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Introduction
Opportunities to prevent further fractures in women and men
who have sustained a fracture are usually neglected; to do so,
however, is to preside over the natural history of osteoporosis
and deny patients the opportunity of avoiding the morbidity
[1–3] and, possibly, mortality [1,4•,5] associated with frac-
tures. Low bone mineral density (BMD), which is common in
women and men over 50 years of age with fractures, is amena-
ble to intervention and has been an effective target for treat-
ment (including alendronate [6••,7,8••,9,10], risedronate
[11••,12•,13••], cyclical etidronate [14], raloxifene [15••],
and calcitonin [16]) to achieve the prevention of further
osteoporotic fractures (secondary prevention of osteoporotic
fractures). Despite the recommendation in national guide-
lines that patients with fractures should be assessed for
osteoporosis [17,18], this practice has rarely been adopted. In
this review, recent evidence supporting strategies for the sec-
ondary prevention of osteoporotic fractures will be reviewed;
the key challenge for researchers is translating this evidence
into clinical practice.

Implication of Nonvertebral Fracture for 
Future Fracture Risk
History of fracture is associated with a two- to eightfold
higher risk of fracture at the same anatomical site and also

at other sites [19]. A study by van Staa et al. [20•] con-
firmed that the occurrence of a fracture at a nonvertebral or
vertebral site in postmenopausal women is associated with
a 1.6- to 5.8-fold increased risk (expressed as standardized
incidence ratio) of subsequent fractures at vertebral and
nonvertebral sites. Among the sites of fracture that carry
predictive value for future fracture risk are fractures of wrist
and hip, as previously reported, but also fractures at a
range of other sites, such as lower leg (tibia/fibula and
ankle), humerus, and even ribs (Table 1).

Three recent studies have shown that fracture events
have a predictive value for future fractures, even if the orig-
inal fracture occurred long before menopause (in women
over 20 years of age) [20•,21,22]. Hosmer et al. [21] in their
prospective 12-year follow-up of 9704 postmenopausal
white women over the age of 65 demonstrated that a frac-
ture occurring at any nonvertebral site in a premenopausal
woman is associated with approximately a 35% increased
risk of postmenopausal fracture at any nonvertebral site
(hazard ratio 1.33; 95% confidence interval [CI] 1.14 to
1.56, P<0.001) (Table 1). Although women with a history
of premenopausal fracture did tend to have slightly lower
BMD, the increased risk of postmenopausal fracture per-
sists even after adjustment for BMD (and also after adjust-
ment for medication and history of maternal fracture).
Fractures in men at any age are associated with even greater
relative increase in risk of further fractures than is seen in
women, although the absolute risk remains less [20•].

Implication of Vertebral Fracture for Future 
Fracture Risk
Clinically apparent vertebral fractures are associated with
increased risk of fractures at vertebral and nonvertebral sites
[23]. Asymptomatic vertebral fractures have been associated
with an approximately twofold increase in risk of hip frac-
tures [24]. Recent evidence has confirmed this observation.
For example, Ismail et al. [25], in their further evaluation of
fracture outcomes in the European Prospective Osteoporosis
Study group, which comprises around 6300 men and 6788
women observed for a median of 3 years, have confirmed that
hip fracture risk is increased by approximately four- to five-
fold in women, but not in men, with asymptomatic vertebral
fractures. Hip fracture risk rises in proportion to the number
of prevalent vertebral fractures; the presence of two or more
asymptomatic vertebral fractures is associated with a seven-
fold increase in hip fracture risk. Although less dramatic, the

Patients who present with osteoporotic fracture are at highest 
risk of further fractures and their associated morbidity. 
Despite the availability of several evidence-based therapeutic 
options, which have the potential to reduce the incidence of 
fractures by up to 50%, it is paradoxical that these high-risk 
patients are seldom assessed for osteoporosis and offered 
treatment. Secondary prevention of osteoporotic fractures 
should now be the priority for osteoporosis services; the 
challenge that remains is to devise new models of patient care 
that can deliver strategies for the secondary prevention of 
osteoporotic fractures in different healthcare settings.
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risk of “any limb” fracture is also increased by a factor of 1.8,
but only in women. This relationship has persisted even after
correction for low BMD.

Further fractures can occur early after the initial fracture
event. Johnell et al. [26•] have assessed the timing of subse-
quent fractures that require hospitalization after hospital
admission for low-trauma vertebral fracture; only 8% to 20%
of vertebral fractures necessitate hospitalization [27]. Six
(95% CI 4.2 to 8.4) per 1000 women and 7.1 (95% CI 5.8 to
8.8) per 1000 men aged 50 to 54 are subsequently readmitted
with hip fracture within 6 months of hospitalization for verte-
bral fracture. This represents a 20.9- and 16.7-fold increase,
respectively, in the risk of hip fracture over that seen in the
general population. The risk rises with age, and if the vertebral
fracture that necessitates admission occurs in women and
men over 85, their risk of hip fracture within 6 months is,
respectively, 70.3 (61.1 to 80.9) and 85.7 (80.5 to 91.2) times
higher than expected. The subsequent fracture risk is greatest
early on, after the initial vertebral fracture. Hip fracture risk
decreases with increasing time after the original vertebral frac-
ture and 4 years later is approximately 30% to 40% less than
the risk at 6 months, which emphasizes the need for early
intervention. To achieve optimal reduction in fracture risk, it
is clear that strategies for secondary prevention need to be
implemented early.

Calculation of absolute risk of fracture is more useful
than relative risk for identifying and prioritizing those who
are at sufficiently great short-term risk to benefit from the
inconvenience and cost of treatment for the secondary pre-
vention of fractures. van Staa et al. [20•] applied their frac-
ture incidence data to UK lifetables (Table 2) to provide
estimates of absolute fracture risk. In a 65-year-old person,
the 5-year risk of suffering a nonvertebral fracture after a
fracture at radius/ulna, femur/hip, or vertebra ranges from
3% to 6.2% in women and from 1% to 5.7% in men (Table
2). Five-year post-fracture, nonvertebral fracture risk
increases with age and, in those over the age of 85, is
between 3.1% and 23.9% for women and between 0.6%
and 8.8% for men. In general, nonvertebral fractures are
less predictive of vertebral fracture occurrence, although
this may be a consequence of including only those patients
who had symptomatic vertebral fractures with a confirma-
tory radiograph. For men, forearm fracture risk is lower and
is less influenced by fracture history. Similar trends, but
higher predicted subsequent 5-year fracture rates, were
reported in a study of postmenopausal women with frac-
tures in Australia. The subsequent 5-year fracture risk in a
65-year-old woman with a fracture at spine, hip, or other
site ranged from 0.9% to 14.3%; at age 85, the risk rises to
between 18.4% and 40.2% [28•].

