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Laterality of Knee Extention Torque and Electromyogrphic
Property During Maxmal Isometric Contraction on the

Quadriceps Femoris Muscles

The purpose of this study is to clarify the lateralization of the knee function in normal
subjects. Eleven healthy subjects (mean age is 29.3 years ; range is 20-40years) were studied.
All subjects have no notable history about knee joint injury. Laterarity of the knee function
was measured by muscle torque and electromyographic (EMG) properties. Each subjects
was made to sit with his hip and knee joints at 90 degrees flexion position, and was direced
to keep on extending his leg in maximal isometric contraction for five minuts. Surface
electrodes were placed on the center of each muscle of rectus femoris (RF), vastus mediaris
(VM) and vastus lateralis (VL). EMG properties and torque during maximal isometric
contraction were measured using EMG amplifier and torque dynamometer. Integrated
EMG and frequency components during maximal isometric contraction were analyzed to
evaluate the laterality of EMG properties. Significant lateralization was not found in
torque and EMG properties in this study. It is useful for assessing patients with knee injury,

to compare the muscle torque and EMG property between affected side and sound side.

Key Words :
Latelarity (£4%), Knee extension torque (&R + 2+ 27), EMG property (kB4

FEH (AT, ACL) B el LcE

FHE LIcBE TR, BEEEYREFCONT
B EREG, ¥R zhboBmE IEEI AT I oh THERN R, B
BECETE2RBILS IhCBETE, BA  0ORERIMETTAZ L ERICMbA
HOBHBERERZ LT V2 &0, Bt Tw32,

FLeic

BN KR ERENEA I EERESY S Akihiko Iwai, Takayuki Fujiwara, Teiji Kimura, Dept. of
Physical Therapy, School of Allied Medical Science, Shinshu Univ.



24

T, TROLOEMHHEE L TEDHRME
EATRBBD. SHLIEHERE D
DI r 77 2 BERTH LT, AWK
FIFREEE L BRI LIIRER O E b HbIcER
ZRLINENBRET H7cD, HERPES
ERZ2NEFEYACEHRLEBESL
TWwa. L, ThboPse i, type I
DEMT B &\ 5 PR type LI EMT 5
EH D, WD type AL X 5 1EMmET
B0 o Tk A ISR E SN TE IR
TEAEERICIZE] - T,

M EE R - o BEBIT 5 Zh b ot
RO E A EHERAIE BB LT3,
Hep, B EBAULHETSZ L3BED
EEE 2N BIEE & L CHlitir>B Ry Ik
THHH. TOH, BRI EWTIFIE
B, FHxREERLAET, A 7PHE
XM DT 2 HIRES LG 3 v, &
7o, HERPBERIEEZENISFEL AV
A DM type D LB DT D HER
7w, Lal, REGEEOBRAKERE
IR % HERARES 3 2 A MR R SR B D 7 —
2 RERTHUNENEDB.

BRERMBEHBROBMBL I OIFE T
BBrA7EE, BREGTHIABEL LN
AT R L OMUIRB OB OEROBRE %
HbHilcdi, &R0 EMGESE (UT, 1
-EMG) T3 2hEhofo I-EMG ©
HELELATHE L. T, HEEIED
B v T v arEET 5 HITI
-EMG/ b 7fHE A7 —RR7 }F aDh
RAELLTF, MAPF), #IRH 0 RERES T
(LT, E7k) oEEETSWTHERL
7z,

NERB L UHE

HEBIFT 3 X O R B CEE OB D oy
BB 4, &M 3H0EFIIL, FB
FE#24.28% Q0~4080 XKLL, KBS
90" JBBNAL TORAERMEMBE R DR
bz EABRES AT, RF) & ARIAR (U
T, VMD, SMAIRE (LUF VL) oXREHE
X (LUF, EMG) #EAchZh X hflEL
7z,

Photo
(_} Stimulation

EMG
x
-

CPU

15 W 218 (GT-30)
| SEBOAELRFL

HEREL, HlrnLlicld, ERED
HARERER (GT-30, OG £ LB
90" JREMALIZ D X 5 WAL A & B, KR
EEBRIBIBED < v oy 7 <L} TREEL
7o BAMLIXIERMLIC D X SR e
HRBEEORFET L ER IS, KRy
EHFBBOSNE LT, HERBLEPTHELIEKX
BHHERD L OIiBER LT, iz, WERE I
1, RAOH N 5L ERFEE, O™
CRELLENEEMGY 2 v Ea — & — T
BOAZ, BNiHIT -7, 7 — 2 DFEFIL, E
ADILH LY bR KEINICH B E TORE
R 1IBHURTH -T2z b, RHDOMID
Exnp b 1 BHOTF—228EL, EBIH
BTRAEIN 2 ~ 4 BB TfT - 7.

