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ABSTRACT

The COVID-19 pandemic focused attention on the role of ventilation on improving
indoor air quality to mitigate against the risk of spread of infection. The aim of
this study was to evaluate the effectiveness of increased ventilation and explore
an alternative solution for improving indoor air quality to mitigate the risk of
airborne infection in dental surgeries. Dental surgeries present a specific risk of
airborne infection due to the bio-aerosols generated by high-speed dental instruments
such as drills and air-water syringes. Studies show that particulate matter, volatile
organic compounds, and carbon dioxide levels often exceed recommended thresholds
during dental procedures, contributing to poor indoor air quality and increased
health risks. To mitigate these risks, regulatory bodies recommended increasing air
changes per hour to 10-12 in dental surgeries. Implementing such systems poses
significant physical, financial, and regulatory challenges, alongside ongoing high
energy consumption costs. The study evaluated the rapid changes to the requirements
and guidance to avoid the risk of airborne infections in dental surgeries during the
COVID-19 pandemic. A prototype for an at-source aerosol extraction device was
developed and tested in a live dental surgery using an air quality monitor to determine
if it could effectively remove aerosols at-source. The prototype was an articulated
hose with nozzle positioned close to the patient’s mouth and connected to the existing
surgery suction pump, which aspirates fluid during dental procedures. Air quality was
monitored in the dental surgery during similar aerosol-generating procedures with
10 air changes an hour and then using the aerosol extraction device. The test results
indicated that this alternative strategy performed better than providing 10 air changes
an hour with the average of particulate matter of 1um, 2.5um, 4um and 10um recording
an average concentration of 0.19mg/m3 compared to 0.33mg/m3 when using 10 air
changes per hour. These results demonstrate that an at-source extraction device
could provide a viable alternative to high ventilation strategies. In conclusion, this
study demonstrates that an at-source extraction device could mitigate against airborne
infections in a cost-effective and energy efficient manner. Further testing, including
larger sample size and computational fluid dynamics modelling, is needed to refine
the design and assess its applicability across different dental settings. This research
provides an opportunity for revising existing guidelines and explore alternative indoor
air quality management solutions that ensure both practitioner and patient safety.
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INTRODUCTION

Dentistry is potentially one of the workplaces with the greatest risk of
transmission of infections due to the use of high-speed rotary equipment and
air-water syringes during dental treatment which can generate ‘bio-aerosols’.
Bio-aerosols are airborne biological materials that can contain bacterial cells,
fungal spores, fungal hyphae and viruses.

In the dental surgery, bio-aerosols are produced due to bodily fluids being
present. Therefore, there is an increased risk of the spread of infectious
diseases (Raghunath, 2016). The dental community is aware of the risk
of airborne infection, and its members implement a comprehensive regime
of cross infection control procedures to minimise risks. Polednik reports
that during treatment, sub-micrometre Particulate Matter of 1.0um (PMy)
particles and super micrometre PM>1 particle rose by a factor of 3.8 and
6.5, respectively, which is alarmingly 15.9 and 19.5 times higher than the
outdoor average, which can cause respiratory illness (Polednik, 2021).

The Scottish Dental Clinical Effectiveness Programme has recommended
ten air changes per hour (ACH) in treatment rooms is required as per the
Scottish Health Planning Note 36 (Part 2 NHS Dental Services in Scotland)
to remove any residual aerosol not eliminated by suction (Scottish Dental
Clinical Effectiveness Programme, 25 January 2021).

The research aims to review and establish the risk of transmission of
airborne pathogens and identify the long-term implications of implementing
10 ACH in dental practices and identify an alternative mechanism for
improving Indoor Air Quality (IAQ) rather than implementing whole room
ventilation with high ACH.

RISK OF AIRBORNE INFECTIONS AND VIRUSES IN DENTAL
SURGERIES

Implementing ten ACH will be expensive or impractical for many dental
practices due to the premises’ physical constraints. High energy consumption
is likely to result from high ACH as well as allowing the bio-aerosol to
disperse throughout the entire space and settle on work surfaces, increasing
cross-contamination risk.

