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Article history: Background: Virtual reality (VR) is a new innovative technology that can enhance
Received 30 Dec.:ember 2023 intervention and should promote the effectiveness of rehabilitation, but there is a
Accepted as revised 24 April 2024 lack of scientific evidence on the clustering and topic research trend, especially on
Available online 28 April 2024 VR and pulmonary rehabilitation (PR). More evidence about network clusters and

Keywords: trends will encourage the research in the future.

Bibliometric, clustering, pulmonary

rehabilitation, virtual reality Objective: This study aimed to explore, identify, cluster, and forecast analysis for

the research trend of VR and PR from the research articles on the SCOPUS database.

Materials and methods: In this study, the search terms “virtual reality” AND
“pulmonary rehabilitation” were extracted from specific English research articles
published on the SCOPUS database between 2013-2023. RStudio software was used
to perform bibliometric and visual analysis. During the analysis in the bibliometric
tool, the normalization process with Salton’s Cosine and network clustering via
trend topic with the Walktrap algorithm was analyzed before specific visualization
with the network clustering mapping, Treemap, and trend topic line by Kamada-
Kawai layout algorithm.

Results: From the 1,396 articles on “VR” published between 2010 and 2023, there
were 13 research articles on “VR AND PR” published between 2013 and 2023. The
bibliometric result from 13 articles showed total of 36 subdisciplines correlated
networks among virtual reality (20, 7%), male (16, 6%), female (15, 5%), aged (12,
4%), chronic obstructive lung disease (12, 4%), exercise (11, 4%), human (10, 4%),
humans (10, 4%), middle-aged (10, 4%), quality of life (10, 4%), article (9, 3%),
pulmonary rehabilitation (9, 3%), controlled study (8, 3%), adult (6, 2%), chronic
obstructive (6, 2%), clinical article (6, 2%), forced expiratory volume (6, 2%),
pulmonary disease (6, 2%), randomized controlled trial (6, 2%), and forced vital
capacity (5, 2%), etc., respectively. Three network clusters were reported after
the normalization process and clustering evaluation by factorial analysis. The first
cluster was composed of virtual reality, male, female, aged, chronic obstructive lung
disease, exercise, human, humans, middle-aged, quality of life, article, pulmonary
rehabilitation, controlled study, adult, chronic obstructive, clinical article, forced
expiratory volume, randomized controlled trial, forced vital capacity, six-minute
walk test, depression, technology, telerehabilitation, breathing exercise, Covid-19,
dyspnea, functional status, hospital patient, and physical activity, respectively. The
second cluster consisted of procedure and exercise therapy, and the last cluster
consisted of exercise tolerance, lung, treatment outcome, health program, and
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Introduction

New innovative technology, Virtual Reality (VR), is
one of many devices that can answer future challenges.!
Various types of VR such as non-immersive, immersive,
and 3D-displays, is a novel technology defined as “the use
of interactive simulations created with computer hardware
and software to present users with synchronized virtual
environments that feel similar to real-world situations.?
In a VR system, the complexities of the real world can be
simulated in a controlled program.® The rehabilitation field
can be facilitated using different devices or equipment.*
Some evidence reported that the manual rehabilitation
process following many injuries and disabilities is long,
arduous, and tedious; therefore, patients mostly lack
the motivation to follow the program, which can lead to
ineffective rehabilitation outcomes and less quality of
improvement.>® The advantages of VR for rehabilitation
have been applied and performed because of real-time
feedback, individual setup, ease of adjustment, and
simple measurement possibility,”® especially in physical
therapy that has been documented in the fact sheet in
the International Association for the Study of Pain (IASP)
2022 as the same as other digital modalities with medical
applications (mHealth apps), and telemedicine.®

Presently, VR shows initial promising results in
clinical studies. VR integrates mechanisms of distraction,
behavioral modification, relaxation, and education in
many conditions such as neuropathic pain and low back
pain.’® Several VR systems have been developed for
rehabilitation. Moreover, clinical engagement through
VR can reduce pain perception and improve physical
movement.!! Different studies have investigated the
effectiveness of VR in rehabilitation or the design and
development of VR systems to facilitate rehabilitation
exercises. For example, using Kinect for motor disabilities
and exercises for shoulder abduction, path following, play
along, and balloon pop, Roy and coworkers found that
both patients and clinicians considered it an engaging and
motivational intervention in rehabilitation.!? In addition,
Su and coworkers designed a VR to help patients do
lower back exercises and the result showed a high degree
of acceptance in motivating the patients to perform the
exercises.'®* Moreover, Kim and co-workers evaluated the
effects of an unsupervised VR-based exercise program on
hip muscle strength and balance control in older adults.
The results reported that the VR group had shown a
great improvement in hip strength of extensors, flexors,
and adductors (changes = 55.5%, 29.9%, and 48.6%,
respectively). In contrast, the control group did not show
significant improvements (changes = 1.5%, 4.6%, and
2.1%, respectively).* As well, the study of Bryanton et al.
reported that greater mean ankle active ranges of motion
to hold time after practicing with VR-based ET when
compared to conventional therapies.’®> Moreover, many
reviews have further investigated specific patients or goals
to use VR with exercise to achieve rehabilitation, e.g., in
multiple sclerosis,*® chronic stroke,” balance and gait,®
and Down syndrome, and cerebral palsy.*®

