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Dental equipment noise is generally recognized as a major noise source in dental environment. Dental 

professionals unavoidably suffer the noise from different equipment operations and other noise 

sources in their daily work. The aims of this study were to assess the differences in the acoustical 

environment between different regular dental procedures, and to analyse the negative effects of noise 

on dental professionals’ health quality. Oral surgery provisions (OSP) and dental casting preparations 

(DCP) are the dental procedures requiring the dental equipment operations. Sound quality assess-

ments were conducted to assess the environmental changes in the A-weighted sound level (LA), total 

loudness (N), and sharpness (S) of the noise during the equipment operations. After that, the ques-

tionnaire surveys were conducted to assesses the perceptual influence of the noise on the surrounding 

dental professionals in the Prince Philip Dental Hospital of Hong Kong. The 5%-percentile values of 

LA, N, and S were significantly higher in the DCP than that of the OSP. Moreover, the degree of the 

professionals’ perceptions of the influences from the dental equipment noise, health, satisfaction, in-

door environmental quality (IEQ) condition were significantly higher in the DCP than that of the 

OSP. Furthermore, the degree of the professionals’ perceptual influences from the noise sources, sat-

isfaction, IEQ and hearing conditions were positively correlated to the change of loudness (N_5 and 

N_diff) in the environment. The results showed that the acoustical environment was significantly af-

fected by the dental equipment applications and raised our attention on the designs of the noise pre-

caution works for the dental professionals who suffer the occupational noise exposure from the dental 

equipment operations.   

 Keywords: dental equipment noise, dental equipment operation, dental professionals,  

health quality, sound quality assessment 

 

1. Introduction 

In building acoustics [1], not only the background noise from building facilities, but also different 

major noise sources in the building would affect the acoustical environment. A complete sound quality 

assessment is essential for a successful noise prediction in considering all possible noise sources in any 

building environment. Various dental equipment is required to applied in the different dental treatment 
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as teeth is the hardest part of human body. For example, using high speed dental handpieces, ultrasonic 

scaler, triple syringe and saliva ejector in oral surgery provisions (OSP), or using dental grinder, air 

compressor, and ortho cut in dental casting preparation (DCP) are the two most common dental proce-

dures in the routine work of dental professionals. Previous studies showed that the noise in the dental 

environment was in high sound pressure level [2] with the high frequency content [3], and the noise 

levels were variated in the different dental procedures [4-6]. Hence, dental equipment noise as a major 

noise source in a dental environment is unavoidably perceived by dental professionals in their daily work. 

 The previous systematic review [7] disclosed that the three major human perceptual dimensions of 

sound were “Evaluation”, “Potency” and “Activity”, which are referred to the general judgment, the sen-

sation to magnitude and the temporal and spectral sensation to sounds. Therefore, the sound quality as-

sessment in this study covered the measurements of A-weighted sound level (LA), total loudness (N), and 

sharpness (S) of the acoustical environment. LA and N are the indicators of the “Potency” component 

since the frequency weighting adjusted for the human ear response was included in the LA and N [8] 

calculations. The difference between LA and N is that LA is the variable of energy quantity and N is the 

variable of predicted human loudness perception. The N of a sound of 40 dB in 1 kHz is defined to be 1 

sone.  The doubling of N means the doubling of the loudness perception. Meanwhile, S is the indicator 

of the “Activity” component. The higher the ratio of the energy in high frequency component (> 1 kHz) 

to that of low frequency component, the higher S value will be measured.  

Moreover, the environmental noise was found to be associated with the subjects’ working perfor-

mance [9, 10], health [11], hearing, and satisfaction conditions [12]. The understanding of how the acous-

tical environment is variated in the different dental procedures is important for reducing the occupational 

hazards [13, 14] to dental professionals from the long-term exposure [15] of dental equipment noise. 

Therefore, the additional subjective measurement was applied to assess the dental professionals’ health 

quality in term of their perceptual influences of noise, indoor environmental quality (IEQ), health, hear-

ing, and satisfaction conditions. Since the sound quality assessment measured the general acoustical en-

vironment as a whole. The subjective measurement having the individual questions specific to the certain 

noise sources can provide a more comprehensive investigation of the effects on dental professionals from 

the different noise sources in the dental environment.  

The purposes of the study were to (1) access the differences in the acoustical environment in term of 

L, N, and S in the two different regular dental procedures (OSP and DCP), and to (2) analyse the negative 

effects of noise on the dental professionals at the environment. 

2. Methods  

The on-site measurements of the study were divided into two sections. All the measurements were 

recorded in a random weekday at the Prince Philip Dental Hospital in Hong Kong. 

