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Abstract

Background Hazardous noise exposure is an important health concern in many workplaces and is one of the most
common work-related injuries in the United States. Dental professionals are frequently exposed to high levels of
occupational noise in their daily work environment. This noise is generated by various dental handpieces such as
drills, suctions, and ultrasonic scalers. Prolonged exposure to such noise levels is known to have adverse effects on
hearing health. Despite the prevalence of occupational noise in dentistry, there is a paucity of research specifically
examining the prevalence of hearing loss and tinnitus in dental professionals.

Methods To evaluate the prevalence of hearing loss and tinnitus, data were collected from 60 dental professionals,
including participant demographics and audiometric thresholds. Thresholds were compared to the age- and sex-
based reference ranges from the International Standards Organization (ISO 7029:2017).

Results Results showed that 15-25% of males and 13-18% of females had hearing thresholds that exceeded
95th percentile limits based on the ISO normative age- and sex-distributions. Tinnitus was reported in 40% of the
participants.

Conclusion This study is the first to examine the characteristics and prevalence of auditory dysfunctions in dental
professionals compared to the ISO normative age and sex distributions of hearing status. Findings from this study
highlight the need for increasing the awareness of occupational noise hazards among dental professionals and the
importance of routine audiological monitoring.
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Introduction

Occupational hazards in healthcare are multifaceted,
encompassing physical, chemical, biological, and ergo-
nomic risks [1]. Noise-induced hearing loss is the most
common work-related injury in the United States, with
approximately 22 million workers exposed to hazardous
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noise levels each year. The audiological implications of
prolonged noise exposure are often underestimated,
particularly in professions such as dentistry, where prac-
titioners routinely operate handpieces that emit high-fre-
quency sounds. Exposure to such noise levels throughout
one’s career is known to have adverse effects on hearing
health.

The dental environment is characterized by the con-
stant whirring of handpieces, ultrasonic scalers, and
other instruments integral to diagnostic and thera-
peutic procedures. According to the National Institute
for Occupational Safety and Health Administration
(NIOSH), the recommended exposure limit (REL) is 85
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dBA averaged over an 8-hour workday [2]. Additionally,
every three-decibel increase in the sound intensity would
warrant a reduction in number of hours allowed by half
(i.e., 88 dBA for 4 h, 91 dBA for 2 h, etc.). Those exposed
to noise levels at or above the limit would be at risk of
developing significant hearing loss and other auditory
dysfunctions. Many factors determine the adverse audi-
tory impacts of noise exposure, including distance from
the noise source, duration of exposure, noise intensity, as
well as individual susceptibility based on genetic factors
and overall health [3].

Previous studies documented noise levels from den-
tal instruments and revealed that the levels produced by
the handpieces could be dangerously loud when com-
pared to the 85 dBA for the 8-hour limit recommended
by NIOSH. A study conducted by Damascus Univer-
sity reported that a micro motor handpiece cutting on
acrylic can reach 92.2 dBA, and a turbine cutting on
tooth can reach 91.2 dBA [4]. Barek et al. (1999) exam-
ined the sound intensities generated by different dental
handpieces. Results showed that the Micro-Mega hand-
piece generated a maximum of 95 dB SPL in the audible
range and 112 dB SPL at 50,000 Hz. The Siemens and
KaVo handpieces generated 101 dB SPL and 115 dB
SPL sounds in the ultrasonic frequency range, respec-
tively [5]. Another study revealed noise levels ranging
from 98 to 102 dB SPL for a high-speed handpiece and
92-98 dB SPL for an ultrasonic scalar [6]. Overall, den-
tal handpieces generate noises at dangerously loud ranges
and pose the risk of hazardous noise exposure in dental
professionals.

Several studies examined hearing thresholds and tin-
nitus in dental professionals and identified evidence
of noise-induced hearing loss. An early study compar-
ing hearing thresholds of 137 dentists and 80 physicians
noted elevated thresholds in the dentists at 4000 Hz and
6000 Hz, which is a characteristic of noise-induced hear-
ing loss [7]. Willershausen and colleagues reported that
dentists are at a higher risk for hearing loss when com-
pared to academic professionals, with statistically sig-
nificant differences in hearing thresholds at 3000 Hz
and 4000 Hz [8]. When comparing dental hygienists
who often used ultrasonic scalers to those who rarely
use them, the high-usage group had significantly worse
thresholds at 3000 Hz [9]. Additionally, dental profes-
sionals who routinely use high-speed handpieces have
more hearing loss when compared to dental students and
dental professionals who do not use such handpieces [6].

