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and societal burden implications of screening
for fracture risk in a UK general radiography
setting
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Abstract

Background Fragility fractures lead to considerable societal costs and individual suffering. Despite the availability
of cost-effective treatments for high-risk patients, a significant treatment gap exists, with many high-risk individuals
remaining unidentified and untreated. The aim of this study was to explore the potential cost-effectiveness and soci-
etal impact of opportunistic screening for fracture risk with IBEX Bone Health (BH), a software solution that provides
bone mineral density from wrist radiographs, in a UK general radiography setting.

Methods The study used a health economic model that compared the health outcomes and costs of screening

with IBEX BH versus usual care for men and women aged 50 and older who had a forearm radiograph for any rea-
son. The model incorporated data on fracture incidence, fracture risk reduction, mortality, quality of life, and fracture
and treatment costs from published sources and Royal Cornwall Hospitals NHS Trust. Costs and health outcomes

in terms of quality-adjusted life years (QALYs) were simulated over the remaining lifetime of patients. The analysis took
the perspective of the National Health Service (NHS) and Personal Social Services in the UK.

Results The results showed that screening with IBEX BH was associated with a gain of 0.013 QALYs and a cost saving
of £109 per patient compared with usual care, making it a dominant (cost-saving) strategy. Sensitivity analyses con-
firmed the robustness of the results under various assumptions. Widespread adoption of IBEX BH in the NHS was esti-
mated to save 8,066 QALYs and £65,930,555 in healthcare costs over the lifetime of patients visiting hospitals for wrist
radiographs each year.

Conclusions IBEX BH could be a cost-effective tool for early identification and prevention of fragility fractures
in the UK, addressing the current challenges of low provision and access to fracture risk assessment and treatment.
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lost annually and causes 1,500 deaths every year in the
UK [2]. In addition to human suffering, fragility fractures
impose a major economic burden on society. The total
fragility fracture-related cost was £4.6 billion in the UK
in 2017 [1]. Despite the significant impact on health and
quality of life and the proven cost-effectiveness of many
available treatments for fracture prevention, there is a
66% treatment gap for women in the UK [3]. The majority
of those at high risk of fractures remain unidentified and
untreated, perpetuating the fracture cycle and declining
health among the elderly population [4].

Fracture risk is mainly assessed by areal bone-mineral
density (aBMD) using dual energy x-ray absorptiometry
(DXA), assessment of other clinical risk factors (e.g., pre-
vious fracture, age, smoking, glucocorticoid use) and the
FRAX® or QFracture® algorithms which are online tools
that predicts fracture risk with or without BMD. General
screening for fracture risk is currently not advocated,
although the National Institute for Health and Care
Excellence (NICE) recommends assessment of fracture
risk in all women aged 65 years and older and men 75
years and older [5, 6]. The National Osteoporosis Guide-
line Group (NOGG) recommends FRAX assessment in
postmenopausal women and men aged at least 50 years,
with a clinical risk factor for fragility fracture, to guide
further assessment of aBMD and treatment where indi-
cated [6]. However, fracture risk is not routinely assessed
in healthcare with only 17% of Fracture Liaison Services
(FLS) assessing over 80% of their expected case load. The
gap for the non-fracture group is likely to be much higher
[7].

FLS has been shown to be an effective way of identify-
ing patients with fragility fractures to prevent subsequent
fractures and is advocated by policy makers and patient
groups [6, 8]. Only around half of the National Health
Services (NHS) trusts have implemented FLS, and the
additional resources required to set up local FLSs has
been described as a hurdle for wide-spread adoption of
FLS in the UK [9]. Provision of DXA is also low in the UK
(7.5 units per million), and only 32% of cases captured by
an FLS had received DXA within 90 days of fracture [3,
10]. FLS focuses only on patients who have already suf-
fered a fragility fracture, thus missing the opportunity
to prevent the primary fracture. These problems could
be mitigated by opportunistically screening patients for
fracture risk without the need for additional appoint-
ments for the patient. A solution could be to use imaging
applications that opportunistically screen for poor bone
health at imaging appointments taken for other reasons.

IBEX Bone Health (IBEX BH) is medical device soft-
ware based on the novel quantitative X-ray (QXR)
method described previously [11-13], whereby bone
density and T-score are extracted from a standard digital
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radiograph. The software has the advantage of being inte-
grated with standard radiology workflow, meaning that
patients attending for an X-ray for any reason can be
assessed for osteoporosis at the examination site and a
prediction made of the likelihood of osteoporosis at the
femoral neck. This has been shown to be an effective
screening tool for osteoporosis [13].

IBEX BH has been validated in phantom studies which
showed non-inferiority to DXA within 95% confidence
intervals (CIs), and clinical studies which demonstrate a
receiver operator area under the curve (AUC) of 0.893 for
a non-normal diagnosis at the femoral neck and 0.98 at
the forearm [12]. A cross-sectional study (the OFFER1
study) investigated the receiver operating AUC perfor-
mance of IBEX BH for prediction of osteoporosis and
treatment recommendation by FRAX including aBMD
following the NOGG guidelines [13]. AUCs for treat-
ment recommendation at the ultra-distal and distal third
regions of the radius were 0.95 (99% CI 0.91, 1.00) and
0.97 (99% CI 0.93, 1.00), respectively [13]. For osteopo-
rosis prediction, the AUCs were 0.86 (99% CI 0.80, 0.91)
and 0.81 (99% CI 0.75, 0.88), respectively [12]. The results
demonstrate the potential of IBEX BH for opportunistic
early prediction of fracture risk which is safe, causing low
burden on the patient and healthcare system by integra-
tion with existing equipment and reporting systems.

Purpose

The purpose of this study was to explore the potential
impact on societal burden of illness and cost-effective-
ness of opportunistic screening for osteoporosis with
IBEX BH in a UK general radiography setting compared
with usual care.

Methods
Patient population
The patient population in the model was selected to be
similar to the average population visiting a hospital in
the UK for a forearm DR scan relevant for osteoporosis
screening. Women and men aged 50 or older, with or
without a fragility fracture were included. Baseline char-
acteristics of patients visiting hospital for forearm DR
were sourced from Royal Cornwall Hospitals NHS Trust
data. All wrist and DXA scans were extracted from the
PACS.

From the dataset, the following data was extracted:

1. Those who had Plaster of Paris (POP) noted in the
wrist DR report (extracted as off label).

2. Those who had Fracture noted in the wrist DR
report.
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3. Those who had a DXA scan within 12 months after
wrist DR and no DXA scan after wrist DR.

4. The lowest T-score from a DXA lumbar spine or
neck of femur DXA scan.

5. Whether a treatment recommendation was made on
the report.

Data for whether the patient went onto treatment after
recommendation, and what treatment they were pre-
scribed was not available, so it was assumed that if they
were recommended treatment they started it. In the
OFFER1 data, the FRAX with aBMD NOGG recommen-
dation was used to define the treatment cohort.

The total number of reports was from 10,492 unique
patients between 2021-08-01 to 2023-07-31. 2719 (9
were excluded as they contained POP) patients had an
IBEX BH compatible X-ray scan in that period. Of those,
983 had a fracture of which 192 were sent to DXA within
one year and 54 were recommended treatment. Of those
who did not have a fracture, 129 were sent to DXA and
33 were recommended treatment.

