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Abstract

The purpose of this study is represented by the way in which the therapeutic approach
of patients with vestibular syndrome can be improved as a result of the identification
of some parameters related to the visual, somesthetic, vestibular, global and
preferential scores, parameters reffers to static and dynamic balance.

We included in this reasearch a number of 37 subjects (11 male and 26 female), aged
between 36 and 75, diagnosed with a form of of vestibular syndrome. They were
divided into two groups; the first group consists in 20 subjects with peripheral
vestibular syndrome (14 female and 6 male), while the second group was represented
by 17 subjects with mixed vestibular syndrome (12 female and 5 male).

In order to realise functionally assessment, we used Synapsys posturograph, through
which we collected data on somesthetic, visual, vestibular, preferential and global
parameters, both in the anterior-posterior and in the mid-lateral axis and the results
were subjected to statistical analysis, using the SPSS 20 program.

The results highlight the fact that the use of the Synapsys posturography equipment
for patients with vestibular syndrome proves to be a valuable therapeutic measure, by
accurately describing the balance parameters and, above all, by analyzing the patients'
ability to use somatosensory, visual and vestibular informations in order to maintain
balance in the anterior-posterior and mid-lateral axis.
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1. Introduction

The topicality of the theme results from the fact that body balance is an
important component of health and the way of carrying out socio-
professional activities and an adequate postural control is necessary to safely
manage the way of doing daily activities. Balance deficits have been
identified as important factors that increase the risk of falls and injuries in
both children and adolescents and especially in the adult population (Kiss,
Schedler & Muehlbauer, 2018). Patients diagnosed with vestibular syndrome
may present an impairment of static and/or dynamic balance and their
therapeutic behavior is extremely complex. Balance disorders due to
dizziness or vestibular syndrome are a risk factor for falls and can have a
significant impact on quality of life as they are common in the adult
population (Murdin & Schidler, 2015).

At the same time, about 30% of people will suffer from rotational or
postural vertigo at some point in their lives; the prevalence of this condition
increases with age and is approximately two to three times more common in
women than in men (Strupp, Dieterich & Brandt, 2013; Neuhauser, 2016).
Vestibular syndrome represents a condition with a diverse etiology, which
requires a thorough anamnesis and a complex evaluation, so that the
collected data can lead to the initiation of a treatment adapted to the patient's
needs and with increased efficiency.

In Romania, the studies that focused on patients diagnosed with
vestibular syndrome are limited, especially from the point of view of
describing a therapeutic intervention plan aimed at functional rehabilitation
and allowing the improvement of static and dynamic balance parameters. In
a 2014 study conducted in our country were included a number of 245
romanian patients diagnosed with recurrent peripheral vestibular
syndrome, treated with betahistine 48 mg/day for 3 months; sustained and
statistically significant improvements in multiple observational study
indices were found in patients with this condition and the safety and
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tolerability of the treatment was good in this group, with only one patient
reporting adverse reactions (Bajenaru et al., 2014). In another report from
Romania regarding the management of unilateral peripheral vestibular
disorders, it was demonstrated that early treatment with corticosteroids
associated with electrolytes, antiemetic and vasodilator drugs led to recovery
of vestibular function without differences between types of peripheral
vestibular dysfunction and it was obtained a complete recovery of vestibular
and acoustic dysfunction in cases treated with intratympanic injection (Petri,
Chirila, Bolboaca & Cosgarea, 2015).

We can state according to these two reference studies carried out in
Romania that patients diagnosed with vertigo follow, in particular, a drug
treatment, which proves effective in terms of symptom relief, but still the
data related to the functional rehabilitation programs to be performed under
the guidance of a physiotherapist are limited; we believe that it is essential
that this patients must follow such a rehabilitation program, which is
focused on achieving the objective of socio-professional reintegration and on
improving the vestibular deficit as much as possible.

In this study, we aim to identify effective assessment methods for
patients diagnosed with vestibular syndrome who present static and
dynamic balance disorders and to differentiate them according to the
topography of the lesion. This approach will conduct our research in order
to describe a vestibular rehabilitation protocol, which will materialize in a
best practice guide for clinicians.

2. Purpose, objectives, hypotheses

The purpose of this research is represented by the way in which the
therapeutic approach of patients with vestibular syndrome can be improved
as a result of the identification of some parameters related to the visual,
somesthetic, vestibular, global and preferential scores, parameters aimed at
static and dynamic balance.

