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Democratic Republic of Congo, *Dow Medical College, Dow University of Health Sciences,
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Background and objectives: The Extended Reality (XR) technology was
established by combining elements of Virtual Reality and Augmented Reality,
offering users the advantage of working in a virtual environment. The study
aimed to evaluate medical professionals’ and students’ knowledge, attitudes,
and practices regarding using XR technology in Pakistan’'s healthcare system and
identify its benefits, drawbacks, and implications for the system's future.

Methodology: A cross-sectional study was executed by circulating a self-
structured online questionnaire among the Medical Community across Major
Cities of Pakistan using various social media platforms as available sampling.
The sample size was calculated to be 385 using RAOSOFT. Cronbach'’s alpha
was calculated as 0.74. The Exploratory Factor Analysis (EFA) conducted on the
dataset was validated using the Kaiser-Meyer-Olkin (KMO) measure and Bartlett's
Test of Sphericity. The KMO value of 0.752 indicates adequate sampling, and
Bartlett's Test was significant (x2 (435) = 2809.772, p < 0.001), confirming the
suitability of the data for factor analysis. Statistical analysis was done using
SPSS-25, and data description was done as frequency and percentage. Pearson
correlation and regression analysis kept p-value < 0.05% significant.

Results: Approximately 54.8% of 406 participants conveyed their familiarity with
XR technologies. The majority of participants (83.8%) believed that using XR
technology effectively enhanced medical education and patient care in Pakistan.
Regarding clinical outcomes, 70.8% believed XR improved the efficiency of
procedures and 52.8% agreed XR would lead to more device-dependent
systems and eradicating human error (32.4%). Major barriers to XR integration
included ethical and privacy issues (63.9%), lack of technological advancements
in Pakistan (70%), and lack of ample knowledge and training of XR among
health care professionals (45.8%). Hypothesis testing revealed a low positive
but significant correlation between the use of Al-based healthcare systems
and the increasing speed and accuracy of procedures (r = 0.342, p < 0.001),
supporting Hypothesis 1. Similarly, a very low positive yet significant correlation
was observed between the augmentation of diagnostic and surgical procedures
and addressing data security and ethical issues for implementing XR (r = 0.298,
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p < 0.001), supporting Hypothesis 2. Lastly, a correlation between the mean
Attitude (MA) score and the mean Perception (MP) score was found to be
moderately positive and significant (r = 0.356, p < 0.001). Hence, the hypothesis

3 was supported.

Conclusion: XR technology has the potential to enhance medical education
and patient care in Pakistan, but its adoption faces significant challenges,
including ethical concerns, technological gaps, and inadequate training. The
study’s findings highlight the need to address these issues to maximize the
benefits of XR in healthcare.

KEYWORDS

extended reality (XR), virtual reality (VR), augmented reality (AR), mixed reality (MR),
medical education, healthcare, artificial intelligence (Al)

1 Introduction

Extended reality, which includes virtual reality, augmented
reality, and mixed reality, revolutionizes people’s lives by enabling
collaboration between real and virtual elements. It bridges the
gap between the physical and virtual worlds (1-4). In the field
of clinical care and medical education, all three extended reality
technologies have the potential to bring about significant changes.
Mixed reality, for instance, can enhance understanding of complex
surgical procedures, anesthesia, and medications. Additionally,
augmented reality can generate three-dimensional holograms from
MRI scans to assist in neurological procedures and stereotactic
processes (5-7).

To fully comprehend the impact of enhanced simulation and
extended reality on medical education and healthcare systems,
high-quality studies are needed (8, 9). Furthermore, educational
reforms are necessary to equip medical students and trainees with
the skills needed to tackle real-world challenges. Public health
education can also benefit from extended reality, as it offers a
comprehensive learning experience and promotes competency in
investigating public health issues and managing infectious diseases
(10-12).

To address the gaps in utilizing extended reality, a workshop
was organized to evaluate operational techniques. Further research
is required to explore how XR technologies can be used for the
diagnosis and treatment of diseases (13, 14). An integrative review
of articles focusing on extended reality in the field of medical
education revealed that XR technology, including virtual reality and
augmented reality, is as effective as traditional teaching methods
in improving learning outcomes and patient care (15-22). While
extended reality has the potential to transform various aspects
of life, there is a lack of well-documented literature on how XR
technology should be integrated into the healthcare system (23).
Currently, there is insufficient research on the implementation
of XR technologies in medical education, despite their world-
changing potential (24).

Extended Reality is an unstoppable force and we should
be improving our teaching methods to adapt to this change.
These technologies serve clinical care by offering, psychological
(25-27), telehealth (28),
(29), nutritional guidance (30) and communication capabilities.

assessment services visualizations
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Utilizing 3D capabilities, applications are designed for teaching and
pre-operative planning purposes. Extended reality has showcased
its effectiveness during interventional procedures by offering
3D visualizations of patient anatomy, scar visualization, and
real-time catheter tracking using touch-free software control.
Extended reality devices find applications in education, pre-
cardiac interventions (31-33).
Advancements in hardware and software are propelling the

procedural planning, and
expansion of XR-assisted surgery. While augmented virtuality
and mixed reality remain relatively unexplored, VR utilization
is increasing, particularly in surgical training and pre-operative
preparation. With the impact of COVID-19 restricting physical
interaction and surgical procedures becoming more complex,
XR-assisted surgery is poised to assume a larger role soon
(34-39).

Extended Reality has also widened the horizons of visualization
capabilities, particularly with microscopic images, molecular data,
and anatomical datasets. An example of such advancement is
the Google AR Microscope (ARM) system, which consists of an
augmented bright-field microscope, a computer, and a set of trained
deep-learning algorithms. This innovative system has proven to
assist pathologists in reducing the time needed to scan multiple
images to detect the presence of cancer (40).

As XR technology rapidly evolves, it becomes essential
to evaluate healthcare professionals’ current awareness and
comprehension levels regarding these advancements. In response
to this necessity, we conducted an extensive survey to measure
the familiarity and knowledge of XR technology within the
healthcare workforce.

Hypotheses:

1. There is a significant relationship between the “Use of Al-
based healthcare systems” and the “Perceived increase in the
speed and accuracy of procedures.”

2. A correlation exists between the “Perceived augmentation of
diagnostic and surgical procedures” and concerns related to
“Addressing data security and ethical issues for implementing
XR.”

3. A correlation exists between the “level of medical education”
and the “mean Attitude (MA) score and the mean Perception
(MP) scores”.
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2 Subjects and methods

2.1 Type of study, sample size, and
sampling

A descriptive cross-sectional study was conducted by
administering a structured self-administered questionnaire
among the Medical Community in 2023. The STROBE
(Strengthening the Reporting of Observational Studies in
Epidemiology) checklist was employed in this study to enhance
the quality and transparency of reporting. As this is a descriptive,
observational study, the STROBE checklist provides a structured
framework that ensures all critical components of the study
design, data collection, analysis, and interpretation are thoroughly
addressed. These elements ensure clarity, completeness, and
transparency in reporting observational studies. By using this
checklist, we aimed to minimize potential biases, improve
the reproducibility of our findings, and ensure that our study
meets the highest standards of scientific rigor and clarity.
A standard sample size of 385 was selected through Raosoft for a
nationwide study.

2.2 Study implementation

An online questionnaire to obtain wide coverage and a
larger sample was distributed among the Medical Community
across 9 major and most developed Cities of Pakistan using
various Social Media platforms. These cities included Karachi,
Lahore, Faisalabad, Rawalpindi, Islamabad, Multan Peshawar,
Abbottabad and Muzzafarabad which represent all regions
(provinces and territories) of Pakistan. Medical Students,
House Officers, Medical Officers, Postgraduate Trainees,
Professors, Specialists, and Consultants from all across Pakistan
were included in the study. The duration of completing the
questionnaire was 10-15 min.

2.3 Data collection

Knowledge, Attitude and Perception were dependent variables
while socio-demographic characteristics (age, education, gender,
residence and city) were independent variables. The questionnaire
included sections on demographic characteristics such as gender,
area of residence (rural or urban), level of medical education,
major cities, and age. The questionnaire was divided into three
main sections: Knowledge (9 questions), Attitude (9 questions),
and Practice (11 questions). It incorporated a variety of question
types, including closed-ended questions with binary responses
(Yes/No/Maybe), Likert scale items (ranging from "Effective"
to "Slightly Ineffective"), and multiple-choice questions offering
several response options. The instrument was developed by
reviewing similar studies and was modified to align with the
specific context of this study. This approach ensured that the
questionnaire was both comprehensive and relevant to the current
research objectives.

