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Abstract

Osteoporosis is a common disease associated with increased morbidity and mortality. However,
osteoporosis continues to be under-recognized, and the majority of men and women with fractures
go untreated. FRAX® is a tool that has been developed by the World Health Organization to better
identify people at high absolute risk of fracture. Modalities to assess bone quality, an important
component of bone strength, have also emerged. Combined with new therapeutic options that
promise increased compliance with therapy, the burden of this ever-growing and costly disease may
be reduced.

Introduction and context
Osteoporosis is an under-diagnosed and under-treated
serious disease
From individual and societal perspectives, the conse-
quences of osteoporotic fractures are devastating, being
associated with tremendous costs as well as increased
mortality and morbidity [1-3]. The projected rise in the
prevalence of osteoporosis with the ageing of the
population will likely increase the current burden.
Unfortunately, less than one-third of patients who have
sustained a fragility fracture are diagnosed and treated
for osteoporosis [4]. Among those who have not
yet sustained a fracture but who are at high risk based
on clinical risk factors (CRFs) and bone mineral den-
sity (BMD) measurement, the treatment rate is also
disappointingly low [5].

Limitations of dual-energy X-ray absorptiometry in
identifying individuals at high risk of fracture
Identification by physicians of people at high risk of
fracture is the key step in initiating appropriate treat-
ment. Measurement of BMD at the lumbar spine and
proximal femur by dual-energy X-ray absorptiometry
(DXA) is the current gold standard used to diagnose
osteoporosis, with at least 2.5 standard deviations below
the mean BMD of healthy young adults set as the
threshold (T score ≤-2.5). It is also a good predictor of

fracture risk, with each standard deviation decline in
BMD approximately doubling the fracture risk [6].
However, assessment of fracture risk and the decision
to start treatment should not rely solely on BMD.
Approximately half of fractures occur in people with
osteopenia (T scores of -1.0 to -2.5) or a normal BMD,
highlighting the importance of other factors, such as
age, past history of fragility fracture, bone quality, and so
on, on fracture risk [7]. Failure to identify people at high
risk of fracture could be explained by the low accessi-
bility to DXA machines and the limited time to evaluate
CRFs for fracture in routine practice. Efforts have thus
been made to develop easy-to-use tools (such as FRAX)
that do not necessitate the inclusion of BMD data to
calculate the individual’s absolute risk of fracture [8].
As DXA measures only one component of bone
strength, imaging techniques that evaluate bone quality
are also emerging.

A need for new therapeutic modalities for osteoporosis
Oral bisphosphonates are the cornerstone of osteoporo-
sis treatment, having been on the market for more than a
decade. However, low adherence is a major issue and
concerns about their long-term safety have been raised
[9,10]. Indeed, bisphosphonate use has been associated
with an increased risk of osteonecrosis of the jaw, mainly
in oncology patients receiving high-dose intravenous
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bisphosphonate therapy [11]. Atypical subtrochanteric
femoral fractures in patients treated with bisphospho-
nates have also been reported, although results from a
large cohort study suggest that these fractures are more
likely osteoporotic by nature than a complication of
bisphosphonate therapy [12]. Strontium ranelate is
another option for postmenopausal women, but data
in men are lacking. Teriparatide [recombinant human
parathyroid hormone (PTH) (1-34)] and PTH (1-84) are
the only anabolic agents currently available. However,
they are costly and require daily subcutaneous injections.
New options that are likely to enhance adherence to
osteoporosis treatment, namely monthly oral bispho-
sphonate dosing and annual zoledronic acid infusions,
have been released. A novel therapy, subcutaneous
injections of denosumab every 6 months, is imminent.
New antiresorptive and anabolic agents are also in the
early stages of development.

