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a b s t r a c t

Introduction: Augmented-reality (AR) smart glasses provide an alternative to standard computer display
monitors (CDM). AR smart glasses may provide an opportunity to improve visualisation during fluo-
roscopy and interventional radiology (IR) procedures when there can be difficulty in viewing intra-
procedural images on a CDM. The aim of this study was to evaluate radiographer perception of image
quality (IQ) when comparing CDM and AR smart glasses.
Methods: 38 radiographers attending an international congress evaluated ten fluoroscopic-guided sur-
gery and IR images on both a CDM (1920 � 1200 pixels) and a set of Epson Moverio BT-40 AR smart
glasses (1920 � 1080 pixels). Participants provided oral responses to pre-defined IQ questions generated
by study researchers. Summative IQ scores for each participant/image were compared between CDM and
AR smart glasses.
Results: Of the 38 participants, the mean age was 39 ± 1 years. 23 (60.5%) participants required
corrective glasses. In terms of generalisability, participants were from 12 different countries, the majority
(n ¼ 9, 23.7%) from the United Kingdom. For eight out of ten images, the AR smart glasses demonstrated
a statistically significant increase in perceived IQ (median [IQR] 2.0 [-1.0 to 7.0] points) when compared
to the CDM.
Conclusion: AR smart glasses appear to show improvements in perceived IQ when compared to a CDM.
AR smart glasses could provide an option for improving the experiences of radiographers involved in
image-guided procedures and should be subject to further clinical evaluations.
Implications for practice: Opportunities exist to improve perceived IQ for radiographers when reviewing
fluoroscopy and IR images. AR smart glasses should be further evaluated as a potential opportunity to
improve practice when visual attention is split between positioning equipment and image review.
© 2023 The Author(s). Published by Elsevier Ltd on behalf of The College of Radiographers. This is an

open access article under the CC BY license (http://creativecommons.org/licenses/by/4.0/).
Introduction

Advances in technology have created new opportunities for the
increased utilisation of virtual reality (VR) and augmented reality
(AR) applications in medicine.1 Growth of the VR and AR sector is
evident, spending in this area exceeding $215 billion in 20212 and
growth is expected to continue within the VR/AR market. In terms
tion Therapy, Assert UG 16,
ollege Road, Cork, T12 AK54,

ier Ltd on behalf of The College
of AR/VR technologies, Uppot and colleagues in 2019, explored the
use of VR and AR within radiology.3

VR relies on the creation of a fully immersive environment3

whereas in AR the user is not completely immersed in a virtual
world, instead hologram-style images are superimposed on a real-
world background.4 AR environments are typically generated for
the user by a head-up display (HUD)whichmay bemore commonly
termed ‘smart glasses’.5

Applications for both VR and AR systems have been reported
extensively across radiology. Elsayed and colleagues reported on
the potential applications for VR and AR in radiology.5 Within this
work the authors describe potential roles for these technologies in
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interventional radiology (IR), patient consent processes, education
and training, relaxation and distraction therapy and image inter-
pretation. Many reports within the literature have focused on the
potential of VR/AR in IR/fluoroscopy-guided applications.6e10

Within the fluoroscopy environment, a potential advantage of
AR smart glasses is that the clinician's gaze is not directionally fixed
or predetermined by the location of the computer display monitor
(CDM).11 Dorey and colleagues, in 2019, suggested based on their IR
study using phantoms and lead protection glasses, that there could
be benefit from modified leaded AR smart glasses in terms of
reducing eye lens dose to the operator.11 A report by Elsayed and
colleagues5 further argued that VR and AR technologies have the
potential to revolutionise image-guided interventions and improve
patient outcomes. Reducing operator head movement, by reducing
the frequency in which eye gaze is switched between the inter-
vention site (patient) and CDM, could result in lower radiation
exposure and could potentially make procedures shorter.

