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Abstract

Objective: Using the Modified Rhyme Test in accordance with the National Institute for Occupational Safety and Health (NIOSH) protocol,
we assessed the communication performance for both speech intelligibility and hearing acuity in bearded healthcare workers (HCWs) wearing
a N95/P2 respirator with an under-mask elastic band beard cover.

Design and setting: A prospective simulation study conducted at the respiratory fit test center of the Royal Melbourne Hospital.
Participants: Bearded HCW's who required respiratory protection and could not shave for medical, cultural, or religious reasons.

Results: The overall performance rating score was 91.3% and 99.8% for speech intelligibility and hearing acuity respectively. There was a
reduction in the percentage of correct words perceived by a panel of trained listeners when bearded HCW s were speaking while wearing the
N95/P2 respirator/elastic band combination compared to the uncovered beard condition (84.5% vs. 92.9%, p = 0.011). However, no significant
difference was found in the perception of medical phrases between these two conditions. In the hearing assessment, there were no differences
found in hearing correct single words or medical phrases between the two conditions.

Conclusions: This study demonstrates that when bearded HCWs wore the N95/P2 respirator/elastic band combination, their speech
intelligibility and hearing acuity greatly exceeded the NIOSH standard of 70% in the Modified Rhyme Test. This finding is crucial for ensuring
effective communication among bearded HCWs, thereby supporting both respiratory protection and operational efficiency in healthcare
settings.

(Received 25 June 2025; accepted 15 August 2025; electronically published 2 October 2025)

Introduction published in 2020.! Recent studies have shown that it is a safe and
effective practice, which yields a high quantitative fit test pass rate
and is relatively comfortable and well tolerated by bearded
HCWs.2? According to the Project BREATHE recommendation
by the United States National Institute for Occupational Safety and
Health (NIOSH),* there are other respirator characteristics, apart
from safety and efficacy, that need to be evaluated when assessing
respiratory protective equipment. Features such as speech
intelligibility and hearing acuity are two important factors, as
any reduction can interfere with daily occupational activities.
Face masks and respirators are known to negatively affect verbal
communication.’”® The degree of impact depends on the type of
. ) masks being worn. Radonovich Jr et al. demonstrated that the
Correspanding author: lrene Mg Emal: rene Ng@mh.orgau , : decrease in word intelligibility while wearing commonly used
Cite this article: Ng I, Kave B, Paynter C, et al. Speech intelligibility and hearing acuity

assessments of N95/P2 respirator with under-mask elastic band beard cover. Infect Control respirators ranged from 1% to 17% in an intensive care
Hosp Epidemiol 2025. 46: 1127-1133, doi: 10.1017/ice.2025.10297

The N95/P2 respirator with under-mask elastic band beard cover is
a relatively new respiratory protection method for healthcare
workers (HCWs) who are unable to shave for medical, cultural, or
religious reasons.! This technique innovatively uses a long elastic
band to compress and cover the beard, wrapping tightly around the
sides of the face to form an artificial skin-like surface, against which
a conventional respirator can create a seal. This method has been
referred to as the “Singh Thattha technique” since it was first
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environment, with the worst performing respirator being the half-
face elastomeric mask.® Wearing an elastic band beard cover under
a N95/P2 respirator can potentially further diminish speech
intelligibility because the band must form an artificial skin, cover
facial hair over the chin and cheeks, cross the ears and be tied tight
enough to sit flat on the chin and face.’ It can potentially limit jaw
movement, which in turn may affect speech quality. Moreover, the
elastic band covers both ears and may potentially reduce hearing
acuity.

Communication difficulties may not only hinder healthcare
operations, but also potentially reduce respirator user compliance,
which can reduce respiratory protection effectiveness. As shown in
a previous large study, half of the surveyed hospital staff found
wearing masks bothersome due to communication barriers.!”
Some staff discontinued respirator use sooner than planned in a
prolonged respirator wear study due to diminished communica-
tion ability.!! Therefore, it is crucial to identify and quantify any
communication issues when using this relatively new beard cover
technique, as there is currently no data available.

