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ABSTRACT

Objective: The global pandemic of coronavirus disease-19, caused by the Severe Acute Respiratory
Syndrome Coronavirus 2 (SARS-CoV-2), is the latest hazard facing healthcare workers (HCW) including
dental care workers (DCW). It is clear that the major mode of SARS-CoV-2 transmission is the airborne
route, through inhalation of virus-infested aerosols and droplets. Several respiratory protection equip-
ment (RPE), including masks, face shields/visors, and respirators, are available to obviate facial and con-
junctival contamination by microbes. However, as their barrier value against microbial inhalation has
not been evaluated, we systematically reviewed the data on the effectiveness and efficacy of face-
masks and respirators, including protective eyewear, with particular emphasis on dental healthcare.
Material and methods: PubMed, MEDLINE, the Cochrane Library, and Embase databases were
searched between 01January 1990 and 15 May 2020.

Results: Of 310 identified English language records, 21 were included as per eligibility criteria. In clin-
ical terms, wearing layered, face-fitting masks/respirators and protective-eyewear can limit the spread
of infection among HCWs. Specifically, combined interventions such as a face mask and a face shield,
better resist bioaerosol inhalation than either alone. The prolonged and over-extended use of surgical
masks compromise their effectiveness.

Conclusions: In general, RPE is effective as a barrier protection against aerosolized microbes in health-
care settings. But their filtration efficacy is compromised by the (i) inhalant particle size, (ii) airflow
dynamics, (iii) mask-fit factor, (iv) period of wear, (v) ‘wetness’ of the masks, and (vi) their fabrication
quality. The macro-data presented here should inform policy formulation on RPE wear amongst HCWs.
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Introduction

The critical importance of personal protective equipment
(PPE) that safeguards both patients and healthcare workers
(HCW) against infectious hazards is universally accepted.
These have come rescued HCW and saved thousands of lives
during the various epidemics such as the Ebola and Zika
virus crises, and the pandemic of influenza that occurred in
the last century. Currently, the world is experiencing a pan-
demic of coronavirus disease-19 (COVID-19) caused by the
severe acute respiratory syndrome coronavirus 2 (SARS-
CoV-2).

Due to the lack of efficacious and effective therapeutic
medications and a reliable vaccine, as yet, the current pan-
demic control solely relies on public health interventions
such as social distancing, quarantine and contact tracing
facilitated by wearing of PPE. Personal protective equipment
includes respiratory protective equipment (RPE), such as face
masks and face shields [1]. PPE plays a pivotal role in limiting
COVID-19 spread as the primary mode of SARS-CoV-2 trans-
mission is the airborne route, through inhalation of virus-

infested aerosols and droplets from infected individuals both
in the community and clinical settings. In hospital settings,
for instance, Wang et al. [2] reported the heavy viral load in
the sputum and bronchoalveolar specimens of COVID-19
patients, and others [3] have noted that critical care nursing
staff are more prone to contracting the infection during
patient intubation procedures, particularly in the absence
of RPE.

Several interventional procedures are well-known to
aerosolize respiratory secretions in healthcare settings [4-6].
In dentistry, viral particles may possibly be aerosolized by
the high-speed handpiece and the add-on air jet, air/water
syringes, ultrasonic scaling, and air polishing procedures [4].
Interestingly, in an early laboratory study, Miller et al. [7]
noted that aerosolized microbes produced by powered den-
tal drills and periodontal scalers may well spread to up to
200 cm distance from the operative focus. More recently, van
Doremalen and colleagues [8] observed that the SARS-CoV-2
once aerosolized could be entrained in ambient air for up
to 3h particularly in the absence of good ventilation [8].
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They stated that due to the relatively high viability and
robustness of SARS-CoV-2, the infectious virions might either
be suspended in bio-aerosols, or sequestrated within shed
inocula for several days, on solid surfaces such as steel and
cardboard [8].

