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Abstract
The aim of the research – assessment of vestibular function in children with acute purulent otitis media by computer static 

stabilometry compared with typically developed children of the same age. 
Materials and methods: 22 children with purulent otitis media aged 4 to 7 years and 30 practically healthy peers were 

examined by static stabilometry on the device «MPFI stabilograph 1» (Kharkiv, Ukraine). Indicators of variation and shape of the 
pressure center distribution, spectral-correlation indicators of stabilograms, as well as integral indicators of stability (length, velocity 
and angle of postural oscillations) were taken into account and the equilibrium functions of the two sensory states (open and closed 
eyes) are calculated in the StabiliS software.

Results: purulent otitis media causes posterior displacement of the absolute coordinates of the pressure center. In the state 
with closed eyes, children with purulent otitis differ from their healthy coevals by 14 of 24 stabilometric parameters, including stabi-
logram length, speed, angle and amplitude of oscillations, giving way to them in the stability of equilibrium. Children with purulent 
otitis media are more sensitive to the visual canal of postural control than their coevals. Involvement of visual afferents in postural 
control significantly improves balance maintenance in children with purulent otitis by reducing deviations of postural oscillations, 
which is reflected in the probable changes of 9 out of 24 stabilometric parameters compared to control.

Conclusions: In preschool age, purulent otitis media leads to latent vestibular dysfunction, which is manifested by a violation 
of the stability of the vertical posture in a state with closed eyes and is compensated by visual-vestibulo-proprioceptive integration 
in the process of postural control.
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1. Introduction
Peripheral vestibular disorders are difficult to differentiate due to non-specific symptoms, 

unclear formulation of patient complaints, multifactorial nature of dizziness and posture instability 
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and lack of reliable screening methods [1]. All tests of the peripheral nervous system currently used 
in clinical practice are based on the measurement of oligosynaptic reflexes of the brain stem [2]. 
Stabilometry, based on the assessment of human balance, which allows to detect vestibulo-spinal 
disorders, is no exception [3].

Equilibrium is the ability to maintain the center of pressure of the body with minimal shak-
ing [4], and its control is provided by a combination of central and peripheral nerve components, 
including spinal reflexes, supraspinal commands and integration of afferent and/or efferent signals 
of visual, vestibular and somato-sensor. Postural control strategies include either compensatory 
posture adjustments after an unforeseen violation, or proactive posture adjustments that counteract 
any predicted posture disorders [5]. Postural control is closely related to the harmonious develop-
ment of sensory-motor integration and motor, cognitive and social development of the child [6].

Stabilometry, also known as stabilography or posturography, is a test in which the force 
platform is used to objectively assess the balance and obtain a quantitative approximation of the  
oscillations of the human mass center by registering the pressure center on the platform [3, 5]. 
There are static and dynamic stabilometry.

Static stabilometry refers to the measurement of postural oscillations of the center of pres-
sure of the body during a quiet standing on a stationary support surface. Static posturography 
allows you to objectively assess the passive control of posture [5, 7], which includes the reaction 
to gravity and the effects of relatively small, self-initiated corrective movements [7]. Dynamic 
posturography involves the use of induced imbalance, such as displacement of the support surface 
using an unstable support surface, movement of the visual environment, application of stimuli to 
the upper body or arbitrary displacement of the center of mass [5]. Simulation of different sensory 
states allows to evaluate different mechanisms of translational control. Thus, a neutral position on 
a stable solid surface facing forward with open eyes allows us to assess the integrative interaction 
of the visual, somatosensory and vestibular systems in maintaining balance [8], while closing the 
eyes in the same position can assess the effects of somatosensory and vestibular systems [8], and 
replacement of a stationary platform with a moving one with closed eyes allows to assess mainly 
vestibular functions, and a solid surface with a pliable one – mainly somatosensory function [2].

Previous studies have demonstrated the effectiveness of postural tests in detecting subclin-
ical vestibular dysfunction even in patients without a history of dizziness, especially in sensory 
modelling [8].

