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피로지수에 미치는 영향 
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본 연구는 상지운동 동안에 복부에 적용된 압력이 요부와 복부의 근피로도에 미치는 

영 향을 알아보았다. 연구대상자는 성 인 남자 5명 이 었다. 연구대 상자가 10 repetitions 
maximun (RM) 무게의 아령을 이용하여 1분 동안 상지운동을 수행 시 o mmHg , 저압 
(30 mmHg) , 중압(70 mmHg) , 고압(100 mmHg)의 외부 압력이 복부에 적용되었고， 복 

직근， 외복사큰， 내복사끈， 척추기립근에서 근전도 자료가 수집되었다. 주파수 분석을 통 

하여 적용된 압력에 따라 각각의 근육에서 초기 10초 구간과 말기 10초 구간의 중앙주 
파수로 피로지수를 측정하였다. 통계학적 분석방법은 반복측정된 이요인 분산분석 (4 x 4) 
과 사후검정을 이용하였다. 그 결과 압력의 차이에 의한 주효과가 나타났으며， 사후검정 

결과 o mmHg 압력에 비해 30 mmHg, 100 mmHg에서 각각 피로지수가 유의하게 낮았 
다(p=.04， p=.0l5). 본 연구의 결과를 통하여 복부에 적 용된 압력 (30 mmHg, 100 mmHg) 
이 큰육의 피로도를 감소시킬 수 있음이 나타났다. 요부벨트를 이용하여 작업을 수행할 

때， 고유수용성 감각 입력을 증가시키고 재손상을 방지하는 목적이외에도 근피로도를 감 

소시킬 수 있다는 가능성을 알 수 있었다. 

핵심단어: 근전도; 분석; 외부압력; 주파수; 중앙주파수; 피로지수. 

Corresponding author: Cynn Heon-seock fvnn(âJhanseo. ac. kr 

잃
 



한국전문물리치료학회지 제 10권 제4호 

KAUTPT Vo1. 10 No. 4 2003. 

Introduction 

The function of the musc1e can be 

c1assified into three categories: generation 

of muscular strength through musc1e con

traction, musc1e endurance (the ability to 

sustain repetitive musc1e contraction), and 

the ability to react instantaneously with 

power. Continuous musc1e contraction is 

required to maintain equi1ibrium and to 

accomplish a desired motor task. The ca

pability of muscular contraction depends 

on the intensity of extemal stimulus, 
types of musc1e fibers, recruitment of mo

tor units, and rate coding. 

Aratow and colleagues (1 993) reported 

that the extemal pressure applied to mus

c1e during musc1e contraction promotes 

the circulation through cap i11ary vessels 

resulting in facilitated transportation of 

necessary resources for musc1e conσaction 

and metabolites produced from musc1e 

contraction. This facilitated transportation 

is thought to cause improved musc1e per

formance by enhancing force generation 

capability. In addition, they insisted that 

appropriately applied extemal pressure to 

musc1e would increase intra-muscular 

pressure of that musc1e. Ballard and asso

ciates (1998) suggested that intra-muscular 

pressure can be used as a quantitative in

dex of musc1e contraction force and that 

musc1e contraction force would increase 

as inπa-muscular pressure increases. 

According to Yung-Hui and Su-Mai 

(2002), it is necess따Y to recognize the 

influence of extemally applied pressure to 

abdominal and lumbar area on their mus

c1e contraction activation while a lumbar 

belt is being used for maintaining equi1i

brium or lifting heavy objects. 

In patients with low back pain (LBP), 
the mobi1ity of the vertebral column is 

limited and the muscular strength of a 

trunk extensors is decreased causing re

duced capability to generate power (Clark 

et al, 2003). The fatigability of the mus

c1e in LBP patients is also increased 

compared with that of a normal person 

(Roy et al, 1989). Yung-Hui and Su-Mai 

(2002) reported that extemal1y applied 

pressure by a lumbar belt while perform

ing lifting tasks increased the activation 

of an abdomen musc1e, where as de

creased lumbar musc1e activation. 

