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Introduction
From birth onwards, auditory stimulation directs and 
intensifies visual orientation behavior. The infant’s 
earliest responses to auditory stimuli include the visual-
motor behavior of moving the eyes or head to localize 
sound. Therefore, it has been suggested that the lack of 
early auditory input could contribute to motor delays 
in deaf and hard-of-hearing children [1].

Recent studies [2] reported that the importance of studying 
the relationship between peripheral vestibular function 
and the setting of deafness is underlined by the fact that 
the cochlea and vestibule are the peripheral sensory organs 

of the auditory and vestibular system, respectively. They 
are anatomically (close proximity of the cochlea and the 
vestibular apparatus also in terms of innervation and 
vascular supply), phylogenetically, and functionally related. 
Disturbances in cochlear function, which can result in 
sensorineural hearing loss (SNHL), could accompany 
vestibular impairment because the cochlea and vestibule 
share continuous membranous labyrinth of the inner ear. 
Therefore, prenatal, perinatal, or postnatal injury or trauma 
may cause damage to one or both the systems [3–5].

In 2006, National Center for Hearing Assessment 
and Management [6] reported that SNHL is the 
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and unknown). Three children did not complete the 
test battery; hence, only 50 children – 27 girls and 
23 boys – were enrolled. Forty-two children had been 
fitted with bilateral conventional hearing aids, five 
children had been fitted with monaural hearing aids, 
and three children had no hearing aid.

All children were between 5 and 15 years of age, 
with normal intelligence (a score of 80 or higher on 
a standard Stanford Binet test of intelligence). They 
were recruited from the Auditory Department, Assiut 
Medical University, with bilateral HI, during the 
period from November 2011 to January 2012.

Exclusion criteria
Children with neuromotor or orthopedic dysfunctions 
or on medication affecting the central nervous system 
were excluded.

Informed consent was obtained from the parents of 
all participants. The study was approved by the Ethics 
Committee of Assiut Medical University.

Methods
Each children was subjected to the following
(1)	 Careful systematic history-taking procedure with 

focus on the vestibular and hearing complaints and 
physical otoneurological development was carried out. 
Only 11 cases of HI children had delayed physical 
developmental milestones as their parents reported.

(2)	 Basic audiological evaluation: A recent audiogram 
was available for all children with HI. Behavioral 
(pure tone) audiometry, which included air and 
bone conduction thresholds, speech audiometry, 
and tympanometric measurements, was 
performed to confirm normal middle ear pressure 
and mobility before VEMP testing. Auditory 
brainstem response was also used when deemed 
necessary to establish or confirm the hearing loss.

The examination was carried out in a standard sound-
proof room. SNHL was classified according to the 
degree of hearing loss [12]. A previous study had 
proposed an etiologic classification that clarifies  the 
interaction between time of insult, causation, and time 
of expression of hearing loss [13,14].

Equipments
(1)	 Dual channel clinical audiometer (Madsen OB 922, 

GN Otometrics, Cobenhagen, Denmark). 
(2)	 Immitancemeter (impedance audiometer AZ 26, 

Denmark). 
(3)	 Sound-treated booth (IAC model 1602-A-t; 

Industrial Acoustic Company, USA). 

most common congenital sensory impairment, 
occurring in three of every 1000 live births. Although 
a small proportion of these individuals with SNHL 
exhibit concurrent vestibular involvement, this would 
still account for a large number of individuals with 
vestibular dysfunction, requiring identification, 
education, and therapy.

A previous author [7] reported that comprehensive 
testing of the vestibular function should include tests of 
canal and otolith function for diagnostic purposes and 
functional evaluation to identify impairments warranting 
therapeutic intervention. Horizontal semicircular canal 
function was abnormal in response to a caloric stimulus 
in 50% (16/32) children with severe to profound SNHL 
[8]. Other studied reported similar findings [3,9,10].

The amplitudes of vestibular-evoked myogenic 
potential (VEMP) were lower in children with SNHL 
compared with children with normal hearing [11]. 
Previous authors [8] studied 40 children with SNHL 
and reported that 40% demonstrated saccular 
dysfunction on the basis of the absence of a VEMP 
response, either bilaterally or unilaterally.

