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Abstract

A long-term exposure to the high-frequency dental noise is a potential hazard to the health of dental
professionals and the quality of oral health service provisions. This study aims to thoroughly
investigate the influence of an acoustic environment on the perceptions and behaviors of dental

professionals. A multidimensional sound quality assessment that comprises the objective
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measurements of the acoustic and psychoacoustic metrics in different statistical levels and a self-
administrated questionnaire was conducted in the Prince Philip Dental Hospital of Hong Kong.
The results indicate that the dental professionals’ noise sensitivity and job-performance drops are
mainly affected by loudness of noise. Moreover, two types of health risk perceptions, loudness-
related and sharpness-related, were found to be associated with a health state of dental
professionals. Also, a higher chance of having health-mediated avoidance was found for the dental
professionals who had a worse health state and worked in a noisier workplace. These findings

provide new knowledge on the development of a health-supportive acoustic environment.

Keywords: acoustic environment, behavior influence, dental workplace, perceptual influence,

psychoacoustics



1. Introduction

The awareness of the negative influence of acoustic environment on occupants has
increased because numerous health impacts were found to be induced by environmental noise
exposure [1, 2]. Many people spend almost one-third of a day on working. Uncontrolled
occupational noise [3, 4] in a workplace is a potential hazard [5, 6] to the health of occupants. In
a dental workplace, the use of dental equipment such as clinical instruments and laboratory
machines [7, 8] will create a high-energy and high-frequency [9] noise. Therefore, dental
professionals unavoidably perceive the dental equipment noise during their daily practices [10].
Most of the current dental noise studies [8, 11-13] relied on the objective measurements of time-
equivalent continuous A-weighted sound pressure levels (Laeg) Owing to the international
regulation (Laeq < 80 dBA) of the 8-hour daily occupational noise exposure [3]. However, the study
of the systematic review of the human perceptual dimensions of sounds [14] pointed out that the
temporal and spectral content of sound as well as the sound energy content will affect the human
perceptions of sounds. It raised the concern about whether Laeq iS adequate to describe the
acoustical influence of the noise in a dental workplace. According to the international standard
ISO 12913 [15], a complete sound quality assessment should cover the objecitve measurements of
both acoustic and psychoacoustic metrics. Total loudness (N) is a psychoacoustic metric to
estimate the human loudness sensation of sound, considering the transmission characteristics of
the human middle ear structure [16] and the relationships between physical stimuli and perceptual
judgments [17]. As just mentioned, the noise in a dental workplace is high-frequency noise.
Sharpness (S), as a psychoacoustic metric to estimate the human sharpness sensation about the
skewness of the energy distribution toward high-frequency components [18], might play an

important role in the sound quality assessment of a dental workplace. In addition, to measure



statistical noise levels is another common approach in acoustics studies to describe the acoustical
influence of industrial noise [19] and outdoor road traffic noise [20]. For instance, Laio iS an
acoustic parameter of the noise level exceeded for the 10% of the elapsed time. The acoustical
influence from the significant noise (Lawo) and from the background noise (Lago) in the
surroundings can then be distinguished with the help of the parameters in different statistical noise
levels. The ambient noise, which encompasses all significant noise and background noise, can also
be represented by the parameter Laso. Hence, the sound quality assessment of this study that
combined the psychoacoustic measurements with the statistical noise level measurements was a
novel and multidimensional approach to investigate the acoustical influence of dental noise on the
working environment.

Apart from the objective measurements, the measurements of subjective responses provide
a valuable information about the perceptual and behavior influence on occupants [21]. Noise
sensitivity (NS) is indicators of the subjects’ ability to sense the environmental noise. The
researchers [22] also found that NS was correlated with the subjects’ annoyance [23, 24], anxiety
[25, 26], and other mood disorders [27, 28]. If the noise exposure continues, a list of health risks
such as memory loss [29, 30], stress [31], poor sleep quality [2, 32], headaches [33, 34], nausea
[35], and fatigue [36, 37] will be possibly perceived by occupants. Furthermore, drops in job
performance and actions against noise are also good indicators of the behavioral influence of noise
on occupants. Oral health service provisions require dental professionals to concentrate on their
work and to communicate with their teammates. Consequently, the work disturbance [38, 39],
communication difficulty, and concentration difficulty [40] from noise on dental professionals
should be avoided. This is important to maintain a good quality of oral health care service. More

importantly, a preference for noise control works is related to the reactions [41] of occupants to



noise. The findings on the relationships between the objective acoustic environment and the
subjective influence on dental professionals are essential for future noise management work [42].
Thus, this study aims to comprehensively investigate the acoustical influence of the noise in a
dental workplace, the perceptual and behavioral influence on dental professionals, and the human-

environment interactions.