A study by Devcic and colleagues12 demonstrated that viewing
AR reconstructions of splenic artery aneurysms before emboliza-
tion improved operator confidence. Nicolau and colleagues13 sug-
gest that AR has growing promise in percutaneous interventions,
such as biopsies and ablations. Reports have, however, argued that
objective evaluations of the benefits of AR over conventional image
review methods in IR are limited and more robust research is
needed to validate clinical utility.5

Whilst favourable reports of both radiology-based VR and AR
technologies exist there is a lack of research evidence surrounding
the displayed image quality (IQ) on such devices. Within radiology,
high IQ has a longstanding link with diagnostic and operational
performance. Within fluoroscopy-guided and IR procedures pro-
cedural success is likely to have a strong relationship with IQ and
radiation dose (patient and staff). IQ is of upmost importance to the
operating clinician but also the radiographer. Radiographers have a
requirement for high-quality images to help ensure that relevant
anatomy is appropriately presented, and that accurate collimation
is applied ensuring optimal radiation protection. To the authors’
knowledge no studies have sought to evaluate the differences be-
tween IQ perception on CDM against AR smart glasses and this is
the primary aim of this study.

Methods

Participants

Image quality evaluations were conducted with 38 radiogra-
phers attending the European Congress of Radiology (ECR) in
Vienna, Austria in July 2022. Eligible participants were all radiog-
raphers who would be familiar with clinical fluoroscopy-guided
procedures and IR. Participants were invited by social media and
personal invites via members of the research team. Participation
was voluntary and everyone was invited to read a participant in-
formation sheet and complete a series of online consent questions.
Ethical approval for the study was granted by University College
Cork Social Research Ethics Committee (2022-118). All participants
were asked to provide details on their age, gender, current country
of practise and to indicate whether they wear corrective lenses.

Images

Images were chosen by study researchers from those in the
public domain accessed via the internet. Images were selected by
members of the research teamandweredesigned to cover a range of
fluoroscopy and interventional radiology procedures across a range
of image quality domains (Table 1). Images were presented to par-
ticipants as a series ofMS Powerpoint (Microsoft Inc, Redmond,WA)
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slides which would be accompanied by a series of image-specific IQ
questions. Digital Communication in Medicine (DICOM) format
images were not displayed to participants as study researchers
wanted to provide a convenient method for reviewing the images
within the research environment. Since both viewing modalities
(CDM/AR glasses) used the same Powerpoint presentation this was
felt unlikely to result in any bias against a single image review
modality. To further reduce the effects of either fatigue or favouring
the image display device presented first participants were switched
between starting image review with the CDM or AR glasses.

Computer display monitor (CDM)

A laptop was connected to a Eizo 22.5” FlexScan EV2360-BK
(Eizo Corp, Hakusan, Japan) colour computer monitor running the
default parameters (contrast and brightness). The monitor has a
16:10 aspect ratio and 1920 � 1200 pixel resolution (2.3 mega-
pixel). Using MS Powerpoint, a series of fluoroscopy and IR images
were presented to participants. Participants first evaluated a slide
(Snellen Eye Chart) which was designed to assess near distance
vision. The line with the smallest text that a participant could read
was recorded (large ¼ 1 and smallest ¼ 9). Participants then pro-
ceeded to provide evaluations of their perceived IQ via a series of
verbally presented questions from a study researcher. Participants
were invited to review a total of ten images and each image had
between 4 and 6 specific IQ questions. In total each participant
responded to 55 questions. Participants were permitted to only
review the images on Powerpoint, there was no possibility to
window or zoom images.

AR-smart glasses

The Powerpoint presentation was also presented to participants
on a pair of Epson Moverio BT-40 (Epson, Nagano, Japan) smart
glasses (1921 � 1080 pixels) also setup using the default parame-
ters. The smart glasses were connected to the laptop computer
using a USB-C connection and provided a contrast ratio of
500,000:1 and a full HD 1080p colour display, similar to an external
CDM. The manufacturer specification stated that the screen size
(projected distance) is 120 inches at 6 m.

Viewing environment

Participants undertook review of the fluoroscopy and IR images
in the EFRS Research Hub room within the Austria Centre confer-
ence facility (ECR2022). The room was free from distraction, com-
puter equipment was displayed on a standard office desk, room
lighting was ambient, and participants were sat directly opposite
the CDM. For the AR glasses participants were asked to gaze on a
neutral background. The research team considered that the
ambient lighting in the room was not dissimilar to an IR suite or
operating theatre environment. Participants were able to review
the images at a time convenient to the individual. The first display
device (either AR smart glasses or CDM) that the participants used
for image review was selected randomly. Due to time restrictions
each participant was asked to review images on both devices at the
same sitting. Participants were given a short break between
evaluations.

