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Introduction 
 
Occupational noise exposure is the second most 
common risk factor in the industry, which con-

tributes to 22% of workplace-related health is-
sues including auditory and non-auditory health 

Abstract 
Background: Background: Because of functional and structural similarities between the cochlea and vestibular 
sensory receptors, vestibular dysfunction could be accompanied by noise-induced hearing loss (NIHL) due to 
occupational noise exposure. We aimed to evaluate the occurrence of vestibular dysfunction (VD) in individuals 
with NIHL and occupational noise exposure. 
Methods: A systematic literature research was carried out within the databases of PubMed, Scopus, Science 
Direct, and Web of Science for published articles between 1980 and Jan 5, 2023 using the Preferred Reporting 
Items for Systematic Reviews and Meta-Analyses guidelines. The methodological quality of the included sys-
tematic reviews was assessed with the Joanna Briggs Institute (JBI) checklist. Vestibular system dysfunction 
parameters were considered as primary outcomes in subjects with NIHL. 
Results: We reviewed the evidence (from 19 eligible articles) for VD from noise-induced damage to peripheral 
vestibular structures. VD can occur after occupational noise exposure or concomitantly with NIHL. Further-
more, this study showed that the saccular organ has a higher susceptibility to noise damage than the vestibular 
organs of the utricle and semicircular canals (SCCs). 
Conclusion: Our results support the role of occupational noise exposure and NIHL as risk factors for devel-
oping VD. Further research is needed to investigate the association between the occurrence of VD due to oc-
cupational noise exposure or concomitantly with NIHL.  
 
Keywords: Noise-induced hearing loss; Noise-induced vestibular dysfunction; Occupational noise exposure 

 
 

http://ijph.tums.ac.ir/


Nadri et al.: Association between Simultaneous Occurrence of Occupational … 

 

Available at:    http://ijph.tums.ac.ir                                                                                                        684 

effects: hearing loss (HL), annoyance, cardiovas-
cular disease, cognitive performance and sleep 
disturbance (1, 2). According to WHO report, 

the prevalence of disabling HL (˃ 40 dB) was 
6.12% (466 million people in the world) in 2018 
and its number could increase to 8.27% (630 mil-
lion) by 2030 and 9.6% (900 million) in 2050, re-
spectively (3). A recent WHO report estimated 
that the global costs of HL (moderate or higher 
degrees) would be ranged of $750-790 billion an-
nually (4). 
NIHL occurs due to occupational noise exposure 
with the maximal degree in the 3-4 kHz range. 
Pathological characteristics of NIHL include a 
bilateral loss of the sensory hair cells and degen-
eration of neural auditory nerve. Because of re-
generative incapability of the human auditory sys-
tem, NIHL is irreversible (5, 6).  
A causal relationship between noise exposures 
and cognitive deficits including spatial learning 
and memory ability (7, 8) and spatial memory re-
duction (9) and proliferating cells in the hippo-
campal formation (10) has long been recognized. 
Damage to synapses between the inner hair cells 
and the primary auditory neuron is the reason for 
the reduction of cochlea outputs to the brain due 
to noise exposure without permanent threshold 
shift (PTS) (11, 12). In addition, NIHL can result 
in cognitive function deficit (spatial learn-
ing/memory) and hippocampal neurogenesis 
(13).  
Such a relationship between peripheral HL and 
cognitive function has been attributed to a strong 
anatomical and functional connection between 
brain regions (hippocampus) and auditory sys-
tem. Hence, reduction of auditory input results in 
hippocampal degeneration and impaired memory 
function (13-16). In addition, hypotheses pre-
sented for the causal mechanisms underlying the 
relationship between HL and cognitive decline 
include cognitive load hypothesis, information-
degradation hypothesis, sensory deprivation hy-
pothesis, and common-cause hypothesis (17, 18).  
Because of functional and structural similarities 
between the cochlea and vestibular sensory re-
ceptors in three SCCs and two otolith organs (the 
utriculus and sacculus), VD could be accompa-

