An observational cohort study to produce and evaluate an improved tool to screen older women with back

pain for osteoporotic vertebral fractures (Vfrac): Study protocol

Khera TKY", Burston A%, Davis S2, Drew S!, Gooberman-Hill R, Paskins Z3*, Peters TJ!, Tobias JH! & Clark EM?

1Bristol Medical School, Faculty of Health Sciences, University of Bristol, Bristol, UK.

2Health and Economics and Decision Science, University of Sheffield, Sheffield, UK.

3Arthritis Research UK Primary Care Centre, Research Institute for Primary Care and Health Sciences, Keele

University, Staffordshire, ST5 5BG, UK.

4Haywood Academic Rheumatology Centre, Midlands Partnership NHS Foundation Trust, Stoke-on-Trent, ST6

7AG, UK.

*Corresponding author: Dr Tarnjit K Khera; t.khera@bristol.ac.uk; 0117 4147860

ORCIDs:

T. K Khera: 0000-0003-0292-1199

A. Burston:

S. Davis: 0000-0002-6609-4287

S. Drew:

R. Gooberman-Hill: 0000-0003-3353-2882

Z. Paskins: 0000-0002-7783-2986

T. J. Peters: 0000-0003-2881-4180

J. H. Tobias:

E. M. Clark:

Acknowledgements:

This study was reviewed and approved by West of Scotland research ethics committee 3; ref: 18-WS-0061.

Arthritis Research UK (21507) are funding this study and University of Bristol is the sponsor.


mailto:t.khera@bristol.ac.uk
http://orcid.org/0000-0003-0292-1199
http://orcid.org/0000-0002-6609-4287

Conflicts of interest:

Tarnjit Khera, Amanda Burston, Sarah Davis, Sarah Drew, Rachael Gooberman-Hill, Zoe Paskins, Tim Peters, Jon

Tobias and Emma Clark declare that they have no conflict of interest.



Abstract

Purpose: People with osteoporotic vertebral fractures are important to identify as they are at relatively high
risk of further fractures. Despite this, less than a third of people with osteoporotic vertebral fractures come to
clinical attention, due to various reasons including lack of clear triggers to identify who should have diagnostic
spinal radiographs. This study aims to produce and evaluate a novel screening tool (Vfrac) for use in older
women presenting with back pain in primary care, based on clinical triggers and predictors identified

previously. This tool will generate a binary output to determine if a radiograph is required.

Methods: The Vfrac study is a two-site, pragmatic, observational cohort study recruiting 1633 women aged
over 65 years with self-reported back pain. Participants will be recruited from primary care in two sites. The
Vfrac study will use data from two self-completed questionnaires, a simple physical examination, a lateral

thoracolumbar radiograph and information contained in medical records.

Results: The primary objective is to develop an easy to use clinical screening tool for identifying older women

who are likely to have vertebral fractures.

Conclusions: This article describes the protocol of the Vfrac study; ISRCTN16550671.
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Mini abstract

The aim of this study is to produce an easy to use checklist for General Practitioners to complete whenever a
woman aged over 65 years with back pain seeks healthcare. This checklist will produce a binary output to

determine if the patient should have a radiograph to diagnose vertebral fracture.
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Background and rationale

Osteoporosis is estimated to affect 200 million women worldwide [1]. Osteoporotic fractures are strongly
associated with morbidity, especially in terms of pain and disability: out of the people who have had a fracture,
42% have chronic pain and 33% of these describe the pain as severe or unbearable [2]. People who are
hospitalised after a vertebral fracture (VF) have a higher mortality rate following fracture than those
hospitalised after a hip fracture [3]. Unlike mortality following a hip fracture, mortality after a VF rises
progressively after the event [3]. However, unlike hip fractures, most VFs do not require hospitalisation.
Furthermore, the socioeconomic burden of VF is not as well defined as that of hip fractures, in part because
the epidemiology of VFs is less well established as there is no universally accepted definition.