Image quality questions

For each display device each participant was asked to review the
series of images in a fixed order. For each image, a researcher asked
the participant to respond to a series of bespoke questions on IQ
(device and anatomical visibility, contrast, density and sharpness);
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different images could have different maximum IQ scores. For each
question the participant provided an evaluation of image quality
using a four-point Likert scale (0 ¼ inadequate, 1 ¼ adequate,
2¼ good and 3¼ excellent). Bespoke IQ questionswere determined
by members of the research team based on prior experience of
image perception experiments. Participants were also asked to
comment on whether the image set represented a range of fluo-
roscopy and IR cases likely to be experienced within current clinical
practice. Participants were asked to grade the suitability of each
device for image display and to indicate the likelihood of AR smart
glasses becoming part of routine clinical practice.
Data analysis

Data acquired from the participants was inputted into Microsoft
Forms (Microsoft Cor, Redmond, WA) by a study researcher. Data
within the Microsoft Forms system was then downloaded as a
Microsoft Excel (Microsoft Corporation, Redmond, WA) spread-
sheet for further analysis. Descriptive statistics were used to pro-
vide an overview of the data. Median and interquartile range values
(IQR) were reported for the summative image quality scores. This
method has been widely documented when considering multiple
responses to an attitudes survey.14e16 Absolute numbers and per-
centages were given for binary and categorical variables. The Wil-
coxon signed rank test was used to investigate the statistical
significance of any differences between the CDM and AR smart
glasses. P values of less than 0.05 were considered significant.
Fleiss' kappa was used to determine if there was agreement be-
tween the participants on the displayed images. The statistical
computer software R17 was used to calculate Fleiss’ kappa (k) using
the irr package.18 Confidence intervals (95%) were generated using
a bootstrapping technique and the boot package.19 Kappa (k) sta-
tistics were interpreted according to the categories suggested by
Landis and Kock.20 A Chi-square test statistic was calculated for
general questions relating to the overall viewing modality prefer-
ences of participants (hypothesis - no difference between AR
glasses and the CDM). A subset of the collected, fully anonymised,
research data, based on individual consent, has been made avail-
able to other researchers at the Zenodo Digital Repository under a
Creative Commons Attribution 4.0 licence thus supporting the FAIR
Figure 1. Boxplot illustrating the summative IQ scores by viewing modality (circles
indicate outlier values).



Figure 2. Boxplot of summative IQ scores for the different image quality domains
stratified by viewing modality (circles indicate outlier values).
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principles (Findable, Accessible, Interoperable and Reusable) of
Open Research Practices.21

Results

Of the 38 participants, 17 (44.7%) identified as male and 21
(55.3%) as female. The mean (SD, range) age of the participants was
39 (10, 25 to 60) years. Twenty-three (60.5%) participants required
a prescription of corrective glasses and 15 (39.5%) did not require
corrective lenses. Participants originated from 12 different coun-
tries with the majority (9, 23.7%) from the United Kingdom.

Across the CDM and the AR smart glasses the 38 participants
recorded a total of 4180 individual IQ evaluations on the ten images.
35 (92.1%) participants achieved an eye test score of >8 (out of 9)
with the CDM whereas 27 (71.1%) achieved the same with the AR
glasses (P < 0.001). Summative image quality scores for the 38 for
each image were compared between the two display devices
(Table 1, Fig. 1). For eight out of ten images (A to J) the AR smart
glasses consistently demonstrated a statistically significant in-
crease in perceived IQ when compared to the CDM. Scores for the
AR glasses were a median (IQR) 2.0 (�1.0 to 7.0) higher than those
for the CDM.

Study data were analysed according to IQ domains and included
radiographic appearances of the device and visualised anatomy.
Image contrast, density and sharpness were also evaluated be-
tween devices. The AR smart glasses provided a statistically sig-
nificant improvement in the perceived IQ according to domains
(Table 2, Fig. 2). Image sharpness and contrast showed the greater
increase in perceived IQ (Table 2, Fig. 2). Radiographic appearances
of the visualised device and image density showed the lowest in-
crease in perceived IQ (Table 2, Fig. 2).

Fleiss' kappa indicated that there was poor20 agreement be-
tween the participants’ rating of IQ, k ¼ 0.095 (95%CI, 0.069 to
0.124), p < 0.001 (Table 3).