In the special literature, little attention is paid to vestibular function in children, probably 
due to the low prevalence of vestibular disorders in the population of children with normal on-
togenetic development. At the same time, the auditory system is closely related to the vestibular 
system in terms of embryological development, innervation, and blood supply [9]. The connection 
of middle ear diseases with vestibular peripheral disorders is also known [10, 11]. Thus, in children 
10–12 years with a history of tympanostomy tubes and/or 3 or more infectious diseases of the ear, 
transferred to five years, postural stability was reduced according to the computerized test of dy-
namic posturography to assess stability (SET) and children’s balance scale (PBS) [12].

One of the most common diseases of the middle ear in childhood is acute otitis media, 
including purulent. Previous studies have shown that 50 % of children suffer from acute purulent 
otitis media before the age of 1 year, and up to 80 % – up to 3 years [13].

According to the results of our retrospective study [14], children with acute purulent otitis 
media complained of weakness, headache, dizziness, nausea, sometimes vomiting, and otoneuro-
logical examination revealed small-swept horizontal nystagmus, shakiness in the Romberg posi-
tion, «smearing» when performing coordinating tests. This suggests that the complaints of patients 
are due not only to the processes of intoxication, but also disorders of vestibular function.

Most of the research in the last decade has focused on vestibular function in children with 
secretory otitis media. In particular, it has been shown that 50 % of children with serous otitis may 
have some imbalance [15].

In children 3–6 years with moderate secretory otitis, the average rate of oscillation of the 
body according to computer stabilometry is disturbed both before and after surgery at 3 months, 
which is considered by the authors as a sign of latent vestibular dysfunction [16]. In the study of 
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children 47 years with effusion in the middle ear, no differences were found with the control in the 
tests of Barany but found not significantly higher rocking speed according to posturography [17].

The study of coordination, balance, oculomotor function and nystagmus in children 4-8 years 
with otitis media with effusion revealed a significant increase in oculomotor abnormalities compared 
with the control [18]. A study of 4–15-year-old children with otitis media with effusion and dizziness 
by video pulse vestibulo-ocular test (vHIT) did not reveal significant changes in the mean values of 
vHIT growth or their asymmetry, however, revealed an increased frequency of latent saccades (57 %), 
which was considered by the authors as a sign of mild vestibular disorder [19]. In another study of the 
same category of patients by the same method, the frequency of latent saccades (in the vertical planes 
of the canal) was 32 % and did not depend on the stage of acute secretory otitis with effusion. A sig-
nificant decrease in vHIT growth was found only in the plane of the anterior canal on the affected side 
compared to a healthy ear [20]. Posturographic examination of children 4-14 years with bilateral acute 
otitis externa revealed an imbalance (increase in most stabilometric parameters) both before drain-
age and after 4 weeks from the moment of drainage [21]. Posturographic examination in combination 
with electronystagmography (ENG) of children 7–15 years with otitis media with effusion revealed 
increased values of stabilometric parameters with both open and closed eyes, spontaneous (40.9 %) and 
positional (63.6 %) nystagmus [22]. In children with otitis media with effusion, the scores on the Arabic 
dizziness questionnaire and some results of bed tests were significantly deviated from the norm, in 
73 % air-induced vestibulo-induced myogenic potentials (oVEMP) had a significant latency delay. At 
the same time, bone vestibule-induced myogenic potentials (cVEMP) did not differ from control [15].

As we can see, the results of assessment of vestibular function in children with acute otitis media 
by various instrumental methods are quite contradictory, as indicated in a recent systematic review [11], 
and studies of vestibular function in children with acute purulent otitis media are virtually absent.

Given the above and the simplicity and reproducibility of the results of static stabilometry in 
the detection of vestibular dysfunction in children [9], the aim of the study was to assess the state 
of vestibular function in children with acute purulent otitis media by computer static stabilometry.

2. Materials and methods
The study was conducted on the basis of the pediatric otolaryngology department of  

the «Kharkiv City Hospital No. 30» during 2021. The study was agreed with the ethics committee 
of the «Kharkiv City Hospital No. 30» (protocol No. 1 from 15.04.2021).

52 children aged 4–7 years were examined, which were divided into 2 groups: the main 
group (n = 22, age – 5.58 ± 0.24 years) with purulent acute otitis media and the control group –  
almost healthy children (n = 30, age – 5.91 ± 0.21 years).