The foregoing clearly indicates that DHCWs are continu-
ously exposed to the airborne threat of viral particles in clinic
settings and the need to protect themselves and minimise
exposure not only by curtailing aerosol-generating proce-
dures, but also by averting inhalation of viral-infested aero-
sols. There are several types of PPE for the latter purpose, as
well as for eye protection and these include surgical face
masks, face shields, filtering facepiece respirators (FFRs-non
powered), and powered air-purifying respirators.

The significant advantages and the disadvantages of these
equipments have been outlined in several reports in the lit-
erature but not in a systematic manner. Here, we systematic-
ally review, the protective efficacy of RPE, such as surgical
facemasks, N95 respirators, FFRs and face shields. We also
evaluate the effectiveness of protective eyewear (face shields,
visors, goggles) in shielding trans-ocular entry of bioaerosols
in healthcare settings. In terms of protective barrier efficacy,
available data on the fit factor of masks and eyewear, and
the mask-wearing period were also reviewed.

Methods
Data sources

We (LPS, KSF, and JWWC) performed an electronic data
search of English language manuscripts using PubMed,
MEDLINE, the Cochrane Library, and Embase databases.
Published clinical reports between 01 January 1990 and 15
May 2020, were accessed. We identified a total of 21 studies
comprising, surgical facemask versus N95 respirators (6 stud-
ies), protective eyewear [5], mask-fit factor [7], and the wear-
ing period of surgical facemasks versus N95 respirators [3].

Search terms

A single search string was structured for each of the data-
bases which included the following (PICO) search terms.

Population

healthcare worker, HCW, healthcare workers, HCWs, health-
care worker, health- care workers, healthcare professional,
healthcare professionals, healthcare staff, healthcare practi-
tioners, healthcare professionals, dentist, nurse, doctor, staff,
dental assistant, healthcare personnel, healthcare personnel,
healthcare personnel.

Comparison/intervention: face masks versus respirators

facemask, face mask, surgical facemasks, medical mask, med-
ical-grade masks, medical facemask, medical face masks, sur-
gical masks, surgical facemask, surgical face mask, NO95,
respirator, respiratory protection, respiratory protective
device, respiratory protective devices, personal protective
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equipment, PPE, aerosol face protection, airborne precaution,
aerosol protection

Intervention — protective eyewear

face shields, face shield, eye protection, goggles, prescription
glasses, eye shield, surgical telescopic loupes, surgical loupes,
visors, droplets, personal protective equipment, PPE, aerosol
face protection, airborne precaution, aerosol protection

Outcome

influenza, parainfluenza, flu, pandemic influenza, SARS, influ-
enza-like illness, ILI, respiratory syncytial viruses, infection
control, communicable disease transmission, infectious dis-
ease transmission, cross-infection, cross-infection, infection,
respiratory infection, respiratory tract infection, acute respira-
tory infection, upper respiratory tract infection, epidemic,
pandemic, common cold, flu, healthcare-associated infection,
healthcare-associated infection, health-care-associated infec-
tion, health care-associated infections.

Study selection

Inclusion criteria

a. Study design: randomised control trials (RCTs), labora-
tory-controlled -simulated model design, case-control,
cross-sectional studies

b. Population: Healthcare workers (medical doctors, sur-
geons, nurses, dentist, allied medical personnel)

c. Intervention: RPE (surgical facemasks versus N95 respira-
tors) and protective eyewear (goggles, face shield, visor)

d. Setting: any healthcare setting (hospitals, dental clinics)
and simulation laboratory setups.

e. Country or date enforced no limitations

Exclusion criteria

a. Review articles

b. Editorials, comments, poster/conference presentation/
abstracts, grey literature, and unpublished research infor-
mation were neither considered nor used.

c. Reports presenting incomplete outcome details

d. Studies evaluating mask or respirators effectiveness in
protection against non-respiratory infections, e.g. surgical-
site infection

e. Studies where RPE was worn by patients and not the
healthcare workers

f. Studies that do not allow data extraction required to
meet the set study objectives

