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ABSTRACT

In radiology, virtual reality has emerged as a candidate to solve
some issues of the area, such as the ambient lighting and ergonomic
postures when diagnosing.

The goal of this study is to explore the literature of virtual reality
in radiology in order to define and describe the state-of-the-art in
addition to finding gaps and opportunities for future research.

To do so, we carried out a systematic mapping study covering
the period from January 2014 to July 2021. We initially found 329
papers to be reviewed, but after applying our exclusion criteria we
ended up with 24 primary studies.

Our results suggest that the use of virtual reality has grown
recently in the field, however there are many gaps and opportunities
to explore in the area.
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1 INTRODUCTION

A potential use for virtual reality (VR) technology in the medical
area is to assist radiologists when performing a radiological diag-
nosis as they usually do it in workstations to analyze the medical
data using three-dimensional visualization [15] in traditional 2D
desktop displays [32]. Hence, inadequate ergonomic postures and,
more importantly, improper room conditions can cause erroneous
diagnostics when professionals examine such digital images using
common displays [30].

Based on this scenario, the objective of this work is to determine
and characterize the state-of-the-art on VR in radiology. To do so,
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we performed a systematic mapping study [3][5][27] aimed at: (1)
discovering the uses, benefits and main barriers of VR in radiology
and (2) identifying gaps for future studies.

From an initial set of 329 papers, we have identified 24 primary
studies worth analyzing from 6 individual scientific databases.

This work is organized as follows: Section 2 introduces the main
area explored in this study. In Section 3 we detail the research
methodology, including the presentation of the research questions.
We explore the results from the systematic mapping study in Section
4. In Section 5 we present the answers to the research questions.
Lastly, Section 6 concludes the paper by describing our final re-
marks.

2 BACKGROUND

Radiology is a medical discipline in which images visualizing hu-
man bodies are examined for abnormalities [8] and radiological
studies are undoubtedly one of the most important resources when
diagnosing different clinical pathologies, used in different medical
specialties [15].

It is remarkable that medical images which are inherently 3D in
nature are mostly visualized in clinical practice by physicians and
radiology technicians [20] in reading rooms [38], using multiple
2D displays among 1D or 2D input media [6].

When reading 3D images, radiologists need to view and scroll
through a substantial number of image slices (a slice is a single 2D
image of a cross section of the human body [8]) and manipulate
that image in such a manner that abnormalities become visible [8].

Therefore, clinicians have to deal with the presence of external
factors such as external lights and screen color saturation when di-
agnosing, which might interfere with the process [30][32]. Besides,
the interpretation of these images is considered a highly complex
task since medical images are not self-explanatory [9][35].

3 METHODOLOGY

As stated in Section 1, the goal of this study is to determine and
characterize the state-of-the-art on VR in radiology. To do so, we
conducted this systematic mapping following the recommenda-
tion from influential researchers in the software engineering area

(3][51(27]-

3.1 Research questions

In order to determine and characterize the state-of-the-art on VR
in radiology, the following research questions were defined:

e RQ1: How is virtual reality used in radiology?

e RQ2: What are the benefits of using virtual reality in
radiology?

e RQ3: What are the challenges of using virtual reality
in radiology?
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The purpose of RQ1 is to discover the ways VR has been used in
radiology and its main techniques and applications. From the fol-
lowing questions (RQ2 and RQ3) we intend to analyze the benefits
and the challenges of using VR in radiology in order to find out the
reasons it is applied to radiology and the difficulties it may have.

3.2 Data source and search strategy

After defining the research questions, we built up a general string
based on Kitchenham et al. [3] guidelines to identify primary stud-
ies on electronic databases to answer the research questions. The
general string used in this study was: “(virtual reality OR vr) AND
(radiology)”.

About the inclusion criteria, we decided to select papers from
January 2014 to July 2021 in order to get the most recent works in
the research area. We also only included papers that were accepted
in journals, conferences, workshops, and symposia and were writ-
ten in English. In addition to that, we excluded duplicated papers,
literature only available in the form of abstracts or presentations
and publication not related to the field of study.

To start the process of finding primary studies, we performed an
initial research on the selected databases using the general string
and the inclusion criteria, which yielded 329 studies. Table 1 sum-
marizes the number of papers returned from each database.