Therefore, the previous evidence shows that VR

programs are considered more effective tools for
rehabilitation than traditional approaches in the new
digital technology.? Because VR is an enjoyable activity
with valuable feedback and improves motor learning
and adherence to exercise with non-immersive,? semi-
immersive, and fully immersive systems.?? Unfortunately,
there were rare previously published articles that showed
the applications of VR in pulmonary rehabilitation and
suggested a trend study in the future. Therefore, this
study aimed to explore and identify the network cluster
and forecast the research topic trend of VR and PR from
the prior data based on the SCOPUS that can be useful to
encourage future research.

Methodology

This study employs a research design combining
guantitative and qualitative methods to analyze and
visualize data. It is a component of a large-scale research
project that was approved by the Human Ethics Committee
at the Faculty of Associated Medical Science, Chiang Mai,
Thailand (STUDY CODE: AMSEC-67Ex-004). Bibliometric
analysis under RStudio Software (version 4.3.2) is one of
many software related to various databases, i.e., Web
of Science, PubMed, Cochrane, or SCOPUS.2? However,
this study aimed to explore the network clustering and
trend topics in the research between 2010 and 2023.
The search terms or inclusion criteria were focused on
specific keywords, such as “Virtual Reality (VR)” and
“Pulmonary Rehabilitation” in the research articles based
on the particular SCOPUS database with literature type
of research article and English language. As a property
of Scopus, it is relatively more comprehensive than
PubMed or Web of Science (WoS). For example, Garrido-
Cardenas et al. argue that Scopus covers 84% of the WoS
titles, whereas only 54% of the publications in Scopus are
indexed in W0S.2* Scopus is also more precise than Google
Scholar because of its superior control over the referred
publications and the controlled indexing.?® As a result,
the Scopus database was the only reasonable option
for conducting the study because of its accessibility and
extensive coverage of peer-reviewed academic literature.®
Exclusion criteria were types of literature categorized as
letters, reports, conferences, proceedings, or review data
(Cochrane). Generally, Cobo et al. proposed the method
of bibliometric analysis for application to the analysis of
scientific domains.?” There are eight steps: data collection,
selection of analyzed units, data processing, normalization
process, creation of science mapping, analysis methods,
visualization techniques, and interpretation.

This research ran on the methodology of bibliometric
analysis from Steps 1 to 5 28 as in Figure 1, which was
modified from Aria and Cuccrullo.”® The data from
research articles on “virtual reality” and “pulmonary
rehabilitation” was collected on the SCOPUS database in
steps | and Il. All data was transformed into a “ BibTex “ file
type before processing in the Bibliometric method within
RStudio Software in Step lll. Then, the data processing on
bibliometric analysis, the primary most relevant sources
or journals, number of documents, keyword occurrences,
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most relevant words, or most frequency words was
computerized evaluated. During processing in bibliometric
analysis, the normalization process with Salton’s Cosine %’
(Step 1V) and network clustering and trend topic analysis
were identified by the Walktrap distance algorithm.®
The creation of science mapping visualization in the
bibliometric tool as network clustering mapping, Treemap,
or trend topic was presented by the Kamada-Kawai layout
algorithm which is used to present a specific visualized
layout with weight edged based on the distance among

Data Collection for Selection of Analyzed Units

all data.®3 |n this study, Salton Cosine normalization
was selected because previous evidence reported that
Salton’s cos is similar to the Person’s cosine that was
used to investigate the potential co-cited in the library
environment.** The Walktrap distance algorithm was used
to analyze the network clustering and trend research topic
in a small database,* and following as in the previous
suggestion.®3¢ Therefore, all algorithms in this study were
used to analyze either a big or small database.

