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ABSTRACT

BACKGROUND. Computerized dynamic posturography is the most important battery test designed to assess the ability to use
visual, vestibular and proprioceptive cues in the maintenance of posture. Foam posturography reduces the availability of pro-
prioceptive inputs, which makes more difficult the balance control.

OBJECTIVE. The objective of the study was to assess the clinical use of foam posturography in evaluating peripheral vestibular
dysfunction.

MATERIAL AND METHODS. We evaluated 41 patients with vestibular disorders and 41 normal patients by using the sensory
organization test in eyes opened, eyes closed and mislead vision conditions with and without the foam. We measured several
parameters: the position of the center of pressure, the displacement in the center of pressure in anteroposterior and medio-
lateral planes and Romberg’s ratio on static and foam rubber.

RESULTS. The values of all parameters were significantly higher in patients with peripheral vestibular disorders than in the
control group (p<0.05). Also. comparing the Romberg test results, the foam surface used by the patient was larger than the
static one.

CONCLUSION. Foam posturography can be a reliable test in assessing patients with peripheral vestibulopathy, being also able

to identify the visual and proprioceptive dependence levels.

KEYWORDS: foam posturography, vestibular disorders, dynamic posturography, Romberg’s ratio.

INTRODUCTION

Vestibular disorders, as a result of a lesion located
in different parts of the brain or inner ear, are charac-
terized by gaze impairment or vertigo, postural con-
trol deficit and vegetative phenomena'. The inputs
received from the sensory systems (visual, vestibular
and proprioceptive), muscle effectors and central
nervous system are used for maintaining balance®?.
The central nervous system receives information from
the visual and vestibular systems, analyses them and,
associated with the somatosensory inputs, keeps the
body’s center of pressure within the base of support.

With the evolution of medicine, different tests have
been developed for the positive and differential diag-

nosis of vestibulopathies. Posturography is a test de-
signed to assess the ability of visual, vestibular and so-
matosensory systems to maintain postural gait*. Its
purpose is to evaluate balance and to help understand
the pathophysiology of postural control by measuring
the position of the center of pressure.

There are several types of posturography tests that
can be performed. Static posturography gives informa-
tion about the spontaneous movements of the body on
a static platform®. Dynamic posturography, per-
formed on a moving platform, or the posturography
on a foam rubber (foam posturography) assess pos-
tural control in the presence of an induced external
perturbation, thus evaluating the contribution of vis-
ual, vestibule and somatosensory inputs*®*®. The infor-
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mation gain with this test can determine which type of
input can or cannot be used to maintain balance.

Several studies reported in the literature sustain
that both dynamic and foam posturography can be
used as preliminary tests in the evaluation and diagno-
sis of patients with peripheral vestibular disorders>'°.
Even if foam posturography cannot identify the dys-
functional vestibular organ, authors like Allum, Black
or Baloh showed in their studies that patients with pe-
ripheral vestibulopathies may present severe balance
deficits compared to healthy subjects'*3.

Considering the data found in the literature, the
aim of this study was to assess the clinical value of foam
posturography in evaluating and identifying those pa-
tients with peripheral vestibular deficit.

MATERIAL AND METHODS

Patients

Subjects included in the study consisted of 41 patients
with peripheral vestibular dysfunction (V+) and 41 con-
trols, healthy subjects (V-). The control group (25 women
and 16 men, mean age + SD = 48.53+10.41 years, range =
30-77) presented normal results at videonystagmoscopy,
smooth pursuit and saccades.

The patients group included 21 women and 20
men, with a mean age (+SD) of 57.3+13.06 years,
range=32-76. All patients underwent an audiometric
test, a videonystagmoscopy evaluating the presence or
absence of spontaneous or gaze nystagmus, smooth
pursuit and saccades tests. We included in the study
those patients diagnosed with peripheral vestibular
dysfunction, as follows: vestibular neuronitis (n=8),
Meniere’s disease (n=17), sudden hearing loss associ-
ated with vestibular dysfunction (n=6), drug toxicity
(n=b) and peripheral vestibular deficit due to VPPB
(n=b5). An excluding criteria was the history of ortho-
paedic or neurological pathology, and those patients
with central vestibular deficits.

