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ABSTRACT

Exposures to noise and resulting noise-induced hearing loss (NIHL) are not well understood in the den-
tal profession. Previous studies have focused primarily on practicing dental professionals, and have
often evaluated hearing loss in the absence of adequate noise exposure assessment. This study was
conducted to evaluate exposures among students and staff working in four clinics within a major U.S.
university dental school, and to compare these exposures to those among dental professionalsin a pri-
vate general-practice clinic. We measured equivalent continuous average (Lg,) noise exposure levels
at 3.75-min intervals across a variety of procedures in the evaluated clinics, and also had participants
complete a brief survey with questions on their experience and perceptions of noise exposure.

We collected 79 partial- or full-shift Time-Weighted Average (TWA) dosimetry measurements on 46
individuals. The mean 3.75-min interval L, level was 63.6 4 13.3 dBA, while the highest 3.75-min inter-
val L, was 103.5 dBA. Students from the dental school clinics had the highest variability in average
exposure levels, while the pediatric clinic evaluated had the highest average and maximum exposures.
Nearly 4% of standardized 8-hr TWA measurements exceeded the 85 dBA Recommended Exposure
Limit established by the National Institute for Occupational Safety and Health. Concerns about the
potential effects of dental noise on participants’ hearing were significantly correlated with metrics of
TWA noise exposure, as well as variability of exposure (as assessed by the SD of the 3.75-min L, levels).
Our results suggest that dental students and staff may have some risk of developing noise-induced
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hearing loss, particularly in pediatric clinical settings.

Introduction

Chronic, excessive exposure to hazardous levels of noise
is common in many occupations, and, as a result, noise-
induced hearing loss (NIHL) is one of the most work-
related illnesses in the United States.!)" Workers in
industries such as manufacturing, mining, construction,
and]transportation have long been recognized to have
excessive exposures to noise.?! However, occupations not
historically thought to involve high noise exposures—for
example, real estate workers—have recently been iden-
tified as having high rates of hearing loss!®} A number
of recent studies suggest that dentists, another occupa-
tion not typically considered to have excessive exposure
to noise—may be at risk of NITHL.[*7) If true, this sug-
gests that a substantial group of dental workers may be
at risk; there are an estimated 126,000 general practice
dentists, 193,000 dental hygienists, and 6,000 dental spe-
cialists in the U.S. alone.!®='% Those who work in den-
tistry are subjected to noise exposure from their profes-
sional tools, including air-turbine and micromotor hand

pieces, ultrasonic scalers, sucking tubes, and laboratory
equipment. Noise levels associated with clinical hand-
pieces ranged from 76-105 A-weighted decibels (dBA),
and suction ranged from 74-80 dBA, in a 1979 U.S. Army
study, 'V similar to levels of 70-82 dBA for clinical hand-
pieces and 82-90 dBA for cleaners and scalers reported
in a separate study.['?! Reports in the contemporary lit-
erature suggest that noise levels may not have declined
substantially over the intervening 30+ years; mean lev-
els of 70-76 dBA for clinical handpieces and suction were
reported in 1998,1131 66-76 dBA in 2006, 64-97 dBA in
2011,1"5 and 75-84 dBA in 2014.1* It is important to note
the majority of these measurements were brief measure-
ments made in close proximity to operating dental instru-
ments, rather than measures of personal exposure, and
that noise exposures associated with ultrasonic devices
are not completely captured with the A-weighting net-
work used for virtually all occupational exposure assess-
ments, as A-weighing heavily deweights ultrasonic expo-
sures (i.e., exposures to noise frequencies > 20 kHz).
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Occupational noise exposure regulations typically
specify an 8-hr allowable average exposure limit of
85 dBA.[1%1 Exposures in excess of this level are known to
increase the risk of permanent, irreversible NIHL,!7! and,
more recently, have been recognized as a potential risk
factor for the development of non-auditory health effects
including hypertension and ischemic heart disease!!®!
Workers with noise exposures in excess of relevant occu-
pational exposure limits need to be protected through a
hearing loss prevention program (HLPP) that includes
thorough noise exposure characterization, audiometric
testing, noise control, worker training, and routine audio-
metric testing. In the U.S., the Occupational Safety and
Health Administration (OSHA) requires HLPPs for work-
ers with 8-hr Time-Weighted Average (TWA) noise expo-
sures at or above 85 dBA, and implementation of expo-
sure controls and use of hearing protection devices are
required for exposures at or above 90 dBA.[*) While many
industrial workers are enrolled in HLPPs, professional
workers such as dentists are typically not covered by such
programs, and as a result little is known about their noise
exposures.