2. Materials and methods

2.1.Subjects

The sound quality assessments were conducted for the dental professionals in the Prince Philip
Dental Hospital (PPDH). The PPDH is the only dental hospital in Hong Kong and is the only
building with the different dental workplaces. The assessments were conducted during the official
working hours in a random working day. The dental professionals with self-reported hearing
problems were excluded in the study. A written informed consent was obtained from everyone
prior to any assessment. An ethics approval of the study was obtained from the Institutional Review

Board of the University of Hong Kong/Hospital Authority Hong Kong West Cluster (UW 17-088).

2.2.Sound quality assessment
2.2.1. Objective measurement
The acoustical influence of noise in a dental workplace was measured by the advanced,
two-channel, handheld analyzer (Type 2270; Bruel & Kjaer, Naerum, Denmark). The analyzer
was horizontally placed at 30 cm away from the ears of dental professionals to avoid affecting

their work. The elapsed time of each objective measurement was about 10 minutes. The sound



level meter software of the analyzer was designed to assess, monitor, and evaluate the acoustical
influence of noise on the sound pressure levels (SPL) such as unweighted SPL (L;) and A-
weighted SPL (La). Furthermore, the time-varying 1/3 octave band spectrum of L, was also
recorded by the internal frequency analysis software of the analyzer. The 1/3 octave band
spectrum was then converted to the 24 Bark band spectrum in terms of the psychoacoustic metric
specific loudness (N”), and eventually converted to the psychoacoustic metric N. The
standardized conversion between L; and N can be found in the internal standard [16]. Moreover,
the psychoacoustic metric S was computed by applying the critical-band-rate dependent into the
24 Bark band spectrum of N’. In brief, the S increment means that the energy distribution of
noise was skewed towards high-frequency components. The development and the explanation of
the metric S can be found in the Zwicker’s book [18]. The N and S of the reference sound in
1000 Hz with 60 dB are 60 phons and 1 acum, respectively. Since the acoustic environment of a
dental workplace varied from time to time, the noise levels at different time were represented by
the time-equivalent level, 10%-, 50%, and 90% percentiles of the metrics. Three parameters
Lazo, N1o, and Si0 were selected to represent the acoustical influence of significant noise. Six
parameters Laso, Nso, Sso, Laeg, Neg, and Seq Were about the acoustical influence of ambient noise.
The last three parameters Lago, Noo, and Seo were about the acoustical influence of background
noise in the workplace.

2.2.2. Subjective measurement

Dental professionals were immediately asked to complete a self-administrated questionnaire
after the objective measurement of their workplace (see Table 1). The subjective responses of the
dental professionals were recorded in five sections. The first section was the five 5-point Likert

scale questions about dental professionals’ noise sensitivity (NS1-5: hear noise, think noise



frequently occurs, take notice of noise, suffer from own equipment noise, suffer from others’
equipment noise). For example, the dental professionals were asked to give the response to the
question “How often do you hear noise?”. A response (“Not at all”, “Occasionally”, “Medium”,
“Often” or “Very often”) of a 5-point Likert scale question was coded into the score ranging from
1 to 5 for further statistical analyses. The second and third sections were the 5-point Likert scale
questions about six health risk perceptions (HRP1-6: memory loss, stress, poor sleep quality,
headache, nausea, and fatigue) and the job-performance drops (JPD1-5: communication difficulty,
a scare feeling, disturbance, passion loss, and concentration difficulty), respectively. In the fourth
section, the dental professionals’ avoidance of noise was recorded by a Yes/No question followed
by five choices (complain to colleagues or hospital authority, apply protective measures, use less
noisy equipment, move to a less noisy workplace, and others). Five questions about the
professionals’ background information of their workplace, gender, age range, service length, self-
rated health state (HS: very bad, bad, medium, good, and very good) were included in the last

section.

