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Abstract
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Background Using a rotary instrument or ultrasonic instrument for tooth preparation is a basic operation in the den-
tal clinic that can produce a significant number of droplets and aerosols. The dental droplet and aerosol can lead to
the transfer of harmful germs. The goal of this study was to analyze the properties of microbiological aerosol created
by droplets and aerosol generated by three common tooth-preparation instruments.

Methods Streptococcus mutans UA159 was used as the biological tracer to visualize the droplets and aerosols. The
passive sampling method was used to map the three-dimensional spatial distribution and the six-stage Andersen
microbial sampler (AMS) was used as the active sampling method to catch aerosol particles at a specific time.

Results The aerosol concentration is related to instruments, three-dimensional spatial distribution, and dissipation
time. Most aerosols were generated by air turbines. More microorganisms are concentrated at the 1.5 m plane. The
majority of the post dental procedure contamination was detected within the 0-10-min period and it decreased

Conclusion This study is conducive to the proposal and improvement of relevant infection control measures in den-
tal procedures and provides a basis for the assessment of measures, reducing the risk of nosocomial infection.
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Introduction

To this day the dental clinic is still an important place for
the prevention and control of hospital acquired infec-
tion (HAI) because the dental environment has a high
risk of infection transmission [1, 2]. There are many den-
tal devices used in dental treatment such as high-speed
handpieces, ultrasonic instruments, and three-in-one air/
water syringe. When these power instruments work in
the patient’s oral cavity, a large number of aerosols and
droplets mixed with the patient’s saliva or even blood
will be generated during a dental procedure, but the use
of these devices is unavoidable in dental operation [3-6].
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Besides, the particles of droplets and aerosols produced
in dental treatment are so small that they can stay in the
air for an extended period before settling on environ-
mental surfaces or entering the respiratory tract [7-10].
Consequently, apart from contact transmission and drop-
let spread, indirect transmission, and aerosol spread are
also easier to happen in the dental clinic environment
[11, 12].

As the dental clinic’s most frequently used dental
devices, high-speed air turbine handpieces can generate
droplets and aerosols with various microorganisms that
contribute to airborne microbial contamination [5, 13].
Several studies have shown that the bacterial and aerosol
content in the air around the patient’s oral cavity during
dental treatment is higher than that without operation
[14-17]. Moreover, using a high-speed air turbine hand-
piece for tooth preparation may lead to more serious
droplet and aerosol pollution than ultrasonic instruments
[18]. However, some studies showed that the sprays gen-
erated by ultrasonic devices mainly settle on the dominant
arm of the operator, eyewear, and chest of the patient and
a little on the non-dominant arm and chest of the opera-
tor and assistant [19, 20].

Andrei and others have indicated that the range of
microbial aerosol in a closed dental clinic could almost
spread the whole space [21]. In addition, some further
studies have revealed the relationship between the dis-
tribution of droplets and aerosol and the distance from
the oral cavity. Airborne microbial contamination would
decrease with the increasing distance from the center
of the pollution source [21-25]. However, these studies
are limited in that they only measured microbial aero-
sol at several specific locations. Nowadays, there are few
studies on microbial aerosol in three-dimensional space
and even few on the dissipation efficiency of microbial
aerosol. The evidence about the three-dimensional dis-
tribution and the persistence of airborne microbial con-
tamination will be a focus of prevention and control of
infection in oral health care, especially in the face of pub-
lic health events.

The present study aimed to measure the three-dimen-
sional spatial distribution of microbial aerosol generated
by dental common instruments and analyze its dissipa-
tion efficiency in the dental clinic. This study aims to
guide infection control in oral health care during the
epidemic period of infectious diseases and improve the
management scheme for the prevention and control of
nosocomial infection in daily dental clinical work.

Methods

Two experimental designs using simulated tooth prepara-
tion procedures were conducted in this study: the three-
dimensional spatial distribution experiment of microbial
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aerosol was conducted in a standard single-chair dental
treatment room to investigate airborne contamination
caused by droplet and aerosol in this setting and the dis-
sipation time experiment was conducted to investigate
the persistence of the microbial aerosol. The same single
clinical procedure was conducted in both experiments.

