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Abone mineral density test using dual-energy x-ray
absorptiometry (DXA) evaluates the quantity of bone
mineral and is used to make a diagnosis of reduced

bone mass or osteoporosis and to provide information that
contributes to an assessment of fracture risk. Together with
other risk factors for fracture, information gained from a
bone mineral density test can guide clinicians and patients in
understanding the risk of an osteoporosis-related fracture; it
can also inform decisions aimed at mitigating these risks
(e.g., initiation of bisphosphonates treatment).1,2

Clinical practice guidelines in Canada currently recommend
bone mineral density testing in at-risk populations, namely all
men and women aged 65 years or more and those who have
had a fragility fracture after age 40 years.2,3 The recommended
management model is based on assessment of fracture risk,
which is derived in part from measured bone mineral density
and appears on bone mineral density reports for most patients
over age 50. For patients assessed as high risk, guidelines indi-

cate that there is good evidence to support pharmacotherapy;
for those assessed as low risk, guidelines state that patients are
unlikely to benefit from pharmacotherapy and should be
reassessed in 5 years.3 Thus, bone mineral density testing, as
well as knowledge of clinical risk factors that can modify the
assessment of fracture risk, are important components of pre-
vention efforts to reduce (secondary) fracture risk.1,3

In the province of Ontario, Canada, a sharp increase in the
rate of bone mineral density testing among women aged 40–
44 years, for whom fracture risk is typically low, was observed
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Background: On Apr. 1, 2008, a revision was made to the fee schedule for bone mineral density testing with dual-energy x-ray
absorptiometry (DXA) in the province of Ontario, Canada, reducing the frequency of repeat screening in individuals at low risk of
osteoporosis. We evaluated whether the change in physician reimbursement successfully promoted appropriate bone mineral density
testing, with reduced use among women at low risk and increased use among women and men at higher risk of osteoporosis-related
fracture.

Methods: We analyzed data from administrative databases on physician billings, hospital discharges and emergency department vis-
its. We included all physician claims for DXA in the province to assess patterns in bone mineral density testing from Apr. 1, 2002, to
Mar. 31, 2011. People at risk of an osteoporosis-related fracture were defined as women and men aged 65 years or more and those
who had a recent (< 6 mo) fracture after age 40 years. Joinpoint regression analysis was used to examine trends in DXA testing.

Results: Before the policy change, the overall number of DXA tests increased from 433 419 in 2002/03 to 507 658 in 2007/08; after
revision of the fee schedule, the number decreased to 422 915 by 2010/11. Most of this reduction was due to a decrease in the age-
standardized rate of DXA testing among women deemed to be at low risk, from 5.7 per 100 population in 2008/09 to 1.8 per 100 in
2010/11. In the high-risk group of people aged 65 or more, the age-standardized rate of testing increased after the policy change
among men but decreased among women. Among those at high risk because of a recent clinical fracture, the age-standardized rate
of DXA testing increased for both sexes and then decreased after the policy change.

Interpretation: A change in reimbursement designed to restrict access to bone mineral density testing among low-risk women was
associated with an overall reduction in testing. Efforts to communicate guidelines for bone mineral density testing with greater clarity,
particularly as they relate to high-risk individuals, need to be explored.
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in 2002, before major restrictions to testing were imple-
mented.4 In fiscal year 2007/08, testing among women aged
40–59 years accounted for almost half (about 200 000) of all
bone mineral density tests performed.5 Although this high rate
may indicate concern about osteoporosis as women approach
menopause, it also suggests unnecessary testing. In an effort to
curb testing among low-risk patients, on Apr. 1, 2008, the fee
schedule was changed to limit DXA testing in low-risk
patients to once every 36 months. Previously (from Oct. 1,
1999, to Mar. 31, 2008), DXA testing in such patients was
allowed once every 24 months. In addition, a new fee code for
a “baseline” test was added, and patients were limited to
1 baseline test in their lifetime.6 Both before and after 2008,
high-risk individuals were allowed to undergo DXA testing
annually. Therefore, the practice of referring low- but not
high-risk patients was subject to modification.

We conducted a study to determine whether the change in
the fee schedule successfully promoted appropriate bone min-
eral density testing, with reduced use among women at low
risk and increased use among women and men at higher risk
of osteoporosis-related fracture. Specifically, we examined
trends in rates of DXA testing overall and in 2 groups: women
at low risk, and women and men at risk of fracture due to
advanced age or a previous osteoporosis-related fracture.