Criteria for inclusion in the control group were the absence of acute and chronic pathology 
of the nervous, vestibular, auditory, visual and musculoskeletal systems.

Criteria for exclusion from the main group were: the presence of pathology of the musculo-
skeletal and/or visual, nervous systems.

The work was performed in accordance with the Code of Ethics of the World Medical As-
sociation (Helsinki Declaration). The work was approved by the Commission on Bioethics of the 
Kharkiv Medical Academy of Postgraduate Education, protocol No. 3 10.10.2018 Parents or official 
representatives of children included in the study gave written informed consent to examine chil-
dren on a stabilometric platform.

Studies of autonomic-spinal reflexes and balance function were performed in the first 2 days 
of admission to the hospital by the method of computer static stabilometry on the device «MPFI 
stabilograph 1» (LLC «ASTER IT», Kharkiv, Ukraine). The reliability of stabilometric assessment 
in children is proven [23].

During the study, the child was on a strain gauge platform (300×300 mm) in a vertical po-
sition in a European rack (heels together, socks apart). The duration of the study according to the 
recommendations [24] was 1 min. in two sensory states – closed and open eyes. The movement 
of the pressure center on the platform area was recorded with a sampling frequency of 13.128 Hz.

On the basis of the registered data in the StabiliS software package the following stabilometric 
indicators were calculated: Length, mm – length of a trajectory of fluctuations of the pressure center; 
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AvgSpeed, mm/s – average speed of movement of the pressure center; Angle, ° is the average angle of 
oscillation of the pressure center; Pup2Sigma, % – relative number of stabilogram points lying within 
the double standard deviation; PirsonXY – coefficient of linear correlation between oscillations in 
the frontal and sagittal planes; wAvgFXY, Hz – weighted average frequency of the cross-spectrum 
of pressure center oscillations in the frontal and sagittal planes; KFR, % – quality of the equilibri-
um function. The following indicators were calculated separately for the frontal (X) and sagittal (Y) 
planes: RangeXtiRangeY, mm – amplitude of pressure center oscillations; MeanX and MeanY, mm – 
average position of the pressure center; StdDevX and StdDevY, mm – standard deviation of pressure 
center oscillations; SkewX and SkewY, mm – asymmetry of pressure center oscillations; KurtosisX 
and KurtosisY, mm – excess of pressure center oscillations; wAvgFX and wAvgFY, Hz – weighted 
average frequency of the spectrum of oscillations of the pressure center; CC0X and CC0Y, s is the 
offset of the autocorrelation function to obtain the value of the correlation coefficient less than zero.

All data were statistically processed in the environment of specialized application software 
STATISTICA v12.5 (StatSoftInc, USA). The Shapiro-Wilk test was used to check the normality of the 
distribution. Due to the inconsistency of the law of normal distribution of most of the studied stabilomet-
ric indicators, the data are presented in the form of median and interquantile scatter. The Mann-Whit-
ney U-test was used for comparative analysis of the main and control groups, and Wilcoxon’s T-test 
was used to compare different sensory states. Differences at p ≤ 0.05 were considered significant.

3. Results
In the absence of visual afferentation in children with purulent otitis there was a signifi-

cant (p ≤ 0.001) shift of the tic center compared with the control group. Thus, in the control group, 
the pressure center was almost centered relative to the midline in the frontal plane and slightly 
displaced backwards, while in purulent otitis there was a more pronounced shift to the right and 
back relative to the midline (Fig. 1).

Fig. 1. Example of the position of the pressure center in the coordinate system  
of the European standard in children with purulent otitis media (A) and in the control (B)  

under different sensory conditions
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With open eyes, significant changes in the location of the pressure center in children with 
purulent otitis, compared with controls, were observed only in the sagittal plane (p ≤ 0.05), remain-
ing shifted back relative to the midline (Table 1).

Involvement of the visual canal in posturographic control in both groups led to a significant 
shift of the center of pressure to the left of the midline (p ≤ 0.05) in purulent otitis, while in the 
control there was only a trend (p = 0.090).