Table 1

Information of a self-administrated questionnaire in subjective measurement

Section Question Rating scale
How often do you ?
NS1: hear noise
I: Noise sensitivity (NS) NS2: think noise frequently occurs Five-point Likert scale

NS3: take notice of noise
NS4: suffer from own equipment noise
NS5: suffer from others’ equipment noise

How often do you ?
HRP1: memory loss

HRP2: stress

HRP3: poor sleep quality
HRP4: headache

HRP5: nausea

HRP6: fatigue

I1: Health risk perception
(HRP)

Five-point Likert scale




How often do you have from the noise
during work?
JPD1: communication difficulty

I11: Job-performance drop JPD2: a scare feeling

Five-point Likert scale

(PD) JPD3: disturbance
JPDA4: passion loss
JPD5: concentration difficulty
Multiple options after the choice “Yes”
HMAU1: Complain to colleagues or hospital authority
IV: Health mediated HMAZ2: Apply protective measures Yes/No question followed
avoidance (HMA) HMA3: Use less noisy equipment by multiple choices
HMAA4: Move to a less noisy workplace, and others
HMADS: Other (please specify)
Workplace; gender; age range; service length; health
V: Background information  state (HS: very bad, bad, medium, good, and very Nominal or ordinal

good)

2.3.Statistical Analyses

All the data from statistical analyses were coded and analyzed by the commercial package
SPSS, version 23.0 (IBM Corp., Armonk, NY, USA). All statistical tests were two-tailed tests with
the significance level of 0.05. The normality of the data of the acoustic parameters (La1o, N1o, St1o,
Laso, Nso, Sso, Laeq, Neq, Seq, Lago, Noo, and Sgo) was checked before the test selection. If the
parameter was not normally distributed, the nonparametric tests (Mann-Whitney U tests, Kruskal-
Wallis tests, and Spearman’s rank correlation tests) would be applied. Mann-Whitney U tests or
Kruskal-Wallis tests were applied to test the differences of the acoustic parameters between
different workplaces. Spearman’s rank correlation tests were applied to test the correlations
between the acoustic parameters and the dental professionals’ responses. After that, an exploratory
factor analysis (EFA) was used to explore the possible underlying factor structure of the HRPs
without any preconceived structure [43]. Moreover, NS, HRP, and JPD scores were computed by

adding up the scores of the corresponding questions to convert the ordinal responses into a



continuous variable. The appropriateness of this approach was further checked by a Cronbach’s
alpha reliability test [44]. The stepwise linear regressions then were applied for NS, HRP, and JPD
scores. Pearson’s chi-square tests were applied to test the distribution differences of the dental
professionals’ avoidance between the subjects’ characteristics, and a logistic regression was

applied to find out the significant predictors of the avoidance.

3. Results

3.1.Acoustical environment in dental workplaces

The sound quality assessments were carried out to 60 dental professionals at the dental surgery
rooms, open clinic, implant laboratory and prosthetics laboratory in PPDH. The medians of the
acoustic parameters in dental surgery rooms were the lowest among the workplaces (see Table 2).
The acoustical influence of noise was the least in the dental surgery rooms. After grouping the
workplaces into two major workplace environments (dental clinic and dental laboratory), the
acoustical influence of significant noise (Laio, N1o, and S10) and ambient noise (Laso, Nso, Laeg, Neg,
and Seq) were significantly greater in the workplace environment of dental clinic (ps < .001 in the
Mann-Whitney U tests). The distributions of the acoustic parameters in the workplace

environments of dental clinic and dental laboratory were plotted in Fig. 1.

Table 2

Medians of the acoustic parameters in the dental workplaces.

Workp|ace Lato Nio S0 Laso Nso  Sso  Lasgo  Noo  Seoo  Laeg  Neg Seq
environment [dBA] [phon] [acum] [dBA] [phon] [acum] [dBA] [phon] [acum] [dBA] [phon] [acum]

Dental clinic (C)
Surgery room (1) 50.8 781 141 570 75.0 143 542 728 144 579 771 143




Open clinic (2) 641 828 151 589 781 156 542 735 156 616 804 154

Dental laboratory (L)
Implant laboratory (3) 66.3 850 198 614 809 183 574 768 175 652 839 203
Prosthetics laboratory (4) 68.7 86.4 171 601 790 152 544 733 141 662 839 168

Overall 66.3 843 159 59.7 785 154 547 735 154 63.8 821 1.67

Mann-Whitney U test *kk *kk *kk *kKk *kKk _ _ _ _ *kKk *kk *kk

(CvsL)

Kruskal-Wallis test Rk ARk kkk ek ke 0010 - 0.017  FRE o xEx kxR

(Lvs2vs3vs4)

Post-hoc tests 1<4 1<3 1<4 1<4 1<4 1<3 - 1<3 1<83 1<3 1<3 1<3
1<4 1<3 1<3 1<3 3<4 1<4 1<4 2<3
2<4 2<4  2<4

***p < 0.001 in a Kruskal-Wallis test or a Mann-Whitney U test of an acoustic parameter in different dental
workplaces or in different workplace environments.