The purpose of our study was to assess potential noise
exposures among dentists, hygienists, and dental students
conducting a variety of dental procedures. We did not
measure hearing among dental professionals, as has been
done in a number of previous studies.[*?%] Rather, we set
out to better characterize noise exposures during dental
work, and to assess possible differences in exposure pro-
files between dentists, dental hygienists, and dental stu-
dents. A key distinction between this study and previous
studies is our use of noise dosimeters to obtain personal
average exposures associated with specific dental staff and
activities, rather than instantaneous sound pressure mea-
surements made on specific devices, as have been made
in a number of previous studies.'"2!-23] This approach
allows us to evaluate the range of typical personal expo-
sures, rather than emphasizing maximum exposures asso-
ciated with a single individual dental tool. While such
measurements have value in evaluating worst-case expo-
sure scenarios and allowable exposure durations, personal
exposure measurements are needed to evaluate the risk of
NIHL from chronic exposure to noise.

Methods

All research procedures were reviewed and approved by
the University of Michigan Institutional Review Board
prior to data collection. As this was an exploratory study,
statistical power was not estimated.

Subjects and sampling locations

Individuals training or working in the school of dentistry
at a major U.S. research university, as well as a single

private dental clinic located near the university, partici-
pated in the study on a volunteer basis. Dental students
were invited to participate if they were working in any
of four clinics: preclinical, endodontics, prosthodontics,
and pediatrics. The preclinical area was used by first and
second year students learning the basics, and had open
benches that allowed one hundred students to work at the
same time. The clinic was chosen to assess situations in
which multiple dental hand pieces were in operation at the
same time. The endodontics, pediatric, and prosthodon-
tics clinics were used by third and fourth year students
specializing in particular branches of dentistry. There
were at most ten students working simultaneously in each
clinic, and they worked in cubicles that were slightly more
private than the preclinical area. The endodontics and
prosthodontics clinics were chosen for their repeated use
of high and low-speed hand pieces and their uniform pro-
cedures, while the pediatric clinic was sampled to explore
the potential effects of additional noise generated by chil-
dren during procedures. Other clinics (n = 5) within the
dental school were not sampled due to a lack of potential
high noise sources or logistical/scheduling constraints.

All professional dentists and dental hygienists
employed at the small private clinic, which operated
independently from the university and conducted a wide
range of dental procedures, were invited to participate.
The private clinic was included to allow for comparison
of the workplace exposures of professionals to those of
students.

Potential subjects in all of the sampled clinics regu-
larly used both high and low-speed dental hand pieces
and conducted common procedures. Potential subjects
were approached in their respective clinical locations by
research staff and provided with a brief overview of the
study purpose and procedures. Interested volunteers then
provided informed consent and were enrolled into the
study and assigned a unique study ID number. Participa-
tion rates were not formally assessed, but were estimated
to be 50-75% in each of the clinics sampled. In clinics with
<5 personnel, some subjects were sampled multiple times
in order to obtain a sufficient number of samples.