Only 25% of VFs result from falls, with the majority caused by daily activities such as bending
forwards, climbing stairs or lifting objects [4]. People with VFs have a reduced health-related quality of life that
is not solely a result of confounding by age, nor can it be fully explained by the presence of pain [5]. VF in older
people has an effect on everyday activities such as reducing their ability to get in and out of a car, lift objects
from the floor, walking a few blocks, climb up and down steps, reaching or extending their arms above
shoulder level, prepare meals and do the shopping [6]. VFs can also deprive people of their social support
because their physical and functional capabilities have been limited [7]. The presence of VFs increases the risk
of subsequent fractures, especially further vertebral or hip fractures [8], although there are medications
available to reduce this risk [9-11]. Despite this, less than a third of people with osteoporotic VFs come to
clinical attention [12], due to a variety of reasons including lack of clear clinical triggers to identify who should
have diagnostic spinal radiographs.

We previously carried out a cross-sectional study of 509 older women from primary care, identifying
four clinical triggers that could be combined in a simple tool to determine who should have spinal radiographs
to identify undiagnosed osteoporotic VFs: height loss, back pain, previous fracture as an adult and rib-to-pelvis
distance [13]. A cut-off from the regression equation was subsequently selected which identified all women
with more than one VF and half of those with one VF. A large randomised controlled trial (RCT) of this
screening tool, Cohort for skeletal health in Bristol and Avon (COSHIBA), was then undertaken in a primary
care population of unselected women aged over 65 years [14]; 3200 women were recruited. Allocation to the

screening arm approximately doubled prescription of osteoporosis medications at 6 months follow-up.



However, preliminary cost-effectiveness modelling suggested a cost-per-QALY of £30,000, making it unlikely
that this would be cost-effective from the National Health Service (NHS) perspective in this setting, in the UK.
This was mainly because of a low prevalence of VFs in this unselected population. A key finding from the
National Osteoporosis Society into the realities of life with osteoporosis was that 58% of people with VFs have
long-term back pain [15]. Therefore, we carried out a case-control study to look more specifically at the
population of women aged over 60 years with back pain [16] to identify self-reported characteristics of pain
that might help predict who has osteoporotic VFs. This study identified novel independent predictors of VF
including shorter duration of back pain, pain described as crushing, pain improving on lying down and pain not
spreading down legs. Area under the curve (AUC) statistics for the combination of these factors to identify
women with VFs was 0.85 (95%CI 0.79 to 0.92). Therefore, self-reported pain descriptives may identify people
with back pain who have a vertebral fracture [16-18]. The Vfrac study combines the original COSHIBA
screening tool with the newly identified pain descriptors (McGill questionnaire and new qualitative focus
group work). Only women over 65 years with self-reported back pain will be eligible for this study. The aim of
Vfrac is to produce and evaluate an improved screening tool (Vfrac) for use in older people presenting to

primary care with back pain.

The need for this study

The National Institute for Health and Care Excellence (NICE) guidelines CG146 [19] state the
requirement for a study based in primary care to assess which people are at high risk of fracture. The Arthritis
Research UK metabolic bone disease musculoskeletal trauma clinical studies group strategy suggested studies
of new methods of detection of vertebral fractures and their effects on quality of life as one of their five
focuses [20]. Furthermore, patients with osteoporosis and fracture identified earlier identification of
osteoporosis as a top 2 research priority in a UK study of 1188 patients [21].

If Vfrac is deemed to be cost-effective, national implementation of Vfrac in primary care and local
Fracture Liaison Services is likely to identify more of the currently undiagnosed older women with osteoporotic
VFs, who have one of the highest risks of future fracture [22, 23], and will allow reduction in future fracture

risk by approximately 50% after intervention [24].

Primary aim



The aim of this Arthritis Research UK funded study (ref: 21507) is to produce and evaluate an improved tool

(Vfrac) to screen older women with back pain for osteoporotic vertebral fractures.

Design and Methods

Outline

The Vfrac study is a multi-centre, pragmatic, observational cohort study with data collection at
baseline and 3 months follow-up. Baseline data collection is by self-report, physical examination at a research
clinic plus spinal radiograph. Data collection at follow-up is by self-report and from GP electronic records.

Table 1 shows the timeline for the study.

