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ABSTRACT

Objectives To evaluate a method of quantitative X-ray

(QXR) for obtaining bone health information from standard
radiographs aimed at identifying early signs of osteoporosis
to enable improved referral and treatment. This QXR
measurement is performed by postexposure analysis of
standard radiographs, meaning bone health data can be
acquired opportunistically, alongside routine imaging.

Design The relationship between QXR and dual energy
X-ray absorptiometry (DEXA) was demonstrated with a
phantom study. A prospective clinical study was conducted
to establish areal bone mineral density (aBMD) prediction
model and a risk prediction model of a non-normal DEXA
outcome. This was then extrapolated to a larger patient
group with DEXA referral data.

Setting Secondary care National Health Service Hospital.
Participants 126 consenting adult patients from a DEXA
clinic.

Interventions All participants underwent a DEXA scan to
determine BMD at the lumbar spine (L2—L4) and both hips.
An additional Antero-Posterior pelvis X-ray on a Siemens Ysio,
fixed digital radiograph system was performed for the study.
Outcome Performance of QXR as a risk predictor for non-
normal (osteoporotic) BMD.

Results Interim clinical study data from 78 patients
confirmed a receiver operator curve (area under the

ROC curve) of 0.893 (95% Cl 0.843 to 0.942) for a

risk prediction model of non-normal DEXA outcome.
Extrapolation of these results to a larger patient group of
11 029 patients indicated a positive predictive value of
0.98 (sensitivity of 0.8) for a population of patients referred
to DEXA under current clinical referral criteria.
Conclusions This study confirms that the novel QXR
method provides accurate prediction of a DEXA outcome.
Trial registration number ISRCTN98160454; Pre-results.

INTRODUCTION

With an ageing global population and
associated increase in the risk of osteopo-
rotic fractures, there are imminent chal-
lenges to healthcare systems and the wider

Strengths and limitations of the study

» No modifications were made to the X-ray equip-
ment, demonstrating that this quantitative X-ray
(QXR) technique is compatible with current clinical
workflow.

» Patients consented to having a pelvis X-ray on the
same day following their dual energy X-ray absorp-
tiometry (DEXA) scan, which means that the DEXA
and QXR results are directly comparable.

» The radiographs were taken at as low as 15% of
standard exposure due to constraints imposed by
the automatic exposure control. Acquisitions there-
fore do not match a standard diagnostic examina-
tion. This increases random noise, implying that
the reported results represent a lower bound to
performance.

» Exclusions were higher than expected due to issues
with data collection. This was due to the natural
learning curve for the new technique and are ex-
pected to reduce significantly in the second part of
the study.

» The study cohort only included patients preselect-
ed for a DEXA scan so were already considered at
higher risk of osteoporosis. Therefore, the efficacy
of QXR along with clinical risk factors as predic-
tor of DEXA could not be assessed in the general
population.

economy from what has been described as
the approaching fracture tsunami.' Approx-
imately 34% of women and 17% of men
are affected by osteoporosis worldwide.” In
Europe, 3.5 million new osteoporotic fragility
fractures occur annually, the most common
of which are in the hip (610 000 fractures),
distal forearm (560 000 fractures) and spine
(520 000 fractures).” Previous and inci-
dent fractures also accounted for 1 180 000
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quality-adjusted life years lost within Europe during 2010
and the costs of treating fragility fractures are expected to
increase by 25% by 2025.*

In the UK, hip fractures alone account for £1 billion
of healthcare expenditure’ and have a mortality rate of
between 15% and 36% in the first year post fracture.’
Once osteoporosis is diagnosed however, fracture risk
can be substantially mitigated through lifestyle changes
and use of pharmacological therapies.” Pharmacological
prevention is relatively inexpensive and made up just 5%
of the €37 billion spent on fracture care in Europe during
2013, with the remaining 95% spent on treatment and
long-term care.

There is a clear case for improving the early detec-
tion and treatment of osteoporosis, and wider access to
screening. To be economically viable, any screening must
be targeted towards those at greatest risk of osteoporosis
and ideally work alongside existing clinical pathways to
avoid additional risks and costs. Improved diagnosis
and primary or secondary prevention through opportu-
nistic use of the standard digital radiograph (DR) image
provides the best opportunity to mitigate against the
ballooning costs of fragility fractures.