The subjects were recruited between September
2015 and May 2016. Both normal subjects and patients
were informed about the study and an informed con-
sent was obtained from all individuals participants in-
cluded in the study.

Posturography evaluation

The posturography evaluation was made using the
Synapsis Posturography System® (SPS®, version 3.0,
SYNAPSIS, Marseille, France). All patients performed
the Sensory Organization Test (SOT), this test repre-
senting the association between static and foam pos-
turography under three conditions — eyes open (eo),
eyes closed (ec), mislead vision. SOT objectively analy-
ses the three sensory systems that contribute to pos-
tural control: somatosensory, visual and vestibular, by

systematically eliminating useful visual or support in-
formation, creating also sensory conflict situations.
Also, SOT stresses the adaptive responses of the cen-
tral nervous system.
We registered the results obtained under four condi-
tions: eyes open and eyes closed on static surface and
foam. The feet position of the patient on the platform
was — 2 cm spacing apart of the heels and a 30° angle
between, corresponding to the foot size. Each test was
performed barefoot, in standing position, 2 trials of 20
seconds for each test. The foam mattress (50x50x5.5cm)
was fitted on the firm surface of the platform.
The parameters evaluated were:
¢ the statokinesigram (SKG) — a graph of the suc-
cessive positions of the centre of pressure (COP)
at 100Hz recorded by the platform (mm?)

¢ the Romberg’s quotient (RQ)

¢ the degree of the displacement in the centre of
pressure, the maximum deviations, in the antero-
posterior (AP) and medio-lateral (ML) plans
(mm).

Data analysis

Data analysis was performed with XLSTAT® for Mi-
crosoft Excel. Due to the abnormal distribution of the
parameters, the Mann-Whitney nonparametric test
was used to evaluate the two groups. A pvalue less than
0.05 was considered to be a sign of a statistically sig-
nificant difference. The receiver operating character-
istics (ROC) curves were used to compare sensitivity
and specificity for the parameters ability to predict the
existence of peripheral vestibular disorders.

RESULTS

Control group

The evaluation of the healthy subjects revealed that
the successive position of the COP was greater on
foam (Graph 1). The statistic results showed that in
the “eyes closed” condition the mean value was higher
in both static and foam platform, 183.355, respectively
1042.106. Comparing the two samples “static-eyes
closed” and “foam-eyes closed” using the Mann-Whit-
ney nonparametric test, there was a significant statisti-
cal difference between the two samples ($<0.0001)
(Table 1).

Also related to the SKG, the Romberg’s quotient
presented increased values on foam in the control
group (Graph 2), even if there were subjects with
scores outside the normal values, 85-241. The group
analysis performed with Mann-Whitney nonparamet-
ric test revealed a significantly statistical difference
between the scores obtained on foam and static plat-
form, in favour of the first parameter ($<0.0001)
(Table 2).
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Graph 1. The distribution of the successive position of the center of pressure on static platform and foam rubber in the

control group.

Table 1
Statokinesigram statistic results
Statistic Static eo Static ec Foam eo Foam ec p-value
Minimum 49.830 71.160 121.650 314.520
Maximum 359.510 475.090 1261.450 2238.000
1st Quartile 89.480 102.990 288.640 740.440
Median 123.500 163.740 409.720 978.340
3rd Quartile 163.390 215.090 492320 1257.290
Mean 139.980 183.355 436.406 1042.106 <0.0001
Std. dev. 79.164 97.674 207.463 425.453
€0 — eyes open; ec — eyes closed; Std. dev. — Standard deviation
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Graph 2. Representation of Romberg’s quotient (RQ) values in the control group.
Table 2
Statistical analysis of Romberg’s quotient in the control group
Variable Minimum Maximum Mean* Std. dev.
RQ static V- 51 n 148.610 60.728
RQ foam V- 15 703 266.537 124.558

V- = control group; Std. dev. — Standard deviation; *p-value < 0.0001
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An important parameter in our study was repre-
sented by the maximum deviation of the centre of
pressure in the AP and ML plane (the maximum am-
plitudes). This parameter can provide information
about the fall risk of the patients. In the normal sub-
jects group, the displacement in the AP plane was
greater than in the ML plane, on both static platform
and foam (Table 3), the anomaly being significantly
prominent in the eyes closed condition (p<0.0001).

