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Abstract: This study delves into the acoustic environment within dental clinics, particularly focusing
on the impact of extraoral suction devices employed for infection control amid the COVID-19
pandemic. The research encompasses a comprehensive investigation, including a questionnaire
survey of dental professionals, sound level measurements at suction device openings, acoustic
imaging, and a detailed analysis of sound levels and their spectral characteristics during dental
procedures. Additionally, ambient sound levels within clinical settings were monitored over two
consecutive days. The findings reveal notable observations. Dental professionals expressed concerns
regarding increased sound levels and associated distress caused by extraoral suction device operation.
Objective measurements identified varying A-weighted sound pressure levels ranging from 86.0 dB to
96.7 dB at suction device openings, highlighting elevated sound pressure levels and a wide frequency
range, especially in the vicinity of both the dentist and the patient’s facial area during dental aerosol
procedures. On the other hand, for the entire clinical room, the equivalent continuous A-weighted
sound pressure level during the consultation hours was not considered problematic. In light of these
findings, it becomes evident that there is a pressing necessity to refine the acoustic characteristics of
extraoral suction devices to foster a more accommodating acoustic environment for both patients and
dental healthcare professionals within dental clinics.
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1. Introduction

The Occupational Safety and Health Administration (OSHA) mandates employers
to implement hearing conservation programs for their workforce in workplaces where
sound levels equal or exceed 85 dB for an eight-hour equivalent continuous A-weighted
sound pressure level in dB, referenced to 20 micropascals (Laegsh) [1]. Dental facilities
are filled with various sounds, and as a result, studies assessing sound levels in dental
clinics have been conducted over time. These numerous studies consistently report that
dentists’” exposure to noise remains below the threshold for hearing damage risk [2-8].
However, despite compliance with these standards, further endeavors are warranted to
create a comfortable acoustic environment in dental care facilities. Many individuals
experience discomfort upon hearing the high-pitched drilling sound associated with dental
procedures in a dental clinic [8-11]. The noise emitted by dental drills can significantly
impact the acoustic environment within such clinical settings. Therefore, we have been
conducting research with a specific focus on investigating the acoustical characteristics and
the factors causing discomfort to patients from dental drilling noise, with a psychoacoustics
perspective [11-13]. The A-weighted sound pressure level generated by dental drills has
been standardized so that it is not expected to exceed 80 dB during idling operation (ISO
14457 [14]). We reported that the unpleasant sensation triggered by dental drill sounds
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is influenced not solely by the equivalent continuous A-weighted sound pressure level
(Laeq) but also by the physical metrics linked to sound quality and prominent frequency
components of the noise [12,13].

The COVID-19 pandemic has had a widespread impact on various fields, and it has
also significantly affected dentistry [15-17]. Severe acute respiratory syndrome coronavirus
2 (SARS-CoV-2), the causative agent of COVID-19, has been detected in saliva [18]. This
discovery highlights the potential for asymptomatic COVID-19 carriers among patients,
necessitating stringent infection control measures in dentistry. In addition to the Interim
Infection Prevention and Control Recommendations for Healthcare Personnel issued by the
Centers for Disease Control and Prevention (CDC) [19], new guidelines for dental practices
from the Japan Dental Association advocate for the adoption of extraoral suction devices as
high-volume evacuators [20]. Osaka University Dental Hospital [21], a prominent national
dental hospital in Japan, has strongly encouraged and implemented the use of extraoral
suction for all procedures involving droplets and aerosols since the onset of the COVID-19
pandemic for delivering high-quality dental care services. These extraoral suction devices
are strategically positioned near patients’ mouths (see Figure 1).
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Figure 1. Extraoral suction device. The suction opening, which can be freely moved, is typically
positioned near the patient’s mouth, and activated as needed for specific dental procedures.

The ongoing research project at Osaka University Dental Hospital aims to create
a comfortable environment within dental clinical spaces, catering to the needs of both
patients and healthcare professionals [22]. We believe that investigating changes in noise
and their impact on healthcare workers during dental treatments is essential. This study
encompasses a survey regarding extraoral suction devices involving dentists and dental
hygienists working within the clinic. Additionally, we have conducted an analysis of the
acoustic characteristics of extraoral suction sounds to gain insights into the current acoustic
environment and its effects.

