
Vol.:(0123456789)1 3

Clinical Oral Investigations (2023) 27:1937–1944 
https://doi.org/10.1007/s00784-022-04850-x

RESEARCH

Efficiency of HEPA‑filtered extra‑oral suction unit on aerosols 
during prosthetic dental preparation: A pilot study

Nermin Demirkol1   · Irem Karagozoglu1   · Ipek Kulekci Kocer2 

Received: 22 August 2022 / Accepted: 26 December 2022 / Published online: 6 January 2023 
© The Author(s), under exclusive licence to Springer-Verlag GmbH Germany, part of Springer Nature 2023

Abstract
Objectives  Aerosols formed during dental treatments have a huge risk for the spread of bacteria and viruses. This study is 
aimed at determining which part of the working area and at what size aerosol is formed and ensuring more effective use of 
HEPA-filtered devices.
Materials and methods  Anterior tooth preparation was performed by one dentist with one patient. Particle measurements 
were made using an airborne particle counter and were taken at four different locations: the chest of the patient, the chest of 
the dentist, the center of the room, and near the window. Three groups were determined for this study: group 1: measurement 
in a 24-h ventilated room (before the tooth preparation, empty room), group 2: measurement with the use of saliva ejector 
(SE), and group 3: measurement with the use of saliva ejector and HEPA-filtered extra-oral suction (HEOS) unit.
Results  The particles generated during tooth preparation were separated according to their sizes; the concentration in dif-
ferent locations of the room and the efficiency of the HEOS unit were examined.
Conclusions  The present study showed that as the particle size increases, the rate of spread away from the dentist’s working 
area decreases. The HEPA-filtered extra-oral suction unit is more effective on particles smaller than 0.5 microns. Therefore, 
infection control methods should be arranged according to these results.
Clinical relevance  The effective and accurate use of HEPA-filtered devices in clinics significantly reduces the spread of 
bacterial and viral infections and cross-infection.
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Introduction

Aerosols consist of liquid particle gas surrounding them, 
while bioaerosols produced by the human can contain patho-
genic microorganisms like bacteria or viruses and may be 
contaminated with germs, saliva, or blood [1]. And also, 
aerosol particles that are smaller than 10 μm remain air-
borne for a long period and enter the nasal passages and 

serve as carriers of respiratory while aerosol with parti-
cles in the range of 10–20 μm remains in the air for up to 
30 min, which leads to transmission of SARS-CoV-2 and 
herpetic virus diseases. In dental practice, the use of high-
speed turbine handpieces and ultrasonic scalers produces 
droplets and aerosols from the saliva and blood of patients 
[1, 2]. Major dental treatments, such as prosthetic dental 
preparation (PDP) procedure, lead to the spread of aerosol 
and aerosol exposure to the dentist and dental professionals’ 
oronasal and ocular mucosa membrane and could cause a 
viral infection. Diffused aerosol could cause cross-infection 
using contamination of clinical settings [3].

The dentist, dental assistant, and clinical settings are 
exposed to these aerosols. Until today, various measures 
have been taken to reduce the risk of infection of den-
tists, dental assistants and patients, which are regular 
ventilation of the treatment room, the use of masks and 
face shields, the use of rubber dam, and the application of 
antiseptic mouthwash before treatment. These measures 
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are routinely practiced and proven to reduce the risk of 
infection [3]. With COVID-19, more repressive measures 
have been taken. It has been proven that many cases of 
SARS-CoV and MERS-CoV are associated with hospital-
acquired transmission and result from the application of 
aerosol-generating procedures [4]. According to the avail-
able epidemiological data, COVID-19 is more infectious 
than SARS-CoV and MERS-CoV [5]. Therefore, standard 
precautions and infection control mechanisms had to be 
modified during this pandemic. The use of N95 masks, 
the use of disposable overalls, and the arrangement of the 
units in a single room where many dental units are together 
in one clinic are the changes that come with COVID-19. 
The use of high-efficiency air filters with HEPA filters 
has also increased with the COVID-19. Providing effec-
tive aspiration during dental treatments is one of the most 
effective methods to prevent aerosol formation. One of 
the aims of the study is to evaluate the effectiveness of 
HEPA-filtered extra-oral suction, which is an easy-to-use 
and compact device.