2.1 Sound quality assessment 

The first section was the sound quality assessment. An advanced, 2-channel, handheld analyzer (Type 

2270; Bruel & Kjaer, Naerum, Denmark) was used to assess the acoustical environment during the reg-

ular dental procedures. Half of the 60 assessments were recorded for the OSP and others were for the 

DCP. The elapsed time of the assessments was three minutes. The sound quality of the acoustical envi-

ronment was represented by the three objective variables LA, N, and S. In order to investigate the change 

in acoustical environment comprehensively, the seven percentiles (1%, 5%, 10%, 50%, 90%, 95%, and 

99%) instead of the time-averaging value were reordered and analysed in the study. For example, the 

seven percentiles of LA are LA_1, LA_5, LA_10, LA_50, LA_90, LA_95, and LA_99. LA_5 is the A-

weighted sound level exceeded for 5% of the elapsed time while LA_95 is the A-weighted level exceeded 

for 95% of the elapsed time. Thus, LA_5 and LA_95 can be treated as the variables corresponded to the 
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sound levels of the dental equipment noise and the background noise in the dental procedures respec-

tively. Furthermore, the variations of the variables were calculated from the difference between the 5% 

and 95% percentiles. i.e. LA_diff = LA_5 – LA_95, N_diff = N_5- N_95, S_diff = S_5 – S_95.  

2.2 Subjective measurement  

The second section was the subjective measurement. A self-administrated questionnaire survey was 

conducted to measure the negative effects of noise on the dental professionals. The questionnaires were 

distributed to and collected from the dental professionals after the sound quality assessments in the OSP 

or DCP. The questionnaire (see Table 1) was formed by the four questions about the dental professionals’ 

personal background (Part 1), the seven questions about the degree of influences from the seven noise 

sources (Part 2), and the four questions about the general perceptions of the conditions (Part 3). A five-

points Likert scale was applied in the questions of Parts 2 and 3. The degree of influence from “Not at 

all”, “Occasionally”, “Medium”, “Often”, to “Very often” was rated from 1 to 5. The condition of “Very 

good”, “Good”, “Medium”, “Bad”, and “Very bad” was rated from 1 to 5. All the data in the statistical 

analysis was coded and analysed by the commercial package SPSS, version 23.0 (IBM Corp., Armonk, 

NY, USA). The Mann-Whitney U tests were used to compare the differences between the values of 

acoustical variables in the two different dental procedures. Moreover, the Spearman’s rank correlation 

tests were applied to test the correlations and to find the correlation coefficients (Spearman’s s) between 

the acoustical variables and the negative effects on the dental professionals. All the significant level in 

the tests was set to be 0.05.    

Table 1: Summary of the questionnaire in the subjective measurement. 

Parts  Number of 

Questions  

Questions  Scales  

 

Part 1:  

Personal Background  

4  (I) Type of Procedure; (II) Age Range; (III) 

Service Length; (IV) Daily Working Hours 

Nominal and 

Ordinal 

Part 2:  

Degree of Influences 

from the Noise Sources  

7  (I) Own Operated Dental Equipment, (II) 

Others Operated Dental Equipment, (III) 

Other Machines e.g. Computers, (IV) Con-

versation, (V) Cell Phones, (VI) Air-condi-

tioning System, and (VII) Broadcasting Sys-

tem 

Five-point 

Likert scale 

Part 3:  

General Perceptions of 

the Conditions  

4 (I) Hearing Condition, (II) Health Condition, 

(III) Satisfaction Condition, and (IV) Indoor 

Environmental Quality  

Five-point 

Likert scale 

 

3. Results 

3.1 Sound quality assessment 

The distributions and the medians of the percentiles of recorded LA, N, and S were plotted in the Fig. 

1. In general, the medians of the percentiles of the all acoustical variables were higher in the DCP than 

that in the OSP. All the 5%-percentile values (LA_5, N_5, and S_5) were significantly higher in the DCP 

(ps < 0.01; see Table 2). The 50%-percentile values of LA and N but not that of S were also significantly 

higher in the DCP (ps < 0.01). The loudness increment (N_diff) of the noise in the environment was 

significantly larger in the DCP (p = 0.019).  
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Table 2: Medians of the acoustical variables in the two regular dental procedures. 