A total of 1633 women aged over 65 years will be recruited via primary care from two sites within England —
Bristol and Stoke-on-Trent. Potential participants will be asked for their consent via post and asked to fill in a
baseline questionnaire containing items on demographics, socio-economic status, traditional risk factors for
osteoporosis, back pain, quality of life, medication use, healthcare utilisation and comorbidity. Upon the study
team’s receipt of the completed baseline questionnaire and consent form an appointment will be made for the
participant to have a physical examination in secondary care followed by a lateral thoracolumbar radiograph
performed using standard NHS standard operating procedure on the same day. Before the physical
examination, the participant will be asked, in person, to sign another consent form. In this consent process
they will be asked if they to agree to the physical examination and radiograph. The radiograph report will be
sent to the participant’s General Practitioner (GP) as if the GP had ordered the radiograph. The GP practices
will be given a guidance document upon recruitment, providing information on recommended pathway for
patients with a vertebral fracture. This advice has been taken from the North Bristol NHS Trust guidance for GP

practices within BSSG CCG (Figure 1). The first step in this guidance is an x-ray to confirm VF.

A copy of the radiograph and the report will also be sent to the chief investigator for research analysis after
identifying information has been removed. Three months after the radiograph, the participant will be asked to
complete a follow-up questionnaire, containing questions about whether results of the spinal radiograph were
communicated to the patient, whether they started on any new medication, and whether they have been
referred to any healthcare service, e.g. physiotherapy, and quality of life. Data collection from the participants’

GP electronic records will also be conducted at this time. This will comprise extraction of information about



current medication, number of contacts with healthcare practitioners, whether results of the radiograph are
recorded in the notes and concomitant illnesses. The end of study will be the date of receipt of the last follow-
up questionnaire of the last patient. The study flowchart is provided in Figure 2.

The primary objective is to develop a clinical screening tool for identifying older women with back
pain who are likely to have VF. The output will be a simple clinical checklist of self-reported data and data from
the physical examination which will produce a binary assessment of: (1) Yes — this person needs a spinal
radiograph; or (2) No radiograph needed. The primary evaluative measure will be the accuracy of the Vfrac

tool as represented by the sensitivity and specificity of >80%.

Study participant selection
General Practices will be recruited from Bristol (9) and Stoke-on-Trent (16) areas. Practices will be recruited
after an open call in the order they express an interest in the study until the number of participants target is

reached at each site. The following entry criteria will be used for participants:

Inclusion: Participant is willing and able to give informed consent for participation in the study, female, over 65

years and with self-reported back pain (via baseline questionnaire) in the previous four months.

Exclusion: Male, 65 years or under, no self-reported back pain (via baseline questionnaire) in the previous four
months, has already had a full spinal x-ray in the previous 4 months or considered unsuitable to take part by

their GP (e.g. cognitive impairment, near end of life or recently bereaved).

Sample size

The sample size is based on the following assumptions:

e A prevalence of VFs between 12% and 20%, based on data from the European Vertebral Osteoporosis
Study (EVOS) [12]. This is based on the general population of women under 65 years and is therefore
likely to be lower than the true prevalence of VFs in older women with back pain.

e A margin of error (that is, the half-width in 95% confidence intervals of sensitivity or specificity) of 5%

e A sensitivity and specificity of the Vfrac tool between 80-95%



Table 2 shows the range of samples sizes according to prevalence of VFs and sensitivity or specificity of the
Vfrac tool; we will aim for a sample size of 1633. This sample size will be large enough to encompass any

specificity of Vfrac as sample sizes required for specificity are much lower.

Recruitment

Recruitment will be from the community via primary care. Women over 65 years who can give
informed consent and are not found to be unsuitable for the study by their GP (e.g. are not house bound) will
be sent study invitation packs. The invitation pack will contain an invitation letter signed by the potential
participant’s GP, the participant information sheet, two copies of the first consent form and the baseline
guestionnaire. The invitation packs will be sent to the potential participants by their own General. The
invitation pack will make it clear that the study wishes to include women over 65 years who have had back
pain in the previous 4 months, even if they have had back pain for more than four months. Reminder letters

will be sent after 4-6 weeks if no response is initially received.

Participants willing to participate will be asked to complete the baseline questionnaire and one copy
of the consent form, returning these to the researchers using a prepaid envelope. The consent form will
contain a section for the participant to supply us with their title, name, address, phone number, email address

and contact preferences.

