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Good morning, my name is Captain Wang and I am presenting my research proposal today on the efficacy of chairside extraoral suction systems on the reduction of aerosol contamination in the dental setting



Disclaimer

 The views expressed are those of the authors and do 
not reflect the official views or policy of the 
Uniformed Services University, Department of 
Defense, or its Components. The authors do not 
have any financial interest in the companies whose 
materials are discussed in this abstract.  The views of 
pH Dental are not necessarily the official views of, or 
endorsed by, the U.S. Government, the Department 
of Defense, or the Department of the Air Force.  No 
Federal endorsement of pH Dental is intended.
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I will begin with some background.



Background

 Ongoing worldwide COVID-19 pandemic
 Predominantly respiratory mode of infection

 Routine production of contaminated aerosols during dental 
procedures
 Transmit HIV, TB, SARS, measles, influenza, Legionnaire’s disease, 

hepatitis (Cottone et al. 1996, Gruninger et al. 1992)

 Significant concerns amongst the public regarding the safety of 
dental procedures
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This study was initially conceptualized to address infection control in dental care during the advent of the COVID-19 pandemic.
COVID-19 is caused by the severe acute respiratory syndrome coronavirus 2 and has a predominantly respiratory mode of infection via respiratory droplets
Of course, this bears enormous significance in the dental field since contaminated aerosols and spatter are produced routinely during many common dental procedures. 
Infection Control in dental care during the COVID-19 era
Ongoing worldwide pandemic
SARS-CoV-2 route of transmission
Routine production of contaminated aerosols during dental procedures
Transmit HIV, TB, SARS, measles, influenza, Legionnaire’s disease, hepatitis (Cottone et al. 1996, Gruninger et al. 1992)
Aerosols refer to suspended solid or liquid particles with less than 50 microns in a gas medium
Spatter is airborne particles greater than 50 microns in diameter
Concern over contaminated particles produced during dentistry is not a novel concept however
Cottone et al and Gruninger et al noted that aerosols and spatter produced through dentistry have been known to transmit HIV, TB, SARS, measles, influenza, Legionnaire’s dz and hepatitis



 Infection control practices in dentistry 
 Standard Precautions

 Immunization, hand washing, personal protective equipment, sterilization/disinfection 

 Rubber dam 
 Eliminates 98% of microbial contamination (Harrel 1998)

 Evacuators or low-volume suction
 Neither reduced aerosols during ultrasonic scaling effectively (Holloman et al. 2015)

Background
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Throughout the years, a number of approaches and practices have evolved in dentistry to reduce the spread of pathogens. 
Standard precautions includes: immunization, patient screening, hand washing, barrier techniques, needle & sharp instrument safety, instrument sterilization and disinfection, surface disinfection, radiographic asepsis, laboratory asepsis, infectious dental waste management & disposal
PPE usage is effective in preventing contamination as studied by Harrel and Molinari. However, aerosols can remain suspended for up to 30 minutes after procedure completion and protection from PPE is lost as soon as it is removed. Aerosols remain suspended for up to 30 minutes after procedure completion 
Furthermore, rubber dam isolation has also been evidenced to be highly effective in elimating up to 98% of microbial contamination as investigated by Harrel.
However, rubber dams cannot be used for all procedures and patients in dentistry.
Finally, although Isolite and saliva ejectors are helpful in reducing contamination, neither Isolite nor traditional saliva ejectors have been shown to reduce aerosols and spatter during ultrasonic scaling effectively. 



Background

 Previous studies support that extraoral scavenging (EOS) devices and 
air purifiers reduce dental aerosol contamination 

 New paradigm: high-volume extraoral suction (EOS) with high-
efficiency particulate air (HEPA) filtration
 Zhao et al. (2020) reported HEPA air purifier filters removed 83% of 

aerosols in-vitro, compared to 54% by fine filters
 Shahdad et al. (2020) found that EOS device usage produced 33% and 76% 

reduction in mean intensity contamination for the operator and assistant
 Graetz et al. (2021) further substantiated that an EOS device significantly 

reduced the number of generated particles during dental treatment

 Limited previous studies have tested the clinical effectiveness of newer 
EOS devices with HEPA filtration in reducing aerosol contamination
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Thus, a new paradigm has emerged in the form of high-volume vacuum suction units and air purifiers
As early as 1995, Suyama et al noted that extraoral vacuum aspirators prevented secondary pollution
Graetz et al demonstrated that high volume evacuation can significantly reduce spatter during power-driven scaling
Hubar et al found that a germicidal air purifier killed 99% of S. aureous collected
Hallier et al in 2010 used an air cleaning system with HEPA filter to significantly reduce bioaerosol load during dental procedures 72-87%
And finally, Zhao et al stressed that HEPA filters were most effective at removing aerosols in-vitro. 
In 2020, Shahdad et al used an EOS device with manneqins using citric acid to detect chromatic change on universal indicating paper
In 2021, Graetz et al. further substantiated that an EOS device significantly reduced the number of generated particles during dental treatment
Nevertheless, more research is needed to provide more evidence for the effectiveness of air purification systems in the dental operatory



