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ABSTRACT

Objectives: There are two commonly used fracture risk prediction tools FRAX® and Garvan Fracture Risk
Calculator (GARVAN-FRC). The objective of this study was to investigate the utility of these tools in daily
practice.
Study design: A prospective population-based 5-year follow-up study was conducted in ten general
practice centres in the Netherlands. For the analyses, the FRAX® and GARVAN-FRC 10-year absolute
risks (FRAX® does not have 5-year risk prediction) for all fractures were used.
Results: Among 506 postmenopausal women aged >60 years (mean age: 67.8 £5.8 years), 48 (9.5%)
sustained a fracture during follow-up. Both tools, using BMD values, distinguish between women who
did and did not fracture (10.2% vs. 6.8%, respectively for FRAX® and 32.4% vs. 39.1%, respectively for
GARVAN-FRC, p<0.0001) at group level. However, only 8.9% of those who sustained a fracture had an
estimated fracture risk >20% using FRAX® compared with 53.3% using GARVAN-FRC. Although both
underestimated the observed fracture risk, the GARVAN-FRC performed significantly better for women
who sustained a fracture (higher sensitivity) and FRAX® for women who did not sustain a fracture (higher
specificity). Similar results were obtained using age related cut off points.
Conclusions: The discriminant value of both models is at least as good as models used in other medical
conditions; hence they can be used to communicate the fracture risk to patients. However, given differ-
ences in the estimated risks between FRAX® and GARVAN-FRC, the significance of the absolute risk must
be related to country-specific recommended intervention thresholds to inform the patient.

© 2013 Elsevier Ireland Ltd. All rights reserved.

1. Introduction

for calculating the individualised fracture risk in persons aged 40
years and over [1].

FRAX®, developed with support of the World Health Organi-
sation, estimates the 10-year absolute fracture risk for a group of
so-called major osteoporotic fractures (clinical spine, hip, forearm
and humerus) and for hip fractures separately [ 1-6]. It is advocated
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The Garvan Fracture Risk Calculator (GARVAN-FRC)? is also an
individualised fracture risk prediction tool, which can be used in
persons aged 60 years and over, for calculating the 5- and 10-year
risk for hip and all fragility fractures (except fingers and toes). This
tool includes fewer risk factors and has been shown to be accu-
rate and reliable [4,7-9]. Both tools can be used with and without
including bone mineral density (BMD)? [1,4,7-9].

2 GARVAN-FRC, Garvan Fracture Risk Calculator.
3 BMD, bone mineral density.
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A
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aged = 60 years

Fracture risk with
BMD: n = 481

Fracture risk without
BMD: n = 506

Fig. 1. Flow-chart of patient inclusion: baseline study (1992-1994), 5-year follow-
up study, and 10-year follow-up study [11,30].

There are a number of differences between the tools. For exam-
ple, FRAX® includes more health-related risk factors while the
GARVAN-FRC includes number of prior fractures and recent falls
[1,4,7-10].

Our objective was to investigate the utility of the FRAX® and
GARVAN-FRC fracture risk prediction in a 5-year follow-up study.

2. Materials and methods
2.1. Participants

In 1992-1994 a prospective population-based study was started
among twenty general practitioners from 10 general practice cen-
tres. In total, 4203 postmenopausal women, who were registered
in one of these general practice centres, were willing and able
to participate. The methodology of this baseline study has been
extensively described elsewhere [11,12]. Five years later, a ran-
dom sample of 1686 women was invited from the baseline study
population and 759 women (45%) were willing and able to partici-
pate. Women aged 60-80 years of whom all risk factors needed to
complete both risk prediction tools were available, were included
(n=506, Fig. 1).

2.2. Measurements

The assessment included bone mineral density measurement
(BMD) of the lumbar spine and femoral neck by dual X-ray absorp-
tiometry (Hologic QDR-1000, Hologic Europe, Brussels, Belgium),
height and weight measurements. A questionnaire enquired about
possible risk factors related to fractures. For FRAX® these include
history of prior fracture, parental history of hip fracture, cur-
rent smoking, use of glucocorticosteroids, presence of rheumatoid
arthritis, secondary osteoporosis, and alcohol intake >3 units daily.
For GARVAN-FRC, these include number of prior fractures and num-
ber of prior falls in past 12 months.

Five years later, a questionnaire was completed by all partici-
pating women regarding fracture history over the past 5 years. All
reported fractures were radiographically confirmed.

2.3. Statistics

SPSS software (version 21.0; SPSS Inc., Chicago, IL, USA) was used
for the statistical analyses. Descriptive statistics, Chi-square tests,
paired and independent T-tests were performed to analyse the dif-
ferences between the 10-year fracture risk with and without BMD
based on FRAX® tool for the Netherlands and GARVAN-FRC. In the
analysis, the 10-year risk of fracture of individuals was estimated by
each tool and then classified into <20% or >20% for any osteoporotic
fracture, and <3% or >3% for hip fractures according to the National
Osteoporosis Foundation Guideline advices on drug treatment for
FRAX® [6,13], and using age specific cut-off points [14,15].

2.4. Ethics

The study was approved by the medical ethical committee of
Maastricht University (MEC 97-068).

3. Results

In total, 506 postmenopausal women aged 60 years and over
(mean age: 67.8 +5.8 years) were included in this study (Fig. 1).
Women who sustained a fracture (n=48, 9.5%) during follow-up
were significantly older, had a lower femoral neck BMD (T-score),
were more likely to have had one or more prior fractures, and
more likely to have had one or more falls within the previous year
(Table 1). Of the 48 women who sustained a fracture, only 6 (12.5%)
sustained a hip fracture, 16 a forearm fracture (33.3%), 6 (12.5%) a
shoulder (or humerus) fracture, 5 (10.4%) a clinical spine, and 15 a
variety of other low trauma fragility fractures.

Despite major differences in estimated risk, both tools distin-
guished between women who did and did not fracture at the group
level, i.e. the mean estimated fracture risk was significantly higher
in women who sustained a fracture than in those who did not
(Table 2). Similar results were found when only osteoporotic frac-
tures, based on the FRAX® definition (n=33, 6.9%), were included
(Table 2).

The GARVAN-FRC performed significantly better for women
who sustained a fracture and FRAX® for women who did not sustain
a fracture (Fig. 2A-F).

Using the tools with and without BMD values, of those who
sustained a fracture, only 8.9% and 8.3% respectively had an esti-
mated fracture risk >20% using FRAX® compared with 53.3% and
52.1% using GARVAN-FRC. These estimates were 42.2% and 68.9%,
respectively for an estimated hip fracture risk of >3%.

Of those who did not sustain a fracture, 97.2% and 95.2%had an
estimated fracture risk <20% using FRAX®, and 68.1% and 67.9%
using GARVAN-FRC with and without BMD, respectively. These
estimates were 56.7% and 82.8%, respectively for an estimated hip
fracture risk of <3%.

The area under the receiver operant curve (AUC), and the sensi-
tivity, specificity, positive and negative predictive values, and the
accuracy are stated in Table 3 for various cut-off points. The AUC for
a model including age and BMD T-score of the femoral neck alone
was 0.669, which is lower but not significantly worse than the AUCs
(Table 3) based on FRAX® and GARVAN-FRC.

When age-related cut-off points were used [14,15], the results
were similar. Of those who sustained a fracture, 6.3% were classi-
fied as “consider BMD measurement” using FRAX® (Fig. 3A), while
this was 62.5% using GARVAN-FRC (Fig. 3B); and 11.1% were clas-
sified as “consider treatment” using FRAX® (Fig. 3C), while this
was 66.7% using GARVAN-FRC (Fig. 3D). Of those who did not sus-
tain a fracture, 96.8% and 96.1% were classified as “no treatment
required” using FRAX® (Fig. 3A and C), while this was 51.1% and
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Table 1
Patient characteristics: comparison between women who sustained (n=48) and did not sustain a fracture (n=458) during follow-up.
Fracture group (n=48) Non-fracture group (n=458) p-Value

Age (years) 69.6+5.9 67.6+5.7 0.019
Weight (kg) 71.8+11.2 71.2+12.9 0.751
Height (cm) 158+6.0 160+6.2 0.130
Femoral neck BMD (T-score) -1.7+1.0 -1.2+1.0 0.003
Included only in FRAX®
History of prior fracture 23(47.9) 111 (24.2) 0.001
Parental hip fracture 4(8.3) 26 (5.7) 0.514
Current smoking 10(21.3) 87(19.0) 0.705
Use of glucocorticoids 3(6.3) 11(2.4) 0.139
Rheumatoid arthritis 4(8.3) 18(3.9) 0.155
Secondary osteoporosis 9(18.8) 61(13.3) 0.300
Alcohol intake >3 units daily 1(2.1) 5(1.1) 0.453
Included only in GARVAN-FRC
Number of prior fractures 0.001

1 12 (25.0) 62 (13.5)

2 6(12.5) 40 (8.7)

>3 5(10.4) 11(2.4)
Number of recent prior falls 0.033

1 13(27.1) 88(19.2)

2 5(10.4) 34(7.4)

>3 6(12.5) 22 (4.8)

GARVAN-FRC, Garvan Fracture Risk Calculator.

53.5% using GARVAN-FRC (Fig. 3B and D) with and without BMD
included, respectively.

Regardless of the chosen cut-off point, GARVAN-FRC has a higher
sensitivity, therefore correctly classified more women who sus-
tained a fracture as having a high risk, and FRAX® has a higher
specificity, therefore classified more women who did not sustain a
fracture as having low risk.

4. Discussion

The 10-year estimated risk was significantly higher in women
who, over a 5-year follow-up period, sustained a fracture using
FRAX® and GARVAN-FRC compared with women who did not sus-
tain a fracture. The AUCs were similar for both tools. However, the
GARVAN-FRC performed significantly better for women who sus-
tained a fracture (p <0.0001) and FRAX® for women who did not
sustain a fracture (p <0.0001).

Importantly, although the 10-year fracture risk was approxi-
mately 3-fold higher using GARVAN-FRC compared to FRAX®, it still
underestimated the observed fracture risk within 5 years. Over a
full 10 years of follow-up, additional individuals would be expected
to sustain fractures; this would lead to worsening of sensitivity but
possible improvement in specificity.

Table 2

One weakness of this study is that it is based on a 5-year follow-
up period rather than the 10-year prediction, and therefore, used
the 5-year observed rates. The estimated fracture risks of FRAX®
and GARVAN-FRC are non-linear and level off at higher age, since
these tools take the ‘competing risk’ of mortality into account.
As the GARVAN-FRC provides 5-year risk as well, this was com-
pared with the actual fracture outcomes over 5 years. Thus, the
estimated 5-year risk with BMD in the fracture and non-fracture
group were 18.0% and 9.9%, respectively, for all fragility fractures
and 8.2% and 3.1%, respectively, for hip fractures. Hence, as might
be expected, the sensitivity worsened but specificity was improved.
Another limitation is the relatively small sample size (506 women
who sustained 48 fractures during follow-up). However, the abso-
lute fracture risk of 9.5% reported in our study is similar to the one
reported by Johnell et al. who studied 38,973 men and women from
12 prospective cohorts. The total number of any fracture in these
cohorts combined was 3694 (9.5%) [16]. In addition, in our group,
only 33 women were treated with bisphosphonates (6.5% of 506)
over a mean period of 2.5 years (1.9 SD). Whether this treatment
that presumably lowers actual fracture risk leads to falsely raised
false positive rate, i.e. worse specificity, is not certain. However,
Leslie et al. showed that only in patients who are highly adherent
to treatment for a minimum of 5-years was predicted fracture risk
significantly higher than observed [17].