Bacterial preparation

Streptococcus mutans was selected as the bacterial tracer
to simulate the diffusion of any airborne infective agent
which was obtained from the State Key Laboratory of
Oral Diseases. S. mutans was grown in Brain Heart
Infusion (BHI) broth overnight at 37 °C in a 5%-supple-
mented carbon dioxide environment. The cells were har-
vested via centrifugation (4,000 g, 15 min), washed twice
with sterile phosphate-buffered saline (PBS), and resus-
pended and diluted in the same buffer. The bacterial sus-
pension was subjected to vortex (Vortex Genius 3; IKA,
Germany; 30 s) to disperse bacterial chains and adjusted
to 108 CFU/mL standard for experimental use.

Establishment of experimental model

Experiments were conducted in a standard single-chair
dental treatment room which meets the requirements of
secondary biosafety laboratory located in the West China
Hospital of Stomatology, Sichuan University, Chengdu,
China. This is a 394 ¢cm by 510 cm by 240 cm (length,
width, and height, respectively) operative environment
equipped with a dental unit (ESTETICATM E80 Vision;
KaVo, Germany), a dental chair, and a 4-door cabinet
located behind the dental chair (Fig. 1). The air-condi-
tioning system for the operatory was isolated using seal-
ing the inlet. The mechanical ventilation system was off
and the door and windows were closed during the experi-
ment [26]. And the dental unit is exposed to ultra-violet
and tested by control agar plates to make sure that there
are no S. mutans before the experiment. The tempera-
ture remained constant at 24—26 °C and the humidity at
60%—70%.

A dummy head was mounted in a standard work-
ing position and was adjusted to make the height of the
headrest equal to the operator’s arms with the seat back
45° to the ground. The position of the dummy head’s
mouth was 75 cm above the floor. The jaws inside the
dummy head oral were taken out and a 50 ml beaker
containing 15 ml S. mutans suspension was fixed inside.
The operator site is similar to the anterior teeth of the
patient when the front part of the operator is immersed
in the suspension. A high-speed air turbine handpiece
(S609C; KaVo, Germany) was used and connected to the
dental unit. The rotating speed of the turbine was meas-
ured to be 360,000 r/min. To simulate the clinical proce-
dure of tooth preparation, the handpiece was equipped
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Fig. 1 Dental unit model. a Sketch map of the single-chair dental treatment room with the coordinate system established. b Physical map of the

single-chair dental treatment room

with a cylindrical bur (TR-12; MANI, Japan) which was
10 mm in working length, and the bur was immersed in
the bacterial suspension by approximately 5 mm, while
the head of the turbine was about 5 mm away from the
surface during the experiment [27]. And a high-speed
electric handpiece (Restorative classic CA 1:5, Bien-Air,
Swiss) was used with motor control (Optima, Bien-Air,
Swiss). The rotating speed is 200,000 r/min and the bur
is also a cylindrical bur (TR-12; MANI, Japan). An ultra-
sonic instrument (P5XS Newtron, Satelec, France) with
PerfectMarginShoulder(PMS®) tip 1 was 5 mm in work-
ing length, and the tip was immersed in the bacterial sus-
pension by approximately 2.5 mm (Fig. 2). The working

a. b.

power was blue light which means high power and ampli-
tude as recommended. The coolant flow rate is 15 mL per
minute and excessive liquid will be removed by an aspi-
ration cannula. Only 1 operator and 2 assistants wearing
the same biohazard-protective full suits(4565L; 3 M,
USA), N95 masks without valves(9132; 3 M, USA),
goggles(1621AF; 3 M, USA), face shields, shoe covers,
and gloves conducted the procedures.