Outcome

The key findings of the present review was the systematic
assessment of protective barrier efficacy of RPE (surgical face-
masks and N95 respirators) and protective eyewear against
airborne transmission of respiratory pathogens. Influencing
factors (mask-fit and wearing time) on the protective barrier
efficiency of RPE.
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Electronic data search and analysis

For a systematic and comprehensive approach, we followed
PRISMA (Preferred Reporting Items for Systematic Reviews
and Meta-Analyses) guidelines [9,10]. The employed search
approach and the generated results are presented in
(Figure 1).

During stage-one of the three-staged electronic data-search
and analysis, we screened the titles and abstracts of all rele-
vant studies that met our set inclusion criteria. In stage-two: to
get a comprehensive view of the data, a full-text review of all
the related articles was performed. A thorough analysis of the
full text of the retrieved literature ensured that the eligibility
criteria were met, and the reported outcomes were according
to the set systematic review objectives. References of the
included studies were examined as a backward search. During
stage-three: the reviewers (LPS, KSF, and CP) extracted and
evaluated the data.

After the full-text review, specific points related to the
characteristics of each included study were charted utilising
the Cochrane model. This facilitated in classifying the setting,
study design, intervention, and the country. Besides, sample
size, evaluation time, assessment methods, and study conclu-
sions were systematically examined. The identified manu-
scripts were compiled using a bibliographic software tool,
Endnote version 9 (Clarivate Analytics, USA). Summary of the
characteristics of included clinical trials and the reported
results on the protective barrier efficacy of RPE are provided
in (Tables 1-4).

Quality assessment and overall risk of bias

Two investigators (LPS and KSF) independently performed
the quality assessment of the eligible studies. Third and
fourth reviewers (CP and HCN) were referred, in case of any

M
Records identified through database »
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o identified through
5 (January 01, 1990 and May 15, 2020) removed (n=887)
© > —P other sources
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g MEDLINE (n= 1 676)
Q COCHRANE Library (n=28)
o Embase (n=1561)
Records excluded (n = 577) with reasons:
-Filtration efficiency of surgical facemasks
PR v only
-Filtration efficacy of N95 respirators only
Records screened (n = 310) -Filtering facepiece respirators (FFR) -
0o e .
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5 Face-fit tested N95 respirators vs. surgical facemasks (n=15) -Decontamination and reuse of filtering
o Masks efficacy and wear time (n=06) facepiece respirators
> Protective eyewear (n=38) -Comparison of brands of respirators
-Policies on facemasks and respirators
-Respiratory protection during outbreaks
— -Blogs
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‘o .
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-Comparison of masks standards,
~ A filtration, and rating
P i . . i .
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i) o
Ty eligibility
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Figure 1. PRISMA flow chart of the literature search and study selection.
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disagreement. For assessing the methodological quality
of the randomised control trials, we used the Cochrane
Collaboration risk of the bias assessment tool [11]. Any dis-
crepancies were discussed until a mutual agreement was
reached among the reviewers. The evaluated studies were
documented as low-risk, unclear, or high-risk (Tables 5 and
6). Studies with a high-risk of bias were excluded from the
present systematic review. Newcastle-Ottawa scale was used
to measure the risk of bias for comparative non-randomised
studies to cohort or case-control study design [12].
According to the evidence pyramid, in vitro laboratory, tri-
als/studies yield the lowest levels of evidence. This is due to
the possible preponderance of ‘false-positive’ results, lack of
external validity, and poor generalizability to clinical scen-
arios [13]. Hence, we evaluated the transparency and quality
of included laboratory trials with respect to consolidated
standards of reporting trials (CONSORT). Accordingly, Items
such as sample size, specimen preparation and handling,
allocation sequence, randomisation, and blinding were thor-
oughly assessed for inclusion in the systematic review.

