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I. m‘rnowgnu

Althoughthehumanbodymmsmbemasmuc
condmonwhennisstandmgup(mnotmovmg),itlsa
connnuousp:mmwh:d!dlebumposmreisbemg
constantly controlled or adjusted in details so that the
cenwrofmvuyofthcbodymnbemblymamtamed
onmebase(l(ang.amng-snk, 1989)lnmccntmpm&
posmralswnyhasbemmemtedonﬂnfomplam
andusedaanmdexoimhihty.andﬂ_wmmsureof
postural sway has been used as an index of seasory-
motor impediments, rather than a - measurement. of
functional performance abnhtm(chhac.l & Alben, 1987).

According to McRae, et al(1994), the poatutal
contro! measurement on the force plan"orm has ‘very
high reliability and validity because the postural sway
of the subjects with hemiparesis is- significantly
decreased at static posture after they take six dynamic
balance training programs. Thus, the Bcusory-motor
function is regarded as the physlologcul function of
the central nervous system(CNS) ,

Reoenﬂy,nhasbecnlcponedﬂlatﬂlemnalwy:
motor feedback by exeruse reotxnmzes the . 'CNS
functionally by reconstructing neural plisticity(Bobath,
1990; Davis, 1990). h:ﬂxepast.itwasbchcvedﬂmme
damageofnwmnmmeCNSunotmpmdwed but

Table 1. l’hydulmmohuw

recently, it has been reported that brain has plasticity
(Bach & Rita, 1981; Bishop, 1982). Consequently, it is
stated that the nervous system undergoes its special
structurat and physiological variations.

These researches- suggest the neural injurers with
motor function impediment during exercise, as well
as general patients, can be recovered.

~ Many researchers have studied the somatosensory
evoked potenual(SEP) discovered by Dawson(1947).
The SEP meoasures the variation of the potential
occurring - on sensory pathways when the
somatosensory is stimulated. The SEP is a test to

recognize the neurophysiological state of semisphere,

and it can also be used as an index to assess the brain
disorder and the neurophysiological statc.

The purpose of this study was to investigate the effect of
balance training on the postural control ability and the
sommatosensory pathway of adults with the ONS disorders.

1. METHODS

1 Subjects o

_ Thesubpctsofﬂnssmdycomutofmmaleadults

wmwmdwmdmmmaexpummmpoflomd

thé control group of 10(Table 1)."All subjects can stand

up, but can't be normal-gaited. They can respond to

‘ N se A Heght Weight
Growp _ v N sa ) em) (Egl
Expemneum 10 Y Male 3944172 17124470 69381588
Control ' 10 ° - Male 402+127 © - 170.4+4.42 68.22+6.13

' Mean + SD



Indepeadent Bxperimental group :
variable - Dynamx: bnlmce exercise
Control group .. Non-treatment
Pre-test Mid-test Past-est
Static BT Static B.T paagic BT
Dynami¢ B.T. Dynamic B.T Y“?‘;‘é; .
SEP : SEP
_ Static B.T Dynami¢c B.T SEP
De anabpe'milmt ' Linear platform | Median nerve
vatisble |} Stable platform Toes.up down .
: platform Right
, T ~ Clavicular SEP(Ny)
_ - e latency
L-R sway distance L-R sway distance - | + Cervical SEP(N,,)
A-P sway distance A-P distan latency
y distan \Powy disance | B )
latency
B.T : Balance test, SEP Somatosensory evoked potcntial,
A:P : Anterior to posterior, LR: Leﬁ to nght -
Fig. 1. Experimental design.

verbalsumu!auon,andmcngmumennmesof&nngs.-
and the concepts of timing and space. Allsub;ectshave

been under rehabilitation therapy, but_,vt_hey don't have .
labyrinth and visual impediment that can have an effect
on keeping the balance. '
2. Ro'sea'rchvdesign
The research design of this mdy is shmm in-Fig. 1
3. Experimental procodure

Table 2. Exercise prmipﬁon tor qperimental gmnpt

1) Prescription of exercise program

The exercise period for the experimental group was
12 weeks. The frequency, intensity, and duration of
exercise are shown in Table 2, and the balance
training: program shown in Table 3.

