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Abstract

The number of diagnostic imaging examinations being undertaken in the UK is rising. Due to the expensive nature
of producing these examinations and the risks associated with exposing living tissue to the ionising radiation used
by many of the imaging techniques, this growth comes with both a financial and a human cost.

In a time of limited resources, it is important that we are able to maximise the benefits which we extract from
these resources. Therefore, a broad search of the current literature was undertaken to assess our current
understanding of the nature of benefit available from diagnostic radiological images.

Two broad categories of benefit were identified: primary benefit (n =470) and secondary benefit (n =49). Primary
benefits are those which are related to the justification for undertaking the imaging, e.g,, abnormality detection, to
assist in diagnosis or staging, or acting as an aid to clinical decision making, or intervention. Secondary benefits are
those that are not related to the justification for imaging, e.g., to promote patient engagement and understanding
or to facilitate communication.

Existing work considering primary benefits is comprehensive. Secondary benefit, however, is less well recognised
and may not be reliably realised. Use of the image to realise these benefits has far-reaching potential. Particularly,
there may be underexplored benefits which access to the images may provide to patients. This represents a gap in
existing research which should be addressed.
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Key points Introduction

The number of diagnostic imaging examinations being
e The number of diagnostic radiological images being undertaken in the UK is rising. 2016 alone saw growth
acquired is growing; this process involves both a of 2.1% [1]. Due to the expensive nature of producing
financial and a human cost these examinations [2] and the risks associated with ex-
e This work assesses existing understanding of posing living tissue to the ionising radiation used by
benefits available from these images many of the imaging techniques, this growth comes with

e Primary benefits, e.g., diagnosis, intervention and both a financial and a human cost.
guidance, are comprehensively understood Legislation dictates that each of the 40,654,715 exami-
e Secondary benefits, e.g., communication facilitation, nations undertaken in 2016 was performed on the basis
could be explored further of a risk-benefit analysis [3]. Traditionally, expected ben-

efits include the provision of abnormality detection, e.g.,
is there evidence of a fracture which will need treatment,
or as an aid to clinical decision making, e.g., what type
c ] 1 . of fracture is present.
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Particularly, there may be underexplored benefits which
access to the images may provide to patients.

It is important that we are able to maximise the bene-
fits which we extract from these resources. According to
benefits management theory, identification and structur-
ing of benefits is the first stage in their realisation [5].
Moreover, it is important to establish whether there is a
genuine imbalance in the literature with fewer studies
pertaining to these additional benefits.

Thus, the questions for this review were:

1. What is the benefit of diagnostic radiological
images?
2. To whom does the benefit accrue?

Methodology

A structured narrative approach was chosen due to the
potentially qualitative nature of the topic precluding the
use of a systematic review [6]. This approach can pro-
mote reliability, trustworthiness and dependability, while
minimising bias and error [6].

Search strategy

Search terms were generated in alignment with the
SPIDER (Sample, Phenomena of Interest, Design,
Evaluation, Research type) tool. The SPIDER tool was
selected as it was considered amongst a range of tools
to be more effective in identifying qualitative and mixed
methods studies. [7] This was important as this study
was concerned with a range of benefits including those

Table 1 SPIDER search terms and rationale
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which are not medical but which are germane to this
investigation.

This tool is designed to facilitate brainstorming of
search terms and should ‘contribute to a more system-
atic process to qualitative evidence synthesis, improving
researcher confidence that all relevant articles have been
sought in the search process’ [8]. This review sought to
investigate the potential benefits from imaging in the
broad sense and was not primarily intended to address
the potential benefits from specific modalities. The num-
ber of terms employed was restricted to those which
arose through application of the SPIDER tool (Table 1)
and were as below:

Data sources
In completing this review, the following databases were
interrogated:

CINAHL
Cochrane library
ProQuest
PubMed

Science Direct

Screening

Literature returned were screened for inclusion in align-
ment with the Preferred Reporting Items for Systematic
Reviews and Meta-Analyses (PRISMA) guidelines [9]
(Figs. 1 and 2). Although not a systematic review, the
format provided by this validated instrument helped to
shape the design of the review.