We present here the interim results of a clinical study
of a novel method for osteoporosis prescreening; X-ray
(QXR). We show in this paper that this software-based
method produces a high positive predictive value (PPV)
of a non-normal dual-energy X-ray absorptiometry
(DEXA) outcome for patients referred to DEXA under
the current clinical referral criteria (CRC). The measure-
ment is performed by postexposure analysis of the stan-
dard plain radiograph. This means that bone health data
can be acquired opportunistically, alongside routine
fracture and non-fracture imaging, with no increase to
patient dose and negligible additional point of care costs
for the healthcare provider.

Technical background

The QXR technique uses a novel approach to extract
composition and thickness information from a standard
plain radiograph (X-ray image). This information is not
usually accessible from a standard DR image and typically
requires a multienergy approach like DEXA.

The approach taken within the QXR algorithm is to
simulate the X-ray transport through a volume of hard
and soft tissue which approximates the real-world body
part. The volume is then iteratively refined until a simu-
lated radiograph can be produced which matches that
observed from the real scan, to within some acceptable
margin of error. By measuring the amount of bone which
is present in the model, it is possible to infer the bone
content within the real-world radiograph.

The advantage of the technique is that images can
be acquired at the standard imaging protocol, with no
changes to the X-ray hardware. This opens up the possi-
bility to perform the measurement opportunistically,
from the same scan which is taken for standard diag-
nostic purposes. The QXR software typical processes at

lower than native image resolution for computational
efficiency. In this study, a digital down sampling of the
image was performed where 23x23 standard pixels were
summed together to create a single super-pixel.

Assessing bone density is not conventionally achievable
using a standard single energy exposure. This is because
a single intensity value is not unique for a given object.
The QXR approach overcomes this problem. In the pres-
ence of scatter, there exists only one anatomically plau-
sible solution for soft and hard tissue distribution, where
agreement can be found between the physics model
and the ground truth. To return such information by
other means typically requires some additional hardware
complexity, such as quantitative CT (QCT) which is able
to directly measure bone density,” or DEXA which uses
energy information from the X-ray beam to derive an
areal bone mineral density (aBMD) measure.

The QXR approach returns data that is analogous to
QCT, but from a single scan at a single kilovoltage peak
(kVp). The standard outputs from the model are as
follows: total thickness (cm), hard tissue fraction, direct
beam fraction, and scatter fraction. From this, the bone
thickness can be derived, where we define average bone
as a compound of hydroxyapatite (HA).

From a practical implementation standpoint, the soft-
ware requires the input of the raw radiograph, prior to
any non-linear processing and the X-ray exposure setting.
A onetime fingerprint of the X-ray system is carried out
which connects the physics model to the real-world system.
Calibration intervals are dependent on the stability of the
X-ray hardware but based on this study are likely to be
monthly or longer. The software can be provided as an
offline application, taking data from a picture archiving
and communications system, or installed directly onto
the X-ray hardware.

MATERIALS AND METHODS

Study design

A 126-patient prospective clinical study was conducted,
where QXR results were compared with DEXA, which
is the most common clinical method of assessing osteo-
porosis.” The intended sample size of 130 was calculated
assuming a dropout rate of 3% and a significance level of
1%, providing a 90% power to detect equivalency between
Trueview and the reference standard. Further details can
found in the published protocol."

Potential study participants were identified from
appointment lists for the DEXA clinic at James Cook
University Hospital between November 2019 and March
2020 and were found eligible if they met the criteria
listed in table 1. Those eligible were approached to seek
informed consent for participation in the study. Owing
to the method of recruitment, participants formed a
random series and a higher prevalence of osteoporosis
and osteopenia was expected to be observed in this group
than the prevalence in the general population.