2. Materials and Methods

This study received approval from the Ethics Committee of Osaka University Graduate
School of Dentistry and Osaka University Dental Hospital. Informed consent was obtained
from all participants.

2.1. Questionnaire Survey

An anonymous survey was administered to dentists working in an outpatient clinic
specializing in restorative dentistry and endodontics, as well as dental hygienists at Osaka
University Dental Hospital. Participation was voluntary. The questionnaire included the
following inquiries:
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“How frequently did you utilize extraoral suction before the COVID-19 pandemic?”

“Under what circumstances did you use it before the COVID-19 pandemic?”

3. “Have you noticed changes in the clinical room’s sound environment compared to
before the COVID-19 pandemic?”

4. “Are you satisfied with the sound produced by the extraoral suction?”

5. “Can you hear other sounds (e.g., voices, drill noise, music, in-hospital broadcasts,
telephone, etc.) while using extraoral suction?”

6.  “Does the sound emitted by the extraoral suction cause you distress?”

N

Responses were recorded on a 5-point scale for all questions except Question 2, which
allowed for free-text descriptions. Participants also provided basic demographic informa-
tion, including their gender and age group (e.g., 20's, 30 s, 40 s, and 50 s).

2.2. Measurement of Sound Levels at Extraoral Suction Openings

There are no standard measurement methods for extraoral suction devices. Though
the position of the opening of these devices can be adjusted freely, it is typically positioned
near the patient’s mouth for aerosol measures, resulting in its proximity to the dentist’s
face. Although the sound level at the opening itself may not be at a perceptible level, we
investigated the sound level at the opening, because it can serve as a perceptual cue due
to the relationship between distance and sound levels. Sound levels (A-weighting, F-time
weighting) were measured at the openings of eleven extraoral suction devices in the clinical
rooms using a sound level meter (LA-7000, ONO SOKKI Co., Ltd., Yokohama, Japan) [23].
These devices included both mobile and fixed models, with different implementation
timing. Measurements were conducted in a quiet room. Fast Fourier transform analysis of
the recorded sound (no weighting) was conducted using sound analysis software (ArtemiS
SUITE version14, HEAD ACOUSTICS, Herzogenrath, Germany).

2.3. Visualization of Extraoral Suction Sound with Actual Usage Condition

Acoustic imaging of the sound emitted by the extraoral suction was carried out to
assess the dispersion of noise of extraoral suction and the positioning of patient and
dentist. Mannequins were utilized to simulate a patient and a dentist, positioned on a
dental chair unit. The extraoral suction’s opening was placed 15 cm in front of the patient
mannequin’s mouth, simulating typical use. An acoustic camera equipped with 64 MEMS
microphones (SOUNDCAM 2.0, CAE SOFTWARE UND SYSTEMS GMBH, Giitersloh,
Germany) [24] was situated 130 cm in front of the mannequin to represent the dentist.
During the measurement, only the extraoral suction was used, and a dental drill and a
dental evacuator were not employed.

2.4. Sound Levels Heard by the Dentist during Dental Clinical Treatment with Aerosol Control

We investigated the sounds heard by the dentist during actual dental clinical treat-
ments. Commonly used dental equipment, including the ultrasonic scaler, high-speed
dental handpiece, air/water syringe, air polisher, and air abrasion device, generate aerosols
and contribute to airborne contamination [25]. We used an extraoral suction device for
all these procedures. We placed microphones at both ears of the dentist to record the
sounds during treatment. Recording was carried out only with the consent of patients who
were provided with explanations. The dentist used a headset with binaural microphones
(BHS II, HEAD ACOUSTICS, Herzogenrath, Germany) and recorded sound data with a
mobile data acquisition system for sound measurement (SQobold, HEAD ACOUSTICS,
Herzogenrath, Germany) [26], as depicted in Figure 2. The recorded sound data were
subsequently analyzed using sound analysis software (ArtemiS SUITE version14, HEAD
ACOUSTICS, Herzogenrath, Germany).
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Figure 2. A dentist wearing a headset equipped with binaural microphones for recording at the ear
position and a mobile data acquisition system.