In terms of the expressed preferences of the display devices by
participants; the CDM had a rating of four or five stars (out of five)
for 29 (76%) participants, whereas the AR smart glasses had ratings
of four or five stars for 27 (71%) participants (Chi-squared test,
P ¼ 0.70). Thirty-four (90% of participants felt that the images
provided represented a good spectrum of fluoroscopy-guided or IR
procedures. Twenty-seven (71%) felt that AR smart glasses will have
a future role for the radiographer/surgeon/radiologist whereas the
remainder, 11 (29%), felt that there may not be a role for AR smart
glasses for radiographers/surgeons/radiologists.

Discussion

The use of AR smart glasses in medicine and radiology has been
widely reported within the literature.1e5 Many studies have
focused on reporting and evaluating clinical applications and not
specifically focussing on comparisons of IQ against traditional
computer display monitors. Additionally, studies have had a
Table 2
Summary of the differences in IQ perception by domain.

Radiographic appearances

Device An

Computer Display Monitor Median 24.0 22.
IQR 19.0 to 27.8 16.

AR Smart Glasses Median 27.0 27.
IQR 24.0 to 29.8 22.

Difference þ3.0* þ5
P values 0.004 <0

IQR, interquartile range. *indicates statistical significance (p < 0.05) according to the Wi
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tendency to focus on the role of AR smart glasses for the primary
operator, i.e. radiologist or surgeon performing the intervention
and not ancillary staff involved in providing the image-guidance,
i.e. the radiographer. To the authors’ knowledge this is the first
study to compare a traditional computer display monitors against
AR smart glasses for providing image-guidance using fluoroscopy
images. The primary study methodology focused on an individual
visual grading analyses for the CDM and the AR smart glasses. A key
strength of the methodology was that participants acted as their
own controls (CDM) when evaluating the intervention (AR smart
glasses).

In terms of the comparison, the AR smart glasses demonstrated
a consistent improvement in terms of perceived IQ when compared
to the CDM. For all ten images reviewed the participants indicated
IQ superiority for the AR smart glasses compared to the CDM (Fig.1;
Table 1); this was statistically significant in eight out of ten cases
(p < 0.05). In terms of sub-analysis, five IQ domains were evaluated
in our study (Table 2). This included the visibility of medical de-
vices, anatomy together with contrast, density, and sharpness.
Again, the AR smart glasses provided superior IQ perception across
all five domains but was greater for anatomy and sharpness.
Questions could arise as to why two images did not show statisti-
cally significant differences between CDM and AR smart glasses.
These were an aortic angiogram (A) and a cerebral angiogram (F).
Interestingly, images C was also a cerebral angiogram and
demonstrated statistically significant (p ¼ 0.002). Image A would
atomy Contrast Density Sharpness

0 21.0 18.0 16.0
0 to 28.0 17.0 to 23.8 13.0 to 20.0 10.3 to 19.0
0 21.5 20.0 20.0
0 to 32.5 19.3 to 25.0 15.3 to 22.0 16.3 to 23.0
.0* þ0.5* þ2.0* þ4.0*
.001 0.026 <0.001 <0.001

lcoxon signed rank test.



Table 3
Sub-analysis of the inter-rater variability between the participants.

Combined Computer Display Monitor AR Smart Glasses

k P value k P value k P value

Inadequate (0) 0.129 <0.001 0.119 <0.001 0.066 <0.001
Adequate (1) 0.056 <0.001 0.049 <0.001 0.054 <0.001
Good (2) 0.037 <0.001 0.050 <0.001 0.023 <0.001
Excellent (3) 0.182 <0.001 0.201 <0.001 0.140 <0.001
Combined k ¼ 0.095 (95%CI, 0.069 to 0.124) k ¼ 0.098 (95%CI, 0.061 to 0.137) k ¼ 0.073 (95%CI, 0.039 to 0.111)
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have been presented to observers first and thus there might have
been some customisation to the AR glasses. Alternatively, the
density of the contrast presented on the digitally subtracted aor-
togram (A) was very high and thus may have reduced perceived
differences between viewing modalities. It is difficult to be sure of
an exact reason why Image F did not show statistical significance.
No medical device was present and thus evaluations would have
been based on visualised anatomy, contrast, density and sharpness.

