.1%16.0" 180 sec
472+18. 8 65.3+17.3" . 953+224 8294216

Values are given as mean and standard deviation(Watts)
*p<0.05, **p<0.01

Table 7. Gravity Corrected and Uncorvected Peak Torque of Hamstring to Quadriceps Ratio(H/Q Ratio)

Male(n=14) Female(n=17)
A Gravity Uncorrected Gravity Corrected Gravity Uncorrected Gravity Corrected
60 fsec 79.0+13.5 65.0+£10.1° 61.8+135 50.4+10.0'
120 fsec 88.5+222 754+206" 7584163 5724129
180 /sec 97.14 24.0 7824246’ 82.9+19.5 59.4+16.7°

Values are given as mean and standard deviation(%)
*p<05

Al 91.7 Was, 107.4 Wattso)Qa 120 fseeo M
138.3 Watts, 160.7 Wans$l.20] 180 fsecoli M 147.8
Watts, 183.5Watts@t}(Table 5).

ojz}ol] Slo} F320] 60 jseco M 37.7 Watts,. 30.0
Watts©] 21 3L 1207 fsecoll M & 57.5 Watts, 44.2 Watts ] 2.
B 180 fsecol M= 65.3 Watts, 47.2WatisRich. Al ol
glo] 6 fsecol] M= 56.3 Watts, 56.5 Watso|Ql 1207/
secol A& 73.1 Watts, 81.9 Wans®.25) 180" /secol M &
82.9 Watts, 95.2Watts@ t}(Table 6).

g7 Yol glo] §=01 Soigel wet o B
2 7% R8N de Atk A 2o g
zte] ZA3M 60 jsecst AT RFojMe FAeHS
o2 R Ao7} YA AR B4l UoiME =
FEA%A 2 fo¢ Aol@ A

ANe] AgeYo) g Facel A9-HuIHQ
Ratio)= ‘dAlojA Frefel A9 melslx] Yste =18}
an2i8tgl & o 60 secoll e 242 79.0%, 65.0%3.2%
120° fsecoll M= 88.5%, 75.4%Q 3L 180 fsecoll A =-'97.

1%, 78.2%R k. ARl E 60 seco) X 61.8%, 50.4%

- qlen] 120 fsecoll A 75%, ST.2%KAIL 180" /secollA] 82.

9%, 59.4%% B9 cHTable 7).
F99} & n215 A3 ol S50 UM
o} AA29] HuojsYo] P T2 AgYule

- FAAAR, T Y% DAL de Fadhe

Aol U ojate] 120° ecol X B L FE A2)s}

. L OE B2FM gARH 2 felslid.

v. 3 &

B&4 FEoIG Ul A AW LEEEON &
F& 43 TY PR 5o v} Ayo] WsHn
(Hislop & Perrin, 1967), 554 &%°] 344 &8I
534 $FHC} 29 Fojol o Hojd ANE ¥ 5 %
tha SHcH(Thiste; 1967). 544 $F WAks 29 &
ARH o2 H7t & 5 2ol 222 2 A7 a4
o AY A8ZF 2 ARG Wristed gL =L
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3 glen) Axace RoldM% Zaw g dn
sle}. _

S84 £57178 °1§% 28 Ak d@Holn. o)
£ 2% 2Yu7} wie) it el ol gsla Yok
VHLFUAE B0 42§ Hiohe 220 5HE ¥
4 42 (dynamic contraction)o}2} 0] 2-8-& 2 Yol7}
oA AY #eld oz F3 A (dynamic tension)$

AFE 4 AAch(Perrin, 1993). ¥ AT < L7

gotx & 44 45 (concentric confraction)}g o}-4%
28 & 348Ut Cybex NORM Testing and
Rehabilitation System @& E# ¥ A% Ak S5

2 0] A%g @& 4 e 11 B8] FUE 49

F9% %y YEE ay Y] d& U
+3-& 2 A9] A X(oint's axis of rotation)of A At

¥ ¥& vehin] 43, 9N, S=, 39 U0 o8

aol7} A gltHAlexander & Molnar, 1973; Borges
1989). 229 G- nal s Gtk A8 39 7|
TFo 2@ )71 ARG s sa ZIAe 29
of ols) oY TAY TEo £HEE 3 B
(Winters, 1981; Nelson & Duncan, 1983). t}2tA &
Ae) ARae F& Wt g B FFSL Ay B2}
k. 554 A4 St $551 271 gt 289 o
ol m2ls)d meis)x) eduiiel A $AL AAGE
B vH(Osreming, 1975; Gilliam £, 1979; Wyatt &
Edward, 1981). & @79} A3k o)Ae) A7 U
Qo) oA Hul$Ye) AE A LuelM &F
@ole) WA ¥F Pdol thiel o8] Flej@icia
B 5133 cH(Barnes, 1980).

B Aol S5 60 ecZ W W oA AT

o vim3} B 20che) 3R o] B3 A ¢HE 29

o] P& a2 P3kg B} RS W 44 ¥F
119.3Nm, 1034Nm o]sien] dzpsfirlE 56.8Nm, 46.
INm2AN Zde] dee nsA Ate ul WRloA
102Nm, dAlojME 57.1Nmekat B31g Nicholas 5
(19892} v @3t FallMe 23 531 AR e
oi$ FAtst o WAk 133.6Nm, dak: 85Nm 2l
¥ Lucca(1989)2] B3 Wrhe & 3 0= Ut 39
o] 988 121818 o B2 87Nm, A A} 47.6Nm
oj2hi § (198652} X1 Rrhe A4 sttt

Faehe age) 488 B e YLE AR

s Ho 9o 2% o8-9t). Froeses} Houston
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FE Sl vt Al e 2% Wl
ko)) RT3 Scudder(1980) TG
Wg7} gcka Easle] B APoME Scudders] B3
o YA sict.

Y(work)e A48 Yol AW A& FW(applied
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el Alzlel 280] & 4 Y& FHL YGTHPerrin,
1993). Aef e A} S Yol ¢VA 277 A

AEL 299 IR 22l FEERNl 251 28
o weh FAShe e BYn W B e R
g}, 25} W 5150 stolo] gl ol M) AFeke

vl 1w ¢ 4 gt

Aisle 249 vl 1 BT 282 29
T AR HH 2B QMM M 3x ¥
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g Adad Wy I3 wjge Fvheige=ns

Appen 3 Duncan2} Ras}t Yact.

CEeo] J9E neisled 3PN E de neiskA @
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