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ABSTRACT

Introduction: Exposure to noise is one of the most common harmful factors in the dental profession that
can have significant consequences. Unfavorable acoustic conditions of the environment can also worsen
the conditions and lead to reduced speech clarity, auditory fatigue, and reduced quality of communication
between the doctor and the patient. In this regard, designing effective acoustic interventions can play an
important role in improving sound.

Material and Methods: This study was conducted in an academic dental clinic. After measuring the sound
pressure level, reverberation time, and speech transmission index, the amount of rock wool absorber
required was determined using the Sabin formula. The panels were structurally installed on the clinic
walls, and after 24 hours, the sound pressure level, RT60, and STl were measured again, and appropriate
statistical tests were used to determine the effect of the intervention.

Results: The results showed that the sound pressure level before and after the panel installation was
significantly different and decreased after the intervention (p-value <0.05). The reverberation time at the
dominant frequency of 2000 was 0.992 seconds before the intervention and reached 0.599 seconds after
the intervention (p=0.027, z= 2.207). The speech transmission index in the center of the room improved
from 0.64 and the “average” level to 0.85 and the “excellent” level, indicating an increase in speech clarity.

Conclusion: The acoustic intervention was able to bring the clinic’s acoustic indices closer to the
recommended ranges. The significant reduction in reverberation time and sound pressure level along with
the increase in the speech clarity index indicates the high efficiency of this intervention. Utilizing sound
absorbers can be a low-cost and feasible solution to improve acoustic conditions and improve speech
communication in dental treatment and educational environments.
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1. INTRODUCTION

Noise is a common occupational hazard with
considerable effects on workers’ health. Prolonged
exposure to high noise levels can cause hearing loss,
auditory fatigue, and other auditory impairments,
as well as non-auditory consequences such as re-
duced speech perception, discomfort, decreased
efficiency, and psychological stress. In healthcare
settings, although biological and chemical hazards
are often prioritized, noise exposure represents a
significant yet frequently overlooked risk. Dentist-
ry, despite advances in equipment and clinical tech-
niques, remains a high-risk profession due to con-
tinuous exposure to multiple hazards, with noise
being particularly prominent.

Dental noise originates primarily from mechan-
ical equipment, including handpieces, air turbines,
ultrasonic scalers, suction devices, polishers, amal-
gamators, compressors, and similar instruments.
Additional contributors include human sources,
such as conversations and background music, and
environmental sources, such as traffic, HVAC sys-
tems, plumbing, and electrical equipment. While
mechanical noise is generally the dominant factor,
other sources can elevate overall background noise,
increase stress, and reduce speech intelligibility. In
educational clinics, where multiple students and
staff operate simultaneously in confined spaces,
these effects are intensified, leading to auditory
fatigue, impaired communication, and decreased
patient comfort.

Key acoustic parameters in dental environments
include reverberation time (RT), which represents
the duration of sound persistence in a space, and
the Speech Transmission Index (STI), a quantita-
tive measure of speech intelligibility ranging from
0 to 1. Excessive RT negatively affects speech clar-
ity, auditory perception, and concentration, while
low STT reduces effective communication between
clinicians and patients. Traditional clinic designs
often prioritize spatial efficiency over acoustic
comfort, resulting in high RT and noise leakage be-
tween rooms.

Various strategies have been proposed to mit-
igate noise, including low-noise instruments, ar-
chitectural optimization, and acoustic absorbers.
Among these, absorptive panels are particularly
effective in reducing RT and enhancing STI, im-
proving the overall acoustic environment and
communication quality. Despite extensive research
on noise levels and associated health effects, few
studies have investigated engineering interventions
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and the effectiveness of acoustic solutions in dental
clinics, particularly educational settings.

Therefore, this study aimed to evaluate and
improve the acoustic quality of a teaching dental
clinic using sound-absorbing panels. Specifically,
the impact of this intervention on sound pressure
level (SPL), reverberation time (RT60), and speech
transmission index (STT) was evaluated.

