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Abstract
Background/Objectives—Osteoporosis and fractures are common in long term care residents
but little data are available on screening strategies for treatment of such patients.

Design—Cross-sectional analysis to examine screening strategies for treatment.

Setting—Assisted living or skilled care facilities.

Participants—Two hundred and two frail elderly women age 65 and older, excluding those on
bisphosphonates.

Measurements—Treatment eligibility criteria included 1) clinical fractures of the hip or spine
(Clin Fx), 2) clinical fractures or bone mineral density (BMD), 3) Clin Fx, BMD, or vertebral
fractures (VF assessed by DXA based vertebral fracture assessments), 4) fracture risk algorithm
using femoral neck BMD (FRAX-FN), 5) fracture risk algorithm using BMI (FRAX-BMI) or 6)
Clin Fx or heel ultrasound (heel US).

Results—Mean age was 85 years. Treatment eligibility ranged from 17% (Clin Fx) to 98%
(FRAX-BMI). VFs were found in 47%, of whom 74% were silent. Criteria with Clin Fx, BMD or
VF identified 73% of study participants for treatment. FRAX-FN suggested treatment in 81% but
would have missed about 10% of patients with silent vertebral fractures. Clin Fx or heel
ultrasound suggested 39% of participants treatment eligible.

Conclusion—In long term care residents, those eligible for osteoporosis treatment ranged from
less than 20% to roughly all patients depending on screening criteria. Vertebral fractures are
common and identify a subset of patients missed by conventional bone density or FRAX-FN. A
reasonable clinical approach could consider treatment for those with clinical fractures of the hip or
spine, radiologic evidence for a vertebral fracture or osteoporosis by bone density classification.
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Prospective studies are needed to determine optimal screening strategies for treatment in this
cohort.
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INTRODUCTION
Although osteoporosis can be a debilitating condition for adults of all ages, its impact is
most devastating for the frail elderly. One out of three individuals over the age of 90 will
sustain a hip fracture (1), an event associated with up to 20% chance of death in the
subsequent year (2). One quarter of patients with hip fractures are ultimately
institutionalized and less than half of them fully recover. Because the fastest growing
segment of the United States population are adults over the age of 85, the number of patients
with hip fractures is expected to double in the next 15 years (3;4).

The impact of osteoporosis for residents in the nursing home is even more dramatic. Nearly
2 million people live in long term care facilities throughout the United States. Previous
studies suggest a prevalence of osteoporosis of 85% in long term care facilities (5–7). The
rate of non-vertebral fractures may be 2–3% per year in the community while up to 11% in
the nursing home (7). Nursing home residents who fracture at any site are hospitalized more
than 15 times as often as those that did not (8). Therefore, it is not unexpected that a panel of
experts from the March 2000 NIH Consensus Development Conference on Osteoporosis
Prevention, Diagnosis and Treatment identified frail nursing home patients as one of the 5
critical areas that need our immediate attention (9) and this was recently echoed by the NIH/
ASBMR 2011 Forum on Aging and Skeletal Health (10).

Similar to most diseases and comorbid conditions in frail elderly, a key issue is whether
there are treatment benefits that justify screening for osteoporosis. Unfortunately except for
hip protectors (equivocal efficacy) and calcium and vitamin D, there are limited studies for
osteoporosis therapy in this cohort. Post hoc sub-analysis of pivotal trials have suggested
that many FDA approved therapies are efficacious in women over the age of 75 (11–14).
However the older postmenopausal women included in pivotal trials are cognitively intact,
independent, ambulatory, and have limited medications and comorbidities. These are not the
frail women who reside in nursing homes or assisted living.

The vast majority of patients in long term care are not treated (15–17). Estimates of any
bone related treatment in long term care, including hip protectors, range from 7 to 36% (15–
18). The reasons for lack of treatment appear to be multifactorial and include lack of
evidence supporting efficacy in long term care residents, concerns for side effects, cost of
medications, lack of staff time to administer medications and patients with high comorbidity
who die before they obtain benefits from fracture reduction therapy (19;20). However, the
mean life expectancy in a nursing home is 2.8 years (21) and 3–5 years in assisted living.
Since many potent osteoporosis therapy result in fracture reduction in 1 year or less,
residents could obtain benefit (22–24).