In this study, the aim was to assess the communication
performance for both speech intelligibility and hearing acuity, of
bearded HCWs when wearing a N95/P2 respirator with an under-
mask elastic band beard cover (the N95/P2 respirator/elastic band
combination). The assessment tool used was the Modified Rhyme
Test (MRT), a widely used measure for assessing speech
intelligibility of individuals wearing respirators®®!>-1¢ and is
endorsed by NIOSH."” The primary aim was to determine whether
the N95/P2 respirator/elastic band combination achieves an
overall performance rating of >70%, which is set by NIOSH as
the minimum communication performance requirement. The
secondary aim was to examine whether there is a significant
difference in the percentage of correct words or medical phrases
perceived when the same group of bearded HCW's wear the N95/
P2 respirator/elastic band combination versus having an uncov-
ered beard (i.e, without the respirator and elastic band), both as a
speaker and as a listener.

Methods

This was a controlled simulation study conducted in a large
(approximately 50 m?) isolation room at the respirator fit test center
of the Royal Melbourne Hospital. The room exhibited exceptionally
low natural ambient noise, with a controlled background noise level
of 60 £ 2 dBA, maintained using background pink noise (details
provided below). The project was approved by the local ethics
committee, Melbourne Health Human Research Ethics Committee
under approval number QA 2023092.

Recruitment was via email invitation through our local
Respiratory Protection Program to our 159 bearded HCWs, who
had previously completed the elastic band beard cover training and
passed the quantitative fit test with a N95/P2 respirator whilst
wearing the under-mask elastic band beard cover. All participants
adhered to the standard operating procedure when using the elastic
band beard cover technique. Participants were instructed to
position the elastic band (10-15 cm wide and 1m long) over their
facial hair on the chin and cheeks, cross it over the ears, and tie it
approximately 3 cm (+2 cm) in front of the crown of the head.
Details were described in our previous study.’ In addition to having
bearded HCWs, five staff members (two females and three males
without facial hair) from the Respiratory Protection Program were
invited to participate in this study (details below). Participation
was voluntary and consent was implied upon acceptance of the
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participation invitation. All participants were required to be fluent
in English and with no hearing or speech impairment.

A simple hearing test and speech assessment was performed
before commencement of the study. Hearing screening was
conducted by each individual independently using an online
Hearing Range Test.'® Speech screening was conducted by a senior
speech pathologist (C.P.) with extensive experience working with
adults with acquired communication disorders.

The communication performance of the N95/P2 respirator/
elastic band combination was assessed by using the MRT, as
outlined by NIOSH in the standard testing procedure.!” The test
involved a speaker group and a listener group. The room setup is
shown in Figure 1. Background pink noise in the frequency range
of 20-50 kHz was transmitted through two amplifiers (SoundLink
Mini II, Bose, Framingham, MA, USA, and Spark Mini, Positive
Grid, Sandiego, CA, USA). Two calibrated sound level meters
(Optimus, Cirrus Research plc, North Yorkshire, UK) were used to
ensure the background noise was at 60 + 2 dBA and the speaker’s
voice level was at 75-85 dBA. A test administrator (I.N.) recorded
the decibel level during the MRT trial and provided immediate
feedback if the voice level was out of the required range.

Each listener’s ability to comprehend 50 random single-syllable
words (Appendix 1 as an example) from each of the five speakers
was evaluated. Additionally, 20 random commonly used medical
phrases (Appendix 2 as an example), which are not in the NIOSH
MRT protocol, were also included. We included medical phrases in
this study because communication in healthcare settings often
involves full sentences with medical terminology, providing
essential context, which helps listeners use their linguistic
knowledge and experience to fill in gaps and understand the
intended message, even when some parts of the speech signal are
distorted or masked.!? Each speaker read aloud 50 words, using the
phrase “The word is [list word]” from the given word list (out of a
total of 15 random word lists, with no repeats), followed by 20
medical phrases (randomly selected from a pool of 180 phrases).
The listeners, sitting next to each other, selected the word they
perceived to be spoken from six possible words on the provided
answer sheet (Appendix 3 as an example), and wrote down the
medical phrases as heard. A test administrator (C.P.) recorded any
words spoken incorrectly.