Table 1. Standardized incidence ratio of subsequent fractures stratified by fracture type in patients aged 
20 years or older in the UK General Practice Research Database*

Original 
fracture

Later fracture
Any fracture
SIR (95% CI)

Radius/ulna
SIR (95% CI)

Tibia/fibula/
ankle
SIR (95% CI)

Femur/hip
SIR (95% CI)

Humerus
SIR (95% CI)

Ribs
SIR (95% CI)

Vertebral
SIR (95% CI)

Any fracture 2.5 (2.4 to 2.6) 2.3 (2.2 to 2.4) 2.2 (2.1 to 2.2) 3.5 (3.3 to 3.6) 2.3 (2.2 to 2.4) 2.2 (2.0 to 3.3)
Radius/ulna 3.0 (2.9 to 3.1) 2.1 (1.9 to 2.2) 2.0 (1.8 to 2.1) 5.8 (5.5 to 6.1) 1.8 (1.6 to 2.1) 1.5 (1.3 to 1.8)
Tibia/fibula/

ankle
2.7 (2.6 to 2.8) 1.6 (1.5 to 1.8) 2.1 (1.9 to 2.4) 1.8 (1.5 to 2.1) 1.7 (1.4 to 2.0) 1.6 (1.3 to 1.8)

Femur/hip 2.6 (2.5 to 2.7) 2.0 (1.8 to 2.1) 2.8 (2.5 to 3.1) 2.7 (2.5 to 3.1) 1.8 (1.5 to 2.2) 2.1 (1.8 to 2.5)
Humerus 3.8 (3.6 to 3.9) 5.6 (5.2 to 5.9) 2.1 (1.8 to 2.4) 2.8 (2.5 to3.0) 2.6 (2.2 to 3.2) 2.8 (2.3 to 3.4)
Ribs 2.6 (2.4 to 2.7) 2.1 (1.9 to 2.4) 2.2 (1.9 to 2.6) 2.1 (1.8 to 2.4) 2.7 (2.3 to 3.2) 4.3 (3.7 to 5.2)
Vertebral 2.9 (2.8 to 3.1) 1.8 (1.6 to 2.1) 2.2 (1.8 to 2.7) 2.9 (2.6 to 3.3) 3.0 (2.5 to 3.6) 5.1 (4.3 to 6.0)

*Note that fractures at nonvertebral and vertebral sites, even in young adults, are associated with increased risk of future fractures at any site. 
This study was not able to assess later fracture risk at the same anatomical site. Vertebral fractures were clinically apparent fractures.
CI—confidence interval; SIR—standardized incidence ratio.

Table 2. Observed 5-year risk of subsequent fracture from the UK General Practice Research Database 
applied to lifetables to provide an actual fracture risk by gender and after fracture at any given age

Original fracture Later fracture 65 to 74 years 75 to 84 years 85 years or older
Men Women Men Women Men Women

Radius/ulna Femur/hip 2.5% 3.0% 2.9% 9.4% 6.3% 17.0%
Vertebral 0.6% 0.9% 0.7% 1.4% — 1.8%

Femur/hip Radius/ulna 2.8% 5.8% 2.6% 7.4% 0.6% 5.8%
Vertebral 1.1% 1.5% 1.3% 2.2% 3.2% 1.5%

Vertebral Radius/ulna 1.0% 4.5% 1.5% 6.4% 0.8% 3.1%
Femur/hip 5.7% 6.2% 7.4% 15.5% 8.8% 23.9%
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Are All Fractures Osteoporotic Fractures?
The factors that contribute to fracture risk can be broadly
divided into those that relate to the integrity of the skeleton
and those that relate primarily to risk of falling. Low BMD
carries the greatest implication for fracture risk. Because low
BMD provides an opportunity to target treatment to reduce
fracture risk, it is helpful to review the prevalence of
osteoporosis in different fracture groups. It should be
emphasized that there is an inverse relationship between
BMD and fracture risk; the risk of fracture rises approximately
2.5-fold per standard deviation reduction in BMD.

Osteoporosis has been shown to be present in 73.5%
of low trauma symptomatic vertebral fractures (defined as
loss of height of one vertebral dimension of 20% or more)
in women; the prevalence rises with age, and 87% of those
aged 70 to 79 with clinical vertebral fracture have
osteoporosis at hip or spine [29•]. The author’s data (Fig.
1) show that, depending on the site of fracture, between
32% (ankle) and 74% (hip) of women and 10% (ankle)
and 85% (hip) of men over the age of 50 with low trauma
fractures have osteoporosis.

In Fracture Cases, Does Assessment for 
Osteoporosis Take Place?
Several recent reports suggest that, despite the availability of
several agents with potential to achieve secondary prevention
of osteoporotic fractures, little progress has been made in
applying this knowledge to patients who present with a frac-
ture. In a recent retrospective assessment of outcome after
distal forearm fracture in 343 postmenopausal women from
Minnesota, only 28% had received treatment or treatment
advice regarding osteoporosis 12 months after the fracture
[30]. Repeated presentations with fractures do not guarantee
that patients will be assessed or treated for osteoporosis; only
33% of women presenting with their second fracture
received treatment or treatment advice regarding osteoporo-
sis. Similarly, poor treatment rates are seen in the UK; 5% of

wrist fractures patients, 4% of hip fracture patients, and 39%
of vertebral fracture patients identified through the UK Gen-
eral Practice Research Database were given treatment within
12 months of their fracture [31]. Osteoporosis assessment
and treatment rates are low, which is reflected in discharge
medication, whether fracture patients are discharged from
acute care or from rehabilitation facilities [32]. Assessment
and treatment rates are similarly low, even when there are
open- or direct-access dual radiograph absorptiometry
(DXA) services to which primary care clinicians can refer frac-
ture cases; the author’s experience suggests that only 2.7% of
Colles’ fracture and 11.6% of hip fracture cases are referred
for assessment by DXA.