Recent advances
Prediction of absolute risk of fracture using FRAX
FRAX® is a recently released, web-accessed fracture
assessment tool that has been developed by the World
Health Organization using primary data from nine
population-based cohorts from North America, Europe,
Asia, and Australia and validated in 11 independent
cohorts [8,13]. It allows quick calculation of the 10-year
likelihood of hip and major osteoporotic fractures
(hip, clinical spine, humerus, or wrist fracture) for men
and women between 40 and 90 years of age. The
algorithm uses CRFs, alone or in combination with
femoral neck BMD, to estimate fracture risk. CRFs
included in the model are age, sex, body mass index
calculated from weight and height, history of fragility
fracture (including radiographic vertebral fracture),
parental history of hip fracture, current smoking habits,
current or past use of oral glucocorticoids (prednisolone
≥5 mg daily for at least 3 months), rheumatoid arthritis,
other causes of secondary osteoporosis, and alcohol use
(≥3 units daily). As fracture risk varies worldwide,
selection of a specific country is required. (If a specific
country is not available, the country for which the
epidemiology of osteoporosis most closely approximates
it can be used.)

FRAX is a major advance in systematizing fracture risk
assessment. However, it has a number of limitations that
need to be taken into account when evaluating fracture
risk in an individual [14]. First, dose responses exist for
many CRFs (number of previous fractures, smoking,
alcohol, and glucocorticoids) and need to be weighted
when calculating fracture probabilities. Moreover,
important factors that modulate fracture risk, such as
propensity to fall, increased bone turnover markers

(BTMs), vitamin D deficiency, medications that accel-
erate bone loss (such as aromatase inhibitors and
androgen deprivation therapy), and use of osteoporosis
therapy, are not included in the model. FRAX also does
not consider low spine BMD. Finally, epidemiological
data are lacking for many countries and ethnic groups
outside the US, and data for men are limited.

New imaging techniques for osteoporosis
Given that the majority of vertebral fractures are
asymptomatic and that X-rays are not routinely per-
formed unless symptoms are present, an important
proportion of high-risk individuals may be inadequately
identified and remain untreated for osteoporosis. Ver-
tebral fracture assessment by DXA (VFA-DXA) involves
minimal radiation exposure and is a convenient low-cost
screening procedure that has been shown to adequately
detect moderate to severe vertebral fractures in older
women as compared with conventional X-rays [15].
However, reimbursement of VFA-DXA is still not
uniformly available worldwide.

BMD measurement by DXA evaluates only one determi-
nant of bone strength. Imaging techniques such as high-
resolution peripheral computed tomography, three-
dimensional micro-computed tomography, and micro-
magnetic resonance imaging assess other bone strength
components such as trabecular and cortical bone
microarchitecture and could enhance the detection of
people at high risk of fracture [16]. However, at present,
the lack of normative data and the high cost and
low availability of these modalities preclude its use in
clinical practice.

Vertebroplasty for painful vertebral fractures
Findings from two recent methodologically rigorous
Australian and international randomized placebo-con-
trolled trials of vertebroplasty for painful acute vertebral
fractures show, for the first time, that vertebroplasty is no
better than a sham procedure in reducing pain for up to
6 months after an acute vertebral fracture [17,18]. The
safety of vertebroplasty will also be assessed in longer-
term follow-up of patients enrolled in the current
studies.

Novel therapies for osteoporosis
Risedronate 150 mg once a month was approved by the
US Food and Drug Administration (FDA) in 2008 for the
treatment of postmenopausal osteoporosis. In a non-
inferiority trial comparing risedronate 150 mg monthly
with risedronate 5 mg daily, similar increases in BMD at
the lumbar spine and hip, decreases in BTMs, and
reductions in the incidence of radiologic vertebral
fractures were seen at 1 year [19].
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Approval of zoledronic acid by the FDA in 2007 was a
major addition to the armamentarium of osteoporosis
treatment, being both effective and requiring annual
intravenous infusions, thus eliminating some drawbacks
of oral bisphosphonate therapy. Zoledronic acid has
been shown to reduce vertebral and non-vertebral
fractures by 70% and 25%, respectively, as well as hip
fractures by 41%, over 3 years in postmenopausal
women [20]. This is also the only medication to date
to reduce all-cause mortality by 28% and all clinical
fractures by 35% in older men and women who received
zoledronic acid 5 mg versus placebo within 3 months
of sustaining a hip fracture [21]. Recently, a single
zoledronic acid infusion was reported to be non-inferior
and possibly superior to daily oral risedronate in the
prevention and treatment of glucocorticoid-induced
bone loss [22]. Furthermore, the 36-month interim
results of the Zometa-Femara Adjuvant Synergy Trial
(Z-FAST) suggest that up-front zoledronic acid at a dose
of 4 mg every 6 months is more effective in preventing
aromatase inhibitor-associated bone loss than delaying
treatment until bone loss or a fracture has occurred in
women with breast cancer [23]. Of interest, the effects of
a single zoledronic acid infusion on BMD and BTMs have
been shown to persist for at least 2 years, suggesting that
a greater interval between infusions could possibly
maintain its anti-fracture efficacy in patients with
osteoporosis [24].

