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<Abstract>

The fatigue process of the triceps surae was evaluated during a standing heel-rise
test, comparising of pre-fatigue and post-fatigue. Sixteen healthy subjects with a mean
age of 22.88 years participated. The heel-rise test was performed until exhaustion, and
electromyographic activity expressed as mean value and root mean square of the
gastrocnemius and soleus muscles were calculated. The average number of heel-rise
performed was 63.69+26.10. The result of this present study indicate that the EMG
signal is sensitive to the different muscle fatigue. Mean value and RMS decreased
significantly in after fatigue. Significant difference were found between the pre-fatigue
and post-fatigue in the total subjects. But there were no significant changes in mean
and RMS between the male and female during standing heel-rise test. The present
results, showing decreased EMG signal in the triceps surae, could be used as reference
when testing the fatigue process in different clinical conditions. Recommendations for

standardization of a heel-rise test are given.
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p et al, 1996; ©]$-F, 1996). *4 3
g wrgolw ols AAAY YA wEom FFLEH EFH9(motor unit action
potential)e] FZo] 7Adte] A7F, ZHANA @ A4 58 (force generating ability)e] 7+
23+ Ro)lH(Kinsner and Colby, 1996). @322 €49 &F A2 EE GANA & +
Ao M &% AAL AFE dux T=E duyA giald 2d sjAe 1 A A
Aage Hagh G4 7, ik FFRE 283 YA =HEY EY 3 wiEd
AL &gl BagE W Folth (A&} $HElE, 1999; Duchéne and Goubel, 1990).
=59 ARE AFHoR2 YWy g d3AA HrpgE e 92 E fdste B
tet F ZEE Ui HusSed ofs Aoz Fid EAAY AVH R F
el s Z2AA7E 24 o] ti(Binder-Macleod and Synder-Macker, 1993). o] ¥ 71A 324
Abe AElH oz A 9 Z2FE e AR/ A dFH R dE ALEEH
3 YdE F8F d=2 HAAYolth(Bigland-Ritchie and Woods, 1984; McDonnell et al,
1987). 259 A=2E Rlste W o] 7 4 o &HE R F R ZUAF
o] &% ZHE FH Lo Ut BUAFTE o83 ZAE FAYYLE AR Nz A
< & Root Mean Square(RMS)#& Fate WHd Fa4¢ 2dEedy BN 93 5
34 (MDF: median power frequency)$t H a5 34(MNF: mean power frequency)gk
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Ao T F AFE AAGL BFAE EALYs HHER E79 22 AT

e ste SHEAFZE v B2 U, Y5Fe tANZ R FA4H 3

AR 78HES 7HAR 7] Wil HZRAHAAN ZHAEE ol &

FAE vasted A ZHoth(AAA, 1999). 7HAHZE =¥
1 typel 2AF7F o ol EA)38H(70-100%) HlE2ZE typell

A8k gl th(Bilodeau et al, 1994; Kimura, 1989). 38452 2
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2 7488 A AAA EHHFR E7] HAHstanding heel-rise test)olth, A z}A o) A
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-+ F7)(stretch-shortening cycle)@t 1% E#w B4R o)|&3 ZgdEe A
714 49 ggoz A FAYY St dAA, FHA Z8F Alole dAAz
(coupling time)o| 2}&3le ¥ME Aolrh(Ulla et al, 1998).
25 Fdstn FHse o “é% gdate] A=Y gidaty 33 @ge Ao
A

b @ad S slene slE WA $ARHL Aok Pdo) waseloh Gy,
E% 2YARAA Aot 5W A8 FANIILA i o] FHI $FHIA
X oUd e 240 RAREL FAEA FAGY] du Yz FFH B W5
1

ol t}(Basmajian and De Luca, 1985).

mEd B AfoME AR 49l FHATIS qatow sto] ARACAN LHEX
AAE 28 dAAT 9 o) £58 YT ¢ S U FEE IEZE A F o
A F2xd A2E A7|AYstyor dystax vk g W, 1§ gidAte] 23R R
o7} QEA LolR i FHAFZ 09 tE K HEREE A
razt gt

o A7did 2 3

L a7
ATYAAE AFA 2 22AA FARH 270 Y FHoz TAYH 5L
AASA e A% 200 49 W, 4 894 F 169 WO Atk 0B ATIE

of @ FET 4Ee =1 A7 BAL oldddon APl FAsAt. NPl I
F oA 2283(SD 228)o|n HF AL 166.63(SD 6.51), AFL 56.75(SD 10.27)°]AY L.
W o 1 gAd 2tz S4€ e ® 19 2