To ensure the validity and reliability of the data collection
instrument, we employed two key strategies, content validity and
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pilot testing. Content validity was established through expert
review, where subject matter experts in XR technology, medical
education, and research methodology evaluated the questionnaire
to confirm that it comprehensively covered the relevant topics.
Their feedback was used to refine and adjust the questionnaire,
ensuring that it accurately reflected the constructs of interest.
Additionally, a pilot test was conducted with a small sample
of participants (20) and Cronbach’s a was calculated as 0.74.
This pre-testing phase provided valuable insights into the clarity,
relevance, and comprehensiveness. Based on the feedback obtained,
necessary modifications were made to improve the questionnaire.
These validation steps collectively ensured that the instrument
was well-suited for capturing the intended data and provided
reliable measures for the study. Additionally, The Exploratory
Factor Analysis (EFA) conducted on the dataset was validated
using the Kaiser-Meyer-Olkin (KMO) measure and Bartlett’s Test
of Sphericity. The KMO value of 0.752 indicates adequate sampling,
and Bartlett’s Test was significant (x2(435) = 2809.772, p < 0.001),
confirming the suitability of the data for factor analysis. Eight
factors were extracted, explaining 54.13% of the total variance.
Several key variables showed strong commonalities. These findings
suggest a robust factor structure, supporting the validity of the
constructs measured.

Data was collected through different social media platforms
using a convenient sampling technique from 1st August to
30th September 2023. 406 responses were collected from the
online survey (41-44). Participants filled out an online self-
structured questionnaire containing 35 questions related to
research problems.

2.4 Statistical analysis

The questionnaire was designed in a way to avoid all
kinds of bias. Data was entered and transferred to Statistical
Package for Social Sciences version 25 for analysis. We
computed frequencies and percentages for all the categorical
variables. Pearson Correlation and Regression analysis were
applied to covariate the knowledge and perception with
attitude variables.

2.5 Ethical approval

Ethical approval was obtained from the Ethical Review
of the Medical
College, Muzaffarabad. Moreover, consent was also taken

Committee Azad Jammu and Kashmir

from the participants at the start of the online questionnaire,
ensuring the safety and confidentiality of the information
they were given.

3 Results

3.1 Demographic information

The survey garnered a robust response, with a total of
406 participants contributing their valuable insights. Table 1
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TABLE 1 Demographic characteristics (n = 406 HCWs).

10.3389/fmed.2024.1456017

Contents ‘ Frequency Yes % ‘
Gender

Female 185 45.5
Male 221 54.3
Area

Rural 48 11.7
Urban 359 88.2
Level of medical education

House Officer 18 4.4
Medical Officer 32 7.9
Medical Student 316 77.6
Post-Graduate Trainee 16 3.9
Professor/Specialist/Consultant 25 6.1
Major cities

Muzzafarabad 84 20.7%
Rawalpindi/Islamabad 77 19.0%
Karachi 63 15.5%
Others 62 15.3%
Multan 24 5.9%
Lahore 60 14.8%
Abbottabad 12 3.0%
Peshawar 19 4.7%
Faisalabad 5 1.2%

Minimum

Age of respondents 406

Std. Deviation

Maximum

70 ‘ 8.109 ‘

elucidates the gender distribution, age of respondents, level of
education, area of residence and city of work. A predominant
proportion of respondents identified as male, comprising 54.43%
(n = 221), while 45.57% (n =
cohort. A substantial majority hailed from urban settings,
constituting 88.2% (n = 359. The mean age emerged as
2441 years. The lion’s share, amounting to 77.6% (n = 316),
identified as medical students. Muzzafarabad emerged as the
most prominently featured city, boasting 20.7% (n = 84) of the

185) represented the female

respondents.

3.2 Knowledge

The data shows that among the total participants, 67.7% were
knowledgeable about Artificial Intelligence. About 51.2% expressed
strong support for the integration of extended reality (XR) into
the healthcare system. Improved patient education, therapy and
management (47%) and simplified hospital navigation (44.6%)
were identified as the foremost healthcare domains for utilizing
extended reality (XR). Additionally, 42.61% believed it contributed
to a decrease in risk during medical procedures, while 38.67% saw
its value in providing limitless medical practice opportunities and
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personalized learning experiences for medical students. Table 2
sheds light on the mentioned knowledge information.

3.3 Attitude

48% viewed the inclusion of extended reality (XR) in
Pakistan’s healthcare system as a significant advancement. 80.6%
of respondents believe XR technology is as effective as traditional
techniques, followed by 78.6% expressing confidence in its potential
to enhance medical education. Moreover, 70.8% anticipate that
incorporating Al into the system will lead to faster and more
accurate medical procedures. Further details on participants’
attitudes towards XR technology in healthcare are presented in
Table 3 below.

3.4 Perception

Some perception questions with responses are shown in
Table 4. A (61.9%) express the importance of integrating Al-based
healthcare systems post-COVID-19. Notably, 83.8% anticipate
XR technology as the future of healthcare in resource-limited
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TABLE 2 Knowledge of HCWs regarding XR technology (n = 406).

10.3389/fmed.2024.1456017

Variable ’ Percent
Familiarity of Healthcare professionals with XR Technology in healthcare Heard of it but not sure about the details 54.8
Not familiar at all 35.3
Very familiar 9.8
How would you rate the effectiveness of XR technology in enhancing Effective 51.1
medical education and patient care?
Ineffective 22
Neutral 20.1
Slightly effective 214
Slightly ineffective 4.9
Where have you heard about Artificial Intelligence? Conversations with family and friends 3.9
Educational Institute 8.8
News articles or Websites 9.8
Social Media Platforms (e.g., Facebook, Instagram, Twitter 67.6
etc.)
Tech Conferences or events 4.7
TV shows or Documentaries 5.2
Healthcare domains for utilizing extended reality (XR) Improved patient education, XR assistive therapy and 47.0%
management
Augmented diagnosis and surgeries 18.0%
Simplified hospital navigation 44.6%
Medical education and research 15.0%
Pharma marketing and advertising 0.0%
Benefits of integrating XR in healthcare. Capable of telemedicine practice 21.7%
Education and improved care for patients 51.0%
Collaborative environments 22.4%
Unlimited practice and personalized learning for students 38.7%
Lower risk and higher understanding 42.6%
Is there any ethical limitation regarding XR technology in healthcare system? | No 24.0%
No idea 35.1%
Yes 40.8%
Can XR be used to improve the healthcare system, for advancements in May be 17.6%
medical field.
No 2.7%
Yes 79.6%
Do you know any organization or hospital using XR technology in Pakistan? No 72.2%
Yes 27.8%
Have you personally used any XR technology in medical education purpose? No 84.0%
Yes 16.0%

developing countries. Furthermore, 70.5% consider XR as cost-

3.5 Correlation analysis

effective, supporting remote health services, while 70% believe it

can minimize delays in network communication. Conversely, a
minority (32.4% and 29.2%) holds concerns about XR potentially

increasing medical errors and replacing doctors’ in future
healthcare systems. A significant majority of 83.8% anticipate
XR technology as the future of healthcare in resource-limited
developing countries. Participants identified high costs (67.73%) as
the most potential barrier to the integration of Extended Reality

into Pakistan’s healthcare system.

Frontiers in Medicine

(Table 5).

05

Hypothesis 1: Pearson product correlation between the “Use
of Al-based healthcare system” and “Increasing speed and
accuracy of procedures” was found low positive but significant
(r = 0.342, p < 0.001). Hence, hypothesis 1 was supported
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TABLE 3 Attitude of HCWs regarding XR Technology (n = 406).

Norive ————— percent |

Do you believe that XR technology can May be 17.2%
improve medical education and training?
No 4.2%
Yes 78.6%
Do you consider XR technology to be as May be 0.2%
effective as traditional techniques for the
healthcare system?
No 19.2%
Yes 80.6%
Do you think procedures will be faster May be 18.9%
and more accurate by incorporating Al
into the systems?
No 10.3%
Yes 70.8%
Do you think revolutionizing the systems May be 26.5%
with XR technology would be more
device-dependent rather than
operator-dependent?
No 20.6%
Yes 52.8%
Are you concerned about ethical and May be 0.2%
privacy issues XR technology would raise?
No 35.9%
Yes 63.9%
Do you think adopting XR technologies May be 23.8%
reduces the transmission of infectious
diseases?
No 19.7%
Yes 56.5%
Do you think XR technology will May be 29.5%
affect/limit doctor-patient interaction
would lead to skepticism and legal issues?
No 22.3%
Yes 48.2%
Do you believe that it would promote a May be 19.9%
remote working environment in
healthcare systems?
No 11.7%
Yes 68.3%
What are your views about incorporating Insignificant 0.7%
XR technology in your medical practice
or studies?
Neutral 16.7%
Not much 4.2%
Significant 48.4%
Somewhat 30.0%
possible
Hypothesis 2: Pearson product correlation between

“Augmentation of diagnostic and surgical procedures” and
“Addressing data security and ethical issues for implementing
XR” was found to be very low positive but significant (r = 0.298,
p < 0.001). Hence, hypothesis 2 was supported (Table 6).
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Hypothesis 3: Pearson product correlation between the mean
Attitude (MA) score and the mean Perception (MP) score was
found to be moderately positive and significant (r = 0.356,
p < 0.001). Hence, the hypothesis 3 was supported (Figure 1).