2

Rangan A, et al. BMJ Open 2021;11:€051021. doi:10.1136/bmjopen-2021-051021



Table 1 Eligibility criteria for study participation

Inclusion criteria

Exclusion criteria

1. Caucasian male or female, at least 50 years of age.
Attending for a DEXA scan of Neck of Femur (for measurement
of bone mineral density);

2. Patient able to comprehend and sign the Informed Consent
prior to enrolment in the study

1. Women who are pregnant or are breastfeeding

2. Concurrent participation in another experimental
intervention or drug study

3. Has an implant or other radio-opaque foreign body in the
location of the assessment

4. Unwilling or unable to provide informed consent

DEXA, dual-energy X-ray absorptiometry.

All participants underwent a DEXA scan to determine
BMD at the lumbar spine (LL2-1.4) and both hips (femoral
neck and total hip sites). All BMD measurements were
performed on the same DEXA scanner throughout (GE
Lunar Prodigy Advanced, V.13.6). To reduce the impact
of operator bias, the same independent radiographer
carried out all DEXA measurements; and stability and
accuracy were monitored daily using a manufacturer-
supplied phantom. All quality assurance checks were
well within the manufacturer’s tolerances throughout
the study. T-scores were derived using the manufactur-
er’s reference ranges at the femoral neck. In light of the
recent recommendations to use femoral neck BMD to
calculate fracture risk and determine T-scores, T-scores at
the hip sites were further developed using female refer-
ence databases from the Third National Health And
Nutrition Examination Sulrvey.ll For women, osteoporosis
was defined as per WHO definition'? as a T-score<-2.5 SD
below the mean for a young person. For men and women,
osteopenia was defined as being between >-2.5 and <-1.0
SD and normal being >-1. Z-scores were also determined.

Participants were then sent for an additional AP pelvis
X-ray on a Siemens Ysio, fixed DR system on the same
day. This X-ray was only used for the purposes of the study
and had no bearing on the diagnosis or treatment of the
patient. No adverse events were recorded for the index or
reference tests. The only change to the clinical protocol
was the removal of the anti-scatter grid (ASG). This
resulted in a shortened exposure, due to automatic expo-
sure control triggering at around 15% of the standard
clinical dose. Due to trial restrictions, a manual exposure
was not permitted and as such, the results presented here
represent the lower bound to performance. Additionally,
errors due to patient positioning and unknowns around
precise operating characteristics of the X-ray system all led
to suboptimal starting data. Integration with the acquisi-
tion station itself would allow much greater control to be
exercised over the data capture stage.

Extractions

We report here interim results from 78 patients (after
extractions) recruited to the study. Acquiring quantitative
data from a DR system puts certain additional demands
on patient positioning and hardware set up. Calibration

measurements are required in order to relate the physics
model to the X-ray hardware and X- ray protocol. Due
to COVID-19 restrictions, calibrations could only be
obtained for the following beam energies: 75, 79 and 81
kVp and a source to imager distance of 104.9 cm. Eigh-
teen subjects were excluded as they were not taken at a
calibrated kVp and a further 16 subjects were excluded as
the source to imager distance was not 104.9 cm.

In addition, 1 subject was extracted as the ASG was
not removed. Two images were extracted as the DEXA
Region Of Interest was drawn incorrectly. Two were
extracted as the DEXA scan had an abnormally large
difference between the left and right femoral necks
indicating a positioning error. Two were excluded for
poor patient positioning. Seven patients were excluded
as the algorithm failed to converge. Investigation of this
non-convergence showed that (1) excessive abdominal
fat obscured the femoral neck in four of these patients
and (2) three images showed abnormally high grey level
values relative to the recorded dose, suggesting a data
error. After extractions for data collection errors, 94% of
the remaining data were usable.

This interim analysis has helped us identify the data
collection errors that account for the majority of the
extractions. For subsequent conduct of the study, errors
in data collection are expected to be reduced substan-
tially by integrating the software with the image acquisi-
tion software and through improved user training.

The radiographs were exported in linear dose response
form and anonymised of all patient data. Each image was
assigned a key which was used to link the DR scan to the
equivalent anonymised DEXA report. Images were then
processed offline and the following outputs returned:
total thickness, hard tissue fraction, bone thickness and
direct beam intensity. The radiograph on the top of the
figure is shown in raw, linear form and was acquired at an
estimated 15% of the standard clinical dose.