Aim of this study
The aim of the study was as follows:

(1)	 To evaluate the vestibular function using both 
electronystagmography (ENG) and VEMP for 
examination of horizontal semicircular canal 
(SCC) and saccular dysfunction in a cohort of 
hearing impaired (HI) children.

(2)	 To determine the prognostic value of some 
etiological and audiological factors associated 
with SNHL in predicting a possibility of 
vestibular dysfunction for very early identification 
of children with vestibular deficits. This allows 
proper counseling and recommendation to 
their parents.

Participants and methods
Participants
Control group
Thirty children with normal hearing and normal 
middle ear function were included, 17 of them were 
girls and 13 were boys.

Study group
Fifty-three children with bilateral hearing loss of more 
than 45 dB hearing level (HL) were included, with 
varying degrees and cause of HI (hereditary, acquired, 
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communication consisted of sign and oral language as 
well as demonstration. Instructions were repeated until 
the participant knew what was to be expected. Initially, 
the test was demonstrated directly by performing it on 
normal hearing participant and then on HI children.

Indicators of normal vestibular system
The vestibular system was considered normal when all 
subtests were normal.

Peripheral vestibular lesions were considered [15]:

(1)	 If spontaneous nystagmus was horizontal or 
horizontal rotary, suppressed by visual fixation, 
nondirection changing, and exacerbated by gazing 
in the direction of the fast phase.

(2)	 On the basis of the positioning Dix-Hallpike 
Maneuver (which should be completed before 
any other positional testing): delayed onset, 
observe patient for at least 20 s, transient burst of 
nystagmus, lasts about 10–15 s, subjective report 
of vertigo and fatigability.

(3)	 On the basis of positional tests: direction-fixed, 
geotropic direction changing in different positions, 
latency of onset and fatigable.

(4)	 If during the caloric test, unilateral or bilateral 
weakness almost always peripheral vestibular 
Disease (rule out vestibular suppressants in cases of 
bilateral vestibular weakness). The patient should 
be able to suppress caloric-induced nystagmus by 
opening.

Central vestibular lesions were considered [15]:

(1)	 If spontaneous nystagmus was vertical, not 
suppressed by fixation and direction changing.

(2)	 If abnormal findings were found in occluomotor tests 
(saccades test, smooth pursuit and optokinetic tests).

(3)	 On the basis of positional tests: ageotropic direction 
changing in different positions, direction changing in 
a single position, immediate onset and not fatigable.

(4)	 Failure of fixation suppression during the caloric 
test, in patients with central nervous system 
pathologic conditions who show little difference 
in the velocity of caloric-induced nystagmus 
whether their eyes are open or closed.

To facilitate adequate alertness throughout the test, 
one hearing aid was left on and functioning during 
caloric testing, whereas the other was held away from 
the pinna and protected against water. 

The factors that predispose children to false-negative 
results in tests of vestibular function are malposition 
of irrigation tubing, presence of cerumen, crying, 
agitation, and inadequate performance in mental 

(4)	 Nicolit Spirit equipment, USA, used to perform 
electrophysiological testing (auditory brainstem 
responses).

(5)	 Four-channel ENG (ENG version Micromedical 
ENG device, USA, version 8.1 R).

(6)	 Navigator Pro-evoked potential system made by 
Bio-logic (Mundelein, Illinois, USA) was used for 
VEMP.

Tests of vestibular end organ function
ENG and VEMP results were categorically defined as 
either normal or abnormal.

Electronystagmography test
Essentially, ENG consists of three parts [15]:

(1)	 Oculomotor function: gaze, fixation, saccade 
(accuracy, latencies, and velocities), tracking 
(pursuit) (gain, phase, acceleration), and 
optokinetics (gain, phase) were evaluated.

(2)	 Positioning/positional testing tests were recorded 
in five positions, and nystagmus, if present, was 
classified into direction-changing or direction-fixed.

