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Introduction

Different from acoustic trauma,

chronic noise-induced hearing

loss (NIHL) occurs gradually over

many years of exposure to less in -

tense noise levels. Chronic expo-

sure to high-intensity continuous

noise with superimposed episodic

impact or impulse noise is usually

the cause of this type of hearing

loss. The majority of chronic NIHL

develops with occupational or

industrial exposure. The World

Health Organization reports that

noise is an etiology for more than

one third of the hearing losses in

industrial countries.1,2 

The cause and effect relation-

ship between noise exposure and

hearing loss has been known for

many years. Histopathologically,

chronic NIHL has been described

as injury to the cells of the inner

ear. However, the pathogenesis

involves interactions between all

three divisions of the auditory sys-

tem: the external, middle, and

inner ears.1,3,4

Despite limited information on

the physiologic functions of the

mastoid air-cell system, the mas-

toid air-cell system has been sug-

gested to protect the sensitive in -

ner ear structures from hyperbaric

environmental changes.5,6 In ad -

dition, the literature supports the

con tention that the contribution of

the mastoid cellular system to the

middle ear is a pressure-damping

effect.6-9 In a well-pneumatized

mastoid, significant changes in

middle ear pressure are likely to

have little effect on the middle ear

and tympanic membrane because

of the buffering action of the mas-

toid air cell  system.7,9,10 

Furthermore, the stapedial

(acoustic) reflex has an important

role in the pathogenesis of NIHL.

Stimulation of the reflex stiffens

the middle ear structures, there -

by reducing the sound energy

reaching the inner ear. For this

reflex arch, which is protective

against high noise levels, to func-

tion properly, the middle ear pres-

sure must be within normal limits.

The status of the middle ear cavi-

ty depends on the function of the

mastoid air-cell system. Mastoid

air cells act as a buffer to maintain

the partial gas pressure in the mid-

dle ear with the help of the large

surface.6,9,11 Therefore, the degree

of mastoid pneumatization can be
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said to have an important role in

its function. To date, no studies

have been conducted to demonstrate

whether the degree of mastoid

pneumatization has a role in the

chronic noise-induced hearing loss.

Taking all of this data into ac -

count, we carried out a study to in -

vestigate the possible association

between mastoid pneumatization

volume and chronic noise-induced

hearing loss.

Materials and methods

A group of subjects (n = 63)

working  in the press and montage

department of a gun factory in

Kırıkkale city under the same

noise levels were evaluated. To

determine the noise levels at the

factory where the workers were

employed, a Kjaer Sound Level

Meter (Type 2219) was used to

obtain measurements in dBA. The

lowest noise level was 79 dBA,

whereas the highest was 108 dBA.

The press and montage workshop

with noise levels over 85 dBA was

selected as the study site because

it involved the highest number of

workers and provided a homoge-

nous work place with respect to

noise level. 

In each case, the worker had a

full ENT history and examination.

The work hours of the subjects

were recorded. They were asked to

answer a questionnaire comprising

questions on their exposure to

internal noise, use of personal

hearing protectors and ototoxic

drugs, systemic diseases, and sub-

stance (cigarette and/or alcohol)

use. The workers were also evalu-

ated for additional noise exposure

history (such as gunfire, loud

music, concerts or headphones,

motorcycles etc.). 

Exclusion criteria from the study

were history of conductive hearing

loss, prior neurological disorders,

another work activity with noise

exposure, exposure to organic sol-

vents, and the history of familial

hearing loss disorders. Further -

more, considering that presbycu-

sis could add to the NIHL and

alter the results, workers over 50

years of age were also excluded

from the study. Consequently, 46

workers who met our criteria were

enrolled into the study. 

Pure-tone audiometry, tympa-

nometry, and acoustic reflex meas -

urements were made before the

workers returned to work after a

12-hour rest period in order to

detect permanent hearing loss.

Pure sound thresholds were deter-

mined by the same researcher who

did the measurements with inter -

acoustics AC-40 clinical audiome-

try (Interacoustics Co, Assens,

Den mark). Thresholds between

250 and 8000 Hz were measured.

Between 2000 and 6000 Hz, 28

workers with bilateral sensorineu -

ral hearing loss over 20 dB were

classified as the study group,

where as 18 workers with less than

20 dB hearing loss comprised the

control group. Audiologic find-

ings in both groups for the right

and left ears are summarized in

Table 1. Tympanometric tests were

performed with an Inter acoustics

AZ-26 impedance audi ometer (In -

ter acoustics Co) at a probe tone

frequency of 226 Hz. The ipsi -

lateral and contralateral stapedial

reflexes were tested using pure

tones at 500-2000 Hz and 500-

4000 Hz, respectively.

To determine the mastoid cell

volumes, the subjects were evalu-

ated by computed tomography

(CT) imaging (Elscint, SeleCT,

Philips Medical Systems). The

mastoid pneumatization volumes

of both groups were calculated for

the right and left ears separately. A

Table 1

The threshold values (decibel) of the patients with noise-induced hearing loss (NIHL) and non-noise-induced hearing loss
(non-NIHL, control group)

NIHL: Noise Induced Hearing Loss
R: Right, L: Left
Data were expressed as the mean ± standard deviation.