An ROI was manually defined on the radiograph by
an operator who matched to the ROI placement in the
accompanying DEXA image. An example is shown in
figure 1. This ROI was then applied to the HA-equiva-
lent bone thickness map to extract a femoral neck mean
HA-equivalent bone thickness. This method was applied
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Figure 1 (Left) Dual-energy X-ray absorptiometry image
with the standard hip geometrical markings overlaid (white)
and the bone-soft tissue boundary (yellow). (Right) Digital
radiograph scan with as close as achievable match to hip
placement. The ROI (white) shows the region used for femoral
neck bone health analysis.

to both the left and right femoral necks of all 78 patients,
resulting in 156 measurements. Of the 156 femoral neck
measurements, 87 had osteopenia, 11 had osteoporosis
and 58 were normal as defined by the DEXA reference
standard. In all cases, the DEXA result was not known
until the index test result had been computed.

Univariate analysis was first performed to assess the
usefulness of the various QXR outputs (total thickness,
hard tissue fraction, bone thickness and direct beam
intensity) as univariate predictors of a non-normal (osteo-
penia or osteoporosis) DEXA outcome.

For continuous variables, the mean and SD were calcu-
lated for the normal and non-normal groups. A p value
was also calculated under the null hypothesis that the
population means of both groups are equal. For gender,
the percentage of women is reported. A p value was also
calculated, under the null hypothesis that the propor-
tion of women in both groups are equal. To assess risk
prediction performance, a logistic regression model was
used,13 with both the variable being assessed and gender
included as predictors. Gender was added so that the
difference in thresholds for man and woman is consid-
ered in the model. The receiver operating characteristic
(ROC) curve was calculated and the area under the ROC
curve (AUCQ) is reported along with the associated 95%
CI using de Long’s method." Following the univariate
analysis of the various QXR outputs, an assessment was
performed of the usefulness of QXR in two potential use
cases.

Scenario 1: performance of QXR as a predictor of aBMD
Multivariate regression analysis was performed, where all
outputs from the QXR method—total thickness (cm),
hard tissue fraction, direct beam fraction and scatter frac-
tion were analysed together to predict aBMD. This is a
more demanding application of the data than a normal/
non-normal classifier.

Forward-backward stepwise model selection with
the Akaike information criterion was used to select the
models presented.” The base model had linear and
quadratic terms for every variable. We report the resultant

model, the value of the parameters, their SE and the p
value (under the null hypothesis that the parameter asso-
ciated with that variable is zero). To assess overfitting, the
R-squared value was bootstrapped with 5000 samples. The
bias and SD are reported.

Scenario 2: performance of QXR as a risk predictor of an
osteoporosis diagnosis from DEXA

Multivariate risk prediction analysis (using multivariate
logistic regression) was performed, where all variables
were analysed together to assess the performance of
OXR as a risk predictor for non-normal (osteoporotic)
BMD. Again forward-backward stepwise model selection
with the Akaike information criterion for model selec-
tion was used. We report the resultant model, the value
of the parameters, their SE and the p value (under the
null hypothesis that the log-odds for that variable is one).
To assess the quality of the risk prediction model, ROC
analysis was performed. The ROC plot and the AUC with
associated 95% CI are reported. To assess overfitting, the
AUC value was bootstrapped with 5000 samples. The bias
and SD are reported.

The performance of the risk predictor was also extrap-
olated to a wider population using Bayes’ theorem.
The prior probabilities were extracted from DEXA data
provided by the Freeman Hospital, Newcastle. Meta
data relating to age, gender and DEXA outcome were
provided for 11 029 patients and the PPV was assessed
under various scenarios.

The statistical analysis for the clinical study was carried
out using the software package, R.'

Patient and public involvement

This study was designed based on initial input from
patients and the public to understand willingness to
participate and to establish understanding of aims and
proposed conduct of the study. This was done using a
patient focus group prior to securing funding for the
study. Patients have not been involved in the conduct of
the study, other than as participants. The results of the
study will be made available in open access journals and
publicised more widely through press channels. Patient
advisors were approached during the early design stages
of the study when we were applying for National Institute
for Health Research funding before H2020.