Table 1: Returned papers

Database # Papers

IEEExplore (https://ieeexplore.ieee.org/) 24
ACM Digital Library (https://dl.acm.org/) 3

Engineering Village (https://www.engineeringvillage.com/) 50
ScienceDirect (https://www.sciencedirect.com/) 41
Scopus (https://www.scopus.com/) 168
PubMed (https://pubmed.ncbi.nlm.nih.gov) 43
Total 329

3.3 Keywording, data extraction and mapping

In our study, three main categories were created to classify the
studies, these being: contribution category, research type category
and computer target category. The contribution category describes
the main contribution of the work to the area, and it was created
from the keywords found on the keywording process. The options
for that category are: diagnostic imaging, medical education, patient
care, interaction technique and tool. Furthermore, the research type
category reflects the research approach used in the papers. We
chose an existing classification of research approach presented by
Wieringa et al. [37] and added a new research type called “Overview
Paper" to fit the papers that were only reviewing the available
content of VR in radiology. Besides, the computer target category
details the source of computational power in which the developed
solutions aim to be deployed, these being: desktop, smartphone,
HMD and CAVE.

4 RESULTS

From an initial set of 329 papers identified through the search
strategy (see Section 3.2), we have come across 24 primary studies
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after applying the exclusion criteria. The systematic map result is
presented in Table 2.

About the distribution of the studies according to their computer
target category, it is clear that most papers aim traditional com-
puters (desktop) as their main research deployment target, leaving
smartphone, CAVE and standalone HMD as possible gaps in the
area for further solution development.

In regards to the contribution, it is possible to see that the ones
with the highest number of studies throughout the years are diag-
nostic imaging (DI), medical education (ME) and patient care (PC),
with 2018 being the year with the greatest number of papers about
DI. There seems to be a gap on interaction techniques and tools
when it comes to the contribution.

In the following section we provide details about the 24 studies
evaluated.

5 ANALYSIS

In this section we analyze the three research questions proposed
for this study. The answers for them came from the information
we got in Section 4 combined with the learnings and insights from
each of the 24 primary studies selected.

5.1 RQ1. How is virtual reality used in
radiology?

The overview of this systematic mapping study detailed in Table 2,
indicates that VR has been used in the radiological field among three
main areas, those being: diagnostic imaging, medical education, and
patient care.

In regard to diagnostic imaging, we have VR radiology reading
room that allows imagiologists to focus on the medical image data,
while avoiding the conditions that can interfere with radiodiagnos-
tic [32][38]. Moreover, we have the CAVE, an immersive, navigable,
and interactive environment for visualizing complex data sets [20].

In addition to that, we also have a multimodal real-time deci-
sion support system where radiologists can visualize and interact
with patient data in VR by using natural speech and hand gestures
[28][39]. In regard to hand gestures, it is interesting to highlight
that four studies use Leap Motion Controller! as their input system
for the developed solution [15][31][32][38]. Besides, a project called
NextMed allows radiologists to visualize any anatomical structure
of the patient on the table, as well as manipulate and analyze them
in 3D as if they were real [15]. Moreover, congenital heart disease
data when conjoined with VR has been used to diagnose atrial sep-
tal defects [33]. Furthermore, VR has also been used for detection
of lung nodules on CT [25].

About medical education, a wide range of uses can be under-
lined. First, VR technology has been adopted in surgery residency
programs to train residents in laparoscopic surgery technique [13].
Furthermore, surgeons are also using VR for making preoperative
decisions as the surgical procedure can be planned non-invasively
on already existing cross-sectional images [39] and simulated on
patient-specific virtual models prior to being performed on the
real patient [21]. Moreover, in a study conducted in Spain, com-
puted tomography (CT) was utilized to make 3D models to confirm
anatomical compatibility with recipients [12]. Besides, we also have
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Table 2: Systematic map result

