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Abstract
Background. Otitis media with effusion (OME) is the most common cause of hearing impairment among 
children in developed nations. Middle ear (ME) fluid accumulation leads to progressive hearing impairment, 
usually of the conductive type. In some cases, mixed hearing loss associated with OME has been noted. It was 
reported that effusion in the ME has a negative impact on the vestibular system of the inner ear.

Objectives. The aim of this random-sample cohort study was to evaluate postural stability and the influence 
of ME drainage on vestibulospinal reflexes in children with OME, and to determine whether disturbances 
in the vestibular organ correlate with a sensorineural component in OME-related hearing loss.

Material and methods. The study group consisted of 53 children with bilateral OME who were treated 
with bilateral ME drainage. The study group was divided into subgroups according to hearing loss. The control 
group consisted of 29 healthy children. Vestibular function and hearing evaluation were performed before 
and 4 weeks after drainage.

Results. A comparison of the stabilograms of the study group and the control group revealed elevated 
parameters in most of the tests. In the subgroup with mixed hearing loss, either before or after ME drain-
age, elevated stabilogram parameters were found in all tests. Posturography revealed vestibular system 
disturbances before and after ME drainage in the subgroup with mixed hearing loss, especially before ME 
drainage. The stabilogram parameters in the subgroup with conductive hearing loss after ME drainage were 
better in most tests in comparison to those before the procedure.

Conclusions. The presence of effusion in the ME has a negative effect on the inner ear. We highlight 
the importance of monitoring the condition of the vestibular system in all children with OME, especially 
in cases with mixed hearing loss and more advanced clinical stages of the disease.
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Background

Otitis media with effusion (OME) is the most common 
cause of hearing impairment among children in developed 
nations.1–3 Middle ear (ME) fluid accumulation4–8 leads 
to progressive hearing impairment, usually of the conduc-
tive type. In some cases, mixed hearing loss associated 
with OME has been noted.9,10 It was reported that effusion 
in the ME has a negative impact on the vestibular system 
of the inner ear.7,11–14

Objectives

The aim of this random-sample cohort study was to eval-
uate postural stability and the influence of ME drainage 
on vestibulospinal reflexes in children with OME and 
to determine whether disturbances present in the ves-
tibular organ correlates with a sensorineural component 
in OME-related hearing loss.

Material and methods

Material

The study group consisted of 53 children (20 females 
and 33 males) aged 4–14 years (mean age: 8 years; SD: 
2.5 years) diagnosed with bilateral OME. Those children 
were treated with bilateral ME drainage.

The study group included children with recurrent or persis-
tent bilateral OME persisting 3 months or longer after conser-
vative treatment had proven ineffective, with a hearing level 
in the better ear of 25–30 dBHL or worse, averaged at 0.5 kHz, 
1 kHz, 2 kHz, and 4 kHz (or an equivalent dBA where dBHL 
was not available), and with type B tympanometry.

Children with a birth weight of less than 2,500 g; a his-
tory of  neonatal asphyxia; congenital malformations 
of the external, middle or inner ear; temporal bone frac-
ture; neurological diseases or any other serious illness 
(epilepsy); a history of meningitis; and a history of ves-
tibulotoxic or ototoxic drugs were excluded from the study.

The study group was divided into the following sub-
groups according to hearing loss:

• conductive hearing loss (25  children: 14  boys and 
11  girls) aged 4–11  years (average age: 7.76  years; SD: 
1.8 years) and

• mixed hearing loss (28 children: 19 boys and 9 girls) 
aged 4–14 years (average age: 8.18 years; SD: 2.85 years).

The subgroup with mixed hearing loss included children 
with more severe pathological changes, including retrac-
tion pockets or local atrophy of the tympanic membrane, 
or those with a past history of ME drainage and a disease 
lasting longer than 2 years.

The  control group consisted of  29  healthy children 
(13 girls and 16 boys) aged 4–17 years (average age: 10 years; 

SD: 3.8 years), who had been scheduled for a tonsillectomy 
operation in the Ear, Nose and Throat (ENT) Department. 
The children’s medical history was obtained from their 
parents.

Methods

All of the children underwent a complete otoneurologi-
cal examination. A detailed case history was collected, 
with particular attention paid to the current disease, previ-
ous ENT diseases, and the presence of vertigo and/or dis-
equilibrium. The children and parents were asked whether 
the children had suffered from frequent falls; had difficulty 
riding a bicycle, or climbing or descending stairs; whether 
they disliked swings; had a tendency to bump into objects 
or to misjudge distances; experienced vertigo, dizziness, 
tinnitus, or disequilibrium; or whether they exhibited un-
explained clumsiness, delayed gross motor development 
or recurrent headache.

