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SCIENTIFIC SUMMARY: ARTIFICIAL INTELLIGENCE SOFTWARE TO HELP DETECT FRACTURES ON X-RAYS

Scientific summary

Background and objectives

Plain film radiography or X-ray is the most common medical imaging approach used to detect fractures in urgent care
settings, including the emergency department, urgent treatment centre, and minor injuries units. X-rays are typically
read in urgent care settings by healthcare professionals who are not radiology specialists or are inexperienced at
interpreting X-rays, which may increase the likelihood of errors in decision-making, particularly in busy healthcare
centres when staff are under significant pressure. Reduced staff numbers, such as outside normal working hours,

may also influence the risk of errors in diagnosis. A definitive diagnosis of the injury will be produced by a consultant
radiologist or reporting radiographer, although there may be a delay before this is available, meaning that this may arrive
after people have been treated and/or discharged from urgent care. Delays vary across settings, and may be longer for
children due to availability of specialist in paediatrics.

Artificial intelligence (Al) algorithms have been developed to support clinicians in diagnosing fractures, with the
intention to improve the diagnostic accuracy of clinicians reviewing X-rays. Improving diagnostic accuracy means
reducing the number of missed fractures (false-negative diagnoses) and the number of people treated for a fracture who
do not have one (false-positive diagnoses).

The purpose of this rapid early value assessment (EVA) was to identify the existing evidence base for the technology
and to assess whether there was a prima facie case for the technology to represent a value-for-money investment

for people in the NHS. A rapid evidence review was conducted followed by ‘light touch’ early economic modelling to
explore whether a plausible case could be made for cost-effectiveness at the prices charged by the companies. The
approach was not suitable for a definitive assessment of the cost-effectiveness of one Al-algorithm against another, but
rather to inform whether or not the NHS should consider adopting the technology while further evidence is collected.

Evidence review: clinical and service use outcomes

A broad evidence review was conducted to identify the existing evidence base for clinical, and service outcomes
associated with the technology. Searches were conducted in June and July 2024. The review identified 16 studies

that evaluated the diagnostic accuracy of the technology as an aid to diagnosing fractures (i.e. when used to assist
reading clinicians, and not as a stand-alone diagnostic tool). Evidence was available for four of the eligible technologies:
BoneView (Gleamer, Paris, France), Rayvolve® (AZmed, Paris, France), RBfracture™ (Radiobotics, Copenhagen, Denmark)
and TechCare Alert™ (Milvue, Paris, France). None of the included studies were conducted in the UK, and all were
associated with limitations, including risks of bias and uncertain generalisability to the NHS. Few studies evaluated the
technologies when used by clinicians who would typically provide the initial diagnosis in urgent care settings, with most
evaluating readers who were clinicians specialising in radiology or among a varied of group of clinicians with varying
levels of reading experience. Data were reported for a general sample of people with types of fractures that were
eligible for consideration by the technologies. Subgroup data were also available for pre-specified fracture subgroups,
for children and for ‘less obvious’ fractures. None of the included studies reported clinical outcomes associated with
use of the technology and, aside from the reading time per scan, no service outcomes were reported. As compared to
the list of outcomes specified in the NICE scope (National Institute for Health and Care Excellence. Artificial Intelligence
Software to Help Detect Fractures on X-Rays in Urgent Care: Final Scope. 2024. URL: www.nice.org.uk/guidance/hte20/
documents/final-scope) for this assessment, there was a major gap in the evidence base.

There was unexplained heterogeneity in the results reported across studies. To aid with interpretation of the results,
where multiple results were reported by studies according to staff experience, the EAG grouped the data according
to reader experience (as described by the included publications). This approach was considered imperfect and did not
completely resolve the heterogeneity in the data. The EAG considered that the quality limitations with the evidence
base may have contributed to the heterogeneity, and it may also be possible that additional, unidentified effect
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modifiers were present across the evidence base. The EAG conducted a feasibility assessment to determine if meta-
analysis of the data was possible, but where sufficient numbers of studies were available, these were considered too
heterogeneous to pool. Notably, clinical advice to the EAG was that the diagnostic accuracy of unassisted readings in
the included studies appeared lower than was expected by the EAG’s clinical advisors, which adds uncertainty to the
generalisability of the evidence base.

