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ABSTRACT Objective: Noise-induced hearing loss is most prevalent
problem in industrial audiology. In this study, construction employees
who had spent at least five years in the industry and worked in a noisy
setting had their peripheral hearing and balance systems assessed. Ma-
terial and Methods: The study included 34 construction workers and
30 healthy volunteers. The following tests were applied to the partici-
pants for evaluation: pure tone audiometry, high-frequency audiometry,
speech tests, speech audiometry and acoustic immitancemetry. Each
participant underwent the Video Head Impulse Test (VHIT), Videonys-
tagmography (VNG) and positional tests to assess their balance sys-
tem. Results: The control group (n=30), 28-males and 2-females
participated, and all males participated in the study group. A decrease
in hearing threshold was observed in personnel working in noisy envi-
ronments after 4000 Hz. “Acoustic notch” was observed in the entire
study group (30/34). This was not observed in the control group. When
pure tone averages were compared, statistically significant difference
was found between the study group and the control group (p<0.001). In
high frequency audiometry, a statistically significant difference was
found between the study groups at 10000-12000-14000-16000 Hz. In
the VNG test (pursuit-optokinetic-saccade tests), a significant gain-loss
was found in the study group compared to the control group (p<0.05).
No significant difference was found between the groups in VHIT
(p>0.05). Conclusion: According to the results of our study, construc-
tion workers are susceptible to the development of noise-induced hear-
ing loss. That is recommended to use the VNG test in the evaluation of
the vestibular system of people working in noise.
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OZET Amag: karsilasilan sorundur. Bu calismada sektorde en az bes
yil ¢aligmus ve giiriiltiilii ortamda ¢alisan ingaat ¢aliganlarinin periferik
isitme ve denge sistemleri degerlendirildi. Gere¢ ve Yontemler: Ca-
lismaya 34 ingaat iscisi ve 30 saglikli goniilli dahil edildi. Her kati-
limciya degerlendirme i¢in uygulanilan testler: saf ses odyometrisi,
yiiksek frekansl odyometri, konusma testleri konusma odyometrisi ve
akustik immitansmetri. Her katilimciya denge sistemlerini degerlen-
dirmek igin Video Bas Impulsu Testi (vVHIT), Videonistagmografi
(VNG) ve pozisyonel testler uygulanmistir. Bulgular: Calisma grubu-
nun tamami erkekti. Kontrol grubunda (n:30) ise 28 erkek ve 2 kadin
goniillii calismaya dahil edildi. Giriltiilii bir ortamda ¢alisan perso-
nelde 4000 Hz'den sonra isitme esiginde bir azalma gozlendi. Calisma
grubunun ¢ogunlugunda (30/34) “akustik ¢entik” gézlemlendi. Kontrol
grubunda ise yiiksek frekanslara dogru bir kayip gézlenmedi. Saf ton
ortalamalart karsilastirildiginda, ¢alisma grubu ile kontrol grubu ara-
sinda istatistiksel bir fark tespit edildi (p <0,001). Yiiksek frekansl od-
yometride, ¢alisma gruplari arasinda 10.000-12.000- 14.000-16.000
Hz'de istatistiksel olarak anlaml bir fark vardi. VNG test bataryasinda
(pursuit, optokinetic ve sakkad testlerinde), calisma grubun ile control
grubu karsilastirildiginda anlamli bir kazang kaybi vard: (p <0,05).
vHIT'de gruplar arasinda anlamli bir fark bulunamadi (p>0,05). Sonug:
Calismamizin sonuglarma gore insaat isgileri giirtiltitye bagl isitme
kaybi gelisimine duyarhdir. Giirtiltiide ¢aligan kisilerin, vestibiiler sis-
teminin degerlendirmesin de VNG testi kullanilmasi1 6nerilmektedir.

Anahtar Kelimeler: Insaat iscileri; giiriiltii; isitme kaybr;
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Noise is becoming more common in industrial
society.! Noise is expressed as an unwanted and dis-
turbing sound. It is known that as the exposure time
to noise increases, there are permanent or temporary
changes in the structure and function of the hearing
system. These changes may include hearing loss or
disturbances in the balance system. Studies on this
subject, noise-induced hearing loss (NIHL) is the sec-
ond most common cause of sensorineural hearing
loss.?