Variables   Oral Surgery Provisions Dental Casting Preparations Unit Remarks  

LA_5  66.8 69.3 dBA ** 

LA_50 59.2 61.9 dBA ** 

LA_95 54.9 56.4 dBA  

LA_diff 12.9 13.2 dBA  

N_5 22.2 27.2 sone ** 

N_50 12.3 15.5 sone ** 

N_95 9.70 10.3 sone  

N_diff 13.2 15.8 sone * 

S_5 1.44 1.78 acum ** 

S_50 1.53 1.59 acum  

S_95 1.52 1.51 acum  

S_diff -0.40 0.12 acum  

* p < 0.05 or ** p < 0.01 in the Mann-Whitney U tests of the variables in the regular dental procedures.  

  

 

Figure 1: The distribution of the percentiles (1%, 5%, 10%, 50%, 90%, 95%, and 99%) of the (a) A-weighted 

sound level, (b) total loudness, and (c) sharpness of the noise in the regular dental procedures.  
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3.2 Subjective measurement  

The mean and standard derivation (SD) values of the degree of influence from the seven noise sources 

were showed in the Table 3. The three most influential noise sources be reported by the dental profes-

sionals were the own operated dental equipment noise, others operated dental equipment noise, and con-

versation noise. The influence from all operated dental equipment noise was computed by adding up the 

degree of influences from own and others operated dental equipment noise. The degree of influences 

from the own operated equipment noise (p = 0.049), all operated equipment noise (p = 0.028), and noise 

of other machines (p = 0.021) were significantly higher in the DCP than that of the OSP. In addition, the 

health condition (p = 0.019), satisfaction condition (p = 0.011), and IEQ (p < 0.01) were reported to be 

significantly worse for the dental professionals in the DCP than that of OSP.   

Table 3: Subjective measurement results of the dental professionals (n = 60) in the two dental procedures. 

Questions  Oral Surgery 

Provisions 

Dental Casting 

Preparations 

Scale  Remarks  

Own Operated Dental Equipment 2.50 ± 1.25 3.00 ± 0.83 1-5 * 

Others Operated Dental Equipment 2.67 ± 1.09 3.17 ± 0.87 1-5  

All Operated Dental Equipment  5.17 ± 2.19 6.17 ± 1.56 1-10 * 

Other Machines e.g. Computers 1.50 ± 0.73 1.17 ± 0.53 1-5 * 

Conversation 2.77 ± 0.86  2.57 ± 1.19 1-5  

Cell Phones 1.60 ± 0.68 1.63 ± 0.77 1-5  

Air-conditioning System 1.73 ± 0.94 1.57 ± 0.73 1-5  

Broadcasting System 2.03 ± 1.19 1.57 ± 0.82 1-5  

Hearing Condition 2.80 ± 0.96 3.20 ± 0.81 1-5  

Health Condition 2.53 ± 0.90 2.97 ± 0.06 1-5 * 

Satisfaction Condition 3.27 ± 0.91 3.80 ± 0.76 1-5 * 

Indoor Environmental Quality 3.43 ± 0.73 3.93 ± 0.64 1-5 ** 

* p < 0.05 or ** p < 0.01 in the Mann-Whitney U tests of the variables in the two dental procedures.  

3.3 Spearman rank correlation test results  

The degree of influences from own and others operated equipment noise were found to be positively 

correlated with the values of LA_5, N_5, and N_diff (ps < 0.05; see Table 4). The degree of influences 

from noise of other machines was negatively correlated with the values of LA_5, N_5, LA_50, N_50, and 

N_diff (ps < 0.05). Moreover, the degree of influence from conversation noise was negatively associated 

with the value of S_diff (ps < 0.05). For the general perception of the conditions, the values of LA_5, 

N_5, LA_50, N_50, and N_diff were correlated with the professionals’ perceptions of the hearing condi-

tion, satisfaction conditions, and IEQ (ps < 0.05). In the same time, the value of S_5 was associated with 

the perceptions of hearing condition (p < 0.01) and IEQ (p < 0.05). While S_50 was only associated with 

the hearing condition of the professionals.  

Table 4: Spearman rank correlation coefficients between the variables in the sound quality assessment and the 

subjective measurement. 

Variables  LA_5 N_5 S_5 LA_50 N_50 S_50 LA_diff N_diff S_diff 

Own Operated Dental 

Equipment 

0.27* 0.28* / / / / / 0.26* / 

Others Operated Den-

tal Equipment 

0.30* 0.28* / / / / / 0.28* / 

All Operated Dental 

Equipment  

0.30* 0.30* / / / / / 0.28* / 
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Other Machines e.g. 

