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The aim of this paper was to characterize structural balance of the body in people
with systemic vertigo after applying rehabilitation exercise, such as motor-visual
coordination on a posturographic platform and balance exercise. Physiotherapeutic
procedures were carried out in a group of 12 people, aged 25-60 years suffering
from vertigo. The evaluation of body balance in the standing position was
performed by means of recording of postural sways based on force-plate
posturography. The examination was performed before and after the rehabilitation
program. Standard tests were done, with eyes open, eyes closed, and with conscious
visual control-biofeedback. Patients with vertigo underwent a month-long therapy,
which included: exercise of motor-visual coordination on a posturographic platform
and balance exercise, which consisted of repeated visual, vestibular, and
somatosensory stimulation for conscious postural control. The rehabilitation
program resulted in a decrease of the range of sways, improved visuomotor
coordination and thus also improved balance.
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INTRODUCTION

Vertigo and balance disorders of vestibular origin are one of the most common
otolaryngological problems encountered by general practitioners (1, 2). A
systematically increasing number of people suffering from balance disorders has
become one of the main issues in modern medicine, and the most dangerous
event accompanying the disturbances are falls (3-5). The studies carried out in
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recent years show that vertigo may occur in 18% of people over 60 years of age
and in 25% of the general population, which constitutes a widespread problem (1-
6). The majority of vertigo cases are of peripheral origin (7). Vertigo may give an
illusion of motion, usually of turning around or spinning of the surroundings, and
that, together with the sense of unsteadiness (9), is one of the main factors
affecting the quality of life (10-12). Subjective and objective symptoms of
damage of the labyrinth are reduced in the process of vestibular compensation. It
results from spontaneous activity of another subsystems, which are engaged in
maintaining balance. Visual, vestibular, and somatosensory signals coming from
those subsystems are constantly analyzed in the central nervous system (13-16).

For many years the pharmacological treatment of vestibular imbalance has
been combined with physiotherapeutic procedures (17). The proposed
physiotherapeutic programs for people with vertigo include visuomotor
coordination and balance exercise, which consists of repeated visual, vestibular,
and somatosensory stimulation for conscious control of body balance (15). The
choice and purpose of the exercise should be preceded by evaluation of the
balance system by means of the examination of horizontal sways of the body
measured as two-dimensional movement of center-of-foot pressure (COP) as a
function of time. In the sagittal plane, shifting of COP is caused by the activity of
muscles cooperating with the ankle joints (ankle’s strategy), whereas in the
frontal plane by the activity of adductors and abductors of the hip joints (hip’s
strategy) (18). The most commonly known method of assessing the balance
system’s efficiency in both healthy and ill subjects is stabilography (19-24). The
method makes it possible to evaluate the external symptoms of posture control by
measuring the magnitude of body sways (25). The activity of each posture
controlling factor, maintaining the balance, may be disturbed by disease or aging.
Balance disorders belong to structural changes having to do with structural
steadiness. However, the main feature of the posture control system is the choice
of strategy, in other words, a certain way of action when disturbances occur (26).

The aim of this paper was to characterize the structural balance of the body in
people with systemic vertigo after applying rehabilitation exercise, such as
exercise of motor-visual coordination on a posturographic platform and balance
exercise.

MATERIAL AND METHODS

Subjects and body balance evaluation

The research group consisted of 12 people (11 women, one man) aged 25-60 (46.8 £12.6SD)
with vertigo caused by weakening of the vestibular excitability, who were diagnosed at the Clinic
of Otolaryngology of Wroclaw Medical University in Wroclaw, Poland. The medical history of each
patient was taken and each patient was laryngologically examined, pure tone threshold audiometry
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was also performed together with standard videonystagmographic examination and bi-calorie test
according to Fitzgerald-Hallpike.

The posture control examination and physical rehabilitation were carried out in the Functional
Examination Laboratory for internal diseases (ISO 9001:2001 Certificate) at the Faculty of
Physiotherapy of the University of Physical Education in Wroclaw, Poland. The research program
applied was approved by the Senate Committee for Ethics of Scientific Research of the University
of Physical Education in Wroclaw, Poland.

The evaluation of body balance in the standing position was performed by means of recording
of postural sways based on force-plate posturography, using a Posturograf System, Pro-Med
(Poland). The following standard tests were performed:

® with eyes open (unrestrained standing position),

® cyes closed (forced standing position),

® with conscious visual control (forced standing position) - biofeedback.

The test was carried out twice, before and after the rehabilitation, with provided peace, quiet,
concentration, and with full assistance.