RAOPE L, Eifo GT-30% e,
M2, BRBISIR KRS R IRRN, EHB
DHE, WROBE L) I 7E e ¥—



KERPUBRIR KRR DR EIR T & TR B O ERZE 25

THEShBENE, BEH»LE LY —
FCOEMNGEHRL, ®RODON DL ERD B
52~ 4 BEOEHD A7 E BT, b
78) HZORFMEE L.

EMG oi#ix, RF & VM, VL 2885
E LT, FhEholoiEpREICEERE
FEEEA cm 2 CREAT LA-REBE X » 7o 72,
EHIh/EMGRLAREGAT v 42—
& — v A7 & (Multi telemeter511, NEC =
SO THIEL I, A/Dav -z —%4H
LTy v 7Yy v 7 v—12.5kHzizCTav
Ea— 2 —ICHUAR S B AR > 2 7 &
(Fyraasyyz) ZRCTURTLE.
b iA A EMG i210~250 Hz o B ©
RV P ARREZ2TI-EMG & MdPF, 81O
BO IO T OB % 1T - 7.

I'EMGROWTOELREDBIE, 1
-EMG % P A7 fECERLMEL, BRETH
% 3D I-EMG of1%100% & LicKo %
hZholo I-EMG fEo 3 (LAF RF 1,
VM H, VLK) CTolEET - 1.

EMG RE# 0 E & thic> v T o @ik
10~40 Hz K8 HEH, 40~90 Hz Z+p @
#H, 900~250 Hz #mRAEF L L rhZhic
SENLRBERDOLEELRDI. ¥, Th
ThOFRICO\NTC, EEED K HTT - 1.

¥, FlEEORFIZOVTIE, ERITE
MoT' R EBBEFTORIESLLTTH

WO EMEL, BAoREFER LIRS
7.

R

KRB A EBOAR & U THRAS RIS
w17 - TR KERPUBRMIAR ) & RF, VM, VL
EHHLERINAHEEB YR 2 1AL
foo Eile, T 2 O, RpiiRm Lo~ —
2 DDPTEF IO\ TIT - 7. K 3 12, RF,

3
(kg) :f% Y //
S [R—
2000
o 5 e v

w8 “—“*MWWV%*“"W%WWMWWM%L"W‘ VL

¥

Tention

‘W&%&JW%W@WW RF

0 1200 2400 3600 4800 6000 (msec)

M2 FERICLINVBLNZKBEEHRD
(Tention) & RF, VM, VL &HH HEHI NS
BHERT

VM, VLE&#H X v B 55 EMG 7 — 2=

75 AP ERLI.. ThLDO@BX Y,

MdPF fB & BERKE S iwow T ol

Tote.

SEDOERTRETOERE THEEIA
Tholeled, EREOB IR ZE, FEF
TROMKEFUBRE R, i, RE
BOEKAT 2 —2 — B HEEETKRDOER
g -7,

LEME V7 HOMBKRIIR 4 R L E S
b, £H5%13.4+3.4Kg'm, £4%12.6%3.9
Kg'm ¢, EAZIRDLIII -,

2,I-EMG o bz ¢z, I-EMG/ 27 (G
1) RF i, VMiL, VLI GR2) oF
RCDGCEAZIRD bhisd -7,

3,K 5 127" MdPF 0 £4 D i >\ T
1%, RF Ci3A476.2+7.7 Hz, E2375.8+
10.4 Hz. VM T, £472.6+7.9 Hz, /&
2371.0%£11.7 Hz. VL €3, 45 »74.4%
13.3Hz, £2372.3+12.0Hz T 9, *h
ZhOBHEB N TELAZIBED LRI -
7z

4,EMG D# R4 v — BEHE S thizou
T, RICTRTIOREhZhOBIZE



26

(uV)
70 MdPF: 75.3Hz

35 RF

0 WMMNWWWMM

MdPF: 63.5Hz
0 WW\‘"MMWVM/‘ :
& MdPF: 70.9Hz
35 VL
0 L ‘MMWMMWMM
0 60 120 180 240 300 (Hz)