There is no standard value for aerosol concentration that 
can be allowed for effective infection control in dental clin-
ics. However, some values can be said for a clinic in the ideal 
conditions. In air filter systems, there should be less than 0.5 
bacteria-carrying particles in 1 m3 of air passing through 
the final filter. During dental procedures, there should be an 
average of 10 or fewer bacteria-carrying particles in 1 m3 of 
air in the area 30 cm away from the dental treatment zone. 
In the area of the clinic, which is 3 × 3 m from the work-
ing area, the number of bacteria-carrying particles in each 
cubic meter of air should not be more than 20 [6, 7]. The 
amount of particles in the air can be determined with particle 
counters, before and after treatment. Studies have shown 
that bacterial aerosols formed during dental treatments are 
much higher than before treatment [3, 8]. However, the bac-
terial contamination level of these aerosols varies according 
to the treatment options, working area, and particle size. 
Although droplets that occur during dental treatments are 
mainly directed to the patient’s chest area and the dentists’ 
face, aerosols can be widely found in the clinic. Bacterial 
aerosols have also been shown to spread beyond the treat-
ment environment [3]. Aerosol intensity also varies among 
dental procedures. Dental calculus cleaning with hand tools 
does not cause aerosol formation. The use of high-speed 
handpiece working with water is always considered to be 
the process that generates the largest amount of aerosols. 
Therefore, anterior tooth preparation, which is the most aer-
osol-generating procedure, was applied in this study. During 
this treatment, the effectiveness of the HEPA-filtered device 
was evaluated according to six different particle sizes in four 
different regions. Thus, it will be determined which part of 
the working area and what size aerosol is formed and more 
effective use of HEPA-filtered devices will be ensured.

Materials and methods

This study was conducted in a single-chair dental unit in a 
dental clinic at a university dental hospital (Gaziantep Uni-
versity, School of Dentistry, Gaziantep, Turkey). Anterior 
tooth preparation was performed by one dentist on one vol-
unteer. Gaziantep University Ethics Committee approved 
this study as exempt; it was not considered a human subject 
research. Particle measurements were made using an air-
borne particle counter with a flow rate of 2.83 l per minute, 
Fluke 983 Particle Counter, according to the ISO 14644–1 
(Cleanrooms & Association Controlled Environment Part 1 
Classification of Air Cleanliness) standard. It was performed 
by reading the measurement values by pressing the read-
ing mode on the device. The particle counter measured the 
concentration of particles (PM values) with sizes 0.3 μm, 
0.5 μm, 1.0 μm, 2.0 μm, 5.0 μm, and 10.0 μm. Measure-
ments were taken at four different locations: chest of the 
patient, chest of the dentist, the center of the room, and near 
the window. The window and door were kept closed during 
tooth preparation. Ten measurements were taken at 1-min 
intervals from each location. One dentist completed ante-
rior tooth preparation (tooth no. 11, 12, 13) with high-speed 
handpiece, with only saliva ejector. Then, the preparation of 
other teeth (tooth no. 21, 22, 23) was completed with saliva 
ejector and extra-oral suction device.

HEPA (high-efficiency particulate air)–filtered extra-oral 
suction unit (External Oral Suction Device; GS-E1000; 
GREELOY) was used in reducing particles generated during 
anterior tooth preparation. Three groups were determined 
for the present study: group 1: measurement in a 24-h ven-
tilated room (before the tooth preparation, empty room), 
group 2: measurement with the use of saliva ejector (SE), 
and group 3: measurement with the use of saliva ejector and 
HEPA-filtered extra-oral suction (HEOS) unit. First, meas-
urements were made from four locations in a 24-h venti-
lated room, with the window and door of the room closed. 
Then, the patient was seated on the dental chair, the dentist 
positioned on the patient’s right side, and the saliva ejector 
was positioned contralaterally at the back of the oral cav-
ity. The assistant was not present in the room. A total of 
forty measurements were taken from four locations during 
anterior tooth preparation; also, the door and window were 
kept closed during the process. In group 3, the preparation 
of the remaining tooth of the same patient was performed 
while working with the SE and HEOS unit. The HEOS unit 
was located on the patient’s left side and close to the mouth. 
The HEOS unit was used at maximum vacuum capacity dur-
ing anterior tooth preparation. Particle measurements were 
made from four designated locations, with the window and 
door of the room closed. A total of forty measurements were 
recorded.
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Two-way ANOVA was performed to evaluate the effects 
of location and groups on PM values for each micron. LSD 
test was performed as a post hoc analysis when the main 
or interaction effect was significant according to two-way 
ANOVA. Mean ± SD was given for numerical variables. 
Statistical analysis was performed with SPSS for Windows 
version 24.0 and a P value < 0.05 was accepted as statisti-
cally significant.

Results

The particles generated during tooth preparation were sepa-
rated according to their sizes; the concentration in different 
room locations and the efficiency of the HEOS unit were 
examined. For different PM values, two-way ANOVA results 
are presented in Table 1.

For PM0.3 values, there was a statistically significant 
effect of both location (P = 0.001) and groups (P = 0.001) on 
PM values. The interaction of group and location was also 
significant (P = 0.001). According to the post hoc test for 

interaction, there was no statistically significant difference 
between the locations measured in group 1 for PM0.3 values. 
There was a statistically significant difference between group 
1 and group 2 in all four locations (P = 0.001). The HEOS 
unit reduced the particle concentration to 0.3 microns in all 
four locations. There was a statistically significant difference 
in all four regions between the PM0.3 values in group 1 and 
group 2, and there was an apparent increase (Fig. 1).

