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ABSTRACT

Isometric muscle strength has become important as it is realized that a large variation in
the human exists and is affected by many personal and environmental factors.

Experiments have been performed for estimating the individual capabilities of the gquadric-
eps femoris muscle in man. The surface EMG has been recorded on the belly of the rectus
femoris muscle during voluntary isometric continuous exertion at 25%, 50%, 75%, and 100
% MVC,

As a muscle force (% MVC) increases, the rectified mean EMG amplitude increases in a
non -linear form. The rectified mean EMG amplitude also increases ina non -linear with
respect to fatigue progression.

As the muscle force (% MVC) increases, an endurance time of isometric exertion decreas-
es linearly.

Analysis shows that rectified mean EMG amplitude is a consistent and sensitive measure
of motor unit recruitments and can be usefu! in estimating an individual capability of aloc-
al muscle.

Further, the result satisfies the sufficient condition that type S motor units are recruited
first, while large motor units are recruited progressively as the fatigue develops.
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454 motor unit & T8 A 4dsta -8
o) type § (Slow twitch fatigue resistent,
red muscie fiber) ¢} type F (Fast twitch,fa-
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ol A etEubel o] BE FFH 7 HAALe
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o o (4 ) 23 18 33
%] 2 {cm) 168 171 172
A % (kg) 68 73 75
W5l 29 2o (cm) 40 41 43
ofEl e Ea
+ % A (cm) 55 53 54
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impedence+= 5M ol amplifier 2] S5-&
o. 0dB 7= 7Hgsteh 717 Rael main —

amplifier, CRT meonitor, sound monitor, 35
mm X -ray film E4 oscillographic paperg
recorder 7} @} A= o] glon, WX pre
—amplifier o) += calibrator 7} W A= e} 3 e},
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ez Ee Rsh 22, e, HEFZ

o] &-5te] =AM sl el Analog/hybrid co-
mputer &+ ADAC 480A 7t el LEglen, o7
o] oscilloscope ¢F X -Y recorder 7} od A = o]
439 st 7] B A-&=gleh, Force mo-
aitor 2= TKK -1269 digital dynameter £

ALEstE R, “*iﬂil 28 7 E3b7] i
72 34 22 digital printer 7t a;};vﬂ k!
=gl o EMG main -amplifier sl 4 SZ=H 2

analog / hybrid computer ¢ 4 i-]a]‘{l_ EMG
signal & 7} & - wakstz E4 A&7 4
st¢] TEAC R-260 data recorder 7t A5 9
th{z3 1 Fx).

vastus lateralis

reference electrode

patella

AgAa 4dsge ¥4 4/ HY
g & &< ( calibration) o] <3 5 3=,
Force monitor.2 A-&5 = digital dynam-
ometer 2| =X & strain gaugeel 5kg 8
2 o @AA o FA} digital o2 P H}
A 2AHER A dojd e AL &
o] 6kg, 8kg, 10kg 2l & 27 dAAA o

CEo] B 7} AelA B4 e Holshd v

EMG amplifier 8 A& pre-amplifier ¢|
gt Ra|=e] Y calibrator (A2 71rE
e] &3l 2 o) elgA analog/hybrid com-
puter, -oscilloscope, X-Y recorder S8 &
o] o] Ze]zith EMG 7| 7le] £35 calibra-
tori 10 gV ol 4 10mV 7=]¢] Fu=g 10
Hz = w4 A pre-amplifiere]l & Asich
Pre -amplifier ol 4] 45 Z 5 A& EMG
7] 71l ¢| main amplifier o] 4 o] At 2 F &= e},
2R 2] 2 calibratoreid A= AYE
peak -to ~peak Imv 2 &3 amplifiere] £
22428 20092 shed %5 452 analog/
hybrid computer o] ¥ 47 =, Analog/hy-
brid computer ¢ 4= universal operational

active electrode

rectus femoris

vastus medialis

tendon of quadriceps femoris

ground electrode

<2 2> HEATZY T2 electrode 8] #3



amplifier & o] &3] Y=}y 5 (full wave re-
ctification) 4171 ¥ (45) oscilloscope o} X-
Y recorder & ¥ 4A I 7125k, 0] o
oscilloscope ¢ X -Y recorder ¢ gain £ =3
] 2% lemst 1mVE el EE 3}
A v}, :