Estimated fracture risk using FRAX® and Garvan Fracture Risk Calculator (GARVAN-FRC).?

Fracture group

Non-fracture group (n=458)

All fracture types (n=48)

FRAX®definition® (n=33)

FRAX®

Osteoporotic fracture risk without BMD (mean & SD) 11.0 £ 7.2
Osteoporotic fracture risk with BMD (mean + SD)° 102 £ 6.1
Hip fracture risk with BMD (mean + SD)° 32+28
GARVAN-FRC

Osteoporotic fracture risk without BMD (mean + SD) 329 +23.1
Osteoporotic fracture risk with BMD (mean + SD)¢ 324 +£220
Hip fracture risk with BMD (mean & SD)“ 14.8 £ 16.8

120+ 79 8.1+56
11.0 £ 6.5 6.8 +£5.0
33+27 1.9+ 3.1
35.7 £ 239 21.2 £15.1
34.7 £ 24.1 19.1 £ 138
16.9 + 18.7 5.7 +£10.2

BMD, bone mineral density.

a Estimated fracture risk of FRAX® and GARVAN-FRC were significantly different within each group (p <0.001) and between both fracture groups and non-fracture group

(p<0.01).

b FRAX® definition of osteoporotic fractures: clinical spine, hip, forearm, shoulder and hip fractures.
¢ Risk with bone mineral density (BMD, bone mineral density): n=45 for fracture all fracture types, n=30 for FRAX® definition, and n =436 for non-fracture group.
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Fig. 2. Estimated 10-year osteoporotic fracture risk without (AB) and with BMD (CD), and hip fracture risk (EF) specified for women who did not (A, C, E) and did sustain
a fracture (B, D, F). White area: both tools above cut-off point, light grey area: FRAX® below cut-off point, middle grey area: Garvan fracture risk calculator (GARVAN-FRC)

below cut-off point, and dark grey area: both tools below cut-off point.

The AUCs in our study (FRAX® and GARVAN-FRC) were lower
than reported in a retrospective cross-sectional Australian study
[5] that compared the tools between patients with and with-
out a recent fracture. In women, they reported an AUC of 0.78

Table 3

for FRAX® UK, 0.84 for FRAX US and 0.84 for GARVAN [5]. In a
prospective study [18] including patients with and without cal-
cium supplementation, the AUCs ranged from 0.62 to 0.64 for
osteoporotic fractures. In general, validation studies showed a

Area under the receiver operant curve (AUC) Sensitivity (Se), specificity (Sp), positive (PPV) and negative predictive value (NPV), and the accuracy (Acc) of FRAX®and Garvan
Fracture Risk Calculator (GARVAN-FRC) for several cut-off points.

AUC Se Sp PPV NPV Acc
FRAX®
Osteoporotic fracture risk without BMD 0.653
10 45.8 76.9 17.2 93.1 74
20[6,13] 8.3 95.2 154 90.8 87.0
30 4.2 99.1 333 90.8 90.1
Osteoporotic fracture risk with BMD 0.693
10 42.2 84.2 21.6 93.4 80.2
20(6,13] 8.9 97.2 25.0 91.2 89.0
30 0.0 98.9 0.0 90.5 89.6
Hip fracture risk with BMD 0.698
1.5 60.0 62.4 14.1 93.8 62.2
3.0[6,13] 42.2 82.8 20.2 93.3 79.0
4.5 311 91.2 26.9 92.8 85.7
GARVAN-FRC
Osteoporotic fracture risk without BMD 0.646
10 95.8 10.9 10.1 96.2 19.0
20[6,13] 52.1 67.9 145 93.1 66.4
30 43.8 81.9 20.2 93.3 78.3
Osteoporotic fracture risk with BMD 0.689
10 95.6 234 114 98.1 30.1
20(6,13] 533 68.1 14.7 93.4 66.7
30 422 84.9 224 934 80.9
Hip fracture risk with BMD 0.695
1.5 86.7 30.5 114 95.7 35.8
3.0[6,13] 68.9 56.7 141 94.6 57.8
4.5 55.6 68.1 15.2 93.7 66.9
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Fig. 3. Estimated 10-year osteoporotic fracture risk without (AB) and with BMD (CD) for FRAX® (A and C) and Garvan fracture risk calculator (GARVAN-FRC; B and D).
Assessment and intervention thresholds are age-specific and categorised as: treatment not recommended (light grey area), consider BMD assessment (dark grey area in A
and B; white area in C and D), and consider treatment (dark grey area in C and D) [14]. Dotted line (A-D) is the intervention threshold.

AUC range of 0.61-0.83 for FRAX® and 0.63-0.88 for GARVAN-FRC
[19-27].

The major differences in predicted risk support the concept that
all algorithms require an external validation before clinical imple-
mentation [5] and that validation is necessary in local cohorts [18].
In addition, the large overlap in estimated fracture risk between
patients with and without fracture indicates that the discriminant
ability for individuals is only moderate, which may limit their clin-
ical utility [18]. On the other hand, these AUCs are at least as good
as tools used in cardiovascular disease [28,29].

In the study of Bolland et al., the AUCs were similar between
these tools and models that included only age and BMD [18]. Thus,
including the number of previous fractures and recent falls did
increase discrimination compared to age and BMD alone at the
group level, and had only moderate discriminant value at the indi-
vidual level.

In contrast to the moderate discriminant value, GARVAN-FRC
has a 3 times higher 10-year absolute fracture risk than FRAX®
for women who did fracture and >2.5 times higher for women
who did not fracture. Thus, they are quite different with regard

to estimated absolute risks, presumably related to the inclusion of
different risk factors; for example, the number of previous frac-
tures and recent falls (in the GARVAN-FRC) and the presence of
secondary osteoporosis (in FRAX®). In addition, FRAX® calculates
the risk for osteoporotic fractures defined as clinical spine, hip,
forearm and humerus fracture. Although GARVAN-FRC calculates
the risk for all fractures except fingers and toes, including only the
FRAX® definition of osteoporotic fractures showed similar results.

The dataindicate that, although based on 5-year and not 10-year
outcome data, both tools distinguish at the group level between
women who did and did not fracture. However, interpretation of
the absolute risk per tool is difficult in daily practice. Consider a
woman aged 70 years (1.60m and 60kg) with a BMD T-score of
—1.0, arecent prior fracture, two falls in the past year, who smokes
and whose mother had fractured a hip. Her 10-year risk is 13% using
FRAX® and 45.5% using GARVAN-FRC. Using the FRAX® tool, her
estimated fracture risk (13%) is lower than the fracture risk of the
general population [30] but is substantially higher (45.5%) using the
GARVAN-FRC tool. Due to the major difference in risk estimates,
it is unclear what message a clinician would deliver. Hence these
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risk estimates have to be provided alongside national and ethnic
specific recommendations about treatment thresholds.

5. Conclusion

The implications of these risk estimate differences deserve care-
ful consideration. Some of those predicted to be at moderately high
riskbut who had not yet sustained a fracture within 5 years could be
expected to sustain a fracture over the next 5 years. As individuals
without fractures in the first 5 years would move to the fracture
group over the next 5 years, the sensitivity of both tools would
decrease while their specificity would increase. Despite these lim-
itations, the fracture risk assessment tools are at least as good as
tools used for cardiovascular disease [28,29], and can still be used
to help clinicians to communicate the fracture risk to their patients
[19]. Due to the differences in predicted risk, the significance of the
absolute risk should be communicated to each person in relation
to country-specific intervention threshold recommendations.

Contributors

All authors were responsible for the design of the study. TACMG
undertook the analysis and all authors were responsible for the
interpretation of the data. TACMG drafted the manuscript and all
authors were responsible for revised versions of the manuscript.
All authors have approved the final version.

Competing interests

JAE and JRC developed the Garvan Fracture Risk Calculator. All
other authors state that they have no conflicts of interest with
regard to this study.

Funding
The authors have received no funding for this article.
Ethics

The study was approved by the medical ethical committee of
Maastricht University (MEC 97-068).

Acknowledgement

We would like to express our appreciation to Mr. J. Geusens and
Mr. P. Geusens, who contributed substantially to the data acquisi-
tion.

References

[1] World Health Organization. FRAX fracture risk assessment tool. Web version
3.0. Available from: http://www.shef.ac.uk/FRAX/tool.aspx?country=30

[2] Kanis JA, McCloskey EV, Johansson H, Strom O, Borgstrom F, Oden A.
Case finding for the management of osteoporosis with FRAX - assess-
ment and intervention thresholds for the UK. Osteoporos Int 2008;19(10):
1395-408.

[3] Kanis JA, Oden A, Johansson H, Borgstrom F, Strom O, McCloskey E. FRAX and
its applications to clinical practice. Bone 2009;44(5):734-43.

[4] van Geel TACM, van den Bergh JP, Dinant GJ, Geusens PP. Individualizing frac-
ture risk prediction. Maturitas 2010;65(2):143-8.

[5] Sandhu SK, Nguyen ND, Center JR, Pocock NA, Eisman JA, Nguyen TV. Prognosis
of fracture: evaluation of predictive accuracy of the FRAX algorithm and Garvan
nomogram. Osteoporos Int 2010;21(5):863-71.

[6] van den Bergh JPW, van Geel TACM, Lems WF, Geusens PP. Assessment of
individual fracture risk: FRAX and beyond. Curr Osteoporos Rep 2010;8(3):
131-7.

[7] Nguyen ND, Frost SA, CenterJR, Eisman JA, Nguyen TV. Development of a nomo-
gram for individualizing hip fracture risk in men and women. Osteoporos Int
2007;18(8):1109-17.

[8] Nguyen ND, Frost SA, Center JR, Eisman JA, Nguyen TV. Development of
prognostic nomograms for individualizing 5-year and 10-year fracture risks.
Osteoporos Int 2008;19(10):1431-44.

[9] Garvan Medical Research Institute. Fracture risk calculator. Available from:
http://garvan.org.au/promotions/bone-fracture-risk/calculator/

[10] Leslie WD, Lix LM. Comparison between various fracture risk assessment tools.
Osteoporos Int 2013 [Epub ahead of print].

[11] van Geel TACM, Geusens P, Nagtzaam IF, Schreurs CMJR, van der Voort DJM,
Rinkens PELM, et al. Timing and risk factors of clinical fractures among post-
menopausal women: a 5-year prospective study. BMC Med 2006;4:24.

[12] van Geel TA, Nguyen ND, Geusens PP, Center JR, Nguyen TV, Dinant GJ, et al.
Development of a simple prognostic nomogram for individualising 5-year and
10-year absolute risks of fracture: a population-based prospective study among
postmenopausal women. Ann Rheum Dis 2011;70(1):92-7.

[13] National Osteoporosis Foundation N. Clinician’s guide to prevention and treat-
ment of osteoporosis. Washington, DC: National Osteoporosis Foundation;
2010.

[14] KanisJA, McCloskey EV, Johansson H, Cooper C, Rizzoli R, Reginster JY. European
guidance for the diagnosis and management of osteoporosis in postmenopausal
women. Osteoporos Int 2013;24(1):23-57.

[15] Compston ], Bowring C, Cooper A, Cooper C, Davies C, Francis R, et al. Diagnosis
and management of osteoporosis in postmenopausal women and older men in
the UK: National Osteoporosis Guideline Group (NOGG) update 2013. Maturitas
2013;75(4):392-6.

[16] Johnell O, Kanis JA, Oden A, Johansson H, De Laet C, Delmas P, et al. Predic-
tive value of BMD for hip and other fractures. ] Bone Miner Res 2005;20(7):
1185-94.

