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Abstract     

Background: One of the major causes of morbidity and mortality 
among infectious diseases is acute respiratory infections. Masks 
are often recommended as proper personal protective equipment 
for preventing the spread of respiratory infections. This study 
aims to provide valuable insights into historical and current 
trends in research on mask performance, with a particular focus 
on hotspots and trend studies.
Methods: In this Systematic Review, relevant studies on face 
mask efficacy were retrieved from the Web of Science (data 
extracted on July 15, 2023). The selected articles were analyzed 
using VOSviewer, R (Bibliometrix package), and Tableau to 
visualize geographic distributions, conduct bibliometric analyses, 
and map research trends across countries, institutions, keywords, 
and journals.
Results: The number of articles published in 2020 and 2021 
has increased significantly. Overall, 1193 papers were identified, 
published by authors from 88 countries. According to literature 
citations, the journal “PloS ONE” published the most research 
on the topic. Fabric mask filtration performance was evaluated 
in the two documents with the highest total link strength. With 
the outbreak of COVID-19 around the world, studies were more 
focused on fit tests and filtration of surgical, medical, and N95 
masks, indicating that researchers are exploring the effectiveness 
of masks to ensure the effectiveness of face masks.
Conclusion: This study suggests potential knowledge gaps 
regarding the effectiveness of face masks, so future research 
should focus on challenges such as uncertain efficacy and fitness.
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Introduction

Many respiratory infectious diseases, such as 
tuberculosis, influenza virus, rubella virus (measles), 
varicella-zoster virus (chicken pox), and coronavirus 
disease 2019 (COVID-19) are transmitted via aerosols 
and droplets.1-4 Infectious diseases, specifically acute 
respiratory infections,5 are a leading cause of global 

disease and mortality.6 Annually, it is estimated that 
approximately four million deaths are associated with 
ARIs, particularly lower respiratory tract infections. 
Mortality rates are particularly high among the elderly, 
children, and infants, especially in low- and middle-
income countries.5, 7

ARIs are one of the most common reasons for 
consultation or admission to health-care facilities. 
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ARIs are characterized by a broad spectrum of 
symptoms caused by respiratory viruses.8, 9 Humans 
are infected with these viruses through direct or 
indirect contact, respiratory droplets, and fine-
particle aerosols.2, 10 Viruses or mixed viral–bacterial 
infections, such as influenza viruses, rhinoviruses, 
and coronaviruses, are the most common pathogens 
that cause ARIs. ARIs with epidemic or pandemic 
potential and the ability to pose a threat to public 
health require special safeguards and preparedness.11 
The process by which an infectious organism spreads 
from one host to another and produces disease is 
referred to as infectious disease transmission. The 
virus is transmitted from an infected host through 
coughing, sneezing, and speaking.12

Coronavirus disease (COVID-19) is caused by 
a virus called severe acute respiratory syndrome.13 
Several guidelines and instructions were provided 
by WHO to the general public to control the spread 
of COVID-19, such as maintaining social distancing, 
wearing masks in public, and avoiding social 
gatherings.14-16 The US Centers for Disease Control 
and Prevention (CDC) recommended face masks for 
the ongoing COVID-19 pandemic.17 Additionally, 
governments and the WHO suggest masks during 
this COVID-19 epidemic to control further spread 
of SARS-CoV-2. Various types of masks are 
recommended for COVID-19 pandemics by the WHO. 
Among these masks are cloth face masks, medical 
and surgical masks, as well as respirators (filtering 
facepiece respirators, full-length face shields, and self-
contained breathing apparatus (SCBA).18 Therefore, 
masks are often recommended as proper personal 
protective equipment for preventing the spread 
of respiratory infections. Data from experiments 
shows that mask micropores block dust particles or 
pathogens larger than the pores. For example, N95 
mask materials have 8μm in diameter that effectively 
prevent penetration of vision.19, 20

The face mask is one of the most important 
personal protective equipment (PPE) against COVID-
19 infection, which protects against infectious 
respiratory droplets and particles like aerosols 
containing coronaviruses.21, 22 Since the period of the 
Spanish influenza, it has been believed that facemasks 
can prevent nosocomial infections.23 The effectiveness 
of facemasks in household, social, and hospital 
settings has been evaluated by several studies.24-26 
According to studies conducted in community or 
healthcare settings, facemasks are often helpful 
against influenza-like illness, or even against severe 
acute respiratory syndrome.25, 27, 28 The main advantage 
of face masks and other covers is that they minimize 
respiratory aerosol emissions during coughing and 
other activities.29