Methods

The study design was approved by the Research Ethics Board
of the Sunnybrook Health Sciences Centre, University of
Toronto.

Data sources and study populations
We identified DXA tests from the Ontario Health Insurance
Plan (OHIP) claims database, which contains all physician
fee-for-service billings in the province.7,8 In recent work to
relate OHIP billings for DXA tests to DXA tests captured in
electronic medical records of Ontario’s family health teams, at
least 92% of the tests in the electronic medical records were
found to have been billed to the province.9 The OHIP billing
database therefore provides a comprehensive representation
of the province’s testing patterns. 

To obtain the age and sex of each DXA recipient, we linked
the OHIP claims to the Registered Persons Database. Eligible
claims included those for DXA tests performed in individuals
aged 40 years and older between Apr. 1, 2002, and Mar. 31,
2011. The fee code in each claim allowed all patients to be
classified as low or high risk for osteoporosis-related fracture.
Tests performed after 2008/09 were also allowed to be catego-
rized as baseline (i.e., distinct from the risk level code).

We identified 2 at-risk populations who, according to clini-
cal practice guidelines, should receive DXA tests: women and
men aged 65 or more who had no recent (≤ 3 yr) DXA test
and those who had a recent (≤ 6 mo) fracture of the hip, wrist,
spine, shoulder or pelvis. These types of fractures were
selected because they are commonly associated with osteo-
porosis. Guidelines state that all individuals who have had a
recent fracture should undergo testing to determine whether

there is a need to start or change a medication regimen.1,3 The
only exception to this rule is for individuals with bone mineral
density tests on file within the year before a fracture, since
bone mineral density is known not to change rapidly.1,3

We obtained data on clinical hip fractures from the Cana-
dian Institute for Health Information hospital discharge
abstract database, as described previously.8,10 We identified hip
fractures in this database using the following International
Statistical Classification of Diseases and Related Health Prob-
lems, 10th revision (ICD-10) codes: S72.0 (“fracture of neck
of femur”), S72.1 (“pertrochanteric fracture”) and S72.2
(“subtrochanteric fracture”). To identify clinical fractures of
the wrist, spine, shoulder and pelvis, we obtained data from
the National Ambulatory Care Resources database, which
includes all emergency department visits, and the OHIP data-
base. All patients who were admitted to hospital with a diag-
nosis of wrist fracture were identified; we then searched the
National Ambulatory Care Resources database for patients
with wrist fracture who were not admitted to hospital but
were seen in the emergency department (ICD-10 code S52).
Finally, to identify patients whose fracture was treated in a
physician’s office, we searched the OHIP database for inci-
dents of 2 physician claims with a diagnosis of wrist fracture
that were dated within 3 months of each other; the date of the
fracture was defined by the patient’s first visit. A similar proce-
dure was followed for spine, shoulder and pelvis fractures,
using the following ICD-10 codes: S22.0, S22.1, S32.0, S32.7,
S32.8 (spine); S42.2 (shoulder); and S32.1, S32.3, S42.4,
S32.5, S32.7, S32.8 (pelvis). We excluded patients if they had
had a bone mineral density test during the 12 months before
their fracture or if they died within 12 months after their frac-
ture. Fractures due to multitrauma were excluded, because we
included only cases of isolated fracture without other diagnos-
tic codes. We used census population estimates supplied by
Statistics Canada to compute age-standardized rates. 

Definition of fracture risk in the fee schedule
Patients at high risk of an osteoporosis-related fracture may
be assessed annually and are defined in the fee schedule as
being at risk for accelerated bone loss, having osteopenia or
osteoporosis identified on a previous DXA test or having bone
loss in excess of 1% per year as shown by previous DXA test-
ing. All other patients are defined as being at low risk of an
osteoporosis-related fracture. The referring physician usually
suggests the risk categorization upon ordering a DXA test; the
risk category is often confirmed by the scanning facility before
claim submission.

Determining rates of DXA testing
To examine time trends in DXA testing, we categorized
physician claims for DXA tests by patient risk level (baseline,
low risk, high risk) and directly standardized them based on
census data.

To determine the proportion of patients who underwent
bone mineral density testing after age 65 in each fiscal year,
we selected records for patients aged 68–70 years who had
had no DXA test between age 55 and 65. The proportion of
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individuals who received at least 1 DXA test in the 3–5 years
after turning 65 was then calculated for each fiscal year. We
restricted this indicator to a 3-year period for each patient to
exclude repeat tests labelled “low risk.” As in the old fee
schedule, the new schedule allows repeat testing after 3 years
for low-risk patients.