Comparing the deviation degree on foam in AP
plane in both eyes open (mean=27.09) and eyes closed
(mean=48.94) conditions, we observed that during the
latter the degree of the displacement was significantly
higher (p<0.0001). The same observations can be
made in what the displacement in the ML plane is con-
cerned (Table 4).

Table 3

Patients group

The comparison of the statokinesigram between the
peripheral vestibulopathy group and the control group
revealed a significant difference between the two
groups on static platform and foam rubber in both con-
ditions — eyes open ($=0.002 static platform; $<0.0001
foam rubber) and eyes closed ($<0.0001) (Table 5).

As it can be seen in the distribution of the area val-
ues on static platform and foam rubber in the eyes
open and eyes closed conditions (Graph 3), the values
are higher in those patients with peripheral vestibular
dysfunction, the difference being even more impor-
tant in “foam-eyes closed” condition. It is well known
that patients with vestibular disorders need a bigger
area of support for their centre of pressure. Also, the
presence of visual dependency is high in these cases.

Statistical analysis of the maximum deviation of the centre of pressure

Max. ampl. Static (mm)

Max. ampl. Foam (mm)

APeo MLeo APec MLec APeo MLeo APec MLec
Mean* 15.63 13.37 19.28 14.77 27.09 25.88 48.94 38.40
Minimum 9.70 7.00 11.40 7.90 13.90 13.50 26.00 23.70
Maximum 27.40 23.10 32.20 23.60 41.40 43.00 68.70 62.50
*p-value 0.033 <0.0001 0.422 <0.0001
Table 4
Statistic comparison between AP and ML displacement
Condition AP eo AP ec ML eo ML ec
Static 15.63 19.28 1337 14.77
Foam 27.09* 48.94% 25.88/ 3841
p-value <0.0001 <0.0001 <0.0001 <0.0001

alpha = 0.05; *p<0.0001; A p<0.0001
AP eo — antero-posterior eyes open; AP ec — antero-posterior eyes closed;
ML eo — medio-lateral eyes open; ML ec — medio-lateral eyes closed

Table 5

Statistical analysis of statokinesigram and Romberg’s quotient values between the two groups

Control group

Patients group

Condition Eyes p-value
Mean Std. dev. Mean Std. dev.
Open 139.98 (49.83-359.51) 79.16 192.62 (72.71-1686.14) 308.40 0.002
Static
Closed 183.35 (71.16-475.09) 97.67 546.13 (94.93-4052.18) 740.60 <0.0001
Area (mm?)
Open 436.41(121.65-1261.45) 207.46 911.57 (115.26-4782.95) 733.97 <0.0001
Foam
Closed 104211 (314.52-2238) 425.45 2655.34 (668.49-7872.34) 129447 <0.0001
Romberg's Static 148.61(51-311) 59.98 195.78 (28-850) 168.78 0373
L Foam 266.54 (115-703) 123.03 340.34 (94-663) 140.91 0.007
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Graph 3. The graphic representation of the distribution of the statokinesigram values on static platform and foam rubber in the eyes open and eyes closed

conditions (comparison between the two groups).

Going further and analysing the RQ), its values on
the static platform did not give us conclusive informa-
tion for differentiating patients with peripheral ves-
tibular disorders from those included in the control
group ($=0.373). On foam rubber, on the other hand,
there was a statistically significant difference, p-
value=0.007, between RQ values of vestibular patients
and normal subjects (Table 5).