The Fracture Liaison Service: A Service Model 
that Achieves Secondary Prevention of 
Osteoporotic Fractures
Understanding the pathway of care of fracture patients is
essential for the identification of opportunities to target
effort to offer osteoporosis assessment. Most fracture cases
are readily identifiable through the Accident and Emergency
or Orthopaedic Services, which routinely deal with the acute
fracture management. It is clear that, despite the ease of iden-
tification of patients with fractures, with the possible excep-
tion of vertebral fractures, osteoporosis assessment and
management are seldom offered by the services that provide
acute fracture care or by their primary care clinicians.

The Fracture Liaison Service (FLS) was established in
1999 to deliver a strategic approach to secondary prevention
for the author’s hospital’s fracture cases. Before this,
osteoporosis assessment in fracture patients was available
through secondary care-based osteoporosis clinics and
through a direct-access DXA service, which could refer frac-
ture patients directly for DXA via their primary care clinician.
Having confirmed that osteoporosis assessment was rarely
offered, it was agreed with primary care and orthopedic
colleagues that the solution lay in taking the expertise of the

Figure 1. The prevalence of osteoporosis by 
fracture site and by gender in 1048 patients 
assessed by dual radiograph absorptiometry 
through the Fracture Liaison Service.
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existing osteoporosis service directly to the patients where
their acute fracture care was being provided (ie, in the ortho-
paedic wards or at the orthopaedic fracture clinics). This was
achieved through creation of a novel service within second-
ary care, the FLS, in which a new nurse practitioner role, the
Fracture Liaison Nurse (FLN), would effect delivery of
osteoporosis assessment and protocol-based treatment,
where necessary, for the secondary prevention of fractures.
All men and women over the age of 50 with fractures (apart
from those sustained in road traffic accident or in fall from
above head height) are now offered osteoporosis assessment
or treatment. The FLS is based on the principle of maximiz-
ing personal contact with fracture cases when they are inpa-
tients or when, as outpatients, they attend the orthopedic
fracture clinics—fracture patients who do not meet with the
FLN personally are contacted via letter. The purpose of initial
contact is to advise patients that their fracture is associated
with possible risk of underlying osteoporosis and of further
fracture, and to offer assessment for osteoporosis by DXA.
Dual radiograph absorptiometry assessment is provided
through a one-stop DXA/FLN clinic (two sessions per week)
at which DXA is performed; the result is discussed in the con-
text of other risk factors for fracture, and the optimal man-
agement plan (defined by protocol, and tailored to the
individual’s need) is agreed on.

If DXA is not perceived to be necessary in determining
treatment selection, for example, if the patient is assessed
to be unsuitable for bisphosphonates (perhaps because of
dementia and the lack of someone to supervise medica-
tion), then 1000 mg of calcium carbonate and 800 IU of
vitamin D are started without further assessment.

The FLS, which is described in detail elsewhere,
achieves assessment (by DXA) or treatment in 71% to 81%
of patients with fractures at all sites in women and men;
the remainder only fail to undergo assessment because
they decline the opportunity [33].

Identification of Osteoporosis and Fracture 
Risk: When to Treat
Assessment of fracture risk in individual patients requires
consideration of factors that reflect skeletal integrity and
factors that determine risk of falling. For some patients,
attention to the latter may achieve more in modifying frac-
ture risk. However, pharmaceutical intervention primarily
modifies the skeleton’s contribution to fracture risk, and of
the three key risk factors for fracture, BMD, age, and previ-
ous fracture, it is BMD or previous fracture that are appro-
priate criteria for targeting treatment to reduce fracture risk.
Confirmation that a patient’s fracture risk is high is insuffi-
cient to assure that antiresorptive therapy can potentially
reduce the incidence of fractures, if that risk assessment is
not primarily determined by BMD as assessment by axial
DXA. For example, targeting antiresorptive therapy to
patients whose risk is primarily based on risk factors other
than BMD has not reduced the incidence of fractures

[13••]. Although ultrasound, peripheral DXA, and markers
of bone turnover have a role in predicting future fracture
risk, none of these has been an effective means of targeting
treatment to patients to reduce their fracture risk.

The aim of treatment of osteoporosis in fracture
patients is to reduce the incidence of further fractures.
Treatments can be categorized into those that, in double
blind, randomized, placebo-controlled trials, have reduced
risk of fractures at vertebral and nonvertebral sites (Table
3) (alendronate [7], risedronate [11••,12•], and hormone
replacement therapy [34]), and those whose fracture effi-
cacy is restricted to reduction in risk of vertebral fractures
only (cyclical etidronate [14], calcitonin [16], and ralox-
ifene [15••]). Clearly, for most patients, treatments with
potential to achieve secondary prevention of fractures at all
sites would be preferable to those treatments that can only
reduce risk of vertebral fracture.

Table 3 summarizes the key double blind, randomized,
placebo-controlled trials that have been performed in
osteoporotic women, and allows comparison of trial size, the
incidence of fractures (vertebral and non-vertebral) in the tri-
als’ placebo groups, which is an indicator of the actual frac-
ture risk that may be experienced when applying similar BMD
and fracture inclusion criteria in clinical practice. Table 3 also
summarizes the efficacy of these treatments in reducing the
incidence of fractures at vertebral and nonvertebral sites.
Three broad strategies for targeting antiresorptive treatments,
based on ascertainment of prevalent fractures with or without
BMD measurement, can be inferred from clinical trials (Table
3). In the first strategy, ascertainment of potential risk is based
on the presence of at least one vertebral fracture coupled with
BMD measurement by axial DXA. Alendronate, at 10 mg per
day (with calcium and vitamin D), has reduced incident frac-
ture rate by approximately 50% at spine and hip when tar-
geted on basis of vertebral fracture coupled with a femoral
neck T score of -1.6 or less (using the National Health and
Nutrition Examination Survey reference dataset for calcula-
tion of T scores). The number needed to treat (NNT) to pre-
vent one vertebral fracture is 15, whereas the NNT to prevent
one hip fracture is 90.