One of the initial signs of changes in the auditory sys-
tem is the presence of tinnitus, the perception of sound
without an external source [10]. Tinnitus is closely asso-
ciated with prolonged noise exposure [11]. Tinnitus in
dental professionals has been explored in a few studies
globally. A survey of South African dentists found that
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31.85% experienced tinnitus [12]. Another survey of den-
tal professionals in the United Arab Emirates found that
37% of the dental professionals reported tinnitus after
working in a dental office [13]. Togoo et al. (2023) inves-
tigated the impact of noise on tinnitus among dental stu-
dents, interns, and practitioners and revealed that 29%
complained of tinnitus [14]. Moreover, the prevalence of
tinnitus in dental professionals in Oklahoma exceeded
national averages in every age group [15, 16]. Overall,
dentists are 50% more likely to experience tinnitus when
compared to the general population [17].

The American Dental Association (ADA) reported that
the average dentist in the United States has a career of
approximately 35 years, with some practicing well into
their 70s and 80s. Sensory abilities, including hearing,
decline with age. Hearing loss typically begins in the
fourth decade of life and progresses throughout a per-
son’s lifetime [18]. Although many studies documented
the effects of occupational noise on dentists’ hearing,
there are no known reports that compare their hearing
thresholds to age- and sex-based reference ranges. The
present study aims to identify the risk of hearing loss and
tinnitus among dental professionals and compare their
hearing thresholds with these reference ranges.

Materials and methods

Participants

The data presented in this study contains both retro-
spective audiological data obtained as part of routine
clinical care as well as data from recruited dental profes-
sionals. We included data from 60 dental professionals,
with an equal number of males and females. Inclusion
criteria included dental professionals (dentists and den-
tal hygienists) who have been practicing for at least one
year to account for adequate exposure to occupational
noise and are still practicing clinically. Exclusion crite-
ria included those with a history of chronic ear disease,
ear surgery, ear trauma, known use of ototoxic medica-
tions, or hearing loss identified before working in the
dental profession. These criteria were established to
ensure a more homogeneous sample. This study was con-
ducted in accordance with the Declaration of Helsinki
and was approved by the Institutional Review Board at
the University of the Pacific under the approval number
IRB2022-209. Informed consent was obtained from all
participants before their involvement in the study.

Case history and demographics form

All participants completed a standard audiologic case
history form [Appendix A]. Basic demographic infor-
mation was collected from all participants, including
gender, age, years of experience, and dental specialty.
Otologic history was also collected, including informa-
tion about tinnitus, otalgia, family history of hearing loss,
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balance disorders, known use of ototoxic medication, and
temporomandibular joint disorders. Participants who
reported experiencing tinnitus were asked to complete
the Tinnitus Handicap Inventory (THI) [19].

Audiometric assessments

All audiometric assessments were completed accord-
ing to the standard audiologic evaluation procedures at
the University of the Pacific Hearing and Balance Center
in San Francisco. The audiologic test battery was con-
ducted in accordance with the clinical guidelines from
the American Speech-Language-Hearing Association
(ASHA) and included speech and pure-tone audiom-
etry and middle ear function measures [20—22]. Follow-
ing an otoscopic examination of the external ear, hearing
evaluation was performed for pure tone thresholds for air
conduction from 250 Hz to 8000 Hz and bone conduc-
tion from 250 Hz to 4000 Hz. Air-conduction and bone-
conduction thresholds were obtained using the modified
Hughson-Westlake method [23] and hearing loss severity
was categorized using the standard classification system
[24]. Word recognition scores were obtained monaurally
in each ear using NU-6 lists and the percentage of words
repeated correctly by the participant was reported as
their word recognition score [21]. Speech and pure tone
audiometry were conducted using the GSI AudioStar
Pro (Grason-Stadler Inc., Eden Prairie, MN, USA) or the
Madsen Astera 2 (Natus Medical Incorporated, Middle-
ton, WI, USA) clinical audiometers in a double-walled
sound-treated room meeting the American National
Standards Institute (ANSI) criteria (ANSI S$3.1-1999
(R2003)). Tympanometry was performed using the GSI
Tympstar Pro (Grason-Stadler Inc., Eden Prairie, MN,
USA) to evaluate the status of the middle ear system.