The efficiency of cloth masks varies depending 

on the type and structure.30-32 The efficacy of face 
and respiratory masks usage to prevent transmission 
of respiratory infections has been shown in several 
studies. However, the protective effect of face and 
respiratory masks among healthy individuals in a 
community setting remains unclear. Therefore, the 
objective of our study was to survey the performance 
of face masks against respiratory infections.

In a wide range of scientific and technical 
disciplines, scientometric analysis is a useful method 
of identifying research trends and hot topics based on 
historical publications.33

The following factors are often measured in 
conventional scientometric analysis: keywords, 
publications from countries, research institutes, 
journals, and categories of topics. However, this method 
does not fully reveal a research field’s development 
trends.34 According to scientometric analysis, only 
a few studies have assessed the effectiveness of face 
masks in the prevention of respiratory infections. 

In this research, we aimed to present a 
comprehensive overview of the research trends, the 
most important topics, and the research gaps in the 
performance of face masks. Synthetic scientometric 
analysis methodologies and indicators were utilized 
to investigate the research trends and hot topics 
of performance of face masks against respiratory 
infections.

Methods

Literature Search
The ‘Web of Science Core Collection’ is an 

endorsed database extensively utilized in the analysis 
of scientometric and citation networks. It is known 
for its comprehensive coverage of most academic 
disciplines and high data quality25, 26 and has been 
selected to conduct the literature search.27 The relevant 
studies on face mask efficacy were retrieved from the 
Web of Science (data extracted on July 15, 2023). 

To examine the contents that institutions and 
individuals prioritize, we used VOSviewer to conduct 
cooperation network analysis. Simultaneously, we 
can also analyze potential future research directions 
through keyword co-occurrence network analysis. 
These main steps are divided into the following five 
steps:

Step 1: Collecting data from WOS based on 
the search query, exporting the research results, 
and saving them in a text format recognizable by 
VOSviewer.

Step 2: Cleaning the data by merging synonyms 
that express the same meaning and removing 
meaningless words such as conjunctions and nouns.
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Step 3: Importing the research results into 
VOSviewer, Tableau software, and R package.

Step 4: Selecting the research content that needs 
to be analyzed, the period, and the pruning method 
in the software.

Step 5: Generating a visual representation and 
analyzing the graph.

The search terms used were ‘face mask (Topic)’ 
AND ‘Performance (Topic)’ AND ‘Virus (Topic)’. All 
articles published before 2022 were analyzed. The 
data were exported to Excel with ‘full record’ and 
manually screened. Subsequently, the export content 
was set to ‘Full record and cited references,’ and the 
export format was set to ‘Plain Text File’ for all the 
documents retrieved.

Research Tool and Data Process
The selected articles were analyzed using 

VOSviewer, R (Bibliometrix package), and Tableau 
to visualize geographic distributions, conduct 
bibliometric analyses, and map research trends across 
countries, institutions, keywords, and journals.

The unit of analysis for “co-authorship” was 
“organizations” and “countries,” respectively; when 
studying “co-occurrence,” “all keywords” was the 
unit of analysis; for “citation” analysis, “documents,” 
“countries,” and “sources” were selected as the 
analysis unit column.

VOSviewer provides three types of visual maps: 
overlay visualization, network visualization, and 
density visualization. Items (such as nations, authors, 
documents, and journals) are represented with colored 
circles and labels connected by lines in the network 
representation. The larger the label and the circle 

of an object, the greater its weight (which typically 
relates to its frequency of occurrence). The colors 
signify various clusters based on the relatedness of 
the elements. The distance between two things on the 
map also reflects their association.

To verify specified items, we displayed the results 
of analysis  as tables before receiving the maps. We 
summarize the number of documents, the item name, 
and the number of citations, ranking them based on 
overall link strength in the table.