The other central issue is there is no gold standard test for determining who should be
treated for osteoporosis in long term care facilities. The National Osteoporosis Foundation
(NOF) has developed a series of consensus guidelines for who should be treated. These
guidelines were derived from data of postmenopausal women and men age 50 and older
living in the community. These recommendations include treatment for 1) those with a hip
or vertebral fracture, 2) a bone mineral density T-score by dual x-ray absorptiometry (DXA)
at conventional sites (total hip, femoral neck or spine) ≤ −2.5 (osteoporosis range) or 3)
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individuals who have low bone mass or osteopenia (T-score between −1 and −2.5) having a
FRAX (World Health Organization fracture risk algorithm) score (using femoral neck bone
mineral density) resulting in a 10 year probability of hip fracture ≥ 3% or a10 year
probability of a major osteoporotic fracture ≥ 20% (25). In the absence of a clinical
osteoporotic fracture of the hip or spine, the current NOF guidelines do not specify treatment
without a bone density.

The FRAX algorithm is based on a set of specific risk factors, incorporates age, height,
weight, hip bone mineral density and is country, gender and race specific. The age range
includes women 40 to 90 years. While these guidelines are useful for those in the
community with easy access to bone mineral density testing, they may be less helpful for
women in long term care with limited access to conventional DXA. However, FRAX also
includes a score using the body mass index instead of bone mineral density. This would be a
potential option for those in long term care who do not have access to bone mineral density
testing by DXA. Guidelines also suggest treatment for those women with vertebral fractures.
Although clinical vertebral fractures may be observed in up to 30% of patients living in the
community (26), prevalence/incidence of vertebral fractures is not known in long term care
residents. Knowledge of a vertebral fracture could significantly alter the decision to treat a
resident in long-term care since those residents have 4 times the risk of another future
vertebral fracture and more than double the risk of hip fracture (27).

Therefore, this study was designed to examine different screening strategies for osteoporosis
treatment eligibility in long term care residents. Treatment would include approved
pharmacological therapies including bisphosphonates, estrogen agoniststs/antagonists,
calcitonin, denosumab and teriparatide. We sought to describe the proportion of nursing
home and assisted living residents that would be recommended for pharmacologic treatment
of osteoporosis using different screening strategies.

METHODS
Study Design

This was a cross-sectional analysis of subjects undergoing screening for a clinical trial
designed to examine prevention and treatment of bone loss in residents in long term care.
We enrolled female residents of long term care facilities in the Pittsburgh area if they were
age 65 or older, were residing in a nursing home or assisted living facility, and were
currently not on bisphosphonate therapy. Patients with a life expectancy of less than 2 years
were not included.

Following administrative meetings in long term care facilities, letters were sent to the
affiliated physicians and family members letting them know of the research program.
Recruitment was done in partnership with the Activity Directors and Directors of Nursing at
each facility. Informational sessions highlighted the specifics of the study process. Per the
regulations for skilled facilities in Pennsylvania, permission was obtained from the state
before recruitment could begin along with obtaining the Institiutional Review Board
approval from the University of Pittsburgh. In addition to the patient’s assent, if the patient
had cognitive impairment, their responsible party or power of attorney provided consent.

Measurements
We examined bone mineral density of the hip (total hip, femoral neck) and PA spine (L1–
L4) using a mobile DXA unit with an onboard Hologic Discovery A densitometer (Hologic
Inc, Bedford, MA). The precision error of scans on elderly patients using the DXA scanning
technique is 1.2% for the total hip, 1.9% for the femoral neck, 1.5% for the PA spine (28).
The presence of vertebral fractures in the thoracic or lumbar spine were determined by
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vertebral fracture assessment (VFA) performed by DXA. This assesses vertebral fractures
from T6-L4 and classifies them according to the Genant criteria of mild, moderate to severe
vertebral fractures (29;30). The sensitivity and specificity of VFA versus conventional x-
rays was 100% and 95% respectively in our hands (31). The overall Kappa statistic was 0.92
(31). Vertebral fractures were also identified by review of medical records for lateral
thoracic and lumbar x-rays. Ultrasound of the heel was performed with a Hologic Sahara
Clinical Bone Sonometer (Hologic Inc, Bedford, MA).

