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ABSTRACT

Background. The route of transmission of severe acute respiratory syndrome coronavirus 2 has
challenged dentistry to improve the safety for patients and the dental team during various treatment
procedures. The purpose of this study was to evaluate and compare the effectiveness of dental
evacuation systems in reducing aerosols during oral prophylactic procedures in a large clinical
setting.

Methods. This was a single-center, controlled clinical trial using a split-mouth design. A total of
93 student participants were recruited according to the inclusion and exclusion criteria. Aerosol
samples were collected on blood agar plates that were placed around the clinic at 4 treatment
periods: baseline, high-volume evacuation (HVE), combination (HVE and intraoral suction
device), and posttreatment. Student operators were randomized to perform oral prophylaxis using
ultrasonic scalers on 1 side of the mouth, using only HVE suction for the HVE treatment period and
then with the addition of an intraoral suction device for the combination treatment period. Agar
plates were collected after each period and incubated at 37 �C for 48 hours. Colony-forming unit
(CFU) counts were determined using an automatic colony counter.

Results. The use of a combination of devices resulted in significant reductions in CFUs compared
with the use of the intraoral suction device alone (P < .001). The highest amounts of CFUs were
found in the operating zone and on patients during both HVE and combination treatment periods.

Conclusions. Within limitations of this study, the authors found significant reductions in the
amount of microbial aerosols when both HVE and an intraoral suction device were used.

Practical Implications. The combination of HVE and intraoral suction devices significantly
decreases microbial aerosols during oral prophylaxis procedures.
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he rapid spread of severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2) that
causes COVID-19 has caused worldwide concerns.1 The main modes of transmission include
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T contact, droplets, airborne respiratory droplets, and fomite transmissions.2,3 It is contagious,
with a reported estimated basic reproductive number between 1.40 and 6.47.4,5 The transmission of
this virus has become a new challenge to clinical dentistry, in which many routine procedures, such
as dental prophylaxis and cavity preparation, produce aerosols.

According to the Centers for Disease Control and Prevention (CDC), aerosols generated during
the use of an ultrasonic scaler or high-speed dental drill may impose risks to oral health care
personnel and patients.6 Such aerosols consist of droplets and debris that are greater than 50 mi-
crometers in diameter and can remain suspended in the air.7-9 Aerosols generated from such pro-
cedures may contain bacterial cells or spores, fungal spores, or viruses.10 The size of some of these
specific pathogens generally range from 0.30 through 10 mm for bacteria and approximately 0.02
through 0.30 mm for viruses.10 For severe acute respiratory syndrome coronavirus 2, its size has been
reported to be in the range of 0.25 through 4 mm.11,12 The authors of a 2020 study found that the
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virus can remain viable in aerosols for up to 3 hours,13 and other studies report up to days3,11 on
certain surfaces.

Although no cases of COVID-19 infection from dental procedures have been reported, it is
imperative that dentistry rise to the challenge that this virus has imposed by means of reducing the
risk of spreading COVID-19 and protecting patients and dental professionals. Dentistry is an
essential part of health care that requires the use of aerosol-generating instruments and equipment
so that appropriate care can be provided. On the basis of the recommendations of the CDC,6,14 the
American Dental Association Council on Scientific Affairs has recommended that control measures
be implemented in reducing aerosols during dental procedures.15 In studies conducted in vitro on
manikins and typodonts, researchers have evaluated various techniques and devices to control,
reduce, and eliminate aerosols during dental procedures and have reported positive outcomes.16-21

Several clinical studies have also been conducted, but the methodologies have been limited to an
enclosed operatory with microbial collection plates or litmus paper strips being positioned within
the operating field.7,22-27 To date, to our knowledge, no study has evaluated microbial aerosol
generation in a large clinic and in areas further from the operating field. The purpose of our study
was to evaluate and compare the effectiveness of 2 dental evacuation systems in reducing aerosols
during ultrasonic scaling procedures in a large clinical setting.
METHODS

Study design and sample size calculation
This clinical study was a single-center, controlled trial using a split-mouth design. Before conducting
the study, we submitted protocols and pertinent documents, which were approved by the Loma Linda
University Health Institutional Review Board (5200303). We performed a preliminary investigation to
collect preliminary data, which showed a mean (standard deviation) colony-forming unit (CFU)
difference of 1.00 (1.70) between pre- and posttreatment periods. Using an effect size of 0.588, a
minimum of 27 patients would be required to achieve 80% power with a significance level of a at 0.05.
To allow for 10% attrition, a minimum of 30 patients would need to be recruited.