SPIDER tool element Search terms

Rationale

Sample

Ima* NOT imagina* NOT
imagine* NOT imagini*

To include studies concerned
with physical images

To exclude studies considering
non-physical constructs e.g.
self-image, imagination

Phenomenon of Interest

Diagnostic OR medical OR
radiologic* OR radiograph*

To include studies concerned
with diagnostic radiological
images

To exclude other imaging e.g.
medical photography

Design Any To avoid exclusion of relevant
studies based on design
Evaluation Role* OR valu* OR benefi* To include studies concerned

with the utility of images

Research type

Qualitative OR mixed methods

To promote the inclusion of
non-medical benefit types
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Cochrane
Library
(N=40)

CINAHL

(N=232)

Fig. 1 Adapted PRISMA diagram

ProQuest
(N=4211)

Inclusion/exclusion
criteria applied
(N=5533)

Titles screened for
relevance
(N=1101)

Articles screened for
relevance
(N=825)

Final articles for
study
(N=519)

PubMed
(N=837)

Science Direct
(N=213)

Articles not meeting
criteria excluded
(N=4432)

Titles not deemed relevant
removed
(N=276)

Articles not deemed
relevant removed
(N=582)

Inclusion criteria

Articles to be included were limited to those which con-
cerned human imaging subjects, written in English and
were published subject to peer-review within the last 10
years.

Exclusion criteria

Literature were excluded on the basis of relevance (con-
cerned with metaphysical image constructs such as
‘self-image’) and scope (concerned with optical or cellu-
lar imaging).

Results
A total of 5533 articles were returned. These articles
were distributed across the databases as below:

CINAHL—232
Cochrane library—40
ProQuest—4211
PubMed—837
Science Direct—213

Following application of the screening criteria, 519 ar-
ticles were selected for analysis.

A meta-analysis of this data was deemed to be in-
appropriate as the explorative nature of the review
entailed inclusion of diverse study designs, with differing
outcome measures.

Articles were allocated themes extracted through fa-
miliarisation with the contents and based on the types of
benefits described or addressed within the articles.

Following allocation of individual themes to the litera-
ture, two broad categories of benefit type were identified:

e Primary benefits (n = 470)
e Secondary benefits (1 = 49)

Primary benefits

The majority of literature returned (n =470) was cate-
gorised as concerning primary benefits (see Table 2). Pri-
mary benefits are benefits extracted from the image
which align with the rationale for its acquisition. Such
benefits tend to fit with a traditional understanding of
image value and may be further sub-categorised in align-
ment with the patient pathway temporally as follows:

o At the detection phase; for abnormality discovery

o At the diagnostic phase; for condition identification
and further assessment

e At the management phase; for decision making,
intervention or follow-up

An in-depth analysis of all of the facets of clinical
benefit in images is beyond the scope of this article.
However, the types of benefits which contributed to each
phase are briefly described below:

Detection phase

This phase includes a range of benefits covering not only
detection of abnormalities, for example, the clinical utility
of 99mTc-labelled ubiquicidin 29—-41 antimicrobial peptide
for detecting mediastinitis following cardiac surgery [10] or
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PET, but, further, the contribution of imaging to the ruling
out of abnormalities, as well as its use as a screening tool in
both public health initiatives such as the breast screening
programme [11], and private health M.O.T. packages [12].

Diagnostic phase

This phase deals with benefits which the image may
contribute once the presence of an abnormality has been
confirmed. Such benefits include the contribution of the
image to the formulation of a diagnosis [13, 14], the
measurement [15-17] or classification [18—-20] of the
abnormality and the contribution of imaging informa-
tion to disease staging [21-23].

This phase is concerned with how the patient is subse-
quently managed. Images have a recognised role in sup-
porting interventional procedures and other healthcare-
related activities either pre-, peri-, or post-intervention.
Pre-interventional benefits include contribution to surgical
planning [24, 25] and decision making [26, 27],
peri-interventional benefits are those concerned with image
guided procedures such as biopsies or surgery [28, 29], and
post-interventional benefits include the contribution of im-
ages to follow-up and monitoring processes [30, 31].