Each child underwent a full physical otolaryngological 
examination. An assessment of ME status and the function 
of the ventilation tubes was performed using pneumatic 
otoscopy, performed by a certified otoscopist.

Tympanometry was performed using a Madsen Zodiac 
801 tympanometer and done by a qualified audiologist 
prior vestibular testing. An audiometric evaluation using 
a Madsen OB 822 (Otometrics, Denmark) audiometer was 
performed by means of conventional audiometric meth-
ods in a soundproof room. The collected data included 
air conduction and bone conduction thresholds in each 
ear at frequencies of 0.5 kHz, 1 kHz, 2 kHz, and 4 kHz. 
The pure-tone average for bone conduction in each ear 
was calculated for each patient as the average of bone con-
duction thresholds at 0.5 kHz, 1 kHz, 2 kHz, and 4 kHz. 
The air–bone gap in the affected ear was calculated as the 
difference between air conduction and bone conduction 
thresholds at 0.5 kHz, 1 kHz, 2 kHz, and 4 kHz. Pure-tone 
audiometry and tympanometry was performed before ves-
tibular testing. Audiometry was carried out before drain-
age and 4 weeks postoperatively. Tympanometry was only 
performed prior to ME drainage.

Vestibulospinal reflexes were evaluated through stato-
posturography using a Posturographer PE 62 Model 04 
(Neurocom, Luxembourg). The diagnostic system con-
sisted of an an IBM microcomputer (IBM Corp., Armonk, 
USA) with additional converters, a static posturographic 
40 × 40 cm platform with pressure sensors recording de-
flections in the range of ±10 cm (0.05 mm accuracy), and 
a visual stimulator connected to a TV screen. In each 
case, a set of 3 tests was performed in order to evalu-
ate static balance. Each child was tested under different 
conditions: test 1 was performed standing with eyes open 
(E-O); test 2 was performed standing on the platform with 
eyes closed (E-C); and test 3 was performed with eyes 
open and feet rested on the platform, the child observ-
ing a moving point of  light, which reflects the current 
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position of the center of gravity, and making slight move-
ments of the body in order to self-correct their current 
body position (feedback test (F-T)). Three trials, lasting 
30 s each, were performed for each condition. The field 
of developed area (FDA; the area described by the cen-
ter of mass [mm2]) and the average sway velocity (ASV) 
[mm/s] were analyzed.

Vestibular testing was performed by a technician who 
had no knowledge of each child’s ear status. Vision tests 
were not carried out.

Children with bilateral OME were examined while hos-
pitalized, before the bilateral insertion of ventilation tubes 
and 4 weeks after the procedure during their postoperative 
check-up.

Informed consent was obtained from all parents/legal 
guardians of individual participants included in the study. 
The study was conducted in accordance with the Declara-
tion of Helsinki after obtaining approval from the local 
Bioethics Committee (approval No. KB-29/2005). One 
or both parents accompanied each child during all test-
ing procedures.

Statistical analysis was carried out using Student’s t-test 
to compare the average values of parameters before and 
after drainage. A p-value <0.05 was considered to be sta-
tistically significant for all tests. The statistical analysis 
was performed using STATISTICA v. 13.0 (StatSoft, Inc., 
Tulsa, USA).

Results

Otoscopic testing showed OME symptoms in  all 
of the selected patients. Before the ventilation tubes were 
inserted, none of the patients complained of vertigo or bal-
ance disorders. In the study group, impedance audiom-
etry showed bilateral type B tympanometry before ME 
drainage in all 53 children (100%). Before drainage, pure-
tone audiometry showed bilateral conductive hearing loss 
in the range of 40–50 dB in 25 children (47%) and bilateral 
mixed hearing loss with an average air conduction thresh-
old of 35–45 dB at high frequencies in 28 children (53%).

Control pure-tone audiometry performed after ME 
drainage revealed:

• in the subgroup with conductive hearing loss – normal 
hearing in 22 children (88%) and bilateral conductive hear-
ing loss with cochlear reserve approx. 15 dB in 3 children 
(12%), and

• in the subgroup with mixed hearing loss – a decrease 
or lack of cochlear reserve and bilateral high-frequency 
hearing loss in the range of 35–45 dB.

