Bone densitometry worldwide: a global survey by the ISCD and IOF
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Abstract
Purpose
Whilst the use of dual-energy x-ray absorptiometry (DXA) has been widely adopted worldwide for the assessment of bone mineral density, the quality of DXA facilities is unknown. To address this, a global survey of Fracture Liaison Services (FLS) was conducted by the International Society for Clinical Densitometry (ISCD) and the International Osteoporosis Foundation (IOF) to assess the quality of their DXA facilities.

Methods
A questionnaire for the accessibility and quality of DXA services was co-created by representatives of the ISCD and the IOF and made available to institutions who participated in the Capture the Fracture Best Practice Framework. From a list of 331 contacted invitees, 124 FLS centres responded; analyses were based on 121 centres with suitable data.

Results
Over 70% of institutions reported that, for over 90% of the time, DXA access met service needs and the scanning/reporting quality was perceived as excellent. However, 25% of DXA facilities reported not being accredited by a professional/governmental organisation and adherence to some basic DXA quality assurance and reporting procedures was confirmed by <50% of services. Importantly, in excess of 50% of institutions stated that they desired ongoing education in osteoporosis and DXA for operators and interpreters.

Conclusion
There is significant variability in the access to and quality of DXA services for established FLS worldwide. Despite two decades of training initiatives in osteoporosis densitometry, many centres are falling short of the standards of the IOF-ISCD Osteoporosis Essentials criteria.
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Mini-abstract
In a global survey of fracture liaison services, most reported that DXA access met needs. However, adherence to basic DXA quality and reporting procedures was confirmed by only around 50% of institutions and many required education for operators/interpreters. Overall, there is significant variability in the access to, and quality of, DXA services worldwide.
Introduction
Osteoporosis is a major public health problem worldwide with approximately 8.9 million osteoporotic fractures occurring annually [1]. Osteoporotic fractures are associated with morbidity, mortality and significant economic costs; the economic burden associated with osteoporotic fractures was estimated at €37.4 billion in the European Union in 2010 [2].
Dual-energy x-ray absorptiometry (DXA) has been a widely adopted technology since 1987 for the assessment of bone mineral density (BMD). The World Health Organisation (WHO) operational definition of osteoporosis is based on a DXA measurement of BMD at least 2.5 standard deviations below the mean of a young adult reference population (T-score ≤ -2.5). Fracture risk is estimated to approximately double for every standard deviation decrease in BMD [3]. However, a higher total number of fragility fractures occur in individuals with BMD values above the threshold for osteoporosis diagnosis, resulting in under-treatment if BMD alone was used to determine treatment thresholds. Therefore, a clinical diagnosis of osteoporosis based on the occurrence of low trauma fractures and the use of clinical risk factors to enhance fracture risk prediction [4, 5] has developed in recent years. 
Osteoporosis has been referred to as the silent epidemic [6] - silent because osteoporosis and bone fragility is asymptomatic prior to a fracture. As a consequence, osteoporosis often receives less attention from governments and healthcare providers when compared to other chronic non-communicable diseases worldwide [7]. The effectiveness of an individual nation at assessing and treating osteoporosis is greatly influenced by their policy on access to, and quality of, their DXA services. For example, an audit conducted by the International Osteoporosis Foundation (IOF), looking at access and reimbursement for osteoporosis assessment and treatment in Asia Pacific, found that whilst Australia, Hong Kong, Japan, New Zealand, Republic of Korea and Singapore were well resourced with 12-24 DXA machines per million of population, China, India, Indonesia, Pakistan, Philippines, Sri Lanka and Vietnam had less than 1 DXA machine per million [8]. An audit conducted by the IOF in conjunction with the European Federation of Pharmaceutical Industry Associations (EFPIA), looking at DXA provision in the European Union, found that Austria, Belgium, Cyprus, Denmark, Finland, France, Germany, Greece, Italy, Portugal and Slovenia had at least 11 DXA machines per million (previously estimated to be the minimum number required for adequate osteoporosis care [9]); however, 9 countries were found to have very inadequate provision (Bulgaria, Czech Republic, Hungary, Latvia, Lithuania, Luxembourg, Poland, Romania and the UK) [2]. The Latin America Regional Audit, published by the IOF in 2012, found the Latin American countries with the best access to DXA were Brazil and Chile with 10 DXA machines per million, while other countries ranged from 0.9 to 6.7 per million [10]. In North America, it has been estimated that a reduction in the number of DXA scans available in the office setting has resulted in a fall in the number of DXA providers and more than 1 million fewer DXA scans performed per annum [11].
Although variation in the access to DXA services worldwide has been reported, aspects of DXA quality at facilities are largely unknown. There is also reason to believe that suboptimal DXA testing and reporting is common and may adversely affect patient care [12-15]. To address this, in collaboration with the International Society for Clinical Densitometry (ISCD), the International Osteoporosis Foundation (IOF) invited Fracture Liaison Services (FLS) to participate in a survey assessing the access to, and quality of, their DXA facilities and DXA reporting. This report outlines the findings of this survey.