A survey was conducted to assess the needs, requirements and limitations
of dental professionals in relation to whole room ventilation. Results
were obtained from 115 dental workers. The results showed that dentists
were concerned about the cost of installation (23%), noise (21%), room
temperature (18%), and maintenance costs (18%).

PM behaviour is predominantly affected by their aerodynamic diameter,
with aerosols remaining airborne indefinitely (Fennelly, 2020). Aerosols
behave like gas and follow the airflow patterns, whereas large particles
fall to a surface (Polednik, 2021). As small particles can remain airborne
indefinitely, the risk of infection is higher due to the prolonged exposure time
(Pan, Lednicky, & Wu, 2019).

Oral procedures carried out by healthcare workers expose them to aerosol
plumes (Fennelly, 2020) and ‘splatter’ (Raghunath, Meenakshi, Sreeshyla,
& Priyanka, 2016). A study conducted by Polednik (2021) found that the
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aerosol and bio-aerosol concentrations during dental treatment increased PM
of all sizes. It was found that PM; concentration increased by 3.8 times and
PM>1 increased by 6.5 times. These studies also identified that bacterial
concentrations increased by 2.1 times and fungi by 1.7 times (Polednik,
2021).

Dental treatment can produce aerosols due to using high-speed drills,
ultrasonic scalers and air and water syringes. These aerosols can combine
with saliva, blood, microorganisms or viral particles present in the mouth to
create bio-aerosols (Nulty, Lefkaditis, Zachrisson, Tonder, & Yar, 2020).

The close working proximity that is inherent to dentistry has led
to dentistry being reclassified by the United States Occupational Safety
and Health Administration as a very high-risk profession concerning the
transmission of disease following the outbreak of SARS-CoV-2 (Nulty,
Lefkaditis, Zachrisson, Tonder, & Yar, 2020).

In a study, comparing 50 dentists to a control group of 50 people of
equivalent age and gender, it was found that despite wearing masks and eye
protection, dentists had significantly elevated antibodies to both tested types
of influenza and respiratory syncytial virus and slightly increased antibodies
to adenoviruses. The study concluded that there exists an occupational
risk to dental workers from respiratory tract viruses (Davies, Herbert,
Westmoreland, & Bagg, 1994).

Ventilation as a Mitigation Against Airborne Infection

High ACH combined with air filtration can dilute the concentration of
airborne contaminants however, guidelines have been produced assuming
perfect mixing of all the air (Cole & Cook, 1998). Indoor airflow tends
to be turbulent, which has the greatest influence over airflow (Vuorinen,
et al., 2020). It is suggested that providing a short and uninterrupted path
between the contaminant and the exhaust has a significant effect on reducing
the risk of the spread of Healthcare Acquired Infections (HAI) (Memarzadeh
& Xu, 2012). It has been shown that there is an increase of 40% of particle
concentrations in the pathway between source and extraction (Mousavi &
Grosskopf, 2015).

Increasing ACH does not consequently diminish the risk of infection,
however it can inadvertently increase the risk depending on positioning
(Bolashikov, Melikov, Kierate, Popiolek, & Brand, 2012). Cetin et al.
observed an optimum ACH rate to remove contaminants from a space is
5.76 ACH above which there is little benefit in increasing airflow (Cetin, Avci,
& 0.,2019).

DESIGN DEVELOPMENT OF AEROSOL EXTRACTION DEVICE

An aerosol extraction device was designed to mimic industrial local exhaust
ventilation (LEV); which connects to the existing high-volume suction pump
utilised in dental surgeries to aspirate fluids and aerosols from the patient’s
mouth. The proposed aerosol extraction device referred to the HSE document
‘Controlling airborne contaminants at work: A guide to local exhaust
ventilation (Health and Safety Executive, 2012)’ for the positioning, airflow
and nozzle design.
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The proposal is to capture aerosols and bio-aerosols that are escaping
the patient’s mouth after the use of high-volume suction (Nulty, Lefkaditis,
Zachrisson, Tonder, & Yar, 2020). The positioning of the LEV needs
to be within the ‘capture zone’, which previous studies have shown to
be approximately 300mm from the patient’s mouth (Nulty, Lefkaditis,
Zachrisson, Tonder, & Yar, 2020).