Data and statistical analysis

Descriptive statistics were computed using Microsoft
Excel, version 16.6, and GraphPad Prism, version 9.3.1.
Descriptive statistics were used to examine the preva-
lence of tinnitus and identify hearing thresholds that
exceeded clinical norms and the 95th percentile age-
and sex-based reference ranges from the International

Table 1 Participant demographics

Sample Size (n) Age Range (yrs) Mean (yrs) SD (yrs)
Male 30 33-80 62.8 139
Female 30 30-80 555 1.8
Total 60 30-80 56.0 17.0
Age Range Male Female
<40 3 3
41-50 3 4
51-60 7 13
61-70 5 7
71-80 12 3
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Standards Organization (ISO 7029:2017) [25]. Student’s
t-test was performed to compare group means for male
and female four-frequency pure tone average (4F-PTA),
which is the average of the thresholds for 500, 1000,
2000, and 4000 Hz. Two-way ANOVA was performed
to examine interactions between hearing thresholds at
various frequencies versus lateralization (left or right ear)
or sex. A z-test was used to compare the proportions of
males and females with hearing loss, defined as a 4F-PTA
greater than 20 dB HL. Assessment of the strength of
association between years of experience and 4F-PTA
was performed using the Pearson correlation coefficient.
Lastly, Chi-square test was utilized to analyze the rela-
tionship between the number of ears with thresholds that
exceed the 95th percentile age- and sex-based reference
ranges for each frequency between males and females.
An a-level of 0.05 was chosen for statistical significance.

Results

Demographics

Data from 60 dental professionals, equal in number of
males and females, were analyzed. Table 1 shows the age
and gender distribution for the study population. The
mean age for males was 62.8 years old (SD=13.9), 95% CI
[57.57 to 67.89], with an age range of 33 to 80. The mean
age for females was 56.0 years old (SD=17.0), 95% CI
[51.05 to 59.88], with an age range of 30 to 80. Majority of
the females (43%) were between the ages of 51 to 60 years
old, while the majority of males (40%) were between the
ages of 71 to 80 years old.

Table 2 describes the participant sample, including
their dental specialty and years of practice. Our partici-
pants spanned a wide range of specialties but primar-
ily identified as general practitioners (44% in males and
70% in females). The other categories included techni-
cians and professionals with specialty areas in orofacial
pain, dental sleep medicine, and geriatrics. The majority
of participants had 36 to 40 years of experience with an
average of 27.5 years for females (SD=10.89) and 37.8
years for males (SD=13.7).

Audiometric results
Behavioral audiometric evaluations were completed on
all participants. Word recognition testing was completed
on all female participants and 29 of the 30 male partici-
pants. Word recognition scores were within normal lim-
its (=88%) for all female participants and were within
normal limits for 12% (7/58) of the ears for the male par-
ticipants. Tympanometry was within normal limits bilat-
erally for all participants suggesting normal middle ear
function.

Averaged audiometry thresholds for each frequency
and for each ear in both females and males are shown.
On average, thresholds were within clinically normal
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Table 2 Practice specialty of our study participants and their years of experience

Male Female

General Practice
Endodontist
Orthodontist
Periodontist
Prosthodontist
Pediatrics

Dental Specialty

Oral and Maxillofacial Surgeon
Oral Hygienist
Other
Years of Practice <10
10-15
16-20
21-25
26-30
31-35
36-40
41-45
46-50
50+

13 (44%)
2 (7%)

21 (70%)