For PM0.5 values, there was no difference between loca-
tions (P = 0.530), but significant difference between groups 
(P = 0.001) was found. Interaction of group and location was 
not statistically significant (P = 0.417). There was a statisti-
cally significant difference between group 1 and group 2 
(P = 0.001). In group 2, PM0.5 values increased apparently. 
There was a statistically significant difference between 
group 2 and group 3 (P = 0.001). In group 3, PM0.5 values 
decreased apparently (Fig. 2). There was no significant dif-
ference between group 1 and group 3 (P = 0.574).

For PM1.0 values, there was no difference between loca-
tions (P = 0.074), but significant difference between groups 
(P = 0.001) was found. Interaction of group and location was 

Table 1   Two-way ANOVA 
results for different PM values

0.3 μm 0.5 μm 1 μm 2 μm 5 μm 10 μm
P value P value P value P value P value P value

Corrected model 0.001 0.001 0.001 0.001 0.001 0.001
Intercept 0.001 0.001 0.001 0.001 0.001 0.001
Location 0.001 0.530 0.074 0.100 0.005 0,024
Group 0.001 0.001 0.001 0.001 0.001 0.001
Location * group 0.001 0.417 0.032 0.078 0.014 0.033

Fig. 1   Location and group inter-
action for PM0.3 values
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also statistically significant (P = 0.032). There was a statis-
tically significant difference between group 1 and group 2 
(P = 0.001). In group 2, PM1.0 values were increased. There 
was a statistically significant difference between group 2 and 
group 3 (P = 0.001). In group 3, PM1.0 values were decreased 
(Fig. 3). There was no significant difference between group 1 
and group 3. In group 3, the highest decrease in PM1.0 value 
was observed in the center of the room.

For PM2.0 values, there was no difference between loca-
tions (P = 0.100), but a significant difference between groups 
(P = 0.001) was found. Interaction of group and location was 
not statistically significant (P = 0.078). There was a statisti-
cally significant difference between group 1 and group 2 
(P = 0.001). In group 2, PM2.0 values were increased. There 
was a statistically significant difference between group 2 and 
group 3 (P = 0.001). In group 3, PM2.0 values were decreased 

Fig. 2   Location and group inter-
action for PM0.5 values

Fig. 3   Location and group inter-
action for PM1.0 values
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(Fig. 4). There was no significant difference between group 
1 and group 3 (P = 0.162).

For PM5.0 values, there was statistically significant effect 
of both location (P = 0.005) and groups (P = 0.001) on PM 
values. Interaction of group and location was also signifi-
cant (P = 0.014). According to post hoc test for interaction, 
in group 1, there was no statistically significant difference 
between locations. In group 2, there was a statistically sig-
nificant difference between locations; the maximum PM5.0 

value is the chest of patient, chest of the dentist, the center 
of the room, and near the window, respectively. In group 3, 
there was no statistically significant difference between loca-
tions. There was a statistically significant difference between 
group 2 and group 3 in all four locations (P = 0.001). The 
HEOS unit reduced particles of 5 microns in all four loca-
tions. There was a statistically significant difference in all 
four locations between group 1 and group 2, and there was 
a significant increase (Fig. 5).

Fig. 4   Location and group inter-
action for PM2.0 values

Fig. 5   Location and group inter-
action for PM5.0 values
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For PM10.0 values, there was a statistically significant 
effect of both location (P = 0.024) and groups (P = 0.001) 
on PM values. Interaction of group and location was also 
significant (P = 0.033). According to the post hoc test for 
interaction, there was no statistically significant difference 
between the locations in group 1. There was a statistically 
significant difference between the locations in group 2; 
maximum PM10.0 value is the chest of patient, chest of 
dentist, center of the room, and near the window, respec-
tively. In group 3, there was no statistically significant 
difference between locations. There was a statistically sig-
nificant difference between group 2 and group 3 in all four 
locations (P = 0.001). The HEOS unit reduced particles of 
10 microns in all four locations. There was a statistically 
significant difference in all four locations between group 1 
and group 2, and there was a significant increase (Fig. 6).

When the general descriptive statistics were exam-
ined, PM0.3 value averages were listed as group 3 with 
the lowest, followed by group 1 and group 2. In group 3, 
the highest decrease was seen in PM10.0 and PM5.0 val-
ues compared to group 2. This was followed by PM2.0, 
PM1.0, PM0.5, and PM0.3, respectively. According to these 
findings, the HEOS unit was more effective as the parti-
cle size increases. When the HEOS unit was running, the 
mean values of the 0.3- and 0.5-micron particles decreased 
compared to the first measurement in the empty room, and 
the mean value of the 1.0-, 2.0-, 5.0-, and 10.0-micron 
particles decreased in group 3 compared with group 2, but 
increased compared with group 1.