[17] Leslie WD, Lix LM, Johansson H, Oden A, McCloskey E, Kanis JA. Does osteo-
porosis therapy invalidate FRAX for fracture prediction? ] Bone Miner Res
2012;27(6):1243-51.

[18] Bolland M]J, Siu AT, Mason BH, Horne AM, Ames RW, Grey AB, et al. Evaluation
of the FRAX and Garvan fracture risk calculators in older women. ] Bone Miner
Res 2011;26(2):420-7.

[19] Nguyen TV, Center JR, Eisman JA. Individualized fracture risk assessment: pro-
gresses and challenges. Curr Opin Rheumatol 2013;25(4):532-41.

[20] Langsetmo L, Nguyen TV, Nguyen ND, Kovacs CS, Prior ]JC, Center JR, et al. Inde-
pendent external validation of nomograms for predicting risk of low-trauma
fracture and hip fracture. Can Med Assoc ] 2011;183(2):E107-14.

[21] Leslie WD, Lix LM, Johansson H, Oden A, McCloskey E, Kanis JA. Independent
clinical validation of a Canadian FRAX tool: fracture prediction and model cal-
ibration. ] Bone Miner Res 2010;25(11):2350-8.

[22] Ensrud KE, Lui LY, Taylor BC, Schousboe JT, Donaldson MG, Fink HA, et al. A
comparison of prediction models for fractures in older women: is more better?
Arch Intern Med 2009;169(22):2087-94.

[23] Tamaki ], Iki M, Kadowaki E, Sato Y, Kajita E, Kagamimori S, et al. Frac-
ture risk prediction using FRAX(R): a 10-year follow-up survey of the
Japanese Population-Based Osteoporosis (JPOS) Cohort Study. Osteoporos Int
2011;22(12):3037-45.

[24] Azagra R, Roca G, Encabo G, Aguye A, Zwart M, Guell S, et al. FRAX(R) tool,
the WHO algorithm to predict osteoporotic fractures: the first analysis of its
discriminative and predictive ability in the Spanish FRIDEX cohort. BMC Mus-
culoskelet Disord 2012;13:204.

[25] Ettinger B, Ensrud KE, Blackwell T, Curtis JR, Lapidus JA, Orwoll ES. Perfor-
mance of FRAX in a cohort of community-dwelling, ambulatory older men:
the Osteoporotic Fractures in Men (MrOS) study. Osteoporos Int 2013;24(4):
1185-93.

[26] Pluskiewicz W, Adamczyk P, Franek E, Leszczynski P, Sewerynek E, Wichrowska
H, et al. Ten-year probability of osteoporotic fracture in 2012 Polish women
assessed by FRAX and nomogram by Nguyen et al. - conformity between meth-
ods and their clinical utility. Bone 2010;46(6):1661-7.

[27] Sambrook PN, Flahive ], Hooven FH, Boonen S, Chapurlat R, Lindsay R, et al. Pre-
dicting fractures in an international cohort using risk factor algorithms without
BMD. ] Bone Miner Res 2011;26(11):2770-7.

[28] Battes L, Barendse R, Steyerberg EW, Simoons ML, Deckers JW, Nieboer
D, et al. Development and validation of a cardiovascular risk assessment
model in patients with established coronary artery disease. Am ] Cardiol
2013;112(1):27-33.

[29] Conroy RM, Pyorala K, Fitzgerald AP, Sans S, Menotti A, De Backer G, et al.
Estimation of ten-year risk of fatal cardiovascular disease in Europe: the SCORE
project. Eur Heart ] 2003;24(11):987-1003.

[30] Geel van TACM, Geusens PP, Nagtzaam IF, Voort van der DJM, Schreurs CMJR,
Rinkens PELM, et al. Risk factors for clinical fractures among postmenopausal
women: a 10-year prospective study. Menopause Int 2007;13(3):110-5.