Author Year Research Type Forum Type Contribution Computer Target
Venson et al. [36] 2016  Evaluation Research ~ Conference Diagnostic Imaging Desktop/Smartphone
Sousa et al. [32] 2017 Evaluation Research ~ Conference Interaction Technique Desktop
Klonig et al. [16] 2020 Evaluation Research ~ Conference Diagnostic Imaging / Medical Education N/A
Wirth et al. [38] 2018 Evaluation Research ~ Symposium Interaction Technique Desktop
Liszio et al. [19] 2020 Evaluation Research ~ Symposium Patient Care N/A
Venson et al. [10] 2017  Evaluation Research Journal Diagnostic Imaging Desktop/Smartphone
Nguyen et al. [25] 2018  Evaluation Research Journal Diagnostic Imaging Desktop
Han et al. [14] 2019  Evaluation Research Journal Patient Care HMD
Sapkaroski et al. [31] 2019  Evaluation Research Journal Medical Education Desktop
Sun et al. [33] 2020  Evaluation Research Journal Patient Care N/A
Locuson et al. [20] 2015 Solution Proposal Conference Diagnostic Imaging CAVE
Izard et al. [15] 2018 Solution Proposal Conference Diagnostic Imaging Desktop
Prange et al. [28] 2018 Solution Proposal Conference Diagnostic Imaging Desktop
Xu et al. [39] 2020 Solution Proposal Conference Medical Education Desktop
Knodel et al. [17] 2018 Solution Proposal Journal Tool CAVE
Alsofy et al. [1] 2020  Solution Proposal Journal Diagnostic Imaging N/A
Laas et al. [18] 2021 Solution Proposal Journal Medical Education N/A
Marescaux et al. [21] 2015 Overview Paper Journal Medical Education Desktop
Belmustakov et al. [4] 2018 Overview Paper Journal Medical Education Desktop
Sutherland et al. [34] 2018 Overview Paper Journal Diagnostic Imaging / Medical Education / Patient Care  Desktop/Smartphone
McCarthy et al. [22] 2019 Overview Paper Journal Medical Education Desktop/Smartphone
Elsayed et al. [11] 2020 Overview Paper Journal Diagnostic Imaging / Medical Education / Patient Care N/A
Ammanuel et al. [2] 2019 Experience Paper Journal Tool N/A
Abdelrazek et al. [23] 2018 Opinion Paper Journal Diagnostic Imaging / Medical Education N/A

low-cost VR simulations that can help reduce errors and the num-
ber of actions in a surgical operation [26]. In addition, VR has been
successfully used for resident procedural training, e.g., to simu-
late lumbar punctures or to better understand complex imaging
anatomy, for example, the ultrasound appearance of spinal anatomy
[29].

Regarding patient care, VR has emerged as a candidate to treat
MRI-related anxiety as for most patients, lying inside the MRI scan-
ner for the average examination time of 20 minutes is an unpleasant,
sometimes frightening experience [19]. Furthermore, it can also
be used as a tool to teach patients about their health or treatment,
or to deliver treatment [14][34]. Beyond that, in the absence of a
patient’s presence entirely, VR and AR are an interesting clinician
tool of intervention planning aid [34].

Lastly, we noticed that VR can also be used as a tool for collab-
oration as it creates a wide variety of collaborative opportunities.
An example of such use would be clinicians and other health care
experts inhabit the same virtual space and discuss the same medical
data that is either a mutually interactable object in front of them,
or the shared virtual environment (VE) itself [34].

5.2 RQ2. What are the benefits of using virtual
reality in radiology?

Regarding diagnostic imaging, the use of VR reading rooms could
cut equipment and maintenance costs, and by eliminating effects of
ambient lighting conditions it could potentially improve diagnostic
accuracy [11]. In addition to that, compared to the 3D printed model
of the patient specific-anatomy and pathology, VR is a more flexible
and inexpensive alternative [10].
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Besides, one key element of using VR in any application is that
it renders a comprehensive and intuitive visual representation of
the data even for the non-specialist, which opens the possibility
to provide exam data to referring physicians that can be used for
detailed surgery planning and communication with the patients
during medical appointments [10]. Furthermore, Venson et al. [36]
demonstrated that VR shows high effectiveness in identifying su-
perficial fractures for two different volume exams.

VR has the potential to augment the possibilities of grasping the
complex morphology of anatomical structures or the pathological
changes e.g., in cancer or cardiovascular disease. Thereby, medi-
cal immersive imaging not only improve diagnostic imaging and
surgical procedure planning, but also serve educative purposes for
medical students and doctors [17].

About medical education, some VR systems allow surgeons to
take completely free perspectives on the anatomical structures from
all directions, which provides a much more intuitive understanding
of the present situs, and even more of the underlying pathology
[1]. Moreover, VR-based visualization of the native MRI grants sur-
geons an enhanced understanding of tumor localization and breast
volumes and it can increase the incidence of breast-conserving
surgeries allowing successful oncoplastic procedures [18].

In addition, by using VR, trainees can be transported into a
procedure room where they may observe and even participate in
virtual procedures before performing them on patients. This allows
educators to provide standardized and curated educational training
material to all trainees [4][11][31].