Upon receipt, the completed consent form and baseline questionnaire will be checked by a study
researcher. The first question in the baseline questionnaire is a screening question: “have you had back pain in
the previous 4 months?”. If the participant has answered “no”, then they are not eligible for the study and will
be sent a thank you letter. If a potential participant is eligible, they will be booked in for a physical examination
and spinal radiograph. A research administrator will phone the participant to make the appointment after
ensuring the participant is willing to continue taking part in the study and has not had a full spinal radiograph
in the previous four months. Participants will be asked to give written face-to-face consent for the physical

examination and the radiograph at the research clinic.

Each participant has the right to withdraw from the study at any time. If any participant loses capacity

during the study, they will be withdrawn but their data to date kept.



Follow-up

Follow-up will occur three months after the spinal radiograph via post and through data collection
from GP electronic records. The participants will receive a follow-up questionnaire and cover letter. If there is
no reply after 2-3 weeks, the participant will receive another follow-up questionnaire and reminder cover

letter.

Data Collection and Analysis
Data collection will occur at baseline via self-report, a physical examination at a research clinic and spinal

radiograph, and at follow-up via self-report and through GP electronic records.

The items in the questionnaires were chosen based on literature review and previously published work

[13, 14, 16]. The questionnaires will contain the following items:

e Margolis pain diagrams [25] at baseline

e PHQ-9 [26] at baseline and follow-up

e  PainDETECT [27] at baseline

e  FRAX [28] clinical risk factors only at baseline

e Q-Fracture [29] at baseline

e Diagnosis of osteoporosis at baseline and follow-up (‘have you ever been diagnosed with osteoporosis
(brittle bones)?’; ‘approximate date of diagnosis’)

e Traditional risk factors of osteoporosis at baseline

e EQS5D-5L [30] at baseline and follow-up

e |CECAP-O [31] at baseline and follow-up

e Items based on focus group work with patients with VFs and based on the McGill Pain questionnaire
[16, 18] at baseline

e Descriptions of pain deemed important during focus group work (REC reference number16/NS/0110)
at baseline

e Use of pain medication at baseline and follow-up



e  Current prescription drugs and over the counter medication/remedies/supplements at baseline and
follow-up
e Use of healthcare services at baseline and follow-up

e  Whether results of the radiograph were communicated to the patient at follow-up

During the research clinic, the following information will be collected: height (stand-alone stadiometer),
weight, chest expansion, rib-to-pelvis distance, wall-tragus distance and waist circumference. To calculate
height loss we will be relying on the participant to know how tall they were at 25 years. In the baseline
guestionnaire, the participants are asked ‘how tall were you at aged 25?' and ‘how tall are you now?’ These
data were chosen based on literature review and previous published research[13, 14, 16]. The Vfrac study
Chief Investigator will have access to all spinal radiographs with the study ID number as the only identifying

feature.

Objectives and outcome measures

(1) To develop a clinical screening tool for identifying older women with back pain who are likely to have VFs.
The output of this aim is a simple clinical checklist likely to consist of self-reported data and data from physical
examination. The primary evaluative measure will be the accuracy of the Vfrac tool as represented by the
sensitivity and specificity. The aim is for a sensitivity and specificity of >80% to justify subsequent evaluation in
a definitive trial. Data from the baseline questionnaire, the physical examination and spinal radiograph will be

used.

(2) To produce an online version of the combined predictors for easy use as a clinical tool (Vfrac) to identify
which older women with back pain are likely to have a VF and therefore need a radiograph. The output of this

aim is a web-based online version of the clinical checklist (see primary objective).

(3) To model the cost-effectiveness of Vfrac based on follow-up of the participants to identify if a future
definitive cluster randomised controlled trial is appropriate. The output of this aim will be an estimate of likely
cost-effectiveness and a list of sources of variation that can be tested in a pilot as part of a future application

for funding. Data at follow-up by self-report plus from GP electronic records will be used.
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Analysis of outcome measures — vertebral fractures

All spinal radiographs will be analysed by a trained clinician researcher for the presence of VFs using the
Algorithm-Based Qualitative (ABQ) approach [32]. Images that are difficult to interpret via the ABQ method or
using automated QM will be viewed by the trained clinician researcher (EC) and a spinal radiologist and
consensus reached. In ABQ, diagnosis of osteoporotic fracture assumes that these fractures always involve the
endplate within the vertebral ring. This method recognises that short vertebral height is not always due to
fracture [33], but may be developmental or degenerative in origin. As such, the ABQ is felt to be more specific
for true VF, particularly mild deformities, and avoids the high false-positive rate of quantitative morphometry
(QM) [34]. In addition, QM [35] will also be used to identify VFs as this method is available within automated
software for analysis of spinal radiographs and has the potential to become more commonly used within the

NHS. However, QM is less specific and is associated with an increased number of false positives.

