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국문요약 

중력중심 이동과 관련 변인분석 

-근골격계 통증을 중섬으로-
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본 연구에서는 근골격계 통증이 자세유지와 균형능력에 핵심이 되는 중력중심 이동에 
미치는 영향에 대해 알아봄으로서， 균형과 자세에 영향을 주는 다양한 요소들에 대한 새 
로운 접근을 시도해 보고자 한다. 1-병원의 업원 및 외래 환자 중 신경계 손상이 없고 
중력중심 이동에 직접적인 영향을 줄 수 있는 하지에 정형외과적 장애가 없으며， 전정계 
손상이나 시력장애로 인한 균형에 문제가 없이 근골격계 질환으로 요통과 견통을 주소 
로 하는 71명의 환자(남자 38, 여자 33; 평균연령 =44， 표준편차=13.8， 범위 =19-79)와 신 
경계， 근골격계 및 평형감각에 문제가 없는 정상인 30명의 대조군(남자 16, 여자 14; 평 
균연령 =39.2， 표준편차=13.7， 범위 =21-72)을 대상으로 전산화된 힘판을 이용하여 중력중 
심 이동의 궤적을 표준편차값으로 측정하였다. 측정된 중력중심 이동값은 두 군간에 상 

이한 차이를 보이고 있음이 검증되었다(p<.on 또 측정된 여러 변수들의 중력중심 이동 

에 대한 영향력을 알아보기 위해 나이， 체중 및 신장과 중력중심 이동과의 상관분석 결 

과 중력중심 이동의 15.8%를 체중의 변화에 의한 것으로 설명할 수 있다는 결과를 얻었 
으며， 그 외의 변수들과의 연관성에 대해선 유의미한 차이가 없었다(p<.on 결과적으로 
근골격계 통증은 올바른 자세유지와 균형유지를 위한 감각통합과 반응과정에 직접， 간접 
적으로 영향을 미치고 있다. 따라서 중력 중심 이동이 크면 클수록 중심을 잡기 위한 근 
육활동으로 추가적인 에너지가 사용되고， 편중된 중력중심 이동은 근골격계에 무리한 부 
담을 주어 통증을 증가시킬 수 있을 것이다. 또 통증으로 인한 중력중심 이동은 이를 보 
상하기 위해 신체 먼 곳에서의 이차적인 변형을 초래하여 각종 근골격계 증상의 원인이 
될 수 있으므로 근골격계에 대한 적절한 치료는 통증을 감소시켜 자세의 이차적인 변형 
을 막고 자세유지 시 작용하는 근육의 에너지 효율을 높일 수 있을 것으로 사료된다. 

핵섬단어: 근골격계 장얘; 중력중심 이동; 통증. 
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Introduction 

Necessity of the study 

In remained standing, the center of 

gravity (COG) movement occur from back 

to front in the sagitta1 p1ane, and a 1itt1e 

disp1acement occur in the corona1 p1ane. 

When a person tries to ba1ance him/ her

se1f in the 1imits of stabi1ity, he/ she 

moves all directions creating a postura1 

sway, and the midd1e of the postura1 

sway becomes the COG (Nashner, 1989). 

As a basic of the ba1ance, a person needs 

to keep the COG in the base of support 

(BOS). When the COG goes out of the 

BOS, the limits of the stabi1ity breaks, 
and as a result, the ba1ance reaction kick 

out to prevent a fall. The most important 

function in human is to keep the body up 

straight. To do so, the vestibu1ar system, 
the sensory system, and the visua1 system 

work together (Horak and Nashner, 1986; 

Shumway-Cook and Woollacott, 1995). 