(3)	 Caloric Test: The abnormalities of low frequency 
horizontal canal function, asymmetry of reaction and 
unilateral weakness were calculated according to the 
formula of Jongkees and colleagues [16,17]. Fixation 
suppression during the caloric test was also observed.

After calibration, ENG can detect nystagmus 
(involuntary rapid eye movement) in response to 
various stimuli, which allowed to distinguish between 
central and peripheral vertigo.

Silver–silver chloride electrodes are affixed to the 
patient’s skin with adhesive collars after brisk 
cleaning of the skin with an alcohol wipe to clear 
off oils and makeup and assure good electrical and 
physical contact. One ground electrode is placed on 
the forehead and one pair is placed above and below 
the right eye to detect blinks and vertical movements. 
A pair of electrodes is placed just lateral to each eye, 
horizontally aligned with the pupil, to maximally sense 
horizontal movement and reject vertical movement. 
The individual undergoes various forms of stimulation, 
and the other ocular response is recorded by means of 
corneoretinal potential [18].

All ears were inspected and debrided of wax before 
caloric testing. The ENG results were classified as 
normal, peripheral, and central vestibular lesions.

Testing instructions were explained using total 
communication to assure understanding of the 
activities required, with the help of the parents. Total 
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P-value greater than 0.05 was considered nonsignificant, 
P-value less than 0.05 was considered significant, 
and P-value less than 0.001 was considered highly 
significant.

Results
Basic audiological evaluation
All children in the control group showed bilateral 
normal hearing. Meanwhile, HI children showed 
bilateral SNHL of various degrees, ranging from 
moderate to total hearing on audiometry, and had 
various etiologies (Table 1).

ENG
Vestibular impairment of peripheral type was noted in 
64% of HI children, whereas 10% (5/50) of HI children 
had central type of impairment (latency in saccade) 
and gain in optokinetic; only one of these five children 
had abnormal gain in the tracking (pursuit) test. Only 
10% of normal hearing children had abnormal ENG 
response. There was statistically significant difference 
in the percentage of abnormal ENG response between 
normal hearing children (NH) children and HI 
children (P = 0.001).

tasks [19]. In addition to these issues, inattention and 
frequent random eye movement are more common in 
children and create difficulties in the analysis of the 
ENG traces obtained during a caloric stimulus, which 
often require a trace by trace analysis [20].

VEMP test
Quick, easy, objective, and noninvasive nature of this 
procedure has led to some clinical study. However, a 
few studies with pediatric participants are available to 
reflect saccular function.

The sternocleidomastoid (SCM) muscle was chosen 
as a target to record the VEMPs. The VEMP test was 
performed in a sitting position. Older children could 
sit upright by themselves while being tested. They were 
instructed to turn their head toward the contralateral 
side of the ear being tested to activate the SCM. For 
younger children, an assistant was used to attract the 
patients’ attention, allowing them to make a head turn 
focusing on a cartoon character to maintain head turn 
for muscle contraction [21]. If head turning did not 
yield a tracing, the child was positioned in a head lift 
position for bilateral/simultaneous activation of both 
SCMs to increase the yield of testing [22,23].

The skin over the SCM muscles and sternum was 
cleaned with an alcohol wipe. The active electrodes were 
attached on the midhalf of the SCM muscles on both 
sides; attention was given to place bilateral electrodes 
on the symmetrical site and a reference electrode on 
the suprasternal notch.

At stimuli level of 90 dB nHL, the stimulus rate was 4/s. 
Stimulus was presented monaurally through earphones 
(Telephonics TDH4, Denemark). Potentials were 
amplified and band pass was filtered (50–500 Hz). 
Analysis time was 80 ms. Recordings were obtained 
averaging 200 stimuli and two traces from each side 
were obtained to assess the reproducibility of peaks p13 
and n23; thus, VEMP responses were termed ‘present’. 
Conversely, VEMP responses were absent when 
reproducibility of the biphasic p13–n23 waveform was 
lacking. Thereby, the latencies of the peak p13, peak 
n23 (based on their respective latencies), and p13–n23 
amplitude were measured. Patients were given 30–60 s 
to relax between each recording [24].