Two sessions of the MRT trials were held with the aim of
evaluating both speech intelligibility and hearing acuity of HCWs
whilst using the N95/P2 respirator/elastic band combination. Both
N95 and P2 respirators are tight-fitting half-mask facepiece with
comparable filtration performance (>95% vs >94% respectively),
but N95 respirators are certified by the US NIOSH under 42 CFR
Part 84,%° whereas P2 respirators are certified under AS/NZS 1716
in Australia/New Zealand.?! Similar to our previous evaluation
study,® the N95/P2 respirator used for this study was 3M 1870+
(3M™, St. Paul, MN, USA) and the elastic band used was the green
heavy THERABAND Professional Non-Latex Resistance Band
(THERABAND, Akron, OH, USA).

Session one: speech intelligibility assessment

The speaker group consisted of five bearded HCWs and the listener
group consisted of three recruited voluntary staff members
(Figure 2). Each bearded HCW conducted two MRT trials as a
speaker. In one trial, each bearded speaker wore a 3M 1870+ N95/P2
respirator with an under-mask elastic band beard cover, whereas in
another trial without a respirator and elastic band (ie, uncovered
beard). This gave a total of 10 MRT trials for the speech intelligibility
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S = speaker

L1 = listener 1; L2 = listener 2; L3 = listener 3
SLM = sound level meter

A = amplifier

Figure 1. Diagram and picture to show the room setup for the
Modified Rhyme Test.

Figure 2. Picture to show participant wearing under-mask
elastic band beard cover as speaker and staff members as
listeners for the speech intelligibility assessment.
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Figure 3. Picture to show staff member as
speaker and participants wearing under-mask
elastic band beard cover as listeners for the
hearing acuity assessment.

session. The listener’s visual attention was directed to their word lists
and/or writing phrases; they therefore did not have the opportunity

to lip-read during the “uncovered beard” condition.

Session two: hearing acuity assessment

Five bearded HCWs were in the listener group and five staff
members were in the speaker group (Figure 3). Each staff member
conducted two MRT trials wearing their routine N95/P2 respirators.
However, the bearded HCWs who were the listeners wore the N95/
P2 respirator/elastic band combination for one of the trials, and did
not wear the respirator and the elastic band (ie, uncovered beard) for
the other trial of the hearing acuity assessment. This provided a total

of 10 MRT trials for the hearing acuity session.

All conditions of the MRT trials were randomly assigned,
including the order of speakers, the order of whether the bearded
HCWs were wearing the N95/P2 respirator/elastic band combi-
nation or having an uncovered beard, and the individual chosen

word and medical phrase list.

The intelligibility of single-syllable words in both the speaking
and hearing assessments was evaluated using the overall
performance rating score, calculated by according to the steps
outlined in the NIOSH MRT protocol.!” According to NIOSH
criteria, the overall performance rating must be at least 70% for a

respirator to pass NIOSH’s communication requirement.!”

We also directly compared the average percentage of correct
words perceived from all listeners between the N95/P2 respirator/
elastic band combination condition and the uncovered beard

condition for both the speaking and hearing assessments.