The human ba1ance is achieved by very 

comp1ex process. First, the sensory system 

detects the body movements and sends 

that information to the centra1 nervous 

system (CNS), the brain integrates the 

message, then sends the message back to 

the muscu1oske1eta1 system to react appro

priate1y (Nashner, 1989). Since this com

p1ex process is necessary for the ba1ance, 
a 10t of factors can effect the ba1ance 

such as age (Hasselkus and Shambes, 
1975), height (Ki1burn and Thomton, 
1995), 10ss of proprioceptive sensibi1ity 

(Fernie and Holliday, 1978), nervous sys-

tem default (Newton, 1989), knee con

tracture (Potter et a1, 1990), visua1 defau1t 

(Domana et a1, 1978), foot position 

(Nicho1s et a1, 1995), reaction time (Patla 

et a1, 1989), 1eg 1ength differences (Mahar 

et a1, 1985), etc. Therefore, the necessity 

of the study arose on these many factors 

of the ba1ance in a broad and diversed 

way. 

The postura1 sway can be increased by 

the visua1 defau1t, decreased vibration sen

sibi1ity or the proprioception sensibi1ity. It 

is because the postura1 sway is in very 

close re1ationship with the ba1ance and 

mobi1ity. Therefore, the postura1 sway can 

be used as a eva1uation too1 for the ba1-

ance test 떠ughes et a1, 1996). 

Many previous studies were done on 

the ba1ance test of the norma1 and 

healthy peop1e or on the eva1uation and 

the rehabi1itation of the patients with 

CNS 1esion. Though, the studies consider

ing the ba1ance of the patients with the 

musculoske1eta1 system 1esion were very 

few. If the para1ysis is the chief comp1ain 

of the CNS 1esion, the pain is the chief 

comp1ain of the muscu1oske1eta1 system 

1esion. In some studies, the effect of the 

pain were reported in re1ation to the 

asymmetry of the posture (Kapp1er, 1982; 

Magee, 1987; Norkin et a1, 1992; 

Sluming and Norma, 1994), and to the 

weight distribution differences of the 10w

er extremities, but not any study reported 

yet on the COG deviation or the COG 

deviation of the patients with a pain. 

The fact of the practice is that the 

86 -



한국전문물리치료학회지 제 10권 제4호 

KAUTPT Vo l. 10 No. 4 2003. 

Table 1. Characteristics of the subjects 

Controls Patients 

M(16) F(1 4) Mean(30) M(38) F(33) Mean(71) 

Age (yr) 37.50* 41.07 

(11.90) (1 5.90) 
Height 

173 .30 158.10 
(cm) 

(4.28) (4.78) 

wel양1t (kg) 63.53 53.59 

(8.13) (7.1 9) 

*Mean (SD) 

most of the patients complain the muscu

loskeletal pain and not too much of the 

CNS lesion problems. Therefore, the study 

of the COG which is a measure of the 

balance ability and the postural sway in 

relation to the pain, disturbing factor of 

the posture and the balance, seems to be 

in much of delay, and further systematic 

multiple studies are in needs. 

Pmpose and hypothesis 

This study observed the COG deviation, 
the core of the postural maintenance and 

the balance ability, of the patients with 

the musculoskeletal pain and tried to find 

the effect of the musculoskeletal pain on 

the COG deviation by using the compu

terized force plate. This study tried a new 

approach to the effect of many different 

factors of the balance and the posture. 

The following hypothesis were set: 

1) There wi1l be no significant differ

ences of the COG deviations between the 

patients group and the control group in 

39 .1 6 42.13 46.21 44.02 

(13.78) (13 .1 5) (1 4.57) (13.88) 

164.60 170.70 156.90 164.30 

(7.60) (7.87) (6 .30) (9.95) 

59.07 70.71 57.52 64.00 

(9.00) (14.24) (7 .57) (13.07) 

the computerized force plate. 

2) The age, height, and the weight do 

not have a significant meaning in the 

COG deviation. 

Methods 

Subjects 

Inpatients and outpatients (n=71) were 

selected from 1 hospital who have a mus

culoskeletal low back pain and shoulder 

pain without any history of the central 

nervous system (CNS) lesions, COG af

fective orthopaedic problems of the lower 

extremities, or the vestibular and the visu

al default. For the control grOUp, normal 

and healthy subjects (n=30) were selected 

without any history of these COG affec

tive disorders. The general characteristics 

of the subjects are shown in Table 1. 