Noise dosimetry

ER-200D datalogging noise dosimeters (Etymotic
Research, Inc, Elk Grove Village, IL) were used to
measure equivalent continuous average (Lgq) noise lev-
els using the National Institute for Occupational Safety
and Health (NIOSH)-Recommended Exposure Limit
(REL) as follows: threshold of 80 dBA, below which
noise was not accumulated into the measured dose; a
criterion level of 85 dBA; a criterion duration of 8 hr; and
a time-intensity exchange rate (ER) of 3 dBA.!'7! This
ER assumes that an increase in average exposure level of



3 dB requires a halving of exposure duration to maintain
an equivalent risk of NIHL, or, conversely, that a 3 dB
reduction in average exposure allows for a doubling of
exposure duration. The NIOSH REL was used for this
study, rather than 90 dBA Permissible Exposure Limit
promulgated by OSHA, since it is more protective (i.e.,
allows less exposure at higher levels of noise) and more
generalizable (most countries in the world uses exposure
limits similar or identical to the NIOSH limit).

The dosimeters were operated according to the manu-
facturer’s specifications. Noise levels were measured con-
tinuously, and the dosimeters datalogged the average
and maximum sound pressure level (SPL) measured at
manufacturer-preset 3.75-min intervals throughout each
dosimeter monitoring period; this datalogging interval
cannot be modified. Dosimeters were downloaded using
the ER-200D Utility Suite Rev 4.04. The dosimeters
were factory calibrated by the manufacturer before and
after the study; their design does not permit daily field
calibration.

For each measurement, the dosimeters were clipped
to each subject’s collar or placed in a laboratory coat or
scrubs pocket near the collar to allow the microphone
to sit within the 2-ft diameter spherical “hearing zone”
around the head.!?*) Dosimeters were placed on the oppo-
site side of their dominant hand because of the subject’s
working posture in reference to the hand pieces in use.
For example, if the subject was right-handed, the subject’s
left side and left ear were closer to the hand pieces, and
thus more likely to receive high nose exposure. The sub-
jects wore the dosimeters until they completed their daily
schedule of procedures, a period which ranged from sev-
eral hours to a full workday. Subjects were not observed
during monitoring due to patient privacy concerns. Sub-
jects were monitored on more than one day only if they
performed the same activities on each monitored day.

Subject surveys

All subjects were all asked to fill out a brief survey defin-
ing their job title, experience level, and qualifying their
perception of noise. The perception questions on the sur-
vey all used five-point response scales; all were devel-
oped for this study and have not been validated. The first
of three noise-related questions was: “People experience
noise in different ways. Do you experience noise gener-
ally as ..., with response options of “Extremely disturb-
ing”, “Very disturbing”, “Moderately disturbing,” “Not very
disturbing”, or “Not at all disturbing” The second ques-
tion was: “Over the past 12 months or so, when you are
at the clinic, how much are you bothered, disturbed, or
annoyed by noise?”, with response options of “Extremely”,
“Very”, “Moderately”, “Slightly”, and “Not at all” The third

JOURNAL OF OCCUPATIONAL AND ENVIRONMENTAL HYGIENE . 743

question was: “How concerned are you that noise from
dental procedures or tools might affect your hearing?”,
with response options of “Extremely”, “Very”, “Moder-
ately”, “Slightly”, and “Not at all” Note that the survey did
not enquire about perceived risk of noise exposure and
hearing loss from non-occupational activities, as the pur-
pose of this study was to evaluate levels and perceptions
of dental noise.

The survey also included a blank log that allowed sub-
jects to record the timing and types of procedures they
performed over the course of the measurement period.
When finished with their sampling period, each subject
would record their day’s work in this log attached to their
survey, and then submit these materials, along with the
noise dosimeter, to research staff.

Data analysis

Microsoft Excel and SPSS were used to analyze the ER-
200D data logs, which consisted of measured averages at
3.75-min intervals. The measured Lgq levels were con-
verted to 8-hr TWA values to allow for comparison of
exposures measured over varying durations. This was
done using Equation (1):

N
TWA, = LEQ,- + 10 x lOgIO (?) 5 (1)

where N is the number of 3.75-min datalogged intervals
collected in a single measurement, T is 128 (the total num-
ber of 3.75-min intervals in an 8-hr period), and Lgq is the
measured average noise level over measurement period N
for measurement i. Note that this equation assumes that
non-measured intervals during a subject’s workday con-
tributed nothing to the daily noise exposure.