Results

Based on the WOS database, 1573 documents were 
identified. After the further manual screening, 892 
publications were excluded for publishing year 2023, 
other documents, non-English language, and clear topic 
(Figure 1). Finally, 1193 studies related to the performance 
of face masks were included in the scientometric 
analysis. We excluded all documents except for articles 
and reviews. The number of research articles (984) was 
82.5%, and the Review (209) accounted for 17.5%.

The Annual Trend of Literature
The number of articles published annually 

increased from 1 in 2003 to 449 in 2021. In the 
years 2003 to 2019, only 81 (6.8%) articles were 
published, while in 2020 to 2022, 1112 (93.2%) studies 
related to face mask performance were published. 
Between 2003 and 2019, among the 81 articles 
published, 15 were review articles. Specifically, 15 
review articles were published during this period. 
The first article on the face mask performance 
was presented in 2003 in the Hong Kong by  
Winghong Seto et al.27

Identification of studies via Web of Science

Records identified from WOS
(n=2085)

Records screened (n=2085)

Studies included in analysis
(n=1193)

Report excluded (n=892)
Publishing year is 2023 (n=281)
Other document (Proceeding paper,
Book chapters, Early access, Letter
…) (n=170)
Non-English language (n=23)
Clear topic (n=418)

Records remove before screening:
Duplicate records removed (n=0)
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Figure 1: The flow chart of searching and selecting literature. (Designed by Authors)
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The number of articles published in 2020 and 
2021 has increased significantly. The outbreak 
of COVID-19 in late 2019 has led to a significant 
increase in the use of face masks in order to 
prevent the spread of this virus. After that, the 
most important researchers in the field of research 
were concerned about the performance and 
quality of the face masks. The explosive growth 
of studies in recent years is definitely affected by  
this event.

Geographical Distribution 
Overall, the 1193 papers identified in the present 

study were published by authors from 88 countries. 
Almost one third (36.19%, n=257) were conducted in 
the USA, followed by China (n=96; 13.52%), Canada 
(n=58; 8.16%; Figure 2), and Australia (n=48; 6.76%). 
If we consider co-authorships and collaborations 
among countries (Figure 3), the scientific output 
from the USA is even more predominant; however, 
countries such as Germany, Brazil, Spain, and Iran 
have produced more publications in recent years. 

Figure 2: Geographical aspects of scientific production on the performance associated with masks. (Designed by Authors)

Figure 3: Clusters of scientific production per year involving performance and masks. (Designed by Authors)
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Analysis of Research Institutions
There were 2185 affiliated institutions in 

co-authorship analysis that had been published on 
the performance of face masks. According to Table 1,  
based on the number of co-authored documents, 
Stanford University ranked first in total link strength. 
In the top ten institutions, seven were from the USA. 
Stanford University with 12 documents was the 
highest rank. Bond University (Australia), published 
only seven papers, but these studies had the highest 
citation (828), and the average number of citations per 
document was 118.29, which is the highest among the 
articles of the top 10 institutions. 

Analysis of Highly Cited Journals and Documents
The topic “face mask performance” was covered 

in 1193 articles published in 366 different journals. 
Table 2 shows the 10 most important SCI journals 
cited in the subject, according to literature citations, 
where the minimum document of each journal is 
set to “1”, and 366 journals reached the threshold. 
In total, 162 articles were published in the top 10 
journals on the topic of “face mask performance”, 
which accounted for 22.81% of the total articles. The 
journal “PloS ONE” published the most research 
on the topic, while the journal “ACS Nano” had the 
highest citations (1344) with a total link strength of 
389. Figure 4 presents an overlay visualization map of 
highly cited SCI journals that focused on “face mask 

performance” studies. In this map, the minimum 
number of documents for each journal was “8,” and 
26 journals had met this threshold. “ACS Nano”, 
“American Journal of Infection Control”, “Annals of 
Occupational Hygiene”, “Physics of Fluids” and “PloS 
ONE” were the highly cited journals. In contrast, most 
citations in recent years have come from journals 
such as “International Journal of Environmental 
Research and Public Health”,” Science of the Total 
Environment”, and “Polymers”.