Methods
Representatives of the ISCD and IOF developed and refined the DXA access and quality survey using: educational content from the IOF / ISCD joint international course Osteoporosis Essentials (https://www.osteoporosis-essentials.org); ISCD-established Official Positions and Best Practices; and experience with ISCD’s Facility Accreditation Program [12]. Formatting for the survey followed a rubric familiar to FLS sites. The IOF contacted FLS sites participating in Capture the Fracture® (a global campaign to facilitate the implementation of coordinated, multi-disciplinary models of care for secondary fracture prevention) regarding completion of the online survey formatted and distributed using SurveyMonkey). FLS centres were contacted in November 2018 with a reminder message circulated in December 2018. From a list of 331 contacted invitees, 124 FLS centres responded. Three centres answered only one question and provided no other details, and their data were excluded. Therefore, the responses from 121 centres were used for analysis in this report.
The questions asked and additional variables derived are included in Appendix 1 (Online Resource), separated into two parts (Part I: FLS Service, Part II: DXA Service Provider). Responses to multiple choice questions from FLS were described using frequencies and percentages and presented in Appendix 2 (Online Resource). Missing responses were not used in the calculation of percentages. The number of missing responses for each question is shown in Appendix 3 (Online Resource). Key results are presented graphically in figures with the corresponding question number indicated in brackets in the title of the figure.

Results
FLS from 31 countries and all inhabited continents were included in the analysis sample (Fig. 1). The country and continent with the highest number of FLS represented were Spain (n=25) and Europe (n=58), respectively.
In total, 80% of FLS had access to DXA within the institution with the remainder having access to DXA outside the institution. Overall, 50% of FLS stated that they requested DXA for new patients regularly (over 90% of the time); the proportion of FLS regularly requesting DXA to monitor therapy in treated patients <75 years and ≥75 years was 52% and 44% respectively. Although, 83% said they performed DXA at specific intervals for patients initiating treatment, the length of the DXA testing intervals varied substantially between FLS. 
DXA access met service needs over 90% of the time for 71% of FLS, and DXA services (scanning and reporting) were reported as excellent over 90% of the time for 74% of FLS (Fig. 2). The quality of a DXA report was only questioned weekly or daily among 12% of FLS. Only 45% said their facilities had been accredited by a professional or governmental organisation, with 30% not knowing.
In total, 72% stated that they designated operators as supervisors of DXA activities; 59% confirmed that they required ongoing education in osteoporosis or DXA for operators; and 61% confirmed this requirement for interpreters. A facility-specific standard operating procedures manual was used in 69% of FLS (22% not knowing) with 72% of services stating that the manufacturer’s operations manual was immediately available in the DXA suite. A high proportion of FLS were unaware how often machine calibration was assessed with a phantom or how often phantom values were plotted and reviewed for shifts (sudden decline in machine accuracy/precision) and drift (gradual decline in machine accuracy/precision). However, most that were aware reported a regular occurrence of these activities (Fig. 3). Overall, 58% of FLS had numerical quality assurance rules for acceptable DXA machine performance with 35% not knowing.
The use of questionnaires to gather patient information was common. For example, 82% of FLS used questionnaires; 59% used a standardised questionnaire to gather clinical patient information over 90% of the time (Fig. 4). Of those using questionnaires, the majority of FLS included questions about the following: indications for DXA scans (76%); clinical risk factors for fracture risk calculations (89%); use of bone-detrimental medications (83%); fracture history (94%); and treatment with osteoporotic medications (90%). The most common primary source for collecting the DXA questionnaire responses was the technologist who collected the information at the time of scan or validated patient-supplied data (31%), followed by the patient (26%) and then the referring physician (20%); only 5% did not know.
For the assessment of significant BMD changes over time, the most common method was  least significant change at the 95% significance level (95% LSC), reported among 44% of FLS (Fig. 5). However, some followed manufacturer recommendations (15%) and others relied on the DXA interpreters to determine significant BMD changes (18%); only 6% of FLS did not report significant changes in BMD. The units for reporting the 95% LSC for the L1-L4 lumbar spine and total proximal femur included g/cm2, percentages and also a combination of these units (Fig. 6). Although most FLS reported one skeletal diagnostic category per measurement site (56%), some reported this per patient (35%) and a small minority did not know (9%).
The majority of FLS (79%) used validated quantitative fracture risk instruments to report DXA results with 91% of those using such instruments reporting the use of FRAX®. Overall, 42% stated that they reported quantitative fracture risk over 90% of the time. Regarding the content of DXA reports, 84% of FLS confirmed that they identified body site, region of interest and body side for each valid BMD reported over 90% of the time; 78% of FLS said they had DXA reports containing information about the scanner manufacturer and model. There was more variability between FLS regarding the frequency of the following occurrences: DXA report states technical adequacy or limitations of the DXA study; DXA interpreters comment on differences in standard acquisitioning and analysis parameters; and DXA facility report recommends repeat scan intervals.