In the ear affected by noise, not only hearing but
also the balance system is adversely affected. Al-
though there are occupational noise standards to pro-
tect the hearing sensitivity of the workers, the hearing
system continues to be adversely affected due to the
loud noise they are exposed to in the work areas.'

The role of balance systems is to provide accu-
rate information about our position in space and the di-
rection and speed of our movement. In addition, it
prevents falling by quickly correcting the changes that
may occur in body position due to gravity. Also, the
balance system functions to control eye movement to
maintain gaze stabilization during movement. Our
ability to maintain balance is related to our systems
working together with every movement of our body.

Construction sites are areas where there is loud
noise and continuous noise. Many people can spot the
presence of construction at the beginning of a street
from their home. According to the “Health Surveil-
lance Guide in Working Life” published by the Min-
istry of Labor and Social Security, NIHL is one of
the most frequently observed occupational diseases
in construction workers. Because the daily noise level
in general at construction sites is above 80 dB.*

Permanent hearing loss is common as a result of
noise exposure. The intensity, duration and intensity
of the sound affect the resulting hearing loss. It is
known that as the duration of noise exposure in-
creases, there are permanent or temporary changes in
the structure and function of the auditory system.
These changes may include hearing loss or distur-
bances in the balance system. Permanent hearing loss
is common as a result of noise exposure. Exposure to
noise affects not only the cochlea but also the neu-
rodegenerative structure.’

In the previous studies, NIHL was evaluated
by the acoustic notch on the audiogram. In our
study, a specific occupational group determined to
work in a noisy environment was selected and eval-
uated. The purpose of selecting construction work-
ers working in noisy environments is that there is
no previous study that includes audiovestibular
evaluation and there is high noise in construction
sites in general.

The aim of this study was to examine the pe-
ripheral hearing and balance systems of construc-
tion workers working in noisy environments with
pure tone audiometry pure tone audiometry, high
frequency audiometry, speech tests speech au-
diometry, and acoustic immitancemetry, videonys-
tagmography (VNG) and Video Head Impulse Test
(VHIT) tests.

I MATERIAL AND METHODS

34 construction workers and 30 healthy volunteers who
volunteered to participate in the study were examined
by an otolaryngologist. This study was approved by the
Bagkent University Non-Interventional Clinical Re-
searches Ethics Committee (date: March 30, 2022, no:
KA22/128) and was supported by the Baskent Univer-
sity Research Fund. Hearing tests and then balance test
batteries were applied to the participants who did not
have any obstacles to perform the tests in the external
auditory canal. Tests were performed in the Department
of Otorhinolaryngology of Bagkent University Ankara
Hospital. The research was conducted between March
and December 2022. External center tests are not in-
cluded and participants who work more than five years
are included in the evaluation. All procedures were car-
ried out in accordance with the ethical principles of the
Declaration of Helsinki.

Hearing and balance tests applied to all volun-
teers participating in the study are as follows; Pure
Tone Audiometry, Speech Audiometry, High Fre-
quency Audiometry, Acoustic Immitancemetry,
VNG test battery (Horizontal Gaze Nystagmus Test,
Vertical Gaze Nystagmus Test, Spontaneous Nys-
tagmus Test, Pursuit Testing, Optokinetic Testing,
Saccade Test, Dix-Hallpike Test, Supine Head-Roll
Test), vHIT.



PURE TONE AUDIOMETRY

Pure Tone Audiometry was performed with the In-
teracoustics-Clinical Audiometer AC-40 device in a
quiet cabin in accordance with the “Industrial Acous-
tic Company” (IAC) standard. Air conduction hear-
ing thresholds were tested using Telephonic TDH-39
headphones at frequencies between 125 and 8,000
Hz, and bone conduction hearing thresholds were
tested using the Radioear B-71 bone vibrator at fre-
quencies between 250-4,000 Hz. The inclusion crite-
ria of healthy volunteers were those with normal
hearing and a speech discrimination score of 92% and
above, whose air conduction and bone conduction
thresholds and pure tone averages were below 15 dB.

