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Background
• Worldwide outbreaks of different infectious respiratory diseases1-4

• Alert the significance of respiratory protection
• N95 respirator is recommended in some clinical settings5,6

• N95 Respirator as protection 
• A kind of effective nonpharmaceutical measure to limit its spread in hospitals 
• Is a half-face filtering tight-fitting mask, which concerns the design of masks 

and the facial anthropometries of users 
• Donning/Wearing skills of users (can be trained) (Lam et al., 2011a, 2016)

• Fit or unfit (can be assessed by quantitative fit testing) (Lam et al., 2011a, 2011b, 2016)

• Usability (self-reporting, affecting compliance and usage) 

• It was compulsory used in some infectious environments or when performing 
some procedure, namely resuscitation and suctioning.
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Difference between N95 respirator and facemask
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generating procedure



Non-pandemic setting



Local context: Use of N95 respirators
• Private hospitals and the hospitals under hospital authority regularly provided two to 

three major types of N95 respirators for all healthcare workers in workplace, including in 
suctioning room or on resuscitation trolley (Hospital Authority, 2017).
• Cup-shaped 3M 1860 (regular / small)

• 3-panel designed 3M 1870+ (regular) 

• Pouch-type Kimberly-Clark 46827 (discontinued after 2016, only some stock now, Lam et al., 2011)

• Manufacturers claimed that all 3M respirators are 86-100% fit to people (3M, 2015). 

• However, their performance when donned for Chinese people was suboptimal on 
protection and comfort, compared with that for the West. 
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Literature review- fit rate

• Studies from West indicated a high fit rate of respirators 
• 3M 1870 fit rate = 93.8-100% (for the age of 19-71 Canadian healthcare 

workers, N = 1271) (McMahon et al., 2008)

• TC 84A-2630 and TC 84A-0006 (i.e., 3M 1860) fit rate = 90-98% for American 
healthcare workers (N = 1887) (Lee, Slavcev, & Nicas, 2004)

• Local studies on Chinese indicated a medium fit rate only
• ICU staff: N95 respirator may fit only 55-69% ICU staff (Derrick, Chan, Gomersall, & Lui, 

2005)

• Nursing students: 3M 1860s & 1862 57.4%-61.3% (N = 204) (Lam, Lee, Yau, & Charm, 
2011); 59%–65% (N = 349) (Lam, Lee, Lee, Wong, & Lee, 2011).

• Conventional respirators did not fit Chinese well (before the COVID-19).
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Different problems in 2020 and 2021

• In 2020:
• Shortage of N95 respirators.

• Import restriction of 3M N95 model.

• Many claimed N95 respirators are not up to standard, 
some are fake.

• In 2021:
• The sole supplier of NASK M0011 earloop design with 

clips.
1. Which the design is different from the published article (Suen 

et al., 2020).

2. Non-standardized donning, manipulated by human factor

3. Frequent changes of the strength of strap… 

4. Complaint of pressure sore and injury on ear, chin and head.

NASK M0011

Suen et al., 2020



Non-standardized donning

Standard two clips method

one clip method for increasing the chance of pass

Square method for increasing the chance of pass

Photo from one of HA hospitals



Increasing the fit rate by compromising 
the usability

Official complaint letter 
from a nursing association 
to the Hospital Authority



What is the criteria of a good N95 respirator

• High fit rate to the population of wearer
• To obtain using a very tight strap to reduce the face seal leakage…

• High usability (e.g., breathability, tightness, comfort and prolonged 
usage) to the population of wearer
• To obtain using a breathable material, optimal tightness, nose foam…

• A good respirator should be the balance between fit rate and usability.



Initiatives of N95 respirator 
development

• Development:

1. Shape and size:
• Research on 700 data (3D image) of facial 

anthropometrics of nurses (Lui et al., 2012)

2. Head strap:
• Uneasy to be displaced

• High elasticity

• Adjustable if possible
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N95 Development
• Development:

1. Shape and size:
• Select KN95 and KF94 shape as first draft 

for revising

2. Head strap:
• Uneasy to be displaced: PVC is stickier to 

hair

• High elasticity: PVC synthetic rubber, 
optimal elastic recovery and tensile 
strength, tear strength, fatigue life…

• Adjustable: It is a one-off disposable 
device, need a simple but effective 
design. (Explain with sample…) 
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V9580+ modified from KN95 model

V8380+ modified from KF94 model



Preliminary fit rate on 
Healthcare professionals 
without adjusting the head 
strap



Usability comparison between two respirators
• Samples: 26 healthcare workers (18 female) donned for 7 days, 6 

hours per shift.



Preliminary fit rate on 
Healthcare professionals 
with adjusting the head 
strap



Preliminary fit rate on Healthcare professionals 
with adjusting the head strap
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Application of Patent
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Approved licensing agreement



Collaboration with 
industrial partners

• CONFIDENTIAL…

• After checking the quality of clean room, 
machine…

• But remember to sign a MOU, at least…
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Impacts

• We have provided samples of the new respirators 
to the Hospital Authority (HA) Head Office, 
hospitals under HA, and some private hospitals for 
trial and examination. 

• Several organizations are adopted now.

• The new respirators will certainly play an important 
role in protecting ten thousands of our healthcare 
professionals in hospitals and clinics, as well as 
healthcare workers in the community in Hong Kong.
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Thank you for your time
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