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Introduction 
 
The Airport Dental Centre (TADC), established in 
2006, is a mid-to large sized dental practice serving 
the city of Oshawa, near Toronto, Canada. Toronto is 
Canada’s largest city with a population of 
approximately 6.5M. The practice occupies a 3000 
sq. ft. space in a Community Medical Health Care and 
features an aviation inspired décor owing to its 
location adjacent to a regional airport.  
 
Dr. Viet Nguyen, the practice owner and clinical 
administrator of TADC leads a team that includes: 

• 3 Dentists (including himself) 
• 1 Orthodontist 
• 1 Endodontist 
• 1 Periodontist 
• 1 Dental anesthesiologist   
• 3 Dental Hygienists 
• 3 Dental assistants  

 
Along with 4 front desk and an on-staff dental 
consultant, the team serves over 4500 patients in the 
community, treating on average 800 patients a 
month.  

Impact of Covid-19 
 
In March 2020, Canadian dental practices along with 
many non-essential businesses were closed as a 
measure to slow the spread of Sars-CoV-2/COVID-19. 
As with other regions, public health authorities 
sought to “flatten the curve” of virus spread, 
reducing the burden on the healthcare system. Lack 
of personal protective equipment, (PPE) was cited as 
a contributing factor as scarce supplies of medical 
and dental PPE were directed from distribution 
points directly to front-line medical and long-term 
healthcare workers.  
 
In June 2020, dental practices were allowed to re-
open for both elective and non-elective procedures. 
Transmission risks remained elevated however and 
COVID-19 outbreaks continued to make headlines as 
businesses re-open.  
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Dental regulatory bodies outlined 3 priorities for 
dentists as they re-opened: 
 

1. Barrier setup and distancing protocols 
2. Aerosol management and control 
3. Enhanced PPE regimens 

 
This new normal required enhanced PPE in what 
remained a resource constrained environment. 
Purchase limits on PPE, along with sporadic supply 
chain consistency added business continuity to the 
list of risks faced by practice owners. Even as stay-at-
home orders were relaxed, practice owners and 
administrators increasingly found their time 
consumed by a new activity:  foraging for PPE face 
masks. 

Gill Mask Reusable Respirator 
 
Gill Mask (figure 1) is a wearable respirator type 
mask. Its protective attributes are activated when 
user supplied filter media is paired with it. The 
filtering media is inserted into a removable cartridge 
which holds the filter in a plastic fascia attached to a 
silicone facepiece.  

 
This unique design solves three problems:  First, it 
allows application specific filter media to be used. 

The filter media is supplied by the user by cutting out 
readily available disposable masks allowing the user 
to select the appropriate filter for the operator’s 
needs. This also avoids the problem of proprietary 
filters which may be difficult to source if raw material 
supply chains are affected (Gill Lab, the makers of Gill 
Mask, do offer pre-cut filters as an option in some 
markets). 
 
The second problem addressed is fit and comfort 
with long term use. Unlike disposable filtering 
facepiece respirators (FFRs) or 3D printed designs 
(made entirely of plastic) Gill Mask uses a 
conforming silicone facepiece that fits to the user’s 
face. This maximizes the likelihood of a successful fit 
test while being comfortable enough to wear for 
longer patient encounters. 
 
Finally, as a single surgical mask yields 6-8 filters for 
Gill mask, the product is eco-friendly and 
sustainable (the mask itself is recyclable). 
Furthermore, during periods of reduced PPE supply 
Gill mask allows practice administrators to focus on 
patient care objectives, rather than PPE 
procurement. 