3.6 Regression analysis

The hypothesis tests if knowledge and perception factors have
a significant impact on the attitude of healthcare professionals.
The dependent variable recommendation and implication of XR
technology in institutions were regressed on predicting variables
high cost of XR technology, adopting new systems of healthcare
would replace doctors in future, the scope of XR technology
in enhancing medical curriculum, patient care, data security
and ethical considerations, procedures will be revolutionized by
incorporating Al into the systems, adopting Al-based healthcare
system is integral after COVID-19 to test the hypothesis. The
above-mentioned variables significantly predicted that the overall
model is statistically significant [F (6, 399) = 3.390, p = 0.003]. This
suggests that at least one of the predictors has a significant effect on
the likelihood of recommending XR technology in healthcare.

Hypothesis H1 is the relationship between the belief that new
healthcare systems would replace doctors in the future and the
likelihood of recommending XR technology. The adoption of new
systems of healthcare that would replace health professionals in
future can play a significant role in implementing XR (b = 0.180,
p = 0.0001). The coefficient is statistically significant (p = 0.0001),
indicating a positive and significant impact on the likelihood of
recommending XR technology.

Hypothesis H2 is that adopting Al-based healthcare systems
is integral after COVID-19 and the likelihood of recommending
XR technology. The adoption of Al-based healthcare systems
after COVID-19 is statistically important in implementing the XR
technology (b = 0.124, p = 0.013). The coefficient is statistically
significant (p = 0.013), suggesting a potential positive influence on
the likelihood of recommendation.

Hypothesis H3 is the belief that procedures will be faster
and more accurate with Al incorporation and the likelihood of
recommending XR technology. Lastly, healthcare procedures will
be faster and more accurate by incorporating Al into the systems
plays a significant role in implementing XR (b = —0.146, p = 0.088).
The coefficient is marginally significant (p = 0.088), indicating
a possible but not fully established impact on the likelihood of
recommending XR technology (Table 7 shows the summary of the
findings).

4 Discussion

The integration of Extended Reality (XR) technology in
healthcare is becoming increasingly significant, especially within
the context of artificial intelligence (AI). In this study, 54.43% of
the participants were male, while 45.57% were female. However,
in Jordan, it was found that 63.8% were female and 36.2% were
male with a median age of 21 (range 21-22) as compared to ours
mean age emerged as 24.41 years, accompanied by a standard
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TABLE 4 Perception of HCWs related XR Technology (n = 406).

10.3389/fmed.2024.1456017

Variable Percent
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Do you think adopting AI based healthcare system is integral after May be 23.5%
COVID-19
No 14.5%
Yes 61.9%
Do you want to see XR technology as future of healthcare in developing May be 0.2%
countries like Pakistan with limited healthcare resources?
No 16%
Yes 83.8%
Do you think XR relatively increases chances of medical error? May be 32.5%
No 35.1%
Yes 32.4%
Do you think the delay in network communication (3G, 4G) can be a May be 20.3%
limitation in adopting this system?
No 9.6%
Yes 70%
Do you think, XR technology would be cost-effective and promote remote May be 0.2%
health services?
No 29.2%
Yes 70.5%
Do you think adopting new systems of healthcare would replace doctors in May be 21.8%
future?
No 48.9%
Yes 29.2%
How do you perceive the adaptation of XR technology in healthcare? Cutting-edge and transformative 20.1%
Neutral - neither positive nor negative 24.6%
Not convinced of its benefits at all 3.7%
Promising but needs further development 42.0%
Skeptical about its practicality 9.6%
Barriers perceived High costs of XR equipment 67.7%
Limited access to XR technology 47.8%
Lack of evidence-based research supporting XR in healthcare 38.9%
Concerns about patient acceptance and safety 40.6%
Lack of knowledge/training on XR usage 45.8%
Uncertainty of its benefits over traditional methods 0.0%
Significantly benefited areas within the healthcare sector. Medicine (neurology, cardiology, pediatrics, dermatology, 45.8%
ophthalmology etc.)
Basic Sciences and Research 32.5%
Gynecology and Obstetrics 18.2%
Surgery (neurosurgery, plastic surgery, and orthopedics etc.) 65.3%
Radiology 48.5%
Essential factors for successful XR implementation in healthcare. Cost-Effectiveness 61.8%
Remote Patient Monitoring and Telemedicine 27.3%
Healthcare Professional Training and Infrastructure 56.9%
Patient Acceptance and Education 44.1%
Data Security and Ethical Considerations 36.5%
(Continued)
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TABLE 4 (Continued)

10.3389/fmed.2024.1456017

Variable Percent

How likely are you to recommend the use of XR technology to your Likely 37.1%
colleagues or institution for healthcare applications?
Neutral 29.5%
Unlikely 4.2%
Very likely 27.0%
Very unlikely 2.2%

TABLE 5 Correlational analysis.

Level of Enhancing Increasing Use of Al XR will Recommending
Medical medical speed and based replace use of XR
Education education accuracy of healthcare doctors in technology
and patient procedures system after future
care using Al COVID-19
Level of Medical 1
Education
Enhancing medical —0.128** 1
education and patient
care
Increasing speed and 0.027 —0.220** 1
accuracy of procedures
using Al
Use of Al-based 0.032 —0.100* 0.342** 1
healthcare system after
COVID-19
XR will replace doctors in 0.033 —0.055 0.142** 0.190** 1
future
Recommending the use 0.137%% —0.064 —0.001 0.124% 0.180%* 1
of XR technology

“*” means correlation is significant at 0.05, “**” means correlation is significant at 0.01.

deviation of 8.109 and a range spanning from 17 to 70 years.
Our study’s participant age range is notably broader, which could
imply varying levels of familiarity and comfort with emerging
technologies across different age groups. This statistical portrait
paints a picture of a relatively youthful participant pool (45).
The occupational affiliations of the respondents in our study
yielded an intriguing panorama. The majority amounting to 77.6%
(n = 316), identified as medical students as compared to the above-
mentioned study having medicine/dentistry (47.6%) suggests that
the integration and acceptance of XR technologies might differ
based on the specific medical training and exposure levels. These
comparative insights underscore the necessity of tailoring XR
technology integration strategies to the unique demographic and
occupational characteristics of target populations. As the healthcare
sector increasingly adopts AI and XR technologies, understanding
these nuances will be critical in ensuring effective implementation
and maximizing the potential benefits of these innovations.

Our results uncovered that a substantial majority 54.9% were
cognizant of XR technology, but their grasp of its practical
applications in healthcare was restricted as shown in Table 2.
This gap in knowledge highlights the necessity for more focused
educational initiatives to bridge the divide between general
awareness and practical application. Comparatively another
study in Middle East showed that a significant proportion of
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participants claimed not to understand the basic computational
principles of AI (365, 41.7%). Merely a small subset of 10%
demonstrated a comprehensive understanding of the potential
advantages and implementation approaches of XR technology
across diverse healthcare settings, while 34.4% of respondents
exhibited no awareness at all underscoring the importance of
increasing exposure and education around these innovations. This
is concerning, as it points to a need for more targeted educational
efforts to ensure healthcare professionals can effectively harness
these technologies. 67.7% were knowledgeable about Artificial
Intelligence as they predominantly gather information about AI
through social media platforms like Facebook, Instagram, and
Twitter, followed by sources such as news articles, videos, TV
shows, documentaries, tech conferences or events, and discussions
with family and friends as compared to the above mentioned study
as familiarity with AI nomenclature, the majority of participants
were familiar with algorithms (461 and 52.7%). These results
underscore a varied and comprehensive approach to acquiring Al
knowledge, underscoring the significant influence of social media
as a primary information source and its potential as a powerful
tool for spreading awareness and education on technological
advancements. A significant majority of respondents (61.9%)
express the importance of integrating Al-based healthcare systems
post-COVID-19 reflecting a growing recognition of the role Al
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TABLE 6 Correlational analysis.

XR improves XR augments | XR equipment has
patient diagnosis and a high cost
education, surgeries

assisted
therapy and
management

XR has
uncertain
benefits over
traditional
methods

Addressing data
security and
ethical issues for
implementing XR

education, assisted therapy
and management

XR improves patient 1

ethical issues for

implementing XR

XR augments diagnosis and 0.163** 1

surgeries

XR equipment has a high cost 0.165%* 0.227%* 1

XR has uncertain benefits over b b b b

traditional methods

Addressing data security and 0.199%* 0.298%*% 0.205** b 1

“**” means correlation is significant at 0.01. Superscripted values were significant.

can play in enhancing healthcare delivery as compared to the
above mentioned study AI application impact during COVID-19
(score 2.5 &= 2.24 out of 7). These findings underscore the urgency
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post-pandemic world (46).

of developing strategies to better educate and prepare healthcare

professionals for the integration of Al and XR technologies in the
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TABLE 7 Regression analysis.

10.3389/fmed.2024.1456017

Hypothesis Beta coefficient Hypotheses supported
H1 Yes

0.180 0.033 13.611 3.689 0.0001
H2 0.124 0.015 6.293 2.509 0.013 Yes
H3 —0.146 0.049 6 —1.710 0.088 Marginally yes

Bold values indicate the t-value, measuring how many standard errors the coefficient is away from zero.

