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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.
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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.
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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.
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