We calculated rates of DXA testing following recent (≤ 6 mo)
clinical fracture by patient sex and type of fracture. We standard-
ized the rates by age using census data.

Statistical analysis
We used joinpoint regression analysis to identify points where
a statistically significant change in the linear slope of the trend
line occurred over time, as described by Kim and colleagues.11

In the final model, each joinpoint indicates a statistically signif-
icant change in trend. An annual percentage change was com-
puted for each trend by means of a generalized linear model
that assumed a Poisson distribution. We performed joinpoint
regression analyses using software from the Surveillance
Research Program of the US National Cancer Institute (Join-
point Regression Program, version 3.5, http://surveillance
.cancer.gov/joinpoint/).

Results

Rates of DXA testing
The overall number of DXA tests increased until fiscal year
2007/08 (from 433 419 in 2002/03 to 507 658 in 2007/08) and
then decreased to 422 915 in 2010/11. Among women aged
40 years or more, the rate of DXA testing was fairly consistent
between 2002/03 and 2006/07 (Figure 1). Beginning in
2008/09, both the number and the rate in this group
decreased. The values were lower in 2010/11 than in 2002/03
(no. of tests: 364 874 v. 400 880; rate per 100: 10.4 v. 14.1
[Figure 1]). The rate of DXA testing among men aged 40
years or more increased gradually each year before it levelled
off at about 2 per 100 in 2008/09 (Figure 1).

Table 1 shows the number and age-standardized rates of
DXA tests among women, stratified by whether the patient was
at low or high risk of fracture based on her test result. From
2002/03 to 2007/08, the rate did not change substantially.
Beginning Apr. 1, 2008, rates among low-risk women decreased
significantly. We therefore reject the null hypothesis of no join-
point for women (p = 0.02). In contrast, the regression analysis
for the low-risk and baseline tests among men showed no evi-
dence of a joinpoint in the regression line (p = 0.4). The slope of
the line for men was 0.061 (standard error 0.006, p < 0.001),
which indicated that rates increased steadily among men.

DXA testing among older patients
Among older women, the age-standardized rate of DXA test-
ing increased from 42.8 per 100 in 2002/03 to 46.9 per 100 in
2005/06 and decreased each year thereafter. The largest drops
were from 2007/08 to 2008/09 and from 2009/10 to 2010/11
(Figure 2). In contrast, the age-standardized rate of testing

Table 1: Number and age-standardized rates of dual-energy x-ray absorptiometry (DXA) among women at low 
and high risk of osteoporosis-related fracture in Ontario, 2002/03 to 2010/11 

Year 

 ksir hgiH ksir woL *enilesaB

No. Rate per 100 No. Rate per 100 No. Rate per 100 

2002/03 – – 178 325 6.3 222 555 7.8 

2003/04 – – 161 028 5.5 230 408 7.8 

2004/05 – – 168 277 5.6 249 521 8.3 

2005/06 – – 167 821 5.5 267 710 8.7 

2006/07 – – 175 988 5.6 269 038 8.5 

2007/08 – – 184 080 5.7 264 427 8.1 

2008/09 49 800 1.5 101 147 3.0 247 400 7.4 

2009/10 52 349 1.6 95 583 2.8 248 793 7.2 

2010/11 56 145 1.6 62 927 1.8 245 802 7.0 

*On Apr. 1, 2008, the fee schedule for bone mineral density testing was changed and a new fee code for a baseline test added. Individuals are 
limited to 1 baseline test in their lifetime. 
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Figure 1: Age-standardized rates of dual-energy x-ray absorptiometry
among women and men aged 40 years or more, 2002/03 to 2010/11.
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among older men consistently increased from 2002/03 to
2010/11 (from 4.1 to 11.9 per 100 respectively) but remained
well below the rate among older women (Figure 2).

DXA testing following a recent clinical fracture
Among patients with a clinical fracture of the hip, spine,
wrist, shoulder or pelvis, rates of DXA testing within
6 months after fracture increased each year until 2007/08.
During that time, the rates increased by 0.98 per 100 frac-
tures for both sexes. After the revision in the fee schedule, the
rates decreased and, by 2009/10, returned to 2006/07 levels
(Figure 3). In 2009/10, the overall rate was 13.0 per 100 pop-
ulation (16.1 per 100 women and 8.0 per 100 men), as com-
pared with 14.6 per 100 population (18.0 per 100 women and
9.4 per 100 men) in 2007/08. Joinpoint regression analysis
detected an increase in overall testing rates until 2007/08 and
then a plateau in the rates.