EMG amplifier 2| high cut filter&s 300
Hz o] 4e] dj3lef 2E5 =% o], CRT mo-
nitor £} time signal ¥4 100m sec, 4l 9|
sweep speed & Scm/sec & 1A A7 =}

olE 71719 AL AT ol wiy
A2 st Elo o] b £8 5 Azle] Al EY
warmming up 4} 7% sl 30 o] 4lej
Zg, Agdd £33yt #4Y 2ol A of ¥17]
Z2 zod ol electrode & HA4]7]3 aginge]
S E5 Fhgeh

Electrode = 3-al¢)z]of =}2} active, refer-
ence B ground electrode 8] Al rlAlz2 2R3

e}, Active electrode & -82] F& 4]0 w4

+ myocelectric signal € FHE&3}7) $3of of-
B = (rectus femoris) & 42 (belly)ei] &
F#pn], reference electrode ¥ 5| A} 5272}
< (patella) 7} 713 B2, ground elect-
rode <= lateral epicondyle $-$)off Zz} 332
A (1,16, 437 (=¥ 2 &%),

Electrode 7} &=+ 249 2|4 =8
da-gE AR Fohlm Az %] vhE, AA
8 mm silver-to-silver surface electrode £
E¢ paste & A-$2 ] o FLA4HA FHFslo]
= 2 electrode 7} 2-3 o] =] okA] shE- 217}
(15].

30-£7ke] aging o] ¥t F sl4 ¥ Ao F4
£ # s Aol 4] oscilloscopes]| VFERV
4 2% 35ty noise 7} HAE T A Y o
5 F4%e], noise 7} WA EE A9 ofe] o
g A A8ty o}, £}2 active £} reference al-
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¢2¥ 3.a)> Rectified EMG signal (25 % MVC)

{2® 3. b Rectified EMG signal (50 % MVC)
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{2.¥ 3. d> Rectified EMG signal
(100 9% MVC)

{27 3, ¢ Rectified EMG signal (75 % MVC)

ectrode A}o] 9] A 83k FA sl o] gro] 100
k Qofstrl =2 "elstadel (1, 12],

oje &t A Aol BT Buvid IUH A
zx gzl ¢E2 i, YR YEZ F
Eq 3el & oAl ALY F FEIEL T
Z2E 130 °oA Hel2d g 13 F435H
©[17. o A& 2E &4 715718 F 7t
=1 L3 s T82 dynametero] iz
digital printer & o}-&3tej 500 msec zt7A L
i A4 T Eslg ol Electrodeodl 23k A
5] = EMG signal & analog/hybrid com-
putero] o]3le] rectified signal & ¥3td F
oscilloscope & 2@ sln 5ol X-Y recor-
der &} X -ray film recorder 2 FM tape re-
corders] 2|3kl 4oz AEHAH2H
3 3qx).

& s AY Al A 5E7 FA4AHE T
E, 23" MVC & 7|22 25%, 50% ¥
75% MVC 2 Alaslx, o) 5 Wi 43
Lzl 420 eyxertion Afole] 10249 F4
A7 T osYetd s WYL S4EAT
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EMG amplitude
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endurance time

sec }

250 ¢
243 A
\
- .\\ — Subject A
o NV Subject B
200 ¢ \ - == Gybject C
150 ¢
100 ¢
50 +

3 : 4 4 —
25 50 75 100 % MVC

25y A%A SAYEEY 4447



mv 50 % MVC
1000+ 75 % MVC
25 % MVC
500+
} { } } >
50 100 150 200 sec

endurance time
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rectified mean
EMG amplitude

mvl

3

—-6.17 +0.134 (% MVC)

~2.11 +0.0769(% MVC)

0.37+ 0.013 (% MVC)

10 20 30 40 50 60 70 80 90 100 %MVC
<ZY 75 A= 322 AN T3 (subject A)



SR fhxs A4 “Aap” olpim
AL 2L A4 ges] Asted 52

eterel ZAHEE sigivt, o] % MVCe §
2455 (isometric exertion) o] =<5 5
o WA -ZH L digital printero] 7] 23)s, X-
ray film recorder, FM tape recorder 2 X-
Y recorder o rectified EMG signal ¢} 7| &
Hooh(2y 3 #x).