Novel osteoporosis therapies are also going through the
final steps of approval and should become available
shortly. Denosumab is a human antibody to RANKL
(receptor activator of nuclear factor-kappa-B ligand), an
inhibitor of osteoclast differentiation, proliferation, and
function. Phase II and phase III clinical trials of
denosumab in the treatment and prevention of post-
menopausal osteoporosis and the treatment and pre-
vention of bone loss in patients undergoing hormone
ablation for prostate or breast cancer have been
performed. Denosumab is administered subcutaneously
at a dose of 60 mg every 6 months in the treatment of
postmenopausal osteoporosis. It reduced the 3-year
incidence of new vertebral, non-vertebral, and hip
fractures in postmenopausal women with osteoporosis
by 68%, 20%, and 40%, respectively, compared with
placebo [25]. Treatment with denosumab also resulted
in greater increases in BMD and reductions in BTMs than
alendronate [26]. In men with non-metastatic prostate
cancer undergoing androgen deprivation therapy, BMD
increased and the risk of new vertebral fractures was
decreased by 62% after 3 years of denosumab versus
placebo [27]. Novel SERMs (selective estrogen receptor
modulators) (e.g., lasofoxifene) are also in development.
Lasofoxifene at a dose of 0.5 mg/day has been shown to

decrease vertebral and non-vertebral fractures by 42%
and 22%, respectively, as well as the risk of estrogen-
positive breast cancer by 67%, in postmenopausal
women [28].

Briefly, new anti-resorptive and anabolic agents are also
in the early stages of clinical development. Cathepsin K
is an enzyme present in osteoclasts and is necessary
for bone matrix degradation during bone resorption.
A 2-year course of 50 mg of oral weekly odanacatib, a
selective inhibitor of cathepsin K, increased lumbar spine
and total hip BMDs by 5.5% and 3.2%, respectively,
while the BTMs urinary N-telopeptide and bone-specific
alkaline phosphatase decreased by 52% and 13%,
respectively [29]. Our improved understanding of the
molecular pathways involved in bone formation has led
to the identification of new anabolic therapeutic targets.
For example, activation of theWnt signaling pathway has
been shown to promote bone formation. Association of
Wnt proteins with the membrane receptors Frizzled and
LRP5/6 (low-density-lipoprotein (LDP) receptor-related
proteins 5 and 6) results in the accumulation of b-
catenin, a molecule important for the transcription of
genes involved in bone formation, through the disrup-
tion of a protein complex (comprising glycogen synthase
kinase 3), responsible for phosphorylation and degrada-
tion of b-catenin. Blockade of natural antagonists of the
Wnt pathway such as sclerostin, the SOST (sclerosteosis)
gene product secreted by osteocytes, and Dickkopf
(Dkk)-1 could potentially lead to new anabolic drugs.
Preclinical studies of anti-sclerostin antibody treatment
in a rat model of postmenopausal osteoporosis showed
promise as a potential anabolic agent by increasing bone
formation, bone mass, and bone strength [30]. A single
subcutaneous dose of sclerostin antibody administered
to healthy postmenopausal women resulted in a mean
increase in the bone formation marker serum P1NP by
60-100% at 21 days and a trend of decrease in the
bone resorption marker serum C-telopeptide [31].
Finally, targeting the calcium-sensing receptor in para-
thyroid or bone cells is also a potential way of treating
osteoporosis [32].