The localized muscular fatigue (LMF) 

is defined as a temporary functional defi

ciency of musc1e caused by various 

factors. In the past, it was postulated that 

the fatigue occurs when maintenance of 

musc1e contraction capability for de

manded activity has failed (Edwards, 
1981) or when the motor pathway from 

the central nervous system to peripheral 

musc1e could not produce the desired 

activity. LMF, however, is thought to oc

cur from reduced contracti1ity in the mus

c1e in situ rather than 당om decreased ac

tion potential in central nervous system or 

neuromuscular transmission (Bigland

Ritchie et al, 1984). 

LMF can be investigated using power 

spectral analysis (Grat, 1992). It was re

ported that a shift of median frequency or 
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Table 1. General characteristics of the subjects 

Characteristics 

(N=5) 

Age (yrs) 

Height (cm) 

Weight (kg) 

Mean土SD

24.4土0.89

173.8土7.01

66.6土9.99

mean frequency toward lower frequency 

domain can confirm LMF (N g and 

Richardson, 1996). Median frequency is 

more reliable and consistent parameter of 

power spectrum reflecting LMF than other 

measurement variables. For the purposes 

of measuring the treatment effect and pa

tient assessment in the rehabilitation of 

the LBP, the endurance and the muscular 

strength of a trunk extension muscle can 

be used as an objective indices (Clark et 

al, 2003). In addition, an assessment of 

the fatigability should be sought (Seidel 

et al, 1987). 

Duolessie and colleagues (1 998) re

ported that an abdominal be1t could be 

used to increase the tension of the muscle 

needed to maintain the vertebral column 

alignment and to decrease the fatigue of 

the muscle. Essendrop and associates 

(2002) stated that the median frequency 

can be used as a fatigue index to de

termine the fatigability of the erector spi

nae, iliocostalis lumborum, rectus abdomi

nis, the external, and internal oblique ab

dominis muscles. However, there are only 

a few studies investigating the effect of 

external pressure by the way of lumbar 

belt on abdominal and lumbar muscles 

fatigability. 

πlÌs study was aimed at quantifying 

and comparing the median frequencies in 

abdominal and lumbar muscles during up

per extremities exercise while external 

pressure of 0 mmHg, 30 mmHg, 70 

mmHg, and 100 mmHg was being ap

plied to abdominal area. 

Methods 

Subjects 

Five healthy male adults (mean age 

=24.4土.89 years, mean height=173.8土

7.01 cm, mean weight=66.6土9.99 kg) 

participated voluntarily in this study. All 

subjects were in good health and reported 

no history of any disorders in their car

diovascular system, nervous system, and 

musculoskeletal system. Prior to the ex

periment, the þurpose and methods of the 

experiment were explained in plain terms 

and informed consent forms were 

obtained. The general characteristics of 

the subjects are summarlzed in Table 1. 

Instruments 

Two sphygmomanometer blood pressure 

cuffs were connected and used to apply 
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extemal pressure to abdominal area in 

this study. To collect and determine the 

LMF, e1ectromyography (EMG)l) with bi

ploar surface electrode2) 1 cm in diameter 

and the interelectrode distance of 2 cm 

was used. 

Procedures 

Skin over the musc1e belly was shaved 

by thin paper for 3 - 4 circ1es to decrease 

the skin resistance. The electrode attach

ment site was c1eaned with a1cohol. 

Active electrodes were applied parallel to 

the direction of each musc1e fiber as fol

lows: upper rectus abdominis (3 cm later

al and 5 cm superior to the umbilicus), 
extemal oblique (3 cm superior to ante

rior superior i1iac spine), intemal oblique 

(3 cm inferior to anterior superior iliac 

spine), and erector spinae (3 cm lateral to 

third lumbar spinous process). Ground 

electrode3) was placed to the right of the 

lateral malleolus. 

The EMG signals of four musc1es were 

recorded at a sampling rate of 1024 Hz 

during upper extremity exercise. The band 

pass filter of 10-450 Hz and band stop 

filter at 60 Hz and 180 Hz were used. 