Cost-effectiveness results were determined from the
weighted average over the prevalence of each risk fac-
tor (sex, age, T-score and wrist fracture) in the forearm
DR population. In the base case analysis, we simulated
costs and effects for women and men aged 50-90, with
and without forearm fracture, and T-score between -1
to -6. Health effects and costs were then weighted by the
proportion in the hospital data with each combination
of risk factors (age, sex, forearm fracture, and if at/below
each T-score). Out of the 2719 relevant observations,
only 255 had T-score information which was too small
to calculate weights. Therefore, we assumed that the full
sample of wrist DR scan reports were representative of
the population who would receive an IBEX BH compat-
ible X-ray scan. In the subset with T-score information
(4,221 patients) the mean patient age was 67 years, 80%
were female, 3.6% had a wrist fracture and the mean
T-score (lowest of lumbar spine and femoral neck) was
-1.97 (95% CI -2.01, -1.94). All patients were assumed to
be living at home (non-residential care) at baseline. For
values that could not be estimated from the Royal Corn-
wall Hospitals NHS Trust, a dataset previously presented
by Meertens et al. was used [13]. This is a sample of the
over 50s population mostly from the Exeter area and was
considered similar to the Royal Cornwall Hospitals NHS
Trust population.

Health economic model

A health economic model was developed to predict the
life-time consequences in terms of costs and health out-
comes of opportunistic screening with IBEX BH com-
pared with usual care. The model consisted of a decision
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tree, starting with forearm DR and ending with osteopo-
rosis treatment decision (Fig. 1), followed by a Markov
model (Fig. 2) with yearly cycles following the two identi-
cal patient cohorts until death or an age of 100 years. The
identical cohorts entered the model at forearm DR. One
cohort followed the IBEX BH pathway and the other the
usual care pathway. Patients could be referred to GP for
osteoporosis assessment, with or without DXA, followed
by treatment decision.

The Markov model consisted of nine health states
including hip fracture, vertebral fracture, forearm frac-
ture and other fragility fracture, post-hip fracture resi-
dential care, post-hip fracture non-residential care,
post-vertebral fracture, at-risk of fracture, and death. The
model structure is similar to several previously published
health economic models of osteoporosis interventions
and a reference model created by Zethraeus et al. [14—
17]. Patients started in the at risk of fracture state and, at
the end of each cycle, they had a probability of remaining
in the health state, incurring a hip, vertebral, forearm or
other osteoporotic fracture, or dying. The Markov model
had a hierarchical structure such that patients could
not transition to a state with less-severe health impact
in terms of quality of life and mortality than a previous
state. Patients with a hip fracture transitioned to a post-
hip fracture state unless they incurred a new hip fracture
and could not incur a fracture at any other site. Similarly,
patients with a vertebral fracture transitioned to post-
vertebral state and could not transition to forearm or
other osteoporotic fracture state. Patients with hip frac-
ture were at risk of moving to residential care and would
remain there for the rest of the simulation.

The model was developed in TreeAge Pro Healthcare
Software (TreeAge LLC, Williamstown, MA, USA).

Comparator usual care

Table 1 describes the base case probabilities in the deci-
sion tree. The proportion who received osteoporosis
treatment in usual care was based on the Royal Cornwall
data. Of all patients with forearm DR, 3.9% were recom-
mended osteoporosis treatment and were assumed to
start treatment in our model (6.1% of fractured patients
and 2.7% of non-fractured patients). The probabilities of
referral and DXA assessment were calibrated to reflect
the proportion recommended treatment in the data.

Intervention IBEX BH strategy

The effect of the IBEX BH strategy was modelled as an
increased proportion of patients referred for osteoporo-
sis assessment and was assumed to increase to 34.0% for
fractured patients and 25.8% for non-fractured patients.
Sensitivity and specificity of IBEX BH screening were
based on the ROC curve provided in the OFFER1 study
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OP treatment

Wrist DR scan
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No referral, no
OP treatment
Fig. 1 Decision tree. DR=digital radiography, OP = osteoporosis

[13] and was chosen to match the sensitivity of FRAX
(0.93) at which IBEX BH predicted treatment outcomes
using NOGG guidelines with specificity of 0.89. The
IBEX BH strategy increased the share of patients treated
for osteoporosis (26.9% of fractured patients and 17.6% of
non-fractured patients). The proportion receiving treat-
ment in the IBEX BH strategy was varied in sensitivity
analysis.

Fracture risk and treatment efficacy

Probabilities of hip, vertebral, forearm and other osteo-
porotic fractures were based on age and sex specific UK
general population fracture incidences. Hip and forearm
fracture incidences were taken from Singer et al. [18].
Incidences of vertebral and other osteoporotic fractures
were taken from Hernlund et al. [19]. Incidences were
transformed to transition probabilities (1-exp(-inci-
dence)) in the model. Probabilities were adjusted to the
increased risk of the simulated patient population and
potential risk reduction from osteoporosis treatment.
Probabilities of the patient population versus the age and

OP treatment recommended

OP treatment not recommended

OP treatment recommended

OP treatment not recommended

OP treatment recommended

OP treatment not recommended

OP treatment recommended

OP treatment not recommended
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sex matched general population were adjusted to base-
line aBMD T-score and forearm fracture prevalence. The
relative risk of fracture per standard deviation of change
in aBMD was based on a meta-analysis by Marshall et al.
[20]. Reference femoral neck aBMD was based on the
NHANES III survey [21]. Relative risk of fracture follow-
ing forearm fracture was based on Klotzbuecher et al.,
which were for subsequent forearm fracture 3.3, vertebral
fracture 1.7, hip fracture 1.9, and all non-vertebral frac-
tures 2.5 applied for other fractures, based on the peri/
postmenopausal population [22]. The relative risks of
prior fracture were unadjusted for BMD and were there-
fore down adjusted by 10% [23].

Only pharmaceutical treatments were included in the
model. Distribution among drugs was based on a study
by Tan et al. which analysed drug utilisation of osteopo-
rosis medications in European electronic health data-
bases including the UK [24]. The study reported the use
of oral and intravenous bisphosphonates, denosumab,
teriparatide and selective oestrogen receptor modulators,
which were included in our model (Table 1). Efficacy of
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Fig. 2 Markov model structure. All patients started in the At risk of fracture”. Patients could stay in each health state in more than one cycle, arrows
are excluded for clarity. Patients residing in residential care post-hip fracture could only transition to new hip fracture and back to residential care,

not to any other state. Other OP fracture =other osteoporotic fracture

pharmaceutical treatments was based on a meta-analysis
conducted in a health technology assessment commis-
sioned by NICE and weighted by drug distribution from
Tan et al. [25]. Sensitivity analyses of treatment efficacy
were conducted by up- and down-adjusting the point
estimate hazard ratios from the meta-analysis by 20%.
Details on fracture incidences, drug distributions, and
treatment efficacy are described in the Supplementary
material.

Treatment adherence and residual effect

Adherence to osteoporosis drugs is known to be poor
[26, 27]. A two-year treatment length was assumed in the
base case as this reflects the average treatment duration
based on UK prescription data [28]. Compliance, in terms
of the extent to which a patient takes a drug according to
instructions, was not specifically included in the model
because fracture risk reductions from clinical trials are
unadjusted for non-compliance. The fractional benefit
of treatment compliance is unknown, and applying com-
pliance in the model would underestimate fracture risk
reduction. In sensitivity analyses, to explore variable per-
sistence and compliance, treatment length was varied
between one to ten years. Additionally, treatment efficacy
was up- and down adjusted to test the impact of potential
differences in compliance in clinical trials compared with
clinical practice. Based on studies indicating that resid-
ual anti-fracture efficacy may persist for at least as long
as treatment duration, efficacy was assumed to linearly

decline after treatment discontinuation to zero over a
period corresponding to treatment length, i.e. two years
[29-32].

Mortality

Age- and sex specific all-cause mortality rates for the
general UK population were sourced from UK life
tables 2020-2022 published by the Office for National
Statistics [33]. Time-dependent increase in mortality fol-
lowing hip and vertebral fracture was taken from a study
by Jonsson et al. [15]. Forearm and other osteoporotic
fractures were not associated with increased mortality in
the model. In agreement with previous health economic
studies of osteoporotic treatments it was assumed that
30% of the excess mortality after a hip and vertebral frac-
ture was related to the fracture event [15]. A sensitivity
analysis was conducted assuming 100% excess mortality.