Secondary benefits
Beyond the primary benefit types described above, there
are various secondary benefit types recognised within
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Study Benefit category Benefit type
Vallejo et al.? Primary Diagnosis
Destounis et al. i Primary Detection
Grueneisen et al.* Primary Staging
Campuzano Marin et al. Primary Diagnosis
Kantarci etal. 3¢ Primary Detection
Lackner etal. Primary Measurement
Margossian et al. ¢ Primary Measurement
Abdulkadir et al.” Primary Classification
Rodriguez Guttierrez et al.i* Primary Classification
Koyama et al.** Primary Classification
Crawford etal. = Primary Staging
Michielsen et al.3 Primary Staging
Ramezani-Badr et al. Primary Decision making
Agarwal et al. Primary Decision making
Tognolini et al.* Primary Decision making
Lenza etal® Primary Decision making
Carbone etal Primary Management
Chavez-Tapia Noberto et al.” Primary Guidance
Tian etal® Primary Peri-operative guidance
Uchiyama et al.2* Primary Monitoring

Specific Benefit
Diagnosis of mediastinitis after cardiac surgery

Detection of breast cancer lesions

Whole body staging of women with primary or
recurring malignancies of the pelvis

Contribution to the diagnosis of ACL failure and
identification of concomitant injuries
Detection of small labral tears in the hip

Measurement of flow in normal and obstructed
vessels

Measurement of functional single ventricular
volumes, mass and ejection fractions
Alzheimer's disease classification

Study type
Quantitative

Quantitative

Method
Comparison of qualitative image
analysis with bacterial culture
Comparison of detection rates by
varying cohort characteristics, e.g. age

Quantitative Comparison of sensitivity, specificity,
accuracy, PPV and NPV for 18F-FDG
PET/MR imaging protocol with/without
diffusion-weighted imaging (DWI)
Quantitative Statistical comparison of variables
impacting on diagnosis
Quantitati Comparison of tears identi MR
with hip arthroscopy
Quantitative Use of mathematical algorithm to
calculate temporal density changes in
cross-section examined
Quantitative Comparison of measurements made

Quantitative

with echocardiography and MRI
Application of machine learning
methods to MRI data

of paediatric fossa
tumours
Detection and subtype classification of
pulmonary adenocarcinomas

Pre-operative staging in patients with primary
colorectal cancer
Characterisation and assessment of the spread
and operability of suspected ovarian cancer

Contribution to reasoning strategies and
criteria for clinical decision making
Contribution to clinical decision making
regarding thrombolysis

Preoperative assessment for risk factors in
patients prior to undergoing bariatric surgery

Preoperative assessment of rotator cuff tears

Contribution to the management of detected
nodules and potential importance for
contouring radiotherapy treatment volumes.

Assessment of the effects of image-guided
percutaneous procedure

Improved accuracy of pedicle screw placement

Assessment of the relationship between
atherosclerotic carotid plaque composition
analysed and the appearance of new ischemic
after carotid artery stenting

Quantitative

Quantitative

Quantitative

Qualitative

Qualitative

Quantitative

Quantitative

Mixed methods

Quantitative

Quantitative

Mixed methods

assessment of features
to derive a tumour subtype classifier
Comparison of detection rates and
differentiation capabilities assessed
between DWI & STIR and against ROC-
based positive tests
Systematic literature review of studies
assessing value of PET-CT in staging
Imaging findings compared with
histopathology or image guided
biopsies
Hypothesis testing through imaging

Retrospective image evaluation and
statistical testing for inter-rater
agreement
imaging findings compared with Cas
and cardiovascular (CV) risk
stratification blood tests
Systematic iterature review of studies
assessing diagnostic accuracy imaging
tests for rotator cuff tears
Evaluation of diffusion-weighted MR
imaging (DWI) of known nodular
lesions with assessment for sensitivity,
specificity, accuracy, NPV and PPV
Systematic literature review of studies
comparing image-guided percutaneous
procedure vs aiternative technique
Placement utiising 3-dimensional
fluoroscopic methods assessed for axial
rotation vs. traditional placement
methods
Quantitative and qualitative analysis of
plague characteristics utilising MDCT
and DWI

