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Dental personnel are in an occupational field that 
exposes them to hazardous noises on a daily basis.1 
The decibel, which is measured on a logarithmic sale 
using an A-weighted sound levels (dBA), is used to 
express the sound level associated with noise mea-
surements. A small change in the number of decibels 
results in a large change in the amount of noise and 
the potential damage to a person’s hearing. Both Oc-
cupational Safety and Health Administration (OSHA) 
and National Institute for Occupational Safety and 
Health (NIOSH) recommend all worker exposures to 
noise should be controlled below a level equivalent 
to 85 dBA for 8 hours to minimize occupational noise 
induced hearing loss, and 15 minutes for 100 dBA to 
avoid hearing loss. The ultra-high speed drill, for ex-
ample, was introduced in the 1970s, and it produced 
noise levels of 100 dBA or more.2 At that time, a 
committee of the American Dental Association (ADA) 
reported that extended exposure to this new type of 
equipment could cause auditory damage.2
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Abstract
Purpose: Assess prevalence of self-reported hearing difficulties among experienced dental hygienists 
who have been practicing for a minimum of 20 years and explore the relationship between hearing dif-
ficulties and occupational noise exposure from ultrasonic scalers.
Methods: A 19-item survey was mailed to a random sample of 1,067 dental hygienists who had ob-
tained their California licenses between 1972 and 1992. To estimate the prevalence of hearing difficulty, 
binomial proportion and associated 95% confidence interval are presented. Logistic regression model of 
hearing difficulty was used to assess an association with ultrasonic scaler use.
Results: Response rate was 35% (n=372/1,067). The prevalence of self-reported hearing difficulty 
was 40% (95% confidence interval, 35 to 44%). Of the 17% (95% confidence interval, 14 to 21%) of 
respondents that reported hearing difficulty due to ultrasonic scalers, most (91%) reported that their 
hearing difficulty was confirmed by an audiologist. Respondents with hearing difficulty due to scalers 
were 2-times (odds ratio: 2.0, 95% confidence interval, 1.1 to 3.6, p=0.03) more likely to report signifi-
cantly higher scaler use than those who did not have hearing difficulty after adjusting for age and other 
potential causes of hearing difficulties.
Conclusion: The prevalence of hearing difficulty at 40% among dental hygienists with an average age of 
56 years was considerably higher than the reported national average at 17% for adults 70 years or older. 
Long-term noise exposure to dental equipment, such as ultrasonic scalers, may contribute to hearing 
difficulties among experienced dental hygienists. Ear protection is suggested as a preventive measure 
while using noisy dental equipment.
Keywords: dental hygienist, ultrasonic scalers, hearing loss, noise-induced, occupational hazards
This study supports the NDHRA priority area, Occupational Health and Safety: Investigate the impact 
of exposure to environmental stressors on the health of the dental hygienist (aerosols, chemicals, latex, 
nitrous oxide, handpiece/instrument noise).

research

IntroductIon

A historical overview of the literature from 1950 to 
2001 concluded that further studies were needed to 
assess occupational noise-induced hearing loss as-
sociated with the use of the dental instruments, as 
the air turbine, due to inconclusive study results.2 A 
Finnish study (1981 to 1982), for example, looked 
at hearing of dentists and dental nurses over age 25 
with a high frequency audiometer and found no sta-
tistically significant difference between the hearing 
of controls without any known history of ear-related 
problems or noise exposure.3 A longitudinal study 
of dentists who had practiced for a minimum of 10 
years (1973 and 1988) found that the prevalence 
of hearing impairment was greater in the follow-up 
period, but the authors attributed this to presbya-
cusis (age-related hearing loss) and not noises in 
the dental office.4 Since the 1970s, technological im-
provements were made to dental equipment, which 
reduced the amount of noise to a level thought to be 
safe (i.e., <85 dBA).
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Instruments, such as ultrasonic scalers, have been 
reported to produce 68 to 75 dBA, and sometimes 
up to 90 dBA.1 Even though this noise level is usually 
below the sound limits of OSHA5 and NIOSH,6 recur-
ring use of dental instruments producing these deci-
bel levels may cause hearing impairment.1,5 Aged in-
struments produce higher noise levels, often above 
85 dBA. Turbines, for example, become louder after 
1 year of sterilization cycles if they are not properly 
maintained.7-12