Schnitzer et al. [35] compared 70 mg once weekly with
the 10 mg daily alendronate regimen and showed equiva-
lent BMD increments for these different regimens for
administration of alendronate. This clinical trial was not
designed to establish equivalent fracture risk reduction.

The only double blind, randomized, placebo-controlled
trial of the efficacy of hormone replacement therapy in the
secondary prevention of fractures in osteoporotic women was
based on use of transdermal estrogen [34]. Although a very
small study and flawed because the number of incident verte-
bral fractures was used to define efficacy rather than the num-
ber of patients with new vertebral fractures, the incidence of
vertebral fractures was reduced after just 1 year of treatment.
This relationship is likely to be causal and is supported by The
Women’s Health Initiative, which is the largest double blind
placebo-controlled clinical trial of estrogen (and progester-
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one) that confirmed that, even when used in healthy post-
menopausal women (whose BMD status was unknown),
hormone replacement therapy is associated with significant
fracture risk reduction including fracture at the hip [36••].
This trial was, however, designed to assess the overall risks and
benefits of hormone replacement therapy and was stopped
prematurely because, after approximately 5 years of use, the
adverse risks (increased risk of breast cancer, myocardial
infarction, and stroke) outweighed the benefits (fracture risk
reduction and reduction in the incidence of colonic cancer).

Vertebral fracture, but not nonvertebral fracture, risk
reduction has been shown with raloxifene at 60 mg per day
[15••] and also with 200 IU per day intranasal calcitonin
[16] (used in conjunction with calcium and vitamin D)
when administered to women whose fracture risk is defined
by low axial BMD with at least one vertebral fracture.

In the second strategy (Table 3), fracture risk reduction
can be achieved by targeting antiresorptive treatments at
thresholds of BMD that are sufficiently reduced to result in
increased fracture risk, but are, nevertheless, modifiable with
intervention. It is these treatment thresholds that can be
applied to patients presenting with nonvertebral fractures. A
nonvertebral fracture doubles (at least) the patients’ future
fracture risk at that and other skeletal sites, and when used in
conjunction with evidence-based thresholds of BMD defined
by clinical trials, treatments are likely to confer greater benefit
in terms of the absolute fracture risk reduction in those with
fracture (and low BMD) than would be seen in patients with
similarly reduced BMD without a nonvertebral fracture.

Alendronate at 10 mg per day with calcium and vita-
min D administered to patients with femoral neck T scores
of -2.5 or lower can significantly reduce the incidence of
vertebral (NNT 35) and nonvertebral fractures (hip frac-
ture NNT 81) [9]. Similar efficacy in nonvertebral fractures
risk reduction (NNT 54) has been reported in the Foxamax
International Trial Study Group trial [8•], also of alendr-
onate, in which treatment was given of the basis of lumbar
spine BMD T score of -2 or under.

Hip fracture risk reduction has been reported with rise-
dronate at 5 mg per day with calcium and vitamin D [13••]
administered to elderly women with femoral neck T scores of
-2.7 to -2.9 or with slightly higher bone density and other
skeletal risk factors, such as increased hip axis length. This
study uniquely addressed the primary endpoint of hip frac-
ture incidence, and clearly established that hip fracture risk
reduction with bisphosphonates could only be achieved by
targeting treatment at low BMD, which is amenable to this
treatment, and not by giving bisphosphonates to elderly
women whose fracture risk is defined only by clinical risk fac-
tors for fracture (including fall-related factors).

Raloxifene at 60 mg per day with calcium and vita-
min D has reduced the incidence of vertebral fractures
(NNT 46) when given to patients with femoral neck T
scores of -2.5 or less [15••].

In the third strategy (Table 3), fracture risk reduction
can be achieved by targeting antiresorptive treatments in

patients whose fracture risk is determined by the presence
of multiple vertebral fractures (at least two), without the
necessity to perform DXA. Risedronate at 5 mg daily, with
calcium and vitamin D, has reduced the incidence of verte-
bral fractures (NNT 10 [12•] and NNT 20 [11••]), and
nonvertebral fractures (NNT 32) [11••]). Intermittent
cyclical etidronate [14] has reduced the incidence of verte-
bral fractures (NNT 19) when administered to patients
with multiple vertebral fractures.

Although alendronate has not been evaluated in any
study in where it was targeted on the basis of vertebral frac-
tures without low BMD, subsequent analyses of Fracture
Intervention Trials suggest that alendronate can reduce the
incidence of vertebral fracture irrespective of original BMD.
In practice, the key to targeting treatment is to define a
level of risk that is sufficiently high that treatment is afford-
able and effective. For alendronate, as for risedronate, these
options would be appropriate for treating patients with
low BMD plus at least one vertebral fracture or with multi-
ple vertebral fractures without DXA assessment.

Calcium and Vitamin D
Calcium and vitamin D, as discussed, have been used con-
currently with active therapy and placebo during these key
trials, and this practice is recommended in clinical practice.
For patients in whom these treatment options are not appro-
priate, particularly those who are frail and elderly, 1000 mg
of calcium carbonate and 800 IU of vitamin D per day are
recommended. The evidence supporting this strategy derives
not from a fracture secondary prevention trial, but form the
study of French nursing home residents, who by virtue of
lifestyle are vitamin D deficient; treatment has been shown
to reduce the incidence of hip fractures by 35% [37].