4. Experimental equipments

‘Table 4 shows the experiment equipments used in
this study to examine the balance traxnmg and the
somatoscnsory evoked potential(SEP).

Intensity

. Frequency Duration
G Exercise e . .
o 0~3 weeks. 4~6 weeks 7~9 weeks  10~—12wecks - (days/weck)  (min/day)
Experimental  Balance  Level 1  Level 1' Levl I Level IV 4 60
Control ‘ S an-treatment




Table 3. Balance mhh,g prognm for: axperimmtal gmups

Exercise Tin Platform - Target size
Level program ment Wm’ speed(scc]cyclcs) (:gnch)
s Sote | i
1 e Linear 50 15 2
FQ Toes up/down
C Stable
I 3 Lincar __ 50 125 1%
FQ. Toes ‘up/down ’
C Stable . » .
m e Linar 50 10.4 1
FQ Toes up/down'
C Stable - v
v 3 Linear 50. 83 X
FQ ‘Taes up/down _ ' :
C : Circle, LR : bcﬂ to nght, AP Antenor to postmor,

FQ : Four quadrant

Table 4. Experimental equipments

Apparatus(Model) Mannfamnty(Nanon) Usage
Dynamic balance systems Chattaaooga Ine.(U: S.A) Balance training & postural balance test
Neurotec vikingd. P Ncurotgc(U.S.A) . Somatosensory evqud_péteﬁﬁgl )

5. Data -anatyais :

'chCJSASpmgramxsusedinthlsMypmgmm
to analyze the data and test the hypofhesxs More
specific analyses aré made as follows :

1) T-test was used to compare the ditferencc
between each group’s measured: timing.

2) ANOVA with repeated mcasyres was used to
test the difference between the number of vanables‘

depending on cach’ gxoups measmd timing,.

3) Onc-way ANOVA was used to test the~
difference between each group's measured uming_
whereas Duncan's multiple fange test was used 10,

verify the post-hoc test.

The. significance: level of all teats was; assuxned to.-

be p<.05 in this study.
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M. RESULTS
1. Variation of postural control
1) Static postural control
(1) Left to right sway distance

mnmmymofﬂnwmmhad
a lower significantly(p<0.01) at 8(5.11+233cm) and 12
wuks(S.EilMun)wmpamdwithdnm(swks.&miz

1dom, 12wks © 7.672.25am) of the control group.

Left to right sway distance of the experimental group

- was decreased significantly(p<0.01) at 8(5.11:+2.33cm)
“aid 12 week(3.29:+1.64cm) compared with that(7.21+
'3.36cm) of premt('l‘able 5).

@ Anwrior 10 posterior sway distance

Anterior to posterior sway distance of the



Table 5. Values of L-R sway dlstance between trostipent time and group at stable platform (em)

N' VL P MP“‘CSD Fevalue Post-hoc
Experimental 7214336 5114233 329+164 . 574" AB, AC, B:C
Control 826+2.77 '3.'071'12.14 B 7.&712.25 1.98 .
t-value 0.77 , 296" - 496"

** . p<.01 . |

experimental group had a lower significantly(p<0.01)

at 8(4.79+1.74cm) and 12 weeks(3.02:11.04cm)

compared with those(Swks : 7.27:-2.39%cm, 12wks :
7.42+2.45cm) of the control group. '
Anterior to posterior sway distince of the

at 8(4.79:+1.74cm) and 12 wecks(3.02:1.04cm) -

compared with that(6.68-+2.23cm) of pre-test(Table 6).
2) Dynamic postural control
(1) Linear platform

@ Le# to right sway distance
Left to right sway distance of the experimiental
group had a lower sngmﬁcanﬂy(p<005 p<0.01) at

8(4.7811.73cm) and 12 weeks(3.0211.03cm)
compared- with those(8wks : 7.27 +2.39cm, 12wks :
7421 2.45cm) of the control group.