Figure 1 - Gill Mask Components 
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Evaluating Gill Mask as part of an 
Enhanced Approach to PPE 
 
In preparing to re-open TADC, Dr. Nguyen 
determined he needed an enhanced approach to 
PPE that addressed 4 criteria: 

 
1. Staff choice and safety 
2. Ability to sterilize 
3. Fit and comfort 
4. Minimum impact to practice workflow and 

staff productivity 
 
Staff Safety and Selection of Filter Media 
 
For face masks, regional health authorities in 
Ontario, Canada specified ASTM (F2100-11) Level 1 
masks as the minimum standard for front desk staff 
and Covid-19 negative patients:  

 

Table 1 - Mask requirements at the time of publication (Example 
Only) 

In his evaluation of Gill mask, Dr. Nguyen noted that 
its unique design of having a loadable filter cartridge 
and the ability to fit multiple different filters cut from 
surgical masks into a respirator-type form factor, 
proved to be the key to acceptance. “In our practices, 
we have always used the standard surgical mask with 
the ASTM (level) 3 designation.  This level of filtration 
is at the highest level but without the fit capabilities.  
We are well aware that an intimate fit makes all the 
difference.  With Gill mask we’re able to have varying 
levels of filter in a respirator type design” 
Dr. Nguyen elected to complement Gill mask with a 
face shield to provide eye protection. 
 
Evaluating Ability to Sterilize 
 
Dr. Nguyen and his team conducted tests to assess 
the survivability of Gill mask through the sterilization 
cycle. To do this, they used a standard dental 
autoclave with a pre-programmed Rubber and 
Plastics setting (30 min sterilization period at a 
temperature between 121°C to 124°C). This is to 
ensure the Gill mask components, which are made 
from polypropylene and silicone are effectively 
processed and are not damaged during sterilization. 
 

 
Figure 2- Gill Masks disassembled for sterilization 

 

User/Application Minimum Protective 
Standard for PPE 

Front desk staff ASTM Level 1 surgical 
face mask 

Clinical staff treating Covid-
19 negative patients 

ASTM Level 2 surgical 
face mask 

Clinical staff treating Covid-
19 positive patients 

ASTM Level 3 surgical 
face mask 

Clinical staff treating Covid-
19 positive patients 
undergoing aerosol 
generating procedures 
(AGPs) 

N95 respirator, fit tested 
and seal checked 

 

“WITH GILL MASK WE’RE ABLE TO HAVE 
VARYING LEVELS OF FILTER IN A 
RESPIRATOR TYPE DESIGN” 
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The masks were disassembled prior to autoclaving to 
aid in compact sterilization bagging and ensure 
overall steam penetration (the plastic fascia and 
cartridge are removed from the silicone mask). 
 
After multiple sterilization cycles no degradation or 
deformation of mask components were observed. 
Dr. Nguyen did however note that he expects overall 
usable life for Gill masks used in dental applications 
with daily sterilization duty cycles to be lower than 
ones used in consumer settings. “Being able to fully 
sterilize the Gill Mask in our SciCan Statim 7000 
autoclave was key in our decision to incorporate the 
respirator into our selection of mask PPE for our 
staff.”  

Testing Fit and Seal 
 
Qualitative fit testing assesses the fit of a respirator.  
To ensure their PPE would conform with the highest 
risk use case (i.e. COVID 19 positive patient 
undergoing AGP), Dr. Nguyen decided to fit test 
himself and team.  Fit testing verifies the mask’s 
compatibility with the test subject throughout a full 
range of motion conducive to the tasks one would 
expect to perform in a dental theatre.  
 
Fit testing was conducted with the 3M Qualitative Fit 
Test Kit (FT10 SWEET). The test itself provides a pass 
or fail result based on the wearer’s ability to detect a 
test agent. It provides a subjective measure of the 
quality of the seal of the facepiece to the wearers 
face. The test agent can either be detected by taste 
or by smell. The 3M Qualitative Test uses ‘taste’ to 
detect face seal leakage. A controlled concentration 
of aerosol is introduced into a hood fitted over the 
wearer and the subject is asked to identify the taste 
while reading a test passage. 
 