Quality of life

In the “at-risk” health state, quality of life was based on
EQ-5D-3L for age and sex matched general UK popula-
tion from a model published by Ara et al. [34]. Hip, ver-
tebral, forearm and other osteoporotic fractures were
assumed to have an impact on quality of life in the first
year of fracture event. To derive fracture state utility, the
age and sex matched general population utility index was
multiplied by 0.55 for the first year after hip fracture, 0.68
for vertebral fracture, and 0.83 for forearm fracture based
on multipliers reported by Svedbom et al. [35]. Svedbom
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Table 1 Decision tree probabilities and treatment inputs. OP = osteoporosis, HR =hazard ratio

Parameter Value Source and Comments
IBEX BH strategy
IBEX BH sensitivity 0.93 Data from Meertens et al. [12, 13]
IBEX BH specificity 0.89  Data from Meertens et al. [12, 13]
Share of fractured patients needing OP treatment 0.28  Data from Royal Cornwall Hospitals NHS Trust Hospital [14]
Based on the prevalence of treatment recommendation after DXA
Share of non-fractured patients needing OP treatment 0.18  Data from the OFFERT trial (Meertens et al. [12, 13]). Based on the preva-
lence of NOGG treatment recommendation by FRAX with aBMD
Referral probability, fractured patients 034  Share of fractured patients needing OP treatment adjusted for IBEX BH
sensitivity plus false positives (0.93*0.28 4 (1-0.89)*(1-0.28))
Referral probability, non-fractured patients 0.26  Share of non-fractured patients needing OP treatment adjusted for IBEX
BH sensitivity plus false positives (0.93*0.18+ (1-0.89)*(1-0.18))
Probability of receiving DXA, given they are referred for a bone 091  Data from Royal Cornwall Hospitals NHS Trust Hospital
health assessment
Probability of starting OP treatment, fractured patients after DXA 0.77  Share of fractured patients needing OP treatment adjusted for IBEX BH
sensitivity by referral probability (0.93*0.28/0.34). Note that the prob-
ability of starting OP treatment is higher than usual care owing
to the fact that IBEX BH is screening patients ahead of DXA
Probability of starting OP treatment, non-fractured patients 0.64  Share of non-fractured patients needing OP treatment adjusted for IBEX
after DXA BH sensitivity by referral probability (0.93*0.18/0.263)
Probability of starting OP treatment, patients without DXA, frac- 1 Data from Royal Cornwall Hospitals NHS Trust Hospital
tured and non-fractured Data on referrals that did not end with treatment recommendation
or DXA were not available. It was assumed that referred all patients who
did not have DXA received treatment (9% of those referred for osteopo-
rosis assessment)
Usual care
Referral probability, fractured patients 020  Data from Royal Cornwall Hospitals NHS Trust Hospital
Referral probability, non-fractured patients 0og Calibrated to reflect proportion recommended treatment in current
N ) care since there was no data available on referrals that did not end
Probability of receiving DXA, fractured patients 097 with treatment recommendation or DXA
Probability of receiving DXA, non-fractured patients 091
Probability of starting OP treatment, fractured patients after DXA 0.28
Probability of starting OP treatment, non-fractured patients 0.26
after DXA
Probability of starting OP treatment, patients without DXA, frac- 1
tured and non-fractured
OP treatments received (%)
Alendronate 0.79  Tanetal. [15], assumed to be weekly alendronate 70 mg in the model
Other oral bisphosphonates 0.12  Tanetal. [15], assumed to be weekly risedronate 35 mg in the model
Intravenous bisphosphonates 001  Tanetal [15], assumed to be annual zoledronate 5 mg in the model
Denosumab 008  Tanetal. [15], bi-annual subcutaneous injection 60 mg
Raloxifene 0.003 Tanetal. [15], daily oral 60 mg
Teriparatide 0.003 Tanetal. [15], daily subcutaneous injection 20 pg
Fracture risk reduction from pharmaceutical treatment (HRs vs. placebo)
Hip fracture 064  Network meta-analysis by Davis et al. [16], weighted for drug distribu-
tion [15]
Vertebral fracture 049  Network meta-analysis by Davis et al. [16], weighted for drug distribu-
tion [15]
Forearm fracture 0.85  Network meta-analysis by Davis et al. [16], weighted for drug distribu-
tion [15]
Other fracture 0.77  Network meta-analysis by Davis et al. [16] non-vertebral fractures,

weighted for drug distribution (15)
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et al. did not present utility multipliers for other osteo-
porotic fractures and was assumed to be 0.79 calculated
from utility loss presented by Kanis et al. and assuming
that the baseline utility in patients with other osteoporo-
tic fracture would be similar to patients with vertebral
fracture in Svedbom et al. [35, 36]. Hip and vertebral
fractures were assumed to also have an impact on qual-
ity of life in subsequent years (multipliers 0.86 and 0.85,
respectively) based on Svedbom et al. Patients living in
residential care following a hip fracture were assumed to
have a quality of life weight of 0.625 from Tidermark et al.
used by Davis et al. in a health technology assessment of
osteoporotic drugs commissioned by NICE [25, 37].

Fracture and treatment cost data

First-year cost of hip, vertebral, forearm and other frac-
tures were sourced from Gutierrez et al. [38, 39]. Cost
in subsequent years for hip and vertebral fractures were
taken from Davis et al. [25]. Probability of discharge to
residential care after hip fracture (4-34% depending
on age), was based on a study by Nanjayan et al. [40].
Yearly cost of residential care within the NHS and Per-
sonal Social Service budget in the UK was assumed to
be £48,998 based on Unit Costs of Health and Social
Care 2022 from Personal Social Services Research Unit
(PSSRU) [41]. Drug prices as of April 2024 were sourced
from the British National Formulary online. Resource
utilisation and the corresponding unit costs and sources
are described in Supplementary material.

Analysis

Cost-effectiveness

The main outcome was the incremental cost-effective-
ness ratio (ICER) of the additional costs and the quality-
adjusted life years (QALYs) gained from opportunistic
screening with IBEX BH compared with usual care. The
intervention was assumed to be cost-effective if the
ICER was at or below NICE’s acceptability threshold for
a technology to be an effective use of NHS resources
(£20,000-30,000 per QALY gained) [42]. Determinis-
tic one-way sensitivity analyses included probabilities in
the treatment pathway (decision tree), treatment length,
time horizon, discount rate, excess mortality, utility mul-
tipliers, and fracture-related costs. A sensitivity analy-
sis was also conducted where cost-effectiveness results
were weighted over the proportion of patients in the
Royal Cornwall data below or at/above the age-specific
intervention thresholds according to NOGG guidelines
[6]. The 10-year hip and major osteoporotic fracture
probabilities (based only on sex, age, T-score and prior
fracture) were calculated for the patients in the Royal
Cornwall data and were then compared with the inter-
vention thresholds (Supplementary material).
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The model can be used to analyse cost-effectiveness of
screening at other body parts or using other screening
tools, demonstrated by sensitivity analyses varying IBEX
BH sensitivity and specificity (Supplementary material).
Probabilistic sensitivity analysis (PSA) was conducted
by simultaneously sampling from estimated probabil-
ity distributions of decision tree probabilities, fracture
probabilities, fracture utilities, fracture costs of IBEX BH
versus usual care to obtain 1,000 sets of model input esti-
mates. For each simulation, expected costs and QALYs
were calculated for the IBEX BH strategy and the usual
care strategy, respectively, and the difference between the
two comparators. Acceptability curves were constructed
for the pairwise comparison (shown in Supplementary
material).

In the base case, costs, life years and QALYs were dis-
counted at 3.5% annually in accordance with NICE’s ref-
erence case [42]. Costs are stated in 2024 GBP (£). The
analysis took an NHS and Personal Social Services per-
spective and indirect costs related to e.g., productivity
losses were not included.