Sample size
13 participants

793 827 participants

48 participants

101 cases
48 participants

Simulation based

150 studies
518 MRI sessions
40 participants

32 participants

n/a

32 participants

14 participants

40 studies

30 participants

20 studies

27 participants

7 studies

160 pedicle screws

19 studies

the literature (see Table 3). These are the types of benefit
which are not necessarily related to the purposes for
which the images were originally intended. This benefit
is less well recognised and often less tangible. The litera-
ture describes these forms of benefit infrequently and
seldom directly. They may be categorised as:

e Educational benefit
e Relational benefit
e Technological benefit

Educational benefit

Images have traditionally been used in the teaching of anat-
omy to health students. However, the breadth of areas where
images can contribute benefit in the educational sense is
gradually increasing [32]. This expansion of understanding
has implications for our thinking around the benefit which
images may contribute. For example, the benefit which
radiological images contribute to the teaching of anatomy
and physiological processes is recognised within the litera-
ture [33]. The use of images in this sense promotes under-
standing through providing context [34]. Beyond their
benefit in this reference oriented sense, images, or the pro-
duction of images, can be used directly in anatomical in-
struction. Ultrasound (U/S), for example, when used as a
tool for teaching abdominal anatomy, was valued by stu-
dents as a means for reinforcing their existing academic
knowledge through hands-on clinical contextualisation [35].

Further, the growing availability of 3D imaging datasets al-
lows students to visualise time series imaging studies dis-
playing motion of either organs, e.g., the beating heart [32],
or substances. Thus, images can be used to demonstrate
both structural and process-based/functional information in
both health and disease. Baghdady et al. [34] found that in-
corporation of the image in this sense had a significant effect
on learning (p =0.01). Groups who were taught basic sci-
ence with links between disease pathophysiology and radio-
logic features integrated with imaging outperformed groups
who were delivered segregated basic sciences in diagnostic
accuracy. While this is a single study, and there is a need for
further work, this does support the suggestion that a role ex-
ists for radiological images in teaching in this area.

Relational benefit

Building on and extending educational benefit is rela-
tional benefit. Relational benefit in this context refers to
the potential for images to contribute to the relation-
ships between stakeholders. The contribution of rela-
tional benefit by diagnostic images may be categorised
as promoting the following:

e Communication
e Engagement

Communication The image has been indirectly recog-
nised for its benefit as an artefact of communication,
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Table 3 An overview of study types and contents and the secondary benefit categories
Study Benefit category Benefit type Specific Benefit Study type Method Sample size
Cox & Price* Secondary Education/relationships. Patient satisfaction/ promotion of GP skills Qualitative Semi-structured interviews and survey of 34 participants
GPs
Miles® Secondary Education Support in the teaching of anatomy and other Qualitative Literature review assessing the nfa
basic sciences in undergraduate medical deployment of diagnostic imaging in the
education learning of anatomy and other basic
Phillips et al.>* Secondary Education High acceptance by students and instructors Qualitative Literature review assessing the current n/a
alongside improvement of exam scores for role of radiology in medical anatomy
students in anatomical learning education
Baghdady et al.» Secondary Education Improved performance in diagnostic accuracy Mixed methods Exploration of the impact of integrated 51 participants
when integrated into teaching of disease basic science instruction on novices’
pathophysiology and radiologic features diagnostic reasoning process through
application of delayed memory testing
Patten et al.® Secondary Education Staff and students respond positively to Quantitative Interviews, focus groups and teaching 18 participants
integration of images and reported improved observations of students and educators
contextualisation and recall of information utilising U/S to deliver anatomy
education
Kelly et al.>¢ Secondary Communication Improved diagnostic performance of junior Qualitative Assessment of accuracy and self-reported 20 participants
doctors when viewing images in collaboration confidence levels in diagnosis of distal
with radiographers radial fractures/intracranial bleeds
Inoue et al.® Secondary Education/relationships Deepening of patient understanding of their Qualitative Prospective study evaluating feasibility of 58 participants
diseases. Contribution to patient-centred care a head-mounted display for patient self-
monitoring of sonographic examinations
Smith et al.* Secondary Communication Facilitation of clinician-patient discussions in Qualtitative Interviews with patients post 7 participants
the context of type | diabetes through consultation with physicians supported
contextualisation and enabling patients to by patient-generated images to
articulate concerns supplement discussion
Fong etal.®* Secondary Behavioural change Positive heaith behavioural change in smoking Mixed methods Review of research studies assessing nfa
cessation effectiveness of pictorial tobacco
e
Hollands et al.>® Secondary Behavioural change Potential to motivate positive health Mixed methods Review of research studies assessing the nfa
behavioural change on an intervention by behavioural impact of showing and
intervention basis explaining images
Wiebe et al.© Secondary Engagement Provision of a positive experience, Mixed methods d intervi i 35
reassurance. Women wanted to be offered women's perceptions regarding seeing
‘this choice the U/S picture before an abortion
Harvey etal.#t Secondary Empowerment Lack of access to imaging results can lead to Qualitative Semi-structured qualitative interviews 18 participants.
feeling of powerlessness and lack of control using a grounded theory approach
assessing parents’ information and
communicaion needs
de Aratjo Gongalves et al.® Secondary Research to i the coronary 581 participants
facilitate use of presence of diabetes as a atherosclerotic burden in patients with
predictor of CAD diabetes utilising CT angiography
Kristanto et al.** Secondary Development Development of a technique to rule out Quantitative Application of a software technigue to nfa
artefact induced stenosis in multi-detector detect motion artefacts in coronaries and
row CT for coronary artery disease myocardium on a phantom
Ruhli et al.* Secondary Development WCT compared with Quantitative Bone samples with known pathology 7 panticipants