nied by NIHL (19-21). Animal experiments 
showed the peripheral vestibular system damage 
due to noise exposure (22-24). The vestibular sys-
tem is crucial in maintaining balance and gaze 
stabilization (25, 26). Most common VD symp-
toms include dizziness, unsteadiness, and vertigo 
(27). Dizziness as a medical complaint can result 
in a significant impact on work (28) and cognitive 
impairments (29). 
On the other hand, vestibular signals play an im-
portant role in cognition functions such as spatial 
memory (30, 31), navigation (32), visuospatial 
ability, attention, memory and executive function 
(27), and spatial working memory (33). There-
fore, a decrease in performance, spatial naviga-
tion ability (34-36) and slowing the horizontal 
head movements (37) during driving have been 
reported in the literature due to peripheral ves-
tibular disorders.  
Numerous studies have been carried out to iden-
tify dysfunctions of various organs of the ves-
tibular system (including SCCs and otolith or-
gans) using different methods in subjects who 
work in various workplaces, including industrial 
and military. Due to the postulated connections 
between occupational noise exposure and the 
possible simultaneous occurrence of NIHL and 
VD, it is important to research existing 
knowledge in order to design future research ef-
fectively. To the knowledge of the authors, there 
is no systematic overview of the relationship be-
tween NIHL and vestibular dysfunction in sub-
jects exposed to occupational noise.  
We aimed to examine and summarize the pub-
lished literature on the occurrence of dysfunction 
of the vestibular system in individuals with NIHL 
and occupational noise exposure. 
 

Methods 
 
Search strategy and selection criteria 
Based on the Preferred Reporting Items for Sys-
tematic Reviews and Meta-Analyses guidelines 
(38), this systematic review was carried out in the 
databases of PubMed, Scopus, Science Direct, 
and Web of Science for published articles be-
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tween 1980 and Jan 5, 2023. A search strategy 
with low specificity and high sensitivity ("Vestib-
ular" and "Noise exposure" OR "Vestibular" and 
"noise induced hearing loss") was developed to 
find relevant articles. Due to accessibility, we lim-
ited our search strategy only for English-language 
papers, article types (research articles), and spe-
cies (human). The search strategy in four data-
bases PubMed, Scopus, Science Direct and Web 
of Science, resulted in finding 507 articles (Fig. 
1). In addition, references of eligible articles were 
also thoroughly reviewed to find additional rele-
vant articles.  
This review study included occupational human 
studies performed in different workplaces on the 
relationships between NIHL and VD. Only stud-
ies were included in this review that examined the 
vestibular function by at least one of these test; 

Electronystagmography (ENG), Videonystag-
mography (VNG), cervical Vestibular Evoked 
Myogenic Potentials (cVEMPs), ocular Vestibular 
Evoked Myogenic Potentials (oVEMPs), and 
video Head Impulse Test (vHIT). We had ex-
cluded studies performed among general popula-
tion, congress abstracts, and animal models stud-
ies.  
Screening process 
The titles and abstracts of all references were re-
trieved after removing duplicates (using EndNote 
X8). They were screened by the inclu-
sion/exclusion criteria. Articles that did not meet 
the inclusion criteria were excluded from further 
analyses. Figure 1 shows a PRISMA flow diagram 
of the study for the screening process. Articles 
retained were then further filtered out after re-
viewing full contents and removed any repetition.  

 

 
Fig. 1: A PRISMA flow diagram for the screening process of the present review study 
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Quality assessment of the systematic reviews 
and data extraction 
The methodological quality of the finally included 
studies in this systematic reviews was assessed 
with the JBI checklist (39). This checklist consists 
of 8 questions with Yes, No, Unclear and Not 
applicable answers for critical appraisal of studies. 
Therefore, based on the number of positive re-
sponses to the questionnaire, each study was allo-
cated a score of 0 to 8. Since our goal was to 
identify any related study regardless of its quality, 
we did not set minimum quality threshold crite-
ria. 