E3 RF, VM, VL EBHD/INT—RRZ bS5 4

TORQUE
Kg'm
20
15
10
RIGHT LEFT

H4 BBBILIBEOEATOHOLESR

55 RBEROFBEE CTRELAZIIERD S
highote, T, FHROREREE S
F— DB\ CikiEHR TR ULt
ETn o T,

B8

REEE A DR - BUOZLHD B B L
2T 5o, SEORBR T, BERRE
ERIHEME L2 & EMGEBHoELEZE
OWTHRHE L. TR, BRASR#
FERE DR ~ A 2 2 -EMG, BRER
7t ED EMG BH I EAZIR b -

F|. RF . VMt VL EEOEHE (%)
H i

RF 33.8%5.4 35.9+6.8

VM 34.4+7.2 32.6+8.4

VL 31.8%6.8 31.5+7.9

K2, EHITHTBI1—EMG/ P L7 DOFHE

(mV,/sec,/ kg * m)

Ze}

V.3

RF

77.7x£17.2

83.4430.4

VM

85.5+29.9

80.4+28.2

VL

75.4%£19.1

78.0+24.2

*x3

EMG /X —2RRJ b S LADEERHM
BoltnELEE (%)

R

PR T | e B

RF

16.0
+2.63

38.1
+6.25

45.9
£5.06

15.6
+£3.90

37.2
+7.49

47.2
+7.11

KRB

rh R | AR

VM

19.0
+3.11

35.1
+7.99

46.0
+6.47

20.5
+5.64

34.9
+10.37

45.1
+6.90

1R

R | E AR

VL

19.7
+9.68

43.5
+7.97

36.8
+£9.62

20.1
+4.12

44.3
+6.76

35.0
+9.4

7z.

i, MR, FMHEREOEILSZEIRR

Mol LrL, PFIERDOERIFIEFIRE
BoZ D LTHELT, ELLAFIERTHS
PREBERORBICL - TE-TL 5. BEA
DEEEZER)IC X AH%R b Goslin H¥1%
=27 M7 DEBETED - I EBXT
b, Tl HiAOMCHEFIEREE L CIHEFR
FREHET 5 EFIERBVBERIC N V2 B3R
Dol ERELTW5, MELYIERBE



KERPUB R AT RENRE DR T & RO EAZE 27

RF

VL

Hz Hz Hz
90 90 90
80 80 80
70 70 70
60 60 60

RIGHT  LEFT

RIGHT

LEFT RIGHT LEFT

X5 MJPF DEARTHILE

EEBEDEF TR h BT ETBYIM
DHHBERIT T A7 HBERCT &L EMEL T
5. ThHoDENGE LD L, KBHEGO
E—27 b7 OB TR R, FEFIX
ROZEZLLA, FERYED L SIKERT
BhE S ZEIRBFBRLTCWA, £2T, &
BlOEBRTIL " R—A B FORIELD
T PEWIEMIZ X » THBREOF %
RERELLS, Thick-Tix, FIXRE,
R EROMIKEIIR bhish - 7.
TFEHEHTH 5 EMG 3¥—DEFHA &
BRIy, NRAGEOESTHS. -EMG
R—EREOEECER I h 2 HREDOKE
BORMTH Y, HENEHECTKEL T
5L OFMMEOTE -V A EERBL T
5., XD, HERRICIVBRATES
B O WERNTS T 5 LETT5. 21,
FEHRE L VBB S h 5 B8RO type 2
1Lt % & I-EMG B3 ZLT %9, $@o 1
-EMG fEQ@EHT =3\ CTIX RF kb, VM L,
VL i ERZE R e olc. T EnD, BEA
kT 5 RF, VM, VL #F0owlEREDE
BIBELZEIRD bhish -l

I-EMG/ + & 7 © Hhix MdPF & R 25%
HOBELHBMED 2 4 7 L BB IHEBEY
b > T\ B I DBRIED & 1 7 DEEAL % FHAl
THDIHACHI B, SEIDOFERIZE T,
#E Ao I-EMG/ + &+ 7 & MAPF ik
HENEL ol b, B ADRM
BOBHEBRICIELEEIRDOhRVET 2
L. DS, XEOE, WG TOT —
A7+ VEE O REEHIR Y SO Bk
5 AR (45 Hz LAF), FOG i ot
53 B rh B (45-80 Hz), FT it
THEREAER BOHzLLE) o 3FsEL
7o, Fio, BT A CRERMIAL T,
B EBIC X 80 Hz A0 ERAE® & &
1240 Hz I T EBEFHLEBR A b
ZEEBmL VB, Ihic, EREIMEICS
WTI20 Hz 4 90 Hz R 23k & < 3%
h, EBREY L5 LT RERS
MtaElLTw5b. ZhbDZ Enb, K
LR TIKBIUEGH L OENTHB
LEERUDORANETCHH EHERL T
BB AR 2 & (40 Hz LAF), = (40-90
Hz), ®O0Hz b)) Leqyit, Botbrk



28

ACHELIER EFEZRORT, £
DERLESF T TH-Te L, BEAR
BT BHGHEBRO £ 1 71T EAERR
bhitw e c&i.

