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ABSTRACT
OBJECTIVE. To evaluate the importance of computerized dynamic posturography in vestibular rehabilitation of patients with
unilateral peripheral vestibular deficiency syndrome.
MATERIAL AND METHODS. The study was conducted on a group of 30 patients (33-78 years; mean age (± SD) = 55.8 ± 12.12)
diagnosed with unilateral peripheral vestibular deficiency syndrome, which benefited from VR on a posturography platform.
Assessment of the patients was made using the Sensory Organization Test before and after eight sessions of rehabilitation. We
analyzed the results obtained with eyes open (EO) and eyes closed (EC) on static and foam platform. The following variables
were evaluated: Romberg coefficient, statokinesigram (SKG), maximum amplitude of the degree of deviation in anterior/posterior and medial/lateral planes, SKG and the time interval of the game rehabilitation program.
RESULTS. The statistical analysis of the data revealed a strong correlation (p<0.05) for the studied parameters, especially when
the test was performed with the eyes closed on foam platform. The analysis of the Romberg coefficient did not show statistically
significant results (p>0.05) and the measured values were outside the range of normality even at the end of the rehabilitation
program. SKG and the time interval reference of the game showed significant improvement of the parameters (p<0.05); at the
end of the rehabilitation sessions, 93.33% of the patients showed full recovery of their deficit.
CONCLUSION. Computerized dynamic posturography has a particularly important role in the evaluation, monitoring and
rehabilitation of the patients with peripheral vestibular deficiency.
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INTRODUCTION
Computerized dynamic posturography (CDP) is a
quantitative method which evaluates the ability of the
human body to maintain balance in upright position
in various testing conditions that replicate real-life
situations1.
Body position, in relation to gravity and environmental landmarks, is perceived by various information
coming from the proprioceptive, vestibular and visual
systems. The visual system is important in maintaining
balance when the environment is in motion2. For
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maintaining balance, the patient must coordinate eye
movements to obtain a stable image of the environment on the retina. Maintaining balance during movement is achieved with the help of the proprioceptive
system that provides information from the proprioceptive receptors in the striated muscles of the legs and
neck3. The role of the vestibular system becomes particularly important when the first two systems do not
work properly4. In addition to assessing and identifying patients with peripheral vestibular deficit, CDP
can also be used in vestibular rehabilitation (VR) programs5. VR helps regaining postural control and elim-
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inates the risks of falls in patients with vestibular deficiency.
The role of VR program is to interconnect the information received from the somatosensory and visual
system with those provided by the vestibular system6-8.
Our study aimed to assess the role of CDP in the VR
of patients suffering from peripheral vestibular syndrome.

MATERIAL AND METHODS
Patients
We conducted a prospective cohort study during
January 2012 - December 2014 that analyzed 30 patients with unilateral peripheral vestibular deficiency
syndrome who received vestibular rehabilitation using
platform posturography9. All patients included in the
study signed an informed consent form to participate
in the study. All patients have completed the vestibular
rehabilitation program on platform posturography.
Inclusion criteria: patients who have never benefited from VR on posturography platform and patients
with normal neurological exam. We considered also
the patients with benign paroxysmal positional vertigo
(BPPV) that previously benefited from canalith repositioning procedures, but still showed unsteadiness
evidenced by posturography.
We excluded the patients who refused participation
in the study, those with associated neurological disorders (e.g. Dementia, Parkinson’s disease), psychiatric
disorders, visual disturbances; patients treated with
neuroleptics, sedatives, antiepileptics, antidepressants,
drug or alcohol abuse, patients with severe orthopaedic
dysfunction and arthrosis of the ankle, hip and knee.
Study Protocol
In this study we used the Posturographic Synapsys
System (version 3.0, SYNAPSYS, Marseille, France). All
the patients were evaluated using the Sensory
Organization Test that monitors the three sensory systems involved in maintaining balance (proprioceptive,
visual and vestibular). The evaluation was conducted
at the onset and at the end of eight sessions of VR. In