ol A5H S§HATFL TRl 5T w4
3o} Fojal 9% MVC -2 821514 Xty
A== ZHo) Faledal e 95 %o)shz 7
A% F 32 ojulol Yo gloz 3] 85 =
XE oA ALt E sloel (1,2, 33).

sAR 2 W& 248 515 25%, 50%,
5% % 100%MVC | %7 534433
77 g g9 TYEEE 51k o4 wuh
AHTA A o5t WA E Al F0AE A
3t7] 4l ste] Latin square i & o] g3t %
MVC ¥ exetion A5 BAslm 3 X359
AR TA e 3l 53 wiBaAsslad e} (36).

m. &gz

B3 28 3 rectified mean EMG amplity
de 4] %o HAHYA 2T} ukEyZH (25 MV-
C) ol F714el =2} rectified mean EMG am-
plitude 3= non -linear 3} ) = S7haled o}
(2W 4 #=), )

&3 FHAES9 <2 7k (endurance
time) 2 ddo| %% 25%, 50%, 75 %
X 100% MVCol 4 o] Adx Eg45549%
MVC zte] SoHeol wel 245144712 4
WEste] ZAEd e (1Y 5 =),

Integrated EMG (IEMG) IEMG & rectif-
ied EMG signal ¢ ampitude 7/} %355 =5
et Aol Wi Frige] wWakhe ¥ Aag)
3 25% MVCel % g IEMG & quadratic
Tt Jal 2 SIS 22 50% MVC o
Wl Ae IEMG 7} 9212 Ao 71742 quads-
atic curve 7} =gl om, 759% MVCel| o4 4
+ linear g ey 2 Srlslde} (og 6 #x).

IV. S -CHE[N 30 et
ZEECESS

JER <3 3 motor unit 9 59 {recruitme-
at) d=AZo HE 25%, 50%, 75% 2
100% MVC oA 8] x4 Salg+s dya
et sl g3l 2L A4de @ 4 gl
£,

1. 25%MVC el of g exertion 4] rectifi-
ed mean EMG amplitude + 3 ti#lg =7t 5)
ek oly % A7dl+ ¥& action poten-
tial & 7F7& motor unit o] S5 g o] &
motor unit of 2 IRt Anl ojyur} o
action potential & 2t motor unite] 4%
FUHL 6 ve{Fch elw o) motor
unit & $EHHT BF Lwgw o4 o ko
action potential -2- Zt4= motor unit o) 7}
E FeHA

2. 50% MVC 2} H-%2.6]= rectified me-
an EMG amplitude 7} 2 gtA]l 2 <7}s)gion,
ol ¢ 2% Y action potential & 7}xl&
T %74 motor unit o] x7)e] $a TUST
2 ¥-E o]o ¥ action potential & 7}x|x
motor unit o] £7t2 FYHGGT MAHY £
A

3. 715%MVCe] diaj & o) 28] Zg
e 2E 359 motor unit o] FAjo] ¥4
o] rectified mean EMG amplitude 7} linear
g HH 2 Fokslgln

HUHE TY FEUY] o SUsE
motor unit & FHE sttt s] $skq %MV
%8 5%A2 2 %334 rectified mean E-
MG amplitudes] Bsle ch-go) L40] +3
Hei =,

1. Rectified mean EMG amplitude 7} &
Y3 §7tsle L8, ¥ 2 5.2 action pot-
ential & 7t motor unite] &1 B4
AL A7 4] Fe)A linear regres-
sion 7 A== AL AAEgc) (36).

2, of Al F}ell A regression e o) £3 re-
ctified mean EMG amplitude Z+S-l o g pa-
irwise comparison test & AAjglef 593}
(significant difference) & = 4}3}g o,

o] Al wHTH ZE (% MVC) 2} rect-
ified EMG amplitude 2] 28] & $&dsl: 4
AL g dgen, AR A= a=
0.025¢1 4 25 F2la7} glgel FHsgn
[36). c}2 regression line & mapg-& =
Atshe] L HZH o] W Yo P FF4 mo-
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B2, 43280 o g £5F4H motor unit 2] F A

(g9 + % MVC)