Left to right sway distance of the experimental group
was decreased significantly( p<0.01) at 8(4.78:+1.73cm)
and 12 week(3.02+ 1.03cm) compared with that(6.68+
2.23cm) of pre-test(Teble 7).

- @ Anterior to posterior sway distance
Anterior to posterior .sway distance of the

experimental group had a lower significantly(p<0.01)

at 8(7.371+1.5lcm) and 12 weeks(5.00+1.18cm)
compared with those(8wks : 10.33:+3.60cm, 12wks :
10.00+3.26¢m) of the control group.

Anterior to posterior sway distance of the

Table 6. Values of A-P sway distance between hummmmwmble platform . (cm)
Time Pre* ~ . Mld" . Post®.

Group M SO M SD “sp. . [Fevalue Post-hoc

Experimental 6681223  4AT9%174° 302+104 498 AB, AC, B:C

Control 751£218 7274239 7424245 . 214 .

1-value 0.85 . 266 523" '

*p<.05, **:p<.01, A-P :.:ﬁnterior to posccnor

Table 7. Values of L-R sway distance between treatment time and group at linear platform (em)
e e

m M SO M SO M SD Fovalue Post-hoc

Experimental  668+223 . 478173 3024103 569" AB, AC, B.C

Control 7514218 7274239 7424245 047 -

t-value 0.84 265 5227

*:p<c0S, **:p<Ol '

-5~ .



Table 8. Values of A-P sway dhtam betweeu matmmt timc and group at. llnear pht(qrm' T " (em)

Time "PWA .:. M?d" - | Post Fvalue. - Post-hoc .
Group M SD . M .SD M SD e .
Experimental 10312237 737151 - S00%LI8 713" AB, AC, B:C
Control 1038331 - 1033360  1000+3.26 0.52 -
t-value 0.05 2.39"' o as
*:1p<0S, **:p<.01 |

experimental group was decreased significandy(p<0.01)
at 8(7.37£1.51cm) and 12 week(5.00+1.18cm) |
compared with that(10.31+2.37cm) of pre-tesi(Table 8).

(74] Toes up-down platform
@ Left to right sway dnstanoe

Left to right sway distance of. the expenmemal'

group had a lower s1gmﬁcantly(p<0 0s, p<0 01) at 12 »
weeks(4.30+2.16cm) compared ‘with !hal(12wks 8.
87:1-4.47cm) of the control group. )

lzﬁtonghtswaydistameofﬂnapemmnmlgmup
was decreased significantly( p<0.01) at 8(6:4913.37cm) '
and 12 weeks(4.30+2.16cm) compared with that(9:11+
4.35¢m) of pre-test(Table 9). -

@ Anterior to posterior sway distance 3
Aaterior to posterior sway distance of . the

p<0.01) at 8(10.20+4.21cm) and 12 weeks(6.73 +2.
72cm) compared. with those(8wks : 14.50+6.42cm,

" 12wks : 14.16+6.29cm) of the control group.

Anterior to posterior sway distance of the

" experimental group was decreased significantly( p<0.

01) at 8(10.20+4.21cm) and 12 wecks(6.73+2.

‘72cm) compared with that(14.48:5.89cm) of pre-test

(Table 10).’
2. Variation of somatosensory
evoked potential
1) Variation of right latency

'@ Ny latency -
'The latcm:y of the SEP, N, was showed no
significant difference between groups and dunmons

. Lo of treatment able 11

experimental group had ‘a lower significantly(p<0.05, - (T >

Table 9. Values of L-R sway distance between treatment time sind group at toes up-down platform (cm)
Group M SD. M SD M sD: F-value Post-hoc
Experimental 9114435 . 649%337 430+2.16 6.12" AB, AC, B:C
Control 9.5314.96 9.53+4.63 8.87+4.47 1.26 -
t-value 0.20 ﬁ 1.57 2.90°
*:p<0S, **:p<.0l