The raw EMG signal was processed using 

the fast Fourier transformation (FFT), and 

the median frequency value was de-

1) MPI00-CE, BIOPAC System Inc. CA, 
U.S.A. 

2) TSD 150B, BIOPAC System Inc. CA, 
U.S .A. 

3) EL 503, BIOPAC System Inc. CA, 
U.S.A. 

termined in initial ten-second period and 

in last ten-second period respectively. The 

Fatigue index was then ca1culated in the 

following formula. 

Fatigue Index=(initial median fre-

quency-last median frequency)/initial me

dian frequency 

Task 

Two sphygmomanometer blood pressure 

cuffs were connected, and the center area 

of cuffs was placed on the umbilicus 

while the subject was in a comfortable 

standing position. Four different extemal 

pressure conditions (0 mmHg, 30 mmHg, 
70 mr바Ig， 100 mmHg) were applied in 

random order. The pressure change of 

土10 mmHg was permitted secondary to 

patient’s breathing. 

Prior the experiment, subjects were ac

customed to exercise and exercise speed 

during a familiarizing session with dumb

bell exercise before data collection. Each 

patient was asked to perform upper ex

tremity exercise with a dumbbell weight 

of 10 RM at fixed speed with a re

searcher’s command (mean RM=3.4土.55

kg). The subject were asked to raise the 

dumbbell in one second with elbow flex

ion and lower the dumbbell in one sec

ond with elbow extension. The subjects 

were educated about stabilized upright 

posture during the exercise. A ten minute 

resting period was provided between dif

ferent pressure conditions to prevent mus

c1e fatigue. 
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Table 2. Two-way ANOV A with repeated measures output 

Sum of squares df Mean square F p 

Pressure 2.775x lQ -2 3 9.249xl0-3 6.644 .007 

Muscle 4.097x lQ-3 3 1.366xl0-3 1.336 .309 

Pressure*Muscle 1.148x lQ-2 9 1.276xl0-3 1.691 .127 
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Figure 1. Fatigue index in different pressure condition 

RA: rectus abdominis, 10: intemal oblique 

EO: extemal oblique, ES: erector spinae 

Staûsûcal analysis 

The statistics analysis of data was per

formed using W1NDOWS SPSS Ver 10.0. 

Two-way analysis of variance (ANOV A) 

with repeated measures (4x4) was used to 

determine the main effect and interaction. 

Post hoc was performed with least sig

nificant difference. The level of sig

nificance was .05. 

Results 

The fatigue index ca1culated in dif릎rent 

pressure conditions is depicted in Figure 

1. There was a significant difference in 

pressure effect (p=.007). Post hoc analysis 

shows that (1) the 옮tigue index in 30 

mrnHg was lower than that in 0 mmHg 

(p=.04), and (2) the fatigue index in 100 

mmHg was lower than that in 0 mmHg 

(p=.015). Muscular effects were not re

vealed (p=.309), and there was no inter

action effect (p=.l27). Table 2 shows 

two-way ANOV A with repeated measures 

output. 
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Discussion 

It is important not to damage the con

tracting muscles and ligaments while per

forming functional tasks, because trunk 

musculature activation is constantly re

quired to maintain the posture and to per

form activities that need endurance 

(Moffroid, 1997). 

However, the muscular fatigue occurs 

by interaction of factors such as the mus

cular system, nervous system, and meta

bolic response resu1ting in decreased vol

untary contractile force of the muscle, re

duced postural control capability and en

durance, and coordination capability of 

muscle (Adams et al, 1997). Fatigue is 

the end resu1t of poor endurance, which 

cannot meet physiological demands 

(Panjabi, 1992). As muscle fatigues, the 

high frequency signal decreases and the 

low frequency signal increases. Therefore, 
the median frequency shifts toward the 

lower frequency domain (Grat, 1992). The 

LMF identified by this method was pro

ven to be reliable and consistent in a 

previous study (Ng and Richardson, 
1996). 