Computers 

-0.35* -0.33* / -0.31* -0.28* / / -0.32* / 

Conversation / / / / / / / / -0.26* 

Hearing Condition 0.30* 0.31* 0.33** 0.31* 0.30* 0.32* / 0.26* / 

Indoor Environmental 

Quality 

/ 0.31* 0.27* 0.26* 0.26* / / 0.26* / 

Satisfaction Condition / 0.34** / 0.28* 0.26* / / 0.30* / 

Health Condition / / / / / / / / / 

* p < 0.05 or ** p < 0.01 in the Spearman rank correlation tests between the variables.   

 

4. Discussions 

The results of the sound quality assessment showed that the acoustical environment was significantly 

affected by the dental equipment operations in the environment. The significantly higher 5%-percentile 

values demonstrated that the applied dental equipment in the DCP was significantly louder and sharper 

than that in the OSP. The results matched with the noise level measurement results of the other research-

ers [4, 16]. The noise level in the grinder operation was larger than that of the dental handpieces, ultra-

sonic scaler, triple syringe and saliva suction operations [16]. Since N is in linear scale but LA is in 

logarithm scale. The significant loudness increment in the DCP was shown by the value of N_diff but not 

LA_diff, even though both LA and N accounted for the human ear response in their calculations. It also 

explained why N is a more suitable variable in presenting the loudness changes by calculating the differ-

ent between the 5%- and 95%- percentile values.  

In the results of the subjective measurement, dental equipment noise and conversation noise were the 

two common noise sources existing in the all dental environment. It agreed with the study results of the 

unpleasantness perception from those noise sources [17]. Moreover, the significantly higher degree of 

influence from the dental equipment noise in the DCP than in the OSP was consistent with the results of 

the sound quality assessment. Meanwhile, the degree of influence of noise other machines was reduced 

when the loudness increment of dental equipment became more dominated.  Also, the health condition, 

satisfaction condition and IEQ were found to be worse for the dental professionals in the DCP. It gave 

the insight of the negative effects of dental noise equipment noise on dental professionals’ health quality. 

The 5%-, 50%-, and 95%-percentile values were selected in the study because the values gave the 

information about the own operated dental equipment noise, the information about all operated equip-

ment noise, and the information about the background noise respectively. The further statistical analysis 

hence strengthened the evidence of the influences of the acoustical environment on the dental profes-

sionals’ health quality. The results of the Spearman rank correlation tests illustrated the importance of 

the LA_5, N_5, and N_diff in assessing the noise influences of the major noise source, which was the 

operated dental equipment noise in the study. The supplementary assessment of N_50 and LA_50 was 

needed if the study focus was on the overall influence of the combined noise from dental equipment and 

other machines. In addition, the importance of the values LA_5, N_5, LA_50, N_50, and N_diff in as-

sessing the general health quality was supported by the positive correlation between the variables and 

the dental professionals’ hearing condition, satisfaction condition, and IEQ. Furthermore, the value of 

S_5 was decreased with the increment of the noise influence from conversation noise. It was because the 

dental equipment noise was a higher frequency noise than that of conversation noise. Since the health 

condition of the dental professionals was affected by many factors such as psychological factors [18] 

other than the acoustical environment. It was reasonable for the negative results of the direct correlation 

between the dental professionals’ health condition and the acoustical variables. Nonetheless, the signifi-

cant correlations between the values of LA, N, and S and the dental professionals’ hearing condition were 

found in the study.  
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Noise prediction is a key factor in building acoustics [19]. The study results implied that the negative 

effects on dental professionals were predictable not only from the noise of outdoor sources [20, 21] and 

building faculties [22], but also from the major noise sources in the environment. It will benefit the future 

noise control [23, 24] and attenuation [25] designs from the advanced noise prediction work.  

5. Conclusion 

The acoustical environment was affected by the dental equipment operations in the regular dental 

procedures. The dental equipment noise produced in the DCP were worse than that in the OSP as the 

results of higher LA_5, N_5, and S_5. Also, the loudness increment (N_diff) was significantly larger in 

the DCP than that in the OSP. The sound quality assessment results were supported by the finding of the 

significantly higher degree of influences from dental equipment noise in the DCP than that in the OSP. 

Moreover, the correlation test results showed the dental professionals’ hearing condition, satisfaction 

condition and IEQ were positively associated with the values of LA_5, N_5, LA_50, N_50 and the N_diff 

of the environmental noise. The professionals’ hearing condition was also associated with the value of 

S_5. The results implied that there were the negative effects of dental equipment noise on the dental 

professionals’ health quality and the effects were predicable from the acoustical variables of the acous-

tical environment. The importance of the noise control in the building acoustics was hence demonstrated 

in the study.  
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