HIGH FREQUENCY AUDIOMETRY

After attaching a special earphone for high frequen-
cies, high frequency audiometry is performed by
sending a signal at frequencies between 8,000 and
20,000 Hz. Tests were performed with the Intera-
coustics-Clinical Audiometer AC 40 device in a quiet
cabin in accordance with the IAC standard. High fre-
quency measurements were made using MX 41 head-
phones at frequencies between 10, 12, 14, 16 and 18
kHz. After pure tone audiometry test was done to all
of the participants, high frequency test was applied.

ACOUSTIC TYMPANOMETRY

The test was performed with the probe placed in the
external ear canal of patients. Immitancemetric mea-
surements were performed with the GSI Tympstar
Version 2 (Grason Stadler Inc., MN, USA) electroa-
coustic immittance meter. Tympanogram recording
was between -100 and +100 using a 226 Hz probe
tone and included those with Type A tympanograms.

VNG

VNG tests were recorded using Micromedical Vi-
sualEyes 4 Channel (Micromedical Technologies, IL,
USA) VNG device and glasses. Participants were
asked to follow the light bar, one meter away from
where they were sitting, with only eye movements
without moving their heads. After the calibration pro-
cess was completed, all of the VNG test batteries
(spontaneous nystagmus, gaze, pursuit, optokinetic,
and saccade tests) were applied sequentially.®

SUPIN ROLL TEST

The patient is placed on a stretcher on his back with
a pillow (30 degrees) under his head with VNG gog-
gles on. With this test, the patient’s lateral semicir-
cular canals are evaluated. The head is first turned 90
degrees to the right, then brought to the midline and
waited, and finally the head is turned 90 degrees to
the left again, recording for 1 minute separately for
each position.

DIX-HALLPIKE TEST

Dix-Hallpike Test was applied with VNG. During the
test, the cover of the VNG glasses was closed and the
patient was sitting, and the patient was kept on his
back with his head hanging 30 degrees below the
stretcher, and the recording was taken. The patient
was then piaced in a sitting position. After the wait-
ing period, the patient who did not have a complaint
of dizziness was placed on his back and the same test
was repeated on the right side.

Dix-Hallpike test left lying (supine position),
Dix-Hallpike test take off from the left (sitting posi-
tion), Dix-Hallpike test lying to the right (supine po-
sition), In the Dix-Hallpike test, taking off from the
right (sitting position), eye movements were provided
with VNG.

VHIT

VvHIT was performed with the OTOsuite Vestibular
(Software Version: 3.00 Build 1007, Otometrics)
computer program and video camera mounted glasses
(Type- 1085 ICS impulse). After the test was ex-
plained to the participant, glasses with a video cam-
era were put on and they were seated at a distance of
one meter from wall. During the test, he was asked
to stand upright and look at the black dot opposite
him. Calibration was performed initially for each pa-
tient. In the VHIT test, firstly the lateral test (lateral
semicircular canals test), then the left anterior right
posterior and right anterior left posterior canal tests
were performed.” Vestibulo-ocular reflex (VOR) gain
is the ratio of eye movement velocity to head move-
ment velocity. VOR gains between 0.8 and 1.2 are
considered normal for the lateral semicircular canals,
while this ratio is between 0.7 and 1.2 for the vertical
semicircular canals. Gains below these ratios are con-



sidered abnormal. The VOR is functional over a wide
frequency spectrum from 0.001 Hz to 100 Hz, and
VvHIT allows testing the VOR at high frequencies.”®

STATISTICAL ANALYSIS

SPSS 26.0 (IBM, USA) package program was used in
the statistical analysis of the data. In comparing con-
tinuous measurements between groups, distributions
were checked and independent samples t-test was
used for parameters with normal distribution, and
Mann-Whitney U test was used for parameters that
did not show normal distribution. Chi-square and
Fisher’s exact test were used to compare categorical
variables. In all tests, the statistical significance level
was taken as 0.05.

I RESULTS

DEMOGRAPHIC INFORMATION

A total of 64 people enrolled in this study. Thirty-
four of these participants were construction workers
working in noisy environments, and there were 30
healthy volunteers in the control group. All of the
construction workers were male participants, 28 of
the healthy participants were male and 2 female par-
ticipants were evaluated.