Among the objectives of the study are the identification of innovative

technological equipment used in vestibular rehabilitation, the selection of
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research subjects or the collection, analysis and interpretation the results,
including statistical analysis.

Two hypotheses were formulated; the first hypothesis referred to the
fact that the assessment of patients with vestibular syndrome will allow the
identification of distinct elements related to balance parameters, depending
on the location of the lesion and the second hypothesis assumed the
identification of an association between the results obtained by patients with
vestibular syndrome in terms of someesthetic, visual, vestibular, preferential
and global scores.

3. Methods

The period of this study was one year, it started in September 2021
and was completed in August 2022. The research site was represented by the
Rehabilitation Hospital of lasi, the Audiology and Vestibulology
Compartment.

We included in this study a number of thirty-seven subjects (male=11
and female=26), aged between 36 and 75 years.

The subjects were diagnosed with a form of vestibular syndrome and
were divided into two groups: in group 1 were included a number of twenty
subjects with peripheral vestibular syndrome (fourteen female and six male)
and in group 2 were included seventeen subjects with mixed vestibular
syndrome (twelve female and five male).

Subjects' inclusion criteria were their diagnosis, treatment approach to
the condition, consent to evaluation with the Synapsys posturographic
device and consent to participate in the study.

Exclusion criteria were the existence of any other pathology, which
could have been responsible for influencing the results (neurological
conditions, ophthalmological conditions or orthopedic conditions).

In order to functionally evaluate the subjects it was used the Synapsys
posturograph, through which data were collected on somesthestic, visual,
vestibular, preferential and global parameters, both in the antero-posterior
and in the mid-lateral axis. The evaluation involved the subjects being
positioned on the platform in orthostatic position, with arms held by the
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body, under six conditions (which were related to the static or unstable
platform as well as changes in the visual stimulus), while sensors calibrated
to the software recorded data of the oscillations of the center of gravity on
the anterior-posterior and mid-lateral axis.

The software of Synapsys allows to obtain numerical scores related to
reference values, which are expressed as follows:

— the somesthetic score - obtaining the score for the somesthetic
assessment required reporting the results of condition 2 with the
results of condition 1, a report that makes it possible to eliminate visual
information and not stimulate the vestibular one, as well as the
subject's ability to use somatosensory information;

— the visual score- involves the comparison of condition 4 with condition
1 and highlights the subject's ability to use the visual analyzer, as
somesthetic information is eliminated due to the unstable platform and
the visual analyzer is responsible for maintaining balance, while the
vestibular information is non-existent;

— the vestibular score- is quantified following the reporting of condition
5 to condition 1, so the somesthetic information is eliminated by
moving from a stable base to an unstable one, and the visual one is
eliminated due to the evaluation position with closed eyes;

— the preferential score- involves reporting conditions 3 and 6 to
conditions 2 and 5 and refers to the subject's ability to ignore erroneous
visual information (specific to conditions 3 and 6) in order to maintain
balance;

— the global score - sums up the results from all six assessment conditions
and represents a general assessment that allows highlighting the
subject's ability to use all the information necessary to maintain

balance.

4. Results

The analysis of the results is illustrated by means of the graphic

method, with a series of graphic representations that allow conclusively the
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presentation of the data collected. At the same time, the statistical analysis
program SPSS 20.0 was used, for highlight some statistically relevant results.

In order to highlight the role of balance compensation mechanisms in
the case of subjects with peripheral and mixed vestibular syndrome, we
performed graphic representations, through which we presented the results
of subjects compared to the reference values (expressed by Figures 1 and 2),
but and the Independent t test, through which we highlighted whether the
average values of the two groups show statistically significant differences,

expressed in Table 1, thus also testing the first hypothesis.

Numerical values

SOMEESTHETIC VISUAL VESTIBULAR PREFERENTIAL GLOBAL

mGroupl w®mGroup2 mReferencevalies

Figure 1. Average results of the two groups in the assessment of balance
on the anterior-posterior axis

In Figure 1 we can see the average results of the two groups regarding
the assessment of balance in the antero-posterior plane and superior results
are found for subjects with peripheral vestibular syndrome, results that are
close to the reference values, while subjects with mixed vestibular syndrome
shows results below the reference values for most parameters, except for the

preferential one.
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Numerical values
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Figure 2. Average results of the two groups in the assessment of balance
on the medio-lateral axis

According to Figure 2, we can see the results of the two groups
regarding the evaluation of the balance in the mid-lateral plane and superior
results are found for subjects with peripheral vestibular syndrome, results
that are close to the reference values, with only one situation in which the
value is lower than the value of reference (vestibular parameter), while
subjects with mixed vestibular syndrome show results below the reference
values for most parameters, except for the preferential one.

