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Abstract

The Comparison of Quadriceps Femoris Muscle
Strength by Isometric Exercise and Electrical
Stimulation in Healthy Subjects

Taek—Yean Kim, Sang—Hee Wonl), Huyn—Sik Park?
Dept. of Phusical Therapy, Daejeon University
Central & Stabilitv Exercise prescription Center”

Department of Physical therapy, Yonsei Miso clinic?

Purpose : The purpose of this study was to compare the effectiveness of both neuromuscular electrical
stimulation(NMES) and isometrical exercise(IE) to strengthen the quadriceps femoris muscle. The relationships
between the strength changes and the relative force and duration of training contractions were also studied.
Methods : The subjects were divided into three group. The control group(n=6) received no exercise and/or
stimulation. The isometric exercise(IE) group(n=6) performed maximum isometric contractions, and the
neuromuscular electrical stimulation(NMES)(n=6) engaged electrically stimulated isometric contractions, three
days a week for four weeks. Results : Results showed that both IE group and NMES group were found to
have an increase in strength significantly greater(p<0.05) than the control group at 4 week. But between IE
group and NMES group were not found to have an difference in strength significantly. Conclusion : The
relative increase in isometric strength, using IE and NMES, may be determined by the ability of the subjects
to tolerate longer and more forceful contractions. Suggestions for further research and implications for the

clinical of IE and NMES for strength—training are discussed.
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1. AR dEtgel £

Group Age Height Body Weight

ES(n=6) 27.50£1.52' 166.00£7.59 54.95%£7.33
IE(n=6) 28.50*1.76 170.00%11.10 59.11%13.24
Controlin=6) 28.33%1.63 172.17%£4.21 72.11+£17.84

ES : Electrical Stimulation
IE : Isometric Exercise
"Mean+SD
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Control 123.43+41.16 124.89+44.13 126.14£46.83 125.891£42.96 126.01+42.34
ES : Electrical Stimulation
IE : Isometric Exercise
H 3. ZEZ 600 A 2 OI8Y HEAREDS BF HEE g9 o] gt tigh tEESH 2AaEY
Source SS MS df F D
Time 925.10 308.37 3 11.69 0.00*
Group 493.85 246.92 2 4.24 0.04=
Time x Group 289.93 48.32 6 1.35 0.26
* p<.05
20 "
FRE - x
s
g- 10 -
e
9 1
® 5 -
el
? o— —0 —°
0o — . o
1 2 3 4
Week
O 1. Z&ET 60TolA 2 IF9 AlZtdHsld IWE HEAIREDS B BEE €9 #3a
2. ZELT 1800l A9 BEF HIEE & 2.27 ft-lbs, 37 & 6.90 ft-lbs, 4F = 14.59 ft-1bsRA
ZET 180%dA EHE MIAEST, SELISST, o, AT 1F & 1.78 ft:lbs, 2F & 1.86 ft-
AT QEIAIREZY B HE= 2 & 49 8% lbs, 3F & 2.46 ft-lbs, 4F & 2.58 ft-1bsH T} (18
Ch A7 Axtol WE dEASEDY BF HEEs g9 2). EIAIS2Y B HEs= g9 o] e BES

ole @IIR=ETY B2 1F & 091 ft-lbs, 27 = g BAEAT 3 AZETol wet s ZolE EAIL
1.76 ft-lbs, 3F & 4.00 ft-lbs, 45 = 10.99 ft- lbs%:l F=14942, p<0.001), Tz RAT RIE HFeH

(
1, SEEesTY 8% 1F F 279 ft-lbs, 27 ¥ (F=4.130, p<0.05), AlZhat 29 HSAEEI= QJUATHE

34




Korean J Orthop Manu Ther, 2008,14(1)

5).
E 4. 45X 180%0lA ESHE drAET, SELRETE, UAEATY HEAIREZY EF HEE= & vlu
(ft/1bs)
Group pre 1 weeks 2 weeks 3 weeks 4 weeks
ES 75.22+27.93 76.13%£24.73 76.97+27.32 79.22+26.22 86.21+29.52
IE 75.68+27.91 78.48+29.84 77.95£32.08 82.58+29.74 90.27£30.72
Control 82.83+32.71 84,48+ 33.88 84.39+36.37 84.79+30.24 84.861t35.36
ES : Electrical Stimulation
IE : Isometric Exercise
E 5. ZAHE 180x0A 24 289 dEAIRSE B HEE 99 xlo] ghol s gHEEE BAaEA
Source SS MS df F p
Time 653.82 217.94 3 14.94 0.00%
Group 281.72 140.86 2 4.13 0.04+
Time x Group 307.01 51.17 6 3.51 0.07
*p<.05
20
% 15 - *
E
*
£ 10
'_
o
©
Qo 5 -
o L_ - -
1 2 3 4
Week
O8 2. 25T 1800l A ZF O89 AlZtHS WE tEAIRD B HEE 89 W3

Iv.