Results and discussion

In total, we analysed in detail 20-articles retrieved from four
databases, that fitted our selection criteria. Of these, six

Table 5. Risk of Bias of the included RCTs.

studies appertained to filtering efficacy of facemasks and res-
pirators vis a vis, airborne particulates, of which three were
randomised control trials (RCTs) [14-16], and the remainder
were simulated laboratory or clinical settings [17-19]. The
review also included five face-seal/fit model studies [20-24],
and a single RCT [25] on issues related to surgical facemasks
and NO95 respirator wear. Further, three more investigations
[26-28] on wearing time factor versus filtering efficiencies of
RPE (masks and respirators) were also reviewed.

To assess the shielding efficacy of protective eyewear
(face shield, visor, and goggles), a total of five available stud-
ies [29-33] that met our set inclusion criteria were finally
included in the review.

Surgical facemasks versus filtering facepiece
respirators- airborne particulate filtering efficacy

Inhalation is one of the principal routes of respiratory patho-
gen entry into the human body [34]. To prevent such patho-
gen inhalation in patient care settings, there are two key
types of disposable respiratory-protection tools available: the
medical grade-facemasks, and the filtering- facepiece respira-
tors [35]. Face masks have been endorsed as an integral part
of universal precautions in clinical settings, despite the fact
that they have limitations in the provision of adequate

Selection bias

Baseline
characteristics Performance Detection bias Reporting bias
similarity/ Selection bias bias Blinding of Selective Incomplete

appropriate Allocation Selection bias Blinding of outcome outcome outcome data
Study control selection concealment Randomisation researchers assessors reporting (attrition bias)
PPE - surgical face masks/respirators — air borne particulates filtering efficacy
Loeb et al. [14] + - + + + -
Maclntyre et al. [25] + + + ? + ? +
Maclntyre et al. [15] + - + - ? ? -
Radonovich et al. [16] + + + ? + + +
PPE — protective eye wear and aerosols protection efficacy
Bentley et al. [33] + + - + ? + +
Lindsley et al. [31] + + + ? + + ?
Risk of bias legends: + (Low risk); - (High risk); ? (Un-clear risk).
Table 6. Risk of Bias of the included laboratory — controlled experiments.

Selection bias Specimen Detection bias

Baseline characteristics handling and Performance bias Blinding of Reporting bias

similarity/ appropriate Sample allocation Blinding of outcome Selective
Study control selection size sequence Researchers assessors outcome reporting
PPE - Surgical face masks/respirators — air borne particulates filtering efficacy
Checchi et al. [17] + ? + ? ? +
Balazy et al. [18] + ? + ? ? +
Harnish et al. [24] + ? ? ? ? +
Noti et al. [20] + ? + ? ? +
Liu et al. [19] + ? + ? ? +
PPE - surgical face masks/respirators — face fit factor
Derrick et al. [23] + ? + ? ? +
Lindsley et al. [21] + ? + ? ? +
Wen et al. [22] + ? ? ? ? +
Suen et al. [49] + ? + ? ? +
PPE - protective eye wear and aerosols protection efficacy
Bischoff et al. [30] + ? + ? ? +
Mansour Il [29] + + + + + +
Loveridge et al. [32] + ? + ? + +
Lindsley et al. [31] + + + ? + +

Risk of bias legends: + (Low risk); - (High risk); ? (Un-clear risk).



protection for HCWs under some circumstances [36,37]. The
premier version of the face mask is the more sought after,
and costly, NIOSH (National Institute for Occupational Safety
and Health) recommended filtering - facepiece N95 respira-
tors approved for the healthcare workers [38]. The N95 respi-
rators can trap 95% of particles of size >300nm (0.3 um)
under the airflow rate of 85L/min, equivalent to strenuous
breathing [39].