According to the results of our study, the average figure of the projection of the pressure 
center in the sample with closed eyes (Fig. 2, A) is actually represented by a circle with purulent 
otitis media (ratio of Y/X axes = 0.94 [0.80; 1.11]), and in the control group – ellipse (the ratio of 
the axes Y/X = 1.12 [1.02; 1.17]). This indicates the lack of dominance of the ankle posture support 
strategy, which regulates stability in the posterior-anterior direction and is typical for the control of 
purulent otitis (Fig. 2, A) in the absence of visual control.

The median values of the asymmetry coefficients (SkewX, SkewY) by module in both groups 
did not exceed 0.25, which indicated a relatively symmetrical position of the pressure center in both 
planes (Table 2). Under different sensory states, children with purulent otitis media did not differ 
statistically significantly from the control of the symmetry of the main rack (p > 0.05).

Table 1
Coordinates of the position of the pressure center in children with purulent otitis media in different  
sensory states

Indicators Condition
Purulent otitis (n = 22) Control (n = 30)

p
Median [25 %; 75 %] Median [25 %; 75 %]

MeanX, mm
CE 7.04 [3.30; 16.16] –0.37 [–3.13; 3.90] 0.000
OE –0.72 [–5.72; 4.47]* –2.22 [–5.70; 2.29] 0.213

MeanY, mm
CE –13.72 [–25.17; –10.30] –4.12 [–7.07; 0.78] 0.000
OE –16.35 [–23.25; –15.05] –3.22 [–9.12; 1.73] 0.019

Note: CE – condition with closed eyes, OE – condition with open eyes, * – significant differences with the values of indicators in  
the state with closed eyes

Table 2
Characteristics of the shape of the distribution of oscillations of the pressure center in children with purulent 
otitis media in different sensory states

Indicators Condition
Purulent otitis (n = 22) Control (n = 30)

p
Median [25 %; 75 %] Median [25 %; 75 %]

SkewX
CE –0.03 [–0.26; 0.10] –0.01 [–0.12; 0.15] 0.920
OE 0.04 [–0.21; 0.23] 0.04 [–0.08; 0.21]* 0.547

SkewY
CE 0.10 [–0.06; 0.36] 0.03 [–0.09; 0.17] 0.227
OE –0.03 [–0.04; 0.09] 0.04 [–0.15; 0.10]* 0.466

KurtosisX
CE 2.74 [2.45; 2.92] 2.39 [2.21; 2.71] 0.001
OE 2.42* [2.29; 2.82] 2.55 [2.33; 2.65] 0.403

KurtosisY
CE 2.58 [2.25; 2.82] 2.42 [2.32; 2.55] 0.060
OE 2.57 [2.55; 2.61] 2.37 [2.21; 2.65] 0.547

Note: CE – condition with closed eyes, OE – condition with open eyes, * – significant differences with the values of indicators in  
the state with closed eyes

At the same time, in the presence of visual control, the averaged figure of the projection of 
the pressure center was observed to elongate along the frontal axis of the averaged figure of the pro-
jection of the pressure center of purulent otitis (ratio of Y/X axes = 0.99 [0.93; 1.59]) (Fig. 2, B). Since 
postural movements around the frontal axis are mainly controlled by antigravity moments created by 
dorsal/plantar flexion of the ankle joints, we can assume that in the presence of visual control in chil-
dren with purulent otitis in the provision of the main posture begins to dominate the ankle strategy.
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Fig. 2. Examples of stabilograms of children with purulent otitis media and control  
with closed (A) and open (B) eyes

Analysis of the deviations of the points of the stabilogram allowed us to estimate the sta-
bility of the main rack (Table 3). In the state with closed eyes, statistically significant differences 
between children with purulent otitis media and control of majestic deviations postural oscillations 
in both the frontal (RangeX, StdDevX) and sagittal (RangeY, StdDevY) plane were not detected, 
although there was a trend (p = 0.09) to increase the amplitude of oscillations in the frontal plane 
in purulent otitis. However, the involvement of visual afferents in posturographic control led to 
a statistically significant reduction in deviations postural oscillations only among children with 
purulent otitis in both the frontal (p ≤ 0.01) and sagittal (p ≤ 0.05) planes. As a result, children with 
purulent otitis in the open-eyed condition were characterized by probably (p ≤ 0.05) lower ampli-
tude and variability of oscillations of the pressure center, compared with the control, in both planes.