4 dEAEZY 84 HE= 7o AOlE HA
on 7S R SHELSST0 HEAZED R95)

ol
S o

K
]

B adToA AT 2 584 282 A 8% dn A A UBRED. o8l AXE 180ZdAE AT
&% 600l A9 AlZH ATtol wit umx}_creg] | Zitol wet tEARZY 88 HIEE glo] |R9s z}
A HEE glo] 293 o2 HYon, 27 2935 Ol8 EA2n, ¢ RIS o7t R0 Az 2
oIzt ol AT £ 43R 51t 91911:}. T gSAE B U & & dEARZY ZF H

Es g2 798 MOIE Ao d/AEE 2 S5

35




HetE S e TX E8l5X] A14# 1= (20084 68)

THO ®YstAl =A UEETH E
J 28 U9 g4 HEE g2 R9s
X}OI’E— EO]II OJ%}D} Ol‘u‘i’é‘i éI’J @7]7& L
2230 HEAF
o SEY 28 PE’J
HoFQo. gl % 60E9} 1800 A Q] AlZtol]
mE T & OEAFZY 88 HEE g fIs zt
Ol EFenm AR 48 &3 4F 2o RIS ol
b UERL 4% ol AXE 2 SEE 88 AE

Fe d dEAFZY 8ol SVEHASE HAFH

Ll—ﬂl‘

=3

SEQ JHY 28 g UBhls 88 HEs g2
=59 FHd 258 XNIAZE ASHd A", g4,
45, 54, dA BE S dF&e 2=thFillyaw

et al, 1986; ®E4 &, 1990). 535 54 287+
g 0|88 J28=F Al 2SET SV it 28
H T 60kdlA SEY =38
A& BIE= gol F il %8}7] HHEOH = 0“—?011/\-1
z}

ot |
fn 2ol

Q
1
ik
9'1_[
Ir

=

Aol Fsitial 5l 2 (Delisa,
= SO ZEQ AHFo 1:5¢ HEES
HE25ly 2sci9e W ZnEV F4ASEHTH SR
CHBaker et al, 1993). £& HAQA0E AL E AIR}
AT BHAZH] 1:3, 1:5, 117 9 aE ATFs 41
1:39] HIEE ZASe¥E o tE 249 c&8FT)olA
AAE AHT O AES ZD2EE o= ALE U
Ettct. O3y 8712 B8 Al 2929 2870
QAeE BHES @9 #==0F2 el HISYnh
(Snyder—Mackler, 1989). T3t Kots & Xvilon(1971)
2 TGHAIAHE 10s:50s2 5t 1080 A=619e
i FEUE d2 = AT EA5AH. 2 AT
Hi olet &2 HAATY Zid AN SAEY =+
= Al 102 =%, 50% FAloles HHILE AT
2 d7oA dIAEH SE8d 88 AY 4F =
MEE 60EQ 180%olA TEAIFZY d8 HIE:
o] hxF HEr} {98HA E716td A7|A=1 55
d 285 EF HEAFZY 2"¥eg SHEE HAF
Qct. ol#T Bt thEIANRIZA 40 JIIR=EE
231 ZEol RS E7H¥ths Eriksson & (1981)

rl

J{)|

o

36

9 H1l, 53 MVAECE ZHo] RY&HA SR

= Romero &(1982), Babkin & Timtsendo(1977),
Laughman S(1983)9] H11el RAlSIATE A A=1
SEY &30 WE 4y SVt & KR89 #
mE 74O§ AIZETH SEIS NER E85YY, &
ol met 835k 8ol o 2|9 EHo] HEls
o, 2 d%)9 Hz IEE Aol ol ANXRF, &
=9 &Y o mWel 2 dREol Wit 53 I¥
A&7t o 9dstA dasisd = F 8¢ AFs A
ZIZ=2 ot 4ok, MPjsEeRE [d 4RY B
H4€ WA HroHHudlicka et al, 1977). Hudlicka &
(1982)2 IObE dRo B Fa=2E F7|Z A7IA