Workers in the study group were selected from
those between the ages of 18-55 and who had worked
at the construction site for at least five years. Work-
ers with temporal bone fractures, recent surgery, and
hearing loss were excluded. Individuals in the con-
trol group were selected from those who have never

worked in a noisy environment, between the ages of
18-55, who have no hearing loss, and who have a nor-
mal eardrum in the ENT examination.

AUDIOLOGICAL FINDINGS

Type A tympanogram was obtained in all partici-
pants. The difference between the study and control
groups was compared in the threshold values of 0.25
kHz, 0.5 kHz, 1 kHz, 2 kHz, 4 kHz, and 8 kHz in both
the right and left ears of the participants. Analysis re-
sults are given in Table 1.

The differences in pure tone audiometry aver-
ages, speech reception thresholds and speech dis-
crimination scores between the groups are
statistically significant. Accordingly, the parameter
mean of the experimental group was significantly

higher than the control group (p<0.001).

The distribution of high frequency hearing
thresholds in both groups is as in Table 2. In the high
frequency audiometry, the values at 10,000-12,000-
14,000-16,000 and 18,000 Hz were compared.

The differences between the groups at all fre-
quencies, except for the 18,000 Hz, are statistically
significant. Accordingly, the parameter mean of the
experimental group was significantly higher than the
control group (p<0.001).

VESTIBULAR TESTS FINDINGS

In both the study group and the control group, nys-
tagmus was not observed in the Horizontal Gaze,
Vertical Gaze, Spontaneous Nystagmus, Saccade and
Supine head roll test. Gain loss was observed in the

TABLE 1: Intergroup comparison pure tone audiology right, pure tone audiology left, speech comprehension threshold and
speech distinguishing.
Group N XSD ] p value
Pure Tone Audiology Right? Subject 34 24.21+13.165 785 <0.001*
Control 30 8.93+3.732
Pure Tone Audiology Left? Subject 34 16.78+9.692 91 <0.001*
Control 30 9.2345.191
Speech Comprehension Threshould Test® Subject 34 28.53+27.56 3.86 <0.001*
Control 30 10.00+4.57
Speech Distinguishing Test® Subject 34 87.24+18.916 -2.490 0.017
Control 30 95.87+6.68

aMann-Whitney U testi; "Independent samples t-test; *p<0.001; SD: Standard deviation.



TABLE 2: Comparison of high frequency hearing thresholds between two groups.

Group N XSD ] p value

R 10000°Hz Subject 30 51.17+20.20 6.504 <0.001*
Control 30 23.50+11.60

R 12000°Hz Subject 27 59.26+24.32 6.091 <0.001*
Control 30 26.00+15.39

R 14000°Hz Subject 17 54.41+18.53 5612 <0.001*
Control 30 26.00£15.55

R 16000°Hz Subject 13 49.23+13.82 4.110 <0.001*
Control 30 28.17+16.05

R18000°Hz Subject 11 29.09+6.64 0.144 0.887
Control 30 28.63+13.57

1.10000°Hz Subject 30 53.00+21.56 6.206 <0.001*
Control 30 24.50+12.95

1.12000°Hz Subject 25 59.20+26.68 5454 <0.001*
Control 30 26.00+16.04

1.14000°Hz Subject 15 48.0020.07 3.920 <0.001*
Control 30 26.33+16.07

1.16000°Hz Subject 11 44.09+22.34 2454 0.019
Control 30 28.17+116.84

1.18000°Hz Subject 9 29.44+6.82 -0.221 0.827
Control 30 30.17+12.89

“Mann-Whitney U testi; "Independent samples t-test; *p<0.001.
Pursuit and Optokinetic tests in the VNG test battery. I
DISCUSSION

Dix-Hallpike nystagmus was present in the study, and
the differences between the pursuit and optokinetic
gain loss parameters were statistically significant
compared to the experimental and control groups
(p<0.001) (Table 3).

In the vHIT test, no significant difference in gain
was found between the groups (p>0.05). One patient
in the study group had overt saccade and covert sac-
cade. No nystagmus was observed in the VNG and
positional tests of this patient.

TABLE 3: Intergroup comparison Dix-Hallpike, Pursuit and
Optokinetic tests.
Subject n% Control n% p value
Dix-Hallpike Right® 27 (47.40) 30 (52.60) 0.012%
7 (100) 0
Pursuite 28 (48.3) 30 (51.70) 0.026*
6 (100) 0
Opkokinetic® 24 (46.20) 28 (53.80) 0,026
10 (83.30) 2(16.70)

“Fishers exact test; *p<0.05; SD: Standard deviation.