‘ e of motor unit 1(s) I I(F)
subject
A 0~38 38~71 71 ~ 100
B 0~ 34 34 ~80 30~ 100
C 0~31 31 ~79 79 ~ 160

or unit & £ A4el & spebstg b (£ 2., ¥
7 &z,

= g motor unit 2| summated action po-

tential 2-%c] F5%sto] »| w3 LY (40 %
MVCoelsl) & 2% sf & 2 type S motor
unit o] Sagoh [ 17, 20, 21, 22, 29, 34, 35.
327 . Ztelut exertion ol A 5=l type 8
motor unit ¢ =&l LR 875 =

ath

& W shs] 9isted AEAbA THEHA o 3
-4, ’

t] motor unit o] Frkx FHHA2, 3
14].

g 23 (409% MVCel4b) o] 8¥5]+= A
Lol o] P& WA e 45k type S mot-
or unit = o] Rt} & action potential & 7}=|
3= motor unit of ¥ EUF T i X
off s]27F Y utu} ¥} £ action pot-
ential & Z= motor unit o) A £ Fr5Y
B2 3 34).

B Adge] dat 25% MVCelt gt =43
Zzld &g 7Y o motor unit e FYH-E
o] epzH-& mAol ujel type 5, type SF, type
F motor unit & +4= s¥=qgdef = 50%
MVCol4E 5% %74 type $¢} type SF
motor unit ¢] §4 Y53, | F motor un-
ite] sj23le] Aol wlel type F motor unite
F712 E4=9ch 75% MVCel  dsiAde
=g 27| 3E 477 G52 motor unit ]
2o SUEI Y= ALE et (46].

o]¥ 4] motor unito] WF T al I/ R
o] A Eel wjel iAo 2 E3¥y HAE o

E 4. w3 EYa TS5k A

£5}e), 2 £%4¥ motor unito] 2T FYE
@ 94 5] &= summated action potentials]=]
A&} Ale) o sted 37 o] Al U

Ui EEn A4y 345 E A547 A
Az, uHTEo] Ertgel gk ETEAE
A7} (endurance time) & F4EE Ao® ¢
ghgel, Aze s4Qd e dgk o] 2L i
near regression &2 £4 g Hoj T 4o Ak

% 3. Motor unit 5% summated action

potential

{(=k4 imV)

16} | I(F)

1.0 1.5 2.7

1.0 0.9 2.3

0.9 0.8 2.2

V. 8 =

N L

s A Zel g AU
o 49T A4d SFAFF 4L ol
2A g Babe], THBH4H AHATHY

=AY 4 g el AFHYS ol
A g3l 2e A3HEel YoIR
1. 9828 (%MVC) o] S74ael =3t

rectified mean EMG amplitude © >|-&7}7}

(=t : sec)

parameter ; correlation
subject intercept slope acefficient
A 265.50 - 2.680 - 0.988
B 292,50 - 3.004 - 0.963
C 264.0 - 2.592 - (.989




A 2} Z7bel4= stepwise—linear 3¢ ol
F7hshgd =t o] %m}‘f WEldEe)  Egst
motor unit &} FH7F HAg A FhAol = (3D
%ﬂlﬁi st 43|22 H e == motor un-
ite] F4ls) gl A o F o]_,_o-] Aol A4S
'?-i wh4 8kl ok
2. A%H SHYFT $94 % MVCHE
b R L e R B I L T
ghre FeE vepdel o] Hab ARRle]F
o o 3 o 7E Hel ulste FaEHZY 23
H (50 % MVCuiol) o Hgt 255354
7kel F7bs o] Y2 vield e i EATEL
2 ghsl = motor unit ¢} 7% type SF motor
unit ¢ u]§o] ffmA Eow, ¢ motor unit
L 23 % w3sgAE 4R sl 20 A=A
cl(2 82 441, 2Elm =89 22 3t
AE e 43T (30~80% MVC) o] 4 type
t(2.,32,44). eEln 259 554 2k
Hzel wFEH (30~80% MVC)< 4 type
SF motor unit o] 8=+ A4 52 F¢s54,
+ A &g W EIAEY FAYTE AL
A7kl HEloh A g glvh _
3. dEATe] st 4 1A F74
motor unit z+ztel] o] 3} summated action
potential & 53 4=Fe] A3 = w2t A
22 motor unit ¢| F71E U+ A E =l
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