In the state with closed eyes, children with purulent otitis, compared with the con-
trol, have significantly (p ≤ 0.001) higher values of excess in the frontal plane (KurtosisX) and  
a tendency (p = 0.06) to higher values in the sagittal plane (KurtosisY) against the same va
lues  Pup2Sigma (p > 0.05), which indicates a more stable oscillation of the body with fewer large 
oscillations than in the control. Opening the eyes led to a significant (p ≤ 0.01) reduction in excess in 
the frontal plane in children with purulent otitis, which was not observed in the control. As a result, 
in the state with open eyes, it was found probably (p ≤ 0.05) lower values of Pup2Sigma in purulent 
otitis compared with the control, which indicates an increase in the number of large oscillations.

A common indicator of the stability of the main posture in stabilometric studies is the angle 
of oscillation of the pressure center, which in children normally does not exceed 12.5°, which is con-
sistent with the results of our study. It was found that the oscillation angle of the pressure center (%) 
in children with purulent otitis is significantly larger (p ≤ 0.001) than in the control, in the absence of 
visual control, while the inclusion of visual afferentation in postural control levelled these differences).

It was found that children with purulent otitis, compared with the control, were characterized 
by probably faster attenuation of autocorrelation function (Table 4) in both the frontal (p ≤ 0.001) 
and sagittal (p ≤ 0.001) planes in the state with closed eyes, while in the state with open eyes faster 
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attenuation was observed only in the frontal plane (p ≤ 0.01). This indicates less regularity and 
predictability of oscillatory movements in children with purulent otitis compared with control,  
ie stabilizing fluctuations were more sudden and/or more pronounced, and probably associated 
with a higher level of centralization of postural control mechanisms. The latter is consistent with 
the detected higher average speed of movement of the pressure center (p ≤ 0.001) and the greater 
total length of the statokinesiogram (p ≤ 0.001) in children with purulent otitis, compared with the 
control, in the state with closed eyes.

Table 3
Indicators of the stability of the main rack in children with purulent otitis media in different sensory states

Indicators Condition
Purulent otitis (n = 22) Control (n = 30)

p
Median [25 %; 75 %] Median [25 %; 75 %]

Length, mm
CE 1445.70 [1160.70 1543.00] 932.80 [769.20; 1205.50] 0.000
OE 875.4 [789.7; 987.4]* 805.70 [699.20; 933.60]* 0.343

AvgSpeed, mm/s
CE 19.20 [12.76; 21.20] 12.04 [10.55; 16.09] 0.001
OE 10.69 [7.90; 11.30]* 10.97 [9.15; 12.69]* 0.343

Angle, °
CE 6.01 [4.49; 10.30] –1.33 [–6.59; 4.40] 0.001
OE –0.70 [–7.46; 8.59] –4.88 [–9.51; 4.09] 0.538

Pup2Sigma, %
CE 91.60 [90.00; 92.70] 92.00 [90.20; 95.10] 0.163
OE 90.90 [90.00; 92.7] 92.45 [91.30; 93.80] 0.046

RangeX, mm
CE 27.12 [21.72; 39.31] 25.34 [17.88; 27.84] 0.090
OE 19.85 [17.92; 25.45]* 25.83 [23.60; 29.30] 0.001

RangeY, mm
CE 25.49 [23.10; 29.05] 25.72 [21.80; 31.65] 0.693
OE 21.83 [17.9; 31.52]* 27.32 [23.62; 31.94] 0.029

StdDevX, mm
CE 5.00 [4.49; 7.23] 5.10 [3.75; 6.03] 0.563
OE 4.31 [3.49; 5.63]* 5.36 [4.66; 6.14] 0.017

StdDevY, mm
CE 4.95 [4.88; 7.40] 5.50 [4.68; 6.44] 0.666
OE 4.77 [3.80; 6.59]* 5.65 [5.13; 6.36] 0.083