Overall, given the limitations in the evidence base and the heterogeneity in the study results, the EAG did not consider
that the evidence base was suitable to determine reliable estimates of the diagnostic accuracy of the technologies for
assisting in the diagnosis of fractures. However, based on evaluation of the evidence base as a whole and specifically

in studies reporting outcomes for clinicians based in emergency care settings, the EAG identified a general trend

for the technology to result in an improvement in sensitivity (i.e. a reduction in missed fractures) with no or minimal
improvement in specificity (i.e. no change in false-positive diagnoses). Use of the technology was still associated with
varying levels of missed fractures, however, particularly in ‘less obvious’ fractures, where the technology was considered
to be of most potential value. Further evidence, is needed to determine robust evidence for any improvement in
sensitivity, and to establish whether the additional fractures identified would result in meaningful clinical benefits for
patients.

Economic evidence and analysis

The evidence review identified no available economic evaluations for the technology. The EAG constructed a simple
decision model to establish whether there was a prima facie case for Al-assisted diagnosis to represent a value-for-
money investment for NHS patients. As the long-term costs and outcomes for different fractures were substantially
different, the EAG divided the analysis into three decision problems, concerning ankle and foot, wrist and hand,

and hip fractures. These were chosen on the basis of availability of data and their different downstream costs and
consequences. An overall estimate of the costs and consequences for a typical urgent care setting was estimated based
on case mix for the three fracture types, with extension to all fractures considered in scenario analysis.

The decision model was a decision tree incorporating prevalence, sensitivity, specificity and cost per scan for each of
the five diagnostic strategies (four Al algorithms and unassisted diagnosis). Estimates of the long-term costs and quality-
adjusted life-years (QALYs) accrued from a true and false positive and negative for each fracture type were extracted
from the literature. The tree was rolled back to estimate the expected cost and QALYs accrued from each diagnostic
strategy. Scenario analyses explored key uncertainties.

Overall, most of the Al-assisted algorithms were associated with a positive incremental net health benefit (INHB) at
willingness-to-pay thresholds of £20,000 and £30,000 per QALY gained. Due to data limitations, the EAG did not
consider the analysis appropriate to compare technologies against each other, although this would be required in a
more thorough analysis in future to ensure that the diagnostic accuracy of each algorithm was matched to its price.

The results were mostly robust to the scenario analyses considered with the exception of diagnostic accuracy, where
none of the algorithms were associated with a positive INHB (compared with unassisted diagnosis) in the pessimistic
scenario.

Key points for decision-makers

e While a reasonable number of studies have evaluated the diagnostic accuracy of the technology as an aid to the
identification of fractures, very few studies are specific to emergency care settings and all were associated with
significant limitations due to risk of bias or uncertain generalisability. The existing evidence base was not sufficient to
determine an approximate estimate of the diagnostic accuracy of the technology for its intended use.

e Across the evidence base as a whole, there was a trend for the technology to reduce missed fractures without any
change to false-positive diagnoses. However, based on the existing evidence, the EAG was unclear whether the
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additional fractures identified would translate into meaningful benefits for patients. While there are some fractures
that, if missed, can result in significant harm to patients, stakeholders to this assessment also considered it plausible
that the technology would improve diagnosis of more subtle fractures that may not require a change in management.
The evidence suggested that use of the technology would not eradicate the risk of missed fractures, meaning it was
likely that health services would need to continue to take precautions to avoid the risk of a missed fracture in clinical
practice (e.g. precautionary treatment of high-risk suspected fractures). This means that use of the technology had
an unclear impact on healthcare resource use.

On average, based on a simple decision model for this EVA, most of the Al algorithms considered represent a
positive INHB compared with unassisted diagnosis at NICE’s conventional threshold of £20,000-£30,000 per QALY.
The evidence base was not sufficient to compare different algorithms against one another.

Economic results were mostly robust to scenario analyses testing different methods for implementing the
technology; however, the results were sensitive to variations in the diagnostic accuracy of the technology.

Study registration

This study is registered as PROSPERO CRD42024574393.

Funding

This award was funded by the National Institute for Health and Care Research (NIHR) Evidence Synthesis programme
(NIHR award ref: NIHR136024) and is published in full in Health Technology Assessment; Vol. 30, No. 33. See the NIHR
Funding and Awards website for further award information.
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