Statistical analysis
Data were collected and analysis was performed using 
computer program SPSS, version 17 (SPSS Inc., Chicago, 
Illinois, USA). Data were expressed as mean and SD using 
the t-test to determine the significance for quantitative 
variable. The c2-test was performed to determine the 
significance for qualitative variable (number, percentage).

Table 1 Demographic characteristics of HI children
Features n (%)

Age (years)
Group 1: 5–7 12 (24)
Group 2: 8–10 15 (30)
Group 3: 11–15 23 (46)

Sex
Male 22 (44)
Female 28 (56)

Degree of SNHL
Moderate-severe 16 (32)
Severe 9 (18)
Profound 25 (50)

Etiology of sensorineural hearing loss
Heredofamilial 23 (46)

Nonsyndromic 21 (42)
Syndromic 2 (4)

Acquired 19 (38)
Prenatal 2 (4)
Perinatal 6 (12)
Postnatal 12 (24)

Not known 8 (16)
Hearing aid fitting

Binaural 42 (84)
Monaural 5 (10)
Not fitted 3 (6)

History of delayed motor development, 
clumsiness, or unsteadiness

11 (22)

HI, hearing impaired; SNHL, sensorineural hearing loss.
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Abnormalities of low-frequency horizontal canal 
function were observed in 32 children (64%) as 
measured by caloric testing. The majority of HI 
children, 72% (23/32), had bilateral horizontal canals 
dysfunction. However, some asymmetries did exist in 
28% (9/32) HI children (Table 2).

The impact of SNHL etiology on the results of caloric 
test (peripheral vestibular test)
Abnormal horizontal canal function was found in 
56, 84.2, and 37.5% of patients with heredofamilial, 
acquired, and unknown etiologies, respectively (Table 3).

As noticed, although children in the acquired hearing 
loss group had the highest score of abnormalities when 
compared with the other etiologies, this difference did 
not reach the level of significance (P = 0.292).

The impact of the degree of SNHL on the results of 
caloric test
To avoid overestimation of the results, we analyzed the 
results of the caloric test according to the degree of 
hearing loss. Abnormal caloric test findings were noted 
in 88% (22/25) of HI children with profound SNHL, 
whereas the percentage in the remaining groups was 
25% (4/16) and 66.6% (6/9) in moderate-severe and 
severe SNHL, respectively.

As noticed from Table 4, there was no statistically 
significant difference in the percentage of abnormal 
caloric test findings between the groups with different 
degrees of SNHL (P = 0.128).

VEMP
Disruption of saccular function, as measured by 
abnormalities of VEMP response, was found in 
72% (36/50) of HI children. There was statistically 
significant difference in the percentage of abnormal 
VEMP response between NH children (10%) and HI 
children (P = 0.001) (Table 2).

VEMP response was bilaterally absent in 21/50 (42%) 
and unilaterally in 12% (6/50) and was delayed in 9/50 
(18%) patients.

The impact of etiology of SNHL on VEMP response
The highest abnormal VEMP response score was 
recorded in 16/19 (84.2%) of children with SNHL 
because of acquired cause when compared with children 
with other etiologies: 56.5% (14/23) of children with 
heredofamilial SNHL and 75% (6/8) of children with 
unknown etiology. There was no statistically significant 
difference in the results of VEMP response between HI 
children with different etiologies of SNHL (Table 5).

Table 2 Comparison between NH and HI children on the 
basis of their results in ENG and VEMP tests

Control (n = 30) 
[n (%)]

HI (n = 50) 
[n (%)]

P-value

ENG results
Normal findings 27 (90) 18 (36) 0.001**
Spontaneous nystagmus 0 (0) 1 (2) 0.345
Positional and/or 
positioning nystagmus

3 (10) 16 (32) 0.02*

Gaze nystagmus 0 (0) 0 (0) –
Oculomotor test

Smooth pursuit eye 
movement

1 (3.3) 1 (2) 0.495

Saccade 0 (0) 5 (10) 0.471
Optokinetic 1 (3.3) 5 (10) 0.593

Caloric test (canal paresis)
Unilateral 0 (0) 9 (18) 0.04*
Bilateral 0 (0) 23 (46) 0.001**
Total abnormalities 0 (0) 32 (64) 0.01*

VEMP results
Normal findings 27 (90) 14 (28) 0.01*
Unilateral 1 (3.3) 6 (17) 0.351
Bilateral 2 (6.6) 21 (58) 0.000***
Latency±amplitude 
abnormalities

0 (0) 9 (18) 0.04*

Total abnormalities 3 (10) 36 (72) 0.001**

ENG, electronystagmography; HI, hearing impaired; VEMP, 
vestibular-evoked myogenic potential; *Significant; **moderately 
significant; ***Highly significant.