Impact of opportunistic screening with IBEX BH on societal
burden of osteoporosis

The model compared the burden of osteoporosis in a care
pathway with IBEX BH and without it (current usual care)
by employing an incidence-based bottom-up approach
containing the number of patients in the target popula-
tion in the UK multiplied by the corresponding disease-
related consequences. Disease-related consequences
included fracture costs, bed days, life years, QALYs and
the indirect cost of lost QALYs caused by fractures. A
hip fracture was assumed to be associated with 20.2 bed
days based on 2023 data from the National Hip Fracture
Database, wrist fracture 5.4 bed days and other frac-
tures 10.6 bed days from Stevenson et al. (length of stay
for other fractures based on humerus fracture data) [43,
44]. The monetary value of a lost QALY was assumed to
be £20,000—£30,000 based on NICE’s willingness-to-pay
threshold [42].

Results

Base case cost-effectiveness

Base case cost-effectiveness results show that the total
costs of Screening with IBEX BH were £14,266 versus
£14,375 in the usual care strategy, resulting in a cost
reduction of £109 per patient (Table 2). Costs related to
fractures including direct healthcare costs and nursing
homes constituted the majority of total costs. Screen-
ing with IBEX BH had 0.013 more discounted QALYs
and 0.012 more discounted life-years than usual care.
Screening with IBEX BH was the dominant (cost-saving)
strategy.
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Table 2 Base case analysis for incremental cost-effectiveness

Screening Usual care Difference
with IBEX BH
Cost components (£)
Fracture care costs 3,684 3,726 -42
Nursing home costs 10,521 10,628 -107
Intervention costs 61 21 40
Total costs 14,266 14,375 -109
Effects
QALYs 9.198 9.185 0.013
Life years 11.604 11.592 0.012
ICER (£) Cost-saving

Incremental total costs and incremental QALYs by age
group, sex, fracture prevalence and T-score at baseline
are presented in Table 3. Screening with IBEX BH lead
to total cost savings in most groups, except those with
the lowest fracture risk explained by higher T-score,
lower age, and no fracture at baseline. Women and men
with prior fracture had higher QALY gain and larger cost
reductions than those without prior fracture.

Sensitivity analysis

Deterministic sensitivity analyses were conducted around
the base case scenario, shown in Table 4. Screening with
IBEX BH was cost-saving vs usual care in all sensitiv-
ity analyses. In analyses with a higher share of patients
in need of treatment, the share treated in the screening
strategy vs usual care increased, leading to higher incre-
mental QALYs and larger total cost-savings. Similarly,
a sensitivity analysis assuming that 100% of fractured
patients are in need of osteoporosis treatment resulted in
higher QALY gain and additional cost-savings compared
with the base case scenario. In a setting where the hospi-
tal has an FLS where 80% of those fractured are referred
for osteoporosis assessment, the addition of IBEX BH
leads to smaller, but positive QALY gain and cost-savings
compared with base case (without FLS). Longer treat-
ment length (3, 4, 5 and 10 years) was associated with
higher QALY gain and cost-savings compared with the
base case two-year treatment length. One-year treat-
ment duration decreased the QALY gain and cost-savings
compared with the base case. Assuming 20% less anti-
fracture efficacy of treatment reduced the QALY gain
and cost-savings as well. The QALY gain increased when
mortality following fracture was unadjusted for comor-
bidities. A time horizon of 10 years instead of lifetime
decreased the QALY gain. Decreasing sensitivity of IBEX
BH decreased the proportion treated for osteoporosis
in the IBEX BH strategy which consequently decreased
incremental QALYs and cost savings compared with the
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base case setting of 0.93 (shown in Supplementary mate-
rial). Decreasing specificity from base case value of 0.89
also increased incremental QALYs and cost savings, due
to a higher proportion of non-osteoporotic patients iden-
tified in the IBEX BH strategy.

Probabilistic sensitivity analysis

The probabilistic sensitivity analysis showed that proba-
bility of screening with IBEX BH being cost-effective at a
willingness-to-pay of £20,000 was 97% (included in Sup-
plementary material). Screening was cost-saving in 77%
of simulations. Mean QALY difference was 0.008 (min:
0.00007, max: 0.112) and mean total cost difference was
£-106 (min: £-7,423, max: £68).

Impact on societal burden

QALYs lost due to fractures was estimated to 338,766 in
patients who were potentially relevant for opportunis-
tic screening in one year in the UK (total 606,337 from
2,719 IBEX BH compatible wrist scans in Royal Corn-
wall 2021-08-01 to 2023-07-31 multiplied by 223 NHS
trusts). The number of fractures potentially avoided
by screening was 4,852 (1,436 hip, 1,216 vertebral, 259
forearm, and 1,941 other fractures) over ten years. The
number of saved bed days associated with the fractures
was estimated to 50,980. The number of QALYs poten-
tially gained by screening was 8,066, with a monetary
value of £161,318,846, at willingness-to-pay for a QALY
of £20,000 and £241,978,269 at a willingness-to-pay of
£30,000. Potential costs saved by introducing oppor-
tunistic screening in this population was estimated to
£65,930,555 over the remaining lifetime of patients
(on average 11.6 discounted life years in the IBEX BH
strategy).

Discussion
The objective of this study was to assess the cost-effec-
tiveness of IBEX BH as an opportunistic screening tool
for fracture risk determined from a radiograph of the
distal forearm in men and women in the UK compared
with current usual care. The analysis was conducted
using a health economic model, consisting of a decision
tree and a Markov simulation model following men and
women aged 50 and older with forearm radiograph and
potential subsequent osteoporosis treatment. Opportun-
istic screening with IBEX BH was assumed to result in
a higher proportion of patients treated for osteoporosis
compared with current usual care (26.9% vs. 6.1% in frac-
tured patients, 17.6% vs. 2.7% in non-fractured patients).
Averaging cost-effectiveness results over women and
men, with and without baseline fracture, age group and
baseline BMD T-score, IBEX BH leads to 0.013 addi-
tional QALYs and cost reduction of £109 per patient. The
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Table 3 Incremental costs, quality-adjusted life years (QALYs) and incremental cost-effectiveness ratio (ICER) by sex, age group,
fracture prevalence and T-score at baseline

Age 50-59 Age 60-69 Age 70-79 Age 80-90

T-score Fracture No fracture Fracture No fracture Fracture No fracture Fracture No fracture

Incremental costs

Women

-1 £34 £37 £25 £33 -£13 £14 -£56 -£5

-1.5 £28 £34 £14 £27 -£45 -£1 -£11 -£32

-2 £20 £29 -£1 £19 -£92 -£24 -£197 -£73

-2.5 £10 £24 -£23 £8 -£161 -£58 -£327 -£136

-3 -£4 £16 -£54 -£8 -£263 -£110 -£523 -£232

-35 -£22 £6 -£96 -£31 -£409 -£185 -£813 -£378

-4 -£48 -£8 -£155 -£62 -£616 -£294 -£1232 -£594

Men

-1 £35 £37 £28 £34 £7 £24 -£14 £14

-15 £28 £34 £18 £29 -£14 £14 -£46 -£1

-2 £19 £29 £4 £22 -£46 -£1 -£96 -£24

-2.5 £6 £23 -£17 £12 -£92 -£24 -£171 -£60

-3 -£12 £14 -£46 -£3 -£161 -£59 -£284 -£116

-35 -£36 £0 -£87 -£25 -£259 -£109 -£454 -£200

-4 -£70 -£18 -£143 -£55 -£399 -£182 -£703 -£326
Incremental QALYs

Women

-1 0.003 0.002 0.003 0.002 0.005 0.002 0.005 0.002

-1.5 0.004 0.002 0.005 0.002 0.007 0.003 0.007 0.003

-2 0.006 0.003 0.006 0.003 0.009 0.005 0.010 0.005

-2.5 0.008 0.004 0.008 0.004 0012 0.006 0.013 0.007

-3 0.010 0.005 0011 0.006 0.016 0.008 0.018 0.009

-35 0013 0.007 0014 0.008 0.021 0.011 0.024 0.013

-4 0.017 0.009 0.018 0.010 0.026 0.015 0.031 0.017

Men

-1 0.003 0.001 0.003 0.002 0.004 0.002 0.004 0.002

-1.5 0.004 0.002 0.005 0.002 0.005 0.002 0.005 0.002

-2 0.006 0.003 0.006 0.003 0.007 0.004 0.007 0.003

-2.5 0.008 0.004 0.009 0.004 0.010 0.005 0.010 0.005

-3 0.011 0.006 0.012 0.006 0014 0.007 0014 0.007

-35 0.015 0.008 0016 0.008 0018 0.010 0019 0.009

-4 0.020 0.010 0.021 0.011 0.024 0.013 0.025 0.013
Incremental cost-effectiveness ratio (ICER)