histology found to be less time and manpower
consuming and
less destructive method for the investigation
of historical
bones.

assessed via uCT and histology.

providing a focal point for discussion both between cli-
nicians [36] and between clinicians and their patients
[37]. Shared interpretation of radiographs by clinicians
in the accident and emergency (A&E) environment re-
sulted in area under the curve (AUC) scores for inter-
pretation improving significantly for both conventional
and CT images [36]. Additionally, GPs perceive images
as useful for communicating with, and providing re-
assurance to, patients [35]. Images have also been shown
to facilitate clinician-patient discussion regarding pa-
tients’ condition [38] and have the potential to allow pa-
tients to articulate concerns and ask questions. This has
been argued to result in decreased patient anxiety, in-
creased patient confidence in services, and promoting
the development of a partnership-based approach to
their care [37].

Engagement Engagement is another avenue via which
relational benefit may be demonstrated. Engagement in
this context may be defined as the contribution that
diagnostic radiological images make to the enablement
of stakeholders in the processes surrounding the health-
care encounter. These benefits may accrue to any stake-
holder, but are particularly pertinent to patients and
other non-clinical stakeholders. This engagement may
be evidenced through the promotion of behavioural
change, patient empowerment and satisfaction.

The role of visual stimuli in influencing human behav-
iour has been widely explored in several academic fields,

including marketing and preventative medicine [39]. A
pertinent example is the significant impact on smoking
cessation realised through use of vivid imagery on
cigarette packages [40]. A Cochrane review from 2010
directly assessed the impact of visual feedback of indi-
viduals’ medical imaging results on changing their health
behaviours. The review included two trials utilising U/S
images and two trials utilising CT images. The trials
assessed whether the use of images in the feedback of
test results could influence subject behaviour against
various outcomes [41]. While this review does demon-
strate some recognition of the potential for images to
promote behavioural change, the findings were not con-
clusive. The authors noted that the volume of available
evidence was limited and further work is required in this
area [41].

Beyond behavioural change, images promote the em-
powerment and satisfaction of non-clinical stakeholders.
In one study, women volunteered a desire to see
pre-abortion U/S images of their foetuses [42]. While
this access did not measurably influence the decision to
undergo the procedure, the women did note that access
to the images helped them to feel empowered and in
control of the situation [42]. Empowerment was also
cited as a factor in the importance of access to images
by parents of children in the neonatal unit (NNU) in a
study assessing levels of information and communication
provision from care providers regarding their children
[43]. Patients report that, on occasion, they do not feel
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informed about the results of diagnostic tests including
diagnostic imaging leading to feelings of powerlessness
and lack of control [43].