In Table 3, the top 10 papers are summarized based 
on the total citations of the 1193 papers analyzed. 
Fabric mask filtration performance was evaluated in 
the two documents with the highest total link strength. 
These two studies were published in April 2020 and 
October 2010 respectively, as the first peak of the 
COVID-19 and influenza epidemic, when the world 
community was facing a shortage of standard masks. 
These studies evaluate the filtration performance of 
common fabric masks. Therefore, these studies are 
the reference studies to other researchers that show 
the proper protective function of these masks against 
the viruses.30, 35 The third highest total link strength 
was conducted by Viscusi et al. to develop a test 
system to evaluate the effectiveness of procedures 
for decontamination of respirators contaminated with 
viral droplets. Based on the findings of this study, 
it may be possible to develop a standard method for 
testing respirator decontamination.36

Table 1: The number of documents and citations of the top 10 organizations (ranked according to their link strength)
Organization Documents Citations Average Number of 

Citations per Document
Total link strength*

University of Florida (USA) 12 552 46 106
Stanford University (USA) 15 656 43.73 100
Harvard Medical School (USA) 11 161 14.63 88
Centers for Disease Control and Prevention (UAS) 8 389 48.62 77
King Saud University (Saudi Arabia) 12 736 61.33 74
Baylor College of Medicine (USA) 5 341 68.2 72
University of Colorado (USA) 5 323 64.6 70
Children’s Hospital Colorado (USA) 3 302 100.66 66
Brigham and Women’s Hospital (USA) 6 83 13.83 65
George Washington University (USA) 4 340 85 65
*The total link strength represents how strong the co-authorship links are between a specific institution and other institutions.

Table 2: The number of documents and citations of the top 10 Journals about the performance of face masks
Source Documents Citations Total link strength* Impact Factor (2022)
ACS Nano 14 1744 546 17.1
Annals of occupational hygiene 8 925 389 -
American journal of infection control 23 1059 380 1.11
Plos ONE 56 796 364 3.7
Scientific reports 36 577 291 4.6
International journal of environmental research and 
public health

36 350 280 4.61

Journal of occupational and environmental hygiene 18 392 233 3.35
Journal of Hospital Infection 18 418 222 6.9
Physics of fluids 19 867 204 4.98
Polymers 12 143 172 5
*The total link strength indicates the total strength of the citation links of a given journal with other journals.
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Research on Co-Occurring Keywords
VOSviewer software identified 3638 keywords 

through co-occurring analysis. By setting “15” as the 
minimum number of co-occurrences of keywords, the 
threshold of 83 was met. The time trend of research 
keywords in the performance of face masks is shown 
in Figure 5. Before the outbreak of COVID-19, 
researchers were primarily focused on terms such 
as “Transmission,” “Infection,” and “Virus” when 
studying the effectiveness and performance of masks. 
This focus is evident from co-occurrence keywords 
during that period, including topics like the filtration 

and efficiency of surgical masks or N95 respirators, 
seasonal epidemics, and pathogen infections. However, 
with the outbreak of COVID-19 in the world, studies 
were more focused on fit test and filtration of surgical, 
medical, and N95 masks, indicating that researchers 
are exploring the effectiveness of masks to ensure the 
effectiveness of face masks. Table 4 shows the top 
ten co-occurrence keywords according to the total 
link strengths. Besides the search terms (“face mask” 
and “performance”), the most frequently searched 
keywords were “COVID-19”, “Performance”, 
“Transmission”, and “N95 Respirators”.  

Figure 4: Distribution of “Face Masks Performance” literature in journals based on citation years. (Designed by Authors)

Table 3: Summary of the titles and citations of the top 10 documents
Authors Title Citations Total link 

strength*

Konda et al. 
(2020)30

Aerosol Filtration Efficiency of Common Fabrics Used in Respiratory Cloth Masks 536 184

Rengasamy et 
al. (2010a)35

Simple Respiratory Protection-Evaluation of the Filtration Performance of Cloth 
Masks and Common Fabric Materials Against 20-1000 nm Size Particles

221 112

Liao et al. 
(2020)37 

Can N95 Respirators Be Reused after Disinfection? How Many Times? 264 109

Viscusi et al. 
(2009)38

Evaluation of Five Decontamination Methods for Filtering Facepiece Respirators 248 101

Eikenberry et 
al. (2020)39

To mask or not to mask: Modeling the potential for face mask use by the general 
public to curtail the COVID-19 pandemic

501 88

Balazy et al. 
(2006)40

Do N95 respirators provide 95% protection level against airborne viruses, and how 
adequate are surgical masks?