Evidence suggests that hearing impairment re-
mains a problem among dental professionals.13-19 A 
pilot study of 40 dental hygienists from the U.S. (Vir-
ginia) with high exposure to noise from ultrasonic 
scalers had poorer hearing, as measured by pure 
tone audiometry, than those with low exposure.13 
Four separate questionnaire-based surveys from Ita-
ly,16 Belgium,14 Thailand17 and United Arab Emirates18 
reported hearing problems: 30%, 19%, 11% and 
5%, respectively. A study from Malaysia reported 5% 
prevalence of hearing loss based on audiometry.19 To 
date, a limited number of studies have investigated 
prevalence of hearing impairment in dental hygien-
ists, especially studies of U.S. dental hygienists. To 
our knowledge, there are no previous studies that 
assess prevalence of hearing difficulty among dental 
hygienists licensed in California. The primary pur-
pose of this study was to address this gap by as-
sessing the prevalence of self-reported hearing dif-
ficulties among dental hygienists who obtained their 
license from California between 1972 and 1992. The 
secondary aim was to evaluate occupational noise-
induced hearing difficulties associated with the use 
of ultrasonic scalers.

Methods and MaterIals

This study was approved by the University of Cali-
fornia, San Francisco’s Institutional Review Board. 
The study population consisted of dental hygienists 
who received their licenses from California between 
1972 and 1992. An older population was selected 
to provide the licensee with the opportunity to have 
practiced 20 years and, thus, be exposed to ultra-
sonic scalers during this time. The selection of sub-
jects with 20 or more years of experience decreases 
the external validity of the study since the results 
cannot be generalized to all dental hygienists, but 
increases the internal validity because these individ-
uals could be exposed for a longer duration to occu-
pational noise that may have contributed to hearing 
difficulty. Therefore, licensees that were practicing 
less than 20 years either part-time or full-time as 
a clinical dental hygienist were not eligible for this 
study. Full-time is defined as working 4 or more days 
per week.

A 3-page 19-item survey with at least 5 questions 
per page was developed by the authors, incorporat-

ing questions from the Dental Hygiene Work History 
Questionnaire that included information about use of 
ultrasonic scalers in clinical practice, hearing difficul-
ties and exposure to loud noises.13 The survey also 
requested additional self-report information, such as 
earplug use and barriers to using earplugs while pro-
viding direct patient care and demographic informa-
tion (e.g., sex and year the dental hygienist was first 
licensed). The survey was pre-tested by 3 California-
licensed dental hygienists, who had practiced more 
than 20 years, and it was revised accordingly.

To assess the primary aim of this study, preva-
lence of self-reported hearing difficulties, a sample of 
1,067 subjects were randomly selected by computer 
generation performed by the R & D Data Corpora-
tion from a population of 5,725 dental hygienists li-
censed by the state of California between 1972 and 
1992. This sample size of 1,067 subjects was based 
on an expected response rate of 30% or 320 respon-
dents. It was assumed that 30% of the respondents 
would report hearing difficulty with a margin of error 
of 10% based on a 95% confidence level. This esti-
mate was based on a previous study that reported 
30% prevalence of Italian dentists with hearing im-
pairment with a 10% margin of error.16 Mailing ad-
dresses of the subjects were obtained from the R 
& D Data Corporation. Identification numbers were 
used to ensure subject confidentiality, while permit-
ting follow-up of non-respondents. A second mailing 
was sent 4 weeks later to those not responding to 
the first mailing. No monetary incentives were pro-
vided to the dental hygienists randomly selected to 
participate in this study.

Descriptive statistics of the survey questions were 
calculated and are presented as the frequency (per-
centage) for categorical variables and mean and 
standard deviation for variables measured on a con-
tinuous scale. To estimate the prevalence of hearing 
difficulty, binomial proportion and associated 95% 
confidence interval are presented. 

