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of microbial aerosols and
optimization of protective methods
during ultrasonic scaling procedure
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This study aimed to explore microbial aerosol distribution characteristics in the dental clinic during
ultrasonic scaling and evaluate the effects of three different interventions on aerosol distribution and
protective effects. For twenty minutes, ultrasonic scaling was carried out in a standardized operatory
room. A blank control group and three intervention groups were created: high-volume evacuator
(HVE), plasma purification (PP), and fenestrated ventilation (VT). The mass concentration of PM1.0,
PM2.5, and PM10.0 aerosol particles was tracked in real time, and colony counts were calculated using
air deposition. After ultrasonic scaling, there was a significant increase in aerosol dispersion of various
particle sizes and distribution within a 1.5-m radius of the core area (P <0.05). The number of colonies
in each group varied over time at 0.5 and 1.0 m from the patient’s head, but there was no significant
difference at 1.5 m (P>0.05). The PP group demonstrated the greatest decrease in aerosol mass
concentration difference. The VT group initially had the lowest aerosol mass concentration difference,
but with a slight decrease. The aerosol mass concentration difference between the HVE groups grew
with distance. Traditional ultrasonic scaling poses a risk of aerosol contamination during and after
treatment. The operatory room’s air can be efficiently purified by plasma purification, which maintains
lower levels of aerosol particle size than other groups. Microbial aerosols created by ultrasonic scaling
can be quickly reduced by ventilation. At close range, the high-volume evacuator can lower the risk of
infection while the benefit diminishes as the distance increases.

Trial registration: This study was registered on the website of China Clinical Trial Registration Center
(ChiCTR2400090751) (12/10/2024).
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To achieve the goal of periodontal health care, ultrasonic scaling uses high-frequency vibration to remove
calculus and plaque while also producing water mist to cleanse lithotripsy and plaque. The working principle and
operating characteristics of ultrasonic scaling make it easy to generate tiny droplets and microbial aerosols in the
air, which can carry pathogens related to systemic diseases such as bacterial endocarditis, aspiration pneumonia,
and cardiovascular diseases in the human oral cavity'.

Bioaerosol suspension remains in the air of the operating room, creating nosocomial contamination and
potentially endangering the health of clinical staff and patients®. Aerosols consist of solid or liquid particles
suspended in a gaseous medium, and they can remain suspended in air for extended periods of time>. Aerosols
formed during oral scaling may contain bacteria, fungal spores, or viruses*®. The high-speed air turbine,
functioning as the central actuation mechanism in dental handpieces, generates rotational forces exceeding
300,000 revolutions per minute to power the dental drills®. A study found that aerosol splash contamination can
be detected up to 4 m from a high-speed air turbine, while dental treatments can deposit aerosols at a distance’.

A large of articles highlight to the problems posed by aerosols, and the dispersion of aerosols in dental
practice has garnered the attention of many experts®’. The fenestrated ventilation is an easily achievable low-
cost intervention in primary care, and plasma purification has been applied to hospital air purification, but
the effectiveness of their application in the field of dental aerosol protection has yet to be verified!’. The high-
volume evacuator is a common means of adsorbing splashes in close proximity during dental procedures'!.
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In this study, ultrasonic scaling was performed in a standardized operatory room, and the control group,
fenestrated ventilation (VT) group, plasma purification (PP) group, and high-volume evacuator (HVE) group
were established. The air sedimentation method was used to count the colonies and assess the geographical
and temporal dispersion of aerosols. The majority of previous research on dental aerosols has measured the
overall microbial load, but the distribution of particle sizes may also be crucial in determining infection risk
and transmission pathways. Particulate matter (PM)<10.0 pm and <4.0 pm in diameter (PM 10.0, PM 4.0)
can respectively deposit beyond the larynx and past the nonciliated airways. Particles <2.5 um in diameter (PM
2.5) can deposit in the alveoli of the lung'?. Studies have also suggested that a relatively significant part of the
adverse health effects is induced by particles with a diameter < 1.0 um (PM 1.0) or <0.1 pm (PM 0.1)'%. Real-time
monitoring of the spatial and temporal distribution of PM 1.0, PM 2.5 and PM 10.0 aerosol mass concentration
is carried out using a micro-atmospheric particulate matter detector. This research is useful for exploring more
effective and simple oral aerosol protection methods, as well as providing effective suggestions for establishing
more economical and clinically protection systems.