Table 3 Caloric test (peripheral vestibular test) results in 
hearing impaired children according to their etiologies of SNHL

Caloric test results in HI children [n (%)]
Normal Unilateral canal 

paresis
Bilateral canal 

paresis

Etiology of SNHL
Heredofamilial (n=23) 10 (43.4) 4 (17) 9 (39)
Total 13 (56)
Acquired (n=19) 3 (16%) 5 (26) 11 (58)

16 (84.2)
Not known (n=8) 5 (62.5) 0 (0) 3 (37.5)

3 (37.5)
Total abnormalities 32 (64)
P-value 0.292

χ2-test was used. HI, hearing impaired; SNHL, sensorineural 
hearing loss.

Table 4 Caloric test (peripheral vestibular test) results in 
hearing impaired children according to their degrees of SNHL

Caloric test results in HI children [n (%)]
Normal Unilateral canal 

paresis
Bilateral canal 

paresis

Degree of SNHL
Moderate-severe (n=16) 12 (75) 1 (6) 3 (19)

4 (25)
Severe (n=9) 3 (33) 1 (11) 5 (55.5)

6 (66.6)
Profound (n=25) 3 (12) 7 (8) 15 (76)

22 (88)
P-value 0.128

χ2-test was used. HI, hearing impaired; SNHL, sensorineural 
hearing loss.
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horizontal canal dysfunction on caloric testing, either 
absent or abnormal caloric responses, and in 10% 
(5/50) of central type impairment patients (Table 2). 
This was in agreement with an other author who noted 
abnormal ENG in 88% of patients (22 ears); in nearly 
all of them (20 ears), vestibular impairment was of 
peripheral type [3].

The impact of the degree of SNHL on VEMP response
Fourteen of 25 (56%) HI children with profound SNHL 
had bilaterally absent VEMP response versus 4/9 
(44%) and 3/16 (19%) of HI children with severe and 
moderate SNHL, respectively. Meanwhile, unilateral 
absence of saccular function was demonstrated in 6% 
of HI children with moderate SNHL, 11% of HI 
children with severe SNHL, and 16% of HI children 
with profound SNHL (Table 6); this indicate that 
bilaterally absent response was more common than 
unilateral, and the differences in the degree of SNHL 
may be a predictor of VEMP response. However, 
there was no statistically significant difference in the 
percentage of abnormal VEMP findings between 
groups with different degrees of SNHL (P = 0.279).

In this study, there was no significant relationship between 
abnormalities of caloric testing and VEMP testing.

The latencies of P13 and n23 in normal children showed 
earlier than those in normal adults, indicating that 
the structural factors such as neck length, conduction 
velocity, or head size may affect the p13 latency [25]. 
Mean latencies of peaks p13 and n23 in 30 healthy 
children were 11.7 ± 0.99 and 18.12 ± 1.53, respectively, 
whereas P1 and N1 latencies in HI children were 
delayed (12.28 ± 1.9 and 20.08 ± 1.28 ms). However, 
this difference did not reach statistical significance 
(Table 7). Considerable statistically significant 
difference (P < 0.001) was noted in VEMP p13–n23 
amplitude between NH (5.12 ± 0.74) and HI children 
(3.76 ± 0.45) (Table 7).

Lowenstein [25] had given the anatomic 
compartmentalization of the saccule and cochlea. One 
might predict that saccular function may be more likely 
affected than utricular or semicircular canal function in 
the presence of an inner ear injury, leading to SNHL.

