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ABSTRACT
Objectives. To evaluate the importance of computerized dynamic posturography in vestibular rehabilitation (VR) 
of patients with central vestibular syndrome. 
Methods. The study included 30 patients with central vestibular syndrome with mean age (± SD) = 72.96 ± 11.97 
which benefi ted from VR on a posturography platform between 2012-2014. All patients were evaluated using sen-
sory integration tests. The parameters studied were: Romberg coeffi cient, statokinesigram (SKG), maximum am-
plitude of the degree of deviation in anterior-posterior and medial-lateral planes, SKG and the time interval of the 
rehabilitation program. 
Results. All of the analyzed parameters showed statistically signifi cant results (p <0.05). The anterior-posterior 
and medio-lateral balance improved signifi cantly at the end of the vestibular rehabilitation program and the param-
eters decreased to values close to normal.
Conclusions. For patients with central vestibular syndrome, the vestibular rehabilitation improves postural stabil-
ity and quality of life by reducing the risk of falls.
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INTRODUCTION

Computerized Dynamic Posturography gives an 
objective assessment of the overall balance of the 
patient and also highlights what system uses each 
subject for maintaining posture. (1) Vestibular re-
habilitation on a posturography platform is achie-
ved by the selecting games runned in different 
sequences, depending on the condition that causes 
impaired balance and aims at the recovery of the 
vestibular function. (2,3) The purpose of this study 
was to determine the value of vestibular rehabilita-
tion performed using a posturography platform in 
patients with central vestibular defi cit.

MATERIAL AND METHODS

 The study included 30 patients with central ves-
tibular syndrome who received vestibular rehabili-
tation using platform posturography between 2012-
2014. The patients who participated in this study 
signed an informed consent form and all patients 
have completed the whole vestibular rehabilitation 
program. The study included patients diagnosed 
with central vestibular defi cit and who have never 
benefi ted from vestibular rehabilitation on platform 
posturography. We excluded the patients who refu-
sed inclusion in the study, those with associated ne-
urological disorders (dementia, Parkinson’s, etc.), 
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psychiatric disorders, visual disturbances, patients 
treated with neuroleptics, sedatives, antiepileptics, 
antidepressants, drugs or alcohol abuse, patients 
with severe orthopedic dysfunction and arthrosis of 
the ankle, hip and knee.

STUDY PROTOCOL

For this research we took into account the re-
sults obtained from patients that were tested with 
eyes open (EO) and eyes closed (EC) on foam plat-
form. Subjects were evaluated using sensory inte-
gration tests. We used Posturographic Synapsys 
System (version 3.0, SYNAPSYS, Marseille, Fran-
ce). The evaluation of patients was performed befo-
re and after the eight sessions of vestibular rehabi-
litation. The tests consisted of two trials each of 20 
seconds. The VR program consisted of games in-
cluded in the software used by the posturographic 
system. Each session began with a test reference, 
which helped monitor the patient’s evolution throu-
ghout the rehabilitation. The same game bench-
mark was used for each session separately and for 
each patient included in the study. Four game 
groups were included in the rehabilitation session: 
Stabilization, Weight shift, Weight bearing and 
Postural control.(3)

STATISTICAL ANALYSIS

To evaluate the success of VR therapy on postu-
rography platform, we created two groups of pati-
ents, according to their performance: improved and 
stationary. For these two groups we defi ned limit 
values for each parameter included in our research, 
both for eyes open and eyes closed condition on 
foam platform. These are shown in Table 1.

TABLE 1. Representation of range values for improved 
and stationary group 
FOAM IMPROVED STATIONARY
SKG EO (mm2) 618-900 >900
AP(mm) 38-50 >50
ML(mm) 40-52 >52
SKG EC (mm2) 1325-2200 >2200
AP(mm) 67-80 >80
ML(mm) 58-70 >70

The collected data were analyzed using the 
software StataIC 11 (StataCorp. 2009. Stata: Rele-
ase 11 Statistical Software. College Station, TX, 
USA). The data were expressed as a percentage, 
frequency, mean, standard deviation, depending on 
the situation. T test (Student) was used for the eva-

luation of quantitative differences in the calculation 
of media. The level of statistical signifi cance was 
set at 0.05.

RESULTS

The study was conducted on a group of 30 pati-
ents with central vestibular syndrome, consisting of 
19 women (63.3%) and 11 men (36.67%); 13 cases 
from rural areas (43.33%) and 17 cases from urban 
areas (56.67%). The average age of was 72.9 years 
± 11.97 SD (aged between 37 and 90 years).

CHART 1. Distribution of cases according to etiology

For the patients included in this study 20% were 
diagnosed with vestibular omissions, 10% with 
multiple sclerosis and 7% of with vestibular mi-
graine. In 63% of these cases, the cause for the cen-
tral vestibular defi cit was unknown, they showed 
demyelination and areas of cerebral atrophy on the 
brain MRI.