Materials and methods

Construction of a standardized oral simulation operatory room

Construct a standardized oral simulation operatory room measuring 6 m length and 5 m broad, with a total
space of 32 m2. The operating room closed during operation except for the VT group (need to open windows for
ventilation). The dental chair unit is positoned in the middle, equipped with an ultrasonic scaler (Woodpecker
U600), conventional positive and negative pressure equipment, large and small aspirators, and an air-water
syringe. Microbial detection points were placed at 0.5 m, 1.0 m, and 1.5 m from the patient’s head at 3 oclock
(L), 9 oclock (R), and 12 oclock (M) positions on the dental chair. Nine microbiological detection stations were
set up, such as 0.5 m at 3 oclock (L1), 1.0 m at 9 oclock (R2), and 1.5 m at 12 oclock (M3). Six aerosol detection
stations were set at 0.5 m in three directions (L1, R1, M1), 1.0 m at 12 oclock (M2), and 1.5 m at 12 oclock (M3),
all with a vertical height of 1.2 m (Fig. 1).

Experimental grouping

Volunteer recruitment and grouping

Twenty volunteers, ages 20-25, who were healthy and free of periodontal disease, were recruited to serve as
ultrasonic scaling patients. Each subject underwent an oral examination. The plaque index (Silness & Loe 1964)
of the subjects’ entire set of teeth was calculated, as was the average value'*. The volunteers were assigned to four
groups as ultrasonic scaling patients, each with five participants. The average plaque index for each tooth in each
group was 1.46, 1.49, 1.46, and 1.47, respectively. There was no statistically significant difference among the four
groups (P>0.05).

Diagnosis and treatment protection grouping

The treatment and protection modes were divided into four groups: blank control group, fenestrated ventilation
(VT) group, plasma purification (PP) group, and high-volume evacuator (HVE) group. In the VT group, the
window was opened at the beginning of the experiment and ventilated until the end of sampling. The PP group
employed a plasma purifier (Pelletier PM-L1200D2), which was turned on at the beginning of the scaling process
and turned off automatically after 30 min. In the HVE group, the assistant kept a strong vacuum aspirator on the
left side of the chair throughout the scaling procedure until it was completed.

The process of ultrasonic scaling

All ultrasonic scaling was performed by two periodontal specialists functioning as doctor and assistant in four-
handed operation. The laboratory area was disinfected with surface disinfection and 15-min UV light irradiation
before scaling. Patients were rinsed with chlorhexidine mouthwash for 1 min before scaling. Ultrasonic scaling
lasted 20 min.
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Fig. 1. Standardized oral simulation operatory room. (A) Schematic diagram of standardized oral simulation
operatory room and sampling sites. (B) Actual layout of the oral operatory room.
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Microbial sampling and detection

Microorganisms were sampled using beef paste peptone mediums. These Petri dishes were placed on shelves
around the dental chair in nine different directions (0.5 m, 1.0 m, and 1.5 m from the patient’s head at the 3, 9,
and 12 oclock of the dental chair). The microorganisms were collected by gravitational settling at 5, 20, 50, 80,
and 140 min during the ultrasonic scaling procedure and the sampling time was 5 min. Bioaerosol sampling
began simultaneously with the start of scaling procedures and continued for two hours after scaling completion.
We applied circular filter paper on both shoulders of the dentist and removed the filter paper after 5 min by
inverting it on the blank culture medium after ultrasonic scaling. All Petri dishes were incubated in a 37 °C
thermostat for 48 h.

The amount of bacterial colonies in agar petri dishes was calculated and counted in the colony-forming units
(CFU). The number of airborne bacterial colonies (n) (Unit: CFU/m?) was calculated based on the area of the
petri dish (A) (Unit: m?) and the time the petri dish was exposed to air (T) (Unit: min). (n=>50000xN/[AxT])
(N: number of colonies counted on the agar petri dishes)!.

Aerosol detection

The micro-atmospheric particulate matter detector (developed by the team of Zhejiang University of Technology)
was used to conduct real-time detection of environmental particulate matter in the operatory room'®!”. Particle
sizes gathered included PM 1.0, PM 2.5, and PM 10.0. The aerosol was monitored in real-time from ultrasonic
scaling for 140 min.

Statistical analysis
Data were analyzed using SPSS version 19. Measurement data were compared with analysis of variance. P<0.05
was considered statistically significant.