We included three laboratory-controlled studies [17-19]
comparing the relative filtering efficacy of surgical masks and
facepiece respirators (Table 1). Collaborative US-Polish
research by Balazy et al. [18] has confirmed, through scan-
ning electron microscopic observations, that surgical masks
permitted the penetration of a significant fraction of aerosol-
ized virions of 10-80 nm at an inhalation rate of 85L/min. On
the contrary, in a manikin-based laboratory study, the latter
workers demonstrated the much higher filtering efficacy of
N95 respirators than the surgical mask. However, the tested
respirators were ineffective against nano-sized virions, espe-
cially at higher flow rates (85 L/min).

An analogous study by Liu et al. [19] compared the filtra-
tion efficacy of surgical masks versus N95 respirators during
drilling and grinding of teeth using high-speed rotary instru-
ments. They noted some limitations of N95 respirators
against aerosolized biological particulates of size <1pum
(nanoparticles) created during dental procedures. The high-
flow rate of bioaerosols engendered during dental drilling
may have influenced the filtration efficiency of N95 respira-
tors tested. Under laboratory conditions, mimicking human
breathing at rest (0.5m?>/hour) and at full exertion (9m?®/
hour), Checchi et al. [17] challenged RPE (masks and respira-
tors) with aerosolized bicarbonate dust that simulated artifi-
cial aerosols. They noted that at both airflow rates, the
respirators were better than the tie-on and moulded surgical
masks in preventing exposure to respirable particulates.

Also, three RCTs [14-16] with a total of 4977 healthcare
workers (HCW) from hospital settings were included in the
review. These RCTs compared protection from medical masks
and N95 respirators against laboratory-confirmed viral [14,16]
and bacterial [15] airborne pathogens (Table 1).

Transmission of respiratory virus infections occurs from
inhaling aerosolized virions of sizes ranging from 0.1 to
100 um range [40]. Loeb et al. [14] in tertiary care hospital-
settings evaluated the effectiveness of RPE (fit-tested N95
respirator vs. surgical masks) among nurses, caring for
patients with febrile respiratory illnesses. They observed no
difference in the influenza infection rates between the surgi-
cal mask and N95 groups. Recently, Radonovich’s team [16]
has also examined the incidence of laboratory-confirmed
influenza among HCWs who were providing outpatient care
in seven US medical centres, and they too could not elicit
any difference in acquiring infection between N95 respirator
and the surgical masks wearing cohorts. In contrast, Mclntyre
and team [15] assessed the filtering efficacy of medical
masks and N95 respirators against respiratory bacterial infec-
tions and noted that continuous use of N95 respirators dur-
ing high-risk procedures, showed significantly lower rates of
bacterial infections compared to surgical masks.

ACTA ODONTOLOGICA SCANDINAVICA ‘ 635

Aerosolized pathogens are highly variable in their size
ranging from bacteria ranging from 0.3 to 1.0um in size
compared to nanosized viruses [41-43]. Hence, as noted in
the foregoing section from RCTs and simulated in vitro
laboratory trials, the protective efficacy of RPE depends upon
the size of the airborne pathogens. For instance, N95 respira-
tors offered better protection compared with the surgical
masks, for (bacterial) particles <20 um in diameter where effi-
ciency estimates ranged from 2% to 92% [44,45]. These data
indicate the limitation of the N95 respirator depending on
the particle size [43], as well as the airflow dynamics.

The preceding reports do not take into consideration the
N95 mask fit factor into account. As the latter is critical in
preventing inhalation of viral particles, several workers have
addressed this all-important issue, as discussed below.

Mask-fit factor and functional efficacy of surgical masks
and respirators

There are reports which indicate that HCW contract viral
infections through exposure to aerosolized microbes due to
leakage of protective face masks or respirators [46,47]. The
reliability of the RPE depends on the precise, tailored fit of
the device that is worn [48]. For instance, the face-fit compe-
tence of N95 masks appears to be a significant factor contri-
buting to their functional efficacy [46]. We reviewed data
related to the face-fit element of masks, retrieved from five
laboratory-controlled settings [20-23,49], and a single clinical
trial [50] (Table 2).