2. MATERIAL AND METHODS

This applied-experimental study aimed to de-
sign and implement acoustic panels in an educa-
tional dental clinic to optimize reverberation time
(RT) and enhance acoustic quality. The methodol-
ogy involved measuring baseline acoustic condi-
tions, computational analysis of RT, and designing
and positioning suitable absorptive panels.

The study was conducted in a dental clinic mea-
suring 12 x 6 x 3 m. Walls were brick with plaster
and paint, the ceiling consisted of acoustic tiles, the
floor of stone and ceramic, and partitions of wood
and glass. Twelve measurement stations were estab-
lished to assess sound pressure levels (SPL), with a
calibrated Casella CEL450 sound level meter posi-
tioned at 1.5 m, corresponding to the seated den-
tist’s ear height. Measurements were taken in two
peak activity periods (9-10 a.m. and 5-6 p.m.) for
five minutes at each station, and time-averaged SPL
(Leq, SPL_TWA) values were recorded.

Reverberation time (RT60) was measured using
an MC 3242 acoustic analyzer and MA231-TYPE
A microphone following 1SO3382-2000, with im-
pulse noise generated by balloon bursts. Measure-
ments were performed at four locations in the
room, repeated three times, and averaged. Speech
Transmission Index (STI) was assessed according
to IEC 60268-16 using a sweep signal from a refer-
ence speaker at the source position, with responses
recorded at the same four locations. Data were pro-
cessed with VA-Lab software to calculate STT across
125-4000 Hz. Qualitative STI levels were catego-
rized as excellent, good, medium, weak, or poor.

Target RT was set at 0.6 s to ensure acceptable
speech clarity and background noise reduction
while avoiding an overly dry environment. Using
the Sabine equation, the existing absorption area
(A1) was calculated, and the required additional
absorption (A2) to achieve the target RT was de-
termined. Commercial rock wool panels (60 x
120 cm, 5 cm thick, 30 kg/m?®) were selected due
to their high broadband absorption, fire resistance,
non-toxicity, and environmental sustainability.
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Frequency analysis identified dominant frequencies
for targeted intervention.

Due to technical and administrative con-
straints, panels were mounted on side and rear
walls at a height aligned with the dentist’s seated ear
level, ensuring balanced sound absorption without
obstructing ventilation or clinical equipment.

After 24 hours, SPL, RT60, and STI were
re-measured under comparable clinical conditions.
Pre- and post-intervention data were statistical-
ly analyzed using paired t-tests or Wilcoxon tests
depending on data distribution, with a significance
level of 0.05. This approach allowed empirical eval-
uation of the intervention’s effectiveness in reduc-
ing reverberation and improving acoustic parame-
ters in the clinic.

3. RESULTS AND DISCUSSION

The acoustic intervention significantly im-
proved the dental clinic’s sound environment.
Pre-intervention measurements showed that sound
pressure levels (SPL) varied between 65-85 dBA
during peak operational periods, indicating high
exposure for staff and patients. After installation
of absorptive panels, SPL was reduced by 4-6 dBA
across all measurement positions, reflecting lower
background noise and improved auditory comfort
(tablel).

Reverberation time (RT60) was also notably

decreased after the intervention (Figure 1). Due
to non-normal data distribution (p<0.05), the
Wilcoxon signed-rank test was applied, confirm-
ing a significant reduction in RT60 (p = 0.027, z =
2.207). The decrease was observed across all fre-
quency bands, demonstrating effective absorption
of reflected sound and reduction of echo within the
space.

Speech Transmission Index (STI) values
showed substantial improvements in clarity. Mea-
surements were taken at four positions: near dental
unit 1, center of the room, near the entrance, and
room corner. Background noise levels ranged from
30 to 33 dBA post-intervention. STI values across
125-4000 Hz frequencies increased consistently,
raising the overall STI from medium to good and
excellent levels. The mean overall STI across all po-
sitions reached 0.79 + 0.03, reflecting a significant
enhancement in speech intelligibility and commu-
nication quality, and overall comfort (Table 2).