Panjabi (1992) stated that repetitive 

tasks such as bending and lifting cause 

stooping posture and decrease postural 

stability as fatigue increases. Roy and 

colleagues (1989) reported that the back 

muscles that protect lumbar vertebra and 

activate during bending movement were 

more prone to high morbidity in LBP pa

tients than those of the healthy individuals. 

There was an association between a 

chronic LBP and an increased fatigability 

of the lower back muscle because the 

function of lower back muscle can be 

damaged by a muscle fatigue. Roy and 

colleagues (1997) reported that muscles in 

the L5 area are more susceptible to fa

tigue than those of the L1 and L2 area. 

This was because the distal muscle con

sisted of more the Type II muscle fibers 

that are highly sensitive to biochemical 

changes occurring in every day life 

(Gerdle et al, 1993) and because mechan

ical loading is mainly applied to the low

er back, especially to the distal area (Roy 

et al, 1989). 

The patients with LBP experience re

duced muscle activation and fatigue phe

nomenon in abdominal muscles as well as 

back extensors. For this reason, many re

searchers have been studying whether the 

lumbar belt can influence σunk muscles. 

(Yung-Hui and Su-Mai, 2002). McGill 

and associates (1990) reported that when 

subjects were a abdominal muscle activa

tion and intra-abdominal pressure in

creased, where as lumbar muscle activa

tion did not during wearing lumbar be1t. 

Calmels and Fayolle-Minon (1 996) stated 

that the increase of muscle activation was 

induced by increased proprioceptive input 

from wearing lumbar support. Car이 

(2003) suggested that lumbar belts seemed 

to modify the lifting strategies of some 

individuals by either decreasing or in

creasing the loads on the spine. 

However, effects of extemal com-
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pression applied with a lumbar belt on 

pain relief, reinjury prevent, and exercise 

performance has not been c1e없ly under

stood yet (Blair et al, 1988; Newcomer et 

al, 2001; Wertheim et al, 1999). This 

study investigated the influence of differ

ent extemal pressure (0 mmHg, 30 

mmHg, 70 mmHg, 100 mmHg) on the 

fatigue of abdominal and lumbar musc1es. 

The median frequency value of EMG sig

nals was used in frequency spectrum 

analysis to calculate the fatigue index. 

The fatigue index in 30 mmHg and 100 

mmHg was significantly lower than that 

in 0 mmHg. These results could imply 

that when appropriate extemal pressure 

was applied by the way of the lumbar 

belt, it could reduce the fatigability of 

abdominal and lumbar musc1es during up

per extremity activity. 

Lumbar support has been used as a 

therapeutic appliance in the c1inical 

setting. It can be also utilized as a per

formance-enhancing appliance because the 

findings of this study suggest that ex

temal pressure by way of lumbar support 

can increase the endurance and decrease 

the fatigability of abdominal and lumbar 

musc1es of patients or athletes. 

In this study, it was difficult to main

tain perfect fit between pressure applica

tion cuff and trunk due to differences of 

the subjects body contours, and extemal 

press따e could not be evenly distributed 

because of the design of sphygmoma

nomer. Therefore, further study with an 

appliance that maintains consistent and 

even pressure application to trunk muscu

lature will be needed. This study inves

tigated the fatigue index for only one 

minute. Considering the fact that most 

functional activities last for more than 

one minute, findings of this study cannot 

be generalized to different activity or task 

duration. In addition, the effects of pro

longed use of lumbar support with ex

temal pressure should be investigated be

cause patients and athletes with LBP 

should be able to depend on lumbar sup

port psychologically and physically. It is 

also thought that biochemical and physio

logical study can be used to investigate 

any harmful effect of extemal pressure 

from long term use. Since this study was 

performed as a pilot study with five 

healthy male subjects, a study with large 

number of subjects sho띠d be performed 

to verify the results. 

Conclusion 

From the findings of this study, it was 

conc1uded that the fatigue index in 30 

mmHg and 100 mmHg was lower than 

that in 0 mmHg, respectively (p=.04, 
p=.015). It is proposed that ext하nal pres

sure via lumbar belt can reduce fatig

ability of abdominal and lumbar musc1es. 
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