Discussion
This report provides the first worldwide sample of DXA access and quality in the FLS setting.  Over 70% of institutions reported that, for over 90% of the time, DXA access met service needs and the scanning/reporting quality was perceived as excellent. A high proportion of centres used questionnaires to gather clinical patient information and FRAX® was the most commonly used tool for reporting quantitative fracture risk. Routine use of DXA for new patients and monitoring was very common as well. Conversely, adherence to some basic DXA quality assurance and reporting procedures, as taught in the IOF / ISCD joint international course Osteoporosis Essentials and reflected in an ISCD Best Practices white paper [12], was confirmed by <50% of services.  
Adhering to these reported DXA quality assurance and reporting procedures are important for ensuring high quality care. For example, ongoing education for operators/interpreters ensures their skills are maintained as the scientific field evolves. Identifying the skeletal site, region of interest and body side for BMD measurements enables the same region to be scanned for follow-up measurements. Established facility-specific standard operating procedures ensures the processes for enabling high quality scanning such as machine calibration, testing and reporting are implemented systematically. Frequent phantom scanning verifies the accuracy of the BMD values reported. The use of LSC values for assessing BMD change allows clinicians to determine whether follow-up measurements reflect genuine changes in BMD. Further details on the rationale for specific DXA measurement and reporting guidelines are outlined in the ISCD Best Practices paper [12]. 
Overall, 55% of facilities were either not accredited by a professional/governmental organisation or the accreditation status was unknown. However, information was not available on whether DXA facility accreditation was possible or required at the FLS location. Over half of FLS programs stated that they required ongoing education in osteoporosis and DXA for operators and interpreters. Many were not aware how often machine calibration was assessed, although this was generally reported as regular among those that were aware. This suggests a widespread need for educational initiatives targeting DXA measurement technology and reporting. Perhaps adaptation of the joint IOF ISCD Osteoporosis Essentials course may contribute to such an educational initiative. 
There was considerable variation in the method for assessing significant BMD change over time. Less than 50% of DXA facilities confirmed the use of Least Significant Change (LSC) values for assessing significant change in BMD over time – a cornerstone of critically assessing these changes. Furthermore, of the participating centres reporting 95% LSC for the L1-L4 lumbar spine and total proximal femur, a substantial proportion did not use g/cm2, contravening current ISCD guidelines. Finally, the recommended practice of a solitary skeletal classification based on T-score results occurred only 35% of the time with 9% not knowing. These findings point to unmet needs in osteoporosis assessment and monitoring worldwide.
A few other themes also emerged; monitoring was less routine in over 75s; there was inconsistency of the DXA testing interval in patients initiating treatment; perception of excellent scanning and reporting quality could be contrasted with poor performance for some technical quality factors such as phantom scanning; the high frequency of DXA errors reported elsewhere contrasted with 73% of facilities in this study questioning reports less than monthly or never.
Responses also pointed at a need for instrument calibration; around 40% of facilities failed to state frequency of phantom calibration and only 35% reported this being undertaken 4-5 times per week. Finally, there appears to be a need for standardisation on reporting of clinical patient information; 35% of centres did not state regular use (>50% of the time) of a pro forma questionnaire for this information but 72% stated use of FRAX® to estimate fracture risk. Clearly, the clinical risk factors included within FRAX® are being recorded; standardisation of these within a more extensive risk factor questionnaire may be given consideration. 