Survey analyses were conducted for each monitoring
day within subject (for the perception of noise questions,
which were time-varying) and at the subject level (for
the job title and experience level questions, which were
fixed). Descriptive statistics were computed for all eval-
uated factors from the survey and log, as well as for
dosimetry noise levels at the 3.75-min level (i.e., mean
and standard deviation [SD] of these levels as a measure
of average exposure and variability in exposure) as well
as the standardized 8-hr TWA exposure level. We evalu-
ated variability via the SD of the 3.75 min levels because
previous studies have demonstrated that individuals may
be more annoyed by changing noise than by continuous
or steady-state noise.[*’! Based on measurement period
durations, the 8-hr TWA measurements were stratified
into “short” and “long” duration exposure groups using a
duration cutpoint that created two approximately equally-
sized groups, in order to better compare 8-hr TWA lev-
els collected on subjects for which the fraction of time
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Table 1. Experience level of subjects overall and by job title (N =
46 subjects).

Job title N subjects Mean SD Min Max
Overall 46 13.7 155 <1 43
Dentist 3 347 14.2 14 43
Hygienist 5 29.9 1.0 12 4
Student 32 42 37 <1 7

in the 8-hr period that involved dental instrument noise
exposure was similar. Scatterplots and bivariate Spearman
correlation analyses were run to explore the correlation
between the survey answers and the mean 8-hr TWAs (as
ameasure of overall noise exposure) and 3.75-min Lgq SD
(as a measure of variability of noise and potential predic-
tor of annoyancel?*).

Results

A total of 79 partial- or full-shift dosimetry measure-
ments were taken during six weeks of 2015 from 46 sub-
jects (three dentists, six dental hygienists, and 37 students)
(Table 1). The students had between 3 months and 7 years
of dental experience. Subjects from the private clinic were
both dentists and dental hygienists with experience that
ranged from 12-43 years. Nineteen subjects participated
more than once, up to a maximum of four times on differ-
ent days; hygienists had more repeated samples than the
other job titles.

Noise dosimetry

The average dosimetry measurement was 5.5 & 3.1 hr,
with a minimum of 2.2 and a maximum of 8.6 hr (Table 2).
The arithmetic average 3.75-min interval Lgq was 63.6

80

60

-

40

20

_

3.75-min LEQ noise level (dBA)

=

Student Hygienist
[ vean [ standard deviation |

—

Dentist

Figure 1. Distribution of mean and standard deviation 3.75-
min Lg, noise levels within TWA measurement (N = 79 TWA
measurements).

£ 13.3 dBA; median 3.75-min interval Lgq levels were
highest among hygienists (66.4 dBA), followed by den-
tists (61.8 dBA) and then students (60.5 dBA,Figure 1).
The highest 3.75-min interval Lgq was 103.5 dBA, and
was measured on a student in the pediatric clinic. The
median standard deviation across 3.75-min interval Lgq
levels within TWA measurement was similar for stu-
dents (12.7 dBA), dentists (13.6 dBA), and hygienists
(14.8 dBA).

Based on measured exposure durations, a cutpoint
of 4.5 hr was used to create “short” and “long” dura-
tion exposure groups. The average measurement length
for partial-shift TWA measurements <4.5 hr was about
185 min, and the average length for the partial- to full-
shift TWA measurements >4.5 hr was roughly 448 min-
utes (Table 2). On average, the mean 8-hr TWA was below
the NIOSH REL of 85 dBA, but 3.8% of all 8-hr TWA

Table 2. 8-hr TWA noise measurements by job title and clinic (n =79 measurements).