Instruments 

This can be easily accessed com

mercially. The instrument is computerized 
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force plate which has the hardware with 

2 load cell, amplifier, offset controller, 
AID (analog-digital) converter and the 

software, Mediance-I, Human Tech, 
Korea, which is the electrical pos

ture-balance evaluation system having two 

module of the biofeedback and the 

evaluation. When the subjects step up to 

the frame which the load cells are at

tached, the weight of the subjects are 

measured and the graphs of the COG de

viations are measured and displayed in 

the monitor. The result shows the calcu

lated COG deviations which show how 

far off that is from the mean (remember 

it’s in SD form). 

Procedures 

Before the trials, the consents were tak

en by every subjects, and the explanations 

of the measurement methods and the pur

poses of this study were given. To record 

the general characteristics of the subjects, 
the height were measured and recorded, 
and the age and the site of the pain were 

recorded. After a little break, the subjects 

were asked one at a time to stand on the 

frame with a light comfortable clothes 

without shoes and to relax without 

moving. While the subjects stand on the 

frame, the weight were measured. In the 

standing position on the frame, the feet 

were 4 inches ap따t as the study of 

Nashner (1989). To minimize the error, 
the feet print were made on the frame. 

To minimize the visual feedback of the 

subjects, the monitor was turned away 

from the subjects on the frame. Then the 

switch was turned on to receive the data 

of the COG deviation in a graph. After 

taking one minute of break, the same 

procedure were taken through, and the 

mean result were printed. Same procedure 

for all of the subjects. 

Statistical analysis 

The data were analyzed by the SAS 

system. 

1) The student t-test was done to find 

out the differences of the COG deviations 

of the patients group and the control 

group. 

2) The correlation test (Pearson correla

tion coefflcient r) was done to find out 

the relations of the age, height, weight 

and the COG deviation. 

When the p-value were less than .01 , 
the hypothesis was renounced. 

Results 

The differences of the COG deviation 

on computerized foree plate in the pa

tient gnn메이 and the control group 

The student t-test was done to find out 

the differences of the COG deviations of 

the subjects group and the control group. 

The result is as the Table 2. 

As a result, the COG deviation values 

of the patients group was 2.56, and that 

of the control group was .83, showing 

1.73 difference. This difference was sig

nificant statistically (P<.O 1). 
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The relaüons between the age, the 

height, the weight and the COG de찌a

üon 

To fmd out the relations of the varia

tions which can affect the COG deviation 

values, the correlation test of the age, the 

height, and the weight with the COG val

ue were done and presented in the corre

lation coefficient (r) and p-value for the 

significance. The result is shown in Table 

3. 

There were significant correlations be

tween the weight and the COG deviation 

values (p<.01). This explains that 15.8% 

of the COG deviation values was created 

by the weight. 

The other variations, otherwise, didn’t 
show any significance (p<.01), and the 

coefficient wasn’t even c10se to -1 or 1, 
meaning no correlations exist. 

Discussion 

The experiment equipment and the 

method 

Since it is one dimensional evaluation, 

measuring a simple postural sway in a 

fixed surface, it cannot be either a good 

quality or good quantity evaluation of the 

postural control (Horak, 1987). However, 
the measuring equipment used for this 

study only can analyze the movements 

which occur in the coronal plane, side to 

side trajectory of the COG in the stand

ing position, making impossible to ana

lyze the actual three dimensional COG 

deviation. There weren’t many studies us

ing the same equipment, making this 

study even harder to make the data quan

titative statistically. To overcome these 

limitations, there should be a three di

mensional analysis (anterior and posterior, 
side to side, up and down) of the COG 

deviations, and many other different 

groups of the patient, grouped by the dis

ease/ diagnosis should be tested to make 

the data various. 

