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The effect of visual feedback on postural sway has been investigated to determine

[ ABSTRACT . |-

efficacy

in reducingJTpostural instability in selected groups. Therefore, 13 males and 16 females were

conducted i
on postural
eight dynam
(stable, toes,
the separate
regard to th

, determine the reliability of the Force Plate in measuring the effects of visual feedback
sway. Subjects were evaluated during a period of two days in which four static and
¢ trails of postural sway with and without visual feedback were collected in 3 positions
and A/P sway). Results of the data analysis indicated no significant difference between
months of testing as well as no significant difference between the gender of subjects in
eir performance on the tests. Similarly, no significant difference was found between

tests with and without visual feedback on all stable and toes trials during the two days of testing.
However, during tests of A/P sway, subjects demonstrated significant differences in performance.

Despite the
during visua
Force Plate

variance between the test positions, all subjects demonstrated decreased sway indexes
[ feedback as compared io tests without feedback during all tests. Reliability of the
was found to be low during the test of stable position and progressively improved

rating through other tests. So, further study in this area may prove helpful in establishing normative
data to be used as a clinical reference to many different patient populations.
Key Words: Force Plate: Postural sway: Visual feedback.

RODUCTION

| In recent years, there has been arise in

the number of studies including visual

ensory feedback is a technique that
may use visual, auditory, or
somatosensory information to facts
regarding measurements of a specific
interest’. Visual feedback, in particular, has
been utilized in a number of studies ranging
from the slowing of respiration rates to the
step length| optimization of runners and arm
control in Parkinson s patientsﬁ'”}'“. Results of
these studies have met with promising
statistics, concluding that visual feedback may
promote mare normal or beneficial behavior.

feedback and postural sway in which a variety
of investigations including purely static
measurement of sway, the combined use of
stationary auditory fields with feedback, and
experimentation to  determine muscles
activated with visual feedback during sway
have been utilized"™'>. All of these studies
have concluded that visual feedback decreases
the amount of sway during standing and sway
scores are severally marked without feedback.
Other studies have attempted to use dynamic
measurements of anterior/posterior support
surface movements, finding that visual cues
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allowed for more rapid correction of body
position’. Such findings are promising and are
important factors for the physical therapist to
consider when assessing instability in patients
and the associated risk for falls. Several
studies in particular have sought to utilize the
information of visual feedback during balance
training to help population with instability
during rehabilitation®”.

Shumay-Cook et al,’* utilized a force
plate-feedback  system  with hemiparetic
patients to help establish a more symmetrical
posture in standing by way of balance training
with visual feedback. Results indicated that
post training, lateral displacement of sway was
reduced thus giving a more positive response
to therapy than had traditional therapeutic
techniques been utilized alone. Hamman et
al,” also examining balance training with
visual feedback, attempted to establish
normative data on a computerized system
capable of measuring the center of gravity
within the limits of stability of the subject.
Results  indicated that dynamic balance
training did not affect static sway scores,
however, dynamic scores demonstrated
considerably  decreased sway post-therapy
sessions as compared to pre-therapy measures.

Secondary to these findings, further
study in this area is needed to help developing
reliability  statistic on equipment as well as
quantifiable data that the physical therapist
may use on any patient population in the
clinic. Thus for the purposes of this study,
normative data will be collected on the force
plate with the hypothesis that there will be no
significant  difference between subjects in
regard to visual feedback and non feedback
conditions during measurements of postural
sway. Furthermore, statistics will be collected
to determine potential variances in sway with
and without feedback in regard to gender since

14
L,

a critical review of the literature has revealed a
gap in this area of information.

___ MATERIALS AND METHODS __ |

Subjects

Twenty-nine  normal volunteers with
normal vision with or without corrective
eyewear participated in the study. The subjects
mean age was (27 + 5.61) with 16 females (26
+ 6.34) and 13 males (27 + 4.77). Subjects
were evaluated during a period of two days in
which four static and eight dynamic trials of
postural sway with and without visual
feedback were collected in three positions
(stable, toes, and A/P sway). Approximately
one month apart subjects were evaluated again
using the same procedures.

Instrument of Evaluation

The instrument used for the postural
sway evaluation was the force plate, an
apparatus equipped with two foot-plates on
which  four  independent vertical force
measuring transducers for the ball and heel of
cach foot are located. During tes?ing, the foot-
plates were placed upon a girded, movable
platform upon which the sway index-the
siandard deviation of the time and distance the
subjects spend sway for his or | her center of
balance (point where the ball ang heel of each
foot has 25% of the body eight) was
collected, recorded, and stored t a sampling
rate of 100HZ by way of an IBM PG
computer. This system is equgpped with a
computer screen that monitors ang displays the
subject s center of gravity (COG) within the
base of support (BOS) by way a ‘ellow cursor
prompt and two red feed respectively. This
information may then be utilized as visual
feedback by the subject with the aim to correct

postural instability and excessive sway’.
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Procedure

Performance of the experiment took
place during  two consecutive days which
measurements| of sway were collected in three
positions  including: Stable, the subject
standing normally, unperterbed, toes, in which
the platform tilted the subject from toe to heel
and then heel to toe; and A/P sway, in which
the platform| slided anteriorly and then
posteriorly. "I“rails of each position were
collected respectively during tests lacking
visual feedbacy< and then followed with tests of
visual feedback. The protocol was repeated in
the same manner during the second day of
testing.