The secondary aim of this study was to explore 
the relationship of hearing difficulties with ultrasonic 
scaler usage. Separate univariate logistic regression 
analysis of each outcome: self-reported hearing dif-
ficulty status (presence or absence) and hearing dif-
ficulty status due to ultrasonic scalers was used to 
explore an association with scaler usage (indepen-
dent variable) and these associations are reported 
as odds ratios with corresponding 95% confidence 
interval. Ultrasonic scaler usage was calculated for 
each respondent based on 4 self-reported questions: 

1. Average number of years of ultrasonic scaler use 
2. Average days per week of ultrasonic scaler use
3. Average minutes of ultrasonic scaler use per pa-

tient
4. Average number of patients treated per day
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If a respondent did not complete a question, median 
scaler usage based on all respondents for that ques-
tion was imputed before total scaler usage for each 
respondent was calculated. Total ultrasonic scaler 
usage (reported in days) was dichotomized as high 
usage (>103 days) and low usage (≤103 days). The 
cut-off is the median of the distribution of the ultra-
sonic scaler usage among all respondents.

Multivariable logistic regression analysis was per-
formed if the univariate logistic regression analysis 
presented a statistically significant effect. This multi-
variable analysis was used to evaluate potential con-
founders, age and other possible causes of hearing 
difficulties due to family history, congenital defect, 
infectious disease, loud noise exposure, occupation-
al exposure and other causes that may contribute 
to hearing difficulties. Statistical analyses used SAS 
version 9.3 (SAS Institute, Cary, NC). All statisti-
cal tests provided 2-sided p-values, and p-values 
(p<0.05) were considered statistically significant. 
The results presented are consistent with the guide-
lines for reporting surveys.20

results

Of the randomized sample of 1,067 California 
dental hygienists licensed from 1972 to 1992, 20 
surveys did not reach the dental hygienists and 
were returned. Fifteen (4%) reported that they 
had been licensed between 1964 and 1971, and 1 
(<1%) in 1993. After 2 mailings conducted in 2013, 
395 surveys (37%) were returned. Of the 395 re-
spondents, 23 surveys were excluded because the 
respondents had not practiced 20 years or more as 
a clinical dental hygienist. Thus, the response rate 
for those that met the study eligibility criteria was 
35% (372/1,067).

The average age of the respondents was 56 years 
(SD=8) and the median year of the California dental 
hygiene license was 1981 (range=1964 to 1993). 
Nearly all respondents were females (n=371/372, 
99%). The majority (77%) reported at least 21 
years of direct patient care using ultrasonic scal-
ers and working at least 3 days per week (70%), 
which was considered part-time since they worked 
less than 4 days per week.

 Most respondents (79%) reported using the ul-
trasonic scalers for 5 to 20 minutes per patient, and 
a few respondents (1%) reported using the scal-
ers for greater than 50 minutes per patient. The 
median usage of ultrasonic scalers was 103 days 
(25th percentile=38 days, 75th percentile=254 days, 
range=0.007 days to 1,367 days). Nearly all re-
spondents (94%) answered all 4 questions about 
ultrasonic scaler usage. Of the 24 respondents (7%) 
that did not, most (n=23/24, 96%) responded to 
the majority of questions (3 of 4 questions, 12/24, 

50%; answered 2 of 4 questions, 11/24, 46%) ex-
cept for a respondent (4%) that answered a ques-
tion.

Table I provides a list of possible causes of self-
reported hearing difficulty. The most frequent re-
sponse was other (20%) and then loud noise ex-
posure (15%). The most common loud noise was 
attending rock concerts (66%). Few (5%) reported 
wearing earplugs while using ultrasonic scalers, 
and over half (52%) also reported difficulty hear-
ing due to scalers. While the majority (57%) re-
ported that they plan to use earplugs in the future, 
23% also reported barriers to earplug use. Of the 
respondents that indicated barriers to wearing ear 
plugs while using ultrasonic scalers (52%), many 
(49%, 95/193) responded to an open-ended ques-
tion about the barriers of wearing them. The most 
common barrier was communicating and interacting 
with patients (74%, 70/95). Other various reasons 
(26%) were also reported.