Study participants
We recruited incoming third- and fourth-year predoctoral dental, second-year international
dental, and second-year dental hygiene students. The students had the choice of signing up as an
operator, an assistant, or a patient. A total of 93 student participants were recruited via university
email. All participants had to pass the COVID-19 screening examination, which included taking
their temperatures. Students who signed up as patients were enrolled according to the inclusion
and exclusion criteria, which included a COVID-19 test. All patients who qualified for this study
signed the informed consent form, were in good general and oral health, had negative COVID-19
test results, and had at least 20 natural teeth present. Patients were excluded according to the
following criteria: pregnant or nursing, allergy to materials found in the intraoral suction device,
tumors or significant pathology of the soft or hard tissues of the oral cavity, presence of ortho-
dontic bands, advanced periodontal disease, presence of a removable prosthesis, history of in-
fectious disease or bloodborne diseases, and having had dental prophylaxis within 2 weeks before
commencement of the study. All patients were informed about their right to withdraw from the
study at any time for any reason. In the event a patient elected to withdraw from the study, a
closing examination and follow-up would be requested.

Description of the clinic setting
This study was conducted in a clinic area that had multiple open bay cubicles and was surrounded
by panels that were approximately 5 feet high. The clinic was approximately 3,118 square feet, and
each cubicle was 78 ft2. Each dental chair was equipped with the normal hoses for saliva ejector,
high-volume evacuation (HVE) suction, and air and water syringe. An additional HVE hose was
connected to the air pipes within the walls and was used to connect the intraoral suction device
(Mr. Thirsty, Zirc). The amount of airflow measured from 1 source of hoses was 12.4 meters per
second for the HVE and greater than 30.0 m/s for the additional HVE. When all cubicle hoses were
turned on, the amount of airflow decreased to 5.8 m/s for the HVE and 28.0 m/s for the additional
HVE.
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Figure 1. Clinical test area with trypticase soy agar with 5% sheep blood plates placed in zone 1 (red; horizontal distance, < 2.0 feet; vertical distance,
z 3.0 feet); zone 2 (blue; horizontal distance, 2.0-4.0 feet; vertical distance, 3.0 feet); and zone 3 (yellow, horizontal distance, > 4.0 feet; vertical
distance, 5.0 feet).
Study procedures
Patients were asked to refrain from performing oral hygiene care for at least 10 hours before and
from eating or drinking (except for water) 4 hours before the appointment. Trypticase soy agar with
5% sheep blood plates were placed in various locations around the room in the operating zone (zone
1: operator, assistant, and patient), on mobile trays (zone 2: 2-4 feet horizontal distance), and on
shelves or countertops (zone 3: > 4 feet horizontal distance) (Figure 1). The plates were attached to
disposable bibs and were placed at chest level and on the chest for zone 1.

Agar plates were placed at 4 treatment periods:
n baseline;
n using the HVE alone;
n using the combination (HVE and intraoral suction device);
n posttreatment.
Each plate was exposed for 50 minutes. To obtain baseline microbial levels, agar plates were exposed

to the air for 50 minutes. No participants were allowed in the room during baseline and posttreatment
times. Student operators were instructed to connect the plastic suction tip to the regular HVE hose and
the intraoral suction device to the additional HVE hose. Before the treatment periods, student op-
erators were instructed to set the ultrasonic scaler (Cavitron 124 SPS, Dentsply) to moderate level and
to use the highest output of water through the ultrasonic scaler tip. They were also instructed not to
change the ultrasonic scaler settings and to continue using the instrument for the full duration (20
minutes) of the treatment periods. Student assistants were instructed to provide assistance in reducing
aerosols generated from the ultrasonic scaler and removing accumulated saliva and debris using the
HVE only, following normal clinical procedures. For treatment period 2, operators and assistants were
instructed to use only the HVE and perform oral prophylaxis using ultrasonic scalers only for 20 mi-
nutes on 1 randomized side of the mouth. The clinical procedure was stopped, and all participants
exited the room. An additional 30 minutes was allowed for aerosols to settle, and the agar plates were
collected. For treatment period 3, operators and assistants were instructed to use both HVE and
intraoral suction device (combination) and to perform the same treatment procedure for 20 minutes on
the other side of the mouth (Figure 2). After 20 minutes, all participants exited the room, and the same
aerosol collection procedure was completed. Posttreatment agar plates were placed for an additional 50
minutes. All agar plates were incubated at 37 oC for 48 hours. The CFU counts were determined using
an automatic colony counter (ProtoCOL Systems, Synbiosis). The general procedure is illustrated in a
flowchart (Figure 3).
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Figure 2. Clinical illustration of the intraoral suction device (Mr. Thirsty, Zirc) connected to the additional high-volume
evacuation hose (A), plastic suction tip connected to the high-volume evacuation hose (B), and ultrasonic scaler
(Cavitron 124 SPS, Dentslpy) (C) using a manikin.