Clinical fragility fracture data of the thoracic or lumbar spine or hip were collected at
baseline. A fragility fracture was defined as a fracture following a fall from standing or
sitting height or lesser trauma as many vertebral fractures occur without a fall. Subjects were
queried if they had a clinical fragility fracture as an adult to use in the National Osteoporosis
Foundation (NOF) clinical guidelines for treatment eligibility. Fractures were verified with
medical records.

Clinical Risk Factors
To characterize the frailty of the cohort, because there is no conventional assessment for
frailty in residents in long term care (32–34), we examined the Physical Activities of Daily
Living [eat, dress, groom hair, walk, transfer, bathe, get to bathroom (35)], the Instrumental
Activities of Daily Living [able to use phone, shop, prepare meals, housework, take
medication, handle money (36)], gait speed [<0.6 m/sec considered frail, (37)] and Duke
comorbidity Index, (38). For the FRAX score, in addition to height and weight assessed at
baseline, we queried patients about previous fracture at any site (except fingers, toes and
skull), parental hip fracture, current smoking, use of glucocorticoids, diagnosis of
rheumatoid arthritis, questions regarding secondary osteoporosis (disorder strongly
associated with osteoporosis) and alcohol intake. Using these variables, a FRAX score (web
version 3.4) was calculated using bone mineral density of the femoral neck (FRAX-FN)
(39). Because the FRAX algorithm only goes to age 90, those above 90 were considered 90
years old and included in the analysis. In addition, we calculated FRAX using only body
mass index (FRAX-BMI).

Screening Strategies
In order to determine which residents would be treated for osteoporosis we examined several
different screening strategies including patients with 1) clinical fractures at baseline (Clin
Fx), either at the spine or hip verified by medical record or radiologic examination; 2)
clinical fracture or bone mineral density (BMD) osteoporosis classification by the spine,
total hip or femoral neck T-scores ≤ −2.5 (Clin Fx or BMD); 3) clinical fracture,
osteoporosis by bone mineral density criteria, or those who had a vertebral fracture (VF)
identified by VFA [graded as mild, moderate or severe by Genant criteria (29)] or
conventional lateral thoracic or lumbar x-ray (Clin Fx, BMD or VF); 4) FRAX score using
femoral neck bone mineral density that demonstrated a major osteoporotic fracture risk in 10
years ≥ 20% or hip fracture risk ≥3% (FRAX-FN); 5) FRAX calculation using only height
and weight for BMI (no bone mineral density) with a 10 year risk of a major fracture ≥20%
or hip fracture risk ≥3% (FRAX-BMI); and 6) clinical fractures or osteoporosis
classification by heel ultrasound with T-score ≤ −2.5 (ClinFx or heel US) (Table 1).

RESULTS
Seven hundred and thirty-three contacts were made in 11 long term care facilities in the
Pittsburgh, Pennsylvania area. Two hundred and fifty-two women consented to screening,
and of those women, BMD, VFA, historical information were available in 202 patients who
were included in the study. Ultrasound was available in 182 of these residents.
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The mean age of patients was 85.4 ± 0.4 (mean ± standard error) years with a range of 68 to
99 years (Table 2). Forty patients (19.8%) were over age 90 years (the cut off for FRAX).
Ninety-seven percent were Caucasian with 3% African American. By the Physical Activities
of Daily Living (35), 74% had at least 1 disability and 31% had at least 3. By the
Instrumental Activities of Daily Living (36), 93% had at least 1 disability, 70% had at least
3. Gait speed was <0.6 m/sec in 70% (37). Fifty-five percent could not transfer
independently without the aid of a device or person. One hundred percent had at least 1
comorbid condition, 82% had at least 3 [Duke comorbidity Index, (38)]. The average body
mass index was 27.6 ± 0.4 kg/m2. The average T-scores were −0.7 ± 0.1 for the spine, −2.0
± 0.1 for the total hip, −2.1 ± 0.1 for the femoral neck and −1.4 ± 0.1 for the heel ultrasound.