We selected the following measures of the COP shifts in the two-dimensional support surface:

® Area — stabilogram’s surface area in mm?,

® Total Length — total length of the stabilogram in mm,

® LR length — total length of left-right (L-R) motion in mm — characterizes sways in the

frontal plane,

® FB length — total length of forward-backward (F-B) motion in mm — characterizes sways

in the sagittal plane,
® Coordination (%) — describes the efficiency of posture self-correction while observing a
point projected on a screen, keeping it inside a fixed square visible on the screen
(biofeedback),

® /COP (%) — COP index is a measure of shares of COP shifting in the sagittal and frontal
plane in the total length of stabilogram — a simple formula proposed by M. Mraz of the
University of Physical Education, in Wroclaw, Poland defines ICOP index as:

FB length - LR length
FB length + LR length

ICOP =100 x

Calculation of the COP index made it possible to choose the strategy of body balance control
in the standing position, assuming that:

® [COP = 0 — no domination of COP shifting in the planes,

® [COP > 0 — ankle strategy (dominating shifting of COP in the sagittal plane),

® [COP <0 - hip strategy (dominating shifting of COP in the frontal plane).

Methods of Physiotherapy

The patients suffering from vertigo underwent a month-long therapy, which included visuomotor
coordination exercise on the posturoghaphic platform and balance exercise. The exercise sessions
took place every second week and lasted about 60 min. Individualized balance exercise were carried
out independently every day at home. The visuomotor coordination exercises on the posturoghaphic
platform consisted of visual stimulation of the balance control system in a feedback loop. Application
of conscious control of COP for posture self-correction took place in static and dynamic conditions
using gradually increasing difficulty of the exercise. The patient examined was consciously moving
their COP point so as to reach a given location or the sequence of locations in a proper time (Fig. 7).
The duration of visuomotor coordination exercises was 10 min.
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The balance exercise carried out individually at home was as follows:
First and second week of the therapy. On all fours:
® balancing one’s body in various directions and regaining the initial position,
® reduction of the support points at first by detaching one limb (upper or lower) from the
surface and later by detaching two limbs (upper and lower),
® moving the unsupported limb or limbs.
Exercise in the kneeling position consisting of balancing one’s body in various directions.
Exercise in the straddle position and in lunge balancing one’s body in various directions.
Third week of the therapy. The exercise practiced in the first and second week carried out on an
unstable surface (7.5 cm sponge).
Fourth week of the therapy. The exercise practiced in the third week and balance exercise in the
standing position on the balance platform, in both planes.
All exercise was repeated 3-4 times, always with visual control and assistance. At home,
exercise on the sponge surface and balance platform was not performed.

Statistical analysis

The results were statistically analyzed by means of Statistica 8.0 software by Statsoft. For
variables of the body’s stability that did not pass a test for the normality (Kolmogorov-Smirnov) of
distribution, a non-parametric Wilcoxon test and a Spearman correlation analysis were applied.
Standard level of P<0.05 was applied for rejection a null hypothesis. The Scheffe test was employed
to check the total significance level for all conditions of the body balance examination in the
standing position (eyes open, eyes closed, biofeedback).

RESULTS

Variables of body balance in people with vertigo obtained during the
examinations before and after the rehabilitation program were subjected to
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statistical analyses. Physiotherapy resulted in a significant decrease of the range
of postural sways in the image of stabilogram’s surfaces, while maintaining body
balance in the standing position with eyes open (P=0.019), eyes closed (P=0.004),
and with feedback (P=0.002) (Fig. 2).

The evaluation of body balance in the forced standing position with visual
control for posture self-correction (biofeedback) showed a significant
improvement of visuomotor coordination (P=0.002). The coordination parameter
increased significantly (Fig. 3).

The total length of the stabilogram showed no significant change resulting
from the rehabilitation in both unrestrained (eyes open) and forced standing
positions (eyes closed, biofeedback) (Fig. 4).

No significant difference of the stabilogram’s length after the
physiotherapeutic program was observed in the frontal (L-R) or sagittal (F-B)
plane, except for the test in the forced standing position with biofeedback, where
there was a statistically significant decrease of the stabilogram’s length in the
frontal plane (L-R) (P=0.004) (Fig. 5).

Spearman’s correlation tests of the total length of stabilogram and the L-R and
F-B lengths before and after the therapy (separately for each test) showed the
following results:

0 A T
Befor After
&é“ a00 T E
E 410
-4 | |
20 A
Fig. 2. Comparison of the mean
0 . . values of the stabilogram’s
Frves omen Erves chssd Biofedback surface area before and after
yE8 OF e the physiotherapeutic program.
Eefore After
100
= =0
g
i Al
=]
40
= Fig. 3. Comparison of the mean
=20 values of the coordination
0 parameter before and after the
physiotherapeutic program.




432

(=)

)]

=
1

E Befaore E A fter

% % % Fig. 4. Comparison of the mean
1] T T values of the stabilogram’s

total length before and after the
physiotherapeutic program.