Analysis - Developing the clinical tool

Data from the questionnaires and physical examination will be linked to those from the analysis of
spinal radiographs for the presence/absence of vertebral fractures. The first step will be univariable analyses
to identify associations between risk factors and presence of VFs. Multiple logistic regression analyses will be
performed with the aim of identifying clinical risk factors that are independently predictive of presence of VF.
All likely contenders from the univariable analysis will be included, with variables deleted in a backwards
fashion whilst considering aspects such as clinical interpretation and associations between the variables,
rather than relying on a simple automated basis. For example, once a final model is obtained, all deleted
variables will be checked one by one to confirm they did not contribute further. Hence, the number of
variables to be considered in the multivariable modelling has not been pre-specified (on, for instance, an
events per variable threshold), but the analyses will be structured, including considering variables in cognate
groups, so that it is unlikely that any one model will involve more than 6-10 variables [36]. Separate analyses
will then be performed to identify a cut-off to predict one or more VFs and more than one VF. Sensitivity and
specificity of the pre-determined threshold will be calculated using standard techniques, comparing against

the gold standard of identification of VFs from radiographs by the Chief Investigator using the ABQ method.
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Secondary analyses will involve calculating the AUC to measure discriminative ability. To provide an
estimate of the validity of the predictive models, 200 bootstrap samples of the original dataset will be derived
(each bootstrap sample will be generated by randomly sampling from the original dataset with replacement
505 times). Logistic regression will then be performed on each bootstrap sample using the same set of
predictor variables as in the final model, and the regression coefficients and AUC calculated. Each set of
bootstrap sample coefficients will then be used to calculate AUC for the original dataset. The difference
between these estimates will be used to evaluate the extent to which the discriminative ability of our final

model decreases when applied to other random samples [37].

Analysis — Modelling cost-effectiveness

Ideally, the presence of an osteoporotic VF will result in formal assessment of future fracture risk and
prescription of medications such as bisphosphonates. Follow-up data will allow identification of patient
pathways after patients have received their spinal radiograph. This will allow estimation of the number of
older women receiving new bisphosphonate (or other anti-osteoporosis medications) prescriptions and
whether they had any further investigations (such as a DEXA scan) or additional primary care contacts,
including physiotherapy, after their radiograph. A modelling approach will be used to estimate the cost-per-
quality adjusted life year (QALY) if Vfrac is implemented in the NHS. The EQ-5D data collected during this study
will provide a baseline QALY for older women with back pain in the UK, as these data are not currently
available. Data from the literature will be used to model the likely difference in change in QALYs between any
future control and intervention arms. These will be based upon estimated changes in QALYs including, for
example, due to age, occurrence of osteoporotic fracture, management of back pain and prescription of

medications for osteoporosis.

Without a randomised element, it is not possible to measure the proportion of women going on to
get the correct diagnosis of VF and appropriate treatment in the absence of the Vfrac tool. It is therefore
necessary to explore alternative scenarios using expert opinion. Opinion of experts in the fields of primary
care, osteoporosis and care of the elderly will be obtained on likely patient pathways in the absence of Vfrac.
Interviews and group discussions will be undertaken with physicians, surgeons, GPs and Allied Health

Professionals in the fields of primary care, osteoporosis and care of the elderly over a six month period will
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provide an estimation of each likely step in the treatment pathway of women with back pain occurring in the

absence of Vfrac including to to estimate costs of any adverse effects of medications.

As individual level data will be available, the uncertainty (variance) of our cost-effectiveness analysis
will be estimated via a probabilistic uncertainty approach using Monte Carlo Simulations in combination with
non-parametric bootstrapping techniques, where appropriate. The quality and validity of the cost-
effectiveness model will be ensured by: (1) basing the structure of the model on previous cost-effectiveness
models in the field of osteoporosis; (2) ensuring inputs to the model are valid; (3) ensuring modelling is
appropriated to the future decision-making context of Vfrac (that is, from the NHS perspective and tailored to

CCGs); and (4) the uncertainty (variance) is clearly identified so it can be tested in any future pilot study.