our study, we considered the results obtained from patients that were tested with eyes open (EO) and eyes
closed (EC) on foam platform. Each test consisted of
two trials that lasted 20 seconds each and the VR program consisted in 8 sessions (2 sessions/week)10,11. The
VR program consisted in rehabilitation games included in the software used by the posturographic system. Each session began with a test reference which
helped monitor the patient’s evolution throughout
the rehabilitation. The reference game was the same
for each session and patient included in the study. In
the rehabilitation session we included games from
four groups: Stabilization, Weight shift, Weight bearing and Postural control.
Statistical analysis
The collected data was analyzed using the software
Stata IC 11 (StataCorp. 2009. Stata: Release 11
Statistical Software. College Station, TX, USA). The
data was expressed as a percentage, frequency, mean,
standard deviation, depending on the situation. The T
test (Student) was used for the evaluation of quantitative differences in the calculation of media. The level
of statistical significance was set at 0.05.
The normal values of parameters followed during
the study: Romberg coefficient, statokinesigram
(SKG), maximum amplitude of the degree of deviation in anterior/posterior (AP) and medial/lateral
(ML) planes were obtained from the posturographic
system software (Table 1).
The normal values used for the Romberg coefficient were between 85-241.
To evaluate the therapeutic success of vestibular rehabilitation on platform posturography, we based our
observations on the following ranges of values for each
parameter obtained on foam platform after the 8 sessions of VR (Table 2).
These ranges of values were used to be able to classify patients included in the study, according to their
performance in two groups: stationary and improved.
The creation of these groups was necessary to assess
the therapeutic success of vestibular rehabilitation on
platform posturography in patients with unilateral peripheral vestibular deficiency syndrome.

Table 1
Normal parameters values for foam platform
Foam

SKG (mm2)

Max amplitude AP (mm)

Max amplitude ML (mm)

Eyes open

437-618

37.19

39.99

Eyes closed

909-1325

66.72

58
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Table 2
Reference values for improved and stationary patient groups
Foam

IMPROVED

STATIONARY

SKG eyes open (mm2)

618-900

>900

AP (mm)

38-50

>50

ML (mm)

40-52

>52

SKG eyes closed (mm2)

1325-2200

>2200

AP (mm)

67-80

>80

ML (mm)

58-70

>70

RESULTS

before (RQ1, SKG1, AP1, ML1) and after (RQ2, SKG2,
AP2, ML2) vestibular rehabilitation, especially with
EO and EC on foam platform (p<0.05), as one can see
in Table 4.

The clinical study was conducted on a group of 30
patients with unilateral peripheral vestibular deficiency syndrome, including 14 women (46.67%) and
16 men (53.33%); 13 cases originated from rural areas
(43.33%) and 17 cases from urban areas (56.67%).
The mean age was 55.8 years ±12.12 SD (age between
33 and 78 years).
We analysed the associated risk factors and we encountered 10 patients with cervical spondylosis
(33.33%), 8 cases with systemic hypertension (26.67%),
8 cases with dyslipidemia (26.67%), 5 cases (16.67%)
with carotid atheromatosis and 5 cases (16.67%) with
diabetes mellitus. Vestibular rehabilitation therapy
(VR) on posturography platform was performed to patients with unilateral peripheral vestibular deficiency
syndrome (vestibular neuronitis, Meniere’s syndrome)
and BPPV patients presenting with postural instability
(previously benefited from canalith repositioning procedures). In this study we did not include patients diagnosed with acoustic neurinoma.
We recorded statistically significant differences between the results obtained on platform posturography

Statistical analysis of parameters with EO and EC on
foam platform before and after vestibular rehabilitation on platform posturography
In EO condition, there was a significant decrease
of the statokinesigram after VR (p<0.05) from an average of 923.61±805.86 mm before VR to an average
of 552.366±456.885 after VR. The average difference
was 371.2 (p=0.0002; Student t-test; 95%CI varies between 195.55 and 545.92). After the rehabilitation,
we observed a decrease in balance on AP plan
(p<0.05) from an average of 37.53±13.87 mm to an
average of 29.40±7.97 mm. The average difference
was equal to 8.13 (p=0.0081; Student t-test; 95%CI =
2.2 - 13.9). Regarding balance on ML plan after VR,
the results show a significant decrease (p<0.05) from
an average of 43.27±22.62 mm to 17.92mm±31.09
mm after the eight VR sessions. The average difference was 12.18 (p<0.0001; Student t-test; 95%CI = 7.616.67).

Table 3
Distribution of cases according to etiology
Vestibular neuronitis
Number of cases

12

%

40%

Unknown cause for
vestibular syndrome
7
23.33%

Meniere syndrome

BPPV *

7

4

23.33%

13.33%

* For the study we selected BPPV patients with postural instability after canalith repositioning procedure. Dix-Hallpike maneuver used forthe posterior semicircular
canals and specific manoeuvres for the lateral semicircular canals were negative for these patients.
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Table 4
Correlations of mean values of the studied parameters
Variable

Mean

Std. Dev.