This study was enforced even though 

there weren’t too many studies of the 

COG deviations on the patients with mus

culoskeletal pain, just to prepare a basic 

datas for the further studies in the nearest 

Table 2. Comparison of the COG deviation values 
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Variables 

Table 3. Correlations of the age, the height, and the weight with the COG deviation values 

COG deviation 
r 

Age 

.09658 

.42300 p 

Height 

.13227 

.27190 

Weight 

.39750 

.00060 
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future. suo-spatial perception, tonicity of a mus-

Maki (1993) study stated that the 

arousal could affect the strategy, selection 

and the execution of the posture. That is 

why the settings of the equipments and 

the surroundings kept the same to make 

an objective status. 

Discussioo 00 the result 

All the muscles, about 650 of them, 
take about 1/2 of the person’s weight. 

These muscles uphold the body from the 

gravity, absorbs the mechanical impact of 

the repeated movements and the stimulus, 
acting as a protector of the body. When 

a muscle is over used or pertained in a 

stressed position, it tends to fatigue faster, 
and causes the muscle or the fascia to 

tight up in the bulk or the insertion area 

in the worst case (Goodgold, 1988). Since 

the body is sustained by the muscles and 

the bones, the changes of the muscles or 

the bones which bears most of the weight 

can cause the posture changes. Therefore, 
these musculoskeletal disorders, neuro

logical disorders, and the visual or the 

vestibular disorders which can affect the 

equilibrium can be a disturbing factor of 

the balance, controlling weight bearings, 
and walking, further causing the re

habilitation to be difficult (Chang KU et 

al, 1994; Geurts et al, 1996). The balance 

is achieved by integrations of the nervous 

system and the musculoskeletal system. 

The related functions are the integrations 

of visual, he없ing， vestibular, proprio

ception and sensory input in the CNS, vi-

cle, muscle power, endurance, and the 

flexibi1ity of a joint (Bae et al, 1992; 

Chandler et al, 1992). If the paralysis is 

the chief complain of the CNS lesion, the 

pain sis the chief complain of the muscu

loskeletal system lesion. Some where in 

this process, the pain comes in as a di

rect/ indirect factor of the COG deviation. 

Standing position for the people is the 

most important posture for the movements 

of the transfers and works, and etc. 

(Licht, 1965; Rasch, 1978). To keep an 

upright posture, the COG should be dis

tributed equally throughout the body, 10-

cated in front and between the sacrum 1 

and 2 level. (Smith et al, 1996). The 

good posture in upright position means a 

concept of the balance, symmeπy， and 

minimal energy consumption. However, 
the standing position, actually, is a very 

unstable state which requires a constant 

control of the muscle contractions of the 

πunk and the lower extremities. As a re

sult of these muscle activities, the postur

al sway occur in the coronal and the sag

ittal plane (Isakov et al, 1992) This pos

tural sway caused by the continuous COG 

deviations and the displacement of a BOS 

is controlled by the input of the vision, 
vestibular system, proprioception, and 

sens야y. All these make the postural sway 

not a stationary process (Carroll et al, 
1993). The maintained standing position, 
therefore, is a dynamic process, and the 

1ittle postural sway is just a physiological 

appearance. 
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The postural sway tends to increase as 

a person gets sick, gets injured, or ages 

(Isakov et al, 1992). The postural sway 

partially lie on the parallel relationships 

with the age, the fitness and the environ

mental factors (Era et al, 1985). 

Generally, the kids didn’t show the differ

ences of the sway either in the dark or 

the bright place; the adults, however, 
showed more sways in the dark 

(Ashmead et al, 1991). Though, the pos

tural sway over the stability limits didn’t 
show the differences between the age 

groups (Era et al, 1985). The weight and 

the balance index were very closely re

lated to each other (Howard, 1995). The 

height got in a good relationship with the 

balance when the eyes were closed 

(Kilburn and Thomton, 1995). Every fact 

comes to a conclusion; the postural sway 

is a balance ability which can be affected 

by many variations. 