2.5. Measurement of Sound Levels in the Clinical Room

Sound levels (A-weighting, F-time weighting) were measured in the clinical room
for 10 min every hour over the course of two days. Osaka University Dental Hospital is a
four-story building housing 19 specialized dental outpatient clinics and dental inpatient
wards, equipped with over 200 dental chair units. The sound measurements took place
in an outpatient clinic specializing in restorative dentistry and endodontics located on a
section of the 3rd floor. A sound level meter (LA-7000, ONO SOKKI Co., Ltd., Yokohama,
Japan) was positioned at point A, as indicated in Figure 3, at a height of 120 cm. This
positioning ensured that the sound level meter did not interfere with patient movements
or treatment procedures and captured not only the sounds of dental treatments but also
ambient sounds within the clinical room. The equivalent continuous A-weighted sound
pressure level (Laeq) was measured, and sound source analysis was also conducted.
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Figure 3. Layout of the clinical room used for sound level measurements. A sound level meter for

24 h measurement was positioned at point A.

The clinic itself was divided into 16 dental treatment areas with low and high partitions.
Each dental chair unit was numbered, as shown in Figure 3. Receptionists were situated
in the reception area, which also featured four phones. Four refrigerators containing
dental materials were located in the aisle near dental chair units 1 and 2. Sterilized dental
instruments needed for dental treatments were stored in metal boxes along the aisle adjacent
to dental chair units 10 to 13. An area in front of unit 14 was designated for cleaning dental
equipment and sterilizing instruments. These spaces were not fully enclosed private rooms,
meaning that sounds could be heard throughout the clinic. The entrance to the clinical
room remained open during consultation hours. The clinic serves as an educational facility
accommodating dentists, dental hygienists, and dental students, also functioning as an
institution for dental education during and after regular consultation hours.
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3. Results
3.1. Questionnaire Survey

A total of 45 dental professionals participated in the survey. Data from participants
who provided informed consent on the questionnaire sheet were included in the analysis,
resulting in responses from 43 dental professionals, including 36 dentists (21 males and
15 females) and seven female dental hygienists across various age groups from their 20 s to
50s.

Figure 4 illustrates the outcomes of the questionnaire administered to these dental
professionals. The responses to Questions 1 and 2 revealed that 90% of the participants
infrequently used extraoral suction before the pandemic. The primary reasons for its
occasional use were for the removal of shaving powder such as that from temporary
teeth or dentures, filling materials, and tartar, rather than for aerosol countermeasures. In
response to Question 3, all participants except for one reported that the sound environment
had become noisier compared to the pre-COVID-19 pandemic period. Regarding Question
4, none of the respondents selected scale values 1 or 2; instead, more than half of them
opted for the highest scale rating of 5, indicating that they perceived the sound of an
extraoral suction device as being very noisy. For Question 5, participants noted that it was
challenging to hear other sounds due to the noise generated by the extraoral suction. In
response to Question 6, which assessed the distress caused by the sound of the extraoral
suction device, the results indicated that 70% of the respondents were distressed by the
device’s noise. A substantial number of participants found the noise of extraoral suctions
not only very noisy but also distressing.

Q1. How frequently did you utilize extraoral suction before the Q3. Have you noticed changes in the clinical room’s sound

COVID-19 pandemic?

rarely

01l 52 83 N4 @S5

environment compared to before the COVID-19 pandemic?

always no change very noisy

01 592 §3 54 @5

|

FERAAAANNANNNNNNNE

Q4. Are you satisfied with the sound of an extraoral suction?

Q2. Under what circumstances did you use an extraoral no problem very noisy
suction before the COVID-19 pandemic? 01 52 3 4 @5

Drilling and polishing temporary teeth held in hand * (n=39/43) NW

Drilling and polishing a denture held in hand 2 (23/43)

Drilling and polishing metallic dental materials > (9/43) Q5. Can you hear other sounds (e.g., voice, drill noise, in-hospital
Removing tartar or dental filling® (6/43) broadcasting etc.) while using an extraoral suction?