The statistical analysis of the associated risk 
factors, revealed mostly cervical spondylosis in 15 
cases (50%). The second risk factor was essential 
hypertension with 14 cases (46.67%), followed by 
diabetes with 10 cases (33.33%), carotid atheroma-
tosis and dyslipidemia with 8 cases each represent-
ing 26.67%. The remaining patients in the study 
were diagnosed with stroke in 3 cases accounting 
for 10%. All parameters studied showed statisti-
cally signifi cant results (p <0.05). (Table 2)

Romberg coeffi cient, statokinesigram (SKG), 
maximum amplitude of the degree of deviation in 
anterior/posterior and medial/lateral planes, SKG 
and the time interval of the rehabilitation program

RQ1 and RQ2: Romberg coeffi cient before and 
after RV; SKG1 and SKG2 foam EO: statokinesig-
ram with eyes open before and after VR on foam 
platform; AP1 and AP2 foam EO: maximum ampli-
tude of the degree of deviation with eyes open in 
the anterior-posterior plane before and after VR on 
foam platform; ML1 and ML2 foam EO: maximum 
amplitude of the degree of deviation with eyes open 
in medio-lateral plane before and after VR on foam 
platform; SKG1 and SKG2 foam EC: statokinesig-
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ram with eyes closed before and after VR on foam 
platform; AP1 and AP2 foam EC: maximum ampli-
tude of the degree of deviation with eyes closed in 
the anterior-posterior plane before and after VR on 
foam platform; ML1 and ML2 foam EC: maximum 
amplitude of the degree of deviation with eyes 
closed in medio-lateral plane before and after VR 
on foam platform; SKG1 and SKG2 before and af-
ter rehabilitation program: statokinesigram of the 
reference game before and after vestibular rehabili-
tation process; T1 and T2 before and after rehabili-
tation program: the time interval (seconds) of the 
reference game before and after vestibular rehabili-
tation process.

Statistical analysis of parameters with EO and EC 
on foam platform before and after vestibular 
rehabilitation on platform posturography

In Eyes Open condition, there was a signifi cant 
decrease of the statokinesigram after VR (p <0.05) 
from an average of 1,484.36 ± 1,374,27 mm before 
VR to an average of 925.99 ± 499,05 mm after VR. 
The average difference was 558.36 (p = 0.0057; 
Student t-test; IC 95% is 76.3 to 940.4). After the 
rehabilitation we observed a decrease in balance on 
AP plan (p <0.05) from a mean of 45.5 ± 13,94 mm 
to an average value of 37.64 ± 6.5 mm. The average 
difference is 7.86 (p = 0.0018; Student t-test; IC 
95% is 3.19 to 12.52). Regarding balance on ML 
plan after VR, the results show a signifi cant de-
crease (p <0.05) from 50.37 ± 39.04 to 16,38 mm ± 
9,05 mm. The average difference is 11.32 (p 
<0.0001; Student t-test; IC 95% is 6.84 to 15.8).

In Eyes Closed condition, there is a signifi cant 
decrease of the statokinesigram after VR (p <0.05) 
from an average of 4,254.95 ± 2,736,05 mm before 
VR by an average of of 2,739.71 ± 951,55 mm after 
VR. The average difference is 1,515.23 (p = 0.0014; 
Student t-test; IC 95% is 636.8 to 2,393.66). The 
balance on AP plan improves signifi cantly (p <0.05) 
after VR from an average of 86.68 ± 22.02 to 68.98 
± 19,12 mm. The average difference is 17.69 (p 
<0.0001; Student t-test; IC 95% is 16.8 to 31.3). 
ML balance after VR presents a signifi cant decrease 
(p <0.05) from 80.53 ± 22.43 mm to an average of 
66.53 ± 18,07 mm. The average difference is 14 (p 
= 0.0002; Student t-test; IC 95% is 7.41 to 20.59). 

Statistical analysis of statokinesigram (cm2) and 
time (seconds) of the reference game before and 
after the vestibular rehabilitation process

The time interval of the reference game is re-
duced signifi cantly (p <0.05) after VR, from a mean 
of 25.03 ± 9,37 s before VR to an average of 20.03 
± 7,11 s after VR. The average difference is 5 (p 
<0.0001; Student t-test; IC 95% is 3.37 to 6.63). In 
terms of the SKG obtained in the reference game 
after VR, there was a signifi cant decrease (p <0.05) 
from an average of 32.53 ± 12,49 cm2 before VR to 
an average of 24.56 ± 10,59 cm2 after VR. The av-
erage difference is 7.96 (p <0.0001; Student t-test; 
IC 95% is 5.56 to 10.36). All parameters studied 
showed highly statistically signifi cant results (p 
<0.05) at the end of the 8 sessions of vestibular re-
habilitation.