Figure 1 demonstrates the percentage of patients eligible for treatment based on each
screening strategy. Seventeen percent of patients had a clinical fracture (spine or hip) and
were eligible for treatment. Based on BMD criteria with a T-score ≤ −2.5 or lower at the
spine, total hip or femoral neck or clinical fractures, 54% would be treated. If we substituted
heel ultrasound for BMD, the combination of a clinical fracture or heel ultrasound would
result in pharmacologic treatment of 39%. Vertebral fractures assessed by VFA or clinical
vertebral fractures would suggest treatment in half of the patients. Of these 101 patients,
74% were identified by VFA (silent vertebral fractures) and 26% were clinical with
historical x-rays. If we included women meeting any of those 3 criteria (clinical fracture,
osteoporosis by BMD or VF), 73% would have been treated. FRAX computed with BMD of
the femoral neck (FRAX-FN) suggested, 81% would be treated; FRAX-BMI based on BMI
(without BMD), would recommend treatment in 98%.

Of the 101 patients that had a vertebral fracture by VFA or x-ray, 16 (16%) had a normal
bone density and 35 (35%) had low bone mass (osteopenia). This means that 51 of 101
(roughly half) of patients with vertebral fractures would have been missed by a screening
strategy that uses bone density criterion only.

We examined the overlap of the screening methods to identify subsets of patients included
or excluded for treatment, and present results graphically with three criteria at a time for
clarity (Figures 2–3). The patients who would be treated based on BMD alone (N=94),
overlapped with those eligible by VF (N=101) by only 50 patients (Figure 2A).
Approximately two-thirds of the patients that should be treated by either of these two criteria
were in one group or the other, and would have been missed if only one method was
utilized. When the clinical fracture criterion was included in the analysis only 3 additional
patients with clinical fractures would have been included for treatment.

We examined the overlap among clinical fractures, BMD and FRAX-FN. Because FRAX-
FN includes femoral neck BMD and clinical fractures, only one additional patient would not
have been missed by FRAX-FN criterion (Figure 2B) that would have been identified by
fractures. In comparison, if we compared overlap of BMD, FRAX-FN and VF (not
necessarily included in the FRAX calculation due to silent nature of VF), VF identifies an
additional 19 patients to be treated compared to FRAX by itself (Figure 3A).

Heel ultrasound by itself only identified 24% of patients for treatment. However, these 44
women would have been largely missed by clinical fracture criterion. Heel ultrasound,
identified an additional 37 women eligible for treatment (20%) above and beyond those
identified by clinical fractures. If we consider both clinical fractures and vertebral fractures,
heel ultrasound added an additional 20 patients (11%) for treatment (3B).
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DISCUSSION
We observed that the eligibility of treatment for older women in long term care with a mean
age of 85 ranged from 17 to 98%, depending on the screening strategy. Overall, treatment
based on clinical fractures of the spine and hip alone would suggest treatment in less than
20%. Assessing vertebral fractures by vertebral fracture assessment DXA technology or x-
ray identified an additional cohort of patients requiring treatment missed by bone mineral
density. Three quarters of the vertebral fractures identified were silent. The combination of
bone mineral density (able to detect both spine and hip osteoporosis criteria), clinical
vertebral and hip fractures and vertebral fractures by VFA suggested treatment in close to
three quarters of the patients. This combination supports the NOF clinical guidelines;
however, the NOF guidelines also include those with appropriate FRAX criteria.
Surprisingly, FRAX based on femoral neck bone density alone identified 81% of
participants for treatment but missed almost 10% of women with silent vertebral fractures
that might benefit from treatment.

The findings of this study need to be put in context of the clinical relevance and
ramifications. First there are limited data on the efficacy and safety of osteoporosis
treatment in residents in long term care except for studies on calcium and vitamin D.
Second, the guidelines of the NOF were based on community dwelling post menopausal
women - - a cohort very different from the cognitively impaired, mobility challenged and
dependent residents in long term care. Finally, although most women in long term care
facilities live long enough to appreciate a benefit of fracture reduction from therapy for
osteoporosis, it would be reasonable to target women who would gain the greatest benefit
from screening and treatment.