Three-dimensional spatial distribution experiments

of microbial aerosol

The presence of a biological tracer in 252 sites in the
operatory was measured for this procedure. According

Fig. 2 Schemes representing the simulated tooth preparation with half-submerged in the oral environment and operation. a, b a high-speed air

turbine. ¢, d a high-speed electric turbine. e, f an ultrasonic instrument
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to the length, width, and height of the operatory, 50 cm
was set as the unit length, and sampling sites were deter-
mined every 50 cm with 4 sampling planes which were
set at 0.5 m> 1.0 m > 1.5 m » 2.0 m, 252 sampling sites
in totally determined in the whole operatory and the
distance between two adjacent sampling sites is 50 cm.
Before the beginning of each procedure, 252 mitis sali-
varius-bacitracin agar plates were suspended by string
at the sampling sites and facing upwards while the lids
remained closed (Fig. 3a, b). The operator took his posi-
tion and then 2 assistances opened the lids of every plate.
After that, the operator performed a 15-min simulated
tooth preparation according to the experimental model.
The operator remains in his position and keeps still
after the procedure. The plates were closed 15 min after
the end of the procedure to allow aerosols to settle and
immediately transferred to the microbiological labo-
ratory. The plates were incubated at 37 °C for 48 h in a
5%-supplemented carbon dioxide environment. At the
end of the incubation, the colonies were counted and the
results were expressed as CFU. Between procedures, the
environment was disinfected by spraying 0.5% sodium
hypochlorite solution and irradiating ultraviolet rays for
2 h. The same procedure was repeated once using sterile
distilled water instead of bacterial suspension as a blank
control. This procedure was repeated 20 times; 20 tests
and 20 controls.

Dissipation time experiments of microbial aerosol

In the three-dimensional spatial distribution experi-
ment, the area with the highest tracer level was approx-
imately in the middle of the dental unit, 1.5 m above
the ground, and 0.8 m away from the operation site,
which was determined to be the sampling site of the
experiments (Fig. 3a, b) [13]. During each sampling day,
air samples were collected using a six-stage Andersen
microbial sampler (AMS; 20-600, Thermo, USA), con-
taining 6 mitis salivarius-bacitracin agar plates sam-
pling sites. The operator performed simulated tooth
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preparation for 15 min. After that, air samples were
taken continuously within 2 h and the mitis salivar-
ius-bacitracin agar plates inside were replaced every
10 min. The sample was collected for 10 min before
the baseline level was determined. AMS was operated
at 28.3 L/min and the sampling time was 10 min. The
experiments were carried out under three experimen-
tal conditions after using air turbines, electric turbines,
or ultrasonic devices. Therefore, this study allows us to
freely compare airborne microbial contamination’s dis-
sipation efficiency after different operations. All plates
were incubated at 37 °C for 48 h in a 5%-supplemented
carbon dioxide environment. The colonies on levels
1-6 of AMS were counted. Then particle size is ana-
lyzed as described previously [28] (Table 1). The posi-
tive hole method was used to correct the numbers and
the airborne microbial contamination at different times
was calculated with the formula (1)

_ N; x 1000
"Totx Q

where C; was airborne microbial contamination, CFU

m~3; N; was the sum of 6 grades effective colonies, CFU;

t was the sampling time, min; Q was the flow rate during
sampling, L / min [29].

(1)

Statistical analysis

For the three-dimensional spatial distribution experi-
ment, SPSS version 24 (IBM Corp., NY, USA) was used to
analyze microbiology data belonging to the tracer pres-
ence in the dental treatment room. A Shapiro—Wilk test
was applied to check the normality of the data distribu-
tion and the Bartlett test was used to check the homoge-
neity of variances preliminarily. The mean level of each
site was used to analyze the three-dimensional spatial
distribution of the dentist office. The data were log-trans-
formed to approach a normal distribution. The tracer
levels in the planes of different heights were compared
through one-way analysis of variance (ANOVA) and
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Fig. 3 Experimental model. a Sketch of the salivarius-bacitracin agar plates in room. b Vertical view of sample sites of salivarius-bacitracin agar
plates at a height plane. ¢ Vertical view of sample site of AMS in the single-chair dental treatment room. d Physical map of the single-chair dental

treatment room with AMS
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Table 1 The particle size ranges for each stage of the Andersen
sampler

Stage Range of
Particle Size

(Microns)

7.0 and above
4.7-7.0
3.3-4.7
2.1-33

1.1-2.1
0.65-1.1

(@) N 2 B N U S S R

Dunnett’s T3 test, at a significance level of 0.05. 3-dimen-
sional graphic models representing the spatial distribu-
tion and the biological tracer levels were created using
The R Programming Language. 2-dimensional graphic
models demonstrating the spatial distribution of biologi-
cal tracer level in each height plane were created using
GraphPad prism 9.