Many etiologies of sensorineural hearing loss are
known. Among these, the most common age-related
hearing loss (presbycusis), genetic or environmental
factors, exposure to noise and side effects of ototoxic
drugs.*!°Other etiologies include autoimmune disor-
der, head trauma, and hair cell overstimulation.'"!?

Stereocilia located on the surface of hair cells are
very susceptible to mechanical damage. Direct expo-
sure of stereocilia to noise causes mechanical deteri-
oration and changes the normal cellular structure of
the organ of Corti.'*!¥ Changes that may occur in the
organ of Corti and hair cells cause permanent results
in the hearing and balance system. In this study, both
the peripheral hearing system and the vestibular sys-
tem of construction workers working in a noisy en-
vironment are evaluated. There are many studies on
NIHL. Our study examines the vestibular system in
people with NIHL.

VNG and vHIT tests were applied to evaluate
the participants’ vestibular system. Both tests are



widely used without evaluating the vestibular system.
Bayat et al. showed in their study that there is hyper-
sensitivity in the vestibular system in patients ex-
posed to chronic noise with VNG and cervical
vestibular myogenic potential tests.'> Elewa et al., pa-
tients with chronic noise exposure VHIT test findings
were examined. As a result of this study unlike our
study there was a statistically significant difference
in VHIT lateral canal gain between the study and con-
trol groups. A statistically significant negative corre-
lation between duration of noise exposure and lateral
canal gain was also present.'®

In NIHL, there is often symmetrical sensorineu-
ral hearing loss in both ears. Sometimes, if exposed to
one-sided noise, for example, asymmetrical, unilat-
eral hearing loss may occur due to gunshot or loud-
speaker direction.!” The results of pure tone audiometry
in the workers participating in our study were gener-
ally symmetrical and sensorineural type hearing loss,
which is similar to the literature. Individuals partici-
pating in this study did not use ear protection.

According to the study conducted by McBride
and Williams in 2001, it was stated that individuals
with NIHL had hearing loss that started after 2 kHz
and affected 3, 4, and 6 kHz, and notches were ob-
served at these frequencies.!® In another study con-
ducted in 2012, it was stated that there should be a
notch at 4 or 6 kHz for NTHL.! In our study, a de-
crease in hearing thresholds was observed in 28 out of
34 construction workers after 4000 Hz. Our study is
also compatible with the studies published before us.
Nada et al. conducted a study of 145 textile workers
with a statistically significant difference in the hear-
ing loss of workers working in noisy environments
compared to the control group.?

The health of employees working in noisy envi-
ronments such as construction sites, carpentry work-
shops, shipyards and factories must be regularly
monitored, and the necessary precautions must be
taken. Employee precautions such as earplugs, per-
sonal protective equipment or earplugs should be
taken to reduce exposure to noise. If the machine is
the source of noise, it should be tried to reduce the
decibel of the noise by using sound curtains or sound
barriers.

We think that our study will be a source of au-
diological data on NIHL in the scientific field. There
are limited studies investigating the effects of noise on
the long-term auditory system. We didn’t evaluate
retrocochlear function we didn’t use the electrophysio-
logical method. Unfortunately, occupational discrimi-
nation is not made in demographic information in these
studies, generally on NIHL. The study was carried out
during the pandemic period, hence a larger sample size
was not possible. In this regard, more studies on occu-
pational diseases can provide useful information in de-
termining the levels and effects of THL.

I CONCLUSION

According to the results of this study, noise may have
an effect on the hearing and balance system. In addi-
tion, our study has been a pioneer study for research
on this subject. Periodic ear examinations and hear-
ing tests should be performed, and health surveillance
should be carried out for the employees in the work
areas with a noise level of more than 80 dB. In addi-
tion to peripheral hearing, studies should be carried out
with objective and subjective methods that evaluate
central auditory pathways and efferent hearing systems.
That is recommended to use tests that evaluate the
vestibular system, such as the VNG test, in the evalua-
tion of the vestibular system of people working in noise.
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