Women

-1 £10437 £22 524 £7 537 £20016 Cost-saving £6 114 Cost-saving Cost-saving
-1.5 £6 422 £15202 £3144 £12151 Cost-saving Cost-saving Cost-saving Cost-saving
-2 £3 447 £9 806 Cost-saving £6 283 Cost-saving Cost-saving Cost-saving Cost-saving
-2.5 £1245 £5843 Cost-saving £1880 Cost-saving Cost-saving Cost-saving Cost-saving
-3 Cost-saving £2 937 Cost-saving Cost-saving Cost-saving Cost-saving Cost-saving Cost-saving
-3.5 Cost-saving £791 Cost-saving Cost-saving Cost-saving Cost-saving Cost-saving Cost-saving
-4 Cost-saving Cost-saving Cost-saving Cost-saving Cost-saving Cost-saving Cost-saving Cost-saving
Men

-1 £11320 £25075 £8 568 £21 546 £1827 £13 454 Cost-saving £8579

-1.5 £6 669 £16 496 £3 995 £13249 Cost-saving £5557 Cost-saving Cost-saving

-2 £3 255 £10 244 £586 £7165 Cost-saving Cost-saving Cost-saving Cost-saving
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Table 3 (continued)
Age 50-59 Age 60-69 Age 70-79 Age 80-90

T-score Fracture No fracture Fracture No fracture Fracture No fracture Fracture No fracture

-2.5 £755 £5710 Cost-saving £2708 Cost-saving Cost-saving Cost-saving Cost-saving

-3 Cost-saving £2 435 Cost-saving Cost-saving Cost-saving Cost-saving Cost-saving Cost-saving

-3.5 Cost-saving £64 Cost-saving Cost-saving Cost-saving Cost-saving Cost-saving Cost-saving

-4 Cost-saving Cost-saving Cost-saving Cost-saving Cost-saving Cost-saving Cost-saving Cost-saving

Table 4 One-way sensitivity analysis

Sensitivity analysis Base case setting Incremental Incremental Incremental
QALYs costs (£) cost-effectiveness

ratio (£)

Population averaged over proportions below/  Population averaged over sex, age-group, 0011 -64 Cost-saving

above intervention thresholds according T-score, and prior fracture

to NOGG

Proportion of patients in need of treat- Non-fractured 18%, fractured 28% 0.014 -122 Cost-saving

ment+10%

Proportion of patients in need of treat- Non-fractured 18%, fractured 28% 0.015 -135 Cost-saving

ment+20%

Proportion of patients in need of treat- Non-fractured 18%, fractured 28% 0016 -149 Cost-saving

ment+30%

Proportion of fractured patients in need of treat-  28% 0.030 -418 Cost-saving

ment 100%

Referral probability fractured patients current 18% / 20% IBEX BH strategy / current strategy 0.004 -37 Cost-saving

strategy 80% (FLS)

Treatment length 1 year 2 years 0.010 -71 Cost-saving

Treatment length 3 years 2 years 0.016 -149 Cost-saving

Treatment length 4 years 2 years 0.018 -190 Cost-saving

Treatment length 5 years 2 years 0.020 -230 Cost-saving

Treatment length 10 years 2 years 0.028 -393 Cost-saving

Treatment efficacy -20% Weighted hazard ratios from network meta- 0011 -53 Cost-saving

analysis (see Supplementary material)
Treatment efficacy +20% Weighted hazard ratios from network meta- 0016 -165 Cost-saving
analysis (see Supplementary material)

Excess mortality 100% 30% 0.015 -57 Cost-saving

Time horizon 10 years Lifetime 0.005 -101 Cost-saving

Discount rate of health effects & costs 0% 3.5% 0.021 -144 Cost-saving

Discount rate of health effects & costs 5% 3.5% 0.007 -101 Cost-saving

analysis included additional costs of screening related
to increased numbers of GP referrals and pharmaceuti-
cal treatments, but not costs related to IBEX BH soft-
ware. The analysis may be updated in the future when the
investment for the NHS per patient has been determined.

Sensitivity analyses showed that the results were
robust when varying several parameters in the model.
Results were most sensitive to treatment length and
time horizon. Fracture risk and cost-effectiveness are
highly dependent on age, sex, and other clinical risk fac-
tors including aBMD and fracture prevalence. Separate
analyses over risk factors were conducted, showing that,

incremental QALYs varied between 0.001 in patients
with higher T-score (-1.0 or higher) without fracture at
baseline to 0.031 in older women aged 70+ with fracture
and lower T-score (-4.0 or lower). Screening with IBEX
BH was cost-effective in all patient groups (combinations
of risk factors) at willingness-to-pay threshold £30,000,
and cost-saving in most cases.

The analysis suggests the IBEX BH strategy is cost-
saving given that the assumed sensitivity and specificity
and consequently treatment rates are achieved. However,
the scope of this conclusion is limited as the accuracy of
IBEX BH as a screening tool is still uncertain because



Soreskog et al. BMC Musculoskeletal Disorders (2025) 26:112

the inputs to the model are based on a single centre non-
randomised study. To mitigate this limitation, a sensitiv-
ity analysis varying the sensitivity and specificity of IBEX
BH is presented showing broad cost-effectiveness (sup-
plementary material Table 7). A superior way of assess-
ing the cost-effectiveness of the screening intervention
would be to implement the technology in a randomised
controlled trial and then model based on the treatment
or fracture rates for the two arms. This type of trial would
increase confidence in the intervention’s cost-effective-
ness. The operating point on the ROC curve provided in
the OFFERI study [13] was chosen to match the high sen-
sitivity of FRAX (0.93) and a specificity of 0.89 in the base
case analysis. While a higher proportion treated leads to
additional cost-savings and QALYs gained, it is desirable
to not overwhelm down-stream services like DXA, which
is already troubled with long waiting times. At lower sen-
sitivity, IBEX BH strategy was associated with a lower
QALY gain than the base case and smaller cost-savings
(shown in Supplementary material) in terms of avoided
fracture costs but with lower intervention costs inflicted
on healthcare.