&
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Figure 2: Surgery layout and air quality sampling positions.
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The suction pump exhausts to the outside or occasionally through a HEPA
filter. The proposal is to attach an articulated, self-supporting directional hose
and nozzle positioned above the patient’s mouth during dental treatment.
The nozzle is positioned to draw aerosols away from the dental workers
minimising their exposure to potential contamination. By collecting aerosols
and bio-aerosols at the source, it may be possible to lower contamination of
surfaces.

Experimental Details

The testing site is in a dental practice located in the city centre of Aberdeen,
Scotland. The test surgery is on the first floor of a two-storey, end-terrace
property adjacent to a crossroad with moderate city traffic. The surgery has
no opening windows but has two fixed domed roof lights.

Testing of PM concentration was conducted using a calibrated and certified
DustTrak DRX handheld aerosol Monitor 8534, with built in fan and laser
sensor. The monitor was mounted at breathing height for seated dental
workers, 1300mm above floor level, and recorded concentration of mg/m?
for PM1.0, PM2.5, PM4, PM10, every two seconds.

Sampling was taken with the existing ventilation strategy, which
accomplishes ten ACH using a mix of extraction and Radic8, UVGI air
filtration, allowing a benchmark to be established against which the aerosol
extraction device could be compared effectiveness.

Figure 3 details the average PM concentrations sampled during drilling
on extracted teeth with 3-minute intervals of high-speed drilling, break,
slow-speed drilling, and a 3-minute break. During all the samples, a dental
high-volume suction (HVS) was used. The benchmark of ten air changes
per hour averaged a total PM concentration of 0.018 mg/m3, where the
average of the aerosol extraction device was lower at 0.017 mg/m3. The
graph demonstrates that the aerosol extraction device maintains a more
stable level of PM concentration whilst the benchmark of ten air changes per
hour provides increased fluctuations, particularly during high-speed drilling.
Combining the aerosol extraction device with the room extract fan increases
the PM concentration, possibly due to increased turbulence in the surgery.

Figure 4 presents the air sampling undertaken during live aerosol-
generating dental treatment. The red line provides a benchmark for
such treatment with the equivalent of ten ACH implemented during
treatment. The red line fluctuates significantly through the duration of the
dental appointment. It is particularly noticeable during high-speed drilling,
polishing and shaping of temporary crowns.

The green line that represents the use of the aerosol extraction unit
remains relatively constant for most of the appointment except shaping of
temporary crown shaping. For PM; and PM; s, the aerosol extraction device
maintained a level below 0.01mg/m3 only briefly exceeded this level for
PMy4. The average benchmark PM concentration with 10 ACH was recorded
as 0.033 mg/m>, with the average experimental aerosol extraction device
readings being 0.02 mg/m3.

The procedure which causes the greatest increase in PM concentrations is
the shaping of temporary crowns. Whilst the shaping of temporary crowns
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often takes place outside of a patient’s mouth and therefore reduces the risk
of bio-aerosol creation, it is worth noting that increased PM concentration
can cause other health conditions such as inflammation of the lungs.

Air sampling was also undertaken during live oral hygiene treatment
when the ultrasonic scaler was used. With ten ACH, PM concentration was
recorded as 0.019 mg/m3, and an average of 0.021mg/m> using the aerosol
extraction device.

The aerosol extraction device unit generally maintained the concentration
of particulate matter of any size at a constant low level for the duration of
procedures. The data presented demonstrates that 10 ACH is generally less
effective than providing air extraction at the source except for oral hygiene
treatment.