The intelligibility of medical phrase reading was measured
using two methods: the percentage of correct words perceived and
the percentage of phrases in which the correct meaning was
captured. Correct meaning was defined as accurately recording the
key words, such as the main verb and noun in the phrase or using a
synonym that preserved the original intent and context of the
sentence. Minor variations in prepositions or connecting words
were accepted as long as they did not change the overall meaning of
the phrase. The assessor was blinded from the group allocation.
Again, we compared these results between the N95/P2 respirator/
elastic band combination condition and the uncovered beard

condition for both the speaking and hearing assessments.
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Statistical analysis

A sample size of five was chosen as according to the NIOSH
protocol,'” five speakers are required to allow the calculation of the
MRT results. An additional five staff members participated in this
study to assist in the speaking and hearing trials as described above.
Descriptive statistics were used to present the MRT outcomes.
Communication performance analysis for both speaking and
hearing components was performed according to the NIOSH
protocol as described above.!” Wilcoxon signed-rank test was used
to compare the percentage of correct words perceived (in both
single-syllable words trials and medical phrases trials) and the
percentage of phrases in which correct meanings were perceived
between the N95/P2 respirator/elastic band combination con-
dition and the uncovered beard conditions. A p-value of <0.05 is
considered statistically significant. Statistical analysis was per-
formed using Stata 13.0 (Statacorp, College Station, Texas, USA).

Results

A total of five bearded HCWs who were familiar with, and had
previously passed a quantitative fit test using the under-mask
elastic band beard cover technique with a 3M 1870+ respirator,
participated in this study. The mean age of the group was 29 + 10
years and their average work experience was 3 + 3 years. Five
additional staff members (two female and three clean-shaven
males) were also recruited to assist in this study. All participants
involved in the MRT trials passed the baseline hearing and speech
assessments. Nine individuals scored “good range of hearing”. One
participant scored “fair range of hearing” (indicating they may find
ithard to hear soft voices from a distance). No individual presented
with a speech impairment.

Session one: speech intelligibility assessment

The overall communication performance rating of the under-mask
elastic band beard cover technique as a speaker was 91.3% in the
MRT. There was a statistically significant reduction in the average
percentage of correct words perceived when the bearded HCWs
were reading single words while wearing the N95/P2 respirator/
elastic band combination compared to the uncovered beard
condition (84.5 + 7.4% vs 92.9 + 5.7%, p =0.011, Figure 4).
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Figure 4. Comparison of percentage of correct words perceived
with bearded healthcare workers reading single words between
wearing a N95/P2 respirator with under-mask elastic band beard
cover and without a respirator and elastic band (ie, uncovered
beard).
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Figure 5. Comparison of percentage of correct words perceived
with bearded healthcare workers hearing single words between
wearing a N95/P2 respirator with under-mask elastic band beard

With Theraband beard cover Naked beard

The speech intelligibility of random medical phrases was high
with no significant difference between the two groups. Overall,
99.6 + 0.6% of correct words and 100% of medical phrases with
correct meanings were perceived when participants were
wearing the N95/P2 respirator/elastic band combination,
whereas for the uncovered beard group, 99.8% + 0.6% of correct
words and 100% of medical phrases with correct meanings were
perceived.

Session two: hearing acuity assessment

The overall communication performance rating score was 99.8%
on the MRT when bearded HCWs acted as listeners while wearing
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cover and without a respirator and elastic band (ie, uncovered
beard).

the N95/P2 respirator/elastic band combination. There was no
statistically significant difference in the percentage of correct
words perceived when the bearded HCWs were hearing single
words while wearing the N95/P2 respirator/elastic band combi-
nation compared to when they had uncovered beard (88.3 + 8.3%
vs 88.5 + 7.0%, p = 0.979, Figure 5).

The hearing acuity of random medical phrases was also high
with no significant difference between the two groups. Overall,
99.6 + 0.8% of correct words and 99 + 0.2% of the medical phrases
with correct meanings were perceived by HCWs wearing the N95/
P2 respirator/elastic band combination, whereas for the uncovered
beard group, 99.8% =+ 0.7% of correct words and 99.8 + 0.1% of
medical phrases with correct meanings were perceived.
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Discussion

Facial hair in areas where a tight-fitting respirator seals against the
skin is known to reduce respiratory protection.?”** Bearded HCW's
who are unable to shave can however achieve effective respiratory
protection by wearing an under-mask elastic band beard cover
combined with a N95/P2 respirator.’ Previous studies have
demonstrated the basic efficacy and user-acceptability of the
elastic band beard cover for respiratory protection,® and this
current study elaborates on this work through quantifying the
effect of the technique on communication between HCWs.