Data

Visualization & Network

online database virtual reality” and (13 Studies)
SCOPUS database “pulmonary rehabilitation”

Data processing

Normalization process .
B clustering
Salton’s Cosine

Kamada-Kawai &

Bibliometric Walktrap algorithm

Figure 1. Five steps of data collection, analysis, data processing, normalization, and clustering processes.?®

Results
Distribution by Time and Journal publication

A total of 1,396 original publication articles on
“Virtual reality” or VR were found between 2010 and
2023. Still, there were only 13 research articles published
in 11 journals with 63 authors under the specific words
of “Virtual Reality AND Pulmonary Rehabilitation”
published between 2013 and 2023. All articles with the
author’s name, journal, research title, and published page
were presented in Table 1. The most relevant sources

or journals and the number of documents were the
International Journal of COPD (N=2), International Journal
of Environmental Research and Public Health (N=2), BMJ
Open (N=1), Canadian Respiratory Journal (n=1), Contrast
Media and Molecular Imaging (n=1), Frontiers in Public
Health (N=1), Journal of Medical Internet Research (N=1),
Journal of Clinical Medicine (N=1), Journal of Healthcare
Engineering (N=1), Journal of Human Kinetics (N=1), and
Journal of Medical Internet Research (N=1).

Table 1. Cited Article Results in SCOPUS database between 2013-2023.

Authors Title

LiY, et al.’’

Virtual reality as an adjunct to pulmonary rehabilitation of patients with chronic obstructive

pulmonary disease: a protocol for systematic review and meta-analysis.

Rutkowski S, et al. %

Inpatient post-COVID-19 rehabilitation program featuring virtual reality-preliminary results of
randomized controlled trial.

Rutkowski S, et al.*®

Effectiveness of an inpatient virtual reality-based pulmonary rehabilitation program among
COVID-19 patients on symptoms of anxiety, depression, and quality of Life: preliminary results
from a randomized controlled trial.

Cerdan-De-las-heras J, et al. %°

Tele-rehabilitation program in idiopathic pulmonary fibrosis-A single-center randomized trial

Rutkowski S, et al. #*

Evaluation of the efficacy of immersive virtual reality therapy as a method-supporting
pulmonary rehabilitation: A randomized controlled trial.

Liu H, et al.*?

Study on adjuvant medication for patients with mild cognitive impairment based on VR
technology and health education.

Xie X, et al.*®

Virtual reality technology combined with comprehensive pulmonary rehabilitation on patients
with stable chronic obstructive pulmonary disease.

Jung T, et al.**

A virtual reality-supported intervention for pulmonary rehabilitation of patients with chronic
obstructive pulmonary disease: Mixed methods study.

Rutkowshi S, et al. *

Virtual reality rehabilitation in patients with chronic obstructive pulmonary disease: A
randomized controlled trial.

Alves da Cruz MM, et al.*®

Acute hemodynamic effects of virtual reality-based therapy in patients of cardiovascular
rehabilitation; a cluster randomized crossover trial.

Knox L, et al.*’

Safety, feasibility, and effectiveness of virtual pulmonary rehabilitation in the real world.

Rutkowski S, et al.*®

Effect of virtual reality-based rehabilitation on physical fitness in patients with chronic
obstructive pulmonary disease.

Wardini R, et al.*°

Using a virtual game system to innovate pulmonary rehabilitation: Safety, adherence, and
enjoyment in severe chronic obstructive pulmonary disease.
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Co-occurring keywords and Network Clustering analysis
The result of the bibliometric analysis of 13 articles
with specific keywords of “VR and PR” from the research
articles in SCOPUS showed a total of 36 subdisciplines. The
most frequency words, word clustering, and Treemap used
subdisciplines in 13 articles including virtual reality (N=20,
7%), male (N=16, 6%), female (N=15, 5%), aged (N=12,
4%), chronic obstructive lung disease (N=12, 4%), exercise
(N=11, 4%), human (N=10, 4%), humans (N=10, 4%),
middle-aged (N=10, 4%), quality of life (N=10, 4%), article

(N=9, 3%), pulmonary rehabilitation (N=9, 3%), controlled
study (N=8, 3%), adult (N=6, 2%), chronic obstructive (N=6,
2%), clinical article (N=6, 2%), forced expiratory volume
(N=6, 2%), pulmonary disease (N=6, 2%), randomized
controlled trial (N=6, 2%), and forced vital capacity (N=5,
2%), etc., respectively. After the normalization with Salton’s
Cosine, the science mapping from 36 subdisciplines was
presented from the bibliometric analysis with the Kamada-
Kawai algorithm, shown in Figures 2-4.

virtual reality

male

female

aged

chronic obstructive lung disease

exercise

human

humans

middle aged

quality of life

article

Keywords Plus

pulmonary rehabilitation

controlled study

adult e
chronic obstructive o
clinical article o
forced expiratory volume o
pulmonary disease e
randomized controlled trial o

forced vital capacity o

0 5

10 15 20
Occurrences

Figure 2. Most frequency words in 13 published articles between 2013 and 2023.