Discussion

With COVID-19, many precautions have been taken to 
reduce the risk of contamination during dental treatment. 
Extra-oral suction with HEPA filter is one of the measures 
taken. HEPA filters were used in hygienic applications, such 
as hospitals, pharmaceutical factories, and food and bever-
age production facilities, before and started to be used dur-
ing dental treatments with COVID-19.

Many studies have been conducted on aerosols, drop-
lets, and splatter contamination during dental treatments 
[9–19]. In some studies, dental manikin, phantom teeth, or 
extracted teeth have been used [12, 14, 16, 17]. However, 
more aerosols are generated during dental treatment with 
live patient, and these aerosols contain saliva, blood, den-
tal plaque, and tooth debris [17]. Therefore, in the present 
study, all measurements have been made while perform-
ing routine dental preparation in a specific dental room 
with live patients. The majority of studies used open cul-
ture plates, which measured droplets and aerosols fallen 
onto the surface [9, 12–16]. However, small particles 
may remain suspended in the air for many hours. Particle 
counters or air samplers can detect both aerosol and air-
borne droplets before they fall to the ground. In the present 
study, a particle counter was used, which measures the 
concentration of particles in the air. It has been reported 
that particles with a size of 0.5–10 μm are more likely to 
spread infection [18]. Particle sizes of 0.3, 0.5, 1, 2, 5, 
and 10 microns were measured in this study. In addition, 
the rate of dispersal of particles smaller than 5 microns 

Fig. 6   Location and group inter-
action for PM10.0 values
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throughout the room was very high. Therefore, analysis 
was performed according to particle sizes in four different 
room parts. Yang et al. reported that the highest level of 
aerosol occurred in the chest area of the dentist during the 
aerosol-generating procedure and the extra-oral suction 
system reduced it to the baseline level [11]. According 
to the results of our study, particles larger than 2 microns 
were formed mainly in the chest of the patient region, and 
the HEOS unit reduced the particle level in this region but 
it did not reduce it to the baseline level. Ahmed and Jouhar 
[16] reported that maximum splatter and aerosol produced 
immediately after the procedure were found at the den-
tist zone, followed by the assistant zone. This finding is 
inconsistent with the previous study in which investiga-
tors found more splatter in the assistant zone compared to 
the dentist zone [19]. These studies were performed on a 
mannequin and used filter paper disc and different dental 
procedures were applied. In our study, particles smaller 
than 2 microns were more common as they moved away 
from the dentist working area.

It was determined that the HEOS unit was effective in 
reducing particles smaller than 2 microns in every loca-
tion of the room. However, Senpuku et al. [9] reported 
that protected areas were limited to the left and posterior 
sides of the dental chair head when a right-handed dentist 
and dental hygienist performed scaling. In many studies, 
it was measured in which region the contamination was 
more intensive. It was observed that more contamination 
occurred mainly in the dentist working area and around the 
patient [18–20]. However, in our study, aerosols formed 
during tooth preparation were examined separately accord-
ing to particle size. The density of small particles was 
high, even at the farthest point of the room where the 
preparation was made.

In a systematic review, airborne droplets and aerosols 
generated during eight different dental procedures were 
examined [19]. It has been reported that the procedures 
which cause the greatest level of contamination are ultra-
sonic scaling and high-speed air rotors. Slow-speed hand-
piece, extractions, and prophylaxis with pumice were rated 
moderate contamination. Air–water syringe and hand scaling 
were rated lower contamination. In the present study, ante-
rior tooth preparation was performed. The efficiency of the 
saliva ejector is greater during the preparation of the poste-
rior teeth; more scattering is observed during the preparation 
of the anterior teeth. Therefore, in this study, the anterior 
tooth preparation, which causes the most aerosol splatter 
and contamination, was preferred.

The limitation of this study can be described as priority 
particle sizes between 0.3 and 10 microns were measured 
in this study. During dental procedures, aerosols and drop-
lets larger than 10 microns are formed, and viruses spread 
the disease in these droplets. Another limitation is that the 

effectiveness of the device in different dental procedures has 
not been compared.

Conclusion

The present study showed that as the particle size increases, 
the rate of spread away from the dentist working area 
decreases. Small size particles may easily spread all over 
the room. Therefore, infection control methods should be 
arranged according to these results. HEPA-filtered extra-
oral suction devices effectively prevent the spread of dental 
aerosols, droplets, and infectious diseases. Therefore, using 
HEPA-filtered suction devices may help reduce the risk of 
COVID-19 in dental treatment.
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