Min.

Max.

p

RQ1

161.93

96.01

56

533

0.8691

RQ2

166

108.73

44

642

SKG1 foam EO

923.61

805.86

358.17

4782.95

SKG2 foam EO

552.366

456.885

171.98

2800

AP1 foam EO

37.53

13.87

22.9

99.8

AP2 foam EO

29.40

7.97

16.6

44.4

ML1 foam EO

43.27

22.62

18.8

146.1

ML2 foam EO

31.09

17.92

17.4

120

SKG1 foam EC

43.27

22.62

18.8

146.1

SKG2 foam EC

31.09

17.92

17.4

120

AP1 foam EC

71.52

20.69

40.1

116.7

AP2 foam EC

47.40

9.42

30.2

64.2

ML1 foam EC

67.88

21.83

35.6

140.3

ML2 foam EC

38.65

13.99

23.9

90.2

SKG1 before VR

15.06

3,47

10

22

SKG2 after VR

5.43

1.67

2

10

T1 before VR

31.11

4.53

20.32

38.42

T2 after VR

15.14

1.55

12.32

18.2

0.0002

0.0081

<0.0001

<0.0001

<0.0001

<0.0001

<0.0001

<0.0001

*SKG1 and SKG2 before and after VR: statokinesigram of the reference game before and after vestibular rehabilitation process; T1 and T2 before and after VR: the time
interval (seconds) of the reference game before and after vestibular rehabilitation process

In EC condition, there was a significant decrease of
the statokinesigram after RV (p<0.05) from an average
of 2443.43±947.90 mm before VR to an average of
1142.99±641.53 mm after VR. The average difference
was of 1300.44 (p<0.0001; Student t-test; 95%CI between 1018.5 and 1582.3). After VR, we observed a decrease in balance on AP plan (p<0.05) from the average value of 71.52±20.69 mm before to an average of
47.40±9.42 mm. The average difference is 24.11
(p<0.0001; Student t-test; 95%CI 16.8 to 31.3 is from).

Regarding ML balance, results after VR showed a significant decrease (p<0.05) from 67.88±21.83 mm to an
average of 38.65±13.99 mm; the average difference of
29.23 (p<0.0001; Student t-test; 95% CI was between
23 and 35.4).
Statistical analysis of statokinesigram (cm2) and
time (seconds) of the reference game before and after
the vestibular rehabilitation process
In terms of the SKG obtained in the reference game
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after VR, there was a significant decrease (p<0.05)
from an average of 15.06±3.47 cm2 before VR to an
average of 5.43±1.67 cm2 after VR. The average difference was 9.63 (p<0.0001; Student t-test; 95% CI between 8.58 and 10.67). After VR, the time interval of
the reference game (p<0.05) decreased from the
mean value 31.11±4.5 s before VR to a mean value of
15.14±1.55 s. The average difference was equal to
15.97 (p<0.0001; Student t-test; 95% CI = 14.57 -17.37).
In both cases there was a significant decrease in parameters values after VR (p<0.05).

of VR in the patients included in our study. At the end
of the rehabilitation program, the results were more
than satisfactory; 93.33% of cases achieved full recovery of the vestibular function.
Even though the recovery of the vestibular function
depends on the severity of vestibular damage, the studies show that controlled and monitored rehabilitation
programs can lead to a high level of recovery20,21.

Statistical analysis of the Romberg coefficient before and after vestibular rehabilitation on platform
posturography
Comparing the final mean values to
 the initial mean
values of the Romberg coefficient (RQ2 versus RQ1),
we found a mean difference of 4.066 (p=0.8691;
Student t-test; 95%CI ranging between 54 and 49.94).
Given that p>0.05, the difference between the two values is not statistically significant.
The final results showed that of the 30 patients with
unilateral peripheral vestibular deficiency 28 (93.33%)
were fully rehabilitated, 1 patient showed improvement (3.33%) and 1 patient was stationary (3.33%). It
should be noted that changes were evident since the
end of the first session.

CDP allows evaluation and rehabilitation of vestibular function by assessing the overall balance and identification of the systems used by the patient to maintain posture. Using platform posturography in vestibular rehabilitation programs allows multisensory rehabilitation by using the interconnection between visual,
vestibular and proprioceptive information.
Given the encouraging results of the present study,
we can say that the monitored parameters in this article may be useful for creating guidelines for vestibular
rehabilitation programs in the future.

DISCUSSIONS

CONCLUSIONS
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