Cleaning teeth® (4/43) audible inaudible

Polishing teeth® (3/43) 1 82 3 4 5

Drilling teeth® (2/43) EINANANNNNNNNNNNN

Infection control measure for influenza® (1/43).

2 The position of opening of an extraoral suction is working space

beside the dental chair

b The position of opening of an extraoral suction is near a

patient’s mouth

Q6. Does the sound of an extraoral suction cause you distress?

Figure 4. Responses to the dental professionals’ questionnaire.

3.2. Measurement of Sound Levels at the Position of the Opening of Extraoral Suctions

The A-weighed sound pressure levels produced by the 11 extraoral suction devices
ranged from 86.0 dB to 96.7 dB. Notably, the most recently acquired extraoral suction
devices after the COVID-19 pandemic had recorded sound levels over 95 dB. Figure 5a,b
depicts the fast Fourier transform (FFT) analysis of the sound of one of the extraoral suction
devices. The background noise was 43.9 dB, which included the noise emitted by the
refrigerators in the clinical room. The results of FFT indicate that the noise had a wide
frequency range, extending up to 20 kHz, in contrast to the background noise.
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Figure 5. Characteristics of the noise emitted by an extraoral suction device. (a) Fast Fourier transform
analysis (FFT) (Average) of the sound recorded at the extraoral suction opening. The green line
represents background noise, while the red line represents the noise generated by the extraoral
suction. (b) FFT vs. Time. The color indicates the sound pressure level. (¢) An example of acoustic
imaging depicting the operational noise of an extraoral suction device. The analyzed frequency range
was 3-6 kHz, with a dynamic range of 15 dB SPL.

3.3. Acoustic Imaging of Extraoral Suction Sound with Actual Usage Condition

The acoustic imaging result depicted in Figure 5c focused on the frequency range
between 3 kHz and 6 kHz. The image emphasizes the presence of the dentist’s and patient’s
faces within the vicinity of the operating extraoral suction device, signifying their exposure
to elevated sound levels. The background noise level was registered at 39.8 dB. The acoustic
fields are represented by bright spots, with the highest sound pressure level displayed in
white, and the lower limit of the set dynamic range is depicted in dark blue. At lower
frequencies (below 3 kHz), the acoustic field was extended, whereas at higher frequencies
(above 6 kHz), the dispersion range narrowed. Importantly, at various frequency ranges,
the areas around the faces of both the dentist and the patient remained enveloped within
the noise.
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3.4. Sound Quantity and Quality of Noise Heard by the Dentist during Clinical Treatment

We present an illustrative example of the analysis results obtained during a 32-min
(1920-s) dental procedure in Figure 6. During the dental procedure, there are variations in
the sound level, with fluctuations between louder and quieter moments. In this clinical
case, music was playing in the clinical room. The air conditioner was running, and the
windows were slightly open for ventilation. The background noise level was 50.2 dB. The
suction opening of an extraoral suction device was positioned approximately 15 cm to the
left, slightly above the patient’s mouth, resulting in it being at the height of the dentist’s
face. The dentist turned the extraoral suction on or off by waving a hand over a sensor near
the opening of the extraoral suction as needed during the treatment.
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Figure 6. Variation during a 32-min (1920-s) dental procedure. (a) Amplitude of the sound at both
ears of the dentist (green represents the left ear, and red represents the right). (b) FFT (fast Fourier
transform) analysis of noise at the left ear. The color indicates the sound pressure level. (c) A-weighted
sound pressure levels at the left ear. The average Laeq over the course was 78.2 dB.
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Figure 6a illustrates the amplitude of noise recorded at both ears of the dentist during
dental treatment. The occasional increase in amplitude in the left ear (depicted in green)
compared to the right ear (indicated in red) can be attributed to the closer proximity of the
left ear to the extraoral suction. Figure 6b presents the frequency and intensity of sounds
recorded during dental treatment, and Figure 6¢ represents the variations in A-weighted
sound pressure levels. Both datasets in Figure 6b,c were obtained from recordings made at
the left ear position. Notably, the periods displaying a colored broad spectrum up to 20 kHz
in Figure 6b coincide with the use of the extraoral suction. There are significant variations
in frequency characteristics between the periods when the extraoral suction and other
equipment were utilized and those during which it was not. In Figure 6c, it can be observed
that during these colored spectral periods, indicative of dental treatments involving aerosol
procedures, the A-weighted sound pressure level exceeds 80 dB, occasionally approaching
90 dB. It is important to note that the sound level varies significantly during this 32-min den-
tal treatment. The average Laeq over the course of the treatment was 78.2 dB. In Figure 6c,
there are intervals between 1680 s and 1800 s when the A-weighted sound pressure level
was relatively high. As shown in Figure 6b, the spectrum during this timeframe exhibits
characteristics of speech. Further confirmation from the records indicates that during these
intervals, the dentist was primarily engaged in providing explanations and instructions to
the patient, and despite the elevated sound levels, the dentist did not experience discomfort
during this period.