Ia

_

=
1

]

]

=
1

Total length ()

Eyesz open Ewesclosed Biofeedback

500
400

A
300 A
200 ~
100
|:I I I

Eyves openn  Eyes closed Biofeedback

FE length (roem)

[

=

[}
1

E B Before  EAfter

Fig. 5. Comparison of the mean

values of the stabilogram’s

length in the sagittal F-B (Panel
T T

A) and frontal L-R (Panel B)
Ewes openn  Eyes closed Biofeedback plane before and after the
physiotherapeutic program.

=

LE length (rorm)
b2 (%)
- -
o ] [}

[a—

=

=
1

[}
]

e Tests with the eyes open:
After the rehabilitation program, there was a significant correlation between the
total length and the L-R length of stabilogram (r=0.74) and nearly a full
correlation between the total length and the F-B length of stabilogram (r=0.92).
® Tests with the eyes closed:
After the rehabilitation program, there was a slight decrease of the correlation
between the total length and the L-R length of stabilogram (r=0.53). However, the
correlation between the total length and the F-B length of stabilogram still
showed nearly a full correlation (r=0.98).
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e Tests with biofeedback:

After the rehabilitation program, the correlation between the total length and
the L-R length of stabilogram became insignificant (r=0.26). Yet, the correlation
between the total length and the F-B length of stabilogram increased (r=0.93).

The observed changes in the correlations between the total length of stabilogram
and its lengths in the sagittal and frontal planes are far better illustrated by the
introduced COP index, which allowed examining the sways in COP in both planes.
Before the therapy, the mean values of ICOP in the unrestrained standing position
(10.9 £8.1) and in the forced standing position with eyes closed (20.8 +16.0)
showed the predominance of COP sways in the sagittal plane, which points to the
ankle strategy. However, the mean value of ICOP in the forced standing position
with biofeedback (-1.2 +11.2) reflected the predominance of COP sways in the
frontal plane, which points to the hip strategy. After the therapy, the mean values of
ICOP in the unrestrained standing position with eyes open (14.8 +11.6), in the
forced standing position with eyes closed (21.8 +£15.8), and in the forced standing
position with biofeedback (17.3 +17.3) showed the predominance of COP sways in
the sagittal plane, which indicates the ankle strategy (Fig. 6).

ICOP in the forced standing position with biofeedback showed a significant
change after the therapy (P=0.009) indicating the ankle strategy, and thus the
predominance of COP sways in the sagittal plane in accordance with the
remaining examinations — with the eyes open and closed. Only in the control
examination with biofeedback did the ICOP value significantly differ from the
other examinations, both control ones and those after the therapy.

DISCUSSION

Subjective and objective symptoms of damage of the labyrinth are reduced in
the process of vestibular compensation resulting from spontaneous activity of the
central nervous system, which is enforced by physiotherapy. It is well known that
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balance disorders may be compensated by increased, spontaneous activity of
another subsystem or by applying repeated visual stimulation (biofeedback)
(13,14). The results of Bronstain (27) and of Hafstrom et al (28) suggest that the
vestibular system and propioceptors may take over the role of sight in balance
control when visual information is decreased or unavaible (27, 28). Similar
conclusions about positive usage of biofeedback in physiotherapy of systemic
vertigo were drawn by Hahn et al (15). All these studies state that physiotherapy
helps patients fight fear, prevents disorientation, and helps regain coordination and
body balance (13-15, 27-29). Similar effects of physiotherapy in patients with
vertigo were obtained in the present study. We found a reduction in the range of
sways and improvements in visuomotor coordination, and thus also in balance
control, and in a subjective feeling of the patient’s well-being. An analysis of COP
sways in the planes while keeping balance in the standing position confirms the
stimulating influence of the exercise applied on balance control. In people with
vertigo, conscious visual control while tracing the image of a moving COP might
have caused vestibular nystagmus and in that way increased instability. Therefore,
ICOP before therapy was negative and reflected the hip strategy, manifesting itself
by an increased length of stabilogram in the frontal plane (L-R), differently with
eyes open and closed. The applied conscious visual control of the body posture
with self-correcting motions resulted in a change in the COP sways predominance
from the hip strategy in the control test to the ankle strategy after the therapy. It
should be assumed that repeated visual stimulation (biofeedback) caused an
increase of ICOP and a decrease of instability. Due to conscious, visual control of
an image moving on a screen, information about the degree of balance disorders
acquired in the interactive process became triggered compensatory mechanisms
having to do with the plasticity of the nervous system (13, 14).

In summary, physiotherapy resulted in a decrease of the range of sways and an
improvement of visuomotor coordination, which improved balance control in the
standing position in patients with vertigo. Visual stimulation resulted in an
increase of the center-of-foot pressure index in the forced standing position with
biofeedback and in a decrease of instability. Change of the center-of-foot pressure
index in the biofeedback condition reflects the change of predominance of sways
from the hip strategy in the control test to the ankle strategy after therapy.
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