Results

Spatiotemporal distribution of microorganisms and aerosols during ultrasonic scaling
without intervention

Figures 2 and 3 show data collected from each site in a standardized oral simulation room without any intervention.
As illustrated in Fig. 2, aerosols with different particle sizes continue to be distributed across distinct sites over
time. Aerosol particles in the air decreased continuously over time, and the PM1.0 data decreased significantly at
L1. Asillustrated in Fig. 3, the number of microorganisms in the air fell dramatically within 50 min of treatment.
It can be seen from Fig. 3B that the microbial amount in the M direction was significantly lower than that in the
other two groups at a distance of 1.0 m at 5 min. It can be seen from Fig. 3D,E,F that there were more colonies at
the 0.5 m location than at the 1.0 m and 1.5 m sites in the first 50 min.

Detection of microbial distribution at different sites

Figure 4A shows the distribution of Petri dish colonies sampled after the start of scaling at the 0.5 m site of the
3 sites. As shown in Fig. 4B,C,D, there was no significant difference in the number of colonies in each group
at 140 min. At the 0.5 m locus, the VT group had significantly lower colony counts than the control group at
5 min, 20 min, and 80 min(P < 0.05). There were no significant differences at the other time points. The PP group
had significantly lower colony numbers than the control group after 20 min, 50 min, and 80 min (P<0.05). The
colony counts of the VT group at 5 min were lower than the PP group and statistically significant (P<0.05). The
VT group had significantly lower colony numbers at 5 and 20 min compared to the HVE group (P<0.05).

At the 1.0 m locus, the VT group had significantly fewer colonies than the control group after 5 min, 20 min,
and 80 min (P<0.05). The PP group showed significantly lower values at 20 min, 50 min, and 80 min compared
to the control group (P<0.05). The colony counts of the VT group at 5 min were lower than the PP group and
statistically significant (P <0.05). The VT group had considerably fewer colonies at 20 min compared to the HVE
group (P<0.05). The PP group had significantly lower colony numbers at 20 and 50 min compared to the HVE
group (P<0.05). At the 1.5 m locus, there were no statistically significant differences in the number of colonies
in the groups’ samples at different time intervals (P> 0.05).

Figure 4E shows that the HVE group has a significantly lower colony number than the blank group, while the
VT group has a relatively larger colony number than the blank group. There is no significant difference between
the PP group and the blank group.
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Fig. 2. Aerosol distribution of control group. Dynamic distribution of aerosol mass concentration of PM1.0
(A), PM2.5 (B) and PM10 (C).
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Fig. 3. Plot of changes in the number of colonies at different sites in the control group. Changes in the number
of colonies at 0.5 m (A), 1 m (B) and 1.5 m (C) sites in different orientations. Variation in the number of
colonies at different distances from the left (D), right (E) and middle (F) sites. The colors indicate that the
differences between the groups with corresponding colors are statistically significant. (* means p <0.05, **
means p <0.001, *** means p <0.0001).
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Fig. 4. Distribution of Petri dish colonies sampled after the start of scaling at the 0.5 m site of the 3 sites (A).
Changes in the distribution of colonies at 0.5 m (B), 1.0 m (C),1.5 m (D) and both shoulders of the doctor (E).
(* means p <0.05, ** means p <0.001, *** means p <0.0001).

Atmospheric particle size distribution

During the 140-minute experimental sampling period, high-frequency data were collected. To facilitate analysis
and visualization, one average value was calculated for each 5-minute interval, resulting in 28 averaged data
points used forsubsequent analysis and plotting. The micro-atmospheric particulate matter detector detects
aerosol mass concentrations in real-time. Before the start of each group of experiments, background aerosol mass
concentrations were examined. To make the comparison more explicit, we compared the difference between the
real-time changing data and the initial values for each group. The differential value between the corresponding
time point and each group’s aerosol mass concentration is analyzed as data points, with three groups of data
for PM 1.0, PM 2.5, and PM 10.0 at each time point. Figure 5 shows that the aerosol mass concentration of
each group increased significantly after the beginning of ultrasonic scaling, and then gradually dropped after
ultrasonic scaling. The control group’s aerosol mass concentration grew dramatically within the first 20 min, and
the aerosol mass concentration differential curve leveled off after 20 min, with the value decreasing as distance
increased. In the PP group, the difference in aerosol mass concentration at the three sites decreased the most, and

Scientific Reports |

202515:19598

| https://doi.org/10.1038/s41598-025-04857-w nature portfolio


http://www.nature.com/scientificreports

www.nature.com/scientificreports/

PM25 (pgm™) PMLO (pgm™)

PM10.0 (pg'm™)

A Mi £ o _ -
12 ) 12 T 2 — control
S F —_— VT
9 g 9 < 9 s PP
H - | — HVE
. L I Z 6
& -
3 3 3
T T T T T T T T 6. T T T T T T T o T T T T T T T
0 20 40 60 80 100 120 140 0 20 40 60 80 100 120 140 0 20 40 60 80 100 120 140
Time (min) Time (min) Time (min)

1 T 12 En
129 E‘ 12 T —— control

| i : —
o - % v ?