3.5. Sound Levels and Sound Sources in the Clinical Room

Table 1 presents an hourly breakdown of activities in the clinic where sound mea-
surements were conducted. We conducted a detailed examination of sound sources: Day
1: Prior to the 9 a.m. opening, sounds of cleaning and preparation were audible. Staff
exchanged greetings, footsteps were heard, and there were sounds of cleaning the water-
lines of dental chair units. Metallic sounds from cleaning instruments clashes were also
noticeable. Music started playing in the clinic at 9 a.m. From 9 a.m. to 4 p.m., various
treatment sounds, including those from dental evacuators, extraoral suctions, dental drills,
ultrasonic scalers, and signal sounds from dental devices, were accompanied by other
sounds such as voices, coughing, and ringing telephones. After consultation hours, the
sound for maintaining dental chair units and organizing and replenishing dental materials
was heard, and dentists and students had time for discussions or training. The room closed
at 7 p.m., with post-closing sounds including automatic flushing noises from waterlines,
refrigerator noises, and footsteps in the hallway. Day 2 was similar, but cleaning began
around 6 o’clock in the morning, and the clinic closed at 8 p.m.

Table 1. Hourly activities on the measurement days.

Day 1 Day 2 Activity

7 a.m. 6 a.m. Floor cleaning by cleaning staff

Opening of the clinic for patients

8:30 a.m. Preparation for dental treatment
9 am. Music broadcast start
9am—4pm. Dental examination and treatment
4:30 p-m. Maintenancg/loufscllceﬁizCcllflezgsuid materials
5p.m. Training/discussion for students and dentists
7 pm. 8 p.m. Close/automatic maintenance

Figure 7 displays the temporal changes in the Laeq of the clinical room over 24 h on
Day 1 and Day 2. During both days, most dental chairs were in operation. The A-weighted
instantaneous maximum sound level (Lamax) recorded, which reached 88 dB, was due to
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the sound of dental instruments being dropped during preparation on Day 1. Sound levels
during the midnight to early morning hours were consistently very quiet, measuring below
40 dB. The values of Laeq7n calculated during consultation hours (9 a.m.—4 p.m.) on Day 1
and Day 2 were 59.2 dB and 59.7 dB, respectively. Due to the clinic’s 7 h operating hours, it
was not possible to calculate the Laeq g here. The results at position A in the clinical room
show that being much more than 100 cm away from the nearest dental chair units 11, 12,
15, and 16, the sound level remains relatively quieter than that near dental chairs.

65
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==== Day2

60
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Time (h)
Figure 7. The temporal changes in the Laeq of the clinical room over 24 h on Day 1 and Day 2.

4. Discussion

The COVID-19 pandemic has brought significant changes to the acoustic environment
in dental practices. The noise generated by extraoral suction devices, which has a broad
frequency range, inadvertently masks essential sounds such as voices and in-hospital
broadcasts. Furthermore, it was found that this noise can also obscure sounds like dental
drill noise, which has a frequency peak at approximately 6 kHz. This not only affects
communication but also poses safety challenges during dental treatment.