S = — 00 O M ON P = N DNO W —= — O O

range (<20 dB HL) for all frequencies in both ears except
for 6000 Hz and 8000 Hz in females (Fig. 1A). In males,
average thresholds were within clinically normal range
for only 250 Hz, 500 Hz, and 1000 Hz, sloping to a mild
to moderate sensorineural hearing loss from 2000 Hz to
8000 Hz (Fig. 1B). Hearing thresholds were not statisti-
cally significant when comparing left versus right ear
in both males (two-way ANOVA, F (1, 464)=0.0.054,
p=0.815), 95% CI [-3.40 to 4.32], and females (two-way
ANOVA, F (1, 464)=0.3723, p=0.542), 95% CI [-1.57 to
2.99]. However, males exhibited more hearing loss when
compared to females in the higher frequencies (two-
way ANOVA, F (7, 944)=10.97, p<0.0001; p=0.0005 for
2000 Hz, 95% CI [-21.60 to -4.06]; p<0.0001 for 3000 Hz,
95% CI [-29.19 to -11.65]; p<0.0001 for 4000 Hz, 95% CI
[-34.02 to -16.48]; p<0.0001 for 6000 Hz, 95% CI [-34.52
to -16.98], and p<0.0001 for 8000 Hz, 95% CI [-35.52 to
-17.98]).

Hearing status in each ear was analyzed using a four-
frequency air conduction threshold pure tone average
(4F-PTA) of 500, 1000, 2000, and 4000 Hz. Clinically
normal hearing is defined as a 4 F-PTA of <20 dB HL
in both ears and was documented in 32 participants,
22 females (73%) and 10 (33%) males. When examining
individual ears (=60 for both males and females), 61%
(37/60) of the male, while only 25% (15/60) of the female
ears showed hearing loss. There is a statistically signifi-
cant difference in the prevalence of hearing loss between
male and female dental professionals (Fig. 1C, z=4.05,
»<0.001, 95% CI [0.19 to 0.54]). On average, males had a
4 F-PTA of 25.5+21.5 dB HL, and females had a 4 F-PTA
of 14.2+10.8 dB HL. This difference is statistically

significant (Fig. 1D, Student’s ¢-test, t (58)=3.462,
p=0.001, 95% CI [4.83 to 18.08]). Additionally, we
revealed a positive correlation between years of experi-
ence and 4F-PTA (Fig. 1E, males: r=0.4976, p=0.005,
95% CI [0.18 to 0.95]; females: r=0.2909, p=0.1189, 95%
CI [-0.07 to 0.55])

Given that the mean age of our population was 56-63
years old, an age range where individuals are experienc-
ing age-related hearing loss, further analysis was con-
ducted to determine how many participants had hearing
thresholds that exceeded the normal range for their age.
This analysis compared each participant’s thresholds with
the 95th percentile age- and sex-based reference ranges
from the International Standards Organization (ISO
7029:2017) cohort of otologically normal persons [25] for
each frequency. The results showed a general trend that
more males (Fig. 2A) had elevated hearing thresholds
compared to the age- and sex-based normative ranges
when compared to females (Fig. 2B) across all frequen-
cies as well as the 4F-PTA. However, the difference was
not statistically significant (Chi-square test of indepen-
dence: X* (7)=4.459, p=0.725) (Table 3).

Self-report of tinnitus

Figure 3 shows participants’ self-report of tinnitus.
Twenty-four out of 60 (40%) participants reported expe-
riencing tinnitus. Ten (42%) reported intermittent tin-
nitus while 14 (58%) complained of constant tinnitus.
However, based on the THI, none of the participants
reported that their tinnitus was bothersome. Moreover,
there was no statistically significant difference between
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Fig. 1 Mean audiometric thresholds for study participants. Red circles represent the right ear and blue X's represent the left ear. (A) Dotted line represents
the male participants (left) and (B) solid line represents the female participants (right). The horizontal dotted line at 20 dB HL identifies the upper limit
for normal clinical hearing determination. Bars = standard deviation. (C) Percentage of male and female participants with a clinically defined hearing loss
(4F-PTA of greater than 20 dB HL). 61% (37/60) of the male and 25% (15/60) of the female ears showed a clinically defined hearing loss. (D) Comparison
of 4F-PTA for males and females. Each dot represents the average of the left and right ear for each participant. (E) Correlation analysis reveals a positive

correlation between the years of experience and 4 F-PTA (males: r=0.4976, p=0.005; females: r=0.2909, p=0.1189). ** p<0.01, *** p<0.001

sex and the frequency of tinnitus (Chi-square test of
independence: x* (2, 60)=1.997, p=0.368).