(a) A-weighted sound pressure level (La) (b) Total loudness (N)

Lao™
Laeo A Neo A
LArom Nrom
50 60 70 80 70 80 90 100
[dBA] [phon]

(c) Sharpness (S)

S e
< & Workplace environment
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[1] Dental clinic

ﬁ [l Dental laboratory
SSU
o L —

1.0 1.5 2.0 25
[acum]

***p < 0.001 in a Mann-Whitney U test of an acoustic parameter in the
two workplace environments

Fig. 1. The density plots of the acoustic parameters in the two dental workplace environments:

(@) A-weighted sound pressure level; (b) total loudness; (c) sharpness.
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3.2.Statistical description of subjects

Half (50%) of the dental professionals worked in dental clinic while others worked in the dental
laboratory, see Table 3. Nearly two thirds (68%) of the professionals were female. The percentages
of the professionals in the age ranges “< 40 years old”, “41 — 50 years old”, and “51 — 60 years
old” were respectively 30%, 33% and 37%. Half (50%) of the professionals had the service length
more than 20 years. 38%, 47%, and 15% of the professionals rated their health state (HS) to be
good, medium, or bad, respectively. 53% of the professionals had the health mediated avoidance
(HMA) of noise. The naming of the professionals’ avoidance would be explained by its logistic
regression result in section 3.3. The percentage of the professionals with HMA significantly
differed by their workplace environment (y2 (1, N =60) = 6.7, p = 0.010), gender (x2 (1, N = 60)
=14.6, p <0.001), age range (2 (1, N=60)=4.1, p =0.042), and HS (y2 (1, N=60)=7.9,p =
0.005). The professionals with HMA were in the higher chances to have the characteristics of
working in the dental laboratory, male, > 40 years old, and without a good HS. For the
professionals who applied protective measures, the percentages of them working in the dental
laboratory (2 (1, N =60) =19.2, p <0.001), being male (x2 (1, N = 60) = 20.4, p < 0.001), having
the service length more than 20 years (32 (1, N = 60) = 4.8, p = 0.028), and without a good HS
(x2 (1, N = 60) = 4.3, p = 0.039) were significantly higher. Besides, all the professionals who

complained to colleagues or hospital authority about the noise were female.

Table 3

Characteristics of dental professionals and Pearson's chi-square tests of the distribution
differences of their health mediated avoidance (HMA) between variables.

Characteristic Overall Health mediated p HMAZ1: p HMAZ2: p
(Variable) sample avoidance (HMA) Complain to Apply protective
colleagues or measures
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hospital authority

Yes No Yes No Yes No

Workplace 0.010 - <
environment n (%) 0.001

Dental clinic 30 (50.0) 11 (34.4) 19(67.9) 7(87.5) 23(44.2) 2 (10.0) 28(70.0)

Dental laboratory 30 (50.0) 21 (65.6) 9 (32.1) 1(12.5) 29 (55.8) 18 (90.0) 12 (30.0)
Gender n (%) <0.001 0.0472 <

0.001

Female 41 (68.3) 15 (46.9) 26 (92.9) 8 (100) 33 (63.5) 6 (30.0) 35(87.5)

Male 19 (31.7) 17(53.1) 2(7.1) 0 (0.0) 19(36.5) 14 (70.0) 5(12.5)
Age range n (%) 0.040° - -

<40 years old 18 (30.0) 6(18.8) 12(42.9) 2 (25.0) 16 (30.8) 4 (20.0) 14 (35.0)

41 -50vyearsold  20(33.3) 12(37.5) 8(28.6) 6 (75.0) 14 (26.9) 5(25.0) 15(37.5)

51-60yearsold 22(36.7) 14 (43.8) 8(28.6) 0(0.0) 22(42.3) 11 (55.0) 11 (27.5)
Service length n (%) - - 0.027¢

<10 years 18 (30.0) 5(15.6) 13 (46.4) 1(12.5) 17 (32.7) 4 (20.0) 14 (35.0)

11 - 20 years 12 (20.0) 8(25.0) 4(14.3) 4 (50.0) 8(15.4) 2 (10.0) 10(25.0)

21 - 30 years 16 (26.7) 10(31.3) 6(21.4) 3(37.5) 13(25.0) 6 (30.0) 10(25.0)

> 30 years 14 (23.3) 9(28.1) 5(17.9) 0(0.0) 14(26.9) 8 (40.0) 6(15.0)
Health state n (%) 0.008¢ - 0.035¢

Very good 2(33) 1(31) 1(3.6) 1(125) 1(1.9 0(0.00 2(5.0)