Note: CE – condition with closed eyes, OE – condition with open eyes, * – significant differences with the values of indicators in  
the state with closed eyes

Table 4
Spectral-correlation indicators of the stabilogram of children with purulent otitis media in different sensory 
states

Indicators Condition
Purulent otitis (n = 22) Control (n = 30)

p
Median [25 %; 75 %] Median [25 %; 75 %]

CC0X, c
CE 3.31 [1.57; 5.91] 6.85 [4.17; 18.19] 0.000
OE 3.70 [2.76; 7.32]* 4.80 [3.78; 5.28]* 0.006

CC0Y, c
CE 4.00 [2.76; 7.32] 10.43 [6.85; 18.90] 0.000
OE 4.41 [4.09; 6.85] 8.63 [5.91; 14.33] 0.185

wAvgFX, Hz
CE 0.32 [0.27; 0.44] 0.29 [0.24; 0.31] 0.001
OE 0.24 [0.24; 0.29]* 0.23 [0.21; 0.28]* 0.000

wAvgFY, Hz
CE 0.34 [0.29; 0.37] 0.31 [0.29; 0.37] 0.720
OE 0.26 [0.24; 0.28]* 0.28 [0.25; 0.32]* 0.001

PirsonXY
CE 0.11 [0.07; 0.15] –0.02 [–0.11; 0.07] 0.001
OE –0.02 [–0.13; 0.17] –0.08 [–0.12; 0.09] 0.178

wAvgFXY, Hz
CE 0.31 [0.28; 0.33] 0.30 [0.27; 0.34] 0.038
OE 0.24 [0.24; 0.26]* 0.26 [0.23; 0.28] 0.848

Note: CE – condition with closed eyes, OE – condition with open eyes, * – significant differences with the values of indicators in  
the state with closed eyes
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The weighted average frequency of the spectrum of oscillations of the center of pressure in 
the frontal and sagittal planes and the cross-spectrum in both sensory states was in the low frequen-
cy range (about 0.3 Hz). This frequency reflects the process of maintaining the center of gravity of 
the body within the projection of the area of its support and compensatory restoration of the lost 
balance of the body as a result of the constituent late reflexes. In the state with closed eyes, chil-
dren with purulent otitis were characterized by significantly higher values of the weighted average 
frequency of the spectrum of oscillations of the center of pressure in the frontal plane (p ≤ 0.001) 
and its cross-spectrum (p ≤ 0.05), compared with controls. Such a shift toward a higher frequency 
may be a sign of minimal peripheral vestibular dysfunction in children with purulent otitis. At the 
same time, while maintaining a vertical posture under visual control, children with purulent otitis 
had probable lower values of the weighted average frequency in the sagittal plane (p ≤ 0.001), but 
higher values in the frontal plane (p ≤ 0.001). This may indicate the preservation of signs of min-
imal peripheral vestibular dysfunction in the regulation of media-lateral balance in children with 
purulent otitis along with more effective visual-vestibular integration during late control in the 
anterior-posterior direction under conditions of availability visual afferentation.

Oscillatory movements in the frontal and sagittal planes were independent in both study 
groups (Table 4), although the degree of their covariance was significantly higher than purulent 
otitis (p ≤ 0.001) in the state with closed eyes. This indicates the dominance of the mechanisms of 
self-regulation of the main posture in preschool children, in which the intensity of these mecha-
nisms is higher than purulent otitis media.

The results of the estimation of the integral indicator of translational control – the coeffi-
cient of the equilibrium function – turned out to be interesting (Fig. 3). In the state with closed 
eyes, children with purulent otitis significantly (p ≤ 0.001) were inferior to the control group in 
maintaining balance in the main rack. 

Fig. 3. Indicator of the quality of the balance function in children with purulent otitis media  
under different sensory conditions

No statistically significant (p > 0.05) differences in the integrated indicator of postural con-
trol were found between children with different forms of otitis media. However, there was a slight 
tendency to lower values of the equilibrium quality factor in purulent otitis compared with non- 
purulent otitis, especially in the absence of visual control (Fig. 3).