http://www.shef.ac.uk/FRAX/tool.aspx?country=30
http://refhub.elsevier.com/S0378-5122(13)00332-0/sbref0010
http://refhub.elsevier.com/S0378-5122(13)00332-0/sbref0010
http://refhub.elsevier.com/S0378-5122(13)00332-0/sbref0010
http://refhub.elsevier.com/S0378-5122(13)00332-0/sbref0010
http://refhub.elsevier.com/S0378-5122(13)00332-0/sbref0010
http://refhub.elsevier.com/S0378-5122(13)00332-0/sbref0010
http://refhub.elsevier.com/S0378-5122(13)00332-0/sbref0010
http://refhub.elsevier.com/S0378-5122(13)00332-0/sbref0010
http://refhub.elsevier.com/S0378-5122(13)00332-0/sbref0010
http://refhub.elsevier.com/S0378-5122(13)00332-0/sbref0010
http://refhub.elsevier.com/S0378-5122(13)00332-0/sbref0010
http://refhub.elsevier.com/S0378-5122(13)00332-0/sbref0010
http://refhub.elsevier.com/S0378-5122(13)00332-0/sbref0010
http://refhub.elsevier.com/S0378-5122(13)00332-0/sbref0010
http://refhub.elsevier.com/S0378-5122(13)00332-0/sbref0010
http://refhub.elsevier.com/S0378-5122(13)00332-0/sbref0010
http://refhub.elsevier.com/S0378-5122(13)00332-0/sbref0010
http://refhub.elsevier.com/S0378-5122(13)00332-0/sbref0010
http://refhub.elsevier.com/S0378-5122(13)00332-0/sbref0010
http://refhub.elsevier.com/S0378-5122(13)00332-0/sbref0010
http://refhub.elsevier.com/S0378-5122(13)00332-0/sbref0010
http://refhub.elsevier.com/S0378-5122(13)00332-0/sbref0010
http://refhub.elsevier.com/S0378-5122(13)00332-0/sbref0010
http://refhub.elsevier.com/S0378-5122(13)00332-0/sbref0010
http://refhub.elsevier.com/S0378-5122(13)00332-0/sbref0010
http://refhub.elsevier.com/S0378-5122(13)00332-0/sbref0010
http://refhub.elsevier.com/S0378-5122(13)00332-0/sbref0010
http://refhub.elsevier.com/S0378-5122(13)00332-0/sbref0010
http://refhub.elsevier.com/S0378-5122(13)00332-0/sbref0010
http://refhub.elsevier.com/S0378-5122(13)00332-0/sbref0010
http://refhub.elsevier.com/S0378-5122(13)00332-0/sbref0010
http://refhub.elsevier.com/S0378-5122(13)00332-0/sbref0010
http://refhub.elsevier.com/S0378-5122(13)00332-0/sbref0010
http://refhub.elsevier.com/S0378-5122(13)00332-0/sbref0010
http://refhub.elsevier.com/S0378-5122(13)00332-0/sbref0010
http://refhub.elsevier.com/S0378-5122(13)00332-0/sbref0010
http://refhub.elsevier.com/S0378-5122(13)00332-0/sbref0015
http://refhub.elsevier.com/S0378-5122(13)00332-0/sbref0015
http://refhub.elsevier.com/S0378-5122(13)00332-0/sbref0015
http://refhub.elsevier.com/S0378-5122(13)00332-0/sbref0015
http://refhub.elsevier.com/S0378-5122(13)00332-0/sbref0015
http://refhub.elsevier.com/S0378-5122(13)00332-0/sbref0015
http://refhub.elsevier.com/S0378-5122(13)00332-0/sbref0015
http://refhub.elsevier.com/S0378-5122(13)00332-0/sbref0015
http://refhub.elsevier.com/S0378-5122(13)00332-0/sbref0015
http://refhub.elsevier.com/S0378-5122(13)00332-0/sbref0015
http://refhub.elsevier.com/S0378-5122(13)00332-0/sbref0015
http://refhub.elsevier.com/S0378-5122(13)00332-0/sbref0015
http://refhub.elsevier.com/S0378-5122(13)00332-0/sbref0015
http://refhub.elsevier.com/S0378-5122(13)00332-0/sbref0015
http://refhub.elsevier.com/S0378-5122(13)00332-0/sbref0015
http://refhub.elsevier.com/S0378-5122(13)00332-0/sbref0015
http://refhub.elsevier.com/S0378-5122(13)00332-0/sbref0015
http://refhub.elsevier.com/S0378-5122(13)00332-0/sbref0015
http://refhub.elsevier.com/S0378-5122(13)00332-0/sbref0015
http://refhub.elsevier.com/S0378-5122(13)00332-0/sbref0015
http://refhub.elsevier.com/S0378-5122(13)00332-0/sbref0015
http://refhub.elsevier.com/S0378-5122(13)00332-0/sbref0015
http://refhub.elsevier.com/S0378-5122(13)00332-0/sbref0015
http://refhub.elsevier.com/S0378-5122(13)00332-0/sbref0020
http://refhub.elsevier.com/S0378-5122(13)00332-0/sbref0020
http://refhub.elsevier.com/S0378-5122(13)00332-0/sbref0020
http://refhub.elsevier.com/S0378-5122(13)00332-0/sbref0020
http://refhub.elsevier.com/S0378-5122(13)00332-0/sbref0020
http://refhub.elsevier.com/S0378-5122(13)00332-0/sbref0020
http://refhub.elsevier.com/S0378-5122(13)00332-0/sbref0020
http://refhub.elsevier.com/S0378-5122(13)00332-0/sbref0020
http://refhub.elsevier.com/S0378-5122(13)00332-0/sbref0020
http://refhub.elsevier.com/S0378-5122(13)00332-0/sbref0020
http://refhub.elsevier.com/S0378-5122(13)00332-0/sbref0020
http://refhub.elsevier.com/S0378-5122(13)00332-0/sbref0020
http://refhub.elsevier.com/S0378-5122(13)00332-0/sbref0020
http://refhub.elsevier.com/S0378-5122(13)00332-0/sbref0020
http://refhub.elsevier.com/S0378-5122(13)00332-0/sbref0020
http://refhub.elsevier.com/S0378-5122(13)00332-0/sbref0020
http://refhub.elsevier.com/S0378-5122(13)00332-0/sbref0020
http://refhub.elsevier.com/S0378-5122(13)00332-0/sbref0020
http://refhub.elsevier.com/S0378-5122(13)00332-0/sbref0020
http://refhub.elsevier.com/S0378-5122(13)00332-0/sbref0020
http://refhub.elsevier.com/S0378-5122(13)00332-0/sbref0025
http://refhub.elsevier.com/S0378-5122(13)00332-0/sbref0025
http://refhub.elsevier.com/S0378-5122(13)00332-0/sbref0025
http://refhub.elsevier.com/S0378-5122(13)00332-0/sbref0025
http://refhub.elsevier.com/S0378-5122(13)00332-0/sbref0025
http://refhub.elsevier.com/S0378-5122(13)00332-0/sbref0025
http://refhub.elsevier.com/S0378-5122(13)00332-0/sbref0025
http://refhub.elsevier.com/S0378-5122(13)00332-0/sbref0025
http://refhub.elsevier.com/S0378-5122(13)00332-0/sbref0025
http://refhub.elsevier.com/S0378-5122(13)00332-0/sbref0025
http://refhub.elsevier.com/S0378-5122(13)00332-0/sbref0025
http://refhub.elsevier.com/S0378-5122(13)00332-0/sbref0025
http://refhub.elsevier.com/S0378-5122(13)00332-0/sbref0025
http://refhub.elsevier.com/S0378-5122(13)00332-0/sbref0025
http://refhub.elsevier.com/S0378-5122(13)00332-0/sbref0025
http://refhub.elsevier.com/S0378-5122(13)00332-0/sbref0025
http://refhub.elsevier.com/S0378-5122(13)00332-0/sbref0025
http://refhub.elsevier.com/S0378-5122(13)00332-0/sbref0025
http://refhub.elsevier.com/S0378-5122(13)00332-0/sbref0025
http://refhub.elsevier.com/S0378-5122(13)00332-0/sbref0025
http://refhub.elsevier.com/S0378-5122(13)00332-0/sbref0025
http://refhub.elsevier.com/S0378-5122(13)00332-0/sbref0025
http://refhub.elsevier.com/S0378-5122(13)00332-0/sbref0025
http://refhub.elsevier.com/S0378-5122(13)00332-0/sbref0025
http://refhub.elsevier.com/S0378-5122(13)00332-0/sbref0025
http://refhub.elsevier.com/S0378-5122(13)00332-0/sbref0025
http://refhub.elsevier.com/S0378-5122(13)00332-0/sbref0025
http://refhub.elsevier.com/S0378-5122(13)00332-0/sbref0025
http://refhub.elsevier.com/S0378-5122(13)00332-0/sbref0025
http://refhub.elsevier.com/S0378-5122(13)00332-0/sbref0025
http://refhub.elsevier.com/S0378-5122(13)00332-0/sbref0025
http://refhub.elsevier.com/S0378-5122(13)00332-0/sbref0030
http://refhub.elsevier.com/S0378-5122(13)00332-0/sbref0030
http://refhub.elsevier.com/S0378-5122(13)00332-0/sbref0030
http://refhub.elsevier.com/S0378-5122(13)00332-0/sbref0030
http://refhub.elsevier.com/S0378-5122(13)00332-0/sbref0030
http://refhub.elsevier.com/S0378-5122(13)00332-0/sbref0030
http://refhub.elsevier.com/S0378-5122(13)00332-0/sbref0030
http://refhub.elsevier.com/S0378-5122(13)00332-0/sbref0030
http://refhub.elsevier.com/S0378-5122(13)00332-0/sbref0030
http://refhub.elsevier.com/S0378-5122(13)00332-0/sbref0030
http://refhub.elsevier.com/S0378-5122(13)00332-0/sbref0030
http://refhub.elsevier.com/S0378-5122(13)00332-0/sbref0030
http://refhub.elsevier.com/S0378-5122(13)00332-0/sbref0030
http://refhub.elsevier.com/S0378-5122(13)00332-0/sbref0030
http://refhub.elsevier.com/S0378-5122(13)00332-0/sbref0030
http://refhub.elsevier.com/S0378-5122(13)00332-0/sbref0030
http://refhub.elsevier.com/S0378-5122(13)00332-0/sbref0030
http://refhub.elsevier.com/S0378-5122(13)00332-0/sbref0030
http://refhub.elsevier.com/S0378-5122(13)00332-0/sbref0030
http://refhub.elsevier.com/S0378-5122(13)00332-0/sbref0030
http://refhub.elsevier.com/S0378-5122(13)00332-0/sbref0030
http://refhub.elsevier.com/S0378-5122(13)00332-0/sbref0030
http://refhub.elsevier.com/S0378-5122(13)00332-0/sbref0030
http://refhub.elsevier.com/S0378-5122(13)00332-0/sbref0030
http://refhub.elsevier.com/S0378-5122(13)00332-0/sbref0030
http://refhub.elsevier.com/S0378-5122(13)00332-0/sbref0030
http://refhub.elsevier.com/S0378-5122(13)00332-0/sbref0035
http://refhub.elsevier.com/S0378-5122(13)00332-0/sbref0035
http://refhub.elsevier.com/S0378-5122(13)00332-0/sbref0035
http://refhub.elsevier.com/S0378-5122(13)00332-0/sbref0035
http://refhub.elsevier.com/S0378-5122(13)00332-0/sbref0035
http://refhub.elsevier.com/S0378-5122(13)00332-0/sbref0035
http://refhub.elsevier.com/S0378-5122(13)00332-0/sbref0035
http://refhub.elsevier.com/S0378-5122(13)00332-0/sbref0035
http://refhub.elsevier.com/S0378-5122(13)00332-0/sbref0035
http://refhub.elsevier.com/S0378-5122(13)00332-0/sbref0035
http://refhub.elsevier.com/S0378-5122(13)00332-0/sbref0035
http://refhub.elsevier.com/S0378-5122(13)00332-0/sbref0035
http://refhub.elsevier.com/S0378-5122(13)00332-0/sbref0035
http://refhub.elsevier.com/S0378-5122(13)00332-0/sbref0035
http://refhub.elsevier.com/S0378-5122(13)00332-0/sbref0035
http://refhub.elsevier.com/S0378-5122(13)00332-0/sbref0035
http://refhub.elsevier.com/S0378-5122(13)00332-0/sbref0035
http://refhub.elsevier.com/S0378-5122(13)00332-0/sbref0035
http://refhub.elsevier.com/S0378-5122(13)00332-0/sbref0035
http://refhub.elsevier.com/S0378-5122(13)00332-0/sbref0035
http://refhub.elsevier.com/S0378-5122(13)00332-0/sbref0035
http://refhub.elsevier.com/S0378-5122(13)00332-0/sbref0035
http://refhub.elsevier.com/S0378-5122(13)00332-0/sbref0035
http://refhub.elsevier.com/S0378-5122(13)00332-0/sbref0035
http://refhub.elsevier.com/S0378-5122(13)00332-0/sbref0035