Access to data

Direct access will be granted to authorised representatives from the Sponsor and host institution for
monitoring and/or audit of the study to ensure compliance with regulations. Patients will be asked for
permission to share anonymised data beyond the immediate project team. The data will be deposited at the
University of Bristol Research Data Repository (as controlled data). A metadata record will be published openly

by the repository and this record will clearly state how data can be accessed.

Quality Assurance Procedures

The study will be monitored, or audited in accordance with the current approved protocol, Good
Clinical Practice, relevant regulations and standard operating procedures of the sponsor. A Vfrac study Steering
Committee, with terms of reference as per the funder’s guidelines, and will meet twice per year between 1%

January 2018 — 30%" June 2021. The. The Vfrac management team will meet monthly.

Ethical and regulatory considerations
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The Investigator will ensure that this study is conducted in accordance with the principles of the
Declaration of Helsinki. The Chief Investigator will ensure that this study is conducted in accordance with

relevant regulations and with Good Clinical Practice.

Publication Policy
Upon study completion, a report will be prepared for the funding body. The results will be published
in peer-reviewed journals and presented at scientific meetings. Arthritis Research UK and the University of

Bristol’s open access policies for publication of peer-reviewed papers will be followed.

The Chief Investigator and co-applicants will be involved in reviewing drafts of the manuscripts,
abstracts, press releases and any other publications arising from the study. Authors will acknowledge that the
study was funded by Arthritis Research UK. Authorship will be determined in accordance with the ICMJE

guidelines and other contributors will be acknowledged.

A poster summarising the results will be sent to all GPs involved with the study to display in their
waiting area. Any patients who give us their email address will be sent a copy of this poster. A summary of the
results will also be posted on the study webpage: http://www.bristol.ac.uk/translational-health-

sciences/research/musculoskeletal/rheumatology/research/vfrac-study.html

Conclusion

If successful, this planned cohort study will result in a simple checklist ready for testing within the NHS
to identify which older women with back pain should have a spinal radiograph as they are at high risk of having
a VF. Correct identification of women with VFs will allow them to have medications and other treatments to
reduce their risk of future fracture by half [24]. This is likely to have substantial impacts on both NHS
healthcare costs (by reducing hip fracture costs, for example) as well as improving quality of life for older

people.

[3744 words]

14



References:

1. International Osteoporosis Foundation Facts and Statatistics.
https://www.iofbonehealth.org/facts-statistics#category-22 Accessed 14/05/2018

2. National Osteoporosis Society The Osteoporosis Agenda, England. National Osteoporosis
Society,

3. J. A. Kanis, A. Oden, O. Johnell, C. De Laet and B. Jonsson (2004) Excess mortality after
hospitalisation for vertebral fracture. Osteoporos Int 15:108-112

4, C. Holroyd, C. Cooper and E. Dennison (2008) Epidemiology of osteoporosis. Best Pract Res
Clin Endocrinol Metab 22:671-685

5. U. A. Al-Sari, J. Tobias and E. Clark (2016) Health-related quality of life in older people with

osteoporotic vertebral fractures: a systematic review and meta-analysis. Osteoporos Int 27:2891-
2900

6. U. A. Al-Sari, J. H. Tobias and E. M. Clark (2018) Self-reported everyday physical activities in
older people with osteoporotic vertebral fractures: a systematic review and meta-analysis.
Osteoporos Int 29:19-29

7. D. T. Gold (1996) The clinical impact of vertebral fractures: quality of life in women with
osteoporosis. Bone 18:185S5-189S
8. C. M. Klotzbuecher, P. D. Ross, P. B. Landsman, T. A. Abbott, 3rd and M. Berger (2000)

Patients with prior fractures have an increased risk of future fractures: a summary of the literature
and statistical synthesis. J Bone Miner Res 15:721-739

9. S. Boonen, R. F. Laan, |. P. Barton and N. B. Watts (2005) Effect of osteoporosis treatments
on risk of non-vertebral fractures: review and meta-analysis of intention-to-treat studies.
Osteoporos Int 16:1291-1298