These results show that the targeted installa-
tion of high-performance rock wool panels effec-
tively optimized the acoustic environment of the
clinic. By reducing SPL and RT60 and improving
STI, speech intelligibility was increased and a more
comfortable environment was created for staff and
patients. The greatest improvements occurred near
active dental units and central locations, where
multiple sound sources overlapped.

Table 1: Sound pressure level measurement results

Pre-intervention

Station SPL (9-10 = SPL (5-6

a.m) p.m)
1 52 53.1
2 53.9 54.3
3 56 56.4
4 56.5 56.4
5 58.5 58
6 58 58.1
7 60.1 60.4
8 59 59.2
9 58.2 58.6
10 55.5 55
11 55 54.9
12 52.5 52.5
p-value 0.000
t 8.907
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post-intervention

SPL (9-10 SPL (5-6

a.m) p.m)
50 50
52 52.3
54 54.2

55.1 55
57 57.6
58 58.3

58.1 58.4
57 57.1
57 56.8

54.2 53.9
53 53.1
50 50.6

0.000
6.511
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reverberation time
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Fig. 1: Comparison of reverberation time before and after acoustic intervention at frequencies from 125 to 4000 Hz

Table 2: Results of measurement of speech transmission index after intervention

Measurement Backgljoun
o d noise

position Jevel (dB)
Adjacent to Unit 1 31 0.78 0.81
Center of the room 32 0.74 0.77
Near the entrance 33 0.70 0.73
Corner of the room 30 0.72 0.75

Mean + SD 07320,
04

In summary, this study demonstrates that a
carefully designed acoustic intervention can suc-
cessfully bring the acoustic parameters of dental
clinics within the recommended standards. This
study provides evidence for the practical and
cost-effective use of absorbent panels to improve
occupational safety, communication quality and
overall comfort in dental teaching and clinical en-
vironments.

4. CONCLUSIONS

The results of this study showed that the acous-
tic intervention using the designed sound absorb-
ers significantly improved the acoustic indicators
of the clinic, such that the average sound pressure
level (SPL) decreased from a maximum sound
pressure level of 60.4 dB (A) to about 58 dB (A)
and the reverberation time (RT60) decreased from

[ DOW!

500 1000 2000 4000 total Quality
0.85 0.88 0.90 0.91 0.83 Excellent
0.80 0.83 0.85 0.87 0.79 Excellent
0.77 0.79 0.82 0.83 0.75 Good
0.79 0.81 0.83 0.85 0.77 Excellent
0.76+0.  0.80+0. 0.83+0. 0.85+0.  0.86%0.
Excellent

04

04 04 03 03

0.992 seconds to 0.599 seconds, while the speech
intelligibility index (STI) increased from an aver-
age of 0.61 at a frequency of 2000 to 0.85. These
results indicate improvements in hearing and com-
munication quality. However, limitations such as
performing measurements in a single clinic, the
possibility of measurement instrument errors, the
limitation of installing the absorber on the ceil-
ing, and the lack of long-term monitoring can af-
fect the generalizability of the results. According
to the findings, it is suggested that managers and
designers of dental clinics use simple and low-cost
acoustic interventions in the design or renovation
of spaces to improve speech conditions and occu-
pational comfort. It is also recommended that in
future studies, in addition to physical indicators,
psychological effects such as stress, satisfaction,
and auditory fatigue should be investigated, and
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acoustic modeling should be used to evaluate dif-
ferent sound-absorbing designs.

5. ETHICAL CODE

The study was conducted in accordance with
ethical principles for research involving human
participants in occupational environments. Partic-
ipation was voluntary, measurements were non-in-
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vasive, and no personal or identifiable data were
collected. All procedures ensured the safety and
comfort of staff and patients throughout the study.

6. FUNDING

This study was conducted as part of a Master’s
thesis at Tabriz University of Medical Sciences and
received no external funding.
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