Implications for clinical practice
FRAX is a quick accessible tool that uses readily available
CRFs, without necessitating BMD data, to calculate 10-
year absolute probabilities of fracture. When used
properly, it provides valuable and meaningful informa-
tion to both clinicians and patients. Given the limita-
tions of FRAX, clinical judgement is required when
interpreting the results. The ultimate application of
FRAX is to identify high-risk individuals who would be
candidates for therapy, especially those in the osteopenic
range. Treatment guidelines based on expert opinions or
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cost-effectiveness analyses are emerging, using thresh-
olds of FRAX-calculated 10-year fracture probabilities of
hip and major osteoporotic fractures for intervention
[33-35]. It is likely that FRAX will be incorporated into
the reporting software for bone densitometry.

Low adherence and persistence with daily and weekly
oral bisphosphonates have a great impact on anti-
fracture efficacy [36]. Whether the availability of less
frequent oral and intravenous regimens will improve
persistence with treatment is yet to be determined. Cost,
potential side effects, and contraindications are also
important factors that restrain treatment options in some
patients. Novel anti-resorptive and anabolic therapies are
being developed as alternatives for patients with
osteoporosis.

Abbreviations
BMD, bonemineral density; BTM, bone turnover marker;
CRF, clinical risk factor; DXA, dual-energy X-ray absorp-
tiometry; FDA, US Food and Drug Administration; LRP5/
6, low-density-lipoprotein (LDP) receptor-related pro-
teins 5 and 6; PTH, parathyroid hormone; RANKL,
receptor activator of nuclear factor-kappa-B ligand;
SERM, selective estrogen receptor modulator; VFA-DXA,
vertebral fracture assessment by dual-energy X-ray
absorptiometry; Z-FAST, Zometa-Femara Adjuvant
Synergy Trial.

Competing interests
PRE has received research support from Merck, Sharp
and Dohme (Rahway, NJ, USA), Novartis (Basel,
Switzerland) and Amgen (Thousand Oaks, CA, USA).
CG declares that she has no competing interests.

References
1. Ioannidis G, Papaioannou A, Hopman WM, Akhtar-Danesh N,

Anastassiades T, Pickard L, Kennedy CC, Prior JC, Olszynski WP,
Davison KS, Goltzman D, Thabane L, Gafni A, Papadimitropoulos EA,
Brown JP, Josse RG, Hanley DA, Adachi JD: Relation between
fractures and mortality: results from the Canadian Multi-
centre Osteoporosis Study. CMAJ 2009, 181:265-71.

2. Papaioannou A, Kennedy CC, Ioannidis G, Sawka A, Hopman WM,
Pickard L, Brown JP, Josse RG, Kaiser S, Anastassiades T, Goltzman D,
Papadimitropoulos M, Tenenhouse A, Prior JC, Olszynski WP,
Adachi JD: The impact of incident fractures on health-related
quality of life: 5 years of data from the Canadian Multicentre
Osteoporosis Study. Osteoporos Int 2009, 20:703-14.

3. Keen RW: Burden of osteoporosis and fractures. Curr Osteoporos
Rep 2003, 1:66-70.

4. Metge CJ, Leslie WD, Manness LJ, Yogendran M, Yuen CK, Kvern B:
Postfracture care for older women: gaps between optimal
care and actual care. Can Fam Physician 2008, 54:1270-6.

5. Curtis JR, McClure LA, Delzell E, Howard VJ, Orwoll E, Saag KG,
Safford M, Howard G: Population-based fracture risk assess-
ment and osteoporosis treatment disparities by race and
gender. J Gen Intern Med 2009, 24:956-62.

6. Johnell O, Kanis JA, Oden A, Johansson H, De Laet C, Delmas P,
Eisman JA, Fujiwara S, Kroger H, Mellstrom D, Meunier PJ,

Melton LJ 3rd, O’Neill T, Pols H, Reeve J, Silman A, Tenenhouse A:
Predictive value of BMD for hip and other fractures. J Bone
Miner Res 2005, 20:1185-94.