10. J. A. Kanis, E. V. McCloskey, H. Johansson, C. Cooper, R. Rizzoli, J. Y. Reginster, C. Scientific
Advisory Board of the European Society for, O. Economic Aspects of, Osteoarthritis and F. the
Committee of Scientific Advisors of the International Osteoporosis (2013) European guidance for the
diagnosis and management of osteoporosis in postmenopausal women. Osteoporos Int 24:23-57
11. N. B. Watts (2003) Efficacy of teriparatide and alendronate on nonvertebral fractures. J Clin
Endocrinol Metab 88:1402-1403; author reply 1403

12. T. W. O'Neill, D. Felsenberg, J. Varlow, C. Cooper, J. A. Kanis and A. J. Silman (1996) The
prevalence of vertebral deformity in european men and women: the European Vertebral
Osteoporosis Study. J Bone Miner Res 11:1010-1018

13. J. H. Tobias, A. P. Hutchinson, L. P. Hunt, E. V. McCloskey, M. D. Stone, J. C. Martin, P. W.
Thompson, T. G. Palferman and A. K. Bhalla (2007) Use of clinical risk factors to identify
postmenopausal women with vertebral fractures. Osteoporos Int 18:35-43

14, E. M. Clark, V. Gould, L. Morrison, A. E. Ades, P. Dieppe and J. H. Tobias (2012) Randomized
controlled trial of a primary care-based screening program to identify older women with prevalent
osteoporotic vertebral fractures: Cohort for Skeletal Health in Bristol and Avon (COSHIBA). ] Bone
Miner Res 27:664-671

15. N. O. Society (2014) Life with Osteoporosis: The untold story.

16. E. M. Clark, R. Gooberman-Hill and T. J. Peters (2016) Using self-reports of pain and other
variables to distinguish between older women with back pain due to vertebral fractures and those
with back pain due to degenerative changes. Osteoporos Int 27:1459-1467

17. E. M. Clark, S. R. Cummings and J. T. Schousboe (2017) Spinal radiographs in those with back
pain-when are they appropriate to diagnose vertebral fractures? Osteoporos Int 28:2293-2297

18. R. Melzack (1975) The McGill Pain Questionnaire: major properties and scoring methods.
Pain 1:277-299

19. N. I. 0. C. Excellence (2012) Osteoporosis assession the risk of fragility fracture [CG146].
20. ARUK (2016) Clinical Studies Group Strategy.

15


https://www.iofbonehealth.org/facts-statistics#category-22

21. Z. Paskins, C. Jinks, W. Mahmood, P. Jayakumar, C. B. Sangan, J. Belcher and S. Gwilym
(2017) Public priorities for osteoporosis and fracture research: results from a general population
survey. Arch Osteoporos 12:45

22. A. A. Ismail, W. Cockerill, C. Cooper, et al. (2001) Prevalent vertebral deformity predicts
incident hip though not distal forearm fracture: results from the European Prospective Osteoporosis
Study. Osteoporos Int 12:85-90

23. S. Kaptoge, G. Armbrecht, D. Felsenberg, M. Lunt, T. W. O'Neill, A. J. Silman, J. Reeve and E.
S. Group (2004) When should the doctor order a spine X-ray? Identifying vertebral fractures for
osteoporosis care: results from the European Prospective Osteoporosis Study (EPOS). J Bone Miner
Res 19:1982-1993

24, S. Maraka and K. A. Kennel (2015) Bisphosphonates for the prevention and treatment of
osteoporosis. BMJ 351:h3783

25. R. B. Margolis, R. C. Tait and S. J. Krause (1986) A rating system for use with patient pain
drawings. Pain 24:57-65

26. K. Kroenke, R. L. Spitzer and J. B. Williams (2001) The PHQ-9: validity of a brief depression
severity measure. J Gen Intern Med 16:606-613

27. R. Freynhagen, R. Baron, U. Gockel and T. R. Tolle (2006) painDETECT: a new screening
guestionnaire to identify neuropathic components in patients with back pain. Curr Med Res Opin
22:1911-1920

28. J. A. Kanis, E. V. McCloskey, H. Johansson, A. Oden, O. Strom and F. Borgstrom (2010)
Development and use of FRAX in osteoporosis. Osteoporos Int 21 Suppl 2:5407-413