RESULTS
Table 2 contains the results of univariate analysis of the
QXR outputs as predictors of DEXA normal/non-normal
outcome. This shows a significant difference between the
normal and non-normal groups for all continuous vari-
ables. The largest difference appears to be bone thickness,
which is supported by the phantom data in the previous
section and the AUC value of 0.810. This is as expected,
as bone thickness is the closest QXR analogue to aBMD.
The fact that all QXR outputs show a significant differ-
ence between the normal and non-normal populations,
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Table 2 Results of univariate analysis of the quantitative X-ray outputs as predictors of dual-energy X-ray absorptiometry
normal/non-normal outcome

Mean normal (SD) Mean non-normal (SD) P value AUC (CI)
Bone thickness 1.75 (0.4083) 2.25 (0.503) <0.001 0.810 (0.741 to 0.878)
Intensity 111.9 (28.3) 87.7 (26.5) <0.001 0.753 (0.673 to 0.833)
Thickness 18.3 (2.15) 19.8 (2.40) <0.001 0.674 (0.587 to 0.761)
Alloy 0.0969 (0.0231) 0.115 (0.0275) <0.001 0.689 (0.602 to 0.775)
Gender 78.6% female 77.6% female 1 0.505 (0.437 to 0.573)
aBMD 0.770 (0.0738) 1.00 (0.120) <0.001 1(1to1)

aBMD, areal bone mineral density; AUC, area under the ROC curve.

with AUC significantly larger than 0.5, justifies their
inclusion in the subsequent multivariate analysis. Gender
was justified as it directly impacts the thresholds for the
classification.

Scenario 1: performance of QXR as a predictor of aBMD

Table 3 contains the analysis for the selected model for
aBMD prediction. Intensity was removed by forward-
backward model selection as including intensity did not
result in an improved model by the Akaike information
criterion. The p values for the other variables do not
indicate that their inclusion is unjustified. The R* value
of 0.662 (0.643 adjusted) shows that a clinically relevant
amount of variation is being resolved by this model.
The bootstrapping showed a bias of 0.0114 and an SE
of 0.516.

Figure 2 shows the fitted model plotted against DEXA
aBMD. The vertical and horizontal lines show the male
and female classification thresholds as defined by DEXA.
The model predicts 81.8% (9/11) of osteoporotic femoral
necks correctly. For an operating point of sensitivity=0.8
and specificity=0.81, QXR identified 67 femoral necks as
being normal and 89 as non-normal.

Table 3 Analysis of the significance of the various
quantitative X-ray outputs as predictors of areal bone
mineral density for the multivariate model selected using
forward-backward stepwise model selection

Estimate SE t-value P value
(Intercept) 7.39 1.72 4.30 <0.001
Gender 0.0481 0.02 2.40 0.0175
Bone thickness 2.63 0.913 2.88 0.0046
Thickness -0.566 0.132 -4.28 <0.001
Hard tissue -46.1 17.5 -2.63 0.0095
fraction
Bone thickness? -0.329 0.111 -2.96 0.0036
Intensity? 0.00 0.00 -5.57 <0.001
Thickness? 0.011 0.0024 4.61 <0.001
Hard tissue 117.5 40.9 2.87 0.0047
fraction?

Scenario 2: performance of QXR as a risk predictor of an
osteoporosis diagnosis from DEXA

Table 4 contains the analysis for the selected model for
non-normal bone health prediction.

Figure 3 shows the ROC curve which is clearly far from
the y=x line, highlighting that the model has value. This
is further supported by the AUC, which is significantly
larger than 0.5 (AUC 0.893 with 95% CI 0.843 to 0.942).
The bootstrapping of AUC gave a bias of 0.013 with an SE
of 0.025.