Table 1. Independent t-test to evaluate the balance between the two groups,
according to the location of the lesion

p=-005 p=-014

p=-009 p=-302
p=-003 p=-027
p=-184 p=-048
p=-000 p=-002

Legend: AP axis=anterior-posterior axis; ML axis=mid-lateral axis.

The analysis of Table 1 and Figures 1 and 2 shows that the average
values of the two groups show statistically significant differences in the case
of most balance parameters (p<0.05), except for the preferential one
(p=0.184), which means that we found a superior efficiency of compensation
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mechanisms of balance in the anterior-posterior axis for subjects with
peripheral syndrome; the average values of the groups show statistically
significant differences in most balance parameters (p<0.05), except for the
visual one (p=0.302), which means that we found a better efficiency of
balance compensation mechanisms in the mid-lateral axis are for subjects
with peripheral syndrome; the fact that in the antero-posterior axis the
average values do not show statistically significant differences of the
preferential parameter (p=0.184) would suggest that both subjects (with
peripheral and mixed vestibular syndrome) have a good ability to ignore of
the erroneous visual stimulus; the fact that in the mid-lateral axis the mean
values do not present statistically significant differences in the visual
parameter (p=0.302) would suggest that both groups have a good ability to
use the visual analyzer.

In order to test the second hypothesis, we performed the Pearson
correlation, through which we highlighted if exist an interdependence
relationship between the balance parameters (somesthetic, visual, vestibular,
preferential and global) for each of the two groups, as well as whether it is
established a relationship of interdependence between the balance
parameters on the two axes (anterior-posterior and mid-lateral).

Table 2. Pearson's correlation for assessment of balance
on the anterior-posterior axis
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Table 2 shows the results of the Pearson correlation for the average
values obtained by the two groups the assessment of balance on the anterior-
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posterior axis and we can describe the following aspects: group 1 recorded
statistically significant (positive) correlations in most situations, with the
exception of someesthetic-preferential, respectively vestibular-preferential
parameters, which may suggest that in the case of subjects with peripheral
vestibular syndrome we identify an interdependence relationship between
balance parameters in the anterior-posterior axis, and somaesthetic, visual
and vestibular information show similar changes after the onset of the
condition; group 2 registered statistically significant (positive) correlations in
isolated situations, predominating the correlations that are not statistically
significant, which may suggest that in the case of subjects with mixed
vestibular syndrome, the interdependence ratio between the balance
parameters in the anterior-posterior axis is less significant and someesthetic,
visual and vestibular information do not necessarily show linear changes after
the onset of the condition; the fact that subjects with peripheral vestibular
syndrome recorded statistically significant correlations in most situations and
subjects with mixed vestibular syndrome predominantly recorded
correlations that are not statistically significant could suggest that the
efficiency of compensatory mechanisms (in order to maintain balance in the
anterior-posterior axis) after the onset of the syndrome is different, depending
on the topography of the lesion and it can be suggested that patients with
mixed vestibular syndrome present a less efficient compensation process of
the vestibular function, which could lead to a greater accentuation of balance

disorders and functional deficits in the anterior-posterior axis.

Table 3. Pearson’s correlation for the assessment of balance on the mid-lateral axis
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Analyzing Table 3 allows the identification of the results of the Pearson
correlation for the average values obtained by the two groups regarding the
assessment of balance on the mid-lateral axis, namely: group 1 recorded
statistically significant (positive) correlations in most situations, with the
exception of the someesthetic —preferentially correlation, which may suggest
that in the case of subjects with peripheral vestibular syndrome we identify
an interdependence relationship between the balance parameters in the mid-
lateral axis and somesthetic, visual and vestibular information show similar
changes after the onset of the condition; group 2 recorded correlations that
are not statistically significant in most situations, except for the vestibular-
global and visual-preferential correlations, which may suggest that in the
case of subjects with mixed vestibular syndrome, the interdependence ratio
between the balance parameters in the mid-lateral axis is restricted and
someesthetic, visual and vestibular information do not necessarily show
linear changes after the onset of the condition; the fact that subjects with
peripheral vestibular syndrome recorded statistically significant correlations
in most situations and subjects with mixed vestibular syndrome
predominantly recorded correlations that are not statistically significant
could suggest that the efficiency of compensatory mechanisms (in order to
maintain balance in the mid-lateral axis) after the onset of the syndrome is
different, depending on the topography of the lesion and it can be suggested
that patients with mixed vestibular syndrome present a less efficient
compensation process of the vestibular function, which could lead to a
greater accentuation of balance disorders and functional deficits in the mid-
lateral axis.