29. J. Hippisley-Cox and C. Coupland (2012) Derivation and validation of updated QFracture
algorithm to predict risk of osteoporotic fracture in primary care in the United Kingdom: prospective
open cohort study. BMJ 344:e3427

30. M. F. Janssen, A. S. Pickard, D. Golicki, C. Gudex, M. Niewada, L. Scalone, P. Swinburn and J.
Busschbach (2013) Measurement properties of the EQ-5D-5L compared to the EQ-5D-3L across eight
patient groups: a multi-country study. Qual Life Res 22:1717-1727

31. J. Coast, T. N. Flynn, L. Natarajan, K. Sproston, J. Lewis, J. J. Louviere and T. J. Peters (2008)
Valuing the ICECAP capability index for older people. Soc Sci Med 67:874-882

32. G. Jiang, R. Eastell, N. A. Barrington and L. Ferrar (2004) Comparison of methods for the
visual identification of prevalent vertebral fracture in osteoporosis. Osteoporos Int 15:887-896

33. L. Ferrar, G. Jiang, G. Armbrecht, D. M. Reid, C. Roux, C. C. Gluer, D. Felsenberg and R. Eastell
(2007) Is short vertebral height always an osteoporotic fracture? The Osteoporosis and Ultrasound
Study (OPUS). Bone 41:5-12

34, L. Ferrar, G. Jiang, J. T. Schousboe, C. R. DeBold and R. Eastell (2008) Algorithm-based
gualitative and semiquantitative identification of prevalent vertebral fracture: agreement between
different readers, imaging modalities, and diagnostic approaches. ] Bone Miner Res 23:417-424

35. H. K. Genant, C. Y. Wu, C. van Kuijk and M. C. Nevitt (1993) Vertebral fracture assessment
using a semiquantitative technique. J Bone Miner Res 8:1137-1148

36. W. Hamilton, T. J. Peters, C. Bankhead and D. Sharp (2009) Risk of ovarian cancer in women
with symptoms in primary care: population based case-control study. BMJ 339:b2998

37. F. E. Harrell, Jr., K. L. Lee and D. B. Mark (1996) Multivariable prognostic models: issues in
developing models, evaluating assumptions and adequacy, and measuring and reducing errors. Stat
Med 15:361-387

16



Table 1: Vfrac study timeline

2017 2018 2019 2020 2021
Pre- Jan- | Apr- | Jul- | Oct- | Jan- | Apr- | Jul- | Oct- | Jan- | Apr- | Jul- | Oct- | Jan- | Apr-
funding | Mar | Jun | Sep | Dec | Mar | Jun | Sep | Dec | Mar | Jun | Sep | Dec | Mar | Jun
Ethics, research governance and other approvals; ° ° °
staff recruitment
Recruitment of general practices ° ° Y
Recruitment of patients Py Py PY PY PY Py PY
Data collection: Self-report (baseline questionnaire) ° ° Y Y Y ° Y Y
and physical examination
Spinal radiographs ° ° P P P ° P P
Statistical analysis PY °
Generate web-based Vfrac tool ° °
Identification of stopping rules for future definitive ° °
trial
Follow-up of patients having x-rays (follow-up ° P P P Y P P P °
questionnaire and medical records download)
Modelling cost-effectiveness ° ° Y
Dissemination, and preparation of future pilot ° °® PY PY °®

application
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Table 2: Calculation showing range of sample sizes according to prevalence of vertebral fractures

and sensitivity (A) or specificity (B) of the Vfrac tool

Prevalence of vertebral fractures

Sensitivity [P 15% Specificity
80% 2050 1640 1230 280 289 308 80%
85% 1633 1306 980 232 231 245 85%
90% 1159 927 695 158 164 174 90%
95% 609 487 365 83 86 92 95%
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Figure 1: Management of a patient with an osteoporotic vertebral fracture
Note: (Manage patients according to this pathway provided they have no recent history of significant back
trauma, no red-flag clinical features to suggest alternative diagnoses such as malignancy, and are at risk of
osteoporosis (e.g. FRAX score amber or red — see http://www.shef.ac.uk/FRAX/tool.isp)
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http://www.shef.ac.uk/FRAX/tool.jsp

Figure 2: Study flowchart
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