In order to assess the relationship between the visual and proprioceptive systems in the 
control of balance in the main rack, Romberg coefficients were calculated in children with puru-
lent otitis (Fig. 4). The values of the Romberg coefficient close to 100 % indicate the equality of 
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influence of the two equilibrium maintenance systems. In healthy people, the Romberg coefficient 
by the area of the statokinesiogram varies in the range of 150–300 %.

Fig. 4. The value of the average Romberg coefficients (open eyes/closed eyes) in children 
with purulent otitis: --○— 

__○__ 

● 
● 

 – purulent otitis, 
--○— 
__○__ 

● 
● 

 – control; circles with filling (

--○— 
__○__ 

● 
● 

,

--○— 
__○__ 

● 
● ) denote 

significant (p ≤ 0.05) changes in the values of the indicator in the sample with the eyes open; 
values higher than 100 % indicate an increase in the values of the indicator, and less than  

100 % – a decrease in the values of the indicator in the sample with the open eyes 

It was found that the stabilometric indicators of children with purulent otitis are more re-
active to changes in the flow of visual afferents, compared with the control: significant changes 
were observed in 67 % of the studied indicators, while in the control – only 29 %. The ampli-
tude of changes in stabilometric parameters was also higher than purulent otitis. A common fea-
ture in both groups was an increase in the stability of the main posture (decrease in Length and  
AvgSpeed, p ≤ 0.05) in the open-eyed state by strengthening the mechanisms of self-regulation  
due to the integration of afferent influences from three key systems vestibular, visual and somato-
sensory wAvgFX, wAvgFY, p ≤ 0.05).

In the control in the sample with open eyes there was a right-hand shift of the amplitude 
of oscillations in both planes (increase in values), but a significant decrease in predictability and 
regularity of oscillatory movements was observed in the frontal plane. In contrast, in children 
with purulent otitis in the sample with eye opening, there was a significant (p ≤ 0.05) increase in 
the quality of balance (increase in KFR) due to the reduction of oscillations (RangeX, RangeY, 
StdDevX, StdDevY) in both planes and increasing the regularity and predictability of oscillations 
in the frontal plane. It is likely that visual control of purulent otitis media strengthened the control 
mechanisms of postural movements around the sagittal axis, which made them more regular and 
predictable and shifted the coordinates of the pressure center closer to the absolute center in the 
medio-lateral direction, creating conditions for more effective ankle support. 
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4. Discussion
Acute otitis media is a fairly common pathological process of the middle ear among pre-

school children [13, 14]. Previous studies have revealed symptoms of latent vestibular pathology  
in children with secretory otitis media [14, 18, 19, 21]. However, only a small number of these stud-
ies focus on a narrow age range – preschool age [16, 17]. We also found no work in the last decade, 
which would highlight the state of vestibular function in children with purulent otitis media. The 
variety of vestibular function assessment methods used in the cited studies also attracts attention: 
from clinical scales of motor development and balance assessment to instrumental research me
thods (video pulse vestibulo-ocular test (vHIT), electronystagmography (ENG), vestibulo-induced 
myogenic potentials (oVEMP), stabilometry).

Given the underdevelopment of the problem, the peculiarities of preschool age and the 
feasibility of using relatively simple objective methods to assess vestibular function in screening  
studies, we focused on a comparative assessment of vestibular function in children 4–7 years with 
purulent otitis media by computer static stabilometry. 

The main result of our study is to identify the fact of a statistically significant decrease in 
the stability of the vertical posture in the European position with closed eyes, both in terms of the 
gold standard in posturography – path length, angle and velocity, and parameters of deviations of 
the amplitude of oscillations. Violation of the mechanisms of maintaining postural balance in the 
absence of visual control in children with purulent otitis media is also confirmed by the integrative 
indicator – the coefficient of quality of the balance function and the coefficients of autocorrelation 
function. In contrast to other known studies, we also found statistically higher weighted average 
values of the frequency of the spectrum of oscillations in the frontal and sagittal planes in purulent 
otitis media compared with control, which may be an additional sign of latent vestibular dysfunc-
tion and stress late control mechanisms.

