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Fabric Mask Fit 

The seventeen masks tested included both commercial masks and homemade masks.  Photographs 
of each mask and a description of its design can be found in Figure 1.  

 

Fig 1: Photographs of the seventeen masks assessed for their protection factor on mannequin 
heads.  Details of the construction and materials of each mask are included whenever 
possible.  Masks that were home-made are identified. 

The majority of fabric masks (A-K) provided similar, low levels of protection between 1.7 and 
2.7.  These masks generally consist of one or two layers of fabric with no insert filter.  The 
exception is Mask H, which had a complex construction with multiple layers, but a gaping fit 
which failed to conform to the sides of the face.  The low scores of Mask H indicate that fit may 
be more important than material filtration when determining the protection a mask offers.  With 
the exception of Mask H, Masks A-K were closely fit to the face and had small amounts of space 
between the face and mask, usually 1-3cm. 

The second group of masks, Masks L, M, and N provided approximately twice the level of 
protection with fit factors of 4.4, 4.6, and 4.8.  Each of these masks included some type of filter, 
either a home made filter as in the case of Mask L or a commercial such as the PM2.5 filter used 
in Mask N.  These masks had good fit with no noticeable gaps.  Masks M and N had approximately 
3-4cm of dead space between the face and mask. 
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Fig 2: Protection factor of the seventeen tested fabric masks.   

Masks O, P, and Q offered increasing levels of protection of 6.8, 8.5, and 10 respectively.  Each 
of these masks were characterized by a very tight fit to the face accompanied by a noticeable 
increase in breathing resistance.  In each of these masks the material was pulled flush against all 
tissues of the face.  There was no dead space between these high-performance masks and the 
face.  Masks O, P, and Q had noticeable thickness, and when tied tightly on this bulk of the mask 
allowed the mask to contour around the end of the nose. 

Mask P was highly effective but difficult to breathe through.  One participant described it as being 
suffocated by a scratchy diaper.  Mask Q provided the highest protection with a score of 10.  It fit 
tightly but not uncomfortably to the face and was made of two layers of hand-felted cashmere with 
a PM2.5 filter inserted between. 

 
Wearing a Surgical Mask under a Fabric Mask 
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Fig 3: A comparison of fit scores of fabric masks tested alone as compared to when the same fabric 
mask is worn over a surgical mask. 

Wearing a surgical mask under a fabric mask proved to increase protection significantly (see 
Figure 3).  In some cases, protection was doubled, with an average increase of 2.5.  Masks which 
fit more tightly to the wearer's face provided greater benefits than those which fit poorly.  In only 
one case was no improvement noted.  For this test, Mask D was tested with a PM2.5 filter inserted 
into the pocket.  Adding a surgical mask below this mask did not result in any change to protection 
factor. 

The greatest improvement came from including a surgical mask under the Mask K, which 
employed a style similar to a surgical mask, with an improvement of 6.7. 

 
Size and Type of Filter 
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Fig 4: Protection factor improvement by the size and type of filter.   

Including a filter in a fabric mask was shown to offer clear benefits (See Figure 3).  Including a 
filter half the size of the mask, centered on the breathing area, improved masks by an average of 
1.2.  By increasing the filter to cover the entire mask, an additional 0.6 score was achieved. 

Using a PM2.5 filter improved mask protection by an average of 1.7.  The ventilation filter 
provided lower filtration promises than the PM2.5 or paper-type HEPA filter.  However, its 
extremely low air resistance resulted in a protection increase very similar to that of a PM2.5 
filter.  The high air-resistance HEPA paper vacuum bag improved masks by an average of only 
0.8, despite its high filtration rating.  This indicates that low air resistance is critical when choosing 
a filter for a mask.  A filter with a lower filtration ability and low air resistance may be more 
effective than a high filtration ability and high air resistance. 

Nose Wire 
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Fig 5: Performance of mask groups with and without wire.  Five samples in each group were 
tested. 

Results from the nose wire tests were inconclusive (figure 5).  Not all masks benefited from the 
inclusion of a nose wire.  Participants noted that on some masks, the nose wire could prevent the 
mask from adapting to movement, thus creating new fit gaps in other areas of the mask.  On other 
masks the nose wire was observed to make a noticable improvement.  Our research team observed 
that nose wires were more helpful on masks with more structure, such as the two panelled KN95 
and least helpful on masks with stretch material or those whose material had low rigidity. 

Conclusion 
Our findings indicate that the protection offered by fabric masks can range significantly based on 
fit and construction, with the best mask tested providing five times the amount of protection as 
low-performing masks.  The most protective masks tested were those with multiple layers with a 
very tight fit.  Low air-resistance filters can be inserted into fabric masks to improve 
protection.  Alternatively, a surgical mask can be worn under a tight-fitting fabric mask for 
significantly improved protection.  While fabric masks do not provide the same level of protection 
as N95 masks, much can, and should, be done to boost the protection they offer. 