Table 1. The general characteristics of the subjects

general total(n=16) male(n=8) female(n=8)
characteristics M=SD
(Range)
22.88+2.28 23.13+2.64 22.63+1.20
agelyear) (20~26) (20~26) (21~26)
height(cm) 166.63+6.51 171.38+5.45 161.88+3.09
(159~183) (164~183) (159~167)
. 56.752£10.27 64.00+9.29 49.50+4.42
weightlke) (42~78) (562~178) (42 ~56)
64.38+25.48 63.00+28.46 63.69+26.10

tition ti
repetition times (41~122) (31~112) (31~122)




g3ty SFEANTZY ZHEE FEEy] A AAAA T
§ 45S 10°HE v Azl ZAAE A3 1002 BARY
AAA A FPstdnt. dAAES HEA E7] FA o
oA F He] ouHALE AASAT. ARHAL F 158 F
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2 g s 993 VA3 wedge 9o A LdFo) FAZ F T xo]
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o] AFL AZ9 FAd Aol linch¢! Ag/AgCL snap electrode’t A H = A7MH

ZolRuHaY 2). o] A2 AHAAololN AEH £5S Y3 AT
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figure 1. EMG(Myosystem 1200, noraxlon)

figure 2. circular single electrode.



A
2 A7 A g AL SPSS win 100 o484, EHMFZe 2IE:
WEtE dotry] 93 SH¥se ATHAAR A FEHSE 2R HT @A
RMSgte 2 A 93t independent t-test ™. FZE o717l A} FZE dog F

o Az RMS#-S vlwsly] 98l paired t-test® AAlsHgict 2ejx o, W giAAE
2}Zy Badle] gzA dz2Fe] FAZAEES paired t-testZ B]AE Uk BAF Fo
T2 0059 0018 =5 o]&3tgrh
m. A+43%

L A ddze] 243 259 P37 RMS#H

A AAA EHER HALE B3 stEAAFIY SRE FEst ol SHER FAT

A7 AA WRAelAd sze dorlr) del FEFRH RMSIHE 747 2922(20.23),
202.40(202.48)0)1H en HZE FHAZ Fo= 1821(1349)9 18221(13498)E EAH o2
W frele B2 EhiItp<.oD).

table 2. comparison of pre—fatigue and post—fatigue in total subjects

fatigue index pre—fatigue post—fatigue t-value p-value
M+SD (n=16)
mean 29.22+20.23 18.21+13.49 4.078 0.001”"
RMS 202.40+202.48 182.21+134.98 4,078 0.001*
*p<.01
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figure 3. Mean value of pre—fatigue and post-fatigue in total subjects.
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figure 4. RMS of pre—fatigue and post-fatigue in total subjects.
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table 3. comparison of fatigue in male and female

male female t—val —val
fatigue index (n=8) (n=8) vaiue p-value
M+SD
mean 12.39+13.21 9.63+8.43 0.498 0.626
RMS 124.01£132.25 96.38+84.32 0.498 0.626

3 34 gty 292 A% JF3 RMS# vl

S ddAe] B2 dev)y] A AR FEAD & AHFHEH 2713
A 14742 Fel@ Z2E Jehiln RMSFHE 98 22E dehich olid An
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table 4. comparison of pre and post fatigue in male



fatigue index pre-fatigue post-fatigue t-value p-value

M+SD (n=8)
mean 27.13+22.25 14.74+£11.29 2.652 0.033"
RMS 271.51+222.69 147.50+112.97 2.652 0.033"
Y p<.05
300 /
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figure 5. Mean and RMS of pre—fatigue and post—fatigue in male.
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table 5. comparison of pre and post fatigue in female

fatigue index pre-fatigue post-fatigue t-value p-value
MzSD (n=8)
mean 31.36+£19.29 21.67+15.33 3.233 0.014"
RMS 313.30+193.04 216.92+153.39 3.233 0.014"

* p<.05
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figure 6. Mean and RMS of pre—fatigue and post-fatigue in female.

v, 2z

ZFd o] EEAALFH LTI FEHAAY AL WHHE ATy A8 g
EAAT Z2H4E 7|HE o83t oy ZHde THAT ZHE9 power spectrum A
EES o] &sld AFZAY, 3529 =, B 784, 28 AYEH 5 H
7Fal71 e 2AE ANFel EAHS BEM3n 9ti(Basmajian and De Luca, 1985;
MacIntyre et al, 1998). 3 <Kolu} Z&5F9 A ad29 7)FE& W78 whgo