Treatment of Men with Low Bone Mineral 
Density and with Previous Fracture
Although osteoporotic fractures are less common in men
than women, almost 30% of hip fractures occur in men, and
men experience greater fracture-related morbidity and mortal-
ity [4•,38,39]. In women, there is a clear relationship between
BMD and fracture risk. Further studies are required to estab-
lish whether this is also true for men, although there is some
evidence that men and women may fracture at similar gender-
specific T scores of BMD [40], which supports the World
Health Organization criteria as being applicable to men using
the average young adult male peak BMD as the reference for
comparison. There has been only one fracture secondary pre-
vention trial in men. Orwoll et al. [6••] recruited men with
low BMD (femoral neck T score –2 or less, plus lumbar spine
T score –1 or less, or femoral neck T score -1 or less, as well as
a history of one or more vertebral fractures or one nonverte-
bral fracture). Alendronate at 10 mg per day with calcium and
vitamin D was associated with significant reduction in verte-
bral fracture risk (0.8% vs 7.1%; P<0.02).
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Conclusions
Women and men with osteoporotic fractures are at high
risk of further fractures and their associated morbidity and
even mortality. Fracture leads to fracture. Until now, health-
care systems have presided over the natural history of
osteoporotic fracture and have failed to deliver strategies
that can potentially reduce fracture morbidity by 50%.
There is now a range of therapeutic options with evidence
to support their role in secondary prevention of
osteoporotic fractures. Targeting these treatments effectively
requires an understanding of the magnitude of the individ-
ual patient’s fracture risk, which is a function of BMD, pre-
vious fracture, and age. Treatment thresholds used to target
treatment in the key clinical trials can be adopted in clinical
practice. For patients with at least one previous vertebral
fracture, hip T score of -1.6 or less should be considered. For
patients with nonvertebral fracture, hip or spine T scores
less than -2 to –2.5 should be considered. Where multiple
vertebral fractures have occurred, DXA is not necessary for
targeting treatment. The greater challenge, however, is how
this knowledge can be deployed systematically to achieve
the secondary prevention of osteoporotic fractures in the
majority of these high-risk patients. The FLS model is a
prime example of a service that is highly effective in deliver-
ing strategies for the prevention of osteoporosis.

References and Recommended Reading
Papers of particular interest, published recently, have been 
highlighted as:
• Of importance
•• Of major importance

1. Keene GS, Parker MJ, Pryor GA: Mortality and morbidity after 
hip fractures. BMJ 1993, 307:1248–1250.

2. Huang C, Ross PD, Wasnich RD: Vertebral fracture and other 
predictors of physical impairment and health care utiliza-
tion. Arch Intern Med 1996, 156:2469–2475.

3. Huang C, Ross PD, Wasnich RD: Vertebral fractures and other 
predictors of back pain among older women. J Bone Miner Res 
1996, 11:1026–1032.

4.• Center JR, Nguyen TV, Schneider D, Sambrook PN, Eisman JA: 
Mortality after all major types of osteoporotic fracture in men 
and women: an observational study. Lancet 1999, 353:878–882.

A study from Australia that shows that fractures are associated with 
increased mortality compared with the general population; the mor-
tality in men with fractures is higher than in women with fractures.

5. Ensrud KE, Thompson DE, Cauley JA, et al.: Prevalent vertebral 
deformities predict mortality and hospitalization in older 
women with low bone mass. Fracture Intervention Trial 
Research Group. J Am Geriatr Soc 2000, 48:241–249.

6.•• Orwoll E, Ettinger M, Weiss S, et al.: Alendronate for the treat-
ment of osteoporosis in men. N Engl J Med 2000, 343:604–610.

The first randomized, placebo-controlled intervention trial in men 
with osteoporosis that shows fracture risk reduction with alendronate 
of similar magnitude to fracture risk reduction in women.

7. Black DM, Cummings SR, Karpf DB, et al.: Randomized trial of 
effect of alendronate on risk of fracture in women with exist-
ing vertebral fractures. Fracture Intervention Trial Research 
Group. Lancet 1996, 348:1535–1541.

8.• Pols HA, Felsenberg D, Hanley DA, et al.: Multinational, placebo-
controlled, randomized trial of the effects of alendronate on 
bone density and fracture risk in postmenopausal women with 
low bone mass: results of the FOSIT study. Foxamax Interna-
tional Trial Study Group. Osteoporos Int 1999, 9:461–468.

Randomized, placebo-controlled trial of alendronate in women with 
low BMD showing significant efficacy in reducing incidence of non-
vertebral fractures.

9. Cummings SR, Black DM, Thompson DE, et al.: Effect of alen-
dronate on risk of fracture in women with low bone density 
but without vertebral fractures: results from the Fracture 
Intervention Trial. JAMA 1998, 280:2077–2082.

10. Liberman UA, Weiss SR, Broll J, et al.: Effect of oral alendronate 
on bone mineral density and the incidence of fractures in post-
menopausal osteoporosis. The Alendronate Phase III 
Osteoporosis Treatment Study Group. N Engl J Med 1995, 
333:1437–1443.

11.•• Harris ST, Watts NB, Genant HK, et al.: Effects of risedronate 
treatment on vertebral and nonvertebral fractures in women 
with postmenopausal osteoporosis: a randomized controlled 
trial. Vertebral Efficacy With Risedronate Therapy (VERT) 
Study Group. JAMA 1999, 282:1344–1352.

A double blind, randomized, placebo-controlled trial that shows that 
risedronate can reduce the incidence of vertebral and nonvertebral frac-
tures in women with multiple vertebral fractures.
12.• Reginster J, Minne HW, Sorensen OH, et al.: Randomized trial of 

the effects of risedronate on vertebral fractures in women with 
established postmenopausal osteoporosis. Vertebral Efficacy 
with Risedronate Therapy (VERT) Study Group. Osteoporos Int 
2000, 11:83–91.

Randomized, placebo-controlled trial that shows that risedronate can 
reduce the incidence of vertebral fracture in women with osteoporosis.
13.•• McClung MR, Geusens P, Miller PD, et al.: Effect of risedronate 

on the risk of hip fracture in elderly women. Hip Interven-
tion Program Study Group. N Engl J Med 2001, 344:333–340.

The first randomized, placebo-controlled trial of bisphosphonate 
therapy in women with osteoporosis, with hip fracture reduction as 
the primary endpoint. Showed that, if risedronate was targeted on 
basis of low BMD, bisphosphonate therapy could reduce hip fracture 
incidence. Hip fracture reduction is not seen if treatment is targeted 
on basis of non-BMD fracture risk factors.
14. Watts NB, Harris ST, Genant HK, et al.: Intermittent cyclical 

etidronate treatment of postmenopausal osteoporosis. N 
Engl J Med 1990, 323:73–79.