http://refhub.elsevier.com/S0378-5122(13)00332-0/sbref0035
http://refhub.elsevier.com/S0378-5122(13)00332-0/sbref0035
http://refhub.elsevier.com/S0378-5122(13)00332-0/sbref0035
http://refhub.elsevier.com/S0378-5122(13)00332-0/sbref0035
http://refhub.elsevier.com/S0378-5122(13)00332-0/sbref0040
http://refhub.elsevier.com/S0378-5122(13)00332-0/sbref0040
http://refhub.elsevier.com/S0378-5122(13)00332-0/sbref0040
http://refhub.elsevier.com/S0378-5122(13)00332-0/sbref0040
http://refhub.elsevier.com/S0378-5122(13)00332-0/sbref0040
http://refhub.elsevier.com/S0378-5122(13)00332-0/sbref0040
http://refhub.elsevier.com/S0378-5122(13)00332-0/sbref0040
http://refhub.elsevier.com/S0378-5122(13)00332-0/sbref0040
http://refhub.elsevier.com/S0378-5122(13)00332-0/sbref0040
http://refhub.elsevier.com/S0378-5122(13)00332-0/sbref0040
http://refhub.elsevier.com/S0378-5122(13)00332-0/sbref0040
http://refhub.elsevier.com/S0378-5122(13)00332-0/sbref0040
http://refhub.elsevier.com/S0378-5122(13)00332-0/sbref0040
http://refhub.elsevier.com/S0378-5122(13)00332-0/sbref0040
http://refhub.elsevier.com/S0378-5122(13)00332-0/sbref0040
http://refhub.elsevier.com/S0378-5122(13)00332-0/sbref0040
http://refhub.elsevier.com/S0378-5122(13)00332-0/sbref0040
http://refhub.elsevier.com/S0378-5122(13)00332-0/sbref0040
http://refhub.elsevier.com/S0378-5122(13)00332-0/sbref0040
http://refhub.elsevier.com/S0378-5122(13)00332-0/sbref0040
http://refhub.elsevier.com/S0378-5122(13)00332-0/sbref0040
http://refhub.elsevier.com/S0378-5122(13)00332-0/sbref0040
http://refhub.elsevier.com/S0378-5122(13)00332-0/sbref0040
http://refhub.elsevier.com/S0378-5122(13)00332-0/sbref0040
http://refhub.elsevier.com/S0378-5122(13)00332-0/sbref0040
http://refhub.elsevier.com/S0378-5122(13)00332-0/sbref0040
http://garvan.org.au/promotions/bone-fracture-risk/calculator/
http://refhub.elsevier.com/S0378-5122(13)00332-0/sbref0050
http://refhub.elsevier.com/S0378-5122(13)00332-0/sbref0050
http://refhub.elsevier.com/S0378-5122(13)00332-0/sbref0050
http://refhub.elsevier.com/S0378-5122(13)00332-0/sbref0050
http://refhub.elsevier.com/S0378-5122(13)00332-0/sbref0050
http://refhub.elsevier.com/S0378-5122(13)00332-0/sbref0050
http://refhub.elsevier.com/S0378-5122(13)00332-0/sbref0050
http://refhub.elsevier.com/S0378-5122(13)00332-0/sbref0050
http://refhub.elsevier.com/S0378-5122(13)00332-0/sbref0050
http://refhub.elsevier.com/S0378-5122(13)00332-0/sbref0050
http://refhub.elsevier.com/S0378-5122(13)00332-0/sbref0050
http://refhub.elsevier.com/S0378-5122(13)00332-0/sbref0050
http://refhub.elsevier.com/S0378-5122(13)00332-0/sbref0050
http://refhub.elsevier.com/S0378-5122(13)00332-0/sbref0050
http://refhub.elsevier.com/S0378-5122(13)00332-0/sbref0050
http://refhub.elsevier.com/S0378-5122(13)00332-0/sbref0050
http://refhub.elsevier.com/S0378-5122(13)00332-0/sbref0050
http://refhub.elsevier.com/S0378-5122(13)00332-0/sbref0050
http://refhub.elsevier.com/S0378-5122(13)00332-0/sbref0055
http://refhub.elsevier.com/S0378-5122(13)00332-0/sbref0055
http://refhub.elsevier.com/S0378-5122(13)00332-0/sbref0055
http://refhub.elsevier.com/S0378-5122(13)00332-0/sbref0055
http://refhub.elsevier.com/S0378-5122(13)00332-0/sbref0055
http://refhub.elsevier.com/S0378-5122(13)00332-0/sbref0055
http://refhub.elsevier.com/S0378-5122(13)00332-0/sbref0055
http://refhub.elsevier.com/S0378-5122(13)00332-0/sbref0055
http://refhub.elsevier.com/S0378-5122(13)00332-0/sbref0055
http://refhub.elsevier.com/S0378-5122(13)00332-0/sbref0055
http://refhub.elsevier.com/S0378-5122(13)00332-0/sbref0055
http://refhub.elsevier.com/S0378-5122(13)00332-0/sbref0055
http://refhub.elsevier.com/S0378-5122(13)00332-0/sbref0055
http://refhub.elsevier.com/S0378-5122(13)00332-0/sbref0055
http://refhub.elsevier.com/S0378-5122(13)00332-0/sbref0055
http://refhub.elsevier.com/S0378-5122(13)00332-0/sbref0055
http://refhub.elsevier.com/S0378-5122(13)00332-0/sbref0055
http://refhub.elsevier.com/S0378-5122(13)00332-0/sbref0055
http://refhub.elsevier.com/S0378-5122(13)00332-0/sbref0055
http://refhub.elsevier.com/S0378-5122(13)00332-0/sbref0055
http://refhub.elsevier.com/S0378-5122(13)00332-0/sbref0055
http://refhub.elsevier.com/S0378-5122(13)00332-0/sbref0055
http://refhub.elsevier.com/S0378-5122(13)00332-0/sbref0055
http://refhub.elsevier.com/S0378-5122(13)00332-0/sbref0055
http://refhub.elsevier.com/S0378-5122(13)00332-0/sbref0055
http://refhub.elsevier.com/S0378-5122(13)00332-0/sbref0055
http://refhub.elsevier.com/S0378-5122(13)00332-0/sbref0055
http://refhub.elsevier.com/S0378-5122(13)00332-0/sbref0055
http://refhub.elsevier.com/S0378-5122(13)00332-0/sbref0055
http://refhub.elsevier.com/S0378-5122(13)00332-0/sbref0055
http://refhub.elsevier.com/S0378-5122(13)00332-0/sbref0055
http://refhub.elsevier.com/S0378-5122(13)00332-0/sbref0055
http://refhub.elsevier.com/S0378-5122(13)00332-0/sbref0055
http://refhub.elsevier.com/S0378-5122(13)00332-0/sbref0055
http://refhub.elsevier.com/S0378-5122(13)00332-0/sbref0055
http://refhub.elsevier.com/S0378-5122(13)00332-0/sbref0060
http://refhub.elsevier.com/S0378-5122(13)00332-0/sbref0060
http://refhub.elsevier.com/S0378-5122(13)00332-0/sbref0060
http://refhub.elsevier.com/S0378-5122(13)00332-0/sbref0060
http://refhub.elsevier.com/S0378-5122(13)00332-0/sbref0060
http://refhub.elsevier.com/S0378-5122(13)00332-0/sbref0060
http://refhub.elsevier.com/S0378-5122(13)00332-0/sbref0060
http://refhub.elsevier.com/S0378-5122(13)00332-0/sbref0060
http://refhub.elsevier.com/S0378-5122(13)00332-0/sbref0060
http://refhub.elsevier.com/S0378-5122(13)00332-0/sbref0060
http://refhub.elsevier.com/S0378-5122(13)00332-0/sbref0060
http://refhub.elsevier.com/S0378-5122(13)00332-0/sbref0060
http://refhub.elsevier.com/S0378-5122(13)00332-0/sbref0060
http://refhub.elsevier.com/S0378-5122(13)00332-0/sbref0060
http://refhub.elsevier.com/S0378-5122(13)00332-0/sbref0060
http://refhub.elsevier.com/S0378-5122(13)00332-0/sbref0060
http://refhub.elsevier.com/S0378-5122(13)00332-0/sbref0060
http://refhub.elsevier.com/S0378-5122(13)00332-0/sbref0060
http://refhub.elsevier.com/S0378-5122(13)00332-0/sbref0060
http://refhub.elsevier.com/S0378-5122(13)00332-0/sbref0060
http://refhub.elsevier.com/S0378-5122(13)00332-0/sbref0060
http://refhub.elsevier.com/S0378-5122(13)00332-0/sbref0060
http://refhub.elsevier.com/S0378-5122(13)00332-0/sbref0060
http://refhub.elsevier.com/S0378-5122(13)00332-0/sbref0060
http://refhub.elsevier.com/S0378-5122(13)00332-0/sbref0060
http://refhub.elsevier.com/S0378-5122(13)00332-0/sbref0060
http://refhub.elsevier.com/S0378-5122(13)00332-0/sbref0060
http://refhub.elsevier.com/S0378-5122(13)00332-0/sbref0060
http://refhub.elsevier.com/S0378-5122(13)00332-0/sbref0060
http://refhub.elsevier.com/S0378-5122(13)00332-0/sbref0060
http://refhub.elsevier.com/S0378-5122(13)00332-0/sbref0060
http://refhub.elsevier.com/S0378-5122(13)00332-0/sbref0060
http://refhub.elsevier.com/S0378-5122(13)00332-0/sbref0060
http://refhub.elsevier.com/S0378-5122(13)00332-0/sbref0060
http://refhub.elsevier.com/S0378-5122(13)00332-0/sbref0060
http://refhub.elsevier.com/S0378-5122(13)00332-0/sbref0060
http://refhub.elsevier.com/S0378-5122(13)00332-0/sbref0060
http://refhub.elsevier.com/S0378-5122(13)00332-0/sbref0060
http://refhub.elsevier.com/S0378-5122(13)00332-0/sbref0060
http://refhub.elsevier.com/S0378-5122(13)00332-0/sbref0060
http://refhub.elsevier.com/S0378-5122(13)00332-0/sbref0060
http://refhub.elsevier.com/S0378-5122(13)00332-0/sbref0060
http://refhub.elsevier.com/S0378-5122(13)00332-0/sbref0060
http://refhub.elsevier.com/S0378-5122(13)00332-0/sbref0065
http://refhub.elsevier.com/S0378-5122(13)00332-0/sbref0065
http://refhub.elsevier.com/S0378-5122(13)00332-0/sbref0065
http://refhub.elsevier.com/S0378-5122(13)00332-0/sbref0065
http://refhub.elsevier.com/S0378-5122(13)00332-0/sbref0065
http://refhub.elsevier.com/S0378-5122(13)00332-0/sbref0065
http://refhub.elsevier.com/S0378-5122(13)00332-0/sbref0065
http://refhub.elsevier.com/S0378-5122(13)00332-0/sbref0065
http://refhub.elsevier.com/S0378-5122(13)00332-0/sbref0065
http://refhub.elsevier.com/S0378-5122(13)00332-0/sbref0065
http://refhub.elsevier.com/S0378-5122(13)00332-0/sbref0065
http://refhub.elsevier.com/S0378-5122(13)00332-0/sbref0065
http://refhub.elsevier.com/S0378-5122(13)00332-0/sbref0065
http://refhub.elsevier.com/S0378-5122(13)00332-0/sbref0065
http://refhub.elsevier.com/S0378-5122(13)00332-0/sbref0065
http://refhub.elsevier.com/S0378-5122(13)00332-0/sbref0065
http://refhub.elsevier.com/S0378-5122(13)00332-0/sbref0065
http://refhub.elsevier.com/S0378-5122(13)00332-0/sbref0065
http://refhub.elsevier.com/S0378-5122(13)00332-0/sbref0065
http://refhub.elsevier.com/S0378-5122(13)00332-0/sbref0070
http://refhub.elsevier.com/S0378-5122(13)00332-0/sbref0070
http://refhub.elsevier.com/S0378-5122(13)00332-0/sbref0070
http://refhub.elsevier.com/S0378-5122(13)00332-0/sbref0070
http://refhub.elsevier.com/S0378-5122(13)00332-0/sbref0070
http://refhub.elsevier.com/S0378-5122(13)00332-0/sbref0070
http://refhub.elsevier.com/S0378-5122(13)00332-0/sbref0070
http://refhub.elsevier.com/S0378-5122(13)00332-0/sbref0070
http://refhub.elsevier.com/S0378-5122(13)00332-0/sbref0070
http://refhub.elsevier.com/S0378-5122(13)00332-0/sbref0070
http://refhub.elsevier.com/S0378-5122(13)00332-0/sbref0070
http://refhub.elsevier.com/S0378-5122(13)00332-0/sbref0070
http://refhub.elsevier.com/S0378-5122(13)00332-0/sbref0070
http://refhub.elsevier.com/S0378-5122(13)00332-0/sbref0070
http://refhub.elsevier.com/S0378-5122(13)00332-0/sbref0070
http://refhub.elsevier.com/S0378-5122(13)00332-0/sbref0070