References and Notes: 
1.  National Centers for Disease Control and Prevention. Use of Cloth Face Coverings to 

Help Slow the Spread of COVID-19 [Internet]. 2020. Available from: 
https://www.cdc.gov/coronavirus/2019-ncov/prevent-getting-sick/diy-cloth-face-
coverings.html 

2.  National Centers for Disease Control and Prevention. Strategies for Optimizing the Supply 
of Facemasks [Internet]. 2010. Available from: https://www.cdc.gov/coronavirus/2019-
ncov/hcp/ppe-strategy/face-masks.html 

3.  Fischer EP, Fischer MC, Grass D, Henrion I, Warren WS, Westman E. Low-cost 
measurement of face mask efficacy for filtering expelled droplets during speech. Sci Adv. 
2020;6(36):2–7.  

4.  van der Sande M, Teunis P, Sabel R. Professional and Home-Made Face Masks Reduce 
Exposure to Respiratory iInfections among the general population. PLoS One. 
2008;3(7):3–8.  

5.  O’Kelly E, Arora A, Pearson C, Ward J, Clarkson PJ. Performing Qualitative Mask Fit 
Testing without a Commercial Kit: Fit Testing Which can be Performed at Home and at 
Work. Disaster Medicine and Public Health Preparedness. (2020). 
https://doi.org/10.1017/dmp.2020.352 

6.  Comittee on Personal Protective Equiptment for Healthcare Personnel to Prevent 
Transmission of Pandemic Influenza and Other Viral Respiratory Infections: Current 
Research Issues. Reventing Transmission of Pandemic Influenza and Other Viral 
Respiratory Diseases - 2010 Update. Washington, D.C.; 2010.  

7.  O’Kelly E, Pirog S, Ward J, Clarkson PJ. Ability of fabric face mask materials to filter 
ultrafine particles at coughing velocity. BMJ Open. 2020;10(9):e039424.  

 . CC-BY-ND 4.0 International licenseIt is made available under a 
 is the author/funder, who has granted medRxiv a license to display the preprint in perpetuity. (which was not certified by peer review)

The copyright holder for this preprint this version posted January 22, 2021. ; https://doi.org/10.1101/2021.01.21.20228569doi: medRxiv preprint 

https://doi.org/10.1101/2021.01.21.20228569
http://creativecommons.org/licenses/by-nd/4.0/


 

12 
 

8.  Davies A, Thompson KA, Giri K, Kafatos G, Walker J, Bennett A. Testing the efficacy of 
homemade masks: would they protect in an influenza pandemic? Disaster Med Public 
Health Prep. 2013;7(4):413–8.  

9.  Rengasamy S, Eimer B, Shaffer RE. Simple respiratory protection - Evaluation of the 
filtration performance of cloth masks and common fabric materials against 20-1000 nm 
size particles. Ann Occup Hyg. 2010;54(7):789–98.  

10.  Huff RD, Horwitz P, Klash SJ. Personnel protection during aerosol ventilation studies 
using radioactive technetium (Tc99m). Am Ind Hyg Assoc J. 1994;55(12):1144–8.  

11.  Cooper D, Hinds WC, Price JM, Weker R, Yee HS. Common Materials for Emergency 
Respiratory Protection: Leakage Tests with a Manikin. Am Ind Hyg Assoc J. 
1983;44(10):720–6.  

12.  Gandhi M, Beyrer C, Goosby E. Masks Do More Than Protect Others During COVID-19: 
Reducing the Inoculum of SARS-CoV-2 to Protect the Wearer. J Gen Intern Med. 
2020;17–20.  

13. Occupational Safety and Health Standards. Standard number: 1910.134 - Respiratory 
Protection. Available from: https://www.osha.gov/laws-
regs/regulations/standardnumber/1910/1910.134 

Acknowledgements: We would like to thank Corinne O’Kelly for supporting this research.  We 
would also like to thank the many mask designers and home sewers who have shared their 
patterns, experience, and questions with us.  Funding: No external sources of funding were used.  
Author contributions: O’Kelly: conceptualization, methodology, writing – original draft 
preparation, writing – review and editing, project administration.  Arora: writing – original draft 
preparation, writing – review and editing.  Pirog: formal analysis, visualization. Ward: 
conceptualization, supervision. Clarkson: conceptualization, supervision.  Competing interest: 
The authors have declared no competing interests.  Data and materials availably: Data sets are 
available in the Cambridge University Apollo open access data repository. 
 

 
 

 . CC-BY-ND 4.0 International licenseIt is made available under a 
 is the author/funder, who has granted medRxiv a license to display the preprint in perpetuity. (which was not certified by peer review)

The copyright holder for this preprint this version posted January 22, 2021. ; https://doi.org/10.1101/2021.01.21.20228569doi: medRxiv preprint 

https://doi.org/10.1101/2021.01.21.20228569
http://creativecommons.org/licenses/by-nd/4.0/