Discussion
SNHL still remains a problem with respect to the 
factors that might predict the extent of handicap 
and prognosis. Previous study suggested plausibly 
that lesions leading to SNHL could also contribute 
to dysfunction of the vestibular end organs [26]. In 
addition, other authors suggested that the clinical 
course of SNHL may be aggravated if the vestibular 
system is also involved [27,28]. It may even result in 
delayed motor development in children [29].

ENG test
This study demonstrated vestibular deficits in HI 
children using ENG test. Abnormal ENG was noted 
in (32/50) 64% of peripheral type patients with 

Table 5 Comparison between HI children with different 
etiologies of SNHL on the basis of their results in VEMP

Absence [n (%)]
Normal 
[n (%)]

Latency ± amplitude 
abnormalities [n (%)]

Unilateral Bilateral

Etiology of SNHL
Heredofamilial 
(n=23)

9 (39) 2 (9) 3 (13) 9 (39)

12 (52)
Total 14 (56.5)
Acquired (n=19) 3 (16) 5 (26) 3 (16) 8 (42)

11 (58)
Total 16 (84.2)
Not known (n=8) 2 (25) 2 (25) 0 (0) 4 (50)

4 (50)
6 (75)

Total 
abnormalities

36 (72)

P-value 0.429

HI, hearing impaired; SNHL, sensorineural hearing loss; VEMP, 
vestibular-evoked myogenic potential.

Table 6 Comparison between HI children with different 
degrees of SNHL on the basis of their results in VEMP

Absence [n (%)]
Normal 
[n (%)]

Latency ± amplitude 
abnormalities [n (%)]

Unilateral Bilateral

Degree of SNHL
Moderate-severe 
(n=16)

9 (56) 3 (19) 1 (6) 3 (19)

4 (25)
7 (43.7)

Severe (n=9) 3 (33) 1 (11) 1 (11) 4 (44)
5 (55.5)

6 (66.6)
Profound (n=25) 2 (8) 5 (20) 4 (16) 14 (56)

18 (72)
23 (92)

Total 
abnormalities

36 (72)

P-value 0.279

HI, hearing impaired; SNHL, sensorineural hearing loss; VEMP, 
vestibular-evoked myogenic potential.

Table 7 Comparison between the means (±SDs) of VEMP 
measurements in NH and HI children
VEMP outcomes NH children (n = 27) HI children (n = 9) P-value

P1 latency (ms) 11.7 ± 0.99 12.28 ± 1.9 0.421
N1 latency (ms) 18.12 ± 1.53 20.08 ± 1.28 0.147
Amplitude, (μV) 5.12 ± 0.74 3.76 ± 0.45 0.000

HI, hearing impaired; VEMP, vestibular-evoked myogenic potential.
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A previous study [37] also found that loss of vestibular 
function in children is associated less often with a 
genetic cause than with acquired deafness. In addition, 
other authors reported that the prevalence of vestibular 
test abnormalities is higher in acquired deafness 
(meningitis, labyrinthitis) [32,38,48,49].

The variability in vestibular responsiveness among 
different etiologies of SNHL was readily apparent in 
the available literature, and this incredible variability 
is present even within a single etiologic category such 
as deafness secondary to meningitis even though 
the relationship between auditory and vestibular 
function in this setting is thought to be better 
understood. Children with SNHL due to meningitis 
demonstrate a disproportionately large degree of 
vestibular nonresponsiveness; however, the degree of 
nonresponsiveness does range from unilateral weakness 
to bilateral areflexia of the horizontal canals [50].

The prevalence of vestibular disorders among these 
other etiologies is highlighted in studies that excluded 
children whose deafness was secondary to meningitis or 
other severe infantile infection. Despite this exclusion, 
Rosenblüt et al. [40] reported that a large proportion 
(43%) of the remaining cohort demonstrated vestibular 
dysfunction [40].

This was in disagreement with the study by Rapin [19] 
who documented that nearly half of the children with 
profound SNHL due to meningitis demonstrated 
normal horizontal canal function as measured by a 
caloric stimulation. Another author found a range of 
vestibular responsiveness that spanned from absent 
to normal across their designated etiologic subgroups 
as well as across different categories of residual 
hearing [51].