http://refhub.elsevier.com/S0378-5122(13)00332-0/sbref0070
http://refhub.elsevier.com/S0378-5122(13)00332-0/sbref0070
http://refhub.elsevier.com/S0378-5122(13)00332-0/sbref0070
http://refhub.elsevier.com/S0378-5122(13)00332-0/sbref0070
http://refhub.elsevier.com/S0378-5122(13)00332-0/sbref0070
http://refhub.elsevier.com/S0378-5122(13)00332-0/sbref0070
http://refhub.elsevier.com/S0378-5122(13)00332-0/sbref0070
http://refhub.elsevier.com/S0378-5122(13)00332-0/sbref0070
http://refhub.elsevier.com/S0378-5122(13)00332-0/sbref0070
http://refhub.elsevier.com/S0378-5122(13)00332-0/sbref0070
http://refhub.elsevier.com/S0378-5122(13)00332-0/sbref0070
http://refhub.elsevier.com/S0378-5122(13)00332-0/sbref0070
http://refhub.elsevier.com/S0378-5122(13)00332-0/sbref0070
http://refhub.elsevier.com/S0378-5122(13)00332-0/sbref0075
http://refhub.elsevier.com/S0378-5122(13)00332-0/sbref0075
http://refhub.elsevier.com/S0378-5122(13)00332-0/sbref0075
http://refhub.elsevier.com/S0378-5122(13)00332-0/sbref0075
http://refhub.elsevier.com/S0378-5122(13)00332-0/sbref0075
http://refhub.elsevier.com/S0378-5122(13)00332-0/sbref0075
http://refhub.elsevier.com/S0378-5122(13)00332-0/sbref0075
http://refhub.elsevier.com/S0378-5122(13)00332-0/sbref0075
http://refhub.elsevier.com/S0378-5122(13)00332-0/sbref0075
http://refhub.elsevier.com/S0378-5122(13)00332-0/sbref0075
http://refhub.elsevier.com/S0378-5122(13)00332-0/sbref0075
http://refhub.elsevier.com/S0378-5122(13)00332-0/sbref0075
http://refhub.elsevier.com/S0378-5122(13)00332-0/sbref0075
http://refhub.elsevier.com/S0378-5122(13)00332-0/sbref0075
http://refhub.elsevier.com/S0378-5122(13)00332-0/sbref0075
http://refhub.elsevier.com/S0378-5122(13)00332-0/sbref0075
http://refhub.elsevier.com/S0378-5122(13)00332-0/sbref0075
http://refhub.elsevier.com/S0378-5122(13)00332-0/sbref0075
http://refhub.elsevier.com/S0378-5122(13)00332-0/sbref0075
http://refhub.elsevier.com/S0378-5122(13)00332-0/sbref0075
http://refhub.elsevier.com/S0378-5122(13)00332-0/sbref0075
http://refhub.elsevier.com/S0378-5122(13)00332-0/sbref0075
http://refhub.elsevier.com/S0378-5122(13)00332-0/sbref0075
http://refhub.elsevier.com/S0378-5122(13)00332-0/sbref0075
http://refhub.elsevier.com/S0378-5122(13)00332-0/sbref0075
http://refhub.elsevier.com/S0378-5122(13)00332-0/sbref0075
http://refhub.elsevier.com/S0378-5122(13)00332-0/sbref0075
http://refhub.elsevier.com/S0378-5122(13)00332-0/sbref0075
http://refhub.elsevier.com/S0378-5122(13)00332-0/sbref0075
http://refhub.elsevier.com/S0378-5122(13)00332-0/sbref0075
http://refhub.elsevier.com/S0378-5122(13)00332-0/sbref0075
http://refhub.elsevier.com/S0378-5122(13)00332-0/sbref0075
http://refhub.elsevier.com/S0378-5122(13)00332-0/sbref0075
http://refhub.elsevier.com/S0378-5122(13)00332-0/sbref0075
http://refhub.elsevier.com/S0378-5122(13)00332-0/sbref0075
http://refhub.elsevier.com/S0378-5122(13)00332-0/sbref0075
http://refhub.elsevier.com/S0378-5122(13)00332-0/sbref0075
http://refhub.elsevier.com/S0378-5122(13)00332-0/sbref0075
http://refhub.elsevier.com/S0378-5122(13)00332-0/sbref0075
http://refhub.elsevier.com/S0378-5122(13)00332-0/sbref0080
http://refhub.elsevier.com/S0378-5122(13)00332-0/sbref0080
http://refhub.elsevier.com/S0378-5122(13)00332-0/sbref0080
http://refhub.elsevier.com/S0378-5122(13)00332-0/sbref0080
http://refhub.elsevier.com/S0378-5122(13)00332-0/sbref0080
http://refhub.elsevier.com/S0378-5122(13)00332-0/sbref0080
http://refhub.elsevier.com/S0378-5122(13)00332-0/sbref0080
http://refhub.elsevier.com/S0378-5122(13)00332-0/sbref0080
http://refhub.elsevier.com/S0378-5122(13)00332-0/sbref0080
http://refhub.elsevier.com/S0378-5122(13)00332-0/sbref0080
http://refhub.elsevier.com/S0378-5122(13)00332-0/sbref0080
http://refhub.elsevier.com/S0378-5122(13)00332-0/sbref0080
http://refhub.elsevier.com/S0378-5122(13)00332-0/sbref0080
http://refhub.elsevier.com/S0378-5122(13)00332-0/sbref0080
http://refhub.elsevier.com/S0378-5122(13)00332-0/sbref0080
http://refhub.elsevier.com/S0378-5122(13)00332-0/sbref0080
http://refhub.elsevier.com/S0378-5122(13)00332-0/sbref0080
http://refhub.elsevier.com/S0378-5122(13)00332-0/sbref0080
http://refhub.elsevier.com/S0378-5122(13)00332-0/sbref0080
http://refhub.elsevier.com/S0378-5122(13)00332-0/sbref0080
http://refhub.elsevier.com/S0378-5122(13)00332-0/sbref0080
http://refhub.elsevier.com/S0378-5122(13)00332-0/sbref0080
http://refhub.elsevier.com/S0378-5122(13)00332-0/sbref0080
http://refhub.elsevier.com/S0378-5122(13)00332-0/sbref0080
http://refhub.elsevier.com/S0378-5122(13)00332-0/sbref0080
http://refhub.elsevier.com/S0378-5122(13)00332-0/sbref0080
http://refhub.elsevier.com/S0378-5122(13)00332-0/sbref0080
http://refhub.elsevier.com/S0378-5122(13)00332-0/sbref0080
http://refhub.elsevier.com/S0378-5122(13)00332-0/sbref0080
http://refhub.elsevier.com/S0378-5122(13)00332-0/sbref0080
http://refhub.elsevier.com/S0378-5122(13)00332-0/sbref0080
http://refhub.elsevier.com/S0378-5122(13)00332-0/sbref0080
http://refhub.elsevier.com/S0378-5122(13)00332-0/sbref0080
http://refhub.elsevier.com/S0378-5122(13)00332-0/sbref0085
http://refhub.elsevier.com/S0378-5122(13)00332-0/sbref0085
http://refhub.elsevier.com/S0378-5122(13)00332-0/sbref0085
http://refhub.elsevier.com/S0378-5122(13)00332-0/sbref0085
http://refhub.elsevier.com/S0378-5122(13)00332-0/sbref0085
http://refhub.elsevier.com/S0378-5122(13)00332-0/sbref0085
http://refhub.elsevier.com/S0378-5122(13)00332-0/sbref0085
http://refhub.elsevier.com/S0378-5122(13)00332-0/sbref0085
http://refhub.elsevier.com/S0378-5122(13)00332-0/sbref0085
http://refhub.elsevier.com/S0378-5122(13)00332-0/sbref0085
http://refhub.elsevier.com/S0378-5122(13)00332-0/sbref0085
http://refhub.elsevier.com/S0378-5122(13)00332-0/sbref0085
http://refhub.elsevier.com/S0378-5122(13)00332-0/sbref0085
http://refhub.elsevier.com/S0378-5122(13)00332-0/sbref0085
http://refhub.elsevier.com/S0378-5122(13)00332-0/sbref0085
http://refhub.elsevier.com/S0378-5122(13)00332-0/sbref0085
http://refhub.elsevier.com/S0378-5122(13)00332-0/sbref0085
http://refhub.elsevier.com/S0378-5122(13)00332-0/sbref0085
http://refhub.elsevier.com/S0378-5122(13)00332-0/sbref0085
http://refhub.elsevier.com/S0378-5122(13)00332-0/sbref0085
http://refhub.elsevier.com/S0378-5122(13)00332-0/sbref0085
http://refhub.elsevier.com/S0378-5122(13)00332-0/sbref0085
http://refhub.elsevier.com/S0378-5122(13)00332-0/sbref0085
http://refhub.elsevier.com/S0378-5122(13)00332-0/sbref0085
http://refhub.elsevier.com/S0378-5122(13)00332-0/sbref0085
http://refhub.elsevier.com/S0378-5122(13)00332-0/sbref0085
http://refhub.elsevier.com/S0378-5122(13)00332-0/sbref0085
http://refhub.elsevier.com/S0378-5122(13)00332-0/sbref0085
http://refhub.elsevier.com/S0378-5122(13)00332-0/sbref0090
http://refhub.elsevier.com/S0378-5122(13)00332-0/sbref0090
http://refhub.elsevier.com/S0378-5122(13)00332-0/sbref0090
http://refhub.elsevier.com/S0378-5122(13)00332-0/sbref0090
http://refhub.elsevier.com/S0378-5122(13)00332-0/sbref0090
http://refhub.elsevier.com/S0378-5122(13)00332-0/sbref0090
http://refhub.elsevier.com/S0378-5122(13)00332-0/sbref0090
http://refhub.elsevier.com/S0378-5122(13)00332-0/sbref0090
http://refhub.elsevier.com/S0378-5122(13)00332-0/sbref0090
http://refhub.elsevier.com/S0378-5122(13)00332-0/sbref0090
http://refhub.elsevier.com/S0378-5122(13)00332-0/sbref0090
http://refhub.elsevier.com/S0378-5122(13)00332-0/sbref0090
http://refhub.elsevier.com/S0378-5122(13)00332-0/sbref0090
http://refhub.elsevier.com/S0378-5122(13)00332-0/sbref0090
http://refhub.elsevier.com/S0378-5122(13)00332-0/sbref0090
http://refhub.elsevier.com/S0378-5122(13)00332-0/sbref0090
http://refhub.elsevier.com/S0378-5122(13)00332-0/sbref0090
http://refhub.elsevier.com/S0378-5122(13)00332-0/sbref0090
http://refhub.elsevier.com/S0378-5122(13)00332-0/sbref0090
http://refhub.elsevier.com/S0378-5122(13)00332-0/sbref0090
http://refhub.elsevier.com/S0378-5122(13)00332-0/sbref0090
http://refhub.elsevier.com/S0378-5122(13)00332-0/sbref0090
http://refhub.elsevier.com/S0378-5122(13)00332-0/sbref0090
http://refhub.elsevier.com/S0378-5122(13)00332-0/sbref0090
http://refhub.elsevier.com/S0378-5122(13)00332-0/sbref0090
http://refhub.elsevier.com/S0378-5122(13)00332-0/sbref0090
http://refhub.elsevier.com/S0378-5122(13)00332-0/sbref0090
http://refhub.elsevier.com/S0378-5122(13)00332-0/sbref0090
http://refhub.elsevier.com/S0378-5122(13)00332-0/sbref0090
http://refhub.elsevier.com/S0378-5122(13)00332-0/sbref0090
http://refhub.elsevier.com/S0378-5122(13)00332-0/sbref0090
http://refhub.elsevier.com/S0378-5122(13)00332-0/sbref0090
http://refhub.elsevier.com/S0378-5122(13)00332-0/sbref0090
http://refhub.elsevier.com/S0378-5122(13)00332-0/sbref0095
http://refhub.elsevier.com/S0378-5122(13)00332-0/sbref0095
http://refhub.elsevier.com/S0378-5122(13)00332-0/sbref0095
http://refhub.elsevier.com/S0378-5122(13)00332-0/sbref0095
http://refhub.elsevier.com/S0378-5122(13)00332-0/sbref0095
http://refhub.elsevier.com/S0378-5122(13)00332-0/sbref0095
http://refhub.elsevier.com/S0378-5122(13)00332-0/sbref0095
http://refhub.elsevier.com/S0378-5122(13)00332-0/sbref0095
http://refhub.elsevier.com/S0378-5122(13)00332-0/sbref0095
http://refhub.elsevier.com/S0378-5122(13)00332-0/sbref0095
http://refhub.elsevier.com/S0378-5122(13)00332-0/sbref0095
http://refhub.elsevier.com/S0378-5122(13)00332-0/sbref0095
http://refhub.elsevier.com/S0378-5122(13)00332-0/sbref0095
http://refhub.elsevier.com/S0378-5122(13)00332-0/sbref0095
http://refhub.elsevier.com/S0378-5122(13)00332-0/sbref0095
http://refhub.elsevier.com/S0378-5122(13)00332-0/sbref0095