Good 21 (35.0) 6(18.8) 15(53.4) 1(12.5) 20 (38.5) 4 (20.0) 17 (42.5)

Medium 28 (46.7) 16 (50.0) 12 (42.9) 2 (25.0) 26 (50.0) 13 (65.0) 15 (37.5)

Bad 8(13.3) 8(25.0) 0(0.0) 4 (50.0) 4(7.7) 2(10.0) 6(15.0)

Very bad 117 1@B1) 0(0.0 00000 119 1(5.00 0(0.0

Note. 2 A Fisher’s exact test was applied due to the cell with expected values < 5. ® The HMA distribution
difference was tested for the regrouped age ranges “< 40 years old” and “> 40 years old”. ¢ The HMA distribution
difference was tested for the regrouped service lengths “< 20 years” and “> 20 years”. 9 The HMA distribution
difference was tested for the regrouped health states “Very good and good” and “Medium, bad, and very bad”. The
Pearson's chi-square test results about “HMAS3: Use less noisy equipment” and “HMA4: Move to a less noisy

workplace” were not significant.

3.3.Responses to the noise in the workplace

The most influential response of the NS questions was the thought about the frequent

occurrence of noise (M = 3.15, SD = 0.97; see Fig. 2 (a)). The two highest HRPs from noise were
found to be “Fatigue” (M = 3.22, SD = 1.09) and “poor sleep quality” (M = 3.07, SD = 1.22).
Meanwhile, the JPD from communication difficulty was the most dominate influence from the
noise during work (M = 3.17, SD = 0.83). In general, the acoustic parameters Laio, N1o, Laeg, and
Neq Were significantly correlated with most of the professionals’ responses (Figure 2 (b)). The

acoustic parameters Laso and Nso were significantly correlated with the professionals” HRPs. The
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acoustic parameters Sio and Sso were significantly correlated with the HRPs “headache” and

“nausea”.

(@)

Percent
. 100
§ 75
50

25
0

Not at all
1)

0.0%
0.0%
0.0%
13.3%
6.7%

18.3%
16.7%
10.0%

23.3%
45.0%
6.7%

1.7%
0.0%
3.3%
21.7%
15.0%

Occasionally

31.7%
3.3%
18.3%
26.7%
28.3%

26.7%
26.7%
23.3%

18.3%
35.0%
16.7%

16.7%
30.0%
30.0%
25.0%
21.7%

Medium

(3)
30.0%
40.0%
43.3%
36.7%
38.3%

30.0%
38.3%
33.3%

43.3%
15.0%
38.3%

50.0%
55.0%
35.0%
35.0%
45.0%

Often
(4)

30.0%
50.0%
33.3%
18.3%
20.0%

15.0%
10.0%
16.7%

5.0%
5.0%
25.0%

26.7%
13.3%
23.3%
13.3%
13.3%

Very often
(5)

8.3%
6.7%
5.0%
5.0%
6.7%

10.0%
8.3%
16.7%

10.0%
0.0%
13.3%

5.0%
1.7%
8.3%
5.0%
5.0%

Mean (SD)

3.15 (0.97)
3.60 (0.67)
3.25 (0.82)
2.75 (1.07)
2.92 (1.01)

272 (1.22)
2.67 (1.13)
3.07 (1.22)

2.60 (1.20)
1.80 (0.88)
3.22 (1.09)

3.17 (0.83)
2.87 (0.70)
3.03 (1.01)
2.55 (1.13)
272 (1.04)

(b) Spearman's rank correlation coefficient

Lato N1o S10 Laso Nso Sso Laeq Neq Seq

Noise sensitivity (NS)

NS1: Hear noise

NS2: Think noise frequently occurs 40™

NS$3: Take notice of noise

NS4: Suffer the own equipment noise 27"

NS5: Suffer the others’ equipment noise

Health risk perception (HRP)

HRP1: Memory loss 48~ 50 - A0 407 - 457 447
HRP2: Stress 33357 - 26" 287 - 28 307
HRP3: Poor sleep quality - .29" - - 28"
Loudness-related HRP (LHRP)
Sharpness-related HRP (SHRP)
HRP4: A headache B 33 2 300 31t 35 290 390 28
HRP5: Nausea 37 39 36 300 31 36 407 427 3T
HRP6: Fatigue 36 .38 - 320 3 - AT 36

Job-performance drop (JPD)
JPD1: Communication difficulty
JPD2: A scare feeling

JPD3: Disturbance

JPD4: Passion loss 29"

JPD5: Concentration difficulty 317

How often do you ......7

How often do you have ......7

30"

33 - 28" - - 297

3 - 32 2% - 300 .28
29 . . - - 31 33
29 - - - - 300 3%

27T

317

How often do you have ...... from the noise during work?