Posturography

A comparison of the stabilograms of the study group 
and the control group revealed elevated parameters for 
FDA and ASV in most of the tests. The findings showed 

statistically significant values (p < 0.001) before ME drain-
age for FDA in all tests and for ASV with E-O and E-C 
in the study group. After the ME drainage procedure, there 
were statistically significant values for FDA with E-O and 
E-C (Fig. 1–4).

The stabilogram parameters were compared between 
subgroups, divided according to the group with hearing 
loss and the control group.

In the subgroup with mixed hearing loss, either before 
or after ME drainage, elevated stabilogram parameters 
were found for FDA and ASV in all tests in comparison 
with those of the subgroup with conductive hearing loss. 
Before drainage, there were statistically significant values 
(p < 0.05) for FDA with E-O and E-C and for ASV with 
E-O. After ME drainage, statistically significant values 
(p < 0.05) were found for FDA with the F-T (Fig. 5,6).

Fig. 1. The FDA in the study and control groups before ME drainage

Fig. 3. The FDA in the study and control groups after ME drainage

Fig. 2. The ASV in the study and control groups before ME drainage
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Posturography revealed more significant vestibular sys-
tem disturbances before and after ME drainage in the sub-
group with mixed hearing loss compared to the subgroup 
with conductive hearing loss, especially before the tym-
panostomy procedure.

The stabilogram FDA and ASV parameters in the sub-
group with conductive hearing loss after ME drainage 
were better in most tests in comparison to those before 
ME. Statistically significant values (p < 0.05) for FDA were 
found with E-C and F-T (Fig. 7).

In the subgroup with mixed hearing loss, the stabilogram 
parameters after ME drainage were lower in all tests than 
those before drainage. Statistically significant values were 
revealed (p < 0.001) for FDA and ASV with E-O.

Discussion

The  precise pathomechanism of  balance disorders 
in the course of OME is not fully understood. The study 
conducted at the beginning of the 20th century by Merica 
et al. (According to: Grace A, Pfeiderer A. Dysequilibrium 
and otitis media with effusion: What is the association? 
J Laryngol Otol. 1990;104(9):682–684) demonstrated that 
the functional insufficiency of the Eustachian tube causes 
dizziness in children. Golz et al. reported that the presence 
of effusion in the ME is the main cause of vertigo in chil-
dren.12 One of the theories states that changes in hydrostat-
ic pressure in the ME are transmitted through the round 
window and subsequently lead to  secondary changes 
within the inner ear fluids. Due to numerous reports de-
tecting bacteria cultures in the ME effusions, it is believed 
that bacterial toxins may penetrate into the labyrinth re-
sulting in dizziness.15 The balance disorders in children 
with OME may also be a result of recurrent and frequent 
episodes of acute otitis media. Some authors report that 
vestibular system disturbances, but also the development 
of sensorineural component in OME-related hearing loss, 
are the result of changes within the kinocilia and stereo-
cilia ionic channels.16

The results of our study confirm the negative effect 
of ME effusion on the vestibular system in children with 

OME. Elevated stabilogram parameters before and after 
ME drainage were found in the study group in compari-
son with the control group. Similar results were reported 
by other authors studying the nature of postural stability 
and the effect of ME drainage on vestibulospinal reflexes 
in children with OME.13,14,17,18 After 4 weeks, there was 
an improvement in stabilometry parameters, though they 
did not completely normalize in the study period and were 
elevated in comparison to healthy children. Some authors 
emphasize the possibility of the chronic nature of ves-
tibular system deficits, which may have a negative impact 
on a child’s proper motor development.12,17 Casselbrant 
et al. evaluated the vestibular system in children with OME 
and studied visual dependency for balance by assessing 

Fig. 7. The FDA in the subgroup with conductive hearing loss before and 
after ME drainage

Fig. 6. The FDA in the subgroups with conductive hearing loss and with 
mixed hearing loss after ME drainage

Fig. 5. The FDA in the subgroups with conductive hearing loss and with 
mixed hearing loss before ME drainageFig. 4. The ASV in the study and control groups after ME drainage

8
9

10
11
12
13
14
15
16
17
18

study group
control group

th
e 

av
er

ag
e 

sw
ay

s 
ve

lo
ci

ty
 [m

m
/s

]

1 2 3
eyes – open

(p < 0.05)
eyes – closed

(p < 0.05)
feedback test
(p < 0.05)   