7. Schuit SC, van der Klift M, Weel AE, de Laet CE, Burger H, Seeman E,
Hofman A, Uitterlinden AG, van Leeuwen JP, Pols HA: Fracture
incidence and association with bone mineral density in
elderly men and women: the Rotterdam Study. Bone 2004,
34:195-202.

8. Kanis JA, Johnell O, Oden A, Johansson H, McCloskey E: FRAX and
the assessment of fracture probability in men and women
from the UK. Osteoporos Int 2008, 19:385-97.

9. Cotté FE, Fardellone P, Mercier F, Gaudin AF, Roux C: Adherence
to monthly and weekly oral bisphosphonates in women with
osteoporosis. Osteoporos Int 2010, 21:145-55.

10. Papapetrou PD: Bisphosphonate-associated adverse events.
Hormones (Athens) 2009, 8:96-110.

11. Khan AA, Sandor GK, Dore E, Morrison AD, Alsahli M, Amin F,
Peters E, Hanley DA, Chaudry SR, Lentle B, Dempster DW,
Glorieux FH, Neville AJ, Talwar RM, Clokie CM, Mardini MA,
Paul T, Khosla S, Josse RG, Sutherland S, Lam DK, Carmichael RP,
Blanas N, Kendler D, Petak S, Ste-Marie LG, Brown J, Evans AW,
Rios L, Compston JE: Bisphosphonate associated osteonecrosis
of the jaw. J Rheumatol 2009, 36:478-90.

12. Abrahamsen B, Eiken P, Eastell R: Subtrochanteric and diaphyseal
femur fractures in patients treated with alendronate: a
register-based national cohort study. J Bone Miner Res 2009,
24:1095-102.

F1000 Factor 6.0 Must Read
Evaluated by Peter Ebeling 13 Jul 2009

13. FRAX - WHO Fracture Risk Assessment Tool. [http://www.
shef.ac.uk/FRAX]

14. Kanis JA, Oden A, Johansson H, Borgström F, Ström O, McCloskey E:
FRAX and its applications to clinical practice. Bone 2009,
44:734-43.

15. Schousboe JT, Debold CR: Reliability and accuracy of vertebral
fracture assessment with densitometry compared to radio-
graphy in clinical practice. Osteoporos Int 2006, 17:281-9.

16. Engelke K, Adams JE, Armbrecht G, Augat P, Bogado CE,
Bouxsein ML, Felsenberg D, Ito M, Prevrhal S, Hans DB,
Lewiecki EM: Clinical use of quantitative computed tomogra-
phy and peripheral quantitative computed tomography in the
management of osteoporosis in adults: the 2007 ISCD
Official Positions. J Clin Densitom 2008, 11:123-62.

17. Buchbinder R, Osborne R, Ebeling PR, Wark JD, Mitchell P, Wriedt C,
Graves S, Staples MP, Murphy B: A randomized trial of
vertebroplasty for painful osteoporotic vertebral fractures.
N Engl J Med 2009, 361:557-68.

Changes Clinical Practice
F1000 Factor 6.4 Must Read
Evaluated by Nikolai Bogduk 18 Aug 2009, Constantine Saranto-
poulos 01 Sep 2009

18. Kallmes D, Comstock B, Heagerty P, Turner JA, Wilson DJ,
Diamond TH, Edwards R, Gray LA, Stout L, Owen S,
Hollingworth W, Ghdoke B, Annesley-Williams DJ, Ralston SH,
Jarvik JG: A randomized trial of vertebroplasty for osteoporo-
tic spinal fractures. N Engl J Med 2009, 361:569-79.

F1000 Factor 6.0 Must Read
Evaluated by Sergio Mendoza 17 Nov 2009

19. Delmas PD, McClung MR, Zanchetta JR, Racewicz A, Roux C,
Benhamou CL, Man Z, Eusebio RA, Beary JF, Burgio DE, Matzkin E,
Boonen S: Efficacy and safety of risedronate 150 mg once a
month in the treatment of postmenopausal osteoporosis.
Bone 2008, 42:36-42.