Another benefit of using VR equipment for delivering of medical
training content is that such content can be reviewed at a time
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convenient to the learner, thereby decreasing the effort, coordina-
tion, resources, and expense associated with hands-on simulation
training [7].

Finally, in regard to patient care, VR technology has many advan-
tages over conventional systems for patient entertainment during
MRI examinations as it is most capable of distracting patients from
the unpleasant sensations of the scanning procedure [19]. Besides,
the reported successes of using VR for distraction therapy, during
invasive surgical procedures warrants adoption in interventional
radiology as well [11]. Patients prone to anxiety, claustrophobia,
or high analgesic requirements during interventional radiology
procedures may find this therapy especially beneficial [11].

5.3 RQ3. What are the challenges of using
virtual reality in radiology?

Although the number of benefits in using VR in the radiological
field is quite remarkable, there are many challenges associated with
the use of such technology. First, VR poses a challenge for model
creators to include sufficient anatomical detail to maintain clinical
accuracy while allowing for smooth, real-time interactive visual-
ization [34] as minute structures may be too small to resolve on
the 3D reconstruction and VR environment depends on the quality
of the original imaging dataset which is susceptible to artifacts
secondary to motion and beam hardening [23]. In addition to that,
the development of high-quality content requires a degree of tech-
nical knowledge that is beyond what an average technology user
possesses [22] and creating VR models currently requires the use
of multiple software applications at the same time, which can be
difficult for the user to learn [2].

Beyond that, regarding the use of VR to reduce MRI-related
anxiety, many HMDs are not suitable for it due to their magnetic
components which are strongly attracted by the MRI scanner’s
magnets, hence carrying a high risk of injury [19]. Another problem
is the, sometimes considerable, heating of ferromagnetic materials,
which can lead to severe burns [19].

Lastly, innovation in healthcare requires strict regulation and
high sense of responsibility. Patient safety and quality of life are
major issues and, for this reason, innovation in healthcare needs
to be patient-centered in order to be effective [21], thus creating a
barrier to novel solutions in that area. Besides, as stated by Sousa et
al. [32], there is also the physician’s resistance to novel systems and
technologies. Klonig et al. [16] also mention that the immersion in
the VE might increase the emotional gap between physicists and
patient, and potentially contributes to objectifying patients.

6 FINAL REMARKS

In this paper we conducted a systematic mapping study in order
to identify the main uses of VR in the context of radiology and
characterize the benefits and challenges of it. The goal was not
only to determine and characterize the state-of-the-art on VR in
radiology, but also to create a general understanding of the area
and find gaps for future exploration.

After performing the research, we classified the studies according
to three categories: contribution, research type and computer target.
The contribution category revealed five possible classifications in
which the studies fit: diagnostic imaging, medical education, patient
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care, interaction technique and tools. In addition, computer target
category showed four possibilities for papers, these being: desktop,
smartphone, CAVE and HMD. Most of the studies in the area are
recent and the majority of them were published in journals. Our
study also indicates that there are many attempts to insert the VR
in radiology.

Regarding the first research question proposed — How is VR
used in radiology? — we could identify that it has been used in
three major areas: diagnostic imaging, medical education, and pa-
tient care. In the diagnostic imaging area, VR has been used to
protect physicians from external factors such as room illuminations
[10][16][17][20][25][28][32][36][38]. About medical education, VR
is being used to allow doctors to review medical data and take
preoperative decisions before going to a real surgery [21][39]. In
regard to patient care, VR has emerged as a candidate to treat MRI-
anxiety [19] and educate patients about their health and treatment
[14][34].

The second research question — What are the benefits of using
VR in radiology? — the use of VR in radiology cuts the equipment
and maintenance costs of a real radiology reading room and it could
potentially improve accuracy in radiological diagnosis [11]. Besides,
VR also distracts patients in unpleasant radiological procedures [19]
and it is also more flexible and unexpensive when compared to 3D
printing [10].

From the third research question — What are the challenges of
using VR in radiology? — not all VR hardware are suitable for the
radiology field as some of them include magnetic components that
might prevent them from being used in radiological procedures
[19]. Moreover, doctors also present a resistance to novel systems
and technologies [32], and VR presents side effects on its use, such
as neck pain, nausea, dizziness [24].

In conclusion, this systematic mapping was a first attempt to
better understand the context of VR in the radiology field. We
understand that several opportunities were created and can be
explored from the findings we carried out. We intend to examine
the identified gaps in order to develop further research on the
proposed topic.
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