Table 10, Values of A-P sway dkmubetweenttumt umemdgrougu toes: up-down platform (cm)

 Time Pt Mid  Postt -

\ ‘M sD M SD - : M SD. F:-v_alue_ | Post-hoc
Experimental = 14.48+589 - . 10201421 673+272 .- 143" ‘AB, AC, B:C
Contro} 14924638 . 1450+642- 14,161 629 017 -
t-valuc 016 - . 176 . - 3427
* i p<.05, **ip< .0

=76



stlell Vahmolrlguﬂ,hmy buwmmmptﬁmendmpatmmm evokedpotmﬂal (msec)

Time Pté* :' ﬁ.:M{.;_Pf- . Post" F-value Post-hoc
Group M SD M SD M SD :
Experimental 6261444 1655292 8224243 210 - .
Control 7.11+1.12 7.9542.94 8.55:0.97 1.97 .
t-value 0.59 : 1023 039
@ Ny; latency -

The latency of the "SEP, Nn wm showed no
significant difference between groups,

Ni; latency of the experimentsl group. was
increased significantly(p<0.05) at 8(13.19+1.46
msec) and 12 weeks(12.72:1.31 ‘mse¢) compared
with that(9.04:+0.99 msec) of pre-tcst(’:l‘nble 12).

@ Ny lalcncy -«
Njo latency of the cxpenmcntal group - was

increased s:gnmcam\y(p<0.0_5) at 8(17.84+3.53

msec) and 12 weeks(16.81+:3.09 msec) compared

with those(8wks : 11.351+8.14 msee, 12wks : 11.

451586 msec) of the control group. - ’
N3y latency of the experimental _gj-oup increased

significantly(p<0.05) at 8(17.84+3.53 mscc) and 12

weeks(16.81 +3.09 msec) compared with that(11.59+
5.13 msec) of pre-test(Table 13).

IV. DISCUSSION

1. Variability of postural control
Bohannon, et al.(1993) reported that the sway of

'stroke patients were two times as high as that of the

cantrol group with the same age. This study showed

almost the same tesult as the previous report in the

right o left ‘sway distance and the anterior to

_ postenot sway distance before treatment.

In this paper, the sway distance of experimental

_group decreased significantly (p<.01) 8 and 12 weeks

after exercise, coxxipared with the sway distance

‘before (exercise) treatment. However, the control

group didn't vary during 12 weeks at the right to left
sway distance and the anterior to posterior sway

Table 12.  Values of right N,, latency between treatment time sind group st aomtnumory evoked potential  (msec)

= == = »
N M PNASD . M}Mlﬁl sD _ MPos_tSD F-value Post-hoc
Experimental 9042099 | D119 | 1272%131 3.96° AB, AC
Control WH127 | 1281138 1412102 110 -
t-value 083 0.84 082
*:p<.05 »

Table 13, Values of right Ny, latency between treatment time and group at somatosensary evoked potential  (msec)

. A . 3 .
N_ M " SO MMldf’sD" o 'Mpfmcsx) Fovalue Post-hoc
Experimental . 11.5915.13 ‘ 17§4£353 T 168123.09 370 AB, AC
Control 11.10+4.97 11.35+8.14 1145586 036 -
t-value 014 216 236
*:p< 05



distance, This result is regarded as: an: effect of..

balance: tmnmg

In the expenmcntal group, the variation of sway
due to treatment time was shoWn sigmﬁmtly(;xﬂl)
after 8 weeks and the sway was so demascd éven
after 12 wecks. This nearly accords Wiih that of
Hocherman, et al.(1984). ’

It is suggested in this study that the postural
balance is increased by balance trammg. and that
there are also particular variations in - the . special
muscle reaction performed by the mcur_acvyvof mu_scle

function and the stimuli of force platfonn. The left 1o

right and the anterior to posteriar swhy distance at the
linear platform decreased sngmﬁcamly(p< 01) in.the
cxpenmcntal group ‘from 8 weeks to 12! wecks aftcr
exercise.
significance. The left to right sway distanqe_at toes up-
down platform decreased signiﬁcahtly(péoi) after 12
weeks, and the anterior to posterior sv\:ray' distance

But the control group showed no

decreased significantly(p<.01) after 8 weeks. It is

suggested that the decrease of dynarmc postural sway
by balance training have a good inﬂu(:nce on the

muscle strength exhibition and 'the ncuromusa;lar-
control due to the improvement of dynamic postural

balance.