15.•• Ettinger B, Black DM, Mitlak BH, et al.: Reduction of vertebral 
fracture risk in postmenopausal women with osteoporosis 
treated with raloxifene: results from a 3-year randomized 
clinical trial. Multiple Outcomes of Raloxifene Evaluation 
(MORE) Investigators. JAMA 1999, 282:637–645.

Randomized, placebo-controlled trial of the first selective estrogen 
receptor modulator in women with osteoporotic fractures. Fracture 
efficacy is restricted to vertebral fracture risk reduction.
16. Chesnut CH III, Silverman S, Andriano K, et al.: A randomized 

trial of nasal spray salmon calcitonin in postmenopausal 
women with established osteoporosis: the prevent recurrence 
of osteoporotic fractures study. PROOF Study Group. Am J Med 
2000, 109:267–276.

17. Kanis JA, Delmas P, Burckhardt P, et al.: Guidelines for 
diagnosis and management of osteoporosis. The European 
Foundation for Osteoporosis and Bone Disease. Osteoporos 
Int 1997, 7:390–406.

18. Royal College of Physicians: Clinical guidelines for the prevention 
and treatment of osteoporosis. London: Royal College of Physi-
cians Press; 1999.

19. Klotzbuecher CM, Ross PD, Landsman PB, et al.: Patients with 
prior fractures have an increased risk of future fractures: a 
summary of the literature and statistical synthesis. J Bone 
Miner Res 2000, 15:721–739.



64 Osteoporosis and Metabolic Bone Disease
20.• van Staa TP, Leufkens HG, Cooper C: Does a Fracture at one 
site predict later fractures at other sites? A British Cohort 
Study. Osteoporos Int 2002, 13:624–629.

A study that gives further insight into the risk of fractures at any site 
after a previous fracture at any site. This increased fracture risk holds 
true in postmenopausal women, premenopausal women, and in 
men. Provides useful actual 5-year fracture risks after fracture at 
different ages.
21. Hosmer WD, Genant HK, Browner WS: Fractures before meno-

pause: a red flag for physicians. Osteoporos Int 2002, 13:337–341.
22. Wu F, Mason B, Horne A, et al.: Fractures between the ages of 

20 and 50 years increase women's risk of subsequent frac-
tures. Arch Intern Med 2002, 162:33–36.

23. Melton LJ III, Atkinson EJ, Cooper C, et al.: Vertebral fractures 
predict subsequent fractures. Osteoporos Int 1999, 10:214–221.

24. Kotowicz MA, Melton LJ III, Cooper C, et al.: Risk of hip frac-
ture in women with vertebral fracture. J Bone Miner Res 1994, 
9:599–605.

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

26.• Johnell O, Oden A, Caulin F, Kanis JA: Acute and long-term 
increase in fracture risk after hospitalization for vertebral 
fracture. Osteoporos Int 2001, 12:207–214.

A study that highlights the early increased risk of fractures seen after 
discharge after vertebral fracture requiring hospitalization. In reality, 
few patients with vertebral fractures are admitted, but they are at very 
high risk of early, further fractures.
27. Kanis JA, McCloskey EV: Epidemiology of vertebral osteoporo-

sis. Bone 1992, 13(suppl):S1–S10.
28.• Doherty DA, Sanders KM, Kotowicz MA, Prince RL: Lifetime 

and five-year age-specific risks of first and subsequent 
osteoporotic fractures in postmenopausal women. Osteoporos 
Int 2001, 12:16–23.

Important study that adds useful information about lifetime 
fracture risk.
29.• Nolla JM, Gomez-Vaquero C, Fiter J, et al.: Usefulness of bone 

densitometry in postmenopausal women with clinically 
diagnosed vertebral fractures. Ann Rheum Dis 2002, 61:73–75.

Study confirming the high prevalence of osteoporosis in patients pre-
senting with clinical vertebral fractures.

30. Cuddihy MT, Gabriel SE, Crowson CS, et al.: Osteoporosis 
intervention following distal forearm fractures. Arch Intern 
Med 2002, 162:421–426.

31. Torgerson DJ, Dolan P: Prescribing by general practitioners after 
an osteoporotic fracture. Ann Rheum Dis 1998, 57:378–379.

32. Juby AG, Geus-Wenceslau CM: Evaluation of osteoporosis 
treatment in seniors after hip fracture. Osteoporos Int 2002, 
13:205–210.

33. McLellan AR, Fraser M: A 28-month audit of the efficacy of the 
fracture liaison service in offering secondary prevention for 
patients with osteoporotic fractures [abstract]. J Bone Miner 
Res 2002, 17:S385.

34. Lufkin EG, Wahner HW, O'Fallon WM, et al.: Treatment of 
postmenopausal osteoporosis with transdermal estrogen. 
Ann Intern Med 1992, 117:1–9.

35. Schnitzer T, Bone HG, Crepaldi G, et al.: Therapeutic equiva-
lence of alendronate 70 mg once-weekly and alendronate 10 
mg daily in the treatment of osteoporosis. Alendronate 
Once-Weekly Study Group. Aging 2000, 12:1–12.

36.•• Writing Group for the Women's Health Initiative Investigators: 
Risks and benefits of estrogen plus progestin in healthy post-
menopausal women. JAMA 2002, 288:321–333.

Study that defines the risks and benefits of hormone replacement 
therapy use in normal, healthy postmenopausal women. Confirms 
that, even in normal women, 5 years of hormone replacement can 
reduce the incidence of hip and other fractures. Overall, with 5 years 
of hormone replacement therapy, the risks may outweigh the benefits.
37. Chapuy MC, Arlot ME, Delmas PD, Meunier PJ: Effect of 

calcium and cholecalciferol treatment for three years on hip 
fractures in elderly women. BMJ 1994, 308:1081–1082.

38. Diamond TH, Thornley SW, Sekel R, Smerdely P: Hip fracture 
in elderly men: prognostic factors and outcomes. Med J Aust 
1997, 167:412–415.