It is well established that FLS models are beneficial for reducing the osteoporosis care gap as demonstrated in systematic reviews [16, 17]. National and international guidelines [18-20] also recommend the FLS model to improve osteoporosis assessment and management. Our findings provide evidence, however, that even where FLS models are in place, there is still significant variability in the quality of DXA services. This is consistent with previous studies which have shown that there is currently huge variation, both within and between countries, in the availability, quality and scope of secondary prevention facilities. For example, in a prospective observational study comprising over 60,000 older women recruited in 10 countries from primary care practices, it was shown that in excess of 80% did not receive osteoporosis treatment following a fragility fracture [21]. Therefore, there is a clear need for strategies that set and measure standards of care within individual FLS services to reduce variability and improve osteoporosis care; clinical or quality standards for FLS have already been developed in Canada [22], New Zealand [23] and the UK [24]. However, apart from the Royal Osteoporosis Society (ROS) in the UK, suggesting sufficient quality assured DXA scanning and reporting in a timely manner, these do not include specific standards for DXA. 
Recently, the IOF has developed internationally endorsed standards for FLS in the form of the Capture the Fracture (CTF) Best Practice Framework (BPF) (http://www.capturethefracture.org/). The initiative comprises a comprehensive suite of 13 standards for: Patient Identification; Patient Evaluation; Post-fracture Assessment Timing; Vertebral Fracture; Assessment Guidelines; Secondary Causes of Osteoporosis; Falls Prevention Services; Multifaceted Health and Lifestyle Risk-factor Assessment; Medication Initiation; Medication Review; Communication Strategy; Long-term Management and Database Standard. CTF also includes a global map with a quality grading scheme on which, subject to application, secondary fracture prevention services can be documented [25]. Using this tool, the CTF initiative, aimed at raising the quality and coverage of fracture liaison services providing secondary prevention for osteoporosis, has already been shown to be effective. In 2015, a report was published which analysed the first 60 FLS to apply for Best Practice Recognition and showed significant heterogeneity in service provision. This suggests that a single framework with set criteria was able to benchmark services across healthcare systems worldwide [26]. The findings of the current study suggest heterogeneity in the quality of DXA services provided within the FLS global network, an area not specifically addressed within the CTF BPF. This may benefit from establishing DXA quality indicators to further support the successes achieved through the CTF BPF.
This study has some limitations. First, fewer countries in parts of Africa and Asia were represented in this survey and 21% of FLS were from a single country (Spain). Although the opportunity to explore variation within countries was limited, those for which more than 6 centres were available (Spain, Taiwan, UK and Japan) did reveal heterogeneity in responses, particularly in DXA request frequency and testing interval. Second, we were unable to externally verify the details of an institution’s submission and, therefore, relied on the individual institutions to properly complete the questionnaire. However, a key strength of this global study is that FLS from 31 countries and all inhabited continents were included. Third, for the question on how often the quality of a DXA report is questioned, it was not possible to know who questioned the report and any impact of this on clinical care. Fourth, trabecular bone score was unfortunately not able to be included in the initial questionnaire and its use in the FRAX® risk calculator therefore remains unknown. Fifth, for questions about the DXA service provider, it was not possible to know whether staff at the FLS facility or DXA facility provided responses. Finally, bias may have been introduced due to the level of non-response to questionnaires from FLS centres, potentially resulting in an overrepresentation of higher performance facilities which may limit the generalisability of findings. However, this would suggest that our key findings of significant variability in access to, and quality of, DXA services and the high number of centres falling short of quality standards are even greater than reported. Although some questions had a high number of non-responses among the FLS centres that were included in the analysis, the majority of questions had a low non-response rate.
In conclusion, our report confirms that there is significant variability in the access to, and quality of, DXA services worldwide. To improve osteoporosis care, strategies are required to reduce this variability. This could be achieved through defining CTF BPF standards for DXA quality with ongoing training and assessment, building on the educational collaboration between the IOF and ISCD. Such improvements are anticipated to create an even more robust and effective CTF network worldwide, and strengthen the mission of improving skeletal health around the globe.
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[bookmark: _Ref15567696][image: ]Fig. 1	Countries where fracture liaison services in the analysis sample were located (1)

