A precision recall curve is plotted in figure 4 for this
model, based on the 78 patients (156 femoral necks)
within the clinical study and extrapolated to a larger
group of 11 029 patients, where the model performance

Prediction of aBMD
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Figure 2 Fitted values from the model presented in table

3 against areal bone mineral density (aBMD). Black points:
male patients. Blue points: female patients. Black vertical
and horizontal lines: male normal bone density threshold.
Blue vertical and horizontal lines: female normal bone density
threshold. Red vertical and horizontal lines: female low bone
density threshold (osteoporosis). Diagonal black line: y = x.
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Table 4 Analysis of the significance of the various
quantitative X-ray outputs as a risk prediction model of a
non-normal dual-energy X-ray absorptiometry outcome for
the multivariate model selected using forward-backward
stepwise model selection

Estimate SE t-value P value
(Intercept) -167.7 102.7 -1.63 0.103
Gender -2.76 0.746 -3.70 <0.001
Bone thickness -86.7 54.8 -1.58 0.114
Intensity 0.0876 0.0252 3.48 <0.001
Thickness 13.8 7.60 1.82 0.0689
Hard tissue 1494.3 1071.4 1.39 0.163
fraction
Bone thickness? 11.2 6.47 1.73 0.0836
Thickness® -0.246 0.124 -1.99 0.0471
Hard tissue -3686.6 2491.1 -1.48 0.139
fraction?

was mapped onto the DEXA outcomes of this larger
population.

The PPV of a non-normal DEXA outcome is 0.82, given
that a patient has received a non-normal QXR outcome.
Extrapolating to a wider 11 029 patient group and taking
a sensitivity of 0.8 as an example operating point, the
PPV is 0.98. The lower PPV for the clinical study is due
to this cohort of patients being truncated more towards
the normal/non-normal boundary. In the larger popula-
tion, the PPV of QXR is higher than that for either age
or gender when used to predict a non-normal DEXA
outcome. This further highlights the potential for this

Receiver Operating Characteristic Curve

0.75-

True Positive Rate
8

0.25=

0.00-
0.00 025 050 075 1.00
False Positive Rate
Figure 3 Receiver operating characteristic curve for
risk predictor model of non-normal dual-energy X-ray
absorptiometry outcome.

Precision Recall Curve

1.0-

0.9=

Precision

0.00 025 0.50 075 1.00
Sensitivity

Figure 4 Precision recall curve for the risk of a non-normal
dual-energy X-ray absorptiometry (DEXA) outcome, as
determined by the quantitative X-ray multivariate risk model.
The black line shows data from the 78-patient clinical study
and the blue line shows the predicted performance on a
wider population based on DEXA outcome reports.

technique in the wider population. The PPVs for various
patient demographics are summarised in table 5

DISCUSSION

The ability of QXR to provide an accurate prediction of
the likely outcome of a DEXA scan provides enormous
potential for prescreening and early intervention at the
point of first fracture and before. This offers clinicians
powerful decision support, supplementing the current
CRC.

The technique is compatible with a standard radio-
graph acquired for diagnostic purposes and can therefore
be deployed as an opportunistic tool for measuring bone
health from the same diagnostic radiograph. As a result,
we expected the clinical scenario where this technique
can most appropriately be deployed is within radiology

Table 5 Positive predictive value (PPV) of a non-normal
dual-energy X-ray absorptiometry outcome, based on
various patient demographics, including a prior non-normal
quantitative X-ray (QXR) scan for the Newcastle population

Patient demographic PPV
Referred by current CRC 0.88
CRC+female 0.91
CRC+over 65 0.94
CRC+patient has non-normal QXR result 0.98

CRGC, clinical referral criteria.
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departments, where the QXR result will be reported out
alongside the diagnostic image, most likely as an onscreen
prompt and a ‘red dotting’ on the radiograph itself. This
can then be included in the radiologist’s reporting.

All QXR outputs were found to be useful inputs to a
multivariate DEXA outcome predictor, with bone thick-
ness being the most significant, with an AUC value of
0.810. This is expected, as bone thickness is the closest
OXR analogue to aBMD. Two scenarios for use of QXR
were tested. The first was as a predictor of DEXA aBMD
and the second method was as an indicator of the risk
of obtaining a non-normal DEXA result. Results suggest
that QXR may provide an effective proxy for DEXA in
situations where DEXA access is limited, with concordant
identification of osteoporosis in 81.8% (9/11) of cases. In
the second scenario, QXR was found to have high true
positive and low false positive rates when used to predict a
non-normal DEXA outcome, with an AUC of 0.893 (95%
CI0.843 to0 0.942).