Duration (hr)

8-hr TWA noise level (dBA)

<45hr >45hrs

Item/category Nsubjects N measure-ments Mean SD Min Max Nmeasure-ments Mean SD Max Nmeasure-ments Mean SD Max
Overall 46 79 55 31 22 86 4 677 6.5 853 38 744 69 921
Job title
Dentist 3 7 60 23 28 79 — - = = 7 744 16 775
Hygienist 6 19 55 34 22 82 1 715 38 771 8 757 23 780
Student 37 53 51 24 29 81 30 664 6.8 853 23 740 87 921
Clinic
Endodontics 7 1l 45 19 27 84 9 642 94 763 2 732 30 753
Pediatric 6 17 69 30 39 86 1 700 — 700 16 769 7.6 921
Preclinical 20 20 25 04 24 27 20 672 55 853 — - = =
Private 9 26 54 24 28 81 1 715 38 771 15 751 20 78.0
Prosthodontics 4 5 63 15 6.6 82 — - = = 5 649 78 725
Duration of measurement (hrs)
N2 n> Mean SD Max n> Mean SD Max
46 4 308 07 43 38 75 16 94

@ = number of subjects.
b — number of partial- or full-shift TWA measurements.
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Figure 2. Time-weighted average noise exposure levels among
subjects with repeated measurements (N=19 subjects; 2 dentists,
4 hygienists, 13 students). Dotted line = student, dashed line =
hygienist, solid line = dentist.

measurements exceeded the REL. The pediatric clinic had
both the highest maximum (92.1 dBA) and average 8-hr
TWA exposure (76.9 dBA) of any location for 8-hr TWAs
< 4.5 hr and =4.5 hr. Among 8-hr TWAs >4.5 hours,
the pediatric clinic had the highest noise levels, and the
prosthodontics clinic the lowest, while among 8-hr TWAs
<4.5 hr, the private clinic had the highest noise levels, and
the endodontics clinic the lowest.

Students showed greater variability (i.e., SDs that were
2-3 times larger) across 8-hr TWA levels compared to the
private clinic dentist and hygienists for measurements <
and >4.5 hr. The endodontics and pediatrics clinics had
the greatest variability for TWA durations <4.5 hr, while
the pediatric and prosthodontics clinics had the greatest
variability of the clinical groups >4.5 hr. Also, the pedi-
atric clinic was the noisiest of all the clinics, with individ-
ual 3.75-min interval Lgq levels as high as 103.5 dBA. The
private clinic had the smallest variability for 8-hr TWA
measurements of all durations.

When analyses were restricted to the subset of 19
(41.3%) subjects on whom repeated measurements were
available, within-subject patterns of exposure variabil-
ity became evident (Figure 2). Exposures within student
but across day showed the largest variability, as indicated
by the dotted lines inFigure 2, while variability within
hygienist but across day (dashed line) was quite small.
Variability within dentist (solid line) was difficult to assess
due to the fact that only two of the dentists assessed were
evaluated on multiple days.

Subject surveys

Table 3 shows the distribution of subject responses to the
three primary survey questions, along with the distribu-
tion of job titles at each location evaluated in the study.
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There were three dentists and six hygienists that worked
within the private clinic. All (n = 37) of the students
worked in the student clinics: endodontics (19%), pedi-
atrics (16%), preclinical (54%), and prosthodontics (11%).
Most subjects described general noise in their lives to
be “moderately;” “slightly,” or “not very” disturbing. None
of the dentists or hygienists found dental-related noise
“extremely” or “very” disturbing, nor did they express
concern for dental-related noise. However, 40% of the
hygienists surveyed showed concern over noise in gen-
eral. The students had a variety of opinions, but most stu-
dents seemed to be “moderately;” “slightly” or “not very”
disturbed by general noise or dental-related noise.

Noise dosimetry vs. subject surveys

Two of the three survey questions (whether the partic-
ipant found general noise disturbing and whether the
participant found noise at the dental clinics disturb-
ing) showed insignificant correlations with measured 8-
hr TWA levels (Table 4). However, subjects’ responses to
the question addressing their concern about dental noise
affecting their hearing were significantly correlated with
their measured 8-hr TWAs. The items regarding distur-
bance by general noise or dental noise were not highly cor-
related with the variability in 3.75-min interval Lgq levels,
but responses to the item regarding concern about noise
did show a significant correlation with the SD of the 3.75-
min Lgq levels.