250 84

Chua et al. 
(2020)41

Face masks in the new COVID-19 normal: materials, testing, and perspectives 270 81

Tcharkhtchi et 
al. (2020)42

An overview of filtration efficiency through the masks: Mechanisms of the aerosol’s 
penetration

163 77

Zhao et al. 
(2020a)43

Household Materials Selection for Homemade Cloth Face Coverings and Their 
Filtration Efficiency Enhancement with Triboelectric Charging

146 74

Mills et al. 
(2018)44

Ultraviolet germicidal irradiation of influenza-contaminated N95 filtering facepiece 
respirators

166 72

* The total link strength indicates the total strength of the citation links of a given document with other documents.
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This showed that the studies of the performance of 
face masks, in the last two years, had attracted a 
considerable amount of research. Using face masks as 
one of the personal protection equipment and paying 
attention to their performance play an effective role 
in preventing the transmission of infectious diseases.

Figure 6 shows the co-occurrence keywords 
cluster density map. Four major keywords clusters 
were identified in the VOSViewer, based on their 
correlation, as follows: (1) filtration, protection 
and efficiency of face masks in surgical mask, N95 
respirator, which are derived from the keyword, such 
as performance, efficiency, filtration, protection, 
surgical mask, N95 respirator, etc.; (2) using personal 
protective equipment such as masks to protect the 
person against pandemic of corona virus, such 
as COVID-19, pandemic, disinfection, personal 
protective equipment, masks, etc.; (3) the importance 
of hand hygiene and medical masks against infectious 
agents in healthcare workers from the keywords, such 

as healthcare workers, medical masks, transmission 
and hand hygiene, etc.; and (4) protective effect of 
respiratory masks against aerosols, such as prevention, 
aerosols and face masks, etc.

Authors and Most Cited Countries in Publications 
on ARI

In Figure 7A, the timeline is used to illustrate the 
production of these top authors over the years. The 
production of an author is defined by the number of 
publications and the total number of global citations of 
their documents. Grinshpun SA., Li Y., and Wang Y. 
have published the highest number of research papers 
in this field, with 11 papers each (since 2006, 2005, 
and 2010, respectively), followed by Maclntyre CR., 
who has 10 publications on ARIs research; as shown 
in Figure 7B, the two most influential researchers were 
Cui Y. and Macintyre CR. with the total citations per 
year of 66 and 63, respectively. Based on their local 
citations, this paper lists the top 10 authors in Figure 7B.  

Figure 5: Overlay visualization of co-occurrence keywords for “Face Masks Performance”. (Designed by Authors)

Table 4: The top 10 co-occurrence keywords for “face masks performance”
Keyword Occurrences Total link strength*

Covid-19 536 1526
Performance 175 873
Transmission 135 607
N95 Respirators 98 575
Influenza 71 406
Surgical Mask 70 404
Virus 74 401
Masks 92 390
Filtration efficiency 79 364
Personal protective equipment 94 363
*The total link strength indicates the total strength of the co-occurrence links of a given keyword with other keywords.
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Figure 6: Cluster density of “Face Masks Performance” co-occurrence keywords. (Designed by Authors)

Figure 7: A) Top authors’ production over time B) Most local cited authors. (Designed by Authors)
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The top 2 most locally cited authors were as follows: 
Shaffer RE (241 local citations) and Cui Y (232 local 
citations).

Counting the number of articles with authors from 
different countries and articles with authors from 
the same country was used to analyze international 
collaboration. Consequently, articles were classified 
into two categories: single country publications (SCPs) 
and multiple country publications (MCPs). A SCP 
publication represents an intra-country collaboration 
between all authors who reside in the same country. 
International collaboration was represented in MCP 
by authors from different countries. SCPs and MCPs 
for the top 20 countries are presented in Figure 8. 
USA, China, and Australia ranked first, second, 
and third, based on the percentage of MCPs (of the 
total number of publications per country). There is 
a higher level of collaboration between authors from 
these countries and authors from other countries. For 
the 20 countries listed in Figure 8, the number of 
single-country publications was higher than multiple-
country publications, except for Saudi Arabia. The 
USA, China, and India ranked first and second, 
respectively, in terms of SCP percentage.