The measurements of the displacement of the centre
of pressure in AP and ML plane revealed statistically sig-

nificant differences between the two study groups on
both foam and static platform (Table 6). Evaluating the
data obtained in the peripheral vestibulopathy group,
these emphasized the importance of foam posturogra-
phy in identifying patients with peripheral vestibular dys-
function (pvalue<0.0001). Comparing the AP and ML
displacement degree, there was a greater deviation in the
AP plane, but with no statistical difference between the
two planes on foam in both eyes open (p=0.967) and eyes
closed (p=0.151) conditions (Graph 4).

;:alzliit?cal analysis of the difference of the maximum deviation of the centre of pressure in the AP and ML planes between
the two groups
Max. ampl. (mm) Condition Control group Patients groups p-value
AP eo 15.63 (9.70-27.40) 21.26 (12.20-55.60) 0.000
AP ec 19.28 (11.40-32.20) 31.82(13.30-96.30) <0.0001
Static
MLeo 13.37(7.00-23.10) 18.29 (9.00-42.00) 0.001
ML ec 14.77 (7.90-23.60) 24.79(11.30-93.40) <0.0001
AP eo 27.09 (13.90-41.40) 37.66 (15.90-99.80) <0.0001
AP ec 48.94 (26.00-68.70) 74.53 (40.10-117.20) <0.0001
Foam MLeo 25.88 (13.50-43.00) 38.83 (13.80-146.10) <0.0001
ML ec 38.40(23.70-62.50) 67.36 (35.60-140.30) <0.0001
p<0.0001

AP eo — antero-posterior eyes open; AP ec — antero-posterior eyes closed;
ML eo — medio-lateral eyes open; ML ec — medio-lateral eyes closed
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Graph 4. Antero-posterior and medio-lateral displacement degree on foam in both eyes open and eyes closed conditions.

In all evaluated parameters, a statistically signifi-
cant difference was found between the two groups on
both static platform and foam rubber. The Romberg’s
quotient was the only parameter that had comparable
results for both groups on static platform (p=0.373),
but with significant differences on foam (p=0.007).

Also, even if the displacement in the AP and ML plane
presented an overall significant difference between
groups and between static platform and foam in eyes
open and eyes closed conditions, the difference between
the two oscillations planes was not significant on foam.

Considering the results which showed that foam
posturography, and especially the condition “foam -
eyes closed”, is the most important in identifying those
patients with peripheral vestibular dysfunction, we
evaluated the sensitivity and specificity of the param-
eters for the conditions taken into consideration. For
that, we evaluated the receiver operating characteris-
tics (ROC) curves to compare sensitivity and specificity
for the parameters ability to predict the existence of
the peripheral vestibular dysfunction. Important for
the accuracy of the test is the area under the curve
(AUC); this is normally between 0.5 and 1.0.

Evaluating the importance of the statokinesigram
in identifying patients with peripheral vestibular defi-
cit, the test registered on foam with eyes closed proved
to have 87.8% sensitivity and 90.2% specificity. The
overall specificity was between 73.2 and 90.2%, and
the sensitivity between 63.4 and 87.8%. The AUC on
both static platform and foam was greater than 0.5
with a pvalue<0.0001, these results sustaining the hy-
pothesis that the statokinesigram can discriminate be-

tween abnormal patients and normal controls, the
most important being the “foam-eyes closed” condi-
tion (Graph b5).

The overall specificity of Romberg’s quotient in
identifying patients with vestibular dysfunction proved
to be between 61% and 85.4%, while the sensibility was
evaluated between 46.3 - 63.4%. Evaluating the ROC
curves on both foam and static platform (Graph 6), the
AUC on foam was of 0.674 with a pvalue equal to 0.003,
while on the firm surface AUC=0.557, p=0.372. Consid-
ering the results, we can say that Romberg’s quotient
on static platform is not reliable in identifying patients
with peripheral vestibular deficit.