39. Forsen L, Sogaard AJ, Meyer HE, et al.: Survival after hip 
fracture: short- and long-term excess mortality according to 
age and gender. Osteoporos Int 1999, 10:73–78.

40. Selby PL, Davies M, Adams JE: Do men and women fracture 
bones at similar bone densities? Osteoporos Int 2000, 11:153–157.


	Identification and Treatment of Osteoporosis in Fractures
	Identification and Treatment of Osteoporosis in Fractures
	Alastair
	Alastair
	R.
	McLellan,
	MD, FRCP

	Address
	Address
	Department of Medicine and Therapeutics,
	Department of Medicine and Therapeutics,
	Western Infirmary at the University of Glasgow,
	44 Church Street,
	Glasgow
	G11 6NT,
	UK.
	E-mail: alastair.mclellan@northglasgow.scot.nhs.uk

	Current Rheumatology Reports
	Current Rheumatology Reports
	2003,

	Current Science Inc. ISSN
	Copyright © 2003 by Current Science Inc.

	<TABLE>
	<TABLE BODY>
	<TABLE ROW>
	Patients who present with osteoporotic fracture are at �highest risk of further fractures and the...



	Introduction
	Introduction
	Opportunities to prevent further fractures in women and men who have sustained a fracture are usu...

	Implication of Nonvertebral Fracture for Future Fracture Risk
	Implication of Nonvertebral Fracture for Future Fracture Risk
	History of fracture is associated with a two- to eightfold higher risk of fracture at the same an...
	Three recent studies have shown that fracture events have a predictive value for future fractures...
	<TABLE>
	Table 1.� Standardized incidence ratio of subsequent fractures stratified by fracture type in pat...
	<TABLE HEADING>
	<TABLE ROW>
	Original fracture
	Later fracture Any fracture SIR (95% CI)
	Radius/ulna SIR (95% CI)
	Tibia/fibula/ ankle SIR (95% CI)
	Femur/hip SIR (95% CI)
	Humerus SIR (95% CI)
	Ribs SIR (95% CI)
	Vertebral SIR (95% CI)


	<TABLE BODY>
	<TABLE ROW>
	Any fracture
	2.5 (2.4 to 2.6)
	2.3 (2.2 to 2.4)
	2.2 (2.1 to 2.2)
	3.5 (3.3 to 3.6)
	2.3 (2.2 to 2.4)
	2.2 (2.0 to 3.3)

	<TABLE ROW>
	Radius/ulna
	3.0 (2.9 to 3.1)
	2.1 (1.9 to 2.2)
	2.0 (1.8 to 2.1)
	5.8 (5.5 to 6.1)
	1.8 (1.6 to 2.1)
	1.5 (1.3 to 1.8)

	<TABLE ROW>
	Tibia/fibula/ ankle
	2.7 (2.6 to 2.8)
	1.6 (1.5 to 1.8)
	2.1 (1.9 to 2.4)
	1.8 (1.5 to 2.1)
	1.7 (1.4 to 2.0)
	1.6 (1.3 to 1.8)

	<TABLE ROW>
	Femur/hip
	2.6 (2.5 to 2.7)
	2.0 (1.8 to 2.1)
	2.8 (2.5 to 3.1)
	2.7 (2.5 to 3.1)
	1.8 (1.5 to 2.2)
	2.1 (1.8 to 2.5)

	<TABLE ROW>
	Humerus
	3.8 (3.6 to 3.9)
	5.6 (5.2 to 5.9)
	2.1 (1.8 to 2.4)
	2.8 (2.5 to3.0)
	2.6 (2.2 to 3.2)
	2.8 (2.3 to 3.4)

	<TABLE ROW>
	Ribs
	2.6 (2.4 to 2.7)
	2.1 (1.9 to 2.4)
	2.2 (1.9 to 2.6)
	2.1 (1.8 to 2.4)
	2.7 (2.3 to 3.2)
	4.3 (3.7 to 5.2)

	<TABLE ROW>
	Vertebral
	2.9 (2.8 to 3.1)
	1.8 (1.6 to 2.1)
	2.2 (1.8 to 2.7)
	2.9 (2.6 to 3.3)
	3.0 (2.5 to 3.6)
	5.1 (4.3 to 6.0)


	<TABLE FOOTING>
	<TABLE ROW>
	*Note that fractures at nonvertebral and vertebral sites, even in young adults, are associated wi...



	<TABLE>
	Table 2.� Observed 5-year risk of subsequent fracture from the UK General Practice Research Datab...
	<TABLE HEADING>
	<TABLE ROW>
	Original fracture
	Later fracture
	65 to 74 years
	75 to 84 years
	85 years or older

	<TABLE ROW>
	Men
	Women
	Men
	Women
	Men
	Women


	<TABLE BODY>
	<TABLE ROW>
	Radius/ulna
	Femur/hip
	2.5%
	3.0%
	2.9%
	9.4%
	6.3%
	17.0%

	<TABLE ROW>
	Vertebral
	0.6%
	0.9%
	0.7%
	1.4%
	—
	1.8%

	<TABLE ROW>
	Femur/hip
	Radius/ulna
	2.8%
	5.8%
	2.6%
	7.4%
	0.6%
	5.8%

	<TABLE ROW>
	Vertebral
	1.1%
	1.5%
	1.3%
	2.2%
	3.2%
	1.5%

	<TABLE ROW>
	Vertebral
	Radius/ulna
	1.0%
	4.5%
	1.5%
	6.4%
	0.8%
	3.1%

	<TABLE ROW>
	Femur/hip
	5.7%
	6.2%
	7.4%
	15.5%
	8.8%
	23.9%




	Implication of Vertebral Fracture for Future Fracture Risk
	Implication of Vertebral Fracture for Future Fracture Risk
	Clinically apparent vertebral fractures are associated with increased risk of fractures at verteb...
	Further fractures can occur early after the initial fracture event. Johnell
	<TABLE>
	<TABLE BODY>
	<TABLE ROW>
	<GRAPHIC>
	Figure 1.� The prevalence of osteoporosis by fracture site and by gender in 1048 patients assesse...
	Figure 1.�
	Figure 1.�





	Calculation of absolute risk of fracture is more useful than relative risk for identifying and pr...