At TADC, the fit test itself was performed by a 3M 
certified fitter resulting in the Gill mask passing fit 
tests with all users. Dr. Nguyen himself received 
training on a separate occasion and attained a 
certificate as a certified respiratory fit tester on the 
3M Qualitative fit test system.  His next goal is to 
receive training on the Portacount device to be able 
to quantitatively test the fit and seal of respirators as 
well.   
   
Dr. Nguyen offered some thoughts regarding 
achieving a favorable test result: “It is incumbent 
upon you the operator to get to know the equipment 
that you will be relying upon daily.  Similar to how a 
professional sports athlete might be able to detect a 

change in the tension of their racquet strings and 
adjust accordingly or a marathon runner customizing 
their shoe for comfort equating to endurance, 
optimal performance of the Gill Mask is achieved 
only after a full understanding of its nasal silicone fit 
and seal as well as the adjustable head strap to 
varying pressures. Take the time to wear your Gill 
Mask, before your fit test, adjust and augment its 
placement on your face and work with  the multi-
positional toggle and after some self-testing will you 
come to appreciate the potential for comfort, seal 
and enhanced protection when compared to the 
regular surgical mask or N95 respirator for that 
matter.” 

 
 
 

Figure 3 - Fit Testing Gill Mask 

 

“IT IS INCUMBENT UPON YOU THE 
OPERATOR TO GET TO KNOW THE 
EQUIPMENT THAT YOU WILL BE 
RELYING UPON DAILY” 
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Impact on Dental Practice Workflow 
 
TADC sees on average 800 dental patients every 
month. The introduction of new PPE requirements 
would naturally have an impact. To maintain a 
smooth operation, Dr. Nguyen’s team created a new 
PPE workflow (Figure 4) 
 
Front Desk Staff 
Front desk staff are in a “dry” rotation: each staff 
member is allocated 2 Gill Masks each with ASTM 
level 2 filters. At mid-day masks are exchanged for 
sterile ones with new filters. At end-of-day, all Gill 
Masks undergo autoclave sterilization. Throughout 
the day Gill Masks are wiped with disinfectant wipes 
as needed or exchanged. 
 
Dr. Nguyen noted “because the filter cartridge is 
recessed within the body of the mask, wiping the 
mask throughout of the day is less likely to degrade, 
dampen or affect the integrity of the filter” 
 
Clinical Staff 
Staff who work in operatory areas including dentists, 
assistants and hygienists are in an AGP rotation. Each 
staff is assigned 10 masks (denoted by different 

colored silicone straps that were purchased 
separately). This allows staff members to move 
efficiently between procedures without having to 
wait for sterilization.  
 
A sterilized mask with new filter is used for every 
patient encounter. Used masks are sent to the 
autoclave for sterilization and re-enter the rotation.   
Airport Dental elected to replace the standard 
spandex & nylon strap with a silicone strap that is 
available in multiple colors for easier identification  

Conclusion 
 
As dental practices return to business in a new 
COVID-19 reality they need to identify solutions to 
protect their staff and patients. Options should be 
evaluated to according to (1) staff/patient safety, (2) 
ability to sterilize (3) fit and comfort, and (4) minimal 
impact to practice workflows and productivity. 
 
Gill Mask Respirator was adopted by TDAC because: 
• It was able to accept filters for different 

applications and risk levels. 
• Could be sterilized using existing dental 

equipment. 

Figure 4 - The Airport Dental Centre Implemented a Risk Based PPE Workflow 
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• Staff could pass a structured qualitative fit test 
and were comfortable wearing for even lengthy 
procedures; and 

• Could be easily integrated into the practice’s 
workflow 

 
Based on these results, Gill Mask could be 
implemented as part of an overall PPE solution that 
addresses the current COVID-19 pandemic and post 
crisis.   

About Viet Nguyen D.M.D. 
 