0

200

400

600

800

1000

1200

1400

subgroup with conductive 
hearing loss before drainage
subgroup with mixed heaing 
loss before drainage

th
e 

fie
ld

 o
f d

ev
el

op
ed

 a
re

a 
[m

m
2 ]

1 2 3
eyes – open

(p < 0.05)
eyes – closed

(p < 0.05)
feedback test
(p < 0.05)   

0

200

400

600

800

1000

1200

subgroup with conductive 
hearing loss after drainage
subgroup with mixed heaing 
loss after drainage

th
e 

fie
ld

 o
f d

ev
el

op
ed

 a
re

a 
[m

m
2 ]

1 2 3
eyes – open

(p < 0.05)
eyes – closed

(p < 0.05)
feedback test
(p < 0.05)   

400
500
600
700
800
900

1000
1100
1200
1300
1400

subgroup with conductive 
hearing loss before drainage
subgroup with conductive 
hearing loss after drainage

th
e 

fie
ld

 o
f d

ev
el

op
ed

 a
re

a 
[m

m
2 ]

1 2 3
eyes – open

(p < 0.05)
eyes – closed

(p < 0.05)
feedback test
(p < 0.05)   



Adv Clin Exp Med. 2020;29(3):325–330 329

the influence of optical flow on postural stability. Their 
study showed that maintaining postural stability in chil-
dren with OME requires the excessive involvement of other,  
non-vestibular sensory information; this is not the case 
in healthy children.13

The presence of an effusion in the ME may lead to dif-
ficulties in the sensory integration, whose proper function-
ing is needed to develop language, and social integration. 
Children with vestibular dysfunction sometimes show 
delayed development of gross motor skill milestones com-
pared with children without vestibular dysfunction. This 
emphasizes the importance of assessing balance function 
in children.

It was revealed that a higher number of myringotomies 
and ventilation tube insertions and a  longer duration 
of OME are risk factors for developing permanent hear-
ing loss, both conductive and sensorineural.19 Sorri et al. 
stated that worse thresholds, especially at high frequen-
cies, in children with recurrent acute otitis media and 
OME indicate inner ear involvement.20 Mixed hearing loss 
associated with OME has been reported in various types 
of otitis media, including OME.9,10 Its precise pathogen-
esis is unclear. One of the theories is that inflammatory 
agents present in ME effusion pass through the round 
window membrane into the inner ear and cause temporary 
threshold shifts or permanent threshold shifts limited 
to the cochlear basal turn.21 Mutlu et al. stated that chang-
es in the ME lead to a temporary inhibition of the vibrato-
ry movement of the oval and/or round window membrane 
or to an alteration of the ionic composition of the inner 
ear fluids. This subsequently leads to a reversible cochlear 
dysfunction, which usually appears as a depressed thresh-
old region around 2 kHz.22 Another theory claims that 
mixed hearing loss is a consequence of a true disturbance 
of inner ear function, which does not resolve after an epi-
sode of OME.22,23 It has been revealed that elevated levels 
of hypoxia-inducible factor 1-α in ME  effusion may play 
an important role in the pathogenesis of the bone conduc-
tion impairment associated with OME. In children with 
mixed hearing loss, a more significant elevation of stabi-
logram parameters was found compared to children with 
conductive hearing loss. Before ventilation tube place-
ment, disturbances in posturographic tests were greater 
in children with mixed hearing than in children with con-
ductive hearing loss. After ME drainage, the stabilogram 
parameters improved, though the improvement was more 
significant in children with conductive hearing loss than 
in children with mixed hearing loss, which included chil-
dren with more advanced OME.

None of  the parents or children had any complaints 
connected to  vestibular organ pathology. According 
to the parents, their children’s motor function develop-
ment was normal, and no impairments in the child’s psy-
chomotor milestone achievement were reported. Interest-
ingly, some of the parents noticed an improvement of their 
child’s motor skills after ME drainage. The children were 

more willing to partake in physical activities requiring 
greater coordination and balance, such as climbing a lad-
der on the playground or riding a bicycle. This trend was 
also reported in the literature.14,15,18,24

Conclusions

The presence of effusion in the ME has a negative ef-
fect on the inner ear. Our findings highlight the impor-
tance of monitoring the condition of the vestibular system 
in all children with OME, especially in cases with mixed 
hearing loss and more advanced clinical stages of disease. 
The more pronounced improvement of vestibular function 
in children with conductive hearing loss after ME drainage 
in comparison to children with mixed hearing loss suggests 
that impairment of inner ear function affects its vestibular 
and cochlear parts.
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