The model simulated a heterogenous patient popula-
tion which is representative of individuals undergoing
wrist X-ray. IBEX BH is more likely to identify patients
at higher risk of forearm fractures (relative risk (RR) 1.7
95% CI [1.4,2.0]) than other fracture sites (RR 1.4 95% CI
[1.3,1.6]) [20]. However, meta-analysis [20] reports that
forearm BMD is predictive of both hip (RR 1.8 95% CI
[1.4,2.2]) and vertebral fracture (RR 1.7 95% CI [1.4,2.1]).
Therefore, identifying patients with low BMD at the fore-
arm should identify patients at higher risk of hip and
vertebral fractures, which are associated with higher
morbidity and disability than other fractures. The rela-
tionship between IBEX BH forearm BMD measures and
BMD at lumbar spine and femoral neck has been dem-
onstrated [13], also indicating that IBEX BH is predic-
tive of fractures other than forearm. Cost-effectiveness
of screening and osteoporosis treatment is, as shown in
this paper and in many previous health economic analy-
ses, dependent on prevalence of risk factors and frac-
ture risk [15]. This is also reflected in the intervention
threshold described by, for example, NOGG’s guidelines.
In this analysis, the ICER in younger women and men
(around 50-60 years) without prior fracture was around
£20,000-25,000 meaning that screening in this group is
cost-effective at a willingness-to-pay threshold of £30,000
but not £20,000. Therefore, an age-dependent threshold
for opportunistic screening may be warranted. A sensi-
tivity analysis was conducted where we averaged cost-
effectiveness results on the basis of NOGG intervention
thresholds and the results indicate that base case results
were robust to different weighting methods.
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Our findings can be compared with previous analyses
of other types of fracture prevention programs in the UK.
In an analysis in 2009 by the Department of Health, an
estimated £290,708 over a 5-year period in NHS acute
and community service was saved by introducing an
FLS and treating 77% of 767 patients with hip, vertebral,
wrist and humerus fractures [45]. This corresponded to
a £8.5 million cost-saving on the national level over five
years. McLellan et al. conducted an economic evaluation
of West Glasgow FLS in 2011 in which the FLS increased
treatment rates after fragility fracture to 69% from
19% vs. usual care, saving 18 fractures, 22 QALYs and
£312,000 in fracture costs per 1,000 patients [46]. Turner
et al. reported a cost-effectiveness analysis of a screening
program in women aged 70—85 in the UK who were ran-
domised to either usual care or screening with FRAX and
potential BMD measurement. In the screening strategy,
15% received osteoporosis treatment vs. 4% in the usual
care strategy. Over a 5-year period, number of QALYs
was numerically but not statistically significantly higher
in the screening group vs. usual care (0.0237, 95% confi-
dence interval -0.0034 to 0.0508) and fracture costs were
reduced by around £42 [47, 48]. Differences between
our study and previous analyses in QALYs gained and
fracture costs avoided may be explained by differences
in prevalence of different clinical risk factors in patient
population.

Simplifications are always necessary in health eco-
nomic modelling leading to some uncertainties. Like
most economic models, multiple data sources were used
to populate the model. However, much of the back-
ground data to simulate fracture epidemiology, mortality,
costs and resources have been used in many previously
published models and accepted by governmental bodies
[14, 25]. In this model, uncertainties mainly related to
decision tree data inputs. The model simulated a heter-
ogenous population in which care pathway probabilities
were averaged and sensitivity and specificity were inde-
pendent of risk factors (sex, age, T-score, and prior frac-
ture). A limitation with this approach is that, in reality,
referral and treatment probabilities differ among fracture
risk profiles. There was a lack of data on patients who had
been referred for fracture risk assessment but did not
receive DXA or osteoporosis treatment. We assumed that
100% of patients who did not have DXA after wrist DR
but got referred for a bone health assessment received
treatment. The referral and treatment probabilities were
calibrated such that the proportion treated matched
the proportions in the hospital data. A limitation of this
modelling approach is that increasing the specificity of
IBEX BH did not lead to the expected increase in cost
savings by avoiding referrals and DXA in those who did
not need treatment. Another limitation is that all patients
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recommended treatment were assumed to start treat-
ment, but in reality, a share may not accept it. The analy-
sis may be updated in the future when more detailed
information on treatment pathway becomes available.
The drug distribution and fracture risk reduction for
osteoporosis treatment was simplified and reduced to
alendronate, risedronate, zoledronate, denosumab, ralox-
ifene, and teriparatide, based on overall distribution in
a large UK sample. Additional pharmaceutical treat-
ments for osteoporosis are available in the UK but were
not included in the model due to lack of data on usage.
The model construct has some limitations. The hierar-
chical structure may, to some extent, underestimate the
number of less-severe fracture types, most notably wrist
fractures as they are at the bottom of the hierarchy. The
cohort approach does not allow tracking of patients; con-
sequently quality of life and cost impact of multiple frac-
tures are not included.

An individual-state simulation approach could have
addressed these uncertainties in the model construct,
but such models are burdened by first-order uncertain-
ties introducing random noise that can distort result
interpretation. Another limitation relates to cost of
implementation and quality of life impact of screening.
Screening has been shown to have a small to moderate
negative impact on quality of life in other disease areas
such as cancer [49]. The impact in osteoporosis screening
has not, to our knowledge, been quantified before, but
could be non-negligible. Research has been made into the
acceptability of opportunistic screening with IBEX BH
showing that patients and the public were generally posi-
tive and accepting of the product [50]. Despite the inevi-
table simplifications of the model, the findings are robust
as demonstrated by the extensive sensitivity analysis. The
cost-effectiveness analysis is based on a published mod-
elling framework used and validated in several previous
studies, and the results are in line with what could be
expected based previous cost-effectiveness analyses of
screening strategies in the UK.

Opportunistic screening during routine wrist radio-
graph could be a cost-effective instrument in addressing
the osteoporosis treatment gap. Most available fracture
prevention programs will only identify patients after they
have suffered a fracture. At the same time, provision of
prevention programs and access to DXA is low and une-
qually distributed. Around 25% wait longer than 6 weeks
for DXA, with large variation across UK regions (up to
70% wait longer than 6 weeks in some regions) [51]. The
product addresses several of current challenges, by pro-
viding early identification, integration with existing care
pathways and healthcare equipment requiring no addi-
tional imaging or appointments to patients, and a clear
benefit to patients at risk of suffering fragility fractures.
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Conclusion

The results from this analysis suggest that IBEX BH as
a tool for opportunistic screening of fracture risk in a
UK radiography setting could gain quality-adjusted life
years and reduce fracture costs, offsetting the addi-
tional costs of osteoporosis treatment and making this
strategy cost saving over the current strategy applied in
UK hospitals today.

Abbreviations

AUC Area Under the Curve

IBEXBH  IBEX Bone Health

aBMD Areal Bone Mineral Density

BMD Bone Mineral Density

cl Confidence Interval

DR Digital Radiography

DXA Dual-energy Xray Absorptiometry

FLS Fracture Liaison Service

ICER Incremental Cost-Effectiveness Ratio

NHS National Health Services

NICE National Institute for Health and Care Excellence
NOGG National Osteoporosis Guideline Group

OoP Osteoporosis

PACS Picture Archiving and Communication System
POP Plaster of Paris

QALY Quiality-adjusted life year

RR Relative risk

Supplementary Information

The online version contains supplementary material available at https://doi.
org/10.1186/512891-024-08202-6.

[ Supplementary Material 1 }

Acknowledgements
None.

Authors’ contributions

ES and BL lead on model design, programming and results analysis. TB, PL, NA,
JL, RM, AR contributed with data and analysis to inform the usual care strategy
in the model. ES and BL have primarily drafted the manuscript with input from
all others. All authors read and approved the final manuscript.

Funding
This research was funded by Ibex Innovations Itd.

Data availability
Original data analysed in this study are included in this published article, sup-
plementary material or in articles listed in references.

Declarations

Ethics approval and consent to participate
Not applicable.

Consent for publication
Not applicable.

Competing interests

BL and AR from IBEX Innovations hold the intellectual property rights over the
IBEX BH technology and have a vested interest in the adoption of this technol-
ogy into clinical practice. ES is employed by Macanda which was funded by
IBEX Innovations to conduct this study.


https://doi.org/10.1186/s12891-024-08202-6
https://doi.org/10.1186/s12891-024-08202-6

Soreskog et al. BMC Musculoskeletal Disorders

(2025) 26:112

Received: 14 July 2024 Accepted: 17 December 2024
Published online: 04 February 2025

References

1.