In what the displacement of the centre of pressure
in the AP and ML plane is concerned, this parameter
presented an overall specificity between 48.8% and
82.9%, a sensibility of 61 to 90.2% on firm surface,
respectively 78 - 87.8% specificity and 70.7 - 85.4%
sensitivity on foam rubber. With an AUC value greater
than 0.5 (Graph 7) and a small pvalue (<0.0001), the
parameter can be used with success to diagnose pa-
tients with peripheral vestibular dysfunction.

DISCUSSIONS

Despite all data that can be found in the literature
and despite the fact that increases in body sway while
standing on a moving or foam platform with eyes
closed seems to be specific for the vestibular dysfunc-
tion, the role of foam posturography in clinic diagno-
sis of peripheral vestibulopathy is still controversial'*'%.
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It has been shown that there can be a large variance
in normal subjects’ measurements on both static plat-
form and foam rubber. Also, in our study, the normal
and abnormal results overlapped. Regardless of this
fact, we demonstrated that the “trusted” area in case of
the SKG proved to be larger in the case of vestibular
patients group. The difference between the two groups
was greater in the “foam-eyes closed” condition. The
same observations were reported by Celebisoy et al. in
a study published in 2013". Fujimoto et al, in a study
from 2009 and one published in 2012, showed that the
velocity of the movement of the COP and the area
traced by the movements of the COP in eyes closed/
foam rubber condition were significantly higher in the
patients group compared to controls (p<0.001)*'.

From the statokinesigram point of view, and as
other studies demonstrated and our study also sus-
tains, the degree of the displacement of the COP in
the AP plan is greater than in the ML plane*'s. The
variation was higher on foam, with a larger displace-
ment in the AP plane in both eyes open and eyes
closed conditions. There are also studies that show no
significant difference of the shift recorded in the pa-
tients group compared to healthy controls'*.

Fujimoto, in his study published in 2009, demon-
strated a RQ on foam significantly higher in periph-
eral vestibulopathy patients compared to controls*,
The same results were found in our study (p-value on
foam = 0.007, pvalue on static platform = 0.373).

Analysing the diagnosis utility of foam posturogra-
phy in the peripheral vestibular dysfunction, there are
studies reporting promising results, with more than
50% sensitivity and specificity in case of the statokine-
sigram'®'*!%17 Tn our study, the successive positions of
the centre of pressure on foam platform presented
more than 80% sensitivity and specificity, the values
being higher in the eyes closed condition (87.8% sen-
sitivity and 90.2% specificity).

Analysing the overall sensitivity and specificity of
both static and dynamic posturography, these tests
proved to be about 50% sensitive and specific'®!".

Considering the sensory organisation test, per-
formed on both firm surface and foam rubber, it
proved to have 15-63% sensitivity and 34-95% specific-
ity in diagnosing patients with peripheral vestibular
dysfunction'®®®. Hamid et al, for example, report a
sensitivity for the posturography of almost 95%.

Romberg’s quotient was reported by several authors
to have a sensitivity of 79% and specificity of 80%*'*!.
In our case, those patients with peripheral vestibular
dysfunction presented difficulties in maintaining their
postural balance on foam, the RQ in this case having
a specificity of 85.4%.

Evaluating all parameters which have been taken
into consideration in our study, we can conclude that
the measurements results were greater on foam in eyes

closed conditions, these sustaining the visual depend-
ency present in patients with peripheral vestibular dis-
orders.

CONCLUSIONS

Foam posturography can be useful as a preliminary
test in identifying patients with peripheral vestibulopa-
thy. Romberg’s quotient and the statokinesigram
proved to be suitable parameters for assessing patients
with vestibular deficit.

We found the foam — eyes closed condition to be
the most reliable test for the diagnosis of peripheral
vestibular dysfunction, considering the high level of
visual dependency these patients have.

But we have to mention that foam posturography
has to be correlated and associated with other tests for
the evaluation of the vestibular function, because it
cannot directly evaluate the function of each vestibu-
lar organ.
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