In addition to our findings, where 51% of participants identified
the enhancement of medical education as the primary advantage
of extended reality (XR) technology, there is growing evidence
from other regions that supports the integration of artificial
intelligence (AI) in medical training. A study conducted at Ain
Shams University revealed a strong consensus among medical
students regarding their familiarity with and the utilization of
Al in their education. This reflects a broader recognition of
the transformative potential AI holds in shaping the future of
medical practice, aligning with the increasing global demand for
Al literacy among healthcare professionals (47). Another study in
Jordan showed the demand for AI/ML education in medical school
or residency; the majority of the respondents 62.8% (n = 565)
strongly agreed on the need. Moreover, a study in Jordan further
underscores this trend, with 62.8% of respondents strongly agreeing
on the necessity of incorporating AI and machine learning (ML)
education into medical school curricula or residency programs.
This overwhelming support highlights a critical shift in educational
priorities, where future healthcare professionals are expected to be
well-versed in AI/ML technologies, not merely as an adjunct but as
an integral part of their training. The alignment of these findings
across different geographical and educational contexts reinforces
the urgent need for a paradigm shift in medical education, where
both XR and AI are seen not just as enhancements but as essential
components of a modern, comprehensive medical curriculum
(48). Another study highlights the importance of conducting
OSCE using an augmented reality simulator (49). Another study
showed that incorporating image overlay projection, a form of
augmented reality (AR), into surgical procedures has shown
promise in enhancing the intuitiveness of computer-aided surgery.
This technology allows surgeons to view underlying anatomical
structures directly on the patient’s surface, eliminating the need
to divert their sight between the patient and a display screen.
It also aids in the 3-D understanding of anatomical structures
and the identification of critical areas during surgery (50). These
insights suggest a growing recognition among medical students and
educators alike of the need to adapt to technological advancements.
The convergence of XR and Al in medical education offers a
unique opportunity to enrich learning experiences, improve patient
outcomes, and prepare the next generation of healthcare providers
for the challenges and opportunities presented by these cutting-
edge technologies.

This study revealed that a majority (51.2%) of participants
expressed strong support for the integration of extended reality
(XR) into the healthcare system, with 48% viewing its inclusion
in Pakistan’s healthcare as a significant advancement. These
findings underscore the growing recognition of XR’s potential
to revolutionize healthcare delivery. However, realizing this
potential requires further research, development, and strategic
implementation to ensure that XR technologies are effectively
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integrated and optimized for clinical use. The enthusiasm for XR
in healthcare parallels findings from a study in Saudi Arabia, where
more than half of the students (57.3%) recognized that AI could
significantly enhance the capabilities of healthcare professionals.
This alignment between XR and AI highlights a broader trend
of technological acceptance within the healthcare community,
where both innovations are seen as pivotal in advancing medical
practice (51). In our study, participants identified improved
patient education, therapy and management (47%), and simplified
hospital navigation (44.6%) as the primary healthcare domains
where XR could make a substantial impact. This is consistent
with the Saudi Arabian study, where 56.7% of students agreed
that Al facilitates patient education, suggesting a shared belief
across different regions in the value of technology-driven patient
engagement. These insights reflect a growing consensus on the
transformative potential of XR and Al in healthcare. As these
technologies continue to evolve, they are likely to play increasingly
critical roles in enhancing patient care, streamlining healthcare
processes, and improving overall healthcare outcomes. However, to
fully harness these benefits, concerted efforts in education, training,
and infrastructure development will be essential (51).

This study highlights several key applications of Extended
Reality (XR) in healthcare, particularly in augmented reality (AR)-
assisted diagnosis and surgeries (39%), as well as in medical
education and research (36%). These findings reflect the growing
interest in utilizing XR technologies to enhance various aspects
of healthcare, offering immersive and interactive experiences
that have the potential to revolutionize patient care, clinical
practice, and medical training. Additionally, a study highlights
that advanced artificial intelligence (AI) systems are emerging
as pivotal players in the transformation of orthopedic surgery
and post-operative rehabilitation. One notable feature of these Al
systems is their ability to detect early deviations or delays in a
patient’s rehabilitation process. An example of such technology
is WalkAlI, an AI component integrated into the myMobility
app within the ZBEdge ecosystem. WalkAI exemplifies how
technology is advancing the quality of care provided to patients
undergoing knee prosthetic surgeries, by offering personalized
insights and improving overall outcomes in their recovery journey
(52). In addition to the advancements in XR and AI technologies
mentioned earlier, Al-based tools are increasingly being utilized
throughout the entire process of anterior cruciate ligament (ACL)
reconstruction. A recent review highlights the current clinical
applications and prospects of Al in this field, focusing on its
role in preoperative management, intraoperative assistance, and
postoperative care. Before surgery, Al tools are being used for
risk prediction and diagnostics, helping to identify patients who
may benefit most from ACL reconstruction. During the surgery
itself, Al-driven navigation systems aid surgeons by identifying
complex anatomic landmarks, thereby improving the precision and
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outcomes of the procedure. Postoperatively, Al is playing a crucial
role in patient care and rehabilitation, particularly in monitoring
progress and predicting potential complications. Moreover, Al
tools are becoming integral to educational and training settings,
where they are used to simulate surgical procedures and enhance
the training of orthopedic surgeons. The growing interest among
orthopedic surgeons in Al, particularly in applications related to
ACL injuries, is evident from the increasing number of studies
dedicated to this area. This surge in research suggests that Al
will have a significant future impact on the clinical management
of ACL tears, with orthopedic surgeons paying close attention
to these technological advancements. Integrating these Al-based
tools into standard practice could lead to more personalized
and effective treatment strategies, ultimately improving patient
outcomes in orthopedic surgery (53). Another study highlights a
notable feature of Al-based tools in orthopedic surgery is their
high accuracy and precision, particularly when comparing implant
positioning with preoperative targeted angles, with errors typically
within <2 mm and/or < 2°. Despite these promising results, which
demonstrate significant improvements in accuracy and precision,
this technology is still far from being widely adopted in daily clinical
practice (54).

The transformative potential of XR is further underscored by
a study conducted in the Middle East, focusing on pharmacy
students’ attitudes toward Al in pharmacy and pharmacy practice.
The study revealed that a significant majority believed AI would
improve and revolutionize clinical pharmacy practice (67.8%)
and other general pharmacy sciences (71.3%). This shared belief
in the power of emerging technologies, whether XR or A, to
revolutionize healthcare practice suggests a broader trend towards
the acceptance and integration of these innovations across various
healthcare domains. XR, with its capability to provide immersive
and interactive experiences, holds particular promise in pharma
marketing, patient therapy, and pharmaceutical education. By
enabling more engaging and effective ways to deliver information
and training, XR can significantly enhance the efficacy of healthcare
delivery, making it a valuable tool for both healthcare professionals
and pharmaceutical entities. These insights highlight the necessity
for continued research and development in XR and A, particularly
in understanding how these technologies can be best applied
to meet the evolving needs of the healthcare sector. As these
technologies become more widely adopted, they have the potential
to not only enhance clinical outcomes but also to redefine the very
framework of modern healthcare practices (46).

Additionally, our study uncovered that 42.61% of participants
recognized the potential of extended reality (XR) to reduce
risks during medical procedures, while 38.67% appreciated its
value in offering limitless medical practice opportunities and
personalized learning experiences for medical students. These
findings underscore the growing optimism surrounding XR’s ability
to enhance the safety and quality of healthcare delivery, particularly
in educational and procedural contexts. This sentiment is echoed
in a study from Saudi Arabia, where a significant majority
(69.7%) of participants strongly agreed that Al is useful in clinical
decision-making, such as in the justification of examinations. The
recognition of AT’s role in enhancing clinical accuracy and decision-
making aligns with our findings on XR, suggesting a shared belief
in the power of emerging technologies to support and improve
healthcare outcomes (55).
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However, it's important to note that not all views are entirely
optimistic. In our study, a minority of participants (32.4% and
29.2%) expressed concerns about the potential for XR to increase
medical errors and even replace doctors in the future. This
highlights a critical area of apprehension that must be addressed
through careful implementation, rigorous testing, and ongoing
education to ensure that XR technologies complement rather than
compromise healthcare practice. In contrast, a study in Jordan
revealed that 28.2% of participants believed clinical AI could
surpass the accuracy of physicians, reflecting a growing trust in the
capabilities of AL These mixed sentiments emphasize the need for a
balanced approach to integrating these technologies, ensuring that
their benefits are maximized while addressing potential risks and
ethical considerations (45).

This study’s findings on XR are juxtaposed against broader
concerns about the role of Al in healthcare and education. For
instance, a study in Jordan revealed that 34.1% of participants
believed that human teachers would be replaced in the foreseeable
future, highlighting a significant apprehension about the impact of
Al on traditional roles (45). This concern is mirrored in another
study from the Middle East, where 58.9% of participants viewed
AT as a partner that would assist them in performing their duties
effectively, while a substantial 36.4% saw it as a competitor that
could potentially take over their jobs (46). These mixed perceptions
extend to the medical field as well. A study involving medical
students in Jordan found that a majority (69.6%) strongly disagreed
with the notion that AI will eventually replace human doctors,
underscoring a strong belief in the irreplaceable value of human
judgment and expertise in clinical practice. However, more than
half of the respondents (60.6%) agreed that having advanced
personal AI/ML knowledge would enhance their professional
performance, reflecting a recognition of the benefits of Al as a
tool for augmenting, rather than replacing, human capabilities
(48). These findings highlight the dual nature of AI and XR
technologies in healthcare and education: while they hold the
potential to significantly enhance and transform these fields, they
also bring with them concerns about displacement and the need
for careful consideration of their integration. As we move forward,
it is essential to strike a balance that maximizes the benefits of
these technologies while addressing the ethical and professional
challenges they present.