	Are All Fractures Osteoporotic Fractures?
	Are All Fractures Osteoporotic Fractures?
	The factors that contribute to fracture risk can be broadly divided into those that relate to the...
	Osteoporosis has been shown to be present in 73.5% of low trauma symptomatic vertebral fractures ...

	In Fracture Cases, Does Assessment for Osteoporosis Take Place?
	In Fracture Cases, Does Assessment for Osteoporosis Take Place?
	Several recent reports suggest that, despite the availability of several agents with potential to...

	The Fracture Liaison Service: A Service Model that Achieves Secondary Prevention of Osteoporotic ...
	The Fracture Liaison Service: A Service Model that Achieves Secondary Prevention of Osteoporotic ...
	Understanding the pathway of care of fracture patients is essential for the identification of opp...
	The Fracture Liaison Service (FLS) was established in 1999 to deliver a strategic approach to sec...
	If DXA is not perceived to be necessary in determining treatment selection, for example, if the p...
	The FLS, which is described in detail elsewhere, achieves assessment (by DXA) or treatment in 71%...

	Identification of Osteoporosis and Fracture Risk: When to Treat
	Identification of Osteoporosis and Fracture Risk: When to Treat
	Assessment of fracture risk in individual patients requires consideration of factors that reflect...
	The aim of treatment of osteoporosis in fracture patients is to reduce the incidence of further f...
	Table 3
	Table 3

	<TABLE>
	Table 3.� Summary of key double blind, randomized, placebo-controlled clinical trials demonstrati...
	<TABLE HEADING>
	<TABLE ROW>
	Study
	Treatment
	Average age, y
	Patients, n
	Target BMD
	Non-VFxR and hip FxR in PBO (y)
	RR non-VFxR
	VFxR in PBO (y)
	RR VFx


	<TABLE BODY>
	<TABLE ROW>
	Targeting treatment at low BMD plus at least one VFx and showing reduction in VFx and non-VFx

	<TABLE ROW>
	[7]
	Alendronate 5 to 10 mg per day*
	71
	2077
	FN T score -1.6
	14.7% (3); hip Fx 2.2% (3)
	0.8 (0.63 to 1.01 (NS)
	15% (3)†
	0.53 (0.41, 0.68)

	<TABLE ROW>
	Targeting treatment at low BMD plus at least one VFx and showing reduction in VFx

	<TABLE ROW>
	[34]
	Estrogen and progesterone*
	66
	75
	T score -1 or less (DPA)
	0.4 (0.21, 0.78)‡

	<TABLE ROW>
	[15••]
	Raloxifene 60 to 120 mg per day*
	67
	2304
	FN T score -2.5 or less
	9% (3)
	0.9 (0.8, 1.1) NS
	21.2% (3)†
	0.7 (0.6, 0.9)

	<TABLE ROW>
	[16]
	Calcitonin 100, 200, 400 IU per day*
	68
	1255
	LS T score -2 or less
	NS
	26% (5)†
	0.67 (0.47, 0.97)

	<TABLE ROW>
	Targeting treatment at low BMD and showing reduction in VFx or non-VFx

	<TABLE ROW>
	[9]
	Alendronate 5 to 10 mg per day*
	68
	4432
	FN T score -2.5 or less (N)§
	19.6% (4.2); hip Fx 2.2% (4.2)
	Hip 0.44 (0.18, 0.97)
	5.8% (4.2)†
	0.5 (0.31, 0.82)

	<TABLE ROW>
	[8•]
	Alendronate 10 mg per day
	63
	1908
	LS T score -2 or less
	3.9% (1)
	0.5 (0.3, 0.9)

	<TABLE ROW>
	[13••]
	Risedronate 2.5 to 5 mg per day*
	74
	5445
	FN T score -2.7 to -2.9 (N)
	10.7% (3); 3.2% hip Fx (3)
	0.8 (0.7, 1.0)

	<TABLE ROW>
	Targeting treatment at low BMD and showing reduction in VFx

	<TABLE ROW>
	[15••]
	Raloxifene 60 to 120 mg per day*
	67
	4524
	FN T score -2.5 or less or LS T score -2.5 or less
	9% (3)
	0.9 (0.8, 1.1) NS
	4.5% (3)†
	0.5 (0.4, 0.8)

	<TABLE ROW>
	Targeting treatment at two or more VFx and showing reduction in VFx and non-VFx

	<TABLE ROW>
	[11••]
	Risedronate 2.5 to 5 mg per day*
	68
	2458
	8.4% (3)
	0.6 (0.39, 0.94)
	16.3% (3)¶
	0.59 (0.43, 0.82)

	<TABLE ROW>
	Targeting treatment at two or more VFx and showing reduction in VFx

	<TABLE ROW>
	[14]
	Cyclical etidronate*
	66
	423
	6.3% (2)†
	0.44 (0.2, 1.0)

	<TABLE ROW>
	[12•]
	Risedronate 2.5 to 5 mg per day*
	71
	1225
	16% (3)
	0.69 (0.44, 1.04) NS
	29% (3)¶
	0.51 (0.36, 0.73)


	<TABLE FOOTING>
	<TABLE ROW>
	*In conjunction with calcium or vitamin D. †Vertebral fracture is defined as loss of vertebral he...



	Schnitzer
	The only double blind, randomized, placebo-controlled trial of the efficacy of hormone replacemen...
	Vertebral fracture, but not nonvertebral fracture, risk reduction has been shown with raloxifene ...
	In the second strategy (
	Alendronate at 10 mg per day with calcium and vitamin D administered to patients with femoral nec...
	Hip fracture risk reduction has been reported with rise�dronate at 5 mg per day with calcium and ...
	Raloxifene at 60 mg per day with calcium and vitamin D has reduced the incidence of vertebral fra...
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	Although alendronate has not been evaluated in any study in where it was targeted on the basis of...

	Calcium and Vitamin D
	Calcium and Vitamin D
	Calcium and vitamin D, as discussed, have been used concurrently with active therapy and placebo ...
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	Conclusions
	Conclusions
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