 
Results  
 
Description of search 
According with the selection criteria we have in-
cluded 19 studies. Full articles were obtained for 
the 19 included studies (Fig. 1). Of these studies, 
14 articles were carried out in industrial work-
places (with occupational exposure to continuous 
noise) and 5 articles in military workplaces (with 
occupational exposure to impulse/impact noise). 
The main characteristics, findings and quality as-
sessment of the included studies are detailed in 
Table 1. All included studies were published in 
English. The quality results of the studies showed 
that they had an average quality of 6.1 ± 1. Com-
pared to the maximum quality value of 8, these 
studies were of medium to high quality. The re-
sults of these studies are presented in the follow-
ing three sub-sections. 
 
Vestibular disfunction due to NIHL and oc-
cupational exposure to continuous noise  
All vestibular organs function including three 
SCCs and two otolith organs (the utriculus and 
sacculus) were evaluated among subjects with 
NIHL and exposed to occupational continuous 
noise with various tests (Table 1). The evaluation 
of the function of all SCCs among industrial 
workers using vHIT were conducted only by two 
studies, which reported vHIT abnormalities in 
(lateral canal of) 55% (49) and 47% (53) of work-
ers with NIHL (with predominant abnormality at 

horizontal SCCs). On the other hand, the func-
tion of the horizontal SCCs was evaluated in the 
various studies with the caloric test (from ENG 
and VNG tests) (40, 42, 43, 45, 50, 51, 58), and in 
several of these studies a significant dysfunction 
of the horizontal SCCs was reported in 47.1% 
(42), 45% (43), 33% (45), 17.5% and 16.9 % (50) 
of workers with NIHL. Although there was no 
significant dysfunction of horizontal SCCs in 
several of these studies (40, 41, 51, 52). The func-
tion of the saccule organ of otolith organs was 
evaluated in several studies with the cVEMP test 
(40, 41, 43-48, 51, 52), as several of these studies 
reported a significant association between the 
dysfunction of the saccule organ and NIHL (47, 
51). In addition, other studies reported significant 
dysfunction of the saccule organ in 50% (43), 
34.6% (44), 70% (45), 36.6% (46), and 30% (47) 
of the workers with NIHL. In other hand, the 
evaluation of the function of utricle organ of oto-
lith organs was only carried out using oVEMP 
test in the study of Tseng and Young (45), which 
showed that 57% of workers have dysfunction in 
this organ.  
 
Vestibular disfunction due to NIHL and oc-
cupational exposure to impulsive noise  
Shupak et al. assessed the function of the hori-
zontal SCCs (using the caloric and rotary chair 
tests), which showed significant dysfunction in 
military personnel with NIHL than in controls 
(20) (Table 2). In addition, Golz et al. demon-
strated significant horizontal SCCs dysfunction 
(using caloric testing) in 46.8% of military per-
sonnel with asymmetrical NIHL than with sym-
metrical NIHL (54). No dysfunction of the hori-
zontal SCCs (with the rotary chair test) was 
found in military personnel with asymmetrical 
NIHL than in the control group (56). In addition, 
the cVEMP test has been used in several studies 
to assess saccular organ function, and in these 
studies significant dysfunction was reported in 
75% (55), 33% (56), and 63% (57) of military 
personnel with NIHL compared to the control 
group. In other hand, in majority of studies in 
this part, there are no significant correlations 
found between the vestibular pathology and 
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symptomatology (vertigo or dizziness) (20, 54, 
55, 57).  
 