Fig. 2	Proportion of time DXA access met service needs (9) and scanning/reporting quality was described as excellent (10)
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[bookmark: _Ref15567839]Fig. 3	Frequency machine calibration was assessed with a phantom (17) and frequency phantom values were plotted and reviewed for shifts and drift (18)
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PC: Phantom calibration; wk: week
[bookmark: _Ref15480125]Fig. 4	Proportion of time a standardised questionnaire was used to gather clinical patient information (21)
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[bookmark: _Ref15544837]Fig. 5	Method for assessing significant BMD change over time (29)
[image: ]

[bookmark: _Ref15568646]95% LSC: Least significant change at the 95% significance level
Fig. 6	Units for reporting 95% least significant change for the L1-L4 lumbar spine (30) and total proximal femur (31)
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LSC: Least significant change
















Appendix 1: Questions asked and variables derived (numbers correspond to variables used in figures and tables)

Part I – Capture The Fracture (CTF):  FLS Service Responses
To be completed by the FLS Contact.  
1. In what country is your FLS located?
2. Continent in which FLS is located (derived variable and not asked as a question)
3. What is your access to DXA?
4. How often would you request DXA in a new patient?
5. How often would you request DXA to monitor therapy in a treated patient <75 years old?
6. How often would you request DXA to monitor therapy in a treated patient ≥75 years old?
7. What is your usual DXA testing interval in a patient initiating treatment?
8. Median DXA testing interval (years) for a patient initiating treatment (derived variable)
9. How well does your FLS access to DXA meet the needs of the service?
10. How often would you consider the quality of your DXA services (scanning and reporting) as "excellent"?
11. How often do you question the quality of a DXA report?

Part II – Capture The Fracture (CTF):  DXA Service Provider Responses
May require the input of staff at your DXA provider.
12. Has your DXA facility been accredited by a professional or governmental organisation?
13. Does your DXA facility designate one or more operator(s) as supervisor(s) of DXA activities?
14. Does your DXA facility require ongoing continuing education in osteoporosis or DXA for operators?
15. Does your DXA facility require ongoing continuing education in osteoporosis or DXA for interpreters?
16. Does your DXA facility use a facility-specific Standard Operating Procedures (SOPs) manual?
17. How often does your DXA facility assess machine calibration with a phantom?
18. How often do you plot phantom values and review for shifts and drift?
19. Do you have numerical quality assurance rules to determine acceptable DXA machine performance?
20. Is your manufacturer's specific operations manual immediately available in the DXA suite in print or electronic form?
21. How often does your DXA facility use a standardised questionnaire to gather clinical information about patients?
22. Which elements are part of your DXA questionnaire? - Indications for DXA scan
23. Which elements are part of your DXA questionnaire? - Clinical risk factors for fracture risk calculation
24. Which elements are part of your DXA questionnaire? - History or present use of bone-detrimental medications
25. Which elements are part of your DXA questionnaire? - Fracture history
26. Which elements are part of your DXA questionnaire? - Treatment with osteoporosis medications
27. Which elements are part of your DXA questionnaire? - No questionnaire is used
28. What is the primary source for collecting DXA questionnaire responses?
29. How does your DXA facility assess for significant BMD change over time?
30. How does your facility report the 95% least significant change (LSC) for the L1-L4 lumbar spine?
31. How does your facility report the 95% least significant change (LSC) for the total hip (total proximal femur)?
32. Does your DXA facility report one skeletal diagnostic category per patient or one skeletal diagnostic category per measurement site?
33. Which of the following validated quantitative fracture risk instruments does your facility use in reporting DXA: Facility does not report quantitative fracture risk; Garvan Fracture Risk Calculator; QFracture 2013; FRAX; Other? 
34. How often does your facility report quantitative fracture risk?
35. How often does your DXA report identify body site, region of interest and body side for each valid BMD reported?
36. Does your DXA report contain information about scanner manufacturer and model?
37. How often does your DXA report state technical adequacy or limitations of the DXA study?
38. How often do DXA interpreters comment on differences in standard acquisitioning and analysis parameters?
39. How often does your DXA facility report recommend repeat scan intervals?