20. Black DM, Delmas PD, Eastell R, Reid IR, Boonen S, Cauley JA,
Cosman F, Lakatos P, Leung PC, Man Z, Mautalen C, Mesenbrink P,
Hu H, Caminis J, Tong K, Rosario-Jansen T, Krasnow J, Hue TF,
Sellmeyer D, Eriksen EF, Cummings SR: Once-yearly zoledronic

Page 4 of 5
(page number not for citation purposes)

F1000 Medicine Reports 2009, 1:96 http://F1000.com/Reports/Medicine/content/1/96

http://f1000medicine.com/article/id/1162507
http://www.shef.ac.uk/FRAX
http://www.shef.ac.uk/FRAX
http://f1000medicine.com/article/id/1164107
http://f1000medicine.com/article/id/1183958


acid for treatment of postmenopausal osteoporosis. N Engl J
Med 2007, 356:1809-22.

21. Lyles KW, Colon-Emeric CS, Magaziner JS, Adachi JD, Pieper CF,
Mautalen C, Hyldstrup L, Recknor C, Nordsletten L, Moore KA,
Lavecchia C, Zhang J, Mesenbrink P, Hodgson PK, Abrams K, Orloff JJ,
Horowitz Z, Eriksen EF, Boonen S: Zoledronic acid and clinical
fractures and mortality after hip fracture. N Engl J Med 2007,
357:1799-809.

F1000 Factor 9.0 Exceptional
Evaluated by Jon Tobias 28 Sep 2007

22. Reid DM, Devogelaer JP, Saag K, Roux C, Lau CS, Reginster JY,
Papanastasiou P, Ferreira A, Hartl F, Fashola T, Mesenbrink P,
Sambrook PN: Zoledronic acid and risedronate in the preven-
tion and treatment of glucocorticoid-induced osteoporosis
(HORIZON): a multicentre, double-blind, double-dummy,
randomised controlled trial. Lancet 2009, 373:1253-63.

23. Brufsky AM, Bosserman LD, Caradonna RR, Haley BB, Jones CM,
Moore HC, Jin L, Warsi GM, Ericson SG, Perez EA: Zoledronic acid
effectively prevents aromatase inhibitor-associated bone loss
in postmenopausal women with early breast cancer receiving
adjuvant letrozole: Z-FAST study 36-month follow-up
results. Clin Breast Cancer 2009, 9:77-85.

24. Grey A, Bolland MJ, Wattie D, Horne A, Gamble G, Reid IR: The
antiresorptive effects of a single dose of zoledronate persist
for two years: a randomized, placebo-controlled trial in
osteopenic postmenopausal women. J Clin Endocrinol Metab
2009, 94:538-44.

25. Cummings SR, San Martin J, McClung MR, Siris ES, Eastell R, Reid IR,
Delmas P, Zoog HB, Austin M, Wang A, Kutilek S, Adami S,
Zanchetta J, Libanati C, Siddhanti S, Christiansen C; FREEDOM Trial:
Denosumab for prevention of fractures in postmenopausal
women with osteoporosis. N Engl J Med 2009, 361:756-65.

F1000 Factor 6.0 Must Read
Evaluated by Johanne Martel-Pelletier 18 Sep 2009

26. Brown JP, Prince RL, Deal C, Recker RR, Kiel DP, de Gregorio LH,
Hadji P, Hofbauer LC, Alvaro-Gracia JM, Wang H, Austin M,
Wagman RB, Newmark R, Libanati C, San Martin J, Bone HG:
Comparison of the effect of denosumab and alendronate on
BMD and biochemical markers of bone turnover in post-
menopausal women with low bone mass: a randomized,
blinded, phase 3 trial. J Bone Miner Res 2009, 24:153-61.