Impact of the degree of SNHL on the results of ENG
In this study, it was noticed that the percentage of abnormal 
ENG results varied according to the degree of hearing 
loss (37.5, 55.5, and 76% for moderate to moderately 
severe, severe, and profound hearing loss, respectively). It 
was noted that HI children with profound hearing loss 
had the highest percentage of abnormal ENG (88%), 
and a tendency toward parallelism between the extent 
of hearing loss and the vestibular function was found in 
this study. However, there was no statistically significant 
difference between the results of abnormal ENG among 
different degree of SNHL (Table 4).

This was in agreement with the study by Cushing 
et al. [8] who reported that horizontal semicircular 
canal function was abnormal in response to a caloric 
stimulus in 50% (16/32) children with severe to 
profound SNHL. Rosenblüt et al. [40] concluded that 

Some investigators have reported a high incidence 
of vestibular hypofunction in children with SNHL 
[10,30]. In children with SNHL, concomitant 
damage to vestibular structures is commonly reported 
[10,31,32].

This is also consistent with another research in which 
22 children were tested. Their age was 2–16 years, and 
bithermal caloric irrigation, rotational chair testing, and 
computerized dynamic posturography were performed. 
They found that 68% of the children had vestibular 
hypofunction or areflexia [33].

An overall incidence of horizontal canal dysfunction 
on caloric testing was found in 50% children with 
SNHL [8]. Published reports showed that vestibular 
dysfunctions were found in ∼30–70% of children with 
hearing loss [11,34,35]. Other author reported that 
two-third of HI patients had significant vestibular 
deficits [33].

Vestibular dysfunction in children with SNHL had 
been widely prevalent [36]; 20–70% of children with 
SNHL demonstrate an element of vestibular end 
organ dysfunction [37–39]. In addition, Rosenblüt 
et al. [40] found either absent or abnormal caloric 
responses in 49% of 107 deaf children. This wide range 
is likely a reflection of the variety of methods used to 
quantify vestibular dysfunction and the characteristics 
of the study populations, particularly with respect to 
the degree and etiology of the HI [41].

However, other investigators reported that a vestibular 
response was present in 90% of patients. Nevertheless, 
this may be because of the small number of HI children 
(only 25) [42].

Impact of etiology of SNHL on the results of ENG
In this study, it was noticeable that the HI children 
with acquired etiology had the highest abnormal ENG 
scores [16 (84.2%)] compared with the other etiologies, 
heredofamilial [13 (56%)] and unknown [3 (37.5%)] 
(Table 3). A tendency toward parallelism between the 
etiology and the vestibular function reflected that the 
etiology of SNHL may be a useful predictor of caloric 
hypoactivity.

This was consistent with the results in a recent 
study [26] in which some parallels were discovered 
between the etiology of hearing loss and the vestibular 
function. In addition, this was in agreement with the 
study by other authors who suggested that SNHL 
following bacterial meningitis is often accompanied by 
profound vestibular dysfunction and associated with 
bilateral vestibular loss [43–47].
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This was in agreement with the study by Christensson 
and Garwicz [52] and Grillner et al. [53] who found 
that the prevalence of vestibular dysfunction seemed 
to correlate also with the severity of the cochlear loss. 
In addition, Schwab and Kontorinis [26] concluded 
that the extent of hearing loss alone does not enable 
conclusions be drawn about either vestibular function 
or dynamic balance performance.

Assessment of saccular function using VEMP
In the present study, it was found that most children 
with SNHL had reduced saccular function, which was 
observed in the form of abnormal VEMP in 72% of 
HI children (Table 2). This was in agreement with the 
study by Zhou et al. [11] who found that abnormal 
VEMP was found in 21 of 23 children (91%) with 
SNHL.

Previous authors [8] also studied 40 children with 
SNHL and found that 40% demonstrated saccular 
dysfunction on the basis of the absence of VEMP 
response, either bilaterally or unilaterally. No VEMP 
was evoked bilaterally in 42% of the HI children; 
this was consistent with other studies published 
previously [38,54,55].