Both the differences in the resolution of the CDM and AR glasses
should be considered together with the results of the initial eye
tests. The available pixels (1921 � 1080) for the AR glasses were
lower than the CDM (1920 � 1200), this could generate surprises
given that the AR glasses performed more favourably. Resolution is
an important consideration but only one factor in terms of
perceived image quality. The display brightness, background and
environmental viewing conditions22 could have also played a part.
Initial eye test values were lower for the AR glasses when compared
to the CDM. Multiple reasons could exist for these differences,
possible the task of looking at high contrast black letters on a white
background could have favour the CDM. Again, these would have
been the initial image presented on the AR glasses and could have
resulted in lower values due to the unfamiliarity of the display
modality to the participant. For future work, it might be useful to
assess other elements of vision e.g. low contrast details and include
an eye test at the beginning and end of the assessments for each
modality.

Only static images were provided. Generally, images were
selected for inclusion if they provided a range of criteria for IQ
evaluation by the participant. Image-guidance often requires the
dynamic evaluation of real-time imaging and thus such datasets
should be the focus of further evaluations. Both the environment
and background would have had some differences to either an IR
suite or operating theatre environment and this could induce dif-
ferences if our study was repeated in a clinical setting. Further
evaluations of AR smart glasses in these environments are recom-
mended. The use of AR smart glassesmight aid radiographers when
review of CDM in the operating theatre or IR suite is difficult. It is
also important to conduct further evaluations of the primary op-
erators’ (surgeons/radiologists) perceived IQ of AR smart glasses.
AR smart glasses, if combined with lead, could provide some
additional attenuation of scattered radiation and thus may also
reduce eye doses to staff within the controlled area. Again, this is a
potentially novel point and would be worthy of further research.
Undertaking lengthy procedures with AR smart glasses could
induce eye strain and fatigue and thus would warrant further
investigation.

Clinically, the option to review fluoroscopy images using AR
smart glasses may provide numerous benefits for radiographers
and other health care professionals involved in image-guided
procedures. Whilst a promising technology and our data pro-
vides a favourable impression of perceived IQ improvements,
visualisation within these environments is complex and must be
considered holistically within the framework of the procedure
being performed. Patient experiences of practitioners’ wearing AR
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smart glasses should be considered if a decision is made to
formally implementing them into clinical practice. It is of note
that 29% of participants felt that there may not be a role for AR
smart glasses. Multiple factors could be response for this result,
these may include that the participant did not perceive a problem
with the viewing of fluoroscopy/IR images as a radiographer (i.e.
glaze obstacles). Setup and integration options into existing
equipment may have also been a factor. The availability, porta-
bility and weight (ergonomics) of current CDMs mean that more
viewing options are and will continue to become available in the
theatre/IR environments potentially further limiting the opportu-
nities for AR glasses.

Several limitations of our study are evident. Inter-rater vari-
ability was evaluated using Fleiss’ kappa statistic and when using
the scale by Landis and Koch20 would indicate poor agreement
between participants. This could cause concern, but observer
variability is a part of image perception studies.23,24 In our study, it
is important to consider that methodology compared scores, for the
same participant, between the CDM and AR smart glasses. As pre-
viously stated, the participant acted as their own control and thus a
difference in the ratings of an individual between display devices
was the primary outcome. Whether there was agreement between
participants was less important as the aim of the study was to
understand whether there was a difference in perceived IQ, for
individual participants, between the viewingmodalities. It could be
argued that fatigue or recall bias had some impact on our results.
Images on both the CDM and AR glasses were presented to par-
ticipants in the same sitting. It would be useful to know, regardless
of display modality, as to whether there were differences between
the first or second set of IQ scores. Within our data there were no
statistically significant differences between the first and second set
of IQ scores.
Conclusion

When compared to a 2.3-megapixel standard display monitor
AR smart glasses appear to offer improvements in the perceived IQ
of radiographers reviewing fluoroscopy/IR images. Further research
is required to explore whether this would bring benefits during
clinical image-guided procedures and with dynamic imaging. It
would also be useful to consider whether such an innovationwould
be of benefit to different personnel within the theatre/IR environ-
ment (i.e. primary operator - surgeon or radiologist).
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