This study identified several key barriers to the integration
of Extended Reality (XR) into Pakistan’s healthcare system. The
most significant challenges cited by participants were high costs
(67.73%), limited access (47.78%), lack of knowledge (45.81%),
patient acceptance issues (40.64%), and insufficient research
(38.92%). These barriers underscore the complexities involved
in adopting innovative technologies within resource-constrained
environments, where financial, educational, and infrastructural
limitations can hinder progress. These findings resonate with those
from a study in Jordan, where 58.9% of participants recognized
similar barriers to the application of AI in medicine. The most
frequently reported obstacles in the Jordanian context were a lack
of knowledge and expertise, followed by time constraints due
to the educational burden, and insufficient access to technical
equipment (52.8%, 43.1%, and 42.4% respectively) (45). The
parallel between these studies highlights the universal challenges
faced by developing nations in integrating advanced technologies
into their healthcare systems. Whether dealing with XR or A, the
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barriers of cost, access, and education remain pervasive. Addressing
these issues will require targeted strategies, including investment
in infrastructure, comprehensive training programs, and efforts
to increase awareness and acceptance among both healthcare
providers and patients. Ultimately, overcoming these barriers is
crucial for unlocking the full potential of XR and Al in transforming
healthcare, particularly in settings where resources are limited.
Strategic planning and international collaboration may provide the
necessary support to bridge these gaps and pave the way for more
widespread and effective implementation of these technologies.

In this present study, data security and ethical considerations
were highlighted by 36.4% of participants, while 27.3% emphasized
the importance of remote telemedicine as a crucial aspect of
healthcare delivery. These concerns reflect the growing awareness
of the ethical implications and security challenges associated
with the integration of advanced technologies like Extended
Reality (XR) in healthcare. Comparatively, a study conducted
in Jordan revealed that ethical and privacy concerns were the
least frequently reported barrier, with only 34.2% of participants
identifying them as significant. This difference may suggest varying
levels of awareness or prioritization of ethical issues in different
regions. However, the importance of addressing these concerns
cannot be understated, especially as healthcare systems increasingly
rely on digital and immersive technologies. Further supporting
the need for ethical vigilance, a study in Saudi Arabia found
that a substantial 70.1% of participants advocated for training
programs aimed at preventing and resolving ethical issues related to
artificial intelligence (AI) applications. This highlights a widespread
recognition of the potential ethical challenges posed by AI and XR
technologies, and the necessity for proactive measures to ensure
their responsible use. These findings underscore the critical role of
ethical management in the successful adoption of XR technology.
As healthcare systems evolve, ethical considerations, data security,
and privacy protections must be integrated into the design and
implementation of these technologies. By addressing these issues
head-on, healthcare providers can better manage costs, mitigate
risks, and ensure that XR and AI technologies are used to enhance,
rather than compromise, healthcare delivery.

A descriptive study conducted on older adults revealed a
generally positive attitude toward the use of Virtual Reality (VR)
technology, with participants perceiving it as both useful and
enjoyable. These findings suggest that older adults could become
a key demographic for the development of VR applications aimed
at supporting active aging. The positive reception of VR among
this group highlights its potential for enhancing quality of life
and promoting engagement in various activities as they age (56).
However, contrasting perspectives were uncovered in a separate
study involving in-depth interviews with older individuals. In this
research, participants expressed reservations and discomfort with
VR technology, indicating that they did not view it as essential
in their daily lives. This dichotomy underscores the broader
challenge of societal acceptance of new technologies, particularly
among older populations, where adoption may be slower due to
unfamiliarity or perceived irrelevance. Despite these reservations,
the study suggests that VR may find greater acceptance and
application in professional domains, such as medical treatment
and e-learning, where its benefits are more immediately tangible
and practical (57). Moreover, the integration of Extended Reality
(XR) in surgical processes has been explored in various studies,
with promising results. XR-integrated platforms have been shown
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to provide valuable support for operating room (OR) teams,
particularly in monitoring patient health during complex surgical
procedures. These findings underscore the potential of XR to
enhance surgical precision, improve patient outcomes, and reduce
the cognitive load on surgeons and OR staff (58-61). These studies
highlight the nuanced and context-dependent nature of technology
acceptance. While VR and XR hold significant promise in both
consumer and professional settings, their successful adoption will
require addressing user-specific concerns and demonstrating clear,
practical benefits. As the technology continues to evolve, targeted
strategies to improve familiarity and comfort with VR and XR
among older adults and healthcare professionals will be essential
to fully realize their potential.

An analytical study investigating the use of Extended Reality
(XR) for medical training and clinical support during space
missions revealed its critical importance in such high-stakes
environments. The study demonstrated that XR technology is
invaluable for diagnosing conditions and planning treatment
courses during emergency situations in space. This finding
highlights the potential of XR to provide essential medical support
in remote and resource-limited settings, where traditional medical
resources are not readily accessible (62, 63). In a related study
conducted at Seoul National University Hospital, researchers
assessed the application of XR technology for the diagnosis,
grading, staging, localization, and surgical removal of lung cancers.
The results were highly encouraging, indicating that XR can
significantly enhance the accuracy and effectiveness of these
complex medical procedures. The study’s findings underscore
the transformative potential of XR in oncology, particularly in
improving surgical outcomes and precision in cancer treatment
(64). These studies emphasize the broad applicability of XR
technology across diverse medical contexts—from the unique
challenges of space medicine to the precision demands of
oncological surgery. As XR continues to develop, its integration
into medical practice could lead to significant advancements in
both emergency care and surgical procedures, ultimately improving
patient outcomes in a wide range of scenarios.

Considering these findings, the training of medical students
emerges as a primary target for the integration of XR technology
in the future. Our study also highlights the critical role of
evidence-based research in shaping the attitudes of young medical
students toward adopting XR in healthcare. Addressing the barriers
to XR adoption, such as limited exposure and understanding,
and promoting further research in this field, will be crucial in
fostering the successful integration of XR technology into medical
education and healthcare practices. By equipping future healthcare
professionals with the necessary skills and knowledge, XR can be
effectively leveraged to enhance both medical training and patient
care (65).

A similar perspective can be applied to the fields of telemedicine
and education, where XR technology offers the potential to
revolutionize learning experiences. Students can access a wider
range of educational opportunities globally, gaining exposure to
different specialties without the constraints of time and cost.
The positive feedback from medical students in major cities
across Pakistan underscores the readiness for integrating XR into
the country’s outdated medical education system. Technological
advancements, such as XR, are reshaping the landscape of medical
education and training in Pakistan. As this technology continues
to evolve, it becomes increasingly important for healthcare training
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curricula to adapt, preparing future physicians to harness these
innovations. By doing so, we can achieve greater efficacy and
improved outcomes in both education and patient care, ensuring
that our medical professionals are equipped to meet the demands
of modern healthcare (66-69).

4.1 Conclusion

The findings of this study suggest that there is a consensus
on the knowledge and perception of XR among healthcare
professionals. To improve the quality of health education, enhance
patients’ care, detect and diagnose disease before it is too late
or keep a record of patients all over the country, incorporating
extended reality can be a game-changing factor.

The results shows that individuals with a background in
medical education and research were more likely to opt for XR
technology in healthcare. These findings suggest that there is a
meaningful relationship between medical education and research
and the adoption of XR technology in healthcare, highlighting the
importance of educational and research factors in the uptake of this
innovative technology. Moreover, results are evidence of the fact
that Surgery, Radiology, and Medicine were thought of as fields
that significantly benefited the healthcare sector. This indicates
a consensus among respondents regarding the perceived positive
impact of Extended Reality technology in these specific medical
fields, suggesting potential advancements and improvements in
surgical, radiological, and medical practices.

In conclusion, future studies should evaluate differences
between the experiences of healthcare professionals with and
without an extended reality, for a better understanding of
educational and surgical procedures should be sought. Featuring
the use of this vital preliminary data, we will then be able to
further refine and modify our survey. For instance, we might
use several forms with varied question types to assess precisely
how healthcare personnel who have previous knowledge of XR
and those who do not see it differently. Longitudinal studies
might shed light on how XR is being used in medical research
and teaching. Finally, qualitative research techniques like in-depth
interviews may help us comprehend the experiences of healthcare
professionals using XR.