Vestibular disfunction sequence 
Several studies included studies in this review re-
ported more vestibular dysfunction in the saccu-
lar organ than in other vestibular organs. Investi-
gation of the sequence of vestibular deficits in 
subjects with NIHL, using cVEMP, oVEMP, and 
Caloric tests by Tseng and Young (45), showed a 

decreasing order of abnormal finding from the 
saccule (70%), followed by utricle (57%), and 
horizontal SCCs (33%). In addition, Akin et al. 
demonstrated normal function of the horizontal 
SCCs compared to a significant abnormal finding 
of the saccule in all NIHL participants (56). The 
susceptibility of the saccule organ in the pars in-
ferior (saccule and cochlea) of inner ear than pars 
superior portion (utricle and SCCs) due to noise 
exposure has been shown by Wang et al. (59) 

 
 

Table 1: A summary of articles on the relationship between NILH with VD in subjects exposed to continuous noise 
(n = 14) 

 

Ref. 
No. 
 

Study 
Aim 

Study/Control Group Audiologi-
cal/ 

Vestibular 
Examina-

tions 

The results showed: QAS* 

(40) Investigation of 
ENG evidence in 

patients with acous-
tic trauma. 

286 subjects with slight and 
severe NIHL/40 healthy men 

 
PTA*/EN

G 
 

A significant relation be-
tween NIHL and vertigo. 
Increased ENG abnormal 

results with increased 
NIHL and presence of 

vertigo. 

4/8 

(41) Investigation of VD 
in subject with 

NIHL. 

29 airline technicians with mild 
to profound NIHL (at 4 kHz) 

PTA/ENG No relation between sever-
ity of NIHL and VD. 

5/8 

(42) Investigation of the 
VD in subjects with 

NIHL. 

36 subjects with NIHL (at 4 
kHz); 20 subjects with vertigo 

(60.4±17.1 dB HL) and 16 
subjects without vertigo 

(56.7±12.2 dB HL) 

PTA/ENG A significantly reduction in 
Caloric test response in 

47.1% of the subjects with 
vertigo. 

5/8 

(43) Investigation of 
VEMPs in worker 

with NIHL. 

18 male and 2 female workers 
from nine industry with NIHL 

(26-75 dB HL at 4 kHz). 

PTA/cVE
MP and 
ENG 

Abnormal Caloric (45%) 
and cVEMP (50%) re-

sponses in workers 
A significant relationship 
between hearing thresh-

olds and VEMP responses. 

6/8 

(44) Investigation of 
VEMPs in worker 

with NIHL. 

30 workers with NIHL (25-70 
dB HL)/30 healthy subjects 

(age- and sex-matched). 

PTA/cVE
MP 

A significant association 
between the abnormal 

cVEMP (34.6%) and hear-
ing threshold. 

6/8 
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(45) Investigation of the 
sequence of vestibu-

lar deficits in sub-
jects with NIHL. 

30 subjects with NIHL (26-62 
dB at 4kHz)/30 healthy subject 

(age- and sex-matched). 

PTA/oVE
MP, 

cVEMP, 
and Caloric 

(ENG) 

Abnormal cVEMP (70%), 
oVEMP (57%) and caloric 
(33%) responses in subject 

with NIHL. 

6/8 

(46) Evaluation of 
VEMPs in worker 

with NIHL. 

60 workers with NIHL (40-70 
dB HL at 4 kHz)/30 aged-

match healthy office employ-
ees. 

PTA/cVE
MP 

A significant association 
between the abnormal 

cVEMP (36.6%) and hear-
ing threshold. 

4/8 

(47) Investigation of 
cVEMP in patients 

with NIHL. 

20 workers with NIHL 
(42.2±14.6 dB HL at 4 

kHz)/20 aged-matched normal 
subjects. 

PTA/cVE
MP 

A significant association 
between the abnormal 

cVEMP (30%) and hearing 
thresholds. 

7/8 

(48) Investigation of 
cVEMP in workers 
with occupational 

noise exposure and 
HL. 

40 textile factory male workers 
with chronic noise exposure 

(with normal to moderate hear-
ing loss at 4 kHz)/20 age-

matched healthy male subjects 
without noise exposure. 