=
Fggolt FoiFel &

2 WAE WAt Y W 289 B zHe Musy) el A
W 2RE 959 AFL BHSE el Udn Be MAEL

S50l A&HY 2
al Al

e

A
T A3s9 @Eo] AR Fu o] AFuedE Tadr}
A ME ZAE ATY FE AGGLE oj& T4 THe HREE dFIe W
Ho] 2lth(Lindstrom, 1981; Moritani et al, 1982)

2o gadE 8 7 Agel AL Yout ANEY YL o§F FRF

>
g
|m
a1

£ RMS#HE AHg3tE Ao] utgasittal A5 w ¢t} Basmajian® De Luca(1985)+
THAH T BY 259 A=v FHE we 2¥EY] FA4E FI9 Lo HEF
o #ZA¥d 9 FdFgs € RMS#Y S7184E Basgon o 71&9 d7AH
& X Yk 2y FHQ B A gHEAQD £33 o|gte] dojvtE T #F
ATY ZHZ AALA9R) TY ATAAE FOFIHTFY SV 2 F4FHF € RMS#
of FAdle @4 Btk ole B AT $Yd AAXE YEAT 2 AFAME
A AAA R ER] AAE T F2E A J245 2Ry 23R g WF
o] WsgA g AMEEte] FAAHY FK9 JFrEkE AFsAY 2 2F sEHAFZY O
ARl %7 olgg st FHRI fdE Fo THE ANZ 9 HTEFH RMSatel 79
g 2P LE JErATh

e 28 AWyl s AFEE AAAA BEEA B3] Sl g

923
flo
o
Y
o

ztol 7} glotskth & d#x w2 Kendal? Beasleys 139 w5 #x E7)



o} 4~531 8 A ¢r3lFth. Lunsford®} Perryi= 20-59A4] Aleole] &
W BT AAAeR 253 ¥vES FHIAT. & AFdAE EAAFZY HRE do]7)
7] HAbe AAAAZ dEE2Fsd A zA7E RPN A A
AE 4o Aolgtm 7HAse] 10°2 FA wedges At
Ulla 5(1998)9] 2@y S 22 FdsAt
nAE Moy HHFAE oS
A7 dol BHEFAE ZA B &E 1NE B
AAstojol 232 E TAANLS B8R Fold A#AQle] At SRR
o] MBI sE FYste ZIUZE WAAAT. 2 ZF HA ddxte FT 63
w2 E718 FRSRL FA B9 64.383], =] H- 63693 9] LWHEA
At ol 263 E UEd Ullase A79%%: Zol& vehiilon el A
zolg YEhH A
B dFdAe sEAFEE v EZF stAu 2o
A BAstden Z+ze 2&xA vlgd ue 292
A RS 7Y AgHoZ HIHEGD. =F A
A3 292 AFR ZHE A5 Ha@Id RMS#ws A
‘3}. 0];11& TAE 5% o g2 :117} doste dAT 4% 2F Eely
x

=,
2
=
o
2
i
ap
to
>
e
tio
~ of

w3
ol 9

HHE. 3]
1

A

$3tel w5

o [
£ 4 B
o
JB ok

2
of
o
o
ry

>

rl

i
i
il

L rlo
b
ot
2
N

]
4 n

I Mz
]
gil‘
>
°
o = K
2 ook
lo g ¢
W Lo
rot rir ru Y o8]
o W o it m\ﬂ B
:__l‘ _: ]
lo 1 Lo
LR N
pls fo o 41 XN

S
¥ X
10}
ok

rr

2

o2
ot
R Mn

ok
pous
bt
2
o
o)
lo
T R O
°
o

0
M
e
2
x
o
=
&l
ues
-4
N
i
ko
ol
B
o
0
rSL'
X
fru
>
Sy
il
2
i
_?L
s
rd
Ho
o
5
fru
o
1
oX
ol
)

{

3= Ao Sg&s}t}ﬂ Atz gl

= SEaras 2uzEd #3 54 TARE olgse RYsAn dHy
-‘H‘H e;m—i 2 72 ASRT e A A BAEA 57
1 5o 2AE NEE MBEY

A b
ok x| gdRte 29z E”°ﬂ kol 7b JEA vlwsEtdY. 2 d3e g 2
o}

1 AA WAl B28 94__0_7171 A3t g 9o Fo SHFF2Y 24
3 RMS#E o 498 d4E Yl ATHp<ol).

i
o
ot
2

2. &, 9 didA Abele) HE@® RMS# #aE FAAozZ {93 Holzk A
(p>.05).