Throughg
subjects were
same footwea
experiment test

ut  the two days of testing,
instructed to always wear the
r throughout the frame of the
dates.

Subjects \were placed upon the balance
platform in a consistent manner in which feet

were  placed
approximating

shoulder length  apart,
the subjects normal stance

width. Next, subjects were placed upon the
foot-plates adjusted to the total length of their

shoe concurre
assumed.

During tests

subjects were |

nt  with the stance already

lacking visual feedback,
nstructed to look straight ahead

with hands to their side. During trials of
feedback the computer screen was turned and

placed within {
with the instru
cursor centered
represented thel

he visual field of the subject
ctions given to keep the yellow
between the two red feet (that
base of support) displayed on
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the screen. Such instructions were given
during all tests during the both days of testing.

Data Analysis

Test results of each subject, the sway
index score, were retrieved and analyzed for
gender difference during the two days of
experimentation in the test positions of stable,
toes, and A/P sway with a univariate approach
to repeated measures of analysis of variance.
Intraclass correlation coefficient (ICC) was
used to quantify the test-retest reliability
between mean postural sway scores with and
without visual feedback for all subjects.
Multivariate analysis of variance (MANOVA)
were  used  to calculate the reliability
coefficients and independent variables. The
alpha level for all analysis was sct at .05.

i

Data analysis revealed no significant
difference between the separate months of
testing with the exception of one test of toes
without feedback, F=2.10, p=.045.

The effect of gender on postural sway and
feedback:

The means and standard deviations for
the combined measurements of sway and
feedback at the two evaluations in regard to
gender are listed and displayed in tables (1-3).
Repeated measures ANOVA demonstrated to
statistical ~ significance among the means:
stable (F=.15 p=.930), toes (F=.32 p=.808),
and A/P Sway (F=1.10 p=.356).
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Table (1): Means and standard deviations for the independent variable: Stable position

- Feedback + Feedback
Day One Day Two Day One Day Two
Subject | Trial 1 Trial 2 Trial 1 Trial 2 Trial 1 Trial 2 Trial 1 Trial 2
Male 265 234 290 228 205 211 202 218
(.107) {.085) {.099) (.059) (.065) (.084) (.238) (.074)
Female 320 318 .300 .300 262 239 238 232
(.113) (.109) (.296) (.171) (.060) (.074) (.092) {.066)
( ) = standard deviation
Table (2): Means and standard deviations for the independent variable: Toes position
- Feedback + Feedback
Day One Day Two Day One Day Two
Subject Triak 1 Trial 2 Trial 1 Trial 2 Trial 1 Trial 2 Trial 1 Trial 2
Male 1.245 951 928 885 872 377 634 625
(.558) (.251) (.318) (.354) (.501) (.244) (.184) {(.191)
Female 1.019 876 947 917 822 769 799 733
(.252) (.166) (.185) (.216) (.229) (.169) (.145) (.197)
( ) = standard deviation
Table (3): Means and standard deviations for the independent variable: A/P Sway
- Feedback + Feedback
Day One Day Two Day One Day Two
Subject Trial 1 Trial 2 Trial 1 Trial 2 Trial 1 Trial 2 Trial Trial 2
Male 1.098 814 1.002 898 780 824 786 759
(.258) (.199) (.191) (.275) (.182) (.212) (.159 (.128)
Female 1.176 1.003 1.131 986 977 916 926 859
(.306) (.308) (.220) (.180) (.238) (.231) (.159 (.216)
( ) = standard deviation
Reliability
The results of the reliability coefficients reliability ~ during stable conditions and

from the MANOVA statistics arc listed in
table 4. The statistics revealed lower scores of

Table (4): ICC Reliability results

progressively improved ratin
tests of toes and A/P Sway.

1gs through the

Condition Stable Toes A/P Sway
(-) Feedback 2 3514 6667
(+) Feedback 402 3333 75

The effect of feedback on postural sway

The means and standard deviations for
the independent variables of test position and
feedback are presented in tables (1-3). Means

were identified at each separat
trial for each condition. Mul
demonstrated no statistical
regard to sway with or with
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the means of stable (F=.44 p=.724) and toes
(F=1.06 p=.373). However sway indexes were
significantly ‘fﬁifferent for the test position of

A/P Sway (F=6.63 p=.000).