*p < 0.05; **p < 0.01 in a Spearman’s rank correlation test between a acoustic parameter and a dental professionals' response.

Fig. 2. Dental professionals’ responses to the questions about their noise sensitivity, health risk

perception, and job-performance drop: (a) a heat map of the response distributions; (b)

Spearman’s rank correlation coefficients between the acoustic parameters and responses.

In the EFA result of the professionals’ HRPs, the two-factor solution was achieved with

the oblique rotation. The solution explained 73% of the total variance. The overall Kaiser-Meyer-

Olkin (KMO) was measured to be 0.80 which indicated that the sampling was meritorious

adequacy [45]. The Bartlett's test of sphericity was statistically significant (p < 0.001), indicating

that the correlations between the items were sufficiently large for the EFA. The eigenvalues of the

13



two factors were greater than 1. Also, the factor loadings of the variables in the factors (HRP1:
0.75; HRP2: 0.51; HRP3: 0.74 in factor | and HRP4: 0.95; HRP5: 0.77; HRP6: 0.44 in factor II)
were greater than 0.40. After considering the correlations between the acoustic parameters and the
clustered HRPs in the factors, factor | and Il were named to be loudness-related health risk
perception (LHRP) and sharpness-related health risk perception (SHRP).

Cronbach’s alpha reliability coefficients of the factor variables (NS: o = .763, 5 items;
JPD: o =.761, 5items; LHRP: o =.762, 3 items; SHRP: o =.821, 3 items) indicated the acceptable
internal consistencies of the clustered variables in the factors. The results also supported the
approach of the factor score calculations. The means of the dental professionals’ NS and JPD
scores were 15.7 units (SD = 3.3) and 14.5 units (SD = 3.4) out of 25 units. The means of the LHRP
and SHRP scores were 8.5 units (SD = 2.9) and 7.6 units (SD = 2.7) out of 15 units. Moreover, the
normality of the factor scores was confirmed by the normality tests prior to the regression analyses.

In the stepwise linear regression of NS score, only Nsp was remained in the model (see
Table 4). NS score was predicted to be increased by 0.29 unit for each phon of Nso. NS score was
an intermediary factor variable in predicting other responses, because it was a significant predictor
of LHRP, SHRP, and JPD scores. Moreover, LHRP score was predicted to be varied with the
acoustic parameter N1p and SHRP score was predicted to be variated with the parameters Sso and
Laso. The regression of JPD score showed that the subjects” JPD were predominantly affected by

the perceptual influence on their NS and LHRP.

Table 4

Stepwise linear regressions of scores of dental professionals’ noise sensitivity, loudness-related
health risk perception, sharpness-related health risk perception and job-performance drop.

Dependent variable Remained predictor B (SEB) 95% CI p p
Noise sensitivity (NS) Nso 0.30(0.13) [0.04,0.55] 0.29 0.024

14



score @

Loudness-related NS score 0.40(0.10) [0.21,0.60] 0.45 <0.001
health risk perception N1o 0.21(0.08) [0.05,0.36] 0.29 0.010
(LHRP) score P

Sharpness-related NS score 0.45(0.08) [0.28,0.62] 0.54 <0.001
health risk perception Sso 5.37(1.34) [258,8.16] 0.50 <0.001
(SHRP) score © Lago -0.24 (0.11) [-0.46,-0.009] -0.28 0.041
Job-performance drop NS score 0.52 (0.09) [0.34,0.70] 0.50 <0.001
(JPD) score ¢ LHRP score 0.51(0.10) [0.30,0.71] 0.44 <0.001

Note. B = unstandardized coefficient, SEB = standard error of B, Cl = confidence interval for B, $ = unstandardized
coefficient. #R? = 0.09, F(1,58) = 5.34, p = 0.024; °R? = 0.36; F(2,57) = 15.7, p < 0.001 ; °R? = 0.44, F(3,56) = 14.9,
p <0.001; Y R?=10.68, F(2,57) = 60.0, p < 0.001.