4 questions were omitted from Appendix 1 as they were open ended
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	Question/variable
	N(%)

	1. Country in which FLS is located
	

	Algeria
	1 (0.8%)

	Argentina
	1 (0.8%)

	Australia
	5 (4.2%)

	Belgium
	2 (1.7%)

	Brazil
	3 (2.5%)

	Greece
	1 (0.8%)

	Canada
	4 (3.3%)

	Colombia
	5 (4.2%)

	Czech Republic
	1 (0.8%)

	Denmark
	2 (1.7%)

	France
	1 (0.8%)

	Hong Kong
	1 (0.8%)

	Ireland
	4 (3.3%)

	Israel
	3 (2.5%)

	Italy
	4 (3.3%)

	Japan
	7 (5.8%)

	Mexico
	3 (2.5%)

	Netherlands
	3 (2.5%)

	New Zealand
	6 (5.0%)

	Norway
	3 (2.5%)

	Philippines
	2 (1.7%)

	Portugal
	1 (0.8%)

	Russia
	1 (0.8%)

	Singapore
	1 (0.8%)

	Spain
	25 (20.8%)

	Sweden
	2 (1.7%)

	Switzerland
	1 (0.8%)

	Taiwan
	8 (6.7%)

	Thailand
	6 (5.0%)

	UK
	7 (5.8%)

	USA
	6 (5.0%)

	2. Continent in which FLS is located
	

	Europe
	58 (48.3%)

	Asia
	28 (23.3%)

	North America
	13 (10.8%)

	Oceania
	11 (9.2%)

	South America
	9 (7.5%)

	Africa
	1 (0.8%)

	3. Access to DXA
	

	Within institution
	96 (80.0%)

	Outside institution
	24 (20.0%)

	4. DXA request frequency for new patients
	

	>90% of the time
	59 (49.6%)

	51-90% of the time
	35 (29.4%)

	10-50% of the time
	18 (15.1%)

	<10% of the time
	6 (5.0%)

	Don't know
	1 (0.8%)

	5. DXA request frequency to monitor therapy for treated patients <75 years
	

	>90% of the time
	60 (51.7%)

	51-90% of the time
	22 (19.0%)

	10-50% of the time
	20 (17.2%)

	<10% of the time
	6 (5.2%)

	Don't know
	1 (0.9%)

	N/A
	7 (6.0%)

	6. DXA request frequency to monitor therapy for treated patients ≥75 years
	

	>90% of the time
	52 (44.1%)

	51-90% of the time
	19 (16.1%)

	10-50% of the time
	25 (21.2%)

	<10% of the time
	15 (12.7%)

	Don't know
	3 (2.5%)

	N/A
	4 (3.4%)

	7. Usual DXA testing interval for patients initiating treatment
	

	Specific intervals
	97 (82.9%)

	Monitoring not routine
	17 (14.5%)

	Don't know
	3 (2.6%)

	8. Median DXA testing interval (years) for patients initiating treatment
	

	≤1
	23 (25.3%)

	>1 and <2
	17 (18.7%)

	2
	27 (29.7%)

	>2
	24 (26.4%)

	9. Frequency FLS DXA access meets service needs
	

	>90% of the time
	84 (71.2%)

	51-90% of the time
	18 (15.3%)

	10-50% of the time
	7 (5.9%)

	<10% of the time
	5 (4.2%)

	Don't know
	2 (1.7%)

	N/A
	2 (1.7%)

	10. Frequency DXA services (scanning and reporting) quality is excellent
	

	>90% of the time
	87 (73.7%)

	51-90% of the time
	25 (21.2%)

	10-50% of the time
	4 (3.4%)

	<10% of the time
	0 (0%)

	Don't know
	1 (0.8%)

	N/A
	1 (0.8%)

	11. Frequency the quality of a DXA report is questioned
	

	Daily
	5 (4.3%)

	Weekly
	9 (7.8%)

	Monthly
	17 (14.7%)

	<Monthly
	60 (51.7%)

	Never
	25 (21.6%)

	12. DXA facility accredited by professional/governmental organisation
	

	No
	27 (25.2%)

	Yes
	48 (44.9%)

	Don't know
	32 (29.9%)

	13. DXA facility designates operators as supervisors of DXA activities
	

	No
	14 (13.0%)

	Yes
	78 (72.2%)

	Don't know
	16 (14.8%)

	14. DXA facility requires ongoing education in osteoporosis/DXA for operators
	

	No
	22 (20.6%)

	Yes
	63 (58.9%)

	Don't know
	22 (20.6%)

	15. DXA facility requires ongoing education in osteoporosis/DXA for interpreters 

	No
	21 (19.4%)

	Yes
	66 (61.1%)

	Don't know
	21 (19.4%)

	16. DXA facility uses a facility-specific Standard Operating Procedures manual
	

	No
	10 (9.2%)