The exact pathogenetic mechanism of vestibular dysfunction in children with otitis media is 
unknown. In early studies, it was hypothesized that changes in hydrostatic pressure in the middle  
ear are transmitted through a window and subsequently lead to secondary changes within the 
fluid of the inner ear [21]. It is also possible that toxins and/or mediators of inflammation from the  
middle ear can enter the inner ear through the natural membranous barriers and cause inflammation 
of hair cells [25] and/or damage to the blood-perilymph barrier [26], changing the gradient density 
between perilymph and endolymph [27]. In particular, the morphological changes of the vestibular 
neuroepithelium in otitis media are shown [28]. It is possible that altered chemical composition of 
perilymph and endolymph may affect the ion channels of kinocilli and stereocilia, changing the 
thresholds of their sensitivity. However, the lower frequency of involvement of vestibular receptors 
in the pathological process with severe clinical manifestations of vestibular dysfunction, compared 
with auditory, in otitis media, which according to [2] may be due to low sensitivity of the vesti
bular neuroepithelium to toxins penetrating into the perilymphatic space from the middle ear, also 
attracts attention.

Since the maintenance of body balance is the result of the interaction of proprioceptive, 
vestibular and visual systems, in stabilometric studies to identify the role of each of these systems 
use modifications of the sensory environment [8]. In our study, we used eye-opening/closing ma-
nipulation to separate the contribution of visual afferent and vestibulo-proprioceptive afferent to 
the postural control of children with purulent otitis.

One of the results of the study was the fact of significantly higher quality of balance 
function in the main posture in children with purulent otitis compared with the control in the 
sample with eye opening, which was achieved by reducing the amplitude of postural oscillations, 
especially in the sagittal plane. It should be noted that according to the results of spectral ana
lysis, this is most likely due to a significant increase in the effectiveness of vestibulo-visual-pro-
prioceptive integration in children with purulent otitis in the regulation of postural oscillations 
in the posterior-anterior direction against signs of peripheral vestibular dysfunction in support 
mechanisms. 

Taking into account that in children 3–7 years of age, vision has little effect on the para
meters of stability, and up to 12–15 years, children are not able to carry out full vestibular-visual 
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integration to maintain the stability of posture [6, 29, 30], we tend to consider the identified phe-
nomenon of better stability of vertical posture in children with purulent otitis media under visual 
control, as a compensatory mechanism for maintaining balance against the background of latent 
vestibular dysfunction.

Study limitations. A limitation of this study is that the assessment of vestibular function 
is based on the assessment of vestibulo-visual-proprioceptive and vestibulo-proprioceptive inte-
gration in maintaining static balance, in which the isolated assessment of vestibular and propri-
oceptive components was not performed. This is primarily due to the involvement in the study 
of 4-year-old children who are unable to maintain balance on a moving platform for a period 
of time sufficient for the correct registration of stabilometric indicators. On the other hand, we 
proceeded from the assumption that the flow of proprioceptive information remains unchanged  
in states with closed and open eyes. Since the structures of the ear are involved in the patholog-
ical process, it was seen that the detected changes in stabilometric parameters in purulent otitis 
in the state with closed eyes compared to the control will reflect a violation of the vestibular 
component of vertical posture.

Prospects for further research. Prospects for further research are related to the expansion 
of the study protocol using dynamic stabilometry. Assessment of vestibular function in purulent 
otitis media depending on co-variants, such as localization of the pathological process and re-
currence rate, as well as assessment of vestibular function in the dynamics of the disease: before  
treatment, after tympanotomy and in the distant period after recovery (3, 6, 12 months).

5. Conclusions
Purulent otitis media in preschool children could lead to latent vestibular dysfunction, 

which is better detected by static stabilometry in a state with closed eyes. Children 4–7 years with 
purulent otitis are characterized by higher reactivity of stabilometric indicators to the influence 
of visual afferentation and better visual-vestibulo-proprioceptive integration while maintaining 
balance compared to typically developed children, which may be a compensatory mechanism in 
response to lesions of the vestibular analyzer.

The method of computer static stabilometry could be recommended as a screening method 
for detecting latent vestibular dysfunction in preschool children, including with otitis media.
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