In this study, the normative mean data for p13 and 
n23 latencies of VEMP obtained with a click are 
11.7 (±0.99) and 18.12 (±1.53) ms, respectively 
(Table 7). This was in agreement with the results of 
other authors [22] who found that normative data for 
p13 and n23 latencies of VEMP obtained with a click 
in young children were 11.3 (±1.3) and 17.6 (±1.4) ms, 
respectively.

In contrast to the results in this study, other 
investigators [11] reported that normative mean data 
for p13 and n23 latencies of VEMP obtained with a 
click in young children are 16.14 (±2.81) and 21.38 
(±3.04) ms, respectively. The differences between 
these studies and our results could be justified by the 
different stimulus used.

In this study, it was found that most children with 
SNHL had delayed P1 and N1 latencies compared 
with children with normal hearing. However, this 
difference did not reach statistical significance. This 
was in agreement with a previous research [11] in 
which there were no differences in the P1 and N1 
latencies between the two groups. They reported that 
most children with SNHL had reduced amplitude in 
N1–P1.

In this study, the prevalence of abnormal VEMP 
responses varied according to the etiology of SNHL, 
56.5, 84, and 75% for heredofamilial, acquired, and 

vestibular function was proved to be normal in 80% 
of individuals with hearing loss of less than 90 dB 
as opposed to only 20% of those whose hearing loss 
exceeded 98 dB. Vestibular function appears, therefore, 
to be normal up to a point at which acoustic function 
has been almost entirely lost.

This was also supported by other studies, which showed 
that vestibular dysfunction has a high frequency 
(up to 80%) in children with severe HI [10,11,30,34, 
40–42]. Another author [3] noted that the percentage 
of abnormal ENG was significantly greater in the 
residual hearing/deafness group compared with the 
remaining group of 158 ears (88 vs. 60%, respectively). 
Previous studies [9,10] had the same note.

The prevalence of vestibular test abnormalities is higher 
in profound SNHL [34,38]. A number of studies have 
shown that, at least on a group level, the likelihood of 
a vestibular impairment relates to the degree of the 
hearing loss [9,36,50].

In a previous study, the authors [10] divided 57 
patients into three groups on the basis of average 
auditory threshold (<90, 91–97, >98 dB), with 
vestibular deficits (caloric) detectable in 20, 50, and 
80% of patients, respectively [42]. It was noted that 
the prevalence of vestibular test abnormalities is 
higher in profound SNHL.

Other investigators [40] concluded that the 
relationship between auditory and vestibular function 
is certainly complex. The intricacy of this interaction 
is particularly evident in patients with well-preserved 
vestibular function in the presence of even the most 
severe auditory dysfunction and in instances where 
apparently minor losses of auditory function are 
accompanied by complete vestibular dysfunction. 
Although the relationship between vestibular and 
auditory function is not simple, they do appear to be 
associated. Rosenblüt et al. [40] investigated vestibular 
function in 107 deaf children. It emerged that the 
vestibular and auditory functions were not mutually 
independent, that is the greater the hearing loss, the 
greater the vestibular impairment. Hearing function 
was, however, classified on the basis of the type of 
audiometry curve and not assigned a definitive, 
quantified degree of hearing loss. It is striking that, 
in 16.1% of the children with relatively good auditory 
sensitivity, no vestibular responses were demonstrable, 
whereas normal responses occurred in 43.3% of the 
children with the poorest sensitivity. The authors 
conclude that, although there is a correlation between 
auditory function and vestibular response, this link is 
not sufficiently clear to allow predictions to be made 
on a case-by-case basis [28,40].
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evaluating and treating HI children. Therefore, to 
minimize the adverse effects of them on normal 
development, it is crucial to carry out vestibular 
screening examinations and vestibular testing 
in all children with SNHL. Furthermore, once 
vestibular abnormalities were identified, appropriate 
interventions of balance and motor deficits warranted 
that functional improvement can be achieved through 
participation in vestibular rehabilitation focused 
on substitution and adaptation exercises. However, 
additional study is needed to examine the long-term 
effects of intervention.
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