Since the subjects’ HS was an ordinal variable, an ordinal logistics regression was applied
to test the proportional odds of the states (testing model: In(P(state)/(1-P(state))) = fo+ fiX1 + [oX2
+ ... + [Xn). Before conducting the regression, the 5-level HS was regrouped into 3-level (good,
medium, and bad) due to a few subjects in the HS “very good” or “very bad”. The three remained
predictors in the final HS model were Seq (p = 0.020), LHRP (p = 0.018), and SHRP (p = 0.004).
The proportional odds of a worse HS was predicted to be increased by 31% (95% CI [4%, 63%)]),
34% (95% CI [5%, 71%]), and 51% (95% CI [14%, 99%]) for each increment of 0.1 acum of Seq,
1 unit of LHRP score, and 1 unit of SHRP score, respectively. The Nagelkerke’s Pseudo r-square
[46] of the model was 0.57, p < 0.001. The 3D scatter plot of the predictors and the 3-level HS

illustrated the relationships between the variables (Fig. 3).
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Fig. 3. A 3D scatter plot of loudness-related health risk perception (LHRP) score, sharpness-
related health risk perception (SHRP) score, and the time-equivalent sharpness (Seq) in the

workplaces.

Finally, a logistic regression was applied to test the odds ratio of the subjects with the HMA
to the subjects without the HMA (Table 5). Three acoustic parameters Lago, Neo, and Sgo and two
subjects’ characteristics HS and Gender was remained in the final HMA model. The result showed
that the dental professionals’ avoidance of noise was prompted by the worse of their HS. The
chance of having the HMA become 3.19 times as likely for a HS being worse. As a result, the
professionals’ avoidance of noise was named to be HMA. In addition, the odds ratio of the HMA

become 4.56 or 2.49 times as likely when Lago was increased by 1 dBA or Sgo was increased by
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0.1 acum, respectively. But the odds ratio of the HMA become 0.12 times as likely for each

increment of 1 phon of Ngo.

Table 5

A logistic regression of the dental professionals’ health mediated avoidance (HMA)

Remained predictor B (SE) Odds ratio (SEO) 95% ClI p

Lago 1.52 (0.74) 4.56 (2.10) [1.07, 19.5] 0.041
Noo -2.11 (0.88) 0.12 (2.41) [0.22, 0.68] 0.017
Sgo ® 0.91 (0.41) 2.49 (1.50) [1.11, 5.58] 0.027
HS 1.16 (0.51) 3.19 (1.67) [1.17, 8.71] 0.023

Gender

Female 2.53(0.97) 12.3 (2.65) [1.87, 84.8] 0.009

Male P

Note. B = unstandardized coefficient, SEB = standard error of B, SEO = standard error of odds ratio, Cl = confidence
interval for odds ratio. Nagelkerke’s R?=.56, p < .001. 2 The odds ratio is for a 0.1-acum increment. ® Reference group.

4. Discussion

4.1.Principal results

The dental surgery rooms (length x width x height =4 m x 3 m x 2.8 m) were the closed
rooms located next to the dental open clinic (40 m x 10 m x 2.8 m). There was only one dental
chair with different clinical instruments in the middle of a surgery room, while there were more
than thirty dental chairs at the open clinic. The implant laboratory and the prosthetics laboratory
were two adjacent laboratories with the same dimension (15m x 7.5m x 2.8m) but with different
laboratory machines inside. In spite of the difference between the room dimensions of the
workplaces, the acoustical influence from the background noise sources such as broadcasting
systems, air-conditioning systems, and human activities was not significantly different between
the workplaces. Since the walls of the dental surgery rooms acted as a shield against the others’

equipment noise, the acoustical influence of the equipment noise in the workplaces was further
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diminished. This was referred to the finding that the medians of the acoustic parameters in dental
surgery room were the minimum. The Mann-Whitney U tests of Laio, N1o, and Sio suggested that
the noise from dental equipment operations had the significant acoustical influence on the
workplace environments. The results agreed with other researchers’ finding that the noise levels
of the dental laboratory machines were higher than that of the clinical instruments [9]. The dental
equipment noise also affected the ambient noise as regards to the parameters Laso, Nso, Laeg, Neg,
and Seq. This implied that the controls on dental equipment noise are crucial for the reduction of
the daily noise exposure of dental professionals.