Traditionally, infection control measures in dentistry primarily focused on diseases
such as hepatitis and AIDS, with an emphasis on preventing contact with blood and mucous
membranes. However, the emergence of the COVID-19 pandemic has introduced new
challenges to dental practices, highlighting the importance of aerosol infection control
measures. In response to the pandemic, extraoral suction has become a key component
in infection control measures, primarily aimed at preventing the spread of droplets and
aerosols released from the patient’s mouth [25,27-29].

Our questionnaire survey results revealed that before the COVID-19 pandemic, ex-
traoral suction devices were primarily used for suctioning dental material powders in the
clinical room. Typically, the distance between the ears of the dentist who holds dental
materials in hand and the opening of an extraoral suction device was often more than
30 cm. This implies that not only was the frequency of usage lower before the COVID-19
pandemic, but the opening of the device was also positioned away from the dentist’s face,
resulting in lower sound levels emitted by the extraoral suction devices that dentists heard.
The results of sound levels of extraoral suctions and our acoustic imaging results showed
an increase in sound pressure levels around both the patient’s and the dentist’s faces, em-
phasizing the importance of noise reduction strategies for extraoral suction devices during
dental treatments. The sound level at the opening was found to be very high, indicating
the presence of a wide range of frequency components. The high sound levels observed
corroborate the questionnaire survey results indicating discomfort. Additionally, these
results indicate that the impact of the noise of extraoral suctions was localized within a
limited range. The manufacturer’s stated A-weighted sound pressure level measurement
method was a 100 cm distance, and the opening is oriented in the opposite direction to
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the position of the sound level meter. When measured under these same conditions, The
A-weighted sound pressure level of the noise emitted by the extraoral suction device was
approximately 65 dB. These results indicate that noise impact diminishes to some extent
when positioned one meter away. However, there is a disconnect from those perceived
sound levels by dental professionals and patients.

Many studies on noise in dental facilities have reported that even exposure to sound
levels below 85 dB, which are considered the threshold of hearing loss risk in occupational
noise exposure [1,30,31], can potentially impact hearing, prompting recommendations for
regular hearing assessments and protections [29,32-37]. Some studies have specifically
highlighted the impact on hearing due to high-frequency components emitted by dental
devices [34-37]. There are several reports on measurements conducted in clinical dental
rooms [3,5,6,29]. As several studies focused on measuring the maximum A-weighted sound
pressure levels, not the average equivalent continuous A-weighted sound pressure level.
Consequently, they reported higher sound levels than our measurements. It is important
to note that noise can have the potential to induce both physiological and psychological
effects, leading to auditory, cognitive, and sleep disturbances and even cardiovascular
issues [38]. In evaluating these results, it is crucial to consider not only the sound level but
also the impact of different frequency components. Therefore, further research is necessary
to comprehensively investigate both the quantity and quality of noise emitted by dental
devices used in conjunction with dental aerosol suction systems during dental treatments,
along with their associated physiological and psychological effects.

We acknowledge certain limitations in this study. Firstly, we were unable to calculate
measurements based on a full 8 h work shift, which is the standard for occupational noise-
induced hearing loss. Although we were unable to provide L Aeq,8h the L Aeq,7h values at
position A consistently remained below 60 dB during the consultation hours. Additionally,
our measurements were conducted at a single location within the clinical room. These
limitations will be addressed in future experiments as we continue our research.

5. Conclusions

This study demonstrates that the increased use of extraoral suction devices in response
to the COVID-19 pandemic has introduced elevated sound levels into dental clinical settings.
These infection control measures are imperative not only for combating COVID-19 but
also for addressing potential future infectious diseases, and they will continue to be an
integral part of dental clinic practices. These sound levels, combined with other sources of
dental equipment noise, have the potential to impact the acoustic comfort of both patients
and dental healthcare professionals. Though infection control measures remain essential,
addressing acoustic challenges in dental facilities is also crucial. Our results suggest that
manufacturers should prioritize noise reduction in the design of these devices. Future
research should focus on quieter dental equipment and effective noise control strategies to
enhance the dental experience for both patients and professionals.
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