Discussion

The results of our pilot study suggest that dental profes-
sionals and students may have a small risk of NITHL. The
mean 8-hr TWA noise level was 70.9 dBA, which is well
below the NIOSH REL of 85 dBA designed to prevent
against NIHL. However, 3.8% of the 79 partial- or full-
shift TWA measurements were above the NIOSH REL,
indicating that overexposures to noise are possible under
some conditions. The pediatric clinic was the environ-
ment with the highest average and maximum noise lev-
els, and the greatest variability in levels; this finding was
likely driven, at least in part, by child-created noise during
procedures. The monitored students showed greater vari-
ability in TWA noise exposure levels than did dentists or
dental hygienists, probably due to the variety of activities
they participate in on a given day of training in the clinic.
However, within-shift variability (as measured by the SD
of 3.75-min Lgq levels) was similar across students, den-
tists, and hygienists, suggesting that over the course of a
workday each group experiences a variety of activities and
subsequently variable noise levels. The endodontics and
prosthodontics clinics had the lowest exposures. Survey
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Table 3. Subject job title and location distribution and survey results (N = 46 subjects).

Job title
Overall Dentist Student Hygienist
Item/category N subjects % N subjects % N subjects % N subjects %
Location
Endodontics 7 152 0 0.0 7 18.9 0 0.0
Pediatric 6 13.0 0 0.0 6 16.2 0 0.0
Preclinical 20 435 0 0.0 20 54.1 0 0.0
Private practice 9 19.6 3 100.0 0 0.0 6 100.0
Prosthodontics 4 87 0 0.0 4 10.8 0 0.0
Disturbed by general noise
Extremely 1 22 0 0.0 1 2.7 0 0.0
Very 7 15.6 0 0.0 5 13.6 2 40.0
Moderately 0 0 0 0 0 0 0 0
Not very 33 733 2 66.6 28 757 3 60.0
Not at all 4 8.9 1 333 3 8.1 0 0.0
Disturbed by dental noise
Extremely 0 0.0 0 0.0 0 0.0 0 0.0
Very 2 44 0 0.0 2 54 0 0.0
Moderately 14 311 0 0.0 13 351 1 20.0
Slightly 20 44.4 3 100.0 14 37.8 3 60.0
Not at all 9 20.0 0 0.0 8 21.6 1 20.0
Concerned about noise
Extremely 2 44 0 0.0 2 54 0 0.0
Very 7 15.6 0 0.0 6 16.2 1 20.0
Moderately 13 28.9 2 66.6 n 297 0 0.0
Slightly 13 28.9 1 333 10 27.0 2 40.0
Not at all 10 222 0 0.0 8 21.6 2 40.0

results, combined with noise dosimetry, suggested that
individuals with the highest noise exposure levels were
the most disturbed by dental noise, and that individuals
with the most variability across their daily noise levels had
the most concerns about dental noise. Collectively, these
results suggest that concerns about NIHL among den-
tists and dental students are not unfounded, and present a
potential opportunity for education of dental profession-
als and students regarding the risks of noise and NIHL,
with the important caveat that we did not assess percep-
tions of non-occupational noise, which, for many sub-
jects, may be the more important source of potentially
hazardous noise exposure, given the dental noise levels
observed in this study.

There are few previous studies of dental noise with
which our results can be compared. In 1979, the U.S.

Table 4. Correlations between two metrics of measured noise
exposure (8-hr TWA and 3.75 min L) vs perceived noise exposure
items.