Extracted Teeth - 3 minutes intervals - 60 second rolling
average - PM1

0.03

Experimental chairside aerosol extraction
0.025 device maintains a low concentration of PM
0.02 for the duration of the sampling

0.015
0.01
0.005

Concentration mg/m3

o
3
ARk
d

Extracted Teeth - 3 minutes intervals - 60 second rolling average — PM2.5

0.025

Experimental chairside aerosol extraction
0.02 device maintains a low concentration of
PM for the duration of the sampling

0.015
0.01

Concentration mg/m3

0.005

0

34

Elapsed Time [s]

Elapsed time in seconds

= = =30 per. Mov. Avg. (EMPTY Surgery (10ACH) - PM2.5 Average)
. 30 per, Mov. Avg. [Average Benchmark (10ACH) - PM2.5 Average)
e 30 pEr. Mov. Avg. (Experimental Chairside Aerosol Extraction Device - PM2.5 Average)

30 per. Mov. Avg. (Experimental Chairside Aerosol Extraction Device AND Extract Fan
(BACH) - PM2.5 Average)

30 per. Mov. Avg. (Experimental Chairside Aerosol Extraction Device AND Radic8 -
PM2.5 Average)

Figure 3: Air sampling - 3 minutes interval drilling on extracted teeth - PM1& PM2.5.

Observations

The dental workers’ removal of surgical gowns that are worn during aerosol-
generating procedures, a process known as ‘doffing’, created an increase of
particulate matter of all recorded sizes at the end of treatment. A doffing
station adjacent to the extraction would exhaust PM from the space quicker.

The aspiration power was reduced to approximately 82% (5.9m/s to
4.8m/s) when the aerosol extraction unit was used. Conversely, the aerosol
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extraction reduced during the use of the aspirator and returned to full power
when the aspirator was switched off. The aspirator is used for approximately
33% of the appointment time during an aerosol-generating procedure. To
provide the optimum power split, the valve on the aerosol extraction unit
was opened to 50% of its full opening position.
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Figure 4: Average air sampling during aerosol-generating dental procedures - PM1 &
PM2.5.

During oral hygiene treatment, whole room ventilation performed better
than the at-source extraction method. This may be due to the aspirator being
used for the entire treatment time and therefore the at-source extraction
power was reduced for a longer time. The splatter distribution pattern may
also be more widespread because of the vibrations of the instruments and
therefore a different shaped nozzle may improve the capture of aerosols.
An expanded study including computational fluid dynamic modelling would
help provide a clearer picture of why the at-source device was not as effective
as 10 ACH during oral hygiene treatment.

CONCLUSION

This paper pays specific attention to the role of ventilation on improving
indoor air quality in dental surgeries to mitigate against the risk of spread of
infection and explore an alternative solution for improving indoor air quality.

Increased whole room ventilation does not necessarily address the problem
of airborne infections. It has been found in some studies that a high air
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change rates can exacerbate the problem with the pollution gathering around
occupants and objects due to the turbulence being produced from high air
velocity. Removal of contaminants should be by a short, direct, uninterrupted
path. By removing contaminants at the source, less air needs to be captured
and extracted to maintain a safe working environment. This approach to
managing the risk of airborne infection also reduces the heat loss that can be
experienced and consequently reduce energy consumption.

The design solution provided a chairside aerosol extraction device that
could be positioned close to the patient’s mouth, allowing the aerosols and
bio-aerosols to be removed close to the source with an uninterrupted airflow
path. The consequence of removing aerosol at the source is that it reduces
the risk of aerosol dispersing across the entire surgery.

Whilst the at-source extraction device has demonstrated its effectiveness
to remove contamination; it is important to consider that no one approach
will provide the optimum solution. Therefore, there should be layers of
mitigations. The sampling taken during drilling on extracted teeth identified
that the aerosol extraction device combined with the Radic8 and high-volume
suction significantly improved the air quality in the dental surgery.
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