Discussion

The present study evaluated hearing loss and tinnitus as
potential risk factors among dental professionals. The
results showed that 25% of female and 61% of male ears
have clinically defined hearing loss (4F-PTA of greater
than 20 dB HL). More males (67%) have thresholds that
exceed the 95th percentile age- and sex-based reference
ranges compared to females (27%). 40% of participants
report experiencing either intermittent or constant tin-
nitus. These findings are comparable to previous studies
and suggest a compelling occupational noise concern in
dental professionals.

This study is the first to compare hearing thresholds
of dental professionals to age- and sex-based reference
ranges. The significant percentage of elevated hear-
ing thresholds (Table 3) suggests a previously underre-
ported risk of hearing loss for dental professionals. This

indicates that noise exposure in the dental profession is
more detrimental than previously recognized. Findings
from this study also revealed a significant sex difference,
with males exhibiting a higher prevalence of hearing loss
as compared to females. This is consistent with previous
studies where occupational noise exposure is more com-
mon in males than females [26—29], even when account-
ing for noise exposure history [30]. This difference may
be attributed to various factors, including biological sus-
ceptibility [31] and recreational noise exposure [26].
Several studies have implicated that exposure to high-
intensity sounds, leading to noise-induced hearing loss,
during aging causes an acceleration and worsening of
age-related hearing loss [32-34]. Dental professionals
are at a particularly high risk due to frequent exposure
to loud dental equipment that can exacerbate the natural
age-related auditory decline. Additionally, there are non-
auditory consequences of occupational noise exposure,
including annoyance [35], cardiovascular disease [36,
37], and cognitive performance [38]. Given that dental
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Fig. 2 Audiometric thresholds in dB HL for males and females plotted by age. Curved lines represent the International Organization for Standardization
(ISO) normative age-distributions for the 5th percentile (lower black line) and the 95th percentile (upper black line) for each sex, (A) males and (B) females,
and frequency, including the four-frequency pure tone average (4F-PTA). The horizontal dotted line at 20 dB HL identifies clinically normal hearing. Red
circles represent the right ear, and blue circles represent the left ear

Table 3 Number and percentage of ears (n =60 for males and
females) with elevated hearing thresholds when compared to
the 95th percentile age- and sex-based reference ranges from
the International Standards Organization (ISO 7029:2017)

Frequency Male Female
250 Hz 15 (25%) 14 (23%)
500 Hz 13 (22%) 10 (17%)
1000 Hz 5 (8%) 10 (17%)
2000 Hz 13 (22%) 11 (18%)
4000 Hz 16 (27%) 10 (17%)
6000 Hz 11 (18%) 6 (10%)
8000 Hz 10 (17%) 6 (10%)
4F-PTA 10 (17%) 8(13%)

professionals have long careers well into their 70s and
80s, it is imperative for them to prevent the negative con-
sequences of noise exposure.

Given the risk of hearing loss and tinnitus among den-
tal professionals, several recommendations can be made
to mitigate these risks. Firstly, implementing the use of
high-quality hearing protection in dental clinics can sig-
nificantly reduce hazardous noise exposure. Additionally,
routine audiologic assessments can help in early detec-
tion, prevention, and management of hearing-related
issues. Lastly, raising awareness and educating dental
professionals on the importance of hearing protection
starting in dental schools can empower them to take pro-
active measures to preserve their hearing health.
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Conclusion and study limitations

The evaluation of hearing status and tinnitus among
dental professionals in this study revealed a significant
occupational health concern. The findings underscore
the importance of preventive measures and regular audi-
tory monitoring to mitigate the risks associated with
prolonged hazardous noise exposure in dental practice.
Addressing these risks can enhance the well-being and
professional longevity of dental professionals. How-
ever, it is important to note that this study is limited by
its cross-sectional design, which may not fully capture
the long-term effects of noise exposure. Future studies
can be executed to longitudinally investigate the impact
of dental noises on the hearing acuity of dental students
and practitioners since they routinely have lengthy con-
trolled practice sessions with dental handpieces. Addi-
tionally, the present study did not account for potential
confounding factors such as the practitioner’s specialty,
age, ethnicity, years of experience, lifestyle habits, genetic
factors, work setting, and other relevant variables. These
factors should be considered in future research to fur-
ther expand on the current findings. Furthermore, these
confounding factors may affect the generalizability of
the results. Future studies should aim to recruit a larger,
more diverse sample to explore these aspects in greater
depth and enhance the generalizability of the findings.
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