»

]

Figure 3. Network clustering visualization with Walktrap distance algorithm of 36 subdisciplines from 13 cited articles.



J. Leelarungrayub et al. Journal of Associated Medical Sciences 2024; 57(2): 173-182 177

virtual reality
20
7%

chronic obstructive lung disease
12

exercise

pulmonary rehabilitation

forced expiratary volume |8
6

randomized controlled trial
6

six minute walk test depressicm
4

breathing

1%

physical activity
3

technology 1%

4
1%
functional status

1%

health education

hospital patient
3

1%

Figure 4. Treemap analysis of a total of 36 subdisciplines from “virtual reality” and “pulmonary rehabilitation”
after citation between 2013 and 2023 in the SCOPUS database.

The results represented three clusters and map
network clustering as presented in Table 2 and Figure
5. The first cluster was composed of 29 subdisciplines:
Virtual reality, male, female, aged, chronic obstructive
lung disease, exercise, human, humans, middle-aged,
quality of life, article, pulmonary rehabilitation, controlled
study, adult, chronic obstructive, clinical article, forced
expiratory volume, randomized controlled trial, forced

vital capacity, six-minute walk test, depression, technology,
telerehabilitation, breathing exercise, Covid-19, dyspnea,
functional status, hospital patient, physical activity,
respectively. The second cluster of 2 subdisciplines
consisted of procedure and exercise therapy, and the last
cluster of 5 subdisciplines consisted of exercise tolerance,
lung, treatment outcome, health program, and convalescence.

Table 2. Network Clustering and 36 subdisciplines from “virtual reality” and “pulmonary rehabilitation”

Network Clustering  Subdisciplines

Virtual reality, male, female, aged, chronic obstructive lung disease, exercise, human, humans,
middle-aged, quality of life, article, pulmonary rehabilitation, controlled study, adult, chronic

1 obstructive, clinical article, forced expiratory volume, randomized controlled trial, forced vital
capacity, six-minute walk test, depression, technology, telerehabilitation, breathing exercise,
Covid-19, dyspnea, functional status, hospital patient, physical activity

2 Procedures, exercise therapy

3 Exercise tolerance, lung, treatment outcome, health program, convalescence
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Figure 5. Three-map network clustering analysis from all 36 subdisciplines or words in 13 published articles
between 2013 and 2023.

Trend research Topic related to the keywords of Virtual
reality and Pulmonary rehabilitation.

From the words’ frequency over time since 2013, the
results showed an increased trend of the top ten words.
Trend research topics were virtual reality (1 to 20), male

204

Cumulate occurrences

(2to 16),female (2to 15),aged (3to 12), chronic obstructive
lung disease (1 to 12), human (2 to 11), exercise (2 to 11),
humans (2-10), quality of life (0 to 10) and middle-aged
(1 to 10), respectively in 2023 when compared to 2013
(Figure 6).
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Figure 6. Trend topics from the words’ frequency over time from 2013 to 2023 analysis.
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Discussion

The bibliometric analysis used mainly in this study
is one of many software product line engineering at
lower costs, in a shorter time, and with higher quality.>®
Bibliometric analysis has been popular in business
research in recent years which can be attributed to the
advancement, availability, and accessibility of software
such as Gephi, VOSviewer, and scientific databases such
as SCOPUS in this study.?> In addition, this method can be
applied for discovering knowledge and identifying novel
ideas for investigation or research and the position of the
intended contributions to all fields.®® The advantages of
this method are that it can be used and tested repeatability
in a broad scope from either small or big datasets from
the globally published articles in SCOPUS or PubMed with
both quantitative as most frequency words or Treemap
percentages and qualitative as network clustering, trend
topic, and network clustering visualization analysis when
compared to other qualitative analysis in Meta-analysis,
and Systematic literature review.

This study applied the bibliometric tool to explore
and identify the network clustering analysis because it was
popularly usedin business research; forexample, to analyze
risk management from the SCOPUS database.> Thatreport
could identify the six clusters of all risk parameters in the
same way as the three network clustering identifications
that can be evaluated in this study. Thus, bibliometric
analysis in this study is reflected as a great tool to get
reliable, clear, and unbiased quantitative estimate results
as a prior report.>

Network clustering and most frequency words.