Figure 4 shows the rate of DXA testing within 6 months
after clinical fracture by fracture type. In 2009/10, the rate of
testing after spinal fracture (15.9 per 100) or hip fracture
(15.5 per 100) was higher than the rate after a wrist, pelvic or
shoulder fracture. The rates differed by type of fracture until
2008/09, when they decreased across all fracture types.
There was a marked increase in DXA testing among patients
with hip and wrist fractures from 2002/03 to 2007/08. The
increase was pronounced among those with pelvic and shoul-
der fractures between 2005/06 and 2007/08 and more grad-
ual among patients with clinical spine fractures between
2002/03 and 2007/08. Among patients with hip fractures,
the rate at which DXA testing increased from 2002/03 to
2007/08 was not statistically different from the rate at which
it decreased afterward. Also, the rate of DXA testing follow-
ing hip fracture was significantly higher among women than
among men (p < 0.001).

Interpretation

Our results show that the change in physician reimbursement
for bone mineral density testing in April 2008 was associated
with a decrease in the overall rate of DXA testing in subse-
quent years, with a significant decrease among women aged
40 or more who were at low risk for an osteoporosis-related
fracture. Among men aged 40 or more, the rate of DXA test-
ing levelled off after 2008/09. Our findings suggest that the
revised fee schedule may have reduced some unnecessary
DXA testing among low-risk women.

There is documented inappropriate use of DXA testing in
low-risk populations. Prior research has shown that, among
944 healthy women in Ontario referred for a baseline DXA
test at midlife, more than 90% had normal bone density.12

Similarly, in a US cohort of 615 women aged 49 years or more
who received a baseline DXA test, Schnatz and colleagues13

found that 40% did not meet the North American Menopause
Society criteria for testing.2 In a recent study involving 4957
women aged 67 years or more with normal bone mineral den-
sity or osteopenia, osteoporosis was detected in less than 10%
during rescreening intervals of about 15 years.14
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Figure 2: Age-standardized rates of dual-energy x-ray absorptiometry
among women and men aged 68–70 years not previously tested,
2002/03 to 2010/11.
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Figure 3: Age-standardized rates of dual-energy x-ray absorptiometry
performed within 6 months after a fracture among women and men
aged 40 years or more, 2002/03 to 2009/10.
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Figure 4: Age-standardized rates of dual-energy x-ray absorptiometry
performed within 6 months after a fracture among adults aged 40
years or more, by fracture type, 2002/03 to 2009/10.
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Clinical guidelines indicate that women and men aged 65
or more should undergo bone mineral density testing.2,3,15–17

However, in our study, the rate of DXA testing among eligible
older women decreased after 2005/06; this decrease became
slightly more pronounced after the revised fee schedule was
introduced in 2008. In contrast, the rate of testing among
older men increased each year, although it was well below the
rate among older women. These findings suggest that guide-
lines for DXA testing among older women are not being fol-
lowed. In 2010, only 43% of older women in Ontario who
became eligible for a DXA were tested. In a recent survey by
the Public Health Agency of Canada, only 47% of Canadians
aged 65 years or more reported ever having had a DXA test.18

When we turned our attention to bone mineral density
testing among individuals with a recent history of fragility
fracture, the effect of the revised fee schedule was pro-
nounced. Before 2008, the rate of DXA testing within
6 months after a fragility fracture had been increasing annu-
ally. In 2008, the rate began to decrease, such that in 2009/10
it returned to 2006/07 levels. If this trend continues, we can
expect to return to the 2002/03 rate for testing after hip frac-
ture by the end of 2013/14. This indicates underuse of DXA
testing among at least one high-risk group (patients with
recent fractures) and suggests that the change in fee schedule
may have compromised initiatives from the Ontario Osteo-
porosis Strategy, a population-based chronic disease manage-
ment strategy designed to reduce fractures.19 Tools to help
practitioners identify high-risk individuals, such as a standard-
ized requisition for referral that clarifies clinical guidelines for
bone mineral density testing, may help to ensure appropriate
testing in the face of funding changes.