This study demonstrates the importance of considering different screening strategies for
optimal osteoporosis treatment. Seventeen percent of patients had clinical fractures of the
spine and hip. These patients have clinical osteoporosis and should be the first who are
evaluated for secondary causes of osteoporosis (for example vitamin D deficiency) and
treated. While many physicians rely on bone mineral density alone, over half of frail elderly
patients would not be treated based on BMD alone. FRAX with femoral neck BMD takes
into account age and other risk factors important for aging. In this analysis, FRAX did not
omit any patients that would have been treated by BMD alone. The substitution for BMI
instead of BMD changed FRAX treatment eligibility from 81 to 98% or nearly all of the
residents. Unfortunately, most pivotal treatment studies have examined entry criteria
utilizing bone mineral density T-score osteoporosis classification and/or history of vertebral
or hip fractures. Because FRAX has not been used as a clinical trial entry criteria, especially
with BMI alone, it is not clear if treatment would be justified by BMI criteria alone.
Furthermore, FRAX, while validated in the community cohorts, has not been validated in
the long term care setting.

Vertebral fractures were observed in half of the cohort and the majority were silent. In our
population, roughly half of patients with a normal or low bone mineral density (osteopenia)
had a vertebral fracture. This means that approximately half of patients would have been
misclassified with respect to treatment eligibility. Although radiology is available in some
long term care facilities, a lateral thoracic and lumbar film are needed to diagnose a
vertebral fracture and these more specialized films are often not available on site. We have
previously demonstrated the importance of the identification of vertebral fractures in
community dwelling elderly women and in men with prostate cancer on androgen
deprivation therapy (31;40). This study further emphasizes the importance of identification
of vertebral fracture in the diagnosis of osteoporosis and screening strategy for treatment.
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Previous studies have looked at ultrasound as a tool for screening. Our study agrees with
others that have found that heel ultrasound screening with a T-score threshold of ≤ −2.5 only
identifies the tip of the iceberg of patients with osteoporosis. The National Health and
Nutrition Examination Survey (NHANES III, 1988–1991) that included 1558 women age 50
and older, estimated 20% had osteoporosis by femoral neck BMD (41). The National
Osteoporosis Risk Assessment (NORA) study examined peripheral measures in 200,160
ambulatory women age 50 and older with no previous diagnosis of osteoporosis. In their
cohort, heel ultrasound identified 3.4% with osteoporosis (42). This means that roughly 83%
with osteoporosis by femoral neck BMD were missed by heel ultrasound. We found that
heel ultrasound alone identified only 24% for treatment but increased treatment criteria up to
39% when added to clinical fractures.

There are several limitations to this study. FRAX was designed to include patients age 40–
90; however, close to 20% of our patients were over age 90 and were included in the age 90
bracket although they were older. Second, bone mineral density assessment may have been
falsely elevated due to osteoarthritis, degenerative joint disease, osteophytes, scoliosis and
even arthritis of the hip which are all common in this population. This would underestimate
the number of older patients in our analysis who should be treated based on bone density
criteria. Moreover, we did not include forearm bone density. A third limitation is that we did
not verify all vertebral fractures by conventional x-rays. Our VFA fracture ascertainment
was DXA-based. However, we have previously shown in a population of older ambulatory
men, the kappa statistics for vertebral fracture assessment with conventional radiology was
0.92 (31). Finally, we did not include men.

Despite the limitations, there are several important strengths of the study. We specifically
gathered information to identify patients with rheumatoid arthritis, those who were smoking,
on glucocorticoids, and who had a personal fracture or family history of fracture as patients
were enrolled in the study to be included in FRAX. Because of the mobile DXA unit, we
were able to include femoral neck bone mineral density to be included in the FRAX
calculation. This allowed us to look at the difference between FRAX based on BMI alone
and bone density. Furthermore, our findings extend those of NHANES III to a more frail
population and are of comparable precision. NHANES III included 212 women age 80 and
older living in the community and reported 52% with osteoporosis (41) while our analysis
included 202 in long-term care. Finally, we were able to examine ultrasound which
potentially could have been a useful and feasible assessment tool to screen for treatment for
osteoporosis in this population.

In summary, we found that alternative screening strategies identified widely varying
percentages of eligible patients for osteoporosis treatment ranging from 17 to 98%. Because
vertebral fractures are common in this population and often silent, some assessment for
vertebral fractures should be performed. While FRAX using BMI appears to be a feasible
assessment tool in this population, it appears to have over-estimated who should be treated.
In contrast, heel ultrasound using a T-score threshold of ≤−2.5, another feasible tool, appears
to identify too few. Furthermore, femoral neck bone density used in FRAX may under
diagnose patients who should be treated because of missing knowledge regarding silent
vertebral fractures.