‘ g g — PP
.w‘ £ s £ 6 — HVE
3+ 34 3
0-f T T T T T T T 0 T T un T T | T ] 1 T T T T T T

0 20 40 60 80 100 120 140 0 20 40 60 80 100 120 140 0 20 40 60 80 100 120 140

Time (min) Time (min) Time (min)
% - B2
12 B 5 ~— control
£
9 2 9 il | s VT
- 2 — PP
E E
3 6 F 6 — HVE
z £
14 3
0 — — - T T —_— 0 T T r T . T T 0 T T T T T T T
0 20 40 60 80 100 120 140 0 20 0 e 8 100 120 140 0 20 40 60 80 100 120 140
Time (min) Time (min) Time (min)

Fig. 5. Variation of aerosol mass concentration at different particle sizes at various sites. Dynamic distribution
of aerosol mass concentration of PM 1.0 (A), PM 2.5 (D) and PM 10.0 (G) at 0.5 m in different groups.
Dynamic distribution of aerosol mass concentration of PM 1.0 (B), PM 2.5 (E) and PM 10.0 (H) at 1.0 m in
different groups. Dynamic distribution of aerosol mass concentration of PM 1.0 (C), PM 2.5 (F) and PM 10.0
(I) at 1.5 m in different groups.

the mass concentration of PM 1.0, PM 2.5, and PM 10.0 was all at a lower level. Compared with the other three
groups, the difference in aerosol mass concentration in VT group was lower in the first 20 min, but the difference
of subsequent mass concentration decreased slightly and the curve was gentle. In the HVE group, the aerosol
mass concentration difference value increased with the distance. It means that the further the distance, the less
effective HVE is at reducing aerosol mass concentration.

Discussion

The ultrasonic scaler’s high-speed vibration generates aerosols and droplets that mix with microorganisms from
saliva and blood to form a multiphase turbulent gas cloud that can adhere to adjacent objects in a short amount
of time'3. Since these droplets can remain airborne for as much as 30 min after the dental procedures, they
can easily reach the respiratory system!’. Airborne particles of different sizes will settle in various locations in
the human respiratory tract, such as 10-30 um particles can enter the nasal cavity and upper respiratory tract;
6-10 um particles can be deposited in the small bronchial tubes; 1-5 um particles can enter the lungs®>2!. It is
necessary to comprehensively and objectively evaluate the generation and dispersion mechanisms of biological
aerosols during oral treatment, in order to provide guidance for controlling cross-infection in dental settings?>%>.

The results showed the spatial and temporal distribution patterns of aerosols and microorganisms in
conventional ultrasonic scaling without protection. After ultrasonic scaling, the colony numbers at 0.5 m, 1.0 m,
and 1.5 m peaked at 5 min. The colony count gradually decreased the degree the degree of contamination as
distance increased, while the variability decreased over time and distance. Aerosols and droplets can spread
in the air for a long time in agreement with the results of previous studies*?*. The results suggest that under
unprotected conditions, the aerosol mass concentration in the operatory room remained at a relatively high
level 2 h after ultrasonic scaling. To avoid cross-infection between patients, there should be at least a partition
between dental chair positions, as much as possible a separate space “one patient, one room’, and for patients at
risk of infectious diseases, protective measures need to be taken?®.