T-test | factors for between month
variables demonstrated low representation of
statistical significance during all trials of the
analysis. Therefore the overall factor of month
was considered negligible in regard to its role
in this experiment.

Alterations in postural sway have been
noted in regard to both gender and age.*’
Secondary to| a limited sample of 29 subjects,
age was not |assessed as a variable. However,
gender differences were evaluated and it was
found that no statistical significance was
identifiable in regard to test position both with
and without feedback.

Kolleger et al’ noted during their
examination of age in regard to sway, that
younger age groups (21-35 years) had no sex-
related differences in postural sway. However
as subjects were approaching the ages of (51-
65), gender differences were highly significant
for stable positions in the male population.
Furthermore, | middle aged men (36-50)
exhibited significantly more postural sway
than women of the same age group. Juntunen
et al’ noted comparable results of sway
excursion in the sudy of healthy middle aged
women and men. Extensive gender studies in
regard to visual feedback have not performed,
thus leavng a Tp in the literature.

Analysis| of mean sway scores revealed
during both factors of with and without visual
feedback, markedly lower excursion of sway
during stable tests as compared to those of toes
and A/P swa)q‘. This may be attributed to the
increasing difficulty of tasks from static to
dynamic; less effort to maintain and/or correct
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sway excursion was required to perform stable
tests ~ with no outside perturbation.
Furthermore, mean sway scores were
markedly lower during tests utilizing visual
feedback as compared to those without. This
can be attributed to the fact that balance is
contingent upon three factors, the vestibular,
somatosensory, and visual systems. When
positive input is increased in one of these
arcas, balance or body movement may
improve. This has been demonstrated in other
studies utilizing visual feedback during
postural sway; sway scores significantly
improved both during static and dynamic tests

with  the increased input of visual
feedback.'*1?
MANOVA  analysis, while noting

statistical significance during only the test A/P
sway, revealed during within group variables
significance with feedback during all test
positions-which again is demonstrated by the
markedly lowered mean sway scores during
trials with feedback. It should be noted that
this may be attributable to a potential learning
curve throughout tests.

MANOVA  within group factors for trial
(the overall groups of tests performed)
demonstrated statistical significance only
during trials of toes and A/P sway. This again
may be related to the increasing difficulty of
tasks. In astudy by Nichols et al,* changes in
the mean center of balance (COB) during
testing of young adults revealed medial/lateral
(COBx) was not affected by position (feet
apart, tandem, or together) with or without
cyes closed. However, Anterior/posterior
(COBy) was affected, with linear tests having
the COB move anterior, stable tests exhibiting
a posterior COB, and tilt tests with a more
ncutral center of balance.

While Nichols et al'* found an increased
COB during tilt tests, the variability of the
position toes, demonstrated in the within
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subject factors of trial, in this study may be
attributed to the subject being unprepared for
the initial change from static to dynamic tests.
Furthermore, when assessing differences
between days one and two of testing, scores
were somewhat lower during the second day
for the toe test, possibly indicating an
increased familiarity and expectation of the
platform tilt.

The overall significance of the A/P sway
test position may be attributed to the COBy as

may have been transferred anteriorly
secondary to possible increased difficulty in
the test procedure. For the purposes of this
cxperiment. It mainly concerned with
differences in the mean sway index.

Reliability of the Force Plate was found
to be low thoughout all tests. However trials
improved as the experiment progressed from
the position of stable to that of A/P sway. This
may be ascribed to lack of standardized
placement of foot-plates between days of
testing; subjects were allowed to place feet
according to preference. Furthermore, variance
may be attributed to inadequate length of time
during testing as suggested in a study by
Stones et al’, in regard to discrimination of
sway scores of healthy adults. There has been
a wide discrepancy upon the belief of specific
time frames for testing, with some studies
utilizing testing intervals ranging from ten
seconds to 20 seconds. ™'

The Force Plate test-retest reliability as
assessed in the experiment by Dickstein et al?,
indicated stable tests yielded the highest
positive  correlation in the hemiparetic
population. The population of young adults
aged (20-24) demonstrated higher reliability
during eyes open tests of platform tilt and with
the lowest reliability in the linear displacement
of the platform. While the population of adults
aged (27-50) demonstrated the least reliability

during eyes open stable tests and the highest
reliability during eyes open tilt té‘sts. Results of
this study in regard to the stable condition
were similar in that the highest reliability was
not yielded during this position. Subjects
within the study by Dickstein et al® were
grouped into  differing caﬂegories than
established in  this  study; thus possibly
attributing  to  some of the vartances
demonstrated in the reliability scores.