2. The latency of the, snma;‘:tosonsory:

evoked potential(SEP)
xakigi & Jones(l985) La Joie, et aL(waz) and»

and prognosis of slrokc patients. They r&poned that
the median nerve SEP can. help the prognosis of
nervous system disorders' sensory function.

Especially, Kakigi & Joncs(1985) rcported that the

SEP by touch stimuli showed variation .at- the SEP,

and Wu, et al(1979). reported that muscle sttenglh had:

a relation to the recovery of the SEP responsc Thev
latency of the SEP, N;;, and Ny mv this study

increased significantly(p<.05,. and p<.01, respectively)-

8 and 12 weeks after exercise in ‘the experimental
group, but not in the control group, It is suggested
that the balance tmmng dunng 12 wem have an
influence on the domain of central nerva of sensory

‘stimuli pathway, which' means the result can support

thc plasdmty of oenmd nervous. system

V. CONCLUSION AND
. SUGGESTIONS

The purpose Eof this dissertation was to analyze the
effect of balance exercise at force platform on the

postural comml and the somatosensory pathway in

adults with central nervous system disorder.

The subjects of this study were twenty ‘adults with
central. nervous. system disorder : the experimental
gm‘up(lO).}he, control group(10).

The experimental group has done. balance training
at force platform for 12 weeks. The Postural control
was measured by Dynamic Balance System at stable,
linekr and toes ’up-dowh for somatosensory pathway,
and the somalosensory evoked potential was

'measured by Neurotec,

This study analyzes the anterior to posterior(A-P),
the left to sight (L-R) sway distance and. the latency
of the SEP, 'N,, Nis and Ny. All of subjects were
testcd 3 times : pre-, mid-,.and post-exercise.

The results were as follows:

LIt is shown ‘thet the A-P and the L-R sway
dish‘ihccsv at stable platform; in the experimental group

‘have decreased significantly(p<.0S) 8 to 12 weeks
_after ' exercise,- and . these sway distances of the

experimental group have decreased significantly(p<.
05, -or p<.01, respectively) either for 8 or 12 weeks
after exercise, compared with those of the control

group.

2. It is shown: that the A-P and the L-R sway

-dxstanccs at lmcat and toes. up-down platform, in the
_'expenmentnl @oup have decreased 'gignificantly(p<.
'05) 8 weeks after exeicise, and these sway dnstanm

of the expenmenta] group have decreased

_ s;gq;ﬁcanﬂy(p«;ﬂs or p< 01, respectively) either for 8

or 12 wecks affer exercise, compared with that of

control group.
3. The latcncy of the SEP, Ng had no significant

~ 78—



difference not only between the groups but aiso
between the durations of treatment. But Nj; of the

experimental group has incieased significantly(p<.05)

8 weeks after cxcréise, and Ny ‘has increased
significantly(p<.05) ecither 8 or 12 - weeks after
exercise, compared with that of the control group.

To sum up, the balance exercise for 12 weeks .

could increase the postural stability on the dynamic or

static condition by decreasing the A-P and L-R sway"

distances. And it not only aroused the phasic

contraction of antigravity muscle needi_;d for postural '
control, but also could control muscle tone, ‘which

means the improvement of neuromuscular control.

In addition, the increase of the latency of scalp(Na)
means the neural restoration of a sensory function of

the CNS, and so exercise may expect the
improvement of CNS disorders' motor function
because it has an effect on the :“scnsoryfmovtor
integration of the CNS. o
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