Frequency NIHL (n = 28) non-NIHL (n = 18)

R L R L

250 Hz 15.47 ± 3.92 14.79 ± 3.64 13.65 ± 4.22 15.95 ± 5.33

500 Hz 16.43 ± 4.67 15.36 ± 4.21 16.02 + 4.11 14.44 ± 4.31

1000 Hz 19.22 ± 4.61 18.15 ± 3.97 14.95 ± 5.09 15.28 ± 5.36

2000 Hz 27.17 ± 7.55 28.21 ± 90.01 14.55 ± 3.29 14.80 ± 3.92

4000 Hz 57.86 ± 21.16 55.39 ± 8.13 18.00 ± 4.25 16.47 ± 4.12

6000 Hz 49.67 ± 10.05 47.94 ± 9.77 17.33 ± 3.85 18.15 ± 3.10

8000 Hz 46.45 ± 10.35 47.81 ± 10.81 16.78 ± 4.29 18.23 ± 3.70
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3-mm sectional width and tempo-

ral images in the axial plane with-

out intervals were obtained. The

scan plane was parallel to the or -

bitomeatal line and the CT images

covered the entire mastoid region.

The mastoid pneumatization area

of each section was marked and

recorded on the computer. The

pneumatization volume was cal-

culated by multiplying the area

marked in mm2 with the value of

sectional width (3 mm). 

All patients were informed of

the trial and gave their written

informed consent before being

included in this study. All steps in

the study were planned and con-

tinued according to the principles

outlined in the Declaration of

Helsinki.12

Student’s t test was used in the

comparison of the mastoid volume

between the study and the control

groups. All statistical analyses

were done using SPSS (for Win -

dows, version 11.0, Chicago, IL).

A level of P < 0.05 was accepted

as statistically significant.

Results

The age range of the study subjects

was 25-48 years. The mean age of

the 28 subjects who  comprised the

study group was 36.56 years, and

was 33.12 years for the 18 subjects

in the control group. The mean

age of the study and the control

groups was not significantly differ-

ent with student’s t-test (P > 0.05). 

No significant intergroup dif-

ference for the history of passive

or active smoking, alcohol use, dia -

betes mellitus, hypertension, hyper -

lipidemia, cardiovascular disease,

head trauma, use of personal hear-

ing protectors or use of ototoxic

drugs was found (P > 0.05). 

The work hours of the factory

workers consisted of 3 shifts, each

lasting 8 hours. The total time

worked at the gun factory in the

study group was as follows:

60.7%, 0-5 years; 21.4%, 6-10

years; 10.8%, 11-15 years; and

7.1%, more than 15 years. Of the

workers in the control group,

72.2% had worked at the same

factory for 0-5 years; 16.7%, 6-10

years and 11.1%, 11-15 years. No

significant difference concerning

duration of noise exposure (P >

0.05) in the factory was observed

between the study and control

groups. The workers were also

interviewed about the noise levels

they had been exposed to at their

previous work places. There was

no significant difference between

the two groups with regard to the

noise levels of their previous work

places (P > 0.05).

According to the statistical evalu -

ations using student’s t-test, there

were no intra-group differences

between the right and left ear

threshold values (P > 0.05). We

found normal pressure [(-100) –

(+50)] in the middle ears of the

study and control groups. Further -

more, there were no statistically

significant differences between

the study and control groups for

ipsilateral and contralateral stape-

dial reflexes (P > 0.05). 

The mean and standard deviation

of the mastoid pneumatization

volume for the right ears of the

study group was 9676.5 ± 4476.6

mm3, whereas it was 9658.7 ±

5326.1 mm3 for the left ears.

The mean mastoid pneumatization

volume of the control group for the

right and the left ears were 10834.5

± 4511.9 and 11177.1 ± 4212.3

mm3, respectively. The values of

range and the mean and median

degree of mastoid pneu matization

in noise-induced hearing loss and

the control group are shown in

Table 2. Although the volume of

mastoid pneumatization was less

in the study group than in the con-

trol group, this  difference was

not statistically significant. These

results showed that no statistically

significant  difference was found

in the  comparison of mastoid pneu -

matization volumes of the workers

Table 2

Range, mean and median degree of mastoid pneumatization in the noise-induced hearing loss (study) group and
non-noise induced hearing loss (control) group.

NIHL: Noise Induced Hearing Loss
SD: Standard Deviation
P < 0.05 was considered as statistically significant.