Wen et al. [22] in a simulated model setting tested filter-
ing efficiency and mask-fit factor of varying models of N95,
N99, and surgical masks against viral pathogens. They noted
that surgical masks could filter virions if appropriately fitted,
but their inadequate face-fit potentially limits the efficacy.
Noti et al. [20] also surmised that a poorly fitted respirator’'s
performance is no better than a loosely fitting surgical mask.
Their inferences were based on the fact that the quantified
viral pathogens in aerosol samples, collected from tightly-
and loosely fitted surgical masks and N95 respirators, tied on
to breathing simulators. However, a contrasting observation
was reported by Lindsley et al. [21], where they found inad-
equate protection against bacterial and viral microbes by sur-
gical masks irrespective of their fit. Nevertheless, they noted
that an adequately fitted N95 respirator to a breathing simu-
lator offered adequate protection from cough aerosols. These
reports are somewhat confusing, although the weight of evi-
dence seems to indicate that a fitted and tailored mask is
more efficient than a loosely fitting mask.

Others have observed mask efficacy while simulating
head movements in clinical settings. Thus, after observing
the barrier efficiency of single and multiple-layered masks
and N95 respirator while simulating different head move-
ments and face-seal leakage, Derrick et al. [23]concluded that
neither the single or layered surgical masks were a good
substitute for properly face-sealed N95 masks. Conversely,
Seun’s team [49] noted that body movements during
patient-care procedures might increase the risk of face-seal
breach of N95 respirators. Their nursing recruits performed



636 L. P. SAMARANAYAKE ET AL.

the routine patient procedures for 10-minutes in a hospital
setting while wearing a portable aerosol-spectrometer on
their backs to detect air particles inside the respirator.

We only found only a single, substantive paper by
Maclntyre et al. [50] on mask-fit in an inpatient hospital ward
setting. In their RCT [50], they enrolled a total of 1441 HCWs,
in 15 different hospitals to compare the efficacy of surgical
masks and N95 respirators. They observed lower rates of
respiratory infections in HCW who used fit-tested N95 respi-
rators as opposed to surgical masks. Intriguingly, when either
fit- or non-fit- tested N95 respirators were compared, no sig-
nificant difference in shielding against respiratory infections
between the two groups could be elicited. They surmised
that fit-tested N95 masks offered better protection against
bacterial and viral respiratory pathogens than surgical masks.
The latter Macintyre et al. [50] findings contrast with a rea-
sonable body of in vitro evidence of a significant reduction
in exposure to airborne viral particles with efficient periph-
eral seal. Hence, fit testing of N95 masks is now universally
recommended for healthcare professionals, as a defective
seal could lead to breach of the infection control chain, thus
nullifying the protective benefit of a mask [48].

All of the foregoing data reviewed appertains to medical
settings, and we could not identify any clinical reports com-
paring the efficacy of face fitted N95 masks or surgical masks
in dentistry. Nevertheless, the available data, when extrapo-
lated to dental settings, where aerosol-generating proce-
dures are the norm, clearly indicate that wearing tailored-fit
N95 masks with a peripheral patent seal assures a great pro-
tective shield from infectious bioaerosols.

Finally, in this regard, our review has brought into focus
the dire necessity for further comprehensive studies on the
face mask fit and their filtration efficacy in both medical and
dental settings. It is critical to do so mainly given the current
pandemic and the eventual possible endemicity of COVID-19,
coupled with the asymptomatic disease carriers who are
highly likely to attend for dental or medical treatment.