��Agar plates incubated at 37 °C (48 h)
��Colonies counted

Assessed for eligibility
(n = 34)

Microbiological
Procedures

Enrollment

Clinical Procedures

Posttreatment agar plates (50 min)

Baseline agar plates (50 min)

Recruited (n = 31)

Dental treatment: oral prophylaxis with
ultrasonic scaler (n = 31)
��Received allocated interventions,
   high-volume evacuation and combo
   (n = 31)
��Treatment agar plates (50 min)

Excluded (n = 3)
��Did not complete COVID-19 test

Figure 3. General flowchart of clinical and microbiological procedures. Thirty-four patients were assessed for eligibility.
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Statistical analysis
We performed Kruskal-Wallis and Wilcoxon signed rank tests to compare the mean CFUs between
devices and with the baseline and posttreatment results. We used a generalized estimating equation
mixed-effects analysis of variance model to estimate and test the treatment effect, time effect, and their
interactions and adjusted for the correlations among observations of the split-mouth data. We conducted
all tests using statistical software (R Version 3.6.2, R Core Team) with a significance level of a at 0.05.
RESULTS
The descriptive statistics showing the means (standard deviations) of CFUs per treatment period are
presented in Table 1. CFU levels for baseline and posttreatment periods were lower than the
treatment periods (HVE and combination), with HVE alone having the highest amount. The
pairwise comparisons are presented in Table 2. When comparing the treatment periods with
the baseline, we found highly significant differences for HVE and combination treatment periods
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Table 1. Descriptive statistics showing means (standard deviations) of colony-forming units by treatment periods.

TREATMENT PERIOD AGAR PLATES, NO.*
MEAN (STANDARD

DEVIATION)

Baseline 124 2.26 (1.69)

High-Volume Evacuation 124 132.00 (353.00)

Combination (High-Volume Evacuation D Intraoral Suction
Device)

124 46.10 (178.00)

Posttreatment 124 2.62 (2.23)

* Total number of 5% sheep blood agar plates.

Table 2. Pairwise comparisons of treatment periods.

TREATMENT PERIOD
AGAR

PLATES, NO.*
MEAN

(STANDARD ERROR) 95% CI P VALUE

D† HVE‡ 124 117.00 (30.36) 56.90 to 177.10 < .001

D Combination (HVE D Intraoral Suction
Device)

124 43.80 (15.94) 12.24 to 75.36 < .001

D Posttreatment 124 0.36 (0.22) �0.08 to 0.80 .274

HVE Versus Combination 124 81.59 (35.27) 11.91 to 151.27 < .001

* Total number of 5% sheep blood agar plates. † D: Mean difference compared with baseline. ‡ HVE: High-volume evacuation.
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Figure 4. Mean colony-forming units (CFUs) and treatment periods among zone 1 (horizontal distance, < 2.0 feet;
vertical distance, z 3.0 feet), zone 2 (horizontal distance, 2.0-4.0 feet; vertical distance, 3.0 feet), and zone 3
(horizontal distance, > 4.0 feet; vertical distance, 5.0 feet).
(P < .001), whereas we found no significant difference with the posttreatment period (P ¼ .274).
Comparing the treatment periods revealed statistically significant differences (P < .001).