PTA/cVE
MP 

A significant association 
between the severity hear-
ing loss and the abnormal 

cVEMP responses. 
A significant association 
between the abnormal 
cVEMP responses and 

sense of imbalance. 

7/8 

(49) Evaluation of the 
SCCs function in 
industrial workers 

with NIHL. 

36 metal industry workers with 
NIHL (> 40 dB HL at 4 
kHz)/30 healthy men. 

PTA/vHIT A significant SCCs deficit 
in workers with NIHL 
(55.5%) versus control 

group (6.6%). 

7/8 

(50) Evaluation of the 
vestibular function 
in workers with oc-

cupational noise 
exposure. 

60 noise-exposed laundry 
workers with mild NIHL/20 

aged-matched healthy subjects. 

PTA/VNG Normal oculomotor tests 
in both groups. 

A significantly higher di-
rectional preponderance 
(17.5% versus 3.9%) and 

unilateral weakness (16.9% 
versus 3.8%) among the 

study group than controls. 

6/8 

(51) Evaluation of the 
saccular function in 
subjects with NIHL 
and without vestibu-

lar symptoms. 

25 male subjects with 
NIHL/25 matched controls 

with sensorineural hearing loss 
and without noise exposure. 

PTA/cVE
MP and 
Caloric 
(VNG) 

Significant abnormal 
cVEMPs in subjects with 

NIHL. 
Only a significant differ-
ence in cVEMPs ampli-

tude (not latency) between 
the two groups. 

6/8 

(52) Assessment of the 
vestibular function 

in subjects with 
chronic noise expo-

sure. 

121 police personnel and au-
tomobile drivers with at least 5 

years noise exposure /121 
healthy volunteers without 

noise exposure. 

VNG and 
cVEMP 

Normal vestibular function 
in terms of VNG and 
cVEMP tests in both 

groups. 

6/8 

(53) Evaluation of the 
effect of chronic 

noise exposure on 
the vestibular system 

17 textile factory workers with 
mild to moderately severe 
NIHL/17 healthy subjects. 

PTA/vHIT Significant abnormal vHIT 
(lateral canal) in 47% of 

workers with NIHL. 
Negative correlation be-
tween lateral canal gain 
and hearing thresholds. 

7/8 

*Pure Tone Audiometry (PTA), Quality Assessment Score (QAS) 
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Table 2: A summary of articles on the relationship between NILH with VD in subjects exposed to impulsive noise 
(n=5) 

 

Ref. 
No. 

Study 
Aim 

Population 
Covered 

Audio-
logical/ 
Vestibu-
lar Ex-
amina-
tions 

The results showed: QAS 

(20) Examination of 
the possible 

changes in the 
vestibular system 
function in sub-
jects with NIHL. 

22 navy crews with 
NIHL(≥25 dB in at least 

one ear)/21 controls 
with normal hearing. 

PTA/ 
ENG 

A significant reduction in VOR gain and caloric 
responses in the NIHL group. 

No significant differences in vertigo symptoms, 
oculomotor tests, directional preponderance be-

tween groups. 

7/8 

(54) Evaluation of the 
vestibular system 
function in sub-
jects with sym-

metrical and 
asymmetrical 

NIHL and ex-
posed to impulse 
and impact noise. 

258 military personnel 
with NIHL; in 2 groups 
(134 with symmetrical 

and 124 with asymmet-
rical NIHL) and 2 sub-
groups (presence or ab-
sence of vestibular com-
plaints)/32 healthy men 
(aged-matched without 

exposure) 

PTA/EN
G 

A significant abnormal vestibular finding in sub-
jects with asymmetrical (46.8%) than symmetrical 

(5.2%) NIHL. 
A strong correlation between the vestibular 

symptoms (dizziness or vertigo) and abnormal 
ENG findings in subjects with asymmetrical 

NIHL. 
A significant correlation between the subjects’ 
symptoms (80.7%) in the group with asymmet-
rical NIHL and the ENG abnormal findings. 