 
 
Dr. Viet Nguyen, H.B.Sc., D.M.D is owner and clinical 
administrator of The Airport Dental Centre in Ontario 
Canada. He is a father, dentist, mechanic, forager, 
and human. Dr. Nguyen studied dentistry at Tufts 
University of Dental Medicine in Boston and is a 
Certified Qualitative Respirator Fit Tester (3M).  Dr. 
Nguyen is an advisor to Gill Lab and a Gill Mask 
affiliate. 

About Gill Mask 
 
Gill™ Mask is the first product developed under Gill™ 
Lab, founded in Singapore by partners Jean-Luc 
Fringeli, Veronica Chew, Cheong Siah Chong, Lim Eng 
Seng and Ken S K Chuang.  During the COVID-19 
surgical mask shortage primarily affecting Asian 
countries in early 2020, medical suppliers were 
rushing to find or produce more surgical masks.  The 
Gill™ team decided to tackle the problem from a 
different angle to reduce surgical mask consumption 
and offer a more protective seal.  
 
Inspired by snorkeling masks and the ability to 
breathe under water, the team used their expertise 
in designing medical devices and user experience to 
develop a safe, comfortable, and sustainable 
respirator suitable for both professionals and the 
public. 
 
For more information contact: 
info@mdesign.com.sg 
www.gillmask.com 
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Appendix: Specifications, Standards and Certifications of Gill™ Mask and Gill™ Filters 
 

Materials  Specifications Standards Met 
Face piece Biocompatible Silicone Rubber 

ELASTOSIL®LR 3038/50 Ki CN 
ISO 10993-12: 2012 

Cartridge, Door, Body Polypropylene Homopolymer FDA 21 CFR 177.1520(a) 1 (i) 
FDA 21 CFR 177.1520(b) 
FDA 21 CFR 177.1520(c) 1.1a 

Strap Spandex, Nylon - 
Buckle Acrylonitrile Butadiene Styrene - 

 
Gill™ Mask Respirator Specifications/Results Standards Met 
Fit test Qualitative Fit Test (QLFT) using 

3M™ Training and Fit Testing Case 
FT-20 with a Bitter (Bitrex®) Taste 
3M™ Fit Test Solution FT-32 

OSHA 29CFR1910.134(f) 

Carbon dioxide 
retention 

<1%  
(result: 0.6%) 

Passed 

Flammability 5 seconds under flame Passed 
Head harness 50N pull force for 10 seconds Passed 
Field of vision 60 degrees 

(result: >60 degrees) 
Passed 

 
Gill™ FS2 Filter Specifications/Results Standards Met 
Materials Pre-cut materials conform to EN 

14683 Type IIR 
EN 14683: 2019 Type IIR 
ASTM F2100 Level 2 
 

Bacterial filtration 
efficiency (BFE) 

>98% 
(result: 98-99%) 

EN 14683:2019+AC:2019(E) 
Annex B 

Differential pressure <60 Pa/cm2  
(result: 20.8 Pa/cm2) 

EN 14683:2019+AC:2019(E) 
Annex C 

Blood penetration >16 kPa ISO 22609: 2004 
Microbial cleanliness < 30 CFU/g 

(result: <12 CFU/g) 
EN 14683:2019+AC:2019(E) 
Annex D 
EN ISO 11737-1:2018 

 
Gill™ FP95 Filter Specifications/Results Standards Met 
Particulate filtration 
efficiency (PFE) 

>95% 
(result: 96-98%) 

GB2626: 2006 / KN95 

Differential pressure Inhalation < 350 Pa 
Exhalation < 250 Pa  
(results: inhalation and exhalation < 
120 pa) 

Passed 

Flammability 5 seconds under flame Passed 
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Facilities Specifications/Results Standards Met 
Respirator & Filter 
Manufacturing sites 

Quality management systems;  
Medical device facility 

 

ISO 13485: 2016 
ISO 9001: 2015 
AS9100D 
EN ISO 14971: 2012 
EN ISO 10993-1:2016 
 
FDA Establishment Registration 
Number: 3016678422 
 

 
 