	Yes
	75 (68.8%)

	Don't know
	24 (22.0%)

	17. Frequency DXA facility assesses machine calibration with a phantom
	

	4-5 per week
	37 (34.6%)

	2-3 per week
	6 (5.6%)

	Weekly
	10 (9.3%)

	<Weekly
	10 (9.3%)

	Don't use phantom calibration
	3 (2.8%)

	Don't know
	41 (38.3%)

	18. Frequency phantom values are plotted and reviewed for shifts and drift
	

	4-5 per week
	25 (23.1%)

	2-3 per week
	7 (6.5%)

	Weekly
	11 (10.2%)

	<Weekly
	13 (12.0%)

	Don't use phantom calibration
	5 (4.6%)

	Don't know
	47 (43.5%)

	19. Numerical quality assurance rules for acceptable DXA machine performance
	

	No
	7 (6.7%)

	Yes
	61 (58.1%)

	Don't know
	37 (35.2%)

	20. Manufacturer’s specific operations manual immediately available in the DXA suite
	

	No
	5 (4.7%)

	Yes
	77 (72.0%)

	Don't know
	25 (23.4%)

	21. Frequency DXA facility uses a standardised questionnaire for clinical patient info

	>90% of the time
	63 (58.9%)

	51-90% of the time
	7 (6.5%)

	10-50% of the time
	4 (3.7%)

	<10% of the time
	5 (4.7%)

	Don't know
	8 (7.5%)

	N/A
	20 (18.7%)

	22. Part of questionnaire: indications for DXA scan
	

	No
	21 (23.6%)

	Yes
	68 (76.4%)

	23. Part of questionnaire: clinical risk factors for fracture risk calculation
	

	No
	10 (11.2%)

	Yes
	79 (88.8%)

	24. Part of questionnaire: current/previous use of bone-detrimental medications

	No
	15 (16.9%)

	Yes
	74 (83.1%)

	25. Part of questionnaire: fracture history
	

	No
	5 (5.6%)

	Yes
	84 (94.4%)

	26. Part of questionnaire: treatment with osteoporosis medications
	

	No
	9 (10.1%)

	Yes
	80 (89.9%)

	27. DXA questionnaire present
	

	No questionnaire
	19 (17.6%)

	Questionnaire present
	89 (82.4%)

	28. Primary source for collecting DXA questionnaire responses
	

	Referring physician provides data
	21 (20.2%)

	Patient provides data
	27 (26.0%)

	Technologist collects at scan or validates patient supplied data
	32 (30.8%)

	No questionnaire
	19 (18.3%)

	Don't know
	5 (4.8%)

	29. How DXA facility assesses significant BMD change over time
	

	95% LSC
	47 (43.5%)

	Manufacturer recommendations
	16 (14.8%)

	As determined by each DXA interpreter
	19 (17.6%)

	Facility does not report these changes
	7 (6.5%)

	Don't know
	19 (17.6%)

	30. How facility reports 95% LSC for the L1-L4 lumbar spine
	

	g/cm2
	23 (21.5%)

	%
	21 (19.6%)

	g/cm2 and %
	28 (26.2%)

	Don't know
	17 (15.9%)

	Don't use LSC
	18 (16.8%)

	31. How facility reports 95% LSC for the total proximal femur
	

	g/cm2
	21 (19.6%)

	%
	21 (19.6%)

	g/cm2 and %
	28 (26.2%)

	Don't know
	21 (19.6%)

	Don't use LSC
	16 (15.0%)

	32. Facility reports one diagnostic category per patient or one per measurement site
	

	One diagnostic category per patient
	37 (34.6%)

	One diagnostic category per measurement site/region
	60 (56.1%)

	Don't know
	10 (9.3%)

	33. Validated quantitative fracture risk instruments facility uses to report DXA
	

	FRAX®
	77 (72.0%)

	Other
	8 (7.5%)

	Facility does not report quantitative fracture risk
	22 (20.6%)

	34. Frequency facility reports quantitative fracture risk
	

	>90% of the time
	45 (42.1%)

	51-90% of the time
	16 (15.0%)

	10-50% of the time
	10 (9.3%)

	<10% of the time
	5 (4.7%)

	Don't know
	6 (5.6%)

	N/A
	25 (23.4%)

	35. Frequency DXA report identifies site, region and side for each valid BMD reported
	

	>90% of the time
	89 (84.0%)

	51-90% of the time
	4 (3.8%)