Wearing time and functional efficacy of medical masks
and respirators

In any healthcare setting, the use of medical masks is inte-
gral [51]. At these locations, microbial pathogens may be
generated due to coughing, sneezing, and even talking with
patients, as well as during aerosol-generating dental and
medical procedures [51,52]. Moreover, in the absence of
adequate air-conditioning and air changing protocols, the
expelled pathogens can be entrained and airborne for over
3h [53] and inhaled by unsuspecting victims. Predicated
upon the mask use/re-use and the period of mask wear,
respiratory pathogens trapped on the superficial layers of
the used masks may pose another infectious hazard for other
co-workers [54-57]. Considering the current worldwide scar-
city of RPE, the optimal wear period of a single mask, their
re-use after sterilisation, and the factors affecting the deteri-
oration of the filtration efficacy has come under intense scru-
tiny [58,59].

We reviewed two medical [26,27], and a single dental RCT
[28] evaluating medical masks and their functional efficacy
over time. In total, 354 healthcare workers (224 medical and
130 dental) were enrolled in these three studies (Table 3).

In one of the more extensive studies, Chughtai et al. [27]
tested mask-wear time and their efficacy, in three high-risk
wards of two hospitals, using a cohort of 148 healthcare
staff. They studied the association between risk of mask con-
tamination with the duration of mask-use and the number of
patients seen by each healthcare provider. They concluded
that the virus positivity was significantly higher in masks
worn for over 6h. In another experimental setting, Barbosa
et al. [26] evaluated 95% of bacterial filtration efficacy of sur-
gical masks at 1, 2, 4, and 6 h of mask-wearing. Their results,
evaluated by quantifying the microbial load on the worn
masks, in terms of colony-forming unit (CFU) counts of bac-
teria, indicated the proportionate decreasing efficacy after a
4-hour of mask wear.

In the only study related to dental care, Sachdev et al.
[28] tested used surgical masks worn by dental personnel for
30-minutes during various patient care procedures. They
observed that the used masks from staff working in the out-
patient dental clinics had a high bacterial and fungal load.
However, their report had data lapses, particularly in the pre-
cise quantification of CFU of surgical masks relative to the
different dental treatment procedures. Such information is
essential to evaluate the quality of the study as the volume
of bioaerosol generated varies according to the nature of the
dental procedure. For instance, ultrasonic scaling, subgingival
restorations, and oral surgical procedures with tools such as
micro-motor handpieces, air-water syringe, etc., generate
copious bioaerosols in comparison to hand scaling, and
atraumatic restorative procedures [5]. It is also known that
exposure to aerosol-generating procedures, the number of
patients seen, the nature and severity of infection as well as
humidity, air quality, and temperature determines microbial
concentration on the surgical masks [5,54,60].

The preceding clearly exposes the appalling dearth of
data in the literature on the factors determining mask effi-
cacy. Hence further studies are urgently needed on these
elements, and the data generated could contribute
immensely to rationalise the routine mask-wearing practices
both in dentistry and medicine that appear to be more ritu-
alistic rather than fact-driven.

Shielding efficacy of face shields and
protective eyewear

We identified four studies [29,30,32,33] that examined
bundled interventions against aerosol- mediated infection,
using various PPE components, including face shields/visors
and face masks (Table 4). Lindsley et al. [31] employed a
laboratory model simulating artificial coughing and breath-
ing, and demonstrated that face shields could effectively
reduce the risk of inhalation of over 90% expelled particulate
matter following aerosol generation. This observation has
also been made by Bentley and colleagues [33]. They noted
that the use of a face shield by dental personnel during



simulated dental procedures on a mannequin head did not
prevent aerosol contamination of a concurrently worn, cup-
shaped surgical face mask.

However, in practice, the absence of a peripheral seal in
face shields makes its use as a sole protective measure
against respiratory pathogens rather impractical. In a study
with volunteers using sprayed water during simulated sur-
gery, Loveridge et al. [32] observed a 40.5% incidence of
contamination of the inner surface of a combination surgical
mask with integral visor and 6.5% contamination of the
wearers’ face. In an experimental setting, using a simulated
‘head’ compared face fit factor of visors both in conventional
and inverted positions (i.e. securing the face mask around
the brow with the visor attached). They noticed that the
inverted position of the visor offered better safety against
splash exposures. Hence, in a conventional position, contam-
ination inside the visor can trickle down towards the oper-
ator's mouth, and perversely, an inverted position appears to
be more effective in such situations.