For dissipation time experiments, two-way repeated-
measures ANOVA was performed and a posterior
comparison among sampling was done using the Bon-
ferroni test. Results were considered significant with
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p-values<0.05. All statistical tests were two-tailed at a
significance level of 0.05. The statistical analyses were
also conducted using ORIGIN2021.

Results

Three-dimensional spatial distribution of microbial aerosol
in the dental treatment room

Figures 4, 5 and 6 shows the three-dimensional spatial
distribution of bacterial tracers after using a high-speed
air turbine, a high-speed electric handpiece, and an
ultrasonic device in the dental treatment room. It’s obvi-
ous that the bacterial tracer distribution shows higher
concentration after using a high-speed air turbine and
a high-speed electric handpiece. Although it shows a
lower tracer’s concentration with a high-speed elec-
tric handpiece. The minimum tracer concentration is in
the ultrasonic device. In addition, Figs. 4 and 5 showed
the distribution of the tracer in the planes of different
heights with high-speed turbines. The bacterial tracer
could be detected in nearly the whole space of the dental
treatment room after the simulated tooth preparation.
Among the 4 different heights, high-speed air turbine
handpieces and high-speed electric turbine handpieces
showed similar results in the spatial distribution. The
1.5 m plane exhibited the highest mean level of tracer

Ig CFU d.

0.5m 1.0m 1.5m 2.0m

0

Fig.4 2-dimensional graphic model demonstrating the spatial distribution of biological tracer level in each height plane with a high-speed air
turbineza 0.5 m.b 1.0 m.c 1.5 m.d 2.0 m. e the biological tracer level in each height plane with a high-speed air turbine. * in each graph represents
the location of the infection source, that is, the mouth of the dummy head. - in each graph represents the location of the operator
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Fig. 5 2-dimensional graphic model demonstrating the spatial distribution of biological tracer level in each height plane with a high-speed electric
turbine:a 0.5 m.b 1.0 m. ¢ 1.5 m.d 2.0 m. e the biological tracer level in each height plane with a high-speed electric turbine. * in each graph
represents the location of the infection source, that is, the mouth of the dummy head. - in each graph represents the location of the operator
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Fig. 6 2-dimensional graphic model demonstrating the spatial distribution of biological tracer level in each height plane with an ultrasonic device:
a0.5m.b1.0m.c1.5m.d2.0m.e the biological tracer level in each height plane with an ultrasonic device. * in each graph represents the location
of the infection source, that is, the mouth of the dummy head. - in each graph represents the location of the operator

(3.32+0.43 1g CFU, 3.03+0.44 lg CFU), followed by
the 0.5 m plane (2.87 +£0.35 lg CFU, 2.55+0.35 1g CFU),
1.0 m plane (2.34+0.59 Ig CFU, 2.01+0.63 lg CFU) and
2.0 m plane (2.31+0.38 Ig CFU, 2.00 + 0.46 lg CFU), with
air turbines and electric turbines respectively. The plane
of 1.5 m demonstrated a significantly higher tracer level
than that of 0.5 m, 1.0 m, and 2,0 m planes (p<0.05).
The plane of 0.5 m showed a significantly higher tracer
level than that of 1.0 m, and 2.0 m planes (p<0.05).
But no significant difference was observed between
the 1.0 m plane and the 2.0 m plane (Figs. 4e and 5e).
With the ultrasonic device, the result was a little differ-
ent. The 1.5 m plane exhibited the highest mean level of
tracer (2.47+0.70 Ig CFU), followed by the 1.0 m plane
(1.51+1.07 lg CFU), 0.5 m plane (1.33+1.15 lg CFU)
and 2.0 m plane (1.17+0.84 lg CFU) (Fig. 6). The plane
of 1.5 m demonstrated a significantly higher tracer level
than that of 0.5 m, 1.0 m, and 2.0 m planes (p <0.05). The
plane of 1.5 m showed a significantly higher tracer level
than that of 2.0 m planes (p<0.05). But no significant

difference was observed between the 0.5 m plane and the
1.0 m or 2.0 m plane (Fig. 6e). Analyzing the spatial dis-
tribution map of the biological tracer level in each height
plane, the tracer level decreases with the increase of the
distance from the infection source. However, the tracer
presence at the 2.0 height plane near the ceiling was low
and showed a relatively regular distribution, except for
the ceiling area just over the dental unit, where we found
a high tracer presence. Sampling sites behind the opera-
tor showed very low tracer presence.