Despite  the variance between the test
positions, visual feedback was found to
decrease sway indexes as compared to tests
without feedback during all tests. Reliability of
the force plate was found to be low during the
test in the stable position and| progressively
improved rating through other tests. Secondary
to these findings, further study in this area may
prove helpful in establishing normative data to
be used as a clinical reference to many
different patient populations.

[ " T REFERENCES| ___ . |

Barona R., Zapater E., and Montalt J.: The

effect of visual feedback excer

cises on balance

in normal subjects. Acta Otorrinolaringol Esp.

45 (3): 161-5. Abstract, 1994
Dickstein R., Dvir Z. Quantit
of stance balance performan
using novel
Physiotherapy Canada. 45 (2):
Hamman R. G., Mekjuvic I,
Training effects during re
sessions

measurement

ative evaluation
ce in the clinic
derive.
102-108, 1993,

Mallinson Al
peated therapy

of balance training using visual

feedback. Arch Phys Med Rehabil; 73: 738-

744, 1992,
Juntunen J., Ylikoski J., Oja
body sway and exposure
impulse noise. Lancet; ii: 261-1

Bull. Fac. Ph. Th. Cairo Univ.,:
Vol 3. No (1) Jan. 1998

la M. Postural
to high-energy
64, 1987,




Kirby RL, Price N. A., MacLeod D. A. The
influence of foot position on standing balance.
J. Biomech. 2(: 423-427, 1987.

Klockgether T,

Dichgans J. Visual control of

arm movement in parkison s disease. Mov

Disord. 9 (1):

Kollesger H.,

Spontaneous
age,

healthy adults
| Hiazacka F., Gatev P. Visual

Krizkova M.

18-56, 1994.
Baumgartner C. and Wober C:
body sway as a function of sex,

and vision: posturographic study in 30

Eur Neurol. 32: 253-259, 1992,

control of human stance on a narrow and soft

support surfa

1993,

Ledin T., Od

ce. Physiol. Res. 42 (4): 267-72,

kvist L. M. Visual influence on

postural reactions to sudden antero-posterior

support surfa

ce movements. Acta Otolaryngol

Stockh. 111(5): 813-9, Abstract, 1991.

Montgomery

GT. Slowed respiration training.

Biofeedback Self Regul.; 19 (3): 211-25, 1994.

11-

12-

13-

15-

35

Morgan D, Martin P and Craib M.: Effect of
step length optimization on the aerobic demand
of running. J. Appl Physiol.; 77 (1): 245-51,
1994.

Nichols D. 8., Glenn T. M., Hutchinson K. J.
Changes in the mean center of balance during
balance testing in young adults. Phys Ther.; 75
(8): 699-706, 1995.

Raper S. A., Soames R. W.The influence of
static auditory fields on postural sway
behaviour in man. Eur J. Appl Physiol., 63 (5):
363-7, 1991.

Shumway-Cook A., Anson D., Hailer S.
Postural sway Dbiofecdback: its effect on
reestablishing stance stability in hemiplegic
patients. Arch Phys Med Rehabil.,, 69: 395-
400, 1988.

Stones M., Kozma A. Balance and age in the
sighted and blind. Arch. Phys. Med. Rehabil.
68: 85-89, 1987.

Sle—all o8 An
Cualy G e
e aall 3
e Bl e A ey
S el LS e
(s AYE i jlaayt |
Y Oy S s
Al 53 el by (o

SBa 0 £ Jlama
o)

5 i gl auing) ¢ L gl
e Ao gens IS o Ay patll el jad iy G BUAD OlS s e sena (I QalaEY s o
;;L]\u:u\a})sa}:.g?a:. &ﬂiﬁjuﬁlﬁ;ﬁuﬁﬁ)émkéﬁ\@@L@a}ﬁ&ﬁ@b&}_ﬁj_’;}?.ﬁscﬁhﬂm
i il Aa jo 3_\1.1)@@1__;3]\ + 8] dald dimidie Sl el 3 aaaduadt Sleadl S As o Of Load ittt
L1 sl o) leelatind e cr B3R il saall Al aloadialy o sl (A lala) LS S EA
s (S a Ay ail ol el die i AN LAY S gde alais 5 _aS aliel aladiuly Jlodl s g Al
Jend G LghanY hally 2ailall Al A paag S claiaTl ol 8o el Sl & e 4

clanlll plidll g3 g3lasll gle yhailly daslall Lasdsll iy

Ll S 5 elaia¥t paladll sal o))l Je [l saflall dp2anl B A e ) Caanlh e oy
Lo GaladYl andl o ¢ Omeinll 0o Ladd (YA) &l jali o2 ok Sy (580 Gl 220l bl B 385l
RPN PR NS PY Gy REREE 008 e (£) Aglaa (1Y) padd &

(aladh 2 ALY

Bull. Fac. Ph. Th. Cairo Univ.,:
Vol 3. No (1) Jan. 1998