In terms of trans ocular viral infection via conjunctivae, Lu
et al. [61] alluded to the transmission of SARS-CoV-2 through
the conjunctive in an HCW who was wearing only a protect-
ive N95 respirator. It is known that the Angiotensin convert-
ing-enzyme2 (ACE,) receptors for the virus are present in the
aqueous humour of the human eye [62], and the latter
report appears to be the first in the literature confirming
conjunctival route of SARS-CoV-2 transmission.

Previous such reports have been mainly in relation with
influenza viruses and confirm the likelihood of trans-ocular
transmission of viruses suggesting the importance of the use
of protective eyewear in addition to masks/respirators
[63,64]. Bischoff et al. [30] challenged the fit-tested N95 res-
pirators, with and without eyewear, using live attenuated
influenza viruses of defined concentrations and sizes.
Additionally, Mansour et al. [29] in laboratory experiments,
have shown that surgical face masks with eye shield offer
better barrier protection against bioaerosols produced during
surgical procedures. The wearing of masks alone, therefore,
does not guarantee protection against COVID-19 infection,
and additional protective measures such as goggles or face
shields are essential for the purpose.

To conclude, then, to offer desired optimal protection
against respiratory pathogens and bioaerosols in healthcare
settings, a combination of interventions, incorporating face
shields, and eyewear/visors should be worn as an adjunct to
fit-tested masks or respirators.

Limitations of the reviwed studies

Though the included trials in the review give a rational body
of evidence, there are some critical limitations. The range of
respiratory viral infections studied, mostly focus on influenza.
None of the available studies gauge the filtration efficiency
of N95 respirators versus medical-grade masks during med-
ical or dental bioaerosol generating procedures, especially in
a clinical setting. Additionally, we found no data on the
wear-time efficiency or extended use of N95 masks in the
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clinical setting and notably during bioaerosol produc-
ing processes.

The included RCT in the hospital settings has several
inherent limitations. Personal exposure risks of HCW are not
just limited to their patient contacts inside the hospital but
may be influenced by exposure to infective hazards outside
the work-setting, for instance in the community. These
potential risks may be highly variable and difficult to account
for, particularly in field studies. Furthermore, stringent com-
pliance with other infection control measures such as pre-
cautions related to donning and doffing of PPE, hand
hygiene, etc, considerably influences individual expos-
ure risks.

Conclusions

Defining the ideal means to ensure facial protection against
respiratory pathogens is a complex task and fraught with
many issues and variables. These entail not only the effi-
ciency of RPE, facepiece peripheral seal, mask-wearing
period, and the fabrication quality of the masks, but also
extraneous factors such as airflow dynamics of the patient
care area, the aerosol-generating procedure, and aerosolized
pathogen size and load, and the airflow rate. Most of the
reviewed studies employed highly controlled-laboratory set-
tings, lacking the contextuality of actual clinical settings.

In general, RPE is effective as a barrier protection against
aerosolized microbes in healthcare settings. The poor fitness,
prolonged period of wear, and the wetness of the masks
compromise their microbe filtration efficacy. Most import-
antly, none of the mentioned interventions (surgical masks,
N95 respirators, face shields/visors, goggles) afforded com-
plete protection from infection, if used individually. The
proper and consistent wearing of masks/respirators may
improve the effectiveness of such equipment but remains a
significant challenge.

Hence, due to the marked methodological variability
across the included studies as well as the high-risk of bias in
few of the included studies, further well-designed and con-
trolled clinical trials using standardised methodologies are
highly recommended to discern the clinical efficacy and
effectiveness of RPE used in both dental and medical care.
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