Table 4 is suggestive for the description of the correlations between the
average results obtained by the two groups in terms of the balance
parameters in the antero-posterior and mid-lateral axis and thus highlights
the following aspects: in the case of group 1 the correlations are statistically
significant (positive) for the visual, vestibular and global parameters, while
for somesthetic and preferential parameters the correlations are not
statistically significant, which would suggest that subjects with peripheral
vestibular syndrome show similar changes in visual, vestibular information,

but also in the ability to use all the necessary stimuli globally maintaining
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balance in the two axis; in the case of group 2, the correlations are statistically
significant (positive) in the case of all parameters, which may suggest that
the reporting of subjects with mixed vestibular syndrome to someesthetic,
visual and vestibular information undergoes similar changes in the two axis.

Table 4. Pearson’s correlation for balance assessment on the two axes

p=-076, =405 p=-003, =674
p=-000, =978 p=-000, r=.791
p=-000, =945 p=-002, r—.689
p=-282, =253 p=-000, r=.760
p=-000, =935 p=-006, r—.636

5. Discussions

The results were collected through the Synapsys device and in this way
we recorded data regarding the oscillations of the center of gravity in the
anterior-posterior axis, but also in the mid-lateral axis. The same parameter
was also targeted in the research of Nair et al. (2017), who used the static
platform to record changes in the center of gravity as a statokinesiogram,
each test condition being performed for a period of twenty seconds and
being scored on the visual score, the vestibular score and the someesthetic
score on the antero- posterior and mid-lateral axis. In another research it was
used the MediPost mobile posturographic, a newly developed device that
has a high sensitivity and specificity in differentiating healthy people from
those with vestibular deficit by performing a specific protocol (Rosiak et al.,
2022).

According to the results of our preliminary study, it can be stated that
subjects diagnosed with a form of peripheral or mixed vestibular syndrome
show a different efficiency of compensation mechanisms in order to maintain
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balance. Taking all this into account, we can direct a future vestibular
rehabilitation protocol according to the data collected using the Synapsys
platform. The same is supported by the research done by Rosiak et al. (2022),
which demonstrated that mobile posturography may be a promising
solution to the growing problem of a society suffering from balance
disorders. According to these authors, the advantage of posturography,
equipped with a multitude of sensors, compared to systems with force
plates, is represented by the possibility of following the movements
performed and thus identifying including gait disorders.

A basic idea that emerges from the analysis of the preliminary results
refers to the fact that subjects with mixed vestibular syndrome show inferior
results compared to subjects diagnosed with peripheral vestibular
syndrome, which can also be attributed to compensatory mechanisms. This
aspect is also supported by Michel, Laurent & Alain (2020), who stated that
peripheral vestibular disorders are the most common and can be treated both
pharmacologically and by vestibular rehabilitation, but when the treatment
is not effective, a mechanism compensatory may develop in the central
nervous system and improve the patient's ability to maintain static and
dynamic balance. Conversely, in patients with central vestibular syndromes,
even if they are less common than peripheral conditions, they should be
considered, given their impact on both prognosis and rehabilitation. At the
same time, some drugs applied in the treatment of vertigo can have a
negative impact on the development of the compensatory phenomenon
(Casani, Gufoni & Capobianco, 2021).

There is a lot of research that shows that age is an important factor in
the ability of patients diagnosed with a form of vestibular syndrome to
maintain their balance. Neuhauser (2016) highlights that each year 5% of the
general population experience symptoms of vertigo and the prevalence,
frequency and severity of vertigo generally increase with age. At the same
time, it is estimated that 25% of the population aged 70 years or older have
symptoms of dizziness, most of them remain with these symptoms for more
than one year (Vaz et al., 2013) and older people reported more falls due to
vertigo than the younger population (Prell, Finn & Axer, 2022). This may also
be explained by the fact that older adults with vertigo often suffer from
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multisensory deficits such as central bilateral vestibulopathy and benign
paroxysmal positional vertigo (Lindell et al., 2021).