TABLE 2. Correlations of mean values of the studied parameters

Variables Media
Standard 
Deviati on

Min. Max. p

RQ1 278,93 176,75 57 850 p=0,0077
RQ2 200,56 89,15 66 460
SKG1 foam EO 1484,36 1374,27 436,49 8165,22 p=0,0057
SKG2 foam EO 925,99 499,05 360,64 2959,51
AP1 foam EO 45,5 13,94 27,6 95 p=0,0018
AP2 foam EO 37,64 6,5 23,9 55,1
ML1 foam EO 50,37 16,38 30 118,2 p<0,0001
ML2 foam EO 39,04 9,05 28,4 72,2
SKG1 foam EC 4254,95 2736,05 1813,08 15.915,73 p=0,0014
SKG2 foam EC 2739,71 951,55 757,43 4940
AP1 foam EC 86,68 22,02 46,7 146,7 p<0,0001
AP2 foam EC 68,98 19,12 7,2 117,2
ML1 foam EC 80,53 22,43 49,7 136,4 p=0,0002
ML2 foam EC 66,53 18,07 35,2 112
SKG1 before VR 32,53 12,49 8 48 p<0,0001
SKG2 aft er VR 24,56 10,59 3 42
T1 before VR 25,03 9,37 10,05 38,86 p<0,0001
T2 aft er VR 20,03 7,11 8,09 28,86
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DISCUSSION

Final evaluations showed that from the group of 
30 patients with central vestibular syndrome who 
benefi ted from vestibular rehabilitation on pos-
turography platform, only 12 patients showed a sig-
nifi cant improvement in evolution (40%) and 14 
patients (46.67%) had a stationary evolution. Most 
satisfactory results were recorded in 4 cases 
(13.33%), where the evolution of the subjects was 
very good at the completion of the fi rst meeting of 
vestibular rehabilitation. In only 13.33% of the cas-
es full recovery of vestibular function was achieved. 
The recovery capacity depends very much on the 
vestibular function defi cit of the affected vestibular 
organ. Patients with central vestibular syndromes, 
may have the adaptation and compensation func-
tions affected or they can have a progressive dis-
ease. Thus, improving postural control is often 
more diffi cult than in patients with peripheral ves-
tibular syndrome. There are studies showing that 
by controlled and monitored rehabilitation pro-
grams we can obtain a high level of recovery in 
comparison with the cases that remain untreated. 
(4,5) 

Aging and/or associated risk factors such as dia-
betes, hypertension, and stroke, infl uence balance 
and posture by increasing instability and the risk of 
falls and for that reason improvement of postural 
control is made more diffi cult. (6,7) For patients di-
agnosed with central vestibular defi cit, vestibular 
rehabilitation on posturography platform involves 
improving postural stability and quality of life by 
reducing the risk of falls, improvement of neuro-
muscular coordination and decrease of anxiety due 
to vestibular disease. (8,9) The fi nal results ob-
tained during eyes open condition on foam plat-
form show that the maximum amplitude values   of 
the anterior-posterior and medio-lateral balance de-
creased signifi cantly (p <0.05) into the normal 
range of values. The statokinesigram obtained in 
the same terms, also shows a signifi cant decrease (p 
= 0.0057). Similar results were recorded during 
eyes closed condition (p <0.05) for AP and ML os-
cillations and for SKG (p <0.0014). The results of 

this study indicate that the use of VR with eyes 
closed and eyes open on platform posturography 
leads to an improvent of balance and neuromuscu-
lar coordination in patients with central vestibular 
syndrome patients, and are consistent with infor-
mation in the literature. Badke showed in a retro-
spective study conducted in 2005 on 32 patients 
(12 with peripheral vestibular defi ciency and 20 
with central vestibular defi cit and mixed) an impor-
tant improvement of balance and quality of life af-
ter vestibular rehabilitation. (5) Also, Rossi-Izqui-
erdo et al evaluated the results of the vestibular 
rehabilitation on platform posturography in patients 
with central vestibular defi cit. (8) From 45 patients 
with Parkinson’s disease, VR on platform pos-
turography was performed in 10 cases that present-
ed a high risk of falling. At the end of therapy the 
authors noted a signifi cant improvement of scores 
for Sensory Integration Test with an increase in sta-
bility and quality of life, as well as decrease of the 
risk of falls. (8) Similar results were seen during 
our study. 

Statistical analysis of the statokinesigram and 
the time interval of the reference game before and 
after the RV were found to be signifi cant (p<0.0001) 
in terms of assessing therapeutic success of RV in 
patients included in the study.

CONCLUSIONS

A proper posture is essential for the effective 
functioning of the human body. In patients with 
central vestibular syndrome, vestibular rehabilita-
tion implies improving postural stability and qual-
ity of life by reducing the risk of falls. Successful 
treatment by vestibular rehabilitation requires ac-
tive patient cooperation and participation inducing 
a positive psychological effect with an impact on 
self confi dence and improving physical condition, 
thus improving quality of life. Vestibular rehabili-
tation programs on platform posturography in pa-
tients with central vestibular defi cit encompasses 
all these advantages and allows evaluation and 
monitoring of medium and long-term performance.
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