A useful point of comparison is quantitative ultrasound
(QUS). With a reported sensitivity of 0.93 and a speci-
ficity of 0.84," QUS can also be used to provide DEXA
prescreening capability. However, it cannot be provided
at an economically viable cost point.'” Furthermore,
uncertainties remain around the reproducibility,'® inter-
pretation of QUS measurements'® and the heteroge-
neity of QUS scanners.”’ In contrast, the QXR method
requires no additional hardware and can be integrated
into current radiographer workflow, making it possible
to deliver a net benefit from a healthcare provider cost
perspective.

QCT offers an alternative method of bone health
measurement and has been shown to be effective as an
opportunistic screening tool.”> QXR provides a comple-
mentary method for DR and is likely to benefit from
significantly higher throughput of patients. QXR also
avoids the primary disadvantages of QCT: slow,” expen-
sive,” and most importantly, high dose radiation® (1-3
mSv for QCT compared with 0.0001 mSv for DEXA),*
meaning that there are advantages with opportunistic
DR-based bone health screening, using low radiosensitive
sites such as the ultradistal radius, or the calcaneus.

The study was limited by the low permitted patient dose
and as this is a new technique, there was a natural learning
curve for the radiographers, resulting in suboptimal
image capture and higher than anticipated exclusions.
One further limitation of this study is that the patients
were all preselected for DEXA prior to receiving a QXR
test. As a result, we cannot conclude the performance of
this technique on the wider population without prese-
lection. The authors aim to extend this work to assess
performance on forearm fractures within the general
population and the utility of QXR as part of a fracture
risk prediction model.

Sensitivity analysis has highlighted the importance of
consistent ROI selection between the DEXA and QXR
scans, with errors of up to 10% observed. This is the one
area where we may expect to see reduced accuracy in

the subsequent within-trial analysis if adequate operator
training is not provided. This is related to practical use,
rather than fundamental accuracy, so does not influence
the conclusions of this study and can be addressed longer
term in a similar way to DEXA, with a combination of
automation and operator training. In a clinical applica-
tion, ROI selection would be semiautomated to reduce
ROl selection bias.

Being an X-ray technique, QXR is also expected to
suffer from similar inherent limitations as DEXA, such as
being affected by obesity, degenerative changes in bone
morphology, joint space narrowing, calcifications and
osteophytes. These factors were excluded from the study
but should be investigated as part of an extended study.

In practice, fracture risk prediction with QXR should
be used alongside other clinical risk factors as part of a
complete risk prediction model, for example, as part of
FRAX® or QFracture.”® This can then be used to improve
the accuracy of the 10-year fracture risk prediction for
patients, where DEXA aBMD data are not available, and
thus improve CRC.

Research agenda
OXR is likely to lead to improved detection of the early onset
of osteoporosis. We anticipate the resulting impact to be a
reduction in the socioeconomic cost of long-term fracture
care, by bringing forward clinical intervention by up to 15
years, but rigorous health economic modelling is required
to estimate the benefits of a QXR system to healthcare
providers. The next stage is to begin feasibility studies with
the QXR software integrated onto a DR system. If successful,
this method has a valuable role to play as an early decision
support tool for clinicians where DEXA is available; and as
an accessible alternative where access to DEXA is limited.
Additionally, the aim is to expand the accuracy of the
risk model by adding further predictors of bone health,
such as volumetric BMD, trabecular bone score and
finite element stress analysis modelling. These will all be
used, along with the current QXR outputs to generate a
more accurate 10-year fracture prediction. We also aim to
expand the general utility of the technique by extending
compatibility out to radiographs of the lumbar spine,
wrist and calcaneus.

CONCLUSIONS

This study demonstrates that use of a novel QXR method
provides accurate and early prediction of the likely DEXA
outcome for a patient. Integrated into the current DR
workflow, QXR can provide opportunistic screening and
decision support for clinicians, at greater accuracy and
on a much larger scale than is achievable with current
methods. This may be used to support current CRC to
improve the early detection of osteoporosis.
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