Additionally, at the four different high planes, the use
of the high-speed air turbine showed the highest con-
centration of the biological tracer, followed by the elec-
tric turbine and ultrasonic devices (p <0.05). As shown
in Fig. 7, the error bar of biological tracer concentra-
tion with ultrasonic devices is bigger than in high-
speed turbines due to no tracer found at the border of
the operation unit. However, the tracer concentration
of the operation center is higher than rotational instru-
ments in the 0.5 m and 1.0 m heights.

® air turbine
m  electric turbine
A ultrasonic device

4_
34 E } }
> "ty g
5 2- }
o
A
1_
0 1 — 1 1 1
0.5 1.0 1.5 2.0
height(m)

Fig. 7 Levels of biological tracer particles (mean, +SD, n=63) in different height planes (0.5 m, 1.0 m, 1.5 m, 2.0 m) after 15-min simulated tooth

preparation were compared (p < 0.05)
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Dissipation time of microbial aerosol in the dental
treatment room

With air a high-speed air turbine

There was a significant difference in microbial aero-
sol between the groups with different instruments
(p<0.0001). The group with air turbines showed the
highest microbial aerosol contamination level peak
value. As shown in Fig. 8, microbial aerosol con-
tamination gradually decreased with the increase in
dissipation time. The majority of the post dental pro-
cedure contamination was detected within the 0-10-
min period and it decreased rapidly within 30 min.
The contamination is reduced by 64.3% and 85.0%
in 10-20-min and 20-30-min periods respectively
which slowed down and tended to be flat after 30 min.
According to the hygienic standard for disinfection in
hospitals, the number of bacterial colonies in the air of
the dental operatory should be <500 CFU/m? [30]. The
number of S. mutans colonies decreased to 500 CFU/
m? between 30—-40 min after operation under dissipa-
tion freely.

With a high-speed electric handpiece

The peak value of containment concentration is lower than
the air turbine. The peak value also is observed in the first
10 min. And the concentration was reduced by 29.0% in
10-20-min and 90.9% in 20-30-min periods. At 40 min
after the production, the containment level was 1.6% of the
original. After 30 min, the number of bacterial colonies in
the air of the dental operatory is smaller than 500 CFU/m?.
And no bacterial colonies could be found 60 min later.
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With ultrasonic instrument

The peak value of containment concentration is much
smaller than the other two rotational devices. And the
biological tracers can’t be caught after 50 min. And after
10 min, the concentration of microbial meets the require-
ments of clinical health (Fig. 8).

Size of microbial aerosol particles in the dental treatment
room

With air turbines, 91% of biological tracers distribute on
stage III to V, but 9% in stage LII and VI. Most of it is
on stage V(55%), followed by stage IV(30%), stage VI(7%),
stage III (6%), stage II (1%), and stage I (1%) (Fig. 9a).
With electric handpieces, 93% of biological tracers dis-
tribute on stage III to V, but 1% of it on stage I, 1% on
stage II, and 7% on stage VI. Moreover, most tracer dis-
tributes in stage IV(56%). 1% of tracer was found in stage
I which is the least (Fig. 9b). With ultrasonic devices, the
most tracer is found on stage V(44%), followed by stage
IV(33%), stage VI (17%), stage III (3%), stage II (2%), and
stage I (1%). 94% of it is founded on stage III-IV (Fig. 9c).

Discussions
Dental droplets and aerosols are essential potential trans-
mission for various microorganisms [31-33]. Under-
standing the three-dimensional spatial distribution and
dissipation time of dental airborne contamination is
important for providing oral health care.