F1000 Factor 3.0 Recommended
Evaluated by Peter Taylor 17 Nov 2008

27. Smith MR, Egerdie B, Hernández Toriz N, Feldman R, Tammela TL,
Saad F, Heracek J, Szwedowski M, Ke C, Kupic A, Leder BZ, Goessl C;
Denosumab HALT Prostate Cancer Study Group: Denosumab in
men receiving androgen-deprivation therapy for prostate
cancer. N Engl J Med 2009, 361:745-55.

28. Cummings SR, Eastell R, Ensrud K, Reid DM, Vukicevic S, LaCroix A,
Sriram U, Thompson D, Thompson JR, Delmas PD: The effects of
lasofoxifene on fractures and breast cancer: 3-year results
from the PEARL Trial. J Bone Miner Res 2008, 23(Suppl):S81.

29. McClung MR, Bone H, Cosman F, Roux C, Verbruggen N, Hustad C,
DaSilva C, Santora A, Ince A: A randomized, double-blind,
placebo-controlled study of odanacatib (MK-822) in the
treatment of postmenopausal women with low bone mineral
density: 24-month results. J Bone Miner Res 2008, 23(Suppl):S82.

30. Li X, Ominsky MS, Warmington KS, Morony S, Gong J, Cao J, Gao Y,
Shalhoub V, Tipton B, Haldankar R, Chen Q, Winters A, Boone T,
Geng Z, Niu QT, Ke HZ, Kostenuik PJ, Simonet WS, Lacey DL,
Paszty C: Sclerostin antibody treatment increases bone
formation, bone mass, and bone strength in a rat model of
postmenopausal osteoporosis. J Bone Miner Res 2009, 24:578-88.

F1000 Factor 3.0 Recommended
Evaluated by Chantal Chenu 17 Apr 2009

31. Padhi D, Stouch B, Jang G, Fang L, Darling M, Glise H, Robinson M,
Harris S, Posvar E: Anti-sclerostin antibody increases markers
of bone formation in healthy postmenopausal women. J Bone
Miner Res 2007, 22(Suppl):S37.

32. Marie PJ: The calcium-sensing receptor in bone cells: a
potential therapeutic target in osteoporosis. Bone 2009,
[Epub ahead of print].

33. Borgström F, Ström O, Coelho J, Johansson H, Oden A, McCloskey E,
Kanis JA: The cost-effectiveness of strontium ranelate in the
UK for the management of osteoporosis. Osteoporos Int 2009,
[Epub ahead of print].

34. Borgström F, Ström O, Coelho J, Johansson H, Oden A,
McCloskey EV, Kanis JA: The cost-effectiveness of risedronate
in the UK for the management of osteoporosis using the
FRAX(R). Osteoporos Int 2009, [Epub ahead of print].

35. Tosteson AN, Melton LJ 3rd, Dawson-Hughes B, Baim S, Favus MJ,
Khosla S, Lindsay RL: Cost-effective osteoporosis treatment
thresholds: the United States perspective. Osteoporos Int 2008,
19:437-47.

36. Danese MD, Badamgarav E, Bauer DC: Effect of adherence on
lifetime fractures in osteoporotic women treated with daily
and weekly bisphosphonates. J Bone Miner Res 2009, 24:1819-26.

Page 5 of 5
(page number not for citation purposes)

F1000 Medicine Reports 2009, 1:96 http://F1000.com/Reports/Medicine/content/1/96

http://f1000medicine.com/article/id/1090968
http://f1000medicine.com/article/id/1164226
http://f1000medicine.com/article/id/1126027
http://f1000medicine.com/article/id/1159974

	Abstract
	Introduction and context
	Osteoporosis is an under-diagnosed and under-treated serious disease
	Limitations of dual-energy X-ray absorptiometry in identifying individuals at high risk of fracture
	A need for new therapeutic modalities for osteoporosis

	Recent advances
	Prediction of absolute risk of fracture using FRAX
	New imaging techniques for osteoporosis
	Vertebroplasty for painful vertebral fractures
	Novel therapies for osteoporosis

	Implications for clinical practice
	Abbreviations
	Competing interests
	References


<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /CMYK
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