Discussion

As with other epidemics over the past century, the 
COVID-19 pandemic has accounted for the transmission 
of acellular and cellular microorganisms in respiratory 
aerosols. Patients, healthcare professionals, and the 
public had used surgical face masks, non-surgical 
face masks, and respirators as a basic form of personal 
protective equipment (PPE) to reduce the transmission 
of disease. Consequently, the manufacturing industry 
has experienced an indiscriminate increase in demand.45 

This research analyzed 1,193 research articles on the 
performance and protective effects of face masks as 
a control method against infectious diseases using 
scientometric analysis. In summary, the following 
recommendations and conclusions are presented. Over 
the last three years, research on the performance of face 
masks has grown significantly, and the number of yearly 
publications is continually increasing. This indicates that 
the effectiveness of face masks has received increasing 
attention, and different methods for their performance and 
reuse are currently under investigation. With a significant 
number of publications and citations, the United 
States and China are at the forefront of this research. 
Prominent institutions such as Stanford University and 
Harvard Medical School, both in the USA, have made 
significant contributions to this research. The journal 
‘ACS Nano’ has published numerous articles, reflecting 
a high amount of interest in face masks. Researchers 
may find it a valuable source for collecting and sharing 
publications in this field. In addition to the search terms 
‘face mask,’ ‘performance,’ and ‘infection,’ ‘COVID-19,’ 
‘Performance,’ ‘Transmission,’ and ‘N95 Respirators’ 
were four main keywords, indicating hotspots in 
research. These trends suggest potential knowledge 
gaps regarding the effectiveness of face masks, so future 
research should focus on challenges such as uncertain 
efficacy and fitness. Based on the findings of this study, 
it was concluded that wearing face masks can present 
various difficulties and potential issues, including 
uncertainty regarding their effectiveness, proper fit, and 
availability. There is less external protection provided 
by surgical and cloth masks due to their weaker barrier 
capabilities. Due to the way the mask fits, when someone 
releases pressurized droplets or aerosolized particles, 
like when coughing or sneezing, these particles will 
escape from the sides more than the front. There are 
open sides on cloth masks so that the air can circulate 

Figure 8: Corresponding author’s countries (Designed by Authors)
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through them.46 It is imperative that the mask forms 
an airtight seal with the wearer to achieve a successful 
outcome. Additionally, various studies emphasize key 
arguments in favor of wearing face masks, including 
the potential for a false sense of security (protecting 
only nearby people), proper usage, and communication 
errors. Researchers around the world have highlighted 
several issues related to the use of face masks, such as 
their long-term usage, reuse, and decontamination. N95 
masks, for example, can typically be worn for up to eight 
hours due to the exposure time.47 It is possible to reuse a 
face mask after proper disinfection. Wearing a face mask 
over a respirator can make cleaning and disposal easier. 
However, there is a supply constraint when compared to 
global demand.48 It is crucial to provide face masks on 
a large scale to combat infectious diseases effectively. 
Additionally, the availability of suitable masks remains 
a challenge in developing countries. Eventually, the 
country will transition to local production due to a 
shortage of commercially available disposable face 
masks.49 However, some unauthorized industries may 
produce masks that do not meet the required quality 
standards to meet the immediate demand.

Conclusion

Masks may be more effective if they are worn correctly 
and consistently, but this is still a big challenge. Since 
the included studies all have markedly different 
methods and there is a high risk of bias in a few of 
them, further well-designed and controlled studies using 
standardized methodologies are greatly recommended. 
The government and public health agencies need to 
endorse rational recommendations on appropriate mask 
use in conjunction with other preventive measures, 
including hand hygiene. According to the World Health 
Organization, people with respiratory symptoms or those 
caring for someone with symptoms should wear face 
masks. Also, vulnerable populations, including elderly 
people and those with medical conditions, should wear 
masks. If supplies permit, face masks could be used 
universally. Urgent research on the duration of protection 
offered by face masks, measures to prolong the life of 
disposable masks, and the invention of reusable masks 
should be encouraged in parallel.
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