Our results highlight unintended consequences of a gov-
ernment policy intended to reduce inappropriate DXA test-
ing among low-risk patients. The new reimbursement policy
was associated with an overall reduction in testing and a
sharp reduction in at least 1 high-risk population (patients
with a recent fracture). Why the new policy was interpreted
so broadly remains to be determined. One potential explana-
tion is confusion among physicians. The policy dictated by
the revised fee schedule is inconsistent with current clinical
guidelines, still referring to guidelines from 2002.20 In addi-
tion, the fee schedule provides no guidance for referral of
patients with a recent fracture or of patients 65 and older. It
is unclear how physicians should arrive at decisions to refer
given the competing information in guidelines and from
OHIP. Another explanation may be changing patient percep-
tions, which may have coincidentally aligned with policy
change. Patients may not want to consider taking osteoporo-
sis medications21 or may be concerned about drug safety and
effectiveness.22 As a result, they may see DXA testing as irrel-
evant. Alternatively, patients may lack understanding of the
link between bone mineral density and fracture risk21 and
therefore undervalue DXA testing. 

Why the change in physician reimbursement was associ-
ated with such a dramatic decrease in the rate of DXA testing
among patients with recent fracture is of particular concern.
Additional research to understand the failure to enforce

guidelines in this patient population is required. For a patient
to undergo a bone mineral density test within 6 months after
a fracture, he or she has to have been assessed by a primary
care physician or been part of a systematic osteoporosis man-
agement program. Whether the policy change affected rates
of referral within primary care more so than rates of referral
within osteoporosis programs cannot be determined based on
administrative data. We therefore do not yet know where best
to direct additional efforts to promote guideline implementa-
tion in this high-risk group.

Limitations
Our study has limitations. First, the categorization of fracture
risk as low or high was determined, for the most part, by the
referring physicians; we were unable to verify the risk desig-
nations using the administrative data. This means an unknown
amount of misclassification exists in our results. Some low-risk
patients may have undergone testing after the policy change
because they were coded as being at high risk. However, the
overall rates of DXA testing declined measurably across the
board after the policy change. 

Second, we could not separate baseline from repeat DXA
measurements before 2008, which made it difficult for us to
separate patients being screened from those being monitored.
We restricted our analysis to tests that appeared to be baseline
tests by including only individuals aged 68–70 without a his-
tory of DXA testing after age 55.

Third, because of the lack of administrative data identifying
pathways of care among patients with fractures, we could not
determine accurately where more effort was needed to improve
referral rates. This remains the subject of future research. 

Fourth, we chose to define high-risk patients as individuals
aged 65 or more and patients aged 40 or more with a recent
fracture. We did this because these patients represent the
majority of high-risk patients and are more likely to be seen in
the primary care setting. Patients with glucocorticoid and
rheumatoid arthritis represent about 5% of high-risk patients,
and they tend to be younger. 

We did not include a longer time horizon for previous or
recurrent fracture because we hypothesized that, if an effect of
less testing was observed among patients with a recent frac-
ture, it might have been even lower among those with an
older fracture. The intent was that the recent fracture should
have prompted the bone mineral density test, which is the
message promoted in the guidelines. If a recent fracture did
not prompt the physician to order a bone mineral density test,
a fracture that occurred more than a year earlier would be less
likely to do so. 

Finally, we do not yet know how changes in referral prac-
tices for bone mineral density testing will influence subse-
quent treatment and fracture rates. We need a much longer
follow-up period to determine the impact on fracture rates.
Instead, we relied on evidence that relates the occurrence of
bone mineral density testing to better follow-up and
improved treatment rates in order to justify our claim that
reduced testing may compromise the management of patients,
especially those at high risk.1,3,19
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Conclusion
Our study suggests that a change in physician reimbursement
to reduce bone mineral density testing among women at low
risk had both a positive and a negative effect. The policy
change was associated with an overall reduction in DXA test-
ing. On the positive side, potentially unnecessary DXA testing
in low-risk groups was reduced. On the negative side, DXA
testing in high-risk groups was also reduced, which may fur-
ther compromise the quality of osteoporosis care in Ontario.

How changes to policy have come to stand in the way of
guideline implementation remains unclear. What is clear,
however, is the inconsistency with which guidelines are fol-
lowed at the point of referral. Efforts to communicate guide-
lines with greater clarity at this juncture, particularly as they
relate to high-risk individuals, are worth exploration. A stan-
dardized requisition for referral that clarifies guidelines for
bone mineral density testing to practitioners is one mecha-
nism that may help to ensure appropriate testing in the face of
funding changes.
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