For the within effects, the generalized estimating equation model revealed statistically significant
differences for the treatment periods (F2,228 ¼ 7.33; P < .001) and for the treatment periods by
zones interaction (F8,228 ¼ 8.39, P < .001) compared with the baseline treatment period. Scheffé
post hoc test for HVE revealed significant differences within zone 1 for patient and operator (P <

.001), patient and assistant (P < .001), and patient and zones 2 and 3 (P < .001). We found no
statistical differences in CFUs among the zones within the combination and posttreatment periods.
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Table 3. Mean colony-forming units in zones within treatment periods.*

TREATMENT PERIODS

Baseline High-Volume Evacuation Combination Posttreatment

ZONE Mean (SD†) 95% CI Mean (SD) 95% CI Mean (SD) 95% CI Mean (SD) 95% CI

Zone 1

Operator 2.68 (1.68) 1.95 to 3.41 26.16 (33.00) 19.45 to 32.87‡,§ 18.84 (40.65) 13.24 to 24.44‡,§,{ 3.10 (2.49) 2.29 to 3.91

Assistant 1.61 (1.02) 1.32 to 1.90 6.68 (5.06) 5.19 to 8.17# 4.23 (7.95) 0.22 to 8.24{,# 2.61 (1.99) 1.89 to 3.33

Patient 1.84 (1.68) 1.25 to 2.43 441.61 (569.17) 248.25 to 634.97‡,#,** 158.71 (331.55) 61.14 to 256.28‡,#,** 2.00 (1.63) 1.48 to 2.52

Zone 2 2.94 (1.65) 2.12 to 3.76 4.88 (2.96) 3.77 to 5.99§,** 1.94 (1.61) 1.47 to 2.41§,** 3.31 (3.28) 2.21 to 4.41

Zone 3 2.87 (2.26) 2.02 to 3.72 5.47 (3.58) 3.98 to 6.96** 3.00 (1.77) 2.68 to 3.32§,** 2.20 (1.61) 1.06 to 3.34

* Dwass-Steel-Critchlow-Fligner pairwise comparison was used to determine P values within treatment periods. † SD: Standard deviation. ‡ Statistically significant
differences (P < .001) between operator and patient. § Statistically significant differences (P < .05) compared with zone 1, operator. { Statistically significant
differences (P < .001) between operator and assistant. # Statistically significant differences (P < .001) between assistant and patient. ** Statistically significant
differences (P < .001) compared with zone 1, patient.
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Figure 5. Comparison of colony-forming units (CFUs) by treatment periods for zone 1 (horizontal distance, < 2.0 feet;
vertical distance, z 3.0 feet), zone 2 (horizontal distance, 2.0-4.0 feet; vertical distance, 3.0 feet), and zone 3 (hori-
zontal distance, > 4.0 feet; vertical distance, 5.0 feet).
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For the between effects, we found statistically significant differences for the zones (F4,114 ¼ 17.87;
P < .001) only. The highest amount of CFUs were found on the patient (zone 1) compared with all
other zones, including operators and assistants (Figure 4). Scheffé post hoc test revealed significant
differences between patient and operator (P < .001), between patient and assistant (P < .001), and
between zones 2 and 3 (P < .001) when compared with baseline.

We found statistically significant differences (P < .05) within each zone for the HVE and
combination treatment periods only (Table 3). We found highly significant differences (P < .001)
when patient (zone 1) was compared with all other zones in the treatment periods. We further
separated zone 1 to evaluate CFUs by group (operator, assistant, patient) for the HVE and com-
bination treatment periods (Figure 5). We found the highest amount of CFUs on the patients and
during the HVE treatment period, whereas we found the lowest amount of CFUs for the assistants
(Table 3). We observed low levels of CFUs for zones 2 and 3, with modest changes in mean CFU
from baseline to the treatment and posttreatment periods.

DISCUSSION
Aerosols generated during clinical dental procedures have raised concerns and awareness. Control of
aerosols designed to protect dental providers and patients are critical, and certain guidelines have been
proposed for dental settings.5,15 To date, there is no direct evidence that dental procedures are a major
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cause of airborne infections. However, given the pandemic situation, the possibility of potential risks
cannot be ignored. Therefore, it is important to identify effective measures to control aerosols asso-
ciated with performing dental procedures.