= FAe o IFFY EZo 18 4R Zol #sid
Ol e ¥gl= A=710a JA T o FHAas 253 0]
& A7 A=E0iE 2ded8o] "Walsttial sl 8
2E 252 g 0 28y Irle GHHeR 4-123F
o E¥E H IHE2 15-30% Srieten 2 v
HE 5-10% d&9Y Jrlol HELh Edx7de 2
2 BAEO FVIE FUEHA g TR S Hold
OlA2 FE NEAY AHH, & g8sr= 23299
E7H0 gsitt. @8 AFY HEAFZS 2EHY 1dE
9 BTtok= HolA ZFFd @Vlsie 248
= 2BE9 ES7E sUtst 2SI dojdrh
Thorstensson 5(1976)2 ZASEXH1 I8 A
& AESHY 1807 /secd HE EASH 9wz w
I8 dR74(% type )2 Hu#EY HIIAT

|
A, SAlol % typellet STEY FoHE: HHlE
9] AIJ/AT i Easta Qo vy E(1981)2
120-300° /secQ Z}&EEE % type MO ZE &z}
7t 28 HEs €, 49 &, 3 =2 g 2o
1, £3] 180° /sec® Z gt % typell 9] &d3A 7}
=0t 7 2A2E9 JEE HUFEL e ACE B9
SHLE % type [} BE HIExZ gol A43TA
ERIFX ¥e ALE He EIE QrHFroese
and Houston, 1985). O|&gt &5+t &o] MZEZET]

2

r

=1 o8 S8Y 258 B 53d =58 98
712 AASE 28 S719 ang 98 £+ ok

3 Thomas (1985 )% 3FL BIIAET E84Y
=52 AgT 41 SEES0 o 28 &7 537t

QAAUTI AL, Babkin & Timtsendo(1977)= 53¢
M7= 9 252 AIds 21 98 S84 2
S0l © 28 71 E7F AYTI 51 2m, Massey
&(1965)2 9F ¢ FMIIA=TH 9 25 A &




Korean J Orthop Manu Ther, 2008,14(1)

=

o @IIA=0l F¥E © S7RIENA BEilste § &
v e Hilsiit. olE s dEd ddie E7l7<}
=712t BEol g ALE AIR"HT. AT 7%

FTE Lg% 2 dFdA d7x=3 %x"éﬁv:oaoﬂ
K5 zjolE RO Lyon olyd 2ne A 7
ol BV WEolgtal Atz E T

A od

0

V. 88

B o7E 1889 A

2 sl UEAEZ0) ztz
0|88 ¥ ATEH NEZD
7 12819 ATE AN 2T AUNIEY SHA
SEZNA AEZED BF H
NS AE AT 3EMNE
o, 4% SR 08 o#Hs
AANEEY SRESSE Aols B HES e
208 Fol7t QAT ol9t 2L ATATE HIIAS
SEYLE0 NFoL 224 =0 Q1§ oo
Ao 2ESJY, 2 2 13y Srg 2o =4

2Ro2 LEMSS zmz} Qon, Az
cABTA AWA 95}, BELSEYS ox L 27
WS 29EuAdl ool BNEA AEYE US A
NS QiTh

fr
oy rl
W
0[)1
N
1o
fol
_\;_L
N
w0
2
|0

_\;
2 o
y
N
32
8
in}
QLI
]

rQE.@E

g+>

TEHA, dAd, 485, 8
ostgel s3dE S
St3|A]. 1990;14(2):

Babkin D, Timtsendo N. Notes from Kots' lectures
and laboratory periods. Canada-Soviet

exchange symposium on electro—stimulation

of skeletal muscles. Concordia University,

Montreal, Quebec, Canada, December.
1977;6-15.

Baker LL, McNeal DR, Benton LA, Bowman BR,
Water RL. NeuroMuscular Electrical

Stimulation. A Practical Guide. Rehabilitation
Engineering Program, Los Amigos Research
& Education Institute, Rancho Los Amigo
Medical Center, Downey, CA. 1993;p.34.

Blackburn TA, Craig E. Knee anatomy: a brief
review. Phys Ther. 1980;60(12):1556—1560.