	10-50% of the time
	3 (2.8%)

	<10% of the time
	0 (0%)

	Don't know
	5 (4.7%)

	N/A
	5 (4.7%)

	36. DXA report contains information about scanner manufacturer and model
	

	No
	11 (10.3%)

	Yes
	83 (77.6%)

	Don't know
	13 (12.1%)

	37. Frequency DXA report states technical adequacy and limitations of the DXA study
	

	>90% of the time
	38 (35.5%)

	51-90% of the time
	9 (8.4%)

	10-50% of the time
	10 (9.3%)

	<10% of the time
	19 (17.8%)

	Don't know
	27 (25.2%)

	N/A
	4 (3.7%)

	38. Frequency interpreters comment on differences in acquisitioning/analysis parameters

	>90% of the time
	28 (26.2%)

	51-90% of the time
	10 (9.3%)

	10-50% of the time
	9 (8.4%)

	<10% of the time
	25 (23.4%)

	Don't know
	23 (21.5%)

	N/A
	12 (11.2%)

	39. Frequency DXA facility report recommends repeat scan intervals
	

	>90% of the time
	36 (33.3%)

	51-90% of the time
	11 (10.2%)

	10-50% of the time
	7 (6.5%)

	<10% of the time
	33 (30.6%)

	Don't know
	13 (12.0%)

	N/A
	8 (7.4%)

	
	

	LSC: Least significant change

	Missing responses are not shown in the table or used in the calculation of percentages

	4 questions were omitted from Appendix 2 as they were open ended
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	Appendix 3: Number of missing values for each question/variable (out of 121)

	
	

	Question/variable
	Missing values

	
	

	1. Country in which FLS is located
	1

	2. Continent in which FLS is located
	1

	3. Access to DXA
	1

	4. DXA request frequency for new patients
	2

	5. DXA request frequency to monitor therapy for treated patients <75 years
	5

	6. DXA request frequency to monitor therapy for treated patients ≥75 years
	3

	7. Usual DXA testing interval for patients initiating treatment
	4

	8. Median DXA testing interval (years) for patients initiating treatment
	30

	9. Frequency FLS DXA access meets service needs
	3

	10. Frequency DXA services (scanning and reporting) quality is excellent
	3

	11. Frequency the quality of a DXA report is questioned
	5

	12. DXA facility accredited by professional/governmental organisation
	14

	13. DXA facility designates operators as supervisors of DXA activities
	13

	14. DXA facility requires ongoing education in osteoporosis/DXA for operators
	14

	15.  DXA facility requires ongoing education in osteoporosis/DXA for interpreters
	13

	16. DXA facility uses a facility-specific Standard Operating Procedures manual
	12

	17. Frequency DXA facility assesses machine calibration with a phantom
	14

	18. Frequency phantom values are plotted and reviewed for shifts and drift
	13

	19. Numerical quality assurance rules for acceptable DXA machine performance
	16

	20. Manufacturer’s specific operations manual immediately available in the DXA suite
	14

	21. Frequency DXA facility uses a standardised questionnaire for clinical patient info
	14

	22. Part of questionnaire: indications for DXA scan
	32

	23. Part of questionnaire: clinical risk factors for fracture risk calculation
	32

	24. Part of questionnaire: current/previous use of bone-detrimental medications
	32

	25. Part of questionnaire: fracture history
	32

	26. Part of questionnaire: treatment with osteoporosis medications
	32

	27. Part of questionnaire: questionnaire present
	13

	28. Primary source for collecting DXA questionnaire responses
	17

	29. How DXA facility assesses significant BMD change over time
	13

	30. How facility reports 95% LSC for the L1-L4 lumbar spine
	14

	31. How facility reports 95% LSC for the total proximal femur
	14

	32. Facility reports one diagnostic category per patient or one per measurement site
	14

	33. Validated quantitative fracture risk instruments facility uses to report DXA
	14

	34. Frequency facility reports quantitative fracture risk
	14

	35. Frequency DXA report identifies site, region and side for each valid BMD reported
	15

	36. DXA report contains information about scanner manufacturer and model
	14

	37. Frequency DXA report states technical adequacy and limitations of the DXA study
	14

	38. Frequency interpreters comment on differences in acquisitioning/analysis parameters
	14

	39. Frequency DXA facility report recommends repeat scan intervals
	13

	
LSC: Least significant change
	

	4 questions were omitted from Appendix 3 as they were open ended
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