Borgstrom F, Karlsson L, Ortsater G, Norton N, Halbout P, Cooper C, et al.
Fragility fractures in Europe: burden, management and opportunities.
Arch Osteoporos. 2020;15(1):59.

Svedbom A, Hernlund E, Ivergard M, Compston J, Cooper C, Stenmark J,
et al. Osteoporosis in the European Union: a compendium of country-
specific reports. Arch Osteoporos. 2013;8(1):137.

Kanis JA, Norton N, Harvey NC, Jacobson T, Johansson H, Lorentzon M,
et al. SCOPE 2021: a new scorecard for osteoporosis in Europe. Arch
Osteoporos. 2021;16(1):82.

Hoggard K, Hart S, Birchall J, Kirk S, Goff |, Grove M, et al. Fracture preven-
tion: a population-based intervention delivered in primary care. QJM.
2020;113(5):313-9.

National Institute of Health and Care Excellence (NICE). Osteoporosis:
assessing the risk of fragility fracture Clinical guideline (CG146). [Internet]
ISBN 978-1-4731-2359-5. Available from: https://www.nice.org.uk/Guida
nce/CG146.2017.

National Osteoporosis Guideline Group UK (NOGG). Clinical Guideline for
the Prevention and Treatment of Osteoporosis. [Internet] Available from:
https://www.nogg.org.uk/full-guideline 2021.

Royal College of Physicians (RCP). Fracture Liaison Service Database (FLS-
DB) Annual report: Improved FLS identification with gaps in monitor-
ing: a call to action for national and regional planners. [Internet] ISBN
978-1-86016-882-6. Available from: https://www.fffap.org.uk/fls/flsweb.
nsf/docs/DownloadFiles/$File/FLS-DB%202024%20annual%20report.
pdf?openelement. London, England; 2024.

Mitchell P, Akesson K. How to prevent the next fracture. Injury.
2018;49(8):1424-9.

Chesser TJS, Javaid MK, Mohsin Z, Pari C, Belluati A, Contini A, et al. Over-
view of fracture liaison services in the UK and Europe: standards, model
of care, funding, and challenges. OTA Int. 2022;5(3 Suppl):e198.

Royal College of Physicians (RCP). Fracture Liaison Service Database (FLS-
DB) Annual Report 2023. [Internet] ISBN 978-1-86016-875-8. Available
from: https://www.rcplondon.ac.uk/projects/outputs/fls-db-annual-
report-2023. London, England; 2023.

. Rangan A, Tuck SP, Scott PD, Kottam L, Jafari M, Watson T, et al. Prospec-

tive comparative study of quantitative X-ray (QXR) versus dual energy
X-ray absorptiometry to determine the performance of QXR as a
predictor of bone health for adult patients in secondary care. BMJ Open.
2021;11(12):e051021.

Lopez B, Meertens R, Gundry M, Scott P, Crone MB, McWilliam R. A
comparison between IBEX bone health applied to digital radiographs
and dual-energy X-ray absorptiometry at the distal-third and ultra-distal
regions of the radius. BMC Musculoskelet Disord. 2024;25(1):575.
Meertens R, Lopez B, Crone B, Gundry M, Metcalfe-Smith E, Gibbard W,
et al. Development of an opportunistic diagnostic prediction algorithm
for osteoporosis and fragility fracture risk estimates from forearm radio-
graphs (The OFFER1 Study). JBMR Plus. 2024;8(4):ziae020.

Zethraeus N, Borgstrom F, Strom O, Kanis JA, Jonsson B. Cost-effective-
ness of the treatment and prevention of osteoporosis—a review of the
literature and a reference model. Osteoporos Int. 2007;18(1):9-23.
Jonsson B, Strom O, Eisman JA, Papaioannou A, Siris ES, Tosteson A, et al.
Cost-effectiveness of Denosumab for the treatment of postmenopausal
osteoporosis. Osteoporos Int. 2011;22(3):967-82.

Kanis JA, Borgstrom F, Johnell O, Jonsson B. Cost-effectiveness of rise-
dronate for the treatment of osteoporosis and prevention of fractures in
postmenopausal women. Osteoporos Int. 2004;15(11):862-71.

Kanis JA, Adams J, Borgstrom F, Cooper C, Jonsson B, Preedy D, et al. The
cost-effectiveness of alendronate in the management of osteoporosis.
Bone. 2008;42(1):4-15.

Singer BR, McLauchlan GJ, Robinson CM, Christie J. Epidemiology of
fractures in 15,000 adults: the influence of age and gender. J Bone Joint
Surg Br. 1998;80(2):243-8.

Hernlund E, Svedbom A, Ivergard M, Compston J, Cooper C, Stenmark
J, et al. Osteoporosis in the European Union: medical management,
epidemiology and economic burden. A report prepared in collaboration

20.

21.

22.

23.

26.

27.

28.

29.

30.

31

32.

33.

34.

35.

36.

37.

38.

39.

Page 13 of 14

with the International Osteoporosis Foundation (IOF) and the European
Federation of Pharmaceutical Industry Associations (EFPIA). Arch Osteo-
poros. 2013;8(1):136.

Marshall D, Johnell O, Wedel H. Meta-analysis of how well measures of
bone mineral density predict occurrence of osteoporotic fractures. BMJ.
1996;312(7041):1254-9.

Looker AC, Wahner HW, Dunn WL, Calvo MS, Harris TB, Heyse SP, et al.
Updated data on proximal femur bone mineral levels of US adults. Osteo-
poros Int. 1998;8(5):468-89.

Klotzbuecher CM, Ross PD, Landsman PB, Abbott TA 3rd, Berger M.
Patients with prior fractures have an increased risk of future fractures:

a summary of the literature and statistical synthesis. J Bone Miner Res.
2000;15(4):721-39.

Kanis JA, Johnell O, De Laet C, Johansson H, Oden A, Delmas P, et al. A
meta-analysis of previous fracture and subsequent fracture risk. Bone.
2004,35(2):375-82.

. Tan EH, Robinson DE, Jodicke AM, Mosseveld M, Bodkergaard K, Reyes C,

et al. Drug utilization analysis of osteoporosis medications in seven Euro-
pean electronic health databases. Osteoporos Int. 2023;34(10):1771-81.

. Davis S, Simpson E, Hamilton J, James MM, Rawdin A, Wong R, et al.

Denosumab, raloxifene, romosozumab and teriparatide to prevent osteo-
porotic fragility fractures: a systematic review and economic evaluation.
Health Technol Assess. 2020,24(29):1-314.

Cramer JA, Gold DT, Silverman SL, Lewiecki EM. A systematic review of
persistence and compliance with bisphosphonates for osteoporosis.
Osteoporos Int. 2007;18(8):1023-31.

Koller G, Goetz V, Vandermeer B, Homik J, McAlister FA, Kendler D, et al.
Persistence and adherence to parenteral osteoporosis therapies: a sys-
tematic review. Osteoporos Int. 2020;31(11):2093-102.

Morley J, Moayyeri A, Ali L, Taylor A, Feudjo-Tepie M, Hamilton L, et al. Per-
sistence and compliance with osteoporosis therapies among postmeno-
pausal women in the UK clinical practice research datalink. Osteoporos
Int. 2020;31(3):533-45.

Black DM, Schwartz AV, Ensrud KE, Cauley JA, Levis S, Quandt SA, et al.
Effects of continuing or stopping alendronate after 5 years of treatment:
the Fracture Intervention Trial Long-term Extension (FLEX): a randomized
trial. JAMA. 2006;296(24):2927-38.