http://refhub.elsevier.com/S0378-5122(13)00332-0/sbref0095
http://refhub.elsevier.com/S0378-5122(13)00332-0/sbref0095
http://refhub.elsevier.com/S0378-5122(13)00332-0/sbref0095
http://refhub.elsevier.com/S0378-5122(13)00332-0/sbref0095
http://refhub.elsevier.com/S0378-5122(13)00332-0/sbref0100
http://refhub.elsevier.com/S0378-5122(13)00332-0/sbref0100
http://refhub.elsevier.com/S0378-5122(13)00332-0/sbref0100
http://refhub.elsevier.com/S0378-5122(13)00332-0/sbref0100
http://refhub.elsevier.com/S0378-5122(13)00332-0/sbref0100
http://refhub.elsevier.com/S0378-5122(13)00332-0/sbref0100
http://refhub.elsevier.com/S0378-5122(13)00332-0/sbref0100
http://refhub.elsevier.com/S0378-5122(13)00332-0/sbref0100
http://refhub.elsevier.com/S0378-5122(13)00332-0/sbref0100
http://refhub.elsevier.com/S0378-5122(13)00332-0/sbref0100
http://refhub.elsevier.com/S0378-5122(13)00332-0/sbref0100
http://refhub.elsevier.com/S0378-5122(13)00332-0/sbref0100
http://refhub.elsevier.com/S0378-5122(13)00332-0/sbref0100
http://refhub.elsevier.com/S0378-5122(13)00332-0/sbref0100
http://refhub.elsevier.com/S0378-5122(13)00332-0/sbref0100
http://refhub.elsevier.com/S0378-5122(13)00332-0/sbref0100
http://refhub.elsevier.com/S0378-5122(13)00332-0/sbref0100
http://refhub.elsevier.com/S0378-5122(13)00332-0/sbref0100
http://refhub.elsevier.com/S0378-5122(13)00332-0/sbref0100
http://refhub.elsevier.com/S0378-5122(13)00332-0/sbref0100
http://refhub.elsevier.com/S0378-5122(13)00332-0/sbref0100
http://refhub.elsevier.com/S0378-5122(13)00332-0/sbref0100
http://refhub.elsevier.com/S0378-5122(13)00332-0/sbref0100
http://refhub.elsevier.com/S0378-5122(13)00332-0/sbref0100
http://refhub.elsevier.com/S0378-5122(13)00332-0/sbref0100
http://refhub.elsevier.com/S0378-5122(13)00332-0/sbref0100
http://refhub.elsevier.com/S0378-5122(13)00332-0/sbref0100
http://refhub.elsevier.com/S0378-5122(13)00332-0/sbref0100
http://refhub.elsevier.com/S0378-5122(13)00332-0/sbref0100
http://refhub.elsevier.com/S0378-5122(13)00332-0/sbref0100
http://refhub.elsevier.com/S0378-5122(13)00332-0/sbref0100
http://refhub.elsevier.com/S0378-5122(13)00332-0/sbref0100
http://refhub.elsevier.com/S0378-5122(13)00332-0/sbref0100
http://refhub.elsevier.com/S0378-5122(13)00332-0/sbref0100
http://refhub.elsevier.com/S0378-5122(13)00332-0/sbref0100
http://refhub.elsevier.com/S0378-5122(13)00332-0/sbref0100
http://refhub.elsevier.com/S0378-5122(13)00332-0/sbref0105
http://refhub.elsevier.com/S0378-5122(13)00332-0/sbref0105
http://refhub.elsevier.com/S0378-5122(13)00332-0/sbref0105
http://refhub.elsevier.com/S0378-5122(13)00332-0/sbref0105
http://refhub.elsevier.com/S0378-5122(13)00332-0/sbref0105
http://refhub.elsevier.com/S0378-5122(13)00332-0/sbref0105
http://refhub.elsevier.com/S0378-5122(13)00332-0/sbref0105
http://refhub.elsevier.com/S0378-5122(13)00332-0/sbref0105
http://refhub.elsevier.com/S0378-5122(13)00332-0/sbref0105
http://refhub.elsevier.com/S0378-5122(13)00332-0/sbref0105
http://refhub.elsevier.com/S0378-5122(13)00332-0/sbref0105
http://refhub.elsevier.com/S0378-5122(13)00332-0/sbref0105
http://refhub.elsevier.com/S0378-5122(13)00332-0/sbref0105
http://refhub.elsevier.com/S0378-5122(13)00332-0/sbref0105
http://refhub.elsevier.com/S0378-5122(13)00332-0/sbref0105
http://refhub.elsevier.com/S0378-5122(13)00332-0/sbref0105
http://refhub.elsevier.com/S0378-5122(13)00332-0/sbref0105
http://refhub.elsevier.com/S0378-5122(13)00332-0/sbref0105
http://refhub.elsevier.com/S0378-5122(13)00332-0/sbref0105
http://refhub.elsevier.com/S0378-5122(13)00332-0/sbref0105
http://refhub.elsevier.com/S0378-5122(13)00332-0/sbref0105
http://refhub.elsevier.com/S0378-5122(13)00332-0/sbref0105
http://refhub.elsevier.com/S0378-5122(13)00332-0/sbref0105
http://refhub.elsevier.com/S0378-5122(13)00332-0/sbref0105
http://refhub.elsevier.com/S0378-5122(13)00332-0/sbref0105
http://refhub.elsevier.com/S0378-5122(13)00332-0/sbref0105
http://refhub.elsevier.com/S0378-5122(13)00332-0/sbref0105
http://refhub.elsevier.com/S0378-5122(13)00332-0/sbref0105
http://refhub.elsevier.com/S0378-5122(13)00332-0/sbref0105
http://refhub.elsevier.com/S0378-5122(13)00332-0/sbref0105
http://refhub.elsevier.com/S0378-5122(13)00332-0/sbref0105
http://refhub.elsevier.com/S0378-5122(13)00332-0/sbref0105
http://refhub.elsevier.com/S0378-5122(13)00332-0/sbref0105
http://refhub.elsevier.com/S0378-5122(13)00332-0/sbref0110
http://refhub.elsevier.com/S0378-5122(13)00332-0/sbref0110
http://refhub.elsevier.com/S0378-5122(13)00332-0/sbref0110
http://refhub.elsevier.com/S0378-5122(13)00332-0/sbref0110
http://refhub.elsevier.com/S0378-5122(13)00332-0/sbref0110
http://refhub.elsevier.com/S0378-5122(13)00332-0/sbref0110
http://refhub.elsevier.com/S0378-5122(13)00332-0/sbref0110
http://refhub.elsevier.com/S0378-5122(13)00332-0/sbref0110
http://refhub.elsevier.com/S0378-5122(13)00332-0/sbref0110
http://refhub.elsevier.com/S0378-5122(13)00332-0/sbref0110
http://refhub.elsevier.com/S0378-5122(13)00332-0/sbref0110
http://refhub.elsevier.com/S0378-5122(13)00332-0/sbref0110
http://refhub.elsevier.com/S0378-5122(13)00332-0/sbref0110
http://refhub.elsevier.com/S0378-5122(13)00332-0/sbref0110
http://refhub.elsevier.com/S0378-5122(13)00332-0/sbref0110
http://refhub.elsevier.com/S0378-5122(13)00332-0/sbref0110
http://refhub.elsevier.com/S0378-5122(13)00332-0/sbref0110
http://refhub.elsevier.com/S0378-5122(13)00332-0/sbref0110
http://refhub.elsevier.com/S0378-5122(13)00332-0/sbref0110
http://refhub.elsevier.com/S0378-5122(13)00332-0/sbref0110
http://refhub.elsevier.com/S0378-5122(13)00332-0/sbref0110
http://refhub.elsevier.com/S0378-5122(13)00332-0/sbref0110
http://refhub.elsevier.com/S0378-5122(13)00332-0/sbref0110
http://refhub.elsevier.com/S0378-5122(13)00332-0/sbref0110
http://refhub.elsevier.com/S0378-5122(13)00332-0/sbref0110
http://refhub.elsevier.com/S0378-5122(13)00332-0/sbref0110
http://refhub.elsevier.com/S0378-5122(13)00332-0/sbref0110
http://refhub.elsevier.com/S0378-5122(13)00332-0/sbref0110
http://refhub.elsevier.com/S0378-5122(13)00332-0/sbref0110
http://refhub.elsevier.com/S0378-5122(13)00332-0/sbref0110
http://refhub.elsevier.com/S0378-5122(13)00332-0/sbref0110
http://refhub.elsevier.com/S0378-5122(13)00332-0/sbref0110
http://refhub.elsevier.com/S0378-5122(13)00332-0/sbref0110
http://refhub.elsevier.com/S0378-5122(13)00332-0/sbref0115
http://refhub.elsevier.com/S0378-5122(13)00332-0/sbref0115
http://refhub.elsevier.com/S0378-5122(13)00332-0/sbref0115
http://refhub.elsevier.com/S0378-5122(13)00332-0/sbref0115
http://refhub.elsevier.com/S0378-5122(13)00332-0/sbref0115
http://refhub.elsevier.com/S0378-5122(13)00332-0/sbref0115
http://refhub.elsevier.com/S0378-5122(13)00332-0/sbref0115
http://refhub.elsevier.com/S0378-5122(13)00332-0/sbref0115
http://refhub.elsevier.com/S0378-5122(13)00332-0/sbref0115
http://refhub.elsevier.com/S0378-5122(13)00332-0/sbref0115
http://refhub.elsevier.com/S0378-5122(13)00332-0/sbref0115
http://refhub.elsevier.com/S0378-5122(13)00332-0/sbref0115
http://refhub.elsevier.com/S0378-5122(13)00332-0/sbref0115
http://refhub.elsevier.com/S0378-5122(13)00332-0/sbref0115
http://refhub.elsevier.com/S0378-5122(13)00332-0/sbref0115
http://refhub.elsevier.com/S0378-5122(13)00332-0/sbref0115
http://refhub.elsevier.com/S0378-5122(13)00332-0/sbref0115
http://refhub.elsevier.com/S0378-5122(13)00332-0/sbref0115
http://refhub.elsevier.com/S0378-5122(13)00332-0/sbref0115
http://refhub.elsevier.com/S0378-5122(13)00332-0/sbref0115
http://refhub.elsevier.com/S0378-5122(13)00332-0/sbref0115
http://refhub.elsevier.com/S0378-5122(13)00332-0/sbref0115
http://refhub.elsevier.com/S0378-5122(13)00332-0/sbref0115
http://refhub.elsevier.com/S0378-5122(13)00332-0/sbref0115
http://refhub.elsevier.com/S0378-5122(13)00332-0/sbref0115
http://refhub.elsevier.com/S0378-5122(13)00332-0/sbref0115
http://refhub.elsevier.com/S0378-5122(13)00332-0/sbref0115
http://refhub.elsevier.com/S0378-5122(13)00332-0/sbref0115
http://refhub.elsevier.com/S0378-5122(13)00332-0/sbref0115
http://refhub.elsevier.com/S0378-5122(13)00332-0/sbref0115
http://refhub.elsevier.com/S0378-5122(13)00332-0/sbref0115
http://refhub.elsevier.com/S0378-5122(13)00332-0/sbref0115
http://refhub.elsevier.com/S0378-5122(13)00332-0/sbref0115
http://refhub.elsevier.com/S0378-5122(13)00332-0/sbref0115
http://refhub.elsevier.com/S0378-5122(13)00332-0/sbref0115
http://refhub.elsevier.com/S0378-5122(13)00332-0/sbref0115
http://refhub.elsevier.com/S0378-5122(13)00332-0/sbref0115
http://refhub.elsevier.com/S0378-5122(13)00332-0/sbref0120
http://refhub.elsevier.com/S0378-5122(13)00332-0/sbref0120
http://refhub.elsevier.com/S0378-5122(13)00332-0/sbref0120
http://refhub.elsevier.com/S0378-5122(13)00332-0/sbref0120
http://refhub.elsevier.com/S0378-5122(13)00332-0/sbref0120
http://refhub.elsevier.com/S0378-5122(13)00332-0/sbref0120
http://refhub.elsevier.com/S0378-5122(13)00332-0/sbref0120
http://refhub.elsevier.com/S0378-5122(13)00332-0/sbref0120
http://refhub.elsevier.com/S0378-5122(13)00332-0/sbref0120
http://refhub.elsevier.com/S0378-5122(13)00332-0/sbref0120
http://refhub.elsevier.com/S0378-5122(13)00332-0/sbref0120
http://refhub.elsevier.com/S0378-5122(13)00332-0/sbref0120
http://refhub.elsevier.com/S0378-5122(13)00332-0/sbref0120
http://refhub.elsevier.com/S0378-5122(13)00332-0/sbref0120
http://refhub.elsevier.com/S0378-5122(13)00332-0/sbref0120
http://refhub.elsevier.com/S0378-5122(13)00332-0/sbref0120
http://refhub.elsevier.com/S0378-5122(13)00332-0/sbref0120
http://refhub.elsevier.com/S0378-5122(13)00332-0/sbref0120
http://refhub.elsevier.com/S0378-5122(13)00332-0/sbref0120
http://refhub.elsevier.com/S0378-5122(13)00332-0/sbref0120