Currier DP, Lehman J, Lightfoot P. Electrical
stimulation in exercise of the quadriceps
femoris muscle. Phys Ther. 1979;59(12):1508
-1512.

Delisa Ja. Rehabilitation Medicine: Principles and
Practice. Philadelphia, J.B. Lippincott Co.
1988;p.335—363.

Eriksson E, Haggmark T. Comparison of isometric
training and electrical stimulation supplementing
isometric muscle training in the recovery
after major knee ligament surgery. Am J
Sports Med. 1979;7(3):169-171.

Eriksson E, Haggmark T, Kiessling KH, Karlsson J.
Effect of electrical stimulation on human
skeletal muscle. Int J  Sports Med.
1981:;2(1):18-22.

Fillyaw M, Bevins T, Fernandez L. Importance of
correcting isokinetic peak torque for the
effect of gravity when calculating knee flexor

muscle ratios. Phys Ther.
1986:66(1):23-31.

Froese  EA, Houston  ME.

characteristics and muscle fiber type in

to extensor

Torque—velocity

human wvastus lateralis. J Appl Phuysiol.
1985;59(2):309-314.
Halbach  JW, Straus D.  Comparison of

electromyostimulation to isokinetic training
in increasing power of the knee extensor
mechanism. J Orthop Sports Phys Ther,
1980;2:20—-24.

Hudlicka O, Brown M, Cotter M, Smith M, Vrbova
G. The effect of long—term stimulation of

blood flow,
metabolism and ability to withstand fatigue.
Pflugers Arch, 1977;369(2):141~149.

Hudlicka O, Tyler KR, Srihari T, Heilig A, Pette
D. The effect of different patterns of

fast muscles on their

long—term stimulation on contractile
properties and myosin light chains in rabbit
fast muscles. Pflugers Arch. 1982;393(2):

164-170.

37




HetE & X E815/X] M14d 12 (20084 6&)

Ivy JL, Withers RT, Brose G, Maxwell BD, Costill
DL. Isokinetic contractile properties of the

quadriceps with relation to fiber type. Eur J

Appl Physiol Occup Physiol, 1981;47(3)
:247-255.

Johnson DH, Thurston P, Ashcroft PJ. The
Russian technique of faradism in the

treatment of chondromalacia patella.
Physiother Can, 1977,29:266—268.
Kots YM.

exchange symposium on electrostimulation

Electrostimulation  (Canadian—Soviet

of skeletal muscles, Concordia University,

Montreal, Quebec, Canada, December 6—15,

1977). Quoted in: Kramer J, Mendrvk SW.

Electrical ~ stimulation as a  strength
improvement technique. J Orthop Sports
Phys Ther, 1982;4:91-98.

Kots YM, Xvilon VA. Trenirovka mishechnoj sili
metodom elektrostimuliatsii: soobschenie 2,
trenirovka metodom elektricheskogo
razdrazenii mishechi. Teor Pract Fis Cult,
1971;4:66—72.

Laughman RK, Youdas JW, Garrett TR, Chao EY.
Strength changes in the normal quadriceps

femoris muscle as a result of electrical

stimulation. Phys Ther, 1983;63(4):494—499,

Massey BH, Nelson RC, Sharkey BC, Comden T,
Otott GC. Effects of high frequency electrical
stimulation on the size and strength of
skeletal muscle. J Sports Med Phys Fitness,
1965;5(3):136—-144.

Romero JA, Sanford TL, Schroeder RV, Fahey TD.
The effects of
normal quadriceps on strength and girth.
Med Sci Sports Exerc, 1982;14(3):194-197.

Snyder—Mackler L. Electrical stimulation fot Tissue

electrical stimulation of

Repair. In Clinical Electrophysiology;

Electrotherapy and Electrophysiologic Testing.

Snyder—Mackler L and Robinson AJ(Ed),

Williams &  Wilkins, Baltimore, 1989;
231-244,

Thomas M, Babara C, et al.

Isometric Exercise and High Volt Galvanic

Comparison of

Stimulation on Quadriceps Femoris Muscle
Strength. Phys Ther, 1985;65:606—-612.
Grimby G,

relations and fiber

Thorstensson A, Karlsson dJ.
Force—velocity
human knee extensor

muscles. J Appl Physiol, 1976;40(1):12—-16.

composition in

38