LLE2b, BEACKTBRERNRI
-EMG, MdPF, RE#EBNOE S i & D
BRI HETF L, WD RERER
Y28 (W iR (o

ARG pE > KERPU BB e D>\ CHE -
R % OB U - AR DR 2, DR
HMEHEALF % &, Edstroni type 1 DS
ZE4ET 5 & L, Baugher 9% type IT##EDS
M5 EME LT B. Fi, Gerber 59
iZtype 1, type Il & dIERT 2 ELBEL
T3, i, McNair 5™ @80 ACL
BEBE IR 5 MAPF of- B Ao ko
BR»D, BEEBECNT %5 EMG oA
BRI, R OFEME A T T A R REN
HEE LTERTH B LRSI .

SEOFRFERTIE, BEARCI\ TR
k, BHrRERERRELARL T &b
5, McNair B2E L X 5 KB X8
IBITIC ISV A0 « BAlOHET N eER, &/
& B D FHRME type DBV ERTHREREE
B, iz, BRAUMEFERTH S OB
LW B 2 L CHREBIH S HE L 0¥
BYMAEN BT eb EE 2 b,

ABrge T, McNair 523848 L7 MdPF
D I-EMG R AEEHRANOE 5 i &
DOHERFRBITC BT B E M 2. &
®, chboHBERrL - T, ACLEEKED
BEGEREOR - B XK T S L1
MdAPF & F#RICHEM O M %217 > FRE
ek & LT, ARTHBIED TR,
BNERDOZDERT = 77 22 ERT 5 L
CTEBRRERELBEAHS. Larl, SED
KR TIEREVPVBREELL L DL, B,

EBEEE DB ThivT Wiz, 54
BRI RBITHRERT, RNEDOHHEY
LD TS DHERD S E B 5.

- )

BBEREORHE & L TfThbh T3, B
R b v 7 ORERPESKEESEIRE IO
TERBACHET S & DML RET 2
TediT, B AL RICRAERD & GHHRER
MOERZERIE L. AEROBRIIRE
ThE, #B4EENH, [-EMG, MAPF, BEHK
IR E S s £ DB EAZE
Rbbhiehote, ThbDI &hnb, B
B bz PIERERABRZENMA L B i
fEHEE LB OBEERL DT 1T 5
Lk, FBREMFHMELL L TERATHD L
Zzbhi.

3CER

DIERER, KER=  GEBsLRCH 1.
BERIE D v — 7, 23(11) 1 742-748, 1989.

DHBE R, KRR | HHEROES. BEHK
Ty —Ja, 25(3) 1 146-148, 1991.

DERE TR RERC KT 5 KBIYE
Ao JLBEIRE 2, 37(6) 1 523-538,
1987.

4)L. Edstron : Selective Atrophy of Red Mus-
cle Fibres in the Quadriceps in Long-Standing
Knee-Joint Dysfunction Injuries to the Ante-
rior Cruciate Ligament. Journal of the neurol
Sciences., 11 : 551-558, 1970.

5)W. Hugh Baugher. et al.: Quadriceps atro-
phy in the anterior cruciate insuficiant knee.
American J of Sports Med., 12(3): 192-195,
1984.

6)C. Gerber. et al.: The lower-extremity
musculature in chronic symptomatic instabil-
ity of the anterior cruciate ligament. ] of
Bone and Joint Surg: 1034-1043, 1985.



KEBEBAFRA S RAEIAER DR AR L HHEREOELE 29

DRk FIE RO EHE-EFED
162, 109-136, =Eakek, W, 1993.

8)B. R. Goslin, J. Charteris:
dynamometry : Normative data for clinical use

Isokinetic

in lower extremity (knee) cases. Scand J Rehab
Med., 11: 105-109, 1979.

DhgE B EEMKS X OEEY O IFHEE
iowT. P v —=vrbE, 5(2) ! 63-67,
1993.
10XxH & EBEPREBDOR 27 b VIR,
W& ofeE, 129-172, ABREHMK, TR,

1984.
11)P. J. McNair, G. A. Wood : Frequency anal-
ysis of the EMG from the Quadriceps of
anterior cruciate ligament deficient individual.
Electromyogr. clin. Neurophysiol., 33: 43-48,
1993.

ZAHE : 19944F 9 B30H
SPH : 19944E11 5 22H