3 94 WA F9 3
#3t7 RMS#e EAH o



4 A% WIA e A2 Dosly] A% 2 9o Fo dH4TIY TAE B
Fot3 RMS@e BAMC2 #ol@ FaE el Arhp<05).

Fned
o938, AAY, HFL. (1994). ALH FHA 2FFAA Fog 2 A AA2A

29 54, U] gs =, 18:311-327.

43, 24, o133, B2 & 001). T548 A FHE Fog BHAAM 42 927
Fo 54, ¥3dE e8I, 83)

AALe 4. dxdEEdA 8T A, 8Q).
A3 %, S, (1999). A &8t TASHA

A& A (1998). EMG Power Spectrum Analysis of the Medial Gastrocnemius and the
Soleus Under the Fatigued Condition. 3+ A E& 2] X 88+3] %], 5(4):9-19.

. g P 9] A,

A

AE, FAHS, Wy (1998). ZHAEE o|&% ZHRER9
33(4):1184-1192.

o] -7, (1996). "9 stALA. of7td| | A &

Ament, W., Bonga, G. ]J., Hof, A. L, et al. (1993). EMG median power frequency in an
exhausting exercise. J Electromyogr Kinesiol, 3:214-220.

Basmajian, J. V., De Luca, C. J. (1985). Muscle Alive : EMG signal amplitude and force.
bth ed. Baltimore, Williams & Wilkins.

Bigland-Ritchie, B., Wood, J. J. (1984). Changes in muscle contractile properties and
neural control during human muscular fatigue. Muscle and Nerve, 7, 691-699,

Bilodeau, M., Goulet, C., Nadeau, S., Arsenault, A. B., Gravel, D. (1994). Comparison of
the EMG power spectrum of the human soleus and gastrocnemius muscles. Eur J Appl
Physiol, 68:395-401.

Binder-Macleod, S. A., Synder-Mackler, L. (1993). Muscle fatigue : Clinical implications
for fatigue assessment and neuromuscular electrical stimulation. Phys Ther, 73, 902-910.

Duchéne, J., Goubel, F. (1990). EMG spectral shift as an indicator of fatigability in an
heterogeneous muscle group. Eur J Appl Physiol, 61, 81-87.



Gerdle, B., Larsson, B., Karlsson, S. (2000). Criterion validation of surface EMG
variables as fatigue indicators using peak torque:A study of repetitive maximum

isokinetic knee extensions. J Electromyogr Kinesiol, 10:225-232.

Jaap, H., van Dieén, Willy, O., Huub, M. T. (1996). The influence of fatigue and velocity
on erector spinae muscle fatigue and its relationship to changes of EMG spectrum
density. Eur J of Appl Physiol, 72:310-315.

Kimura, J. (1989). Electrodiagnosis in Disease of Nerve and Muscle : Principles and
Practice. 2nd ed. Philadelphia, F. A. Davis Co.

Kisner, C., Colby, L. A. (1996). Therapeutic Exercise Foundations and Techniques. 3rd
ed. Philadelphia, F. A. Davis Co.

Linstrom, L., Magnusson, R., Petersen, I. (1970). Muscular fatigue and action potentials
conduction velocity changes studied with {frequency analysis of EMG signal
Electromyography, 10:341-356.

Maclntyre, D. L., Slawnych, M. P., Reid, W. D., McKenzie, D. C. (1998), Fatigue of the
knee extensor muscles following eccentric exercise. Electromyogr Clin Neurophysiol,
38(1):3-9.

McDonnell, M. K., Delitto, A., Sinacore, D. R., et al. (1987). Electrically elicited fatigue
test of the quadriceps femoris muscle : Description and reliability. Phys Ther, 67,
941-945.

Moritani, T., Nagata, A., Muro, M. (1982). Electromyographic manifestations of musclular
fatigue. Med Sci Sports Exer, 14:198-202.

Ulla, S., Ulrika, O., Roland, T., Gunnar, G. (1998). Muscle Fatigue in a Standing
Heel-rise Test. Scand J Rehab Med, 30:67-72.

Ulla, S., Ulrika, O., Gunnar, G., Katharina, S. S. (1998). The standing heel-rise test in
patients with upper motor neuron lesion due to stroke. Scand J Rehab Med, 30:73-80.

Voallestad, N. K. (1997). Measurement of human muscle fatigue. Journal of Neuroscience
Methods. 74:219-227.