Variable Percentage of
Respondents (%)

Possible Causes of Hearing Difficulties*
Family History 9
Congenital Defect 1
Infectious Disease 3
Loud Noise Exposure 15
Occupational Exposure (other 
than Dental Hygiene) 6

Other 20
Exposure to Loud Noises*
Listening to loud music through 
headphones 33

Attending rock concerts 66
Playing a musical instrument in a 
group 12

Earplug Use
Currently use earplugs while us-
ing ultrasonic scalers** 5

Plan to use earplugs in the fu-
ture# 57

Identified barriers to using ear-
plugs## 52

*Numbers do not equal 100 because respondents could 
select more than one response.
**372 respondents
#359 respondents
##347 respondents

Table I: Percentage of Respondents Report-
ing Other Possible Causes of Self-Reported 
Hearing Difficulty, Exposure to Loud Noises 
and Earplug Use
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dIscussIon

The results from this study indicated that 40% of 
respondents (average or median age of 56 years, 
range 42 to 81 years) that were licensed in Califor-
nia reported hearing difficulties. This prevalence was 
much higher than the 17% prevalence of hearing im-
pairment among Americans aged 70 years and over, 
but similar to the 45% prevalence of hearing impair-
ment among Americans 80 years and over that was 
reported between 1999 and 2006 from the National 
Health and Nutrition Examination Survey.21 Even if we 
assume that all of the non-respondents of the sur-
vey did not have hearing difficulty (n=672), then the 
prevalence of hearing difficulty still remains higher at 
17% than the national average at 6.1% for women 50 
to 59 years old.22

Other countries have looked at hearing problems 
among dental personnel. Four separate questionnaire-
based surveys from Italy,16 Belgium,14 Thailand17 and 
United Arab Emirates18 reported hearing problems: 
30%, 19%, 11% and 5%, respectively. The lowest 
prevalence of hearing difficulty was reported in Unit-

Prevalence of Self-Reported Hearing
Difficulties Among Dental Hygienists

Over one-third (40%, 95% confidence interval, 
35 to 44%) reported that they had been told or 
had experienced hearing difficulties and 17% (95% 
confidence interval, 14 to 21%) reported hearing 
difficulty due to scaler use. Thirteen percent indi-
cated that their hearing difficulty was diagnosed by 
an audiologist. Of the 17% that reported hearing 
difficulty due to scalers, 91% had confirmed this 
hearing difficulty with an audiologist. The average 
age of those with self-reported hearing difficulties 
due to ultrasonic scalers was 56 years (SD=8) and 
those without hearing difficulties average age was 
57 (SD=6).

Relationship Between Hearing Difficulty and
Use of Ultrasonic Scalers

Hearing difficulty due to any cause, including 
the use of ultrasonic scalers, was 1.5 times (95% 
confidence interval, 1.0 to 2.3) more likely to be 
associated with higher usage of ultrasonic scalers 
than those with no hearing difficulty, but this find-
ing was not statistically significant (p=0.05). Those 
with hearing difficulty due to use of ultrasonic scal-
ers were 2.3 times (95% confidence interval, 1.3 to 
4.1) more likely to have higher ultrasonic scaler us-
age than those without hearing difficulty (p=0.003). 
The multivariable logistic regression results (odds 
ratios=2.0, 95% confidence interval, 1.1 to 3.6) 
remained statistically significant after adjusting 
for potential confounders, age and other potential 
causes of hearing difficulties (p=0.03).

ed Arab Emirates and Malaysia at 5%.18,19 The lower 
prevalence observed in this Malaysian study, of whom 
94% used ultrasonic scalers, may also have been due 
to a younger population (i.e., average age 39 years 
vs. 56 years in this study) with less occupational ex-
posure (i.e., 68% worked for 10 years vs. all worked 
at least 20 years in this study) and pure tone au-
diometry being used as the assessment of hearing 
impairment, rather than self-report. A recent study 
conducted in Italy demonstrated a 30% self-report-
ed prevalence of hearing impairment among general 
dental practitioners, as compared to a prevalence of 
15% for general medical practitioners.16 Both sets of 
practitioners had been practicing for at least 10 years, 
a period generally considered sufficient to generate 
hearing difficulty.