Right Left

mm3 NIHL Non-NIHL NIHL Non-NIHL

Range 4471-18832 4965.4-19487 3224.6-18850 4377.2-18643.8

Mean ± SD 9776.5 ± 4476.6 10834.5 ± 4511.9 9658.7 ± 5326.1 11177.1 ± 4212.3

Median 8335.4 9740.8 8890.5 10612.2

P > 0.05
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with noise-induced hearing loss

and the non-hearing loss group

(P > 0.05).

Discussion 

Parallel to the technological

advances, occupational NIHL has

become a major problem. It is well

known that individual susceptibili -

ty to NIHL is highly variable.

While a low level of noise may

cause severe hearing loss in cer-

tain individuals, very high level

noise does not lead to hearing loss

in others. This may be attributed

to genetic characteristics.1-3,11 

In addition to genetic factors,

NIHL was reported to have a higher

incidence in the presence of fac-

tors such as systemic diseases,

oto toxic medication use, concomi-

tant ear disease, high cholesterol,

diabetes mellitus, smoking, ad -

vanced age, industrial solvents,

and environmental chemical pol-

lutants.1-3,12,13 

There is a considerable variation

in the size of the mastoid pneu -

matization between individuals.14

Similar to noise-induced hearing

loss, hereditary or environmental

theories for the variation between

individuals have been proposed.5,6

Hence, a connection between mas -

toid pneumatization and noise-

induced hearing loss has been sug-

gested because the etiologies of

both are based on genetic and en -

vironmental factors. 

The studies to date have con-

cerned various otologic diseases

associated with NIHL such as

secretory otitis media, middle ear

barotrauma, Meniere’s disease, oto -

sclerosis, presbycusis, and chronic

otitis media. To our knowledge,

there is no previous study assess-

ing the possible role of mastoid

pneumatization in the develop-

ment of noise-induced hearing

loss.7-10,15-17 

The mastoid air cell system has

been described as playing an

important role in the middle ear

physiology. In the study of Uzun

et al.9 an inverse relationship

between the size of mastoid

pneumatization and risk of symp-

tomatic middle ear barotraumas

was found in scuba divers. They

claimed that when a negative pres-

sure occurred in the middle ear

spaces with a well-pneumatized

mastoid, the pressure was buffered

by the mastoid cell space; thus, the

middle ear was not affected. How -

ever, poorly pneumatized mastoid

is not capable of buffering the

pressure, which leads to increased

susceptibility to tympanic mem-

brane retraction and chronic in -

flammatory conditions of the mid-

dle ear.9 All these data suggest that

the mastoid pneumatic system

works like an organ that buffers

the pressure changes in the middle

ear. 

Despite an emphasis on middle

ear barotrauma until the late 1960s,

inner ear barotrauma is reported

more frequently than before. More -

over, high-frequency sensorineu -

ral hearing loss in scuba divers has

been described as having similar

features as those with damage

from excessive noise exposure.18

One of the causes of sensorineural

hearing loss related to the hyper-

baric environment is noise in -

duced hearing loss. A well-pneu-

matized mastoid air cell system

has been proposed to  protect the

sensitive inner ear structures from

hyperbaric environmental changes.5 

Various radiological methods

are used to determine the volume

of the mastoid air cell system.

Despite their low costs, conven-

tional radiographic methods have

some disadvantages like their in -

efficiency in providing a detailed

evaluation of mastoid air cells and

their inability to determine the

position of the temporal bone. In

addition, conventional radiologi-

cal methods can only measure the

2-dimensional size (i.e. the area)

of mastoid pneumatization.14 On

the other hand, although CT is a

costly, it is the best method for the

determining mastoid pneumatiza-

tion. CT can measure the volume

(3-dimensional size) of the mas-

toid pneumatization. It can also

 evaluate inner and middle ear

pathologies concurrently.14,19 In

our study, CT was used to deter-

mine the mastoid cell volume and

to evaluate in the inner and middle

ear sections. 

A limitation of the study is the

small number of subjects. How -

ever, to achieve homogeneity the

study protocol required the enroll-

ment of workers with similar char-

acteristics who had worked under

the same level of noise in the same

medium for long periods. Only the

workers in one of the departments

of a factory in the area matched

these characteristics. Therefore,

the number of subjects enrolled

in the study was limited to the

workers in this department. 

This is the first study to exam-

ine the possible effects of mastoid

pneumatization volume on chronic

noise-induced hearing loss. Al -

though mastoid pneumatization

volume was smaller in the chronic

noise-induced hearing loss group

than in the control group, a statis-

tical association could not be

demon strated. We suggest that

sub jects with small mastoid pneu -

matization volume may be vulner-

able to chronic noise-induced

hearing loss. Therefore in future

studies of the mastoid volume it

would be worthwhile to study a

larger number of subjects and to
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include a study of the eustachian

tube to assess the potential to re -

duce NIHL.

Conclusion

In conclusion, the preliminary

study showed that there was no

significant correlation between

mastoid pneumatization volume

and chronic noise-induced hearing

loss. However, this correlation

could be significant in future

 studies with a larger number of

subjects.
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