4.2 Limitations

Despite following a thorough approach, our study has several
limitations. Bias is an inevitable component of the cross-sectional
survey approach. The responses provided by research participants
are the only factors that determine the studys outcomes.
Respondent bias may exist because the researchers cannot interview
respondents to clarify their views or justify their responses to
specific questions. Uncontrolled variables that cause problems
include individual predispositions towards technology, variability
in the training curricula that are evolving, and varying exposure
levels to XR technology among Pakistani institutions. Despite
our study presenting an insight into the attitudes, understanding,
and perceptions of XR among healthcare professionals at certain
institutions across the nation, it is important to exercise caution
when extending these findings to the larger medical community.
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4.3 Recommendations

According to the study “Virtual Horizons: Assessing the
Knowledge, Attitude and Perception of XR Technology in Pakistani
Healthcare Community in an Era of Artificial Intelligence,
it is advised that healthcare professionals undergo specialized
training to improve their ability to use XR technology to its full
potential. Educating healthcare workers about the advantages of XR
technology through awareness campaigns and workshops can help
to promote its acceptance and incorporation (70-72).

To protect patient privacy and trust, it is essential to establish
explicit ethical principles and data security protocols for the use
of XR technology in healthcare settings. Promoting cooperative
research endeavors among medical establishments, technological
specialists, and legislators might also investigate the possibilities
of XR technology in enhancing medical education and patient
treatment (73, 74).

To revolutionize Healthcare through Extended Reality, detailed
research work is required. It is necessary to study the positive and
negative effects of extended reality in detail along with patients’
and doctors’ opinions to assess its feasibility and implementation
in the years to come (75-77). Factors such as cost effectiveness,
technical training and social acceptance should also be considered
while undertaking such long-term projects and plans (44).

5 Abbreviations

(1) Medical Community: This includes Medical Students, House
Officers, Medical Officers, Postgraduate Trainees, Specialists,
Consultants and Professors.

Extended Reality: An umbrella term encapsulating
Augmented Reality (AR), Virtual Reality (VR), Mixed Reality
(MR), and everything in between.

)

Augmented Reality: It is a technology that overlays
digital elements, such as images, text, or animations,
onto the real world.

Virtual Reality: It is a technology that creates a completely
computer-generated environment. It immerses users in a
virtual world, blocking out the real surroundings.

Major Cities: Karachi, Lahore, Faisalabad, Rawalpindi,
Islamabad, Multan Peshawar, Abbottabad and Muzaffarabad.
The “OTHERS” option was also given if the Medical
Community from other cities wanted to participate.

Strengths and limitations

1. Conducted an analytical cross-sectional study in 2023 among
406 medical professionals in Pakistan using a self-structured
online questionnaire.

. Surveyed participants from nine major cities via social media
platforms, lasting from August 1 to September 30, 2023, with
406 responses collected.

. Analyzed data using SPSS version 25, focusing on knowledge,
attitude, and perception correlations through Pearson
Correlation and Regression analyses.
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4. Ethical approval obtained from the Ethical Review Committee
of Azad Jammu and Kashmir Medical College, ensuring
participant confidentiality and safety.

Study limitations included inherent biases of cross-sectional
surveys and uncontrolled variables influencing respondent
perspectives on XR technology in healthcare.
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10.17632/wvknnx4gry.1.

Ethics statement

Ethical approval was obtained from the Ethical Review
Committee of the Azad Jammu and Kashmir Medical College,
Muzaffarabad. Moreover, consent was also taken from the
participants at the start of the online questionnaire, ensuring the
safety and confidentiality of the information they were given.

Author contributions

ZK: Conceptualization, Data curation, Formal analysis,
Investigation, Methodology, Project administration, Software,
Supervision, Validation, Visualization, Writing - original draft,
Writing - review and editing. TA: Conceptualization, Investigation,
Methodology, Project administration, Supervision, Validation,
Visualization, Writing - original draft, Writing - review and
Methodology, Validation,
Visualization, Writing - original draft, Writing - review and

editing. MO: Conceptualization,

editing. BK: Methodology, Validation, Writing - review and

References

1. Shaikh T, Dar T, Sofi S. A data-centric artificial intelligent and extended reality
technology in smart healthcare systems. Soc Netw Anal Min. (2022) 12:122. doi: 10.
1007/s13278-022-00888-7

2. Reiners D, Davahli M, Karwowski W, Cruz-Neira C. The combination of artificial
intelligence and extended reality: A systematic review. Front Virtual Real. (2021)
2:721933.

3. Farooq M, Ishaq K, Shoaib M, Khelifi A, Atal Z. The potential of metaverse
fundamentals, technologies, and applications: A systematic literature review. IEEE
Access. (2023) 11:138472-87.

4. XiN, Chen J, Gama F, Riar M, Hamari J. The challenges of entering the metaverse:
An experiment on the effect of extended reality on workload. Inf Syst Front. (2022)
25:659-80. doi: 10.1007/s10796-022-10244-x

5. Lopez-Ojeda W, Hurley R. Extended-reality technologies: An overview of
emerging applications in medical education and clinical care. ] Neuropsychiatry Clin
Neurosci. (2021) 33:A4-177. doi: 10.1176/appi.neuropsych.21030067

Frontiers in Medicine

14

10.3389/fmed.2024.1456017

editing. MA: Conceptualization, Methodology, Supervision,
Validation, Visualization, Writing - original draft, Writing -
review and editing.

Funding

The author(s) declare that no financial support was received for
the research, authorship, and/or publication of this article.

Acknowledgments

Special thanks to Mukesh Kumar and Zarqa Mughal for their
assistance and support.

Conflict of interest

The authors declare that the research was conducted in the
absence of any commercial or financial relationships that could be
construed as a potential conflict of interest.

Publisher’s note

All claims expressed in this article are solely those of the
authors and do not necessarily represent those of their affiliated
organizations, or those of the publisher, the editors and the
reviewers. Any product that may be evaluated in this article, or
claim that may be made by its manufacturer, is not guaranteed or
endorsed by the publisher.

Supplementary material

The Supplementary Material for this article can be found
online at: https://www.frontiersin.org/articles/10.3389/fmed.2024.
1456017 /full#supplementary-material

6. Parsons T, Gaggioli A, Riva G. extended reality for the clinical, affective, and social
neurosciences. Brain Sci. (2020) 10:922.

7. Bulle-Smid L, Keuning W, Van Den Heuvel R, Hakvoort G, Verhoeven F, Daniels
R, et al. The use of extended reality in rehabilitation for patients with acquired brain
injury: A scoping review. In: Archambault D, Kouroupetroglou G editors. Studies
in health technology and informatics. Amsterdam: IOS Press (2023). doi: 10.3233/
SHTI230682

8. Ortiz-Toro Y, Quintero O, Le6n C. Human centered mathematics: A framework
for medical applications based on extended reality and artificial intelligence. In:
Barsocchi P, Parvathaneni N, Garg A, Bhoi A, Palumbo F editors. Enabling person-
centric healthcare using ambient assistive technology. (Vol. 1108), Cham: Springer
Nature Switzerland (2023). p. 57-84.

9. Mathew P, Pillai A. Role of immersive (XR) technologies in improving healthcare
competencies: A review. In: Guazzaroni G, Pillai A editors. Advances in computational
intelligence and robotics. Hershey, PA: IGI Global (2020). p. 23-46.

frontiersin.org


https://doi.org/10.3389/fmed.2024.1456017
https://doi.org/10.17632/wvknnx4gry.1
https://doi.org/10.17632/wvknnx4gry.1
https://www.frontiersin.org/articles/10.3389/fmed.2024.1456017/full#supplementary-material
https://www.frontiersin.org/articles/10.3389/fmed.2024.1456017/full#supplementary-material
https://doi.org/10.1007/s13278-022-00888-7
https://doi.org/10.1007/s13278-022-00888-7
https://doi.org/10.1007/s10796-022-10244-x
https://doi.org/10.1176/appi.neuropsych.21030067
https://doi.org/10.3233/SHTI230682
https://doi.org/10.3233/SHTI230682
https://www.frontiersin.org/journals/medicine
https://www.frontiersin.org/

Khan et al.

10. Lee Y, Takenaka B. Extended reality as a means to enhance public health
education. Front Public Health. (2022) 10:1040018. doi: 10.3389/fpubh.2022.1040018

11. Burov O, Pinchuk O. Extended reality in digital learning: Influence,
opportunities and risks’ mitigation. Educ Dimens. (2021) 5:144-60.

12. Takemoto ], Parmentier B, Bratelli R, Merritt T. California health sciences
university 1. Extended reality in patient care and pharmacy practice: A viewpoint. J
Contemp Pharm Pract. (2020) 66:22-7.

13. Beams R, Brown E, Cheng W, Joyner ], Kim A, Kontson K, et al. Evaluation
challenges for the application of extended reality devices in medicine. J Digit Imaging.
(2022) 35:1409-18. doi: 10.1007/s10278-022-00622-x

14. Zagury-Orly I, Solinski MA, Nguyen LH, Young M, Drozdowski V, Bain PA, et al.
What is the current state of extended reality use in otolaryngology training? A scoping
review. Laryngoscope. (2023) 133:227-34. doi: 10.1002/lary.30174

15. Curran V, Hollett A. The use of extended reality (XR) in patient education: A
critical perspective. Health Educ J. (2023) 3:00178969231198955.

16. Jones D, Galvez R, Evans D, Hazelton M, Rossiter R, Irwin P, et al. The integration
and application of extended reality (XR) technologies within the general practice
primary medical care setting: A systematic review. Virtual Worlds. (2023) 2:359-73.