One reason for the higher prevalence of hearing 
difficulty in this study may be due to longer occu-
pational exposure. As part of the eligibility criteria, 
dental hygienists had been practicing for a minimum 
of 20 years and obtained their licenses between 1972 
and 1992. However, 15 respondents (4%) indicated 
that they had received their license between 1964 and 
1971, and 1 (<1%) from 1993. It is unclear whether 
this discrepancy was due to survey recall bias of these 
16 respondents or an issue with the records from the 
R & D Data Corporation. Since these participants had 
practiced for more than 20 years, they were included 
in the final analyses. Furthermore, a sensitivity anal-
ysis was performed that excluded these 16 respon-
dents from the analyses, and the results were nearly 
identical.

Hearing status was not measured with audiometry, 
so data in this study were the respondents’ percep-
tions of their hearing difficulties, and the respondents’ 
use of the ultrasonic scalers may have been over or 
under reported. Most dental hygienists (91%) that re-
ported hearing difficulty due to scalers also reported 
that their hearing difficulties were confirmed by an 
audiologist. Medical records were not obtained from 
the audiologist to confirm the cause of hearing dif-
ficulty, and therefore, hearing difficulty due to ultra-
sonic scaler usage may have been over-reported.

This study showed that respondents with hearing 
difficulties due to ultrasonic scalers were 2-times more 
likely to have higher scaler use than those without 
hearing difficulties, even after potential confounders 
were included in the model (p=0.03). These findings 
are comparable to a previous report in which den-
tal hygienists with high ultrasonic usage had poorer 
hearing, as measured by pure tone audiometry, than 
those with low ultrasonic usage.13 They are also con-
sistent with a study of Italian dentists concluding that 
frequent use of ultrasonic scalers was significantly as-
sociated with self-reported hearing impairment (odds 
ratios=3.6, 95% confidence interval, 1.1 to 12.2, 
p=0.03).16
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conclusIon
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Assessment of other possible causes of hearing dif-
ficulties was included in the present study, whereas 
some previous studies have excluded respondents 
with history of hearing loss due to infection or con-
genital defects.13 Another risk factor of hearing im-
pairment is increasing age, which has been associ-
ated with higher prevalence of self-reported hearing 
impairment.23 Age-related hearing loss is typically 
gradual and progressive. We were interested in the 
influence of these risk factors as potential contribu-
tors to hearing difficulty. The effect of ultrasonic usage 
on hearing difficulty remained statistically significant 
after adjustment for other possible causes of hearing 
difficulties and age (p=0.03). Age did not seem to be 
a confounder in the relationship, but other causes of 
hearing difficulties did appear to contribute to hear-
ing difficulties. This finding suggests that ultrasonic-
related hearing difficulty is not simply the result of the 
respondents’ increased age since age was controlled 
for in the model, but appears to contribute from more 
frequent use of the ultrasonic scalers. 

In the present study, only a few respondents (5%) 
indicated that they were currently using earplugs to 
prevent hearing impairment and reduce exposure to 
occupational noise pollution, but approximately half 
the respondents indicated that they would consider 
using them in the future. This preventive attitude is 
encouraging since many people are unaware of their 
hearing loss until it is too late.24 Longitudinal stud-
ies are needed to assess whether wearing ear protec-
tion while using noisy dental equipment reduces the 
risk of hearing loss. Once hearing has been damaged, 
hearing problems are permanent and irreversible. Kil-
patrick stated that if hearing loss is suspected from 
dental sources, some type of ear plug or ear muff 
should be used.25
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