Technological benefit

Finally, the literature describes benefit which may be ex-
tracted from images in a technological sense. Beyond a
well-developed tradition of using imaging in clinical re-
search, for example, utilising images as a predictor of
pathology [44]; contributing to the development, refine-
ment and calibration of existing technologies [45]; or
providing a basis upon which to compare and refine
existing techniques [46], images may contribute to the
development of novel technologies such as the produc-
tion of models of organs through 3d printing based on
data acquired from diagnostic radiological imaging pro-
cedures. Recently, companies including M3dia Studio
[47] and 3dprinting.com [48] have been producing such
models. These in turn may be utilised to inform new or
improved imaging techniques in order to answer specific
questions [47, 48]. Techniques such as 3d reconstruction
have previously played a role in surgical planning, but, if
internal architecture can be copied and reproduced
through 3D printing, the benefit of imaging for surgeons
to practice in specific cases is all the more powerful.

Discussion

The majority of the literature returned was concerned
with primary benefit forms (n =470 of n=519). This is
overwhelmingly clinical in nature and was recognised as
being comprised of tangible benefits, which are clinically
orientated and tend to be measurable. These benefits
tend to accrue directly to clinicians.

Secondary benefit was less well developed. This was
defined as being comprised of benefits which were not
intended for extraction at the point of image acquisition
and tended to be comprised of less tangible benefits,
which are difficult to measure. Secondary benefits, how-
ever, offer several novel opportunities under three broad
benefit subtypes: educational benefit, where images were
noted as having a positive impact on recall and under-
standing; relational benefit, where images were recorded
as promoting education and engagement; and techno-
logical benefit, where images contributed to the develop-
ment of both novel technologies and techniques.

Technological benefit is likely to be an area of growing
importance with developments in Artificial Intelligence
(AI) having the potential to impact on radiology in a
number of key areas including automated detection.
Many of these capabilities benefit from the increasing
availability of datasets to improve their reliability and,
therefore, their clinical utility both in improving the
diagnostic value of the images themselves and in
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potentially contributing to alleviating pressures rooted in
workforce shortages.

Additionally, secondary benefits may accrue directly to
a wider stakeholder group. There is little consideration
within the existing literature of how patients, for ex-
ample, may directly access benefits from their own im-
ages. Indeed, no work directly asks what stakeholders
actually perceive as the benefit of diagnostic radiological
images. This may be as a function of stakeholders lack-
ing avenues for accessing such benefit. However, access
to patient portals is increasing and, therefore, an under-
standing of stakeholder perceptions of potential benefit
from diagnostic radiological images, particularly pertain-
ing to stakeholders external to the clinical environment,
is becoming increasingly pertinent. Furthermore, there
are important questions to be answered surrounding
how such access might be managed in order to enable
stakeholders to realise potential benefits while mitigating
any inherent risks.

Limitations

While the search terms and data sources for this review
were deliberately broad, there remains a risk that relevant
articles may have been missed. While this review exclu-
sively utilised the SPIDER tool in identifying literature, it
is possible that using additional search tools may have in-
creased the number of articles identified. Furthermore, no
literature explicitly asks the question of what benefits are
available from diagnostic radiological images. As such, the
benefits listed were identified through a categorisation
process which may reflect the bias of the reviewers.

In considering secondary benefits, it is important to
note that, while potentially important, there should be
no confusion as to the role these benefits play in the jus-
tification of imaging. Secondary benefits can only be
considered as being supplementary in nature and im-
aging should not be undertaken based on the potential
to realise these benefits.

Conclusion

The existing work which addresses primary benefit in
images is comprehensive. However, beyond the primary
benefit of images, there are a number of secondary, or
recycled, benefits available. For example, the literature
indicates the potential to use the diagnostic radiological
image to promote education or to enhance and promote
communication and engagement. Such usage has wide
ranging potential benefits. The use of the image as an
artefact for interpersonal communication, for example,
may prospectively act as an information aide or adjunct,
assist with conveying findings, provide reassurance and
help to deliver personalised care. Additionally, there is
some evidence that diagnostic radiological images have
benefit as a tool to influence health behaviour.
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Furthermore, a Cochrane review conducted on this sub-
ject explicitly calls for further work in this area [41].

Despite the above, however, the potential of the image
for realising a secondary benefit remains largely under-
explored, an incidental by-product of the imaging
process. This is a gap which should be addressed
through further research.
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