Our findings in this study demonstrated that bearded HCWs
wearing the N95/P2 respirator/elastic band combination could
effectively maintain acceptable level of communication, surpassing
NIOSH minimum intelligibility standard of 70%. Specifically, the
communication performance measured was 91.3% for speech
intelligibility and 99.8% for hearing acuity, comfortably above
NIOSH threshold. These findings are significant for bearded
HCWs, particularly in the context of ensuring ongoing pandemic
preparedness, where the use of face masks and respirators has
become ubiquitous in healthcare settings.

Despite exceeding the NIOSH standard, we noted a measurable
decline in speech intelligibility when participants wore the N95/P2
respirator/elastic band combination compared to uncovered beard
with no respirator. The relative impact of the N95/P2 respirator
versus the elastic band beard cover is unknown, as we did not assess
either component in isolation. We do not consider it necessary to
separate their effects, as they function together as a single unit to
provide effective respiratory protection for bearded HCWs. This
finding aligns with existing literature indicating respirators
inherently impose challenges to clear communication, primarily
due to sound attenuation and distortion caused by the mask
material and fit.2#?> However, this significant difference was not
found in the perception of medical phrases between the two
conditions. This finding aligns with the concept of top-down
processing of language, where listening to phrases is a cognitively
easier task than listening to isolated words. Phrases provide
context, which helps listeners use their linguistic knowledge and
experience to fill in gaps and understand the intended message,
even when some parts of the speech signal are distorted or
masked."”

Another option for respiratory protection in bearded HCW  is
a powered air-purifying respirator (PAPR), but evidence shows
that N95/P2 respirators with an under-mask elastic beard cover
compare favorably. Communication is less affected, as PAPRs
substantially reduce speech intelligibility and hearing acuity,
introducing noise and attenuation equivalent to moderate hearing
loss, while N95 respirators cause only minor, clinically insignifi-
cant muffling in quiet?*?”” PAPRs also tend to be more
cumbersome to doff and are often perceived to interfere more
with communication.” In addition, they are far more costly
and require greater maintenance,”® making the N95/P2 plus
beard cover a practical, effective, and communication-friendly
option.

While the study provides valuable insights, there are some
limitations to consider. Our sample was relatively small, limiting
generalizability. Our experimental design did not include a
respirator-only control condition. The reason was that respirators
alone cannot provide an adequate seal for bearded HCWs,
rendering them ineffective for respiratory protection. As a result,
measuring speech intelligibility in bearded individuals wearing a
respirator alone would be impractical and irrelevant, as they would
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not wear a respirator alone for effective respiratory protection in
real-world settings. Further limitations include the controlled
environment of the study, which may not accurately reflect realistic
clinical settings that often include background noise, urgency, and
distractions typical of actual healthcare practice.

In conclusion, our findings demonstrate that bearded HCWs
can achieve communication performance well above NIOSH
standards when using a N95/P2 respirator combined with an
under-mask elastic band beard cover. This finding is crucial for
ensuring effective communication among bearded HCWs, thereby
supporting both respiratory protection and operational efficiency
in healthcare settings. Future research should address existing
limitations by employing larger sample sizes and replicating this
study in realistic, noise-filled clinical environments. Moreover,
exploring other communication strategies, such as the use of clear
masks or integrating technology, such as speech enhancement
devices, may also help mitigate the communication challenges
posed by masks and respirators.

Supplementary material. To view supplementary material for this article,
please visit https://doi.org/10.1017/ice.2025.10297.
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Information will be available immediately following publication until five years
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