Lifetime prevalence data for vertigo show a 30% to 50% increase in the
elderly (Penger, Strobl & Grill, 2017). Silva et al. (2016) note that some
changes due to aging are directly related to the vestibular system, which can
cause several otoneurologically related symptoms, such as vertigo and other
types of dizziness, hearing loss, tinnitus, changes in body balance, gait
disturbances and occasional falls. Similar aspects are also described by
Casani (2021), according to which benign vertigo affects approximately 20%
of all cases of vestibular syndromes and, even if it can appear at any time of
life, it manifests itself more frequently in adults and older patients, with a
maximum incidence between the fifth and seventh decades of life.

Regarding the incidence of vertigo according to gender, it was
described that, although the number of female patients was higher than that
of males, no significant difference in the incidence rate between the two
categories was identified (Yin et al., 2009) and the study by Della Torre et al.
(2021) highlighted that there were no statistically significant differences in
baseline characteristics of subjects with vestibular syndrome by gender.
Taking into account all these aspects it is distinguished that the prevalence
of vertigo is higher for women (3.2%) than for men (1.6%), but this gender
difference disappears in the very old (Silva, 2016; Maarsingh et al. al., 2010);
it is also highlighted that 65% of patients are women (Skuladottir et al., 2021;
Hulse et al., 2019), and the significant association of female gender with
vertigo was mainly explained by the types of orthostatic vertigo and,,
rocked” (Filippopulos et al., 2017).

Given the fact that vestibular syndrome, regardless of the etiological
factor that led to its installation, produces changes in the ability to maintain
balance, we consider it important to study how balance parameters are
modified. Such aspects have also been the subject of other studies, through
which it has been demonstrated that the sudden alteration of sensory
information arising from peripheral vestibular sensory and/or neural
elements evokes typical vestibular symptoms characterized by a cascade of
functional disturbances that include postural imbalance at rest and during
movement, and patients diagnosed with peripheral or mixed vestibular
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syndrome show an impairment of visual, vestibular and proprioceptive
functions (Tighilet et al., 2017).

In this study, we highlighted the importance of somatosensory, visual
and vestibular information in order to maintain balance and this aspect is
supported by current research, in which it was mentioned that the
integration, processing and correct coordination of the stimuli responsible
for maintaining balance allow maintaining the projection of the center of
body weight inside the support surface, and posturographic assessment
proves to be an objective, accurate and complex method of balance
assessment (Krawczyk-Suszek, Martowska & Sapula, 2022).

All this information can be valuable due to the possibility of describing
a future vestibular rehabilitation protocol, which will be customized
according to the topography of the lesion and, above all, depending on how
the balance parameters are affected (somesthetic, visual, vestibular).
Vestibular rehabilitation is aimed at improving the vestibular compensation
process, but its effect on functional recovery is not fully known (Lacour,
Tardivet & Thiry, 2021). Some authors state that vestibular rehabilitation is
of major importance, both for central and peripheral vestibular disorders
(Dunlap, Holmberg & Whitney, 2019) and individual vestibular
rehabilitation training decreases the sensation of vertigo, adapts the
vestibulo-ocular reflex and, most importantly, it improves stability and can
reduce the risk of falling (Carender, Grzesiak & Telian, 2021). However, more
than 80% of patients experiencing vertigo in the Netherlands, the United
Kingdom and the United States are mainly treated by their general
practitioner or primary care physician and are never referred to a specialist
(Van Vugt et al.,, 2019, Stam et al., 2016). Despite the scientific evidence for
vestibular rehabilitation, less than 10% of general practitioners in the
Netherlands and the UK reported using this therapy (McDonnell & Hillier,
2015; Bhattachayya et al., 2017).

6. Conclusions

The results obtained in this research support the first hypothesis
because, following the assessment of subjects with vestibular syndrome by
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means of the Synapsys posturography equipment, we identified distinct
elements of the balance parameters, depending on the location of the lesion,
and thus we can state that both subjects with peripheral vestibular syndrome
and subjects with mixed vestibular syndrome, show balance changes in the
antero-posterior and mid-lateral axis, specifying that these changes are more
significant in the case of subjects with mixed vertigo.

Regarding the second hypothesis we can say that it is partially
supported by the collected results because we identified reports of
interdependence between balance parameters for subjects with peripheral
vestibular syndrome, while in the case of subjects with mixed vestibular
syndrome they were limited. However, we highlighted similar changes in
balance parameters on the two axes, especially for subjects with mixed
vestibular syndrome.

The use of the Synapsys posturograph for patients with vestibular
syndrome proves to be a valuable therapeutic measure, by accurately
describing balance parameters and, above all, by analyzing the patients'
ability to use somatosensory, visual and vestibular information in order to

maintain balance in the antero-posterior and in the mid-lateral axis.
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