Correlation
Noise metric/perceived exposure item Spearman p p-value
8-hr TWA
Disturbed by general noise 0.28 0.24
Disturbed by dental noise 0.65 0.04
Concerned about noise 0.21 033
SDof3.75-min Ly,
Disturbed by general noise 0.32 0.41
Disturbed by dental noise 0.25 0.37
Concerned about noise 0.59 0.04

Army evaluated exposure to noise from micromotor hand
pieces. This study concluded that the average daily use
of hand pieces was approximately 14.5 min, and noise
levels of the devices ranged from 76-105 dBA.!'!] More
recent studies have found that despite the changes in tech-
nology, including the transition from micromotor hand-
pieces to air-turbine hand-pieces, produce similar ranges
of noise levels,[#6:12:13:21-2326-31] 3 { these levels are con-
sistent with our results, as well. Several previous stud-
ies have noted high variability in dental noise levels. For
example, one study using personal noise dosimetry found
that a resident in a pediatric dental clinic had a range of
exposures from 94-112.9 dBA.[?2! The same study found
an average exposure of 106 dBA, substantially higher than
the mean pediatric clinic 8-hr TWA level measured here
of 76.2 dBA. This may be due to structural differences in
clinic architecture, or perhaps to an increased frequency
of contact with pediatric patients by the resident com-
pared to our own study subjects. Nevertheless, this find-
ing, combined with our own results, suggest that noise
exposures are likely to be highest for dental profession-
als and students in pediatric clinical settings; Jahid et al.
observed children screaming in a pediatric clinic at a max-
imum level of 112.9 dBA (measured via personal noise
dosimeter, distance from child unknown), and noted that
this far exceeded the noise levels observed for dental
instruments. (22!

In another study, TWA noise measurements made on
12 dentists in a teaching hospital indicated levels of 60.2



+ 8.5 dBA (28), substantially lower than those measured
here. However, these levels were measured according to
the less conservative OSHA criteria (90 dBA criterion
level and 5 dB time-intensity exchange rate), which is
well known to underestimate variable noise exposures
compared to the NIOSH criteria used here.®>**! This
same study surveyed perceptions of noise among 31 den-
tists using a previously-evaluated communications diffi-
culty scale, as well as an un-validated item asking den-
tists to rate their annoyance associated with 10 different
dental and non-dental noise sources on a 10-point
scale.?®! The mean annoyance score in this latter item
was >5 for all three sources; seniority was not associated
with annoyance scores for dental sources. The authors did
not attempt to relate their measured noise exposures to
annoyance, as we have done here, so a comparison of the
results of the two studies is not possible. Other authors
have surveyed perception of dental noise and annoyance
from a patient perspective,?®! but those evaluations are of
little use in the current study of occupational exposures.
There is some evidence that, despite the low average
noise exposures found in our study, and the relatively
infrequent exposure to high noise during specific proce-
dures, dentists and dental professionals suffer from NTHL.
A study of audiometric hearing threshold levels among
53 dentists and 55 other academic professional controls
found that dentists had a statistically significant impair-
ment compared to the control subjects at both 3 kHz and
4 kHz.[%! More studies found that dentists who regularly
used high-speed hand pieces had a significantly higher
hearing threshold than dentists who did not regularly use
high-speed hand pieces as well as dental students.!* In
addition to decreased hearing acuity overall, some studies
have identified differences in hearing thresholds between
ears, which can be a sign of directional noise exposure.
For example, one study showed that right-handed den-
tists had greater hearing loss in their left ears than their
right, likely due to the position of the dentists’ bodies rel-
ative to the patient and the hand pieces. By comparison,
such differences were not noted among other medical pro-
fessionals.l”** Our study was not designed to address the
directionality of dental noise exposures, but this is a factor
that should receive additional attention in future research.