7/8 

(55) Investigation of 
the effect of im-
pulsive noise ex-

posure on cochle-
ar and saccular 

function 

12 police officers/12 
age-matched healthy 

men. 

PTA/cV
EMP 

A significant hearing deterioration in the police 
officers (only at 4 and 6 kHz in the left ear) over 
the 10-year study period compared with healthy 

controls. 
A significant abnormal cVEMP responses (75%) 

in police officers. 
No symptoms of vertigo or imbalance in police 

officers. 

7/8 

(56) Investigation of 
the effects of 

noise exposure on 
the cVEMP in 

individuals with 
asymmetric NIHL 

43 subjects with military 
noise exposure and 

asymmetric NIHL/14 
age-matched controls 
with normal hearing. 

PTA/cV
EMP 

A significant abnormal cVEMPs (33%) in NIHL 
subjects. 

Dizziness is compliant in 49% of NIHL subjects. 
A significant relationship between the abnormal 

cVEMPs and the degree of NIHL. 

7/8 

(57) Analysis of the 
cVEMP results of 

patients with 
NIHL. 

20 military personnel 
with symmetrical NIHL 
(at 4, 6 and 8 kHz); in 
two groups; group 1; 
NIHL > 68.3 dB and 
group 2; NIHL<68.3 

dB). 

PTA/cV
EMP 

A significant abnormal cVEMP in-group 2 than 
group 1 (63% versus 28%). 

No significant difference in the prevalence of 
vertigo and dizziness symptoms between the 

groups. 
A significant higher abnormal cVEMP in sub-
jects with vertigo/dizziness and lower NIHL. 

6/8 

 
. 

Discussion 
 
This review shows the co-occurrence of vestibu-
lar dysfunction and NIHL in the working popula-
tion exposed to continuous or impulsive occupa-

tional noise in almost all included studies. In ad-
dition to auditory system, occupational exposure 
to noise can also be a risk factor for the vestibu-
lar system. The simultaneous damage to the audi-
tory and vestibular systems from occupational 
noise exposure could be explained by the func-
tional and structural similarities of these two sys-
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tems, including the structural similarity of their 
receptors, the anatomical proximity of the sound 
energy transmission system to the vestibular sys-
tem, and their common blood supply. (Via ante-
rior inferior cerebellar artery) (19, 21, 60).  
Cochlear pathologies or hearing loss mechanisms 
due to noise exposure can be classified into me-
chanical damage and metabolic damage (61). Me-
chanical damage occurs at high noise levels and 
can damage cochlear structures (e.g. damage to 
stereocilia tips, cochlear vessels, tip links, and 
supporting cells) by transmitting excessive vibra-
tion to these structures (62). Due to the proximi-
ty and anatomical connections between the audi-
tory and vestibular organs, the mechanical vibra-
tions generated by noise can therefore be trans-
mitted to the vestibular organs and damage their 
structures. Animal experiments have reported the 
loss of sensory stereocilia in the otolith organs 
and SCCs (24), and the degeneration of epithelial 
cells and the separation of their layers in the sac-
cular maculae (22) due to mechanical damage at 
high noise levels (116 and 120 dB sound pressure 
level). On the other hand, an abnormal VEMP 
response and its association with histological 
damage in the saccular organ has also been re-
ported after exposure to 115 dB (63). Therefore, 
the damage to the end organs of the vestibular 
system due to mechanical damage from loud 
noise reported in the studies included in this re-
view (20, 54-57) can be attributed to the proximi-
ty and structural and functional similarities of the 
two organs of auditory and vestibular function.  
On the other hand, metabolic changes are the 
main mechanism of NIHL because of chronic 
noise exposure. Therefore, metabolic changes 
including reactive oxygen species (ROS), ische-
mia, free radicals, reactive nitrogen species 
(RNS), Lipid peroxidation induced by ROS, and 
metabolic overloads in the organ of Corti are the 
main mechanism of cochlear damage due to 
noise exposure (or continuous noise) (61, 64-66). 
Chronic exposure to noise leads to the generation 
of free radicals, such as ROS and RNS, from the 
mitochondria to the cytoplasm of the hair cells 
and the production of pre-apoptotic factors and 
eventual apoptosis of hair cells (62, 65, 66). The 