Physical isolation (masks and face masks) and chemical disinfection are two widely used clinical aerosol
protection measures. Recent research has found no significant improvement in the viral load of physician
and face masks used in oral practice operations with HVE?. In our study, three interventions, the ventilation
(VT) group, plasma purification (PP) group, and high-volume evacuator (HVE) group, were used to evaluate
the impact on clinic infection prevention and control. (1) The results suggest that ventilation is efficient in
minimizing microbial and aerosol dispersion in close proximity at a reasonable cost, although it is constrained
by clinic layout and climatic conditions?”. Figure 5 shows that the concentration of the VT group seems to
increase at 1.0 m, which may be related to the influence of environment and airflow on natural ventilation.
(2) The plasma purifier has a significant and continuous effect on the purification of small particle size aerosol
particles. Studies reported that more effective particle removal was achieved when the device was placed near
the source of the contamination, and the effect of short-distance action is significantly better than that of long-
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distance action?®. At present, the plasma purifier has mobile, central air conditioning configurations and other
ways. The plasma purifier can generate high-speed high energy electrons, and highly reactive particles mainly
through high-pressure ionized gas used for oxidative degradation of harmful organic, inorganic, and microbial
aerosols. The results demonstrated that the plasma purifier could reduce aerosol bacterial contamination to
relativelylow values 2 h after ultrasonic scaling. Plasma purifiers are able to combine electrodeposition, trapping,
and inactivation of microbial aerosols, and degradation of gaseous pollutants such as VOCS, making them
an extremely promising technology for pathogen contamination control in the medical industry®. (3) At the
distance of 1.0 m, Fig. 4C demonstrates that the HVE group exhibited reduced colony counts compared to the
control group; however, this difference did not reach statistical significance (P> 0.05). The available data do not
provide sufficient evidence to demonstrate that HVE effectively reduces environmental microbial contamination
under the current experimental conditions. Figure 4B,E show that the colony count of HVE group is lower than
that of control group at the distance of 0.5 m and the dentist’s left shoulder (P <0.05), which is considered to be
related to the different diameters of aerosol particles that may contain bacteria or viruses. Larger particles may
settle faster because of their greater weight, so the decrease is more evident in a short distance, while smaller
particles may spread farther. In addition, the experimental conditions such as humidity and ventilation will
also limit the universality of the conclusion. It is also possible that it is related to the position of the port of the
cannula and the assistant’s operating position. High-volume evacuator demands the participation of the entire
four-hand operation, which has high manpower requirements and is difficult to implement universally in basic
clinics.

Three interventions were set up in this study, but the impact of the combination of multiple interventions on
the office air environment was not assessed. Differences in sample error and temporal and spatial distribution
were also caused by the individual variance in the oral hygiene of the volunteers. This study comprised subjects
who did not have periodontal disease, and each participant’s plaque index was determined. The results indicated
that the mean plaque index across the four groups was comparable. To reduce potential inaccuracies, it is
necessary to improve intraoral microorganism identification techniques, such as plaque microbial analysis, in
light of the differences in microbial composition among different oral environments.

The risk and prevention of aerosol transmission in dental clinics have attracted much attention from
scholars®%3!. Tt is difficult to take steps to prevent the virus from spreading while ensuring that dental procedures
are carried out normally®*-3*. Ventilation, plasma purification, and the high-volume evacuator can protect
against aerosol contamination caused by ultrasonic scaling to varying degrees, suggesting that dentists need
to use a combination of measures to control office aerosol infection in conjunction with actual conditions>>3.

Conclusions

This study investigated the bacterial counts and particle size distribution of microbial aerosols during ultrasonic
scaling with three distinct protective measures. The plasma purifier can continuously purify the consultation
room, but it did not lower the concentration of microbial aerosol exposure for nearby physicians. Ventilation
facilitated airflow circulation within the consultation room, which may have reduced bacterial colony counts
collected via air sedimentation in the general environment, while contamination levels on both shoulders of
the physicians remained elevated. This potential link between ventilation and the differential distribution of
contamination requires further empirical validation. When assistant-assisted high-volume suction was applied,
aerosol samples collected within 1.0 m exhibited significantly higher CFU counts than those under the other
two preventive measures, despite this method demonstrating the risk of infection in close proximity. According
to follow-up studies, integrating several strategies may offer reccommendations for handling and reducing cross-
infection in oral diagnosis and care. Research on microbial aerosols in dental clinics remains limited, with
significant variability in the dental clinic environment across hospitals, complicating the simultaneous detection
of pathogens such as bacteria, fungus, and viruses. The underutilization of oral aerosol protection techniques in
real prevention and control activities calls for more research on quick, inexpensive, and eco-friendly instrument
design and protection strategies®. Effective measures to control virus transmission while ensuring proper dental
care present a challenge for dental practitioners, indicating that future care guidelines should be multifaceted,
balancing potential benefits and unknown risks*’.

Data availability
All data generated or analysed during this study are included in this published article.
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