The subjects’ responses to noise was a complicated process (see Fig. 4). The time-
equivalent acoustic parameters about the sound energy levels were not enough to explain all the
relationships between acoustic environment and human responses. The neglect of the assessments
to psychological effects [47] could limit the scientific and statistical evidence [48] in the analysis
of human-environment interactions. The multidimensional sound quality assessments of this study
provided a more thoughtful analysis to the human-environment interactions from the
psychoacoustic measurements (for spectral content) and statistical noise level measurements (for
temporal content) to cover the fundamental human perceptual dimensions of sounds [14]. The
influence of different kinds of noise was distinguished by the measurements of the acoustic
parameters in different statistical noise levels. In the Spearman’s rank correlation test results, the
subjects’ NS was found to be correlated with the equipment and ambient noise where Nsg was the
most significant predictor. The occurred noise, on top of the background noise, affected the dental
professionals’ loudness sensation and then to their perceptions on NS. For those professionals with
a higher NS, the chances of having JPD and HRP were also significantly increased. There was a

similar result in the study [49] of the relationship between the NS and headache. The EFA result
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suggested that the professionals’ HRPs could be divided into two types. Some of them were more
related to the subjects’ loudness sensation and the others were more related to the sharpness
sensation. The louder the equipment noise, the higher chances of having the LHRPs “memory

loss”, “stress” and “poor sleep quality”. If the situation becomes worse, the behavioral influence
on the job performance other than the perceptual influence could then be found for dental
professionals. The results matched with that of the other environmental behavioral studies [37,
40]. At the same time, the SHRPs “headache”, “nausea” and “fatigue” were correlated with the
sharpness sensation to the high-frequency ambient noise. As SHRP score was decreased by 0.28
unit for each dBA of Lago, the background noise level increment may ease the influence of the

sharpness sensation. Sound masking [50] in a lower frequency range than dental equipment noise

could be one of the solutions to ease the dental professionals’ SHRPs.
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Figure 4. Summary of the relationships between the acoustical influence of noise and the

perceptual and behavioral influence on dental professionals.

The dental professionals’ HS of was found to be a worthy indicator of the influence of
noise. The professionals’ HS was the result of their HRPs and was the significant predictor of their
HMA. More attention should be paid to the environmental sound quality if the self-rated HS of
dental professionals becomes worse. A good noise management strategy can improve the
occupants’ health quality [51] and their satisfaction to work [52]. The understanding of the HMA
permitted future noise management works to control the influence of noise in appropriate ways.
Although the magnitude of background noise is smaller than that of the other noise, the long-term
influence of background noise was also remarkable owing to the remains of Lago, Neo, and Sgo in
the HMA model. The need of the regular on-site monitoring [53] for workplace environments to
attenuate the influence of noise was also demonstrated. In building acoustics, a well-developed
noise prediction model [54] considering different indoor [55-61] and outdoor [62] noise sources is
a prime requisite for a good building design [63]. The results of this study gave the insights into
the development of a more advanced prediction model to predict the acoustical influence as well
as the perceptual and behavior influence on occupants.

4.2 Limitations and future work

Although the importance of N and S in the sound quality assessments of dental workplaces
were studied, the analyses of the other psychoacoustic metrics such as annoyance [64], suddenness
[65], roughness [66] and pleasantness [18] were still outstanding. The noise impacts on the other
psychological influence and the physiological influence such as noise-induced hearing loss [67,

68] and hearing impairment [69] require additional investigations. Principally, there is a need of
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the guidelines on appropriate levels of noise exposure in term of psychoacoustic metrics. The
existing Laeq regulation is insufficient in considering all human subjective responses to the
environment. Not only the energy content but also the temporal and spectral content of noise were
supposed to be controlled. Dental equipment operations are inseparable from oral health service
provisions, so the design and adoption of dental equipment are critical to the acoustic environment
of dental workplaces. Moreover, better building designs with noise partitions, noise protective
measure supplies, and the control on the number of concurrent operating equipment are of the
essence to improve the dental workplace environments and hence to reduce the daily noise

exposure of dental professionals.

5. Conclusion

The study linked the acoustical influence of the noise in dental workplaces with the perceptual
and behavioral influence on the dental professionals in the multidimensional approach. In general,
the acoustical influence of the dental equipment noise in term of Laio, N1o, and Sio and that of the
ambient noise in term of Laso, Nso, Laeq, Neg, and Seq were found to be significantly lower in the
dental clinic than the dental laboratory. The analysis of the psychoacoustic metric N disclosed the
perceptual influence on the dental professionals’ NS and LHRP scores from their loudness
sensation of noise. The behavioral influence on the JPD score as the consequence of the perceptual
influence was also observed. Moreover, the analysis of the psychoacoustic metric S disclosed the
perceptual influence on the dental professionals’ SHRP score and their HS which is the significant
indicator of the behavioral influence on the HMA. A chance of having HMA can be decreased for

a dental professional who has a better HS and works in the workplace with smaller Lago, Ngo, and
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Seo. These findings gave the insights into future noise management works to assess, monitor,

evaluate, predict, and control the influence of noise on occupants.
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