17. Fealy S, Irwin P, Tacgin Z, See Z, Jones D. Enhancing nursing simulation
education: A case for extended reality innovation. Virtual Worlds. (2023) 2:218-30.

18. Saab M, Landers M, Murphy D, O’Mahony B, Cooke E, O’Driscoll M, et al.
Nursing students’ views of using virtual reality in healthcare: A qualitative study. J Clin
Nurs. (2022) 31:1228-42. doi: 10.1111/jocn.15978

19. Avari Silva J, Privitera M, Southworth M, Silva J. Development and human
factors considerations for extended reality applications in medicine: The enhanced
electrophysiology visualization and interaction system (ELVIS). In: Chen ], Fragomeni
G editors. Virtual, augmented and mixed reality industrial and everyday life
applications. Cham: Springer International Publishing (2020). p. 341-56. doi: 10.1007/
978-3-030-49698-2_23

20. Salcedo D, Regan J, Aebersold M, Lee D, Darr A, Davis K, et al. Frequently used
conceptual frameworks and design principles for extended reality in health professions
education. Med Sci Educ. (2022) 32:1587-95. doi: 10.1007/s40670-022-01620-y

21. Bailey S, Brannick M, Reiner C, Rettig N, Dyer L, Okuda Y, et al. Immersive
distance simulation: Exploring the educational impact of stereoscopic extended reality
(XR) video in remote learning environments. Med Teach. (2024) 13:1-3. doi: 10.1080/
0142159X.2024.2314725

22. Salavitabar A, Popov V, Nelson ], Benedict M, Inniss D, Mahajan A, et al.
Extended reality international grand rounds: An innovative approach to medical
education in the pandemic era. Acad Med. (2022) 97:1017-20. doi: 10.1097/ACM.
0000000000004636

23. Zahedi F, Walia N, Jain H. Augmented virtual doctor office: Theory-based design
and assessment. ] Manag Inf Syst. (2016) 33:776-808.

24. Logeswaran A, Munsch C, Chong Y, Ralph N, McCrossnan J. The role of
extended reality technology in healthcare education: Towards a learner-centred
approach. Future Healthc J. (2021) 8:€79-84. doi: 10.7861/fhj.2020-0112

25. Pons P, Navas-Medrano S, Soler-Dominguez J. Extended reality for mental
health: Current trends and future challenges. Front Comput Sci. (2022) 4:1034307.
doi: 10.3389/fcomp.2022.1034307

26. Goldsworthy A, Chawla J, Birt J, Baumann O, Gough S. Use of extended reality
in sleep health, medicine, and research: A scoping review. Sleep. (2023) 46:zsad201.

27. Draschkow D, Anderson N, David E, Gauge N, Kingstone A, Kumle L, et al.
Using XR (extended reality) for behavioral, clinical, and learning sciences requires
updates in infrastructure and funding. Policy Insights Behav Brain Sci. (2023) 10:317-
23. doi: 10.1177/23727322231196305

28. Ong T, Wilczewski H, Paige S, Soni H, Welch B, Bunnell B. Extended reality for
enhanced telehealth during and beyond COVID-19: Viewpoint. JMIR Serious Games.
(2021) 9:26520. doi: 10.2196/26520

29. Taylor L, Dyer T, Al-Azzawi M, Smith C, Nzeako O, Shah Z. Extended reality
anatomy undergraduate teaching: A literature review on an alternative method of
learning. Ann Anat. (2022) 239:151817. doi: 10.1016/j.aanat.2021.151817

30. McGuirt ], Cooke N, Burgermaster M, Enahora B, Huebner G, Meng Y, et al.
Extended reality technologies in nutrition education and behavior: Comprehensive
scoping review and future directions. Nutrients. (2020) 12:2899. doi: 10.3390/
nul2092899

31. Andrews C, Southworth M, Silva J, Silva J. Extended reality in medical practice.
Curr Treat Options Cardiovasc Med. (2019) 21:18.

32. Samant S, Bakhos J, Wu W, Zhao S, Kassab G, Khan B, et al. Artificial intelligence,
computational simulations, and extended reality in cardiovascular interventions. JACC
Cardiovasc Interv. (2023) 16:2479-97. doi: 10.1016/j.jcin.2023.07.022

33. Rudnicka Z, Proniewska K, Perkins M, Pregowska A. Health digital twins
supported by artificial intelligence-based algorithms and extended reality in
cardiology. arXiv [Preprint] (2024). doi: 10.48550/arXiv.2401.14208

34. Zhang]J, Lu 'V, Khanduja V. The impact of extended reality on surgery: A scoping
review. Int Orthop. (2023) 47:611-21.

Frontiers in Medicine

15

10.3389/fmed.2024.1456017

35. Pillai A, Guazzaroni G. Extended reality usage during C 19 pandemic. Cham:
Springer International Publishing (2022). doi: 10.1007/978-3-030-91394-6

36. Co M, Chiu S, Billy Cheung H. Extended reality in surgical education: A
systematic review. Surgery. (2023) 174:1175-83.

37. JosephNg P, Gong X. Technology behavior model-impact of extended reality on
patient surgery. Appl Sci. (2022) 12:5607.

38. Sugimoto M, Sueyoshi T. Development of holoeyes holographic image-guided
surgery and telemedicine system: Clinical benefits of extended reality (virtual reality,
augmented reality, mixed reality), the metaverse, and artificial intelligence in surgery
with a systematic review. Med Res Arch. (2023) 11:45.

39. Pulumati A, Algarin Y, Jaalouk D, Hirsch M, Nouri K. Exploring the potential
role for extended reality in Mohs micrographic surgery. Arch Dermatol Res. (2024)
316:67. doi: 10.1007/s00403-023-02804- 1

40. Venkatesan M, Mohan H, Ryan ], Schiirch C, Nolan G, Frakes D, et al.
Virtual and augmented reality for biomedical applications. Cell Rep Med. (2021)
2:100348.

41. Curran V, Xu X, Aydin M, Meruvia-Pastor O. Use of extended reality in medical
education: An integrative review. Med Sci Educ. (2022) 33:275-86.

42. Dhunnoo P, Wetzlmair L, O’Carroll V. Extended reality-based therapies for the
treatment of anxiety disorders: Clinical impact, perceptions of patients and healthcare
professionals, and comparison of modalities - a systematic review. Durham, NC:
Research Square Platform LLC (2022).

43. Jagatheesaperumal S, Ahmad K, Al-Fuqaha A, Qadir J. Advancing education
through extended reality and internet of everything enabled metaverses: Applications,
challenges, and open issues. IEEE Trans Learn Technol. (2024) 17:1120-39.

44. Khan S. Economic impact of XR adoption on healthcare services: Extended Reality
for Healthcare Systems. Amsterdam: Elsevier (2023). p. 253-63.

45. Al-Qerem W, Eberhardt ], Jarab A, Al Bawab A, Hammad A, Alasmari F, et al.
Exploring knowledge, attitudes, and practices towards artificial intelligence among
health professions” students in Jordan. BMC Med Inform Decis Mak. (2023) 23:288.
doi: 10.1186/s12911-023-02403-0

46. Hasan H, Jaber D, Al Tabbah S, Lawand N, Habib H, Farahat N. Knowledge,
attitude and practice among pharmacy students and faculty members towards artificial
intelligence in pharmacy practice: A multinational cross-sectional study. PLoS One.
(2024) 19:¢0296884. doi: 10.1371/journal.pone.0296884

47. Khater A, Zaaqoq A, Wahdan M, Ashry S. Knowledge and attitude of AIN shams
university medical students towards artificial intelligence and its application in medical
education and practice. Educ Res Innov J. (2023) 3:29-42.

48. Al Saad M, Shehadeh A, Alanazi S, Alenezi M, Abu Alez A, Eid H, et al. Medical
students’ knowledge and attitude towards artificial intelligence: An online survey. Open
Public Health . (2022) 15:¢187494452203290.

49. Huang T, Yang C, Hsieh Y, Wang J, Hung C. Augmented reality (AR) and virtual
reality (VR) applied in dentistry. Kaohsiung ] Med Sci. (2018) 34:243-8.

50. Gavaghan K, Peterhans M, Oliveira-Santos T, Weber S. A portable image overlay
projection device for computer-aided open liver surgery. IEEE Trans Biomed Eng.
(2011) 58:1855-64.

51. Syed W, Basil A, Al-Rawi M. Assessment of awareness, perceptions, and opinions
towards artificial intelligence among healthcare students in Riyadh, Saudi Arabia.
Medicina (Mex). (2023) 59:828.

52. Rossi S, Panzera R, Sangaletti R, Andriollo L, Giudice L, Lecci E et al. Problems
and opportunities of a smartphone-based care management platform: Application of
the Wald principles to a survey-based analysis of patients’ perception in a pilot center.
Healthcare. (2024) 12:153.

53. Andriollo L, Picchi A, Sangaletti R, Perticarini L, Rossi S, Logroscino G, et al. The
role of artificial intelligence in anterior cruciate ligament injuries: Current concepts
and future perspectives. Healthcare. (2024) 12:300.