The results of 13 research articles showed the top
ten frequency words of virtual reality, male, female,
aged, chronic obstructive lung disease, exercise, human,
humans, middle-aged, quality of life, article, pulmonary
rehabilitation, controlled study, and adults, etc. No previous
studies have been reported on data citations, which is
likely this result. However, a previous report documented
seven electronic libraries and 32 review studies from 2010
to 2023 from Digital Library, Google Scholar, IEEE Explore,
MEDICINE, PubMed, Sage, and ScienceDirect.>* Therefore,
the meaning of this study can be suggested that VR and PR
have been studied concerning VR’s impact on the quality of
life from exercise and pulmonary rehabilitation in humans
with chronic lung disease under a controlled study design.
Moreover, the validity of the results of the three clusters in
this study with the Cosine normalization algorithm can be
supported by previous evidence, *data visualization from
the occurrence matrix,>® network mapping visualization
with Kamada-Kawai layout algorithm,*®* and related
to the Walktrap algorithm.®*® The network clustering
visualization from this study can be represented as
same as in the network in various research areas® with
other algorithms such as Edge, Fast Greedy, Eigenvector,
Infomap, Label Propagation, Louvain,*® and Walktrap
algorithm in this study.>® Moreover, the small data from
13 research articles and three networks in this results,
the Walktrap algorithm can be selected automatically

in the RStudio and bibliometric analysis. In addition,
some previous research reports on data mining or data
analysis on the different algorithms, various modularity,
processing time, and cluster members, suggested that
frequency analysis and co-occurring networks should
be identified and applied.>*®° This study showed partial
results on network clustering from database citations.
However, this study aims mainly to present the clustering
of words related to the research topic in the future. From
the network clustering analysis from the most frequent
words in this study, “Virtual Reality” and “Pulmonary
Rehabilitation” were dominant outcomes in research
articles automatically presented in the SCOPUS database
between 2013 and 2023. This confirms the future view
on VR, which is a promising technology for implementing
personalized, motivating, and controlled rehabilitation
scenarios as previous evidence.®!

Trend research topics of virtual reality and pulmonary
rehabilitation

Identifying the research trend in the future of this
study is consistent with a previous review document.® The
reviewed report of Patsaki and co-workers claimed that
VR application has been recommended for COPD patients
and variables examined with aerobic capacity for exercise,
lung function, anxiety, depression, six-minute walk test,
and FEV1. In this study, the Bibliometric tool successfully
analyzed the summarizing articles, which is the same
as the previous suggestion.®® Although the 13 research
articles were cited between 2013 and 2023, the frequency
of the words over time could also be analyzed. Trend
topics were virtual reality (1 to 20), male (2 to 16), female
(2 to 15), aged (3 to 12), chronic obstructive lung disease
(1to 12), human (2 to 11), exercise (2 to 11), quality of life
(0 to 10) and middle-aged (1 to 10), respectively in 2023
when compared to 2013. Unfortunately, the sub-classified
analysis found nine articles published between 2019 and
2023 and one research article in 2023 that studied “VR
and pulmonary rehabilitation and chronic obstructive
lung disease.” In addition, breathing exercise, breathing
exercise gaming, pulmonary rehabilitation, respiratory
biofeedback, and virtual reality were the keywords that
have been continued respectively citation that help to
improve the quality of life in patients with chronic lung
disease.® Therefore, future research on VR-innovative
technology in pulmonary rehabilitation in case of chronic
pulmonary disease should be encouraged.

Limitation of study

This data was mainly cited from the SCOPUS
database, English literature, and specific research
articles on the keywords “Virtual reality and Pulmonary
rehabilitation”. Moreover, some new research articles
in the in-press situation may not appear in the SCOPUS
database. Therefore, continuous study should be followed
or performed for the strong evidence. In addition, the
keywords such as specific programs such as “chest
mobilization exercise” or/and “purse-lip breathing exercises”
or/and “incentive spirometer” or/and “education”, etc.,
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were not recorded. Thus, the limitation of the network
clustering and trend topic analysis cannot be evaluated for
future research studies.

Conclusion and Clinical Application

The bibliometric analysis of specific research articles
in the SCOPUS database in the 10-year update on the
keywords “VR and Pulmonary rehabilitation” can be
helpful and suggest more future studies and encouraged
in the cardiopulmonary research area, relating to the
other keywords such as chronic obstructive lung disease,
exercise, breathing exercise, pulmonary rehabilitation,
quality of life, forced expiratory volume, forced vital
capacity, six-minute walk test, dyspnea, functional status,
and physical activity”. Moreover, this study encourages
future research in clinical cardiopulmonary rehabilitation
through the discovery of knowledge from the data-mining
analysis tool.
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