Limitations

Our study had several limitations. The primary limitation
is the small sample size characteristic of any pilot study
(79 measurements on 46 subjects). The number of dental
professionals in particular was small (three dentists and
six hygienists). The small sample size may limit the gen-
eralizability of the study results to the broader dental pro-
fessional and student population, but even if the results
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are representative of only clinical training settings, they
are still valuable, as over 40,000 dentists graduate from
U.S. dental schools every decade, and all have exposure
to noise during their several years of training time.[*) A
second limitation relates to measurement duration. Some
of our measurements were short due to the nature of
procedure-based work activities, and may not accurately
represent the noise levels that an individual would experi-
ence across a full 8-hr workday. Nevertheless, we feel that
presenting results in terms of an 8-hr TWA is useful, as
it allows for assessment of which work activities have the
potential to result in exposure to noise in excess of the
NIOSH REL. The long 3.75-min Lgq datalogging inter-
vals inherent to the noise dosimeters used in this study—
and not modifiable by the end user —are a third limi-
tation. While the noise dosimeters integrate noise con-
tinuously, and the 3.75-min Lgq accurately reflects the
mean noise level during that period, the average time a
student or professional uses a dental hand pieces is short
and often lasts <3.75 min. This limited our ability to con-
duct tool-specific analysis of noise levels among the sub-
jects assessed; use of instruments with finer temporal res-
olution appears necessary to identify tasks and equipment
that make the largest contribution to exposures among
dentists, given the high variability in their exposures. Lack
of a mechanism to conduct daily field calibrations of the
dosimeters limited our ability to assess the performance
of the dosimeters over the course of the study; however,
all instruments passed the manufacturer’s calibration pro-
cess pre- and post-study. In order to protect patient pri-
vacy we were unable to observe our subjects continuously
over the duration of their exposure measurement. It is
possible that some subjects removed the noise dosimeters
or wore them incorrectly for some of their measurement,
which could have influenced the measured noise levels.
However, as the dosimeters were small and unobtrusive,
and all subjects were volunteers, this situation is unlikely.
Finally, the survey items used in this study have not been
validated, and the lack of questions on our survey con-
cerning perceptions of non-occupational noise exposure
limits our ability to evaluate the potential importance of,
and perceived risk and annoyance associated with, noise
from non-dental sources. Given the low exposures noted
for most measured dental exposures, non-occupational
noise may well represent a larger risk of NIHL than den-
tal activities; however, this possibility cannot be evaluated
without additional exposure measurement data.

Conclusions

Our study suggests that a small proportion of dental pro-
fessionals and students may be at risk of developing NIHL,
depending on the duration of their exposure and their
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clinical environment. In particular, we found that work
in a pediatric dental clinic could result in dental students
and professionals being exposed to high levels of noise,
likely from the children receiving dental procedures. Note
that while the fraction of dental professionals and students
with possible overexposures to noise is small, the large
number of individuals exposed in these professions may
mean that thousands of individuals are at risk of NIHL.

Our study adds to the growing evidence that dentist
professionals, and potentially dental students, have some
risk of work-related hearing loss from noise exposure.
More research is required in order to more accurately
assess and quantify the risk of NIHL among dental stu-
dents and professionals. Ideally, such research will involve
inception prospective cohort studies of dentists that assess
exposure and hearing ability longitudinally to evaluate
the potential causal relationship between dental noise
and NIHL. In particular, our finding that within-subject
variability across work days varied between students and
hygienists suggests that a greater focus on within-subject
variability is warranted in future research. Development
and validation of additional survey items addressing spe-
cific dental and nonoccupational noise exposures, and the
relative intensity of these exposures, appears warranted,
and would ideally be accompanied by long-term, high-
resolution noise dosimetry measurements that would per-
mit quantification of the relative contribution of each of
these activities to total noise exposure.

In the meantime, while the risk of NIHL appears to
be small, exploration of noise reduction methods may be
warranted, both to reduce NIHL risk and negative per-
ceptions of noise among dental professionals and students
and to increase patient comfort, and implementation of
noise control measures in pediatric clinics—for exam-
ple, better isolation between dental rooms or cubicles—
may help reduce patient-related noise exposures. Educa-
tional programs on hearing conservation for dentists that
include information on likely noise exposures and risk of
NIHL may also help reduce fears of NIHL among dental
professionals and students. Such programs could be intro-
duced as part of the education of dental students to better
ensure awareness of noise and NIHL.
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