PAX2000

 PAX2000 Extraoral Dental Suction System
 Unique, multi-stage carbon filtration system
 Medical grade H13 HEPA filtration
 UV-C bulb light system
 Kills collected microorganisms >0.3 microns at 

99.95% efficiency
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The suction system I will be studying in my research is the PAX2000. The unit has a multi-stage carbon filtration system and a medical grade H13 HEPA filtration. It also has a UV-C bulb light system that kills collected microorganisms >0.3 microns at 99.95% efficiency



Objective

 To evaluate the efficacy of a chairside, extraoral scavenging 
device (PAX 2000 Extraoral Dental Suction System) on the 
reduction of aerosol contamination during dental treatment
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My objective is to:



Null Hypotheses

 There will be no difference in microbial load, composition, and spatial 
distribution in the dental operatory with or without the use of the extra-
oral suction device during ultrasonic cleaning of a dental patient
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The null hypothesis that I will be testing is that:



Materials and Methods

 Ultrasonic scaling was performed on 40 patients treatment-
planned for initial or supportive periodontal therapy
 2 test groups of 20 patients each; randomized exposure of EOS device 

during ultrasonic cleaning
 Exempt human study: Implied consent was obtained from subjects 

using an informational informed consent letter
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My investigation will involve 40 patients total treatment-planned for an ultrasonic cleaning
There will be 2 test groups of 20 patients each with exposure being use of the extraoral suction device during an ultrasonic cleaning
Implied consent will be obtained from subjects using an informational informed consent document
Sample collection will be both passive and active. Passive sampling will occur with blood agar/R2A agar petri dishes 30 minutes before treatment, during treatment and 30 mins post-treatment.
Active sampling will be performed through a BioSampler device during treatment to measure microbial load per cubic meter.
Dental unit water line samples will also be collected and studied



Materials and Methods

 Sample collection involved both passive and active sampling
 Passive sampling utilized petri dishes with blood agar/R2A agar

 3 time points
 Before treatment (30 mins) 
 During treatment
 After treatment (30 mins)

 3 locations 
 Patient chest
 Instrument tray table
 Countertop by foot of dental chair (control)
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Materials and Methods
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Illustrated here is a diagram of how the petri dishes, BioSampler and PAX2000 were arranged in the dental operatory for each patient along with a photo of how it was set-up in the DTR



Materials and Methods

 Colony forming units were incubated for a week and then quantified 
per location and timepoint after a week-long incubation period
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Going into data analysis, colonies on collected samples will be incubated for 7 days and then counted per location and timepoint



Data Analysis/Power Analysis

 Outcome data (microbial load, composition, and spatial distribution 
in the dental operatory) were calculated all locations and timepoints

 Data were analyzed using Mann-Whitney U tests (α=0.05)
 87% power was achieved by sample size of 20 per test group 

assuming a large effect size for a 2-sided test
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The outcome data will be calculated for each location and time point
Continuous outcomes will be assessed by the Shapiro-Wiks test
Normally distributed continuous data will be presented as mean and std dev; The t-test will be used to test the group differences in outcomes
Non-normally distributed data will be presented as median and interquartile range and will be analyzed using the Mann-Whitney U test
A p value of less than 0.05 will be considered statistically significant
According to our power analysis, 87% power will be achieved by having 20 subjects per test group assuming a large effect size for a 2-sided test



Results

 All collected dental unit water line 
samples contained 0 CFU/mL

 Lowest mean CFUs were found in 
samples collected before and after 
treatment and from samples 
placed at the control location

 Use of the EOS suction device 
reduced the number of CFUs 
during treatment at all locations
 Statistically significant (p = 0.018) 

at the patient chest area where the 
highest microbial load was present 
during all time points



Conclusion

 The EOS suction system may serve to reduce aerosol contamination in 
the clinical dental setting, especially in proximity to the patient’s chest 
region, where most aerosols were generated



Questions?
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Are there any questions?
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