Black DM, Reid IR, Boonen S, Bucci-Rechtweg C, Cauley JA, Cosman F,

et al. The effect of 3 versus 6 years of zoledronic acid treatment of osteo-
porosis: a randomized extension to the HORIZON-Pivotal Fracture Trial
(PFT). J Bone Miner Res. 2012;27(2):243-54.

Lindsay R, Scheele WH, Neer R, Pohl G, Adami S, Mautalen C, et al.
Sustained vertebral fracture risk reduction after withdrawal of teripara-
tide in postmenopausal women with osteoporosis. Arch Intern Med.
2004;164(18):2024-30.

Prince R, Sipos A, Hossain A, Syversen U, Ish-Shalom S, Marcinowska E,

et al. Sustained nonvertebral fragility fracture risk reduction after discon-
tinuation of teriparatide treatment. J Bone Miner Res. 2005;20(9):1507-13.
Office for National Statistics (ONS). National life tables: United Kingdom
2020-2022. [Internet] Available from: https://www.ons.gov.uk/peopl
epopulationandcommunity/birthsdeathsandmarriages/lifeexpectancies/
datasets/nationallifetablesunitedkingdomreferencetables. 2024.

Ara R, Brazier JE. Populating an economic model with health state utility
values: moving toward better practice. Value Health. 2010;13(5):509-18.
Svedbom A, Borgstom F, Hernlund E, Strom O, Alekna V, Bianchi ML,

et al. Quality of life for up to 18 months after low-energy hip, vertebral,
and distal forearm fractures-results from the ICUROS. Osteoporos Int.
2018;29(3):557-66.

Kanis JA, Johansson H, Oden A, Harvey NC, Gudnason V, Sanders KM, et al.
Characteristics of recurrent fractures. Osteoporos Int. 2018;29(8):1747-57.
Tidermark J, Zethraeus N, Svensson O, Tornkvist H, Ponzer S. Femoral neck
fractures in the elderly: functional outcome and quality of life according
to EuroQol. Qual Life Res. 2002;11(5):473-81.

Gutierrez L, Roskell N, Castellsague J, Beard S, Rycroft C, Abeysinghe S,

et al. Study of the incremental cost and clinical burden of hip frac-

tures in postmenopausal women in the United Kingdom. J Med Econ.
2011;14(1):99-107.

Gutierrez L, Roskell N, Castellsague J, Beard S, Rycroft C, Abeysinghe S,

et al. Clinical burden and incremental cost of fractures in postmenopau-
sal women in the United Kingdom. Bone. 2012;51(3):324-31.


https://www.nice.org.uk/Guidance/CG146
https://www.nice.org.uk/Guidance/CG146
https://www.nogg.org.uk/full-guideline
https://www.fffap.org.uk/fls/flsweb.nsf/docs/DownloadFiles/$File/FLS-DB%202024%20annual%20report.pdf?openelement
https://www.fffap.org.uk/fls/flsweb.nsf/docs/DownloadFiles/$File/FLS-DB%202024%20annual%20report.pdf?openelement
https://www.fffap.org.uk/fls/flsweb.nsf/docs/DownloadFiles/$File/FLS-DB%202024%20annual%20report.pdf?openelement
https://www.rcplondon.ac.uk/projects/outputs/fls-db-annual-report-2023
https://www.rcplondon.ac.uk/projects/outputs/fls-db-annual-report-2023
https://www.ons.gov.uk/peoplepopulationandcommunity/birthsdeathsandmarriages/lifeexpectancies/datasets/nationallifetablesunitedkingdomreferencetables
https://www.ons.gov.uk/peoplepopulationandcommunity/birthsdeathsandmarriages/lifeexpectancies/datasets/nationallifetablesunitedkingdomreferencetables
https://www.ons.gov.uk/peoplepopulationandcommunity/birthsdeathsandmarriages/lifeexpectancies/datasets/nationallifetablesunitedkingdomreferencetables

Soreskog et al. BMC Musculoskeletal Disorders ~ (2025) 26:112 Page 14 of 14

40. Nanjayan SK, John J, Swamy G, Mitsiou K, Tambe A, Abuzakuk T. Predictors
of change in “discharge destination” following treatment for fracture neck
of femur. Injury. 2014;45(7):1080-4.

41. Jones K, Weatherly H, Birch S, Castelli A, Chalkley M, Dargan A, et al. Unit
costs of health and social care 2022 University of Kent 2022.

42. National Institute for Health and Care Excellence (NICE). NICE health tech-
nology evaluations: the manual PMG36. [Internet] ISBN: 978-1-4731-
5663-0. Available from: https://www.nice.org.uk/process/pmg36. 2022.

43. Royal College of Physicians (RCP). National Hip Fracture Database Annual
Report 2023 [Internet]. Available from: https://www.nhfd.co.uk/20/hipfr
actureR.nsf/docs/2023Report. London, England; 2024.

44, Stevenson MD, Davis SE, Kanis JA. The hospitalisation costs and out-
patient costs of fragility fractures. Women'’s Health Med. 2006;3(4):149-51.

45. DH/SC LG & CP directorate/Older People and Dementia. Fracture Preven-
tion Services: an economic evaluation. [Internet] Available from: 2009.

46. Mclellan AR, Wolowacz SE, Zimovetz EA, Beard SM, Lock S, McCrink
L, et al. Fracture liaison services for the evaluation and management
of patients with osteoporotic fracture: a cost-effectiveness evaluation
based on data collected over 8 years of service provision. Osteoporos Int.
2011,22(7):2083-98.

47. Shepstone L, Lenaghan E, Cooper C, Clarke S, Fong-Soe-Khioe R, Fordham
R, et al. Screening in the community to reduce fractures in older women
(SCOOP): a randomised controlled trial. Lancet. 2018;391(10122):741-7.

48. Turner DA, Khioe RFS, Shepstone L, Lenaghan E, Cooper C, Gittoes N,
et al. The cost-effectiveness of screening in the community to reduce
osteoporotic fractures in older women in the UK: economic evaluation of
the SCOOP study. J Bone Miner Res. 2018;33(5):845-51.

49. LiL, Severens JLH, Mandrik O. Disutility associated with cancer screening
programs: a systematic review. PLoS ONE. 2019;14(7):e0220148.

50. Manning F, Mahmoud A, Meertens R. Understanding patient views and
acceptability of predictive software in osteoporosis identification. Radiog-
raphy (Lond). 2023;29(6):1046-53.

51. National Health Service England. Diagnostic waiting times and activity.
Monthly diagnostics data February 2024. [Internet] Available from:
https://www.england.nhs.uk/statistics/statistical-work-areas/diagnostics-
waiting-times-and-activity. Operational Insights, NHS England, London
2024,

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in pub-
lished maps and institutional affiliations.


https://www.nice.org.uk/process/pmg36
https://www.nhfd.co.uk/20/hipfractureR.nsf/docs/2023Report
https://www.nhfd.co.uk/20/hipfractureR.nsf/docs/2023Report
https://www.england.nhs.uk/statistics/statistical-work-areas/diagnostics-waiting-times-and-activity
https://www.england.nhs.uk/statistics/statistical-work-areas/diagnostics-waiting-times-and-activity

	Exploring the potential cost-effectiveness and societal burden implications of screening for fracture risk in a UK general radiography setting
	Abstract 
	Background 
	Methods 
	Results 
	Conclusions 

	Introduction
	Purpose
	Methods
	Patient population
	Health economic model
	Comparator usual care
	Intervention IBEX BH strategy
	Fracture risk and treatment efficacy
	Treatment adherence and residual effect
	Mortality
	Quality of life
	Fracture and treatment cost data
	Analysis
	Cost-effectiveness
	Impact of opportunistic screening with IBEX BH on societal burden of osteoporosis


	Results
	Base case cost-effectiveness
	Sensitivity analysis
	Probabilistic sensitivity analysis
	Impact on societal burden

	Discussion
	Conclusion
	Acknowledgements
	References