Overall, our results suggest that some assessment for vertebral fractures is appropriate. A
reasonable clinical approach might consider treatment for those with a clinical hip or spine
fracture, radiologic evidence of a vertebral fracture or bone density osteoporosis
classification if available. Moreover, since most osteoporosis therapies have demonstrated
fracture reduction in approximately 1 year, residents expected to live less than 1 year may
not receive a benefit. Future studies are needed to follow these parameters prospectively

Greenspan et al. Page 7

J Am Geriatr Soc. Author manuscript; available in PMC 2013 April 01.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



along with pharmacologic therapy to more definitively determine which specific strategies
are most appropriate to identify individuals in the frail elderly population for treatment.
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Figure 1.
The percent of residents eligible for treatment based on clinical fractures (Clinical Fx);
Clinical fractures or bone mineral density osteoporosis classification: (Clinical Fx or BMD);
Clinical fractures, BMD or vertebral fractures (Clinical Fx, BMD or VF); FRAX algorithm
using femoral neck BMD (FRAX-FN); FRAX using body mass index (FRAX-BMI); or
clinical fractures or heel ultrasound osteoporosis classification (Clinical Fx or Heel US).
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Figure 2.
A.) Venn diagram illustrating number of patients eligible for treatment based on criteria for
bone mineral density (BMD), vertebral fractures (VF) or clinical fractures (Clinical Fx) and
overlap of the 3 criteria. Fifty-four patients were not eligible for treatment. B.) Venn
diagram illustrating number of patients eligible for treatment based on criteria for bone
mineral density (BMD), clinical fractures (Clinical Fx) or fracture risk algorithm (FRAX-
FN, using femoral neck BMD) and overlap of the 3 criteria. Thirty-seven patients were not
eligible for treatment.
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Figure 3.
A.) Venn diagram illustrating number of patients eligible for treatment based on criteria for
bone mineral density (BMD), vertebral fractures (VF) or fracture risk algorithm (FRAX-FN,
using femoral neck BMD) and overlap of the 3 criteria. Nineteen patients were not eligible
for treatment. B.) Venn diagram illustrating number of patients eligible for treatment based
on criteria for clinical fractures (Clinical Fx); vertebral fractures (VF) or heel ultrasound
(Heel US) and overlap of the 3 criteria. Sixty patients were not eligible for treatment.
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Table 1

Screening Strategies for Pharmacologic Treatment

Strategy Category Criteria for Positive Screen Origin of Guideline/Strategy

Clinical Fracture Clin Fx Major osteoporotic fracture of the hip or vertebrae NOF (25)

Clinical Fracture or
Bone Mineral Density

Clin Fx or
BMD

Major osteoporotic fracture of the hip or vertebrae
or
Bone mineral density (by Dual X-ray Absorptiometry,
DXA): hip (femoral neck or total hip) or spine T-score
≤ −2.5 (osteoporosis range)

NOF (25)

Clinical Fracture, Bone
Mineral Density or
Vertebral Fracture

Clin Fx, BMD
or VF

Major osteoporotic fracture of the hip or vertebrae
or
Bone mineral density (by Dual X-ray Absorptiometry,
DXA): hip (femoral neck or total hip) or spine T-score
≤ −2.5 (osteoporosis range)
or
Vertebral fracture determined by vertebral fracture
assessment (DXA derived)

NOF (25)

FRAX using Femoral
Neck Bone Mineral
Density

FRAX-FN FRAX calculation using femoral neck BMD: Low
bone mass and a WHO 10 year probability of hip
fracture ≥ 3% or 10 year probability of any major
osteoporotic related fracture ≥ 20%

NOF (25)
WHO (39)

FRAX using Body Mass
Index

FRAX-BMI FRAX calculation using only height and weight: with
WHO 10 year probability of hip fracture ≥ 3% or 10
year probability of any major osteoporotic related
fracture ≥ 20%

NOF (25)
WHO (39)

Clinical Fracture or
Heel Ultrasound

Clin Fx
Or
Heel US

Major osteoporotic fracture of hip or vertebrae
or
Heel ultrasound T-score ≤ −2.5

NOF (25)
NOF-Ultrasound predicts fracture
risk, T- scores not equivalent to
DXA (25)
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