Therefore, this study looked at the rela

tionships between the pain and the bal

ance and the COG deviation of the nor

mal 30 people and 71 people with mus

culoskeletal pain, using the computerized 

force plate. As a result, there were a sig

nificant differences between the groups. 

Increased COG deviation cause increased 

repulsive power of the plate, then these 

increase cause the posture changes, and 

this posture changes cause the muscle en

ergy consumption increase. To find out 

the relations of the variations which can 

affect the COG values, the correlations of 

the age, the height, and the weight with 

- 91 

COG were tested, and showed that 15.8% 

of the COG value was created by the 

weight. The other variations showed no 

significance with COG values. The differ

ences between the previous studies and 

this study appear because of the differ

ences in the purpose, selecting the sub

jects different. There were 1 in control, 4 

in patient’s group of the left foot domi

nant people, excluded in calculating the 

resu1t since the effect of them was be

lieved to be minima1. Though, the study 

of the foot dominance should be added to 

the studies. In a broad way, the result 

can be summarized as the pain can be 

very affective to the COG deviation. As 

the COG deviation increase, the muscle 

energy consumption increase to keep the 

balance, and preponderated COG devia

tions end up loading too much on the 

musculoskeletal system to increase the 

pain. The COG deviation, a result of the 

pain, can cause a secondary deformity of 

the distal area, as a compensatory re

action, and this cornpensation actually can 

become a cause of the musculoske1etal 

syrnptom back in a cycle. Therefore, the 

appropriate treatment of the muscu

loskeletal problem should be given to de

crease the pain, preventing the secondary 

deformities, and increasing the muscle en

ergy efficiency of the posture remaining 

muscles. 

limitaüons 

The instruments used in this study was 

originally used for the measurements of 
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the COG deviations in the coronal plane 

of the statically standing person only, so 

this wi1l not be perfect1y accurate of 

measuring the COG deviations of a per

son moving in three dimensional way. 

πlere were difficulty in making the da

ta quantitative statistically because there 

weren’t enough studies using the same 

Íllstruments. 

When the 71 subjects, selected from 

one hospital, were broken down to the 

each group of the height and age, and 

etc., the number of the subjects in each 

group were too small; therefore, the result 

can not be applied generally to all of the 

musculoskeletal patients. 

Conclusion 

This study was tried to fmd the effect 

of the musculoskeletal pain on the COG 

deviation which takes an important p따t in 

the posture and balance, using the compu

terized force plate. 

For the subjects, 71 p따ients were se

lected who have a musculoskeletal low 

back pain and the shoulder pain without 

any history of the CNS lesions, COG af

fective orthopaedic problems of the lower 

extremities, or the vestibular and the visu

al default. For the control group normal 

and healthy 30 subjects were selected 

without any history of these COG affec

tive disorders. 

As a result, the measured values of the 

COG deviations showed a significant dif

ferences between the patients group and 

the control group. Further more, the cor

relations of the age, the height, and the 

weight with the COG deviation were test

ed to fmd out the effect of these varia

tions on the COG. As a result of this 

correlations, 15.8% of the COG deviation 

was caused by the change of the weight, 
while the other variations didn’t show any 

significant relations. The pain affected the 

sensory integrations for the good posture 

and balance and its reacting process di

rectly or/ and indirectly. 

Therefore, the appropriate treatment of 

the musculoskeletal system and the educa

tion of the posture correction can de

crease the pain and prevent the secondary 

deformities, and increase the muscle en

ergy efficiency. All the studies showing 

the COG deviation present well how the 

body are oriented. The further, definite 

study of the COG deviation and large da

ta should be quantified to use it as basic 

datas to evaluate the body. Therefore, 
more mechanical and the physiological re

lationships of the pain with the COG de

viations should be studied further more. 
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