In this 3D experiment, the model measures aerosols
and splatters above the plates, that can deposit on the
plates. It was observed that most CFU was collected
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Fig. 8 The airborne microbial contamination level (mean, n=8) within 2 h after simulated tooth preparation with different instruments (p < 0.05)
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Fig. 9 The microbial aerosol particles in six stages of Andersen microbial sampler within 2 h after simulated tooth preparation with different
instruments (mean, +SD, n=3). a air turbine b electric turbine ¢ ultrasonic device

with high-speed air turbine and most CFU were col-
lected at a height of 1.5 m. Most CFU were concen-
trated around the dental chair, and the least polluted
areas were all behind the operator because that opera-
tor’s body will influence the transmissions of splat-
ters, droplets, and aerosols. The size of the droplets
and aerosols are mostly with 1.1 and 4.7 pm range
while these by using an ultrasonic device are smaller
(0.65—3.3 pum). Particles smaller than 5 pm have a
higher infectious risk because they can cause lower
respiratory tract infections in humans [34, 35]. In this
study, all three equipment types generated small parti-
cles(<5 pm). Since the number of bacteria per aerosol

or splatter particle may differ, the exact number of bac-
teria cannot be established by CFU. We should realize
that the infection risk in larger particles may be higher
due to the larger number of bacteria.

The results of this study underestimated the propa-
gation range and consistent time of dental airborne
contamination because only bacterial contamination
was determined [36]. For example, viruses are much
smaller and they could have longer residence times in
the atmosphere and, consequently, will be dispersed
further [37, 38]. And the oral biofilm which is more
complex was not considered in this study [39]. Other
limitations of our investigations are related to the



Yang et al. BMC Oral Health (2023) 23:409

setting which provides space constraints to the spread
of aerosols, and the maximum range of contamination
spatial distribution is not obtained. Also, the door, win-
dows, and air condition were all closed and the impact
of airflow on airborne contamination distribution in
clinical practice is not considered. The subject of the
three-dimensional spatial distribution experiment was
only a single-chair clinic with no involve multi-chair
clinic involved. In this study, there are also some short-
comings because the model wasn’t equivalent to a real
dental procedure. We used a mannequin rather than
the clinic practice. The movement of the handpiece or
the patients cannot be represented in this model. We
can draw limited conclusions. Then, discrimination
between small and larger droplets should have been
made.

It was reported that splatter/aerosol distribution from
dental procedures in an open plan clinic [40]. Similar
results were shown in our study that the pollution was
detected at up to 2 m. It was observed that the high-
speed electric handpieces generated fewer bacteria con-
tamination compared with high-speed air turbines in a
previous study [41]. Its possible reason is that high-speed
electric handpieces have a more stable speed and torque,
and lower rotation speed in addition. The maximum free-
running revolutions per minute (rpm) rate of the electric
handpiece is generally lower than that of the air turbine
(200,000 versus 400,000) [42]. Moreover, the airflow con-
tributes significantly to the production of droplets and
aerosols when using an air turbine, that spread farther.
The atomization will influence the contamination level
with the turbine use [13, 43].

In previous studies, it was concluded that a period of
2 h without dental treatment was sufficient to return to
baseline, which prevented cumulative contamination
[44, 45]. Richard Holliday and others concluded that
very little additional settled aerosol microbial contami-
nation can be detected between 30 and 60 min after the
procedure [14, 40, 45]. Different sampling methods,
sampling sites, culture conditions, and dental treatment
room structure may affect the research results, so it is
difficult to quantitatively compare the results between
different studies. In this study, the baseline level is
reached within 2 h after the procedure and contamina-
tion can persist in the air for up to 30 min after the pro-
cedure. Therefore a 30-min interval is recommended
after a previous operation during an epidemic [22, 40].
Dental offices also should be equipped with high vol-
ume aspirations or UV disinfection lamps to shorten
the time of high-risk airborne microbial contamination
and reduce the risk of cross infections according to the
findings of previous research [46—48]. Some studies
suggest that technologies combine gravity settling, air
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circulation, and air filtration for particle removal [26].
Additionally, some equipment with biological steriliza-
tion also can be used in clinical but its security requires
attention. Patients also need preprocedural mouth rins-
ing to reduce aerosol contamination [49]. Personal pro-
tective equipment (PPE) is also important for medical
personnel [50, 51].

In conclusion, this study has revealed the distribution
of bacterial contamination in dental offices. The bac-
terial droplets and aerosols tend to concentrate at the
1.5 m height. The droplets and aerosols generated by
ultrasonic devices were fewer and smaller than that of
high-speed turbines.
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