free radicals generated can persist for days after 
exposure has ended, leading to progressive dam-
age to the cochlea (66). Due to the same blood 
supply pathway of the auditory and vestibular 
systems, it is therefore to be expected that meta-
bolic changes could induce similar damage to the 
vestibular sensory receptors (67). In addition, the 
ototoxicity and vestibulotoxicity effects of drugs 
such as aminoglycoside (68), and carboplatin (69) 
have recently been demonstrated. The mecha-
nism of ototoxicity of these drugs has been ex-
plained by their entry into the cochlea and hair 
cells through the bloodstream and cell damage 
and apoptosis due to ROS formation (70). Due 
to the longer clearance times of the ototoxic 
drugs from the inner-ear fluids than from the 
blood, they can remain in the cochlea for several 
months (with a half-life of 5 to 6 months) after 
stopping treatments (71, 72). Due to the anatom-
ical proximity and the structural and functional 
similarity of the two vestibular and auditory or-
gans, the factors that damage the auditory organs 
can also damage the vestibular organs (19, 21-24). 
Therefore, the dysfunction of the vestibular sys-
tem reported in the studies included in this re-
view could be attributed to the mechanism of 
metabolic damage due to noise exposure (or con-
tinuous exposure to noise) (40, 42-47, 49-51).  
On the other hand, the absence of symptoms 
(vertigo or dizziness) in individuals with vestibu-
lar dysfunction is likely due to the compensatory 
mechanism. Thus, the cerebellum seems to play 
an important role in initiating this mechanism. 
Although vestibular compensation plays an im-
portant role in maintaining balance, it should not 
be mistaken with full recovery (67). This is be-
cause peripheral vestibular abnormalities can re-
sult in decreased performance, particularly in un-
usual situations such as reduced visual input, use 
of rapid head movements, and the need for spa-
tial navigation skills (34-37).  
The inner ear consists of two portions separated 
by a thin membrane called the membrana lim-
itans including the pars superior (utricle and 
SCCs) and the pars inferior (saccule and cochlea) 
(73). The membrane limitans as a partial barrier 
protecting the utricle and SCCs from acoustic 
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trauma. In other words, the susceptibility of the 
saccule to noise-induced damage is due to the 
anatomical proximity of the saccule to the stapes 
footplate (sound energy transmission system) (22, 
24, 74). Moreover, the pars inferior is more sus-
ceptible to damage than the pars superior due to 
high-intensity noise exposure (63). Therefore, 
due to differences in the susceptibility of the ves-
tibular portions, one part can precede other parts 
and this can result in discrepancies between eval-
uation findings of different portions of the ves-
tibular system.  
 

Limitation 
The main limitation of this review is the hetero-
geneous data that precludes meta-analysis. Heter-
ogeneity includes different examination methods, 
different diagnostic criteria, variability in indus-
try/workplace population, different age groups 
and variability in sample size.  
 

Conclusion 
 
Almost all studies in this overview have shown a 
significant association between NIHL and VD 
among the workplace population exposed to oc-
cupational noise. Because of the crucial role of 
the function of the vestibular system in maintain-
ing balance and gaze stabilization, hearing protec-
tion legislation should therefore be extended to 
cover the vestibular system of individuals who 
are at risk of damaging it. In view of the im-
portance of medical competence and fitness for 
work, especially in professions with high de-
mands on balance and gaze stabilization, it is rec-
ommended to supplement the obligatory medical 
examinations with an assessment of the balance 
function. However, conclusions from the present 
study needs to be treated with caution. Further 
research is needed to investigate the association 
between the occurrence of VD due to occupa-
tional noise exposure or concomitantly with 
NIHL. 
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