54. Rossi S, Mancino F Sangaletti R, Perticarini L, Lucenti L, Benazzo F. Augmented
reality in orthopedic surgery and its application in total joint arthroplasty: A systematic
review. Appl Sci. (2022) 12:5278.

55. Qurashi A, Alanazi R, Alhazmi Y, Almohammadi A, Alsharif W, Alshamrani
K. Saudi radiology personnel’s perceptions of artificial intelligence implementation: A
cross-sectional study. ] Multidiscip Healthc. (2021) 14:3225-31.

56. Syed-Abdul S, Malwade S, Nursetyo A, Sood M, Bhatia M, Barsasella D, et al.
Virtual reality among the elderly: A usefulness and acceptance study from Taiwan.
BMC Geriatr. (2019) 19:223. doi: 10.1186/s12877-019-1218-8

57. Liu Q, Wang Y, Tang Q, Liu Z. Do you feel the same as i do? Differences in
virtual reality technology experience and acceptance between elderly adults and college
students. Front Psychol. (2020) 11:573673.

58. Arpaia P, De Benedetto E, De Paolis L, D’Errico G, Donato N, Duraccio
L. Performance and usability evaluation of an extended reality platform
to monitor patients health during surgical procedures. Senmsors. (2022) 22:
3908.

59. Gong X, JosephNg P. Technology behavior model-beyond your sight with
extended reality in surgery. Appl Syst Innov. (2022) 5:35.

frontiersin.org


https://doi.org/10.3389/fmed.2024.1456017
https://doi.org/10.3389/fpubh.2022.1040018
https://doi.org/10.1007/s10278-022-00622-x
https://doi.org/10.1002/lary.30174
https://doi.org/10.1111/jocn.15978
https://doi.org/10.1007/978-3-030-49698-2_23
https://doi.org/10.1007/978-3-030-49698-2_23
https://doi.org/10.1007/s40670-022-01620-y
https://doi.org/10.1080/0142159X.2024.2314725
https://doi.org/10.1080/0142159X.2024.2314725
https://doi.org/10.1097/ACM.0000000000004636
https://doi.org/10.1097/ACM.0000000000004636
https://doi.org/10.7861/fhj.2020-0112
https://doi.org/10.3389/fcomp.2022.1034307
https://doi.org/10.1177/23727322231196305
https://doi.org/10.2196/26520
https://doi.org/10.1016/j.aanat.2021.151817
https://doi.org/10.3390/nu12092899
https://doi.org/10.3390/nu12092899
https://doi.org/10.1016/j.jcin.2023.07.022
https://doi.org/10.48550/arXiv.2401.14208
https://doi.org/10.1007/978-3-030-91394-6
https://doi.org/10.1007/s00403-023-02804-1
https://doi.org/10.1186/s12911-023-02403-0
https://doi.org/10.1371/journal.pone.0296884
https://doi.org/10.1186/s12877-019-1218-8
https://www.frontiersin.org/journals/medicine
https://www.frontiersin.org/

Khan et al.

60. Iop A, El-Hajj V, Gharios M, De Giorgio A, Monetti F, Edstrom E, et al.
Extended reality in neurosurgical education: A systematic review. Sensors. (2022)
22:6067.

61. Dadario N, Quinoa T, Khatri D, Boockvar J, Langer D, D’Amico R. Examining
the benefits of extended reality in neurosurgery: A systematic review. J Clin Neurosci.
(2021) 94:41-53.

62. Burian B, Ebnali M, Robertson ], Musson D, Pozner C, Doyle T,

et al. Using extended reality (XR) for medical training and real-time
clinical support during deep space missions. Appl Ergon. (2023) 106:
103902.

63. Ebnali M, Paladugu P, Miccile C, Park S, Burian B, Yule S, et al. Extended reality
applications for space health. Aerosp Med Hum Perform. (2023) 94:122-30.

64. Koo H. Training in lung cancer surgery through the metaverse, including
extended reality, in the smart operating room of Seoul national university Bundang
Hospital, Korea. ] Educ Eval Health Profess. (2021) 18:33.

65. Jones D, Fealy S, Evans D, Galvez R. Editorial: The use of extended realities
providing better patient outcomes in healthcare. Front Med. (2024) 11:1380046. doi:
10.3389/fmed.2024.1380046

66. Tripathi A, Chauhan N, Choudhary A, Singh R. Augmented reality and its
significance in healthcare systems. In: Sharma A, Sengar S, Singh P editors. Advances
in computational intelligence and robotics. Hershey, PA: IGI Global (2023). p. 103-18.
doi: 10.4018/978- 1-6684-7659-8.ch005

67. Govindarajan U, Zhang D, Anshita. Extended reality for patient recovery and
wellness: Extended reality for healthcare systems. Amsterdam: Elsevier (2023). p. 77-93.

68. Lee Y, Kim S, Yoon H, Choi J, Kim H, Go Y. Integration of extended reality and a
high-fidelity simulator in team-based simulations for emergency scenarios. Electronics.
(2021) 10:2170.

69. Hayes C. A pedagogical paradigm shift: Prospective epistemologies
of extended reality in health professions education. In: Coelho L, Queirds
R, Reis S editors. Advances in medical technologies and clinical practice.

Frontiers in Medicine

16

10.3389/fmed.2024.1456017

Hershey, PA: IGI Global (2022). p. 45-64. doi: 10.4018/978-1-7998-8371-5.
ch004

70. Gasteiger N, Van Der Veer S, Wilson P, Dowding D. Exploring how, for whom
and in which contexts extended reality training “works” in upskilling healthcare
workers: A realist review. Proceedings of the 2022 IEEE conference on virtual reality
and 3D user interfaces abstracts and workshops (VRW). Christchurch: IEEE (2022).
p. 734-5.

71. Dai T, Tayur S. Designing Al-augmented healthcare delivery systems for
physician buy-in and patient acceptance. Prod Oper Manag. (2022) 31:4443-51.

72. Miller J, Fernando E, Miranda J, Bansil ], Hernandez H, Regala A. Extended
reality technologies in physical fitness for health promotion: Insights from bibliometric
research. In: Garcia M, De Almeida R editors. Advances in healthcare information
systems and administration. Hershey, PA: IGI Global (2024). p. 86-108. doi: 10.4018/
979-8-3693-1214-8.ch005

73. Goldsworthy A, Chawla J, Baumann O, Birt J, Gough S. Extended reality
use in paediatric intensive care: A scoping review. ] Intensive Care Med. (2023)
38:856-77.

74. Ligthart S, Meynen G, Biller-Andorno N, Kooijmans T, Kellmeyer P. Is virtually
everything possible? The relevance of ethics and human rights for introducing
extended reality in forensic psychiatry. AJOB Neurosci. (2022) 13:144-57.

75. Donovan S, Herstein J, Prober C, Kolars J, Gordon J, Boyers P, et al. Expansion
of simulation and extended reality for undergraduate health professions education: A
call to action. ] Interprofess Educ Pract. (2021) 24:100436.

76. Jones D, Siang See Z, Billinghurst M, Goodman L, Fealy S. Extended reality
for midwifery learning: MR VR demonstration. Proceedings of the 17th international
conference on virtual-reality continuum and its applications in industry. Brisbane QLD:
ACM (2019). p. 1-2. doi: 10.1145/3359997.3365739

77. Gaballa A, Cavalcante R, Lamounier E, Soares A, Cabibihan ]. Extended
reality “X-Reality” for prosthesis training of upper-limb amputees: A review on
current and future clinical potential. IEEE Trans Neural Syst Rehabil Eng. (2022)
30:1652-63.

frontiersin.org


https://doi.org/10.3389/fmed.2024.1456017
https://doi.org/10.3389/fmed.2024.1380046
https://doi.org/10.3389/fmed.2024.1380046
https://doi.org/10.4018/978-1-6684-7659-8.ch005
https://doi.org/10.4018/978-1-7998-8371-5.ch004
https://doi.org/10.4018/978-1-7998-8371-5.ch004
https://doi.org/10.4018/979-8-3693-1214-8.ch005
https://doi.org/10.4018/979-8-3693-1214-8.ch005
https://doi.org/10.1145/3359997.3365739
https://www.frontiersin.org/journals/medicine
https://www.frontiersin.org/

	Assessing the knowledge, attitude and perception of Extended Reality (XR) technology in Pakistan's Healthcare community in an era of Artificial Intelligence
	1 Introduction
	2 Subjects and methods
	2.1 Type of study, sample size, and sampling
	2.2 Study implementation
	2.3 Data collection
	2.4 Statistical analysis
	2.5 Ethical approval

	3 Results
	3.1 Demographic information
	3.2 Knowledge
	3.3 Attitude
	3.4 Perception
	3.5 Correlation analysis
	3.6 Regression analysis

	4 Discussion
	4.1 Conclusion
	4.2 Limitations
	4.3 Recommendations

	5 Abbreviations
	Strengths and limitations
	Data availability statement
	Ethics statement
	Author contributions
	Funding
	Acknowledgments
	Conflict of interest
	Publisher's note
	Supplementary material
	References