HVE is a standard device for saliva control during dental procedures, and it alone has been shown to
reduce aerosol and spatter to some degree.9 Most oral health care providers do not use an additional
means of suction for many dental procedures owing to decreased visualization and accessibility. Our
results show the limitations of using HVE alone in reducing microbial aerosols, especially in the
operating field (zone 1,< 2 feet distance). Nevertheless, it was encouraging to observe that during both
treatment periods (HVE and combination) microbial aerosols were confined to zone 1. It was inter-
esting to find that within zone 1, the highest amounts of CFUs were found on patients. Similar results
were found by Bentley and colleagues,7 who reported higher levels of CFUs on patients after various
dental procedures, and by King and colleagues,26 who reported high levels of CFUs at a distance of 6
inches from the patient’s mouth. However, the limitations of their studies included low sample size
(n ¼ 5 and n ¼ 12, respectively) and placement of plates that were positioned mainly around the
patient’s head.7,26 Using a slightly different methodology and positioning of agar plates (angled instead
of flat on the patient’s chest), Devker and colleagues22 also reported increased CFU levels during
ultrasonic scaling procedures on patients before using an antibacterial mouthrinse. They also reported
higher levels of mean CFUs for the operator and assistant, which we did not observe in our study. The
difference in the observations could be attributed to the position of the plates on the operator and
assistants. In our study, the position of the plates were on the chest for all participants, whereas in the
previous studies, the plates were positioned on the mask at the level of the nose and in front of the
mouth of the operator and assistant.7,22 For the student operators and assistants in our study, the
position of the plates were at or slightly above the patients’ mouths.

To our knowledge, this is the first clinical study to evaluate 2 methods for controlling aerosol in a
large clinic area with multiple operators and assistants who have limited clinical experiences. The clinic
area in our study was an open bay design that consisted of several operatories that were divided by walls
that were 5 feet high (Figure 1). Positions of the plates provided a general idea of the microbial aerosols
that are generated during an exaggerated clinical setting. The plate positions also allowed us to evaluate
specific zones. We were surprised that low levels of CFUs were found in zones 2 and 3. Plausible
explanations include positioning of the HVE during treatment procedures, addition of the intraoral
suction device, the positions of the agar plates (height range, 3-5 feet), and the airflow through the
ventilation systems. Still, the positioning of the HVE during the dental procedure may not be as strong
of an explanation because the levels of expertise were low. In addition, even though the airflow
through the additional hose was high (additional HVE, > 30.0 m/s) and provided enhanced control of
the aerosol, the intraoral suction device was placed posteriorly and provided limited suction when
working in the anterior areas. Therefore, the height of the plates could better explain the low levels of
CFUs. However, the level of the plates in zone 2 was slightly higher than the typical level of a patient’s
mouth (Figure 1). Given the ballistic nature of aerosols and spatter that has been described in the
literature,8,9 we assumed that those plates would have higher amounts of CFUs. We did not observe
this, which warrants further investigation in understanding the pattern or flow of dental aerosols during
various clinical procedures and assessments of airflow from ventilation systems.

The CDC recommends allowing at least 15 minutes for aerosols to settle after a treatment
procedure before disinfection of the operatory.14 The CDC recommendation is based on the time
required for removal of 99% efficiency and having air changes per hour (ACH) of 15 through 20.
On the basis of our evaluation of the clinic area and estimates of the ACH, we determined that 30
minutes would allow adequate time for aerosols to settle and for sufficient ACH. Normal time for
dentists and dental hygienists to complete full-mouth oral prophylaxis is less than 1 hour. We
considered the participants’ level of expertise and determined that 20 minutes per side would be
appropriate. We kept the baseline and posttreatment times the same, with the treatment periods of
oral prophylaxis for 20 minutes and aerosol settling for 30 minutes (total of 50 minutes per treat-
ment period). The posttreatment period revealed that CFU levels returned to levels that were
observed for the baseline periods. Furthermore, modification of the cubicles via the addition of the
additional HVE hose proved to be beneficial because it reduced microbial aerosols and was a
desirable improvement for clinical dental settings.

In our study, we did not evaluate the use of pre- and postantibacterial mouthrinses, although
other studies have reported significant decrease in CFUs after various dental procedures.7,22 Our
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study was also limited to microbial evaluation and did not include viruses; however, a potential
relationship could be generated, because the size of some oral bacteria is within the range of that of
some viruses.10 Further studies are needed to validate our results. Additional research into the data
collected in this study is needed to better understand the dynamics of aerosols produced during
dental procedures. Furthermore, the design of our study should be expanded to other aerosol-
producing procedures like restorations, crowns, and placement of dental implants.

CONCLUSIONS
Within the limitations of our study in a large clinical setting, the combination of HVE and an
intraoral suction device significantly reduced the amount of microbial aerosol during treatment
periods. The interval time of 30 minutes between treatments for aerosol settling and air change
appeared to be adequate according to the findings in our study. n
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