http://refhub.elsevier.com/S0378-5122(13)00332-0/sbref0120
http://refhub.elsevier.com/S0378-5122(13)00332-0/sbref0120
http://refhub.elsevier.com/S0378-5122(13)00332-0/sbref0120
http://refhub.elsevier.com/S0378-5122(13)00332-0/sbref0120
http://refhub.elsevier.com/S0378-5122(13)00332-0/sbref0120
http://refhub.elsevier.com/S0378-5122(13)00332-0/sbref0120
http://refhub.elsevier.com/S0378-5122(13)00332-0/sbref0120
http://refhub.elsevier.com/S0378-5122(13)00332-0/sbref0120
http://refhub.elsevier.com/S0378-5122(13)00332-0/sbref0120
http://refhub.elsevier.com/S0378-5122(13)00332-0/sbref0120
http://refhub.elsevier.com/S0378-5122(13)00332-0/sbref0120
http://refhub.elsevier.com/S0378-5122(13)00332-0/sbref0120
http://refhub.elsevier.com/S0378-5122(13)00332-0/sbref0120
http://refhub.elsevier.com/S0378-5122(13)00332-0/sbref0120
http://refhub.elsevier.com/S0378-5122(13)00332-0/sbref0120
http://refhub.elsevier.com/S0378-5122(13)00332-0/sbref0120
http://refhub.elsevier.com/S0378-5122(13)00332-0/sbref0120
http://refhub.elsevier.com/S0378-5122(13)00332-0/sbref0120
http://refhub.elsevier.com/S0378-5122(13)00332-0/sbref0120
http://refhub.elsevier.com/S0378-5122(13)00332-0/sbref0120
http://refhub.elsevier.com/S0378-5122(13)00332-0/sbref0120
http://refhub.elsevier.com/S0378-5122(13)00332-0/sbref0120
http://refhub.elsevier.com/S0378-5122(13)00332-0/sbref0125
http://refhub.elsevier.com/S0378-5122(13)00332-0/sbref0125
http://refhub.elsevier.com/S0378-5122(13)00332-0/sbref0125
http://refhub.elsevier.com/S0378-5122(13)00332-0/sbref0125
http://refhub.elsevier.com/S0378-5122(13)00332-0/sbref0125
http://refhub.elsevier.com/S0378-5122(13)00332-0/sbref0125
http://refhub.elsevier.com/S0378-5122(13)00332-0/sbref0125
http://refhub.elsevier.com/S0378-5122(13)00332-0/sbref0125
http://refhub.elsevier.com/S0378-5122(13)00332-0/sbref0125
http://refhub.elsevier.com/S0378-5122(13)00332-0/sbref0125
http://refhub.elsevier.com/S0378-5122(13)00332-0/sbref0125
http://refhub.elsevier.com/S0378-5122(13)00332-0/sbref0125
http://refhub.elsevier.com/S0378-5122(13)00332-0/sbref0125
http://refhub.elsevier.com/S0378-5122(13)00332-0/sbref0125
http://refhub.elsevier.com/S0378-5122(13)00332-0/sbref0125
http://refhub.elsevier.com/S0378-5122(13)00332-0/sbref0125
http://refhub.elsevier.com/S0378-5122(13)00332-0/sbref0125
http://refhub.elsevier.com/S0378-5122(13)00332-0/sbref0125
http://refhub.elsevier.com/S0378-5122(13)00332-0/sbref0125
http://refhub.elsevier.com/S0378-5122(13)00332-0/sbref0125
http://refhub.elsevier.com/S0378-5122(13)00332-0/sbref0125
http://refhub.elsevier.com/S0378-5122(13)00332-0/sbref0125
http://refhub.elsevier.com/S0378-5122(13)00332-0/sbref0125
http://refhub.elsevier.com/S0378-5122(13)00332-0/sbref0125
http://refhub.elsevier.com/S0378-5122(13)00332-0/sbref0125
http://refhub.elsevier.com/S0378-5122(13)00332-0/sbref0125
http://refhub.elsevier.com/S0378-5122(13)00332-0/sbref0125
http://refhub.elsevier.com/S0378-5122(13)00332-0/sbref0125
http://refhub.elsevier.com/S0378-5122(13)00332-0/sbref0125
http://refhub.elsevier.com/S0378-5122(13)00332-0/sbref0125
http://refhub.elsevier.com/S0378-5122(13)00332-0/sbref0125
http://refhub.elsevier.com/S0378-5122(13)00332-0/sbref0125
http://refhub.elsevier.com/S0378-5122(13)00332-0/sbref0125
http://refhub.elsevier.com/S0378-5122(13)00332-0/sbref0125
http://refhub.elsevier.com/S0378-5122(13)00332-0/sbref0125
http://refhub.elsevier.com/S0378-5122(13)00332-0/sbref0125
http://refhub.elsevier.com/S0378-5122(13)00332-0/sbref0125
http://refhub.elsevier.com/S0378-5122(13)00332-0/sbref0130
http://refhub.elsevier.com/S0378-5122(13)00332-0/sbref0130
http://refhub.elsevier.com/S0378-5122(13)00332-0/sbref0130
http://refhub.elsevier.com/S0378-5122(13)00332-0/sbref0130
http://refhub.elsevier.com/S0378-5122(13)00332-0/sbref0130
http://refhub.elsevier.com/S0378-5122(13)00332-0/sbref0130
http://refhub.elsevier.com/S0378-5122(13)00332-0/sbref0130
http://refhub.elsevier.com/S0378-5122(13)00332-0/sbref0130
http://refhub.elsevier.com/S0378-5122(13)00332-0/sbref0130
http://refhub.elsevier.com/S0378-5122(13)00332-0/sbref0130
http://refhub.elsevier.com/S0378-5122(13)00332-0/sbref0130
http://refhub.elsevier.com/S0378-5122(13)00332-0/sbref0130
http://refhub.elsevier.com/S0378-5122(13)00332-0/sbref0130
http://refhub.elsevier.com/S0378-5122(13)00332-0/sbref0130
http://refhub.elsevier.com/S0378-5122(13)00332-0/sbref0130
http://refhub.elsevier.com/S0378-5122(13)00332-0/sbref0130
http://refhub.elsevier.com/S0378-5122(13)00332-0/sbref0130
http://refhub.elsevier.com/S0378-5122(13)00332-0/sbref0130
http://refhub.elsevier.com/S0378-5122(13)00332-0/sbref0130
http://refhub.elsevier.com/S0378-5122(13)00332-0/sbref0130
http://refhub.elsevier.com/S0378-5122(13)00332-0/sbref0130
http://refhub.elsevier.com/S0378-5122(13)00332-0/sbref0130
http://refhub.elsevier.com/S0378-5122(13)00332-0/sbref0130
http://refhub.elsevier.com/S0378-5122(13)00332-0/sbref0130
http://refhub.elsevier.com/S0378-5122(13)00332-0/sbref0130
http://refhub.elsevier.com/S0378-5122(13)00332-0/sbref0130
http://refhub.elsevier.com/S0378-5122(13)00332-0/sbref0130
http://refhub.elsevier.com/S0378-5122(13)00332-0/sbref0130
http://refhub.elsevier.com/S0378-5122(13)00332-0/sbref0130
http://refhub.elsevier.com/S0378-5122(13)00332-0/sbref0130
http://refhub.elsevier.com/S0378-5122(13)00332-0/sbref0130
http://refhub.elsevier.com/S0378-5122(13)00332-0/sbref0130
http://refhub.elsevier.com/S0378-5122(13)00332-0/sbref0130
http://refhub.elsevier.com/S0378-5122(13)00332-0/sbref0130
http://refhub.elsevier.com/S0378-5122(13)00332-0/sbref0130
http://refhub.elsevier.com/S0378-5122(13)00332-0/sbref0130
http://refhub.elsevier.com/S0378-5122(13)00332-0/sbref0130
http://refhub.elsevier.com/S0378-5122(13)00332-0/sbref0130
http://refhub.elsevier.com/S0378-5122(13)00332-0/sbref0130
http://refhub.elsevier.com/S0378-5122(13)00332-0/sbref0130
http://refhub.elsevier.com/S0378-5122(13)00332-0/sbref0130
http://refhub.elsevier.com/S0378-5122(13)00332-0/sbref0130
http://refhub.elsevier.com/S0378-5122(13)00332-0/sbref0130
http://refhub.elsevier.com/S0378-5122(13)00332-0/sbref0130
http://refhub.elsevier.com/S0378-5122(13)00332-0/sbref0130
http://refhub.elsevier.com/S0378-5122(13)00332-0/sbref0135
http://refhub.elsevier.com/S0378-5122(13)00332-0/sbref0135
http://refhub.elsevier.com/S0378-5122(13)00332-0/sbref0135
http://refhub.elsevier.com/S0378-5122(13)00332-0/sbref0135
http://refhub.elsevier.com/S0378-5122(13)00332-0/sbref0135
http://refhub.elsevier.com/S0378-5122(13)00332-0/sbref0135
http://refhub.elsevier.com/S0378-5122(13)00332-0/sbref0135
http://refhub.elsevier.com/S0378-5122(13)00332-0/sbref0135
http://refhub.elsevier.com/S0378-5122(13)00332-0/sbref0135
http://refhub.elsevier.com/S0378-5122(13)00332-0/sbref0135
http://refhub.elsevier.com/S0378-5122(13)00332-0/sbref0135
http://refhub.elsevier.com/S0378-5122(13)00332-0/sbref0135
http://refhub.elsevier.com/S0378-5122(13)00332-0/sbref0135
http://refhub.elsevier.com/S0378-5122(13)00332-0/sbref0135
http://refhub.elsevier.com/S0378-5122(13)00332-0/sbref0135
http://refhub.elsevier.com/S0378-5122(13)00332-0/sbref0135
http://refhub.elsevier.com/S0378-5122(13)00332-0/sbref0135
http://refhub.elsevier.com/S0378-5122(13)00332-0/sbref0135
http://refhub.elsevier.com/S0378-5122(13)00332-0/sbref0135
http://refhub.elsevier.com/S0378-5122(13)00332-0/sbref0135
http://refhub.elsevier.com/S0378-5122(13)00332-0/sbref0135
http://refhub.elsevier.com/S0378-5122(13)00332-0/sbref0135
http://refhub.elsevier.com/S0378-5122(13)00332-0/sbref0135
http://refhub.elsevier.com/S0378-5122(13)00332-0/sbref0135
http://refhub.elsevier.com/S0378-5122(13)00332-0/sbref0135
http://refhub.elsevier.com/S0378-5122(13)00332-0/sbref0135
http://refhub.elsevier.com/S0378-5122(13)00332-0/sbref0135
http://refhub.elsevier.com/S0378-5122(13)00332-0/sbref0135
http://refhub.elsevier.com/S0378-5122(13)00332-0/sbref0135
http://refhub.elsevier.com/S0378-5122(13)00332-0/sbref0135
http://refhub.elsevier.com/S0378-5122(13)00332-0/sbref0135
http://refhub.elsevier.com/S0378-5122(13)00332-0/sbref0135
http://refhub.elsevier.com/S0378-5122(13)00332-0/sbref0135
http://refhub.elsevier.com/S0378-5122(13)00332-0/sbref0135
http://refhub.elsevier.com/S0378-5122(13)00332-0/sbref0140
http://refhub.elsevier.com/S0378-5122(13)00332-0/sbref0140
http://refhub.elsevier.com/S0378-5122(13)00332-0/sbref0140
http://refhub.elsevier.com/S0378-5122(13)00332-0/sbref0140
http://refhub.elsevier.com/S0378-5122(13)00332-0/sbref0140
http://refhub.elsevier.com/S0378-5122(13)00332-0/sbref0140
http://refhub.elsevier.com/S0378-5122(13)00332-0/sbref0140
http://refhub.elsevier.com/S0378-5122(13)00332-0/sbref0140
http://refhub.elsevier.com/S0378-5122(13)00332-0/sbref0140
http://refhub.elsevier.com/S0378-5122(13)00332-0/sbref0140
http://refhub.elsevier.com/S0378-5122(13)00332-0/sbref0140
http://refhub.elsevier.com/S0378-5122(13)00332-0/sbref0140
http://refhub.elsevier.com/S0378-5122(13)00332-0/sbref0140
http://refhub.elsevier.com/S0378-5122(13)00332-0/sbref0140
http://refhub.elsevier.com/S0378-5122(13)00332-0/sbref0140
http://refhub.elsevier.com/S0378-5122(13)00332-0/sbref0140
http://refhub.elsevier.com/S0378-5122(13)00332-0/sbref0140
http://refhub.elsevier.com/S0378-5122(13)00332-0/sbref0140
http://refhub.elsevier.com/S0378-5122(13)00332-0/sbref0140
http://refhub.elsevier.com/S0378-5122(13)00332-0/sbref0140
http://refhub.elsevier.com/S0378-5122(13)00332-0/sbref0140
http://refhub.elsevier.com/S0378-5122(13)00332-0/sbref0140
http://refhub.elsevier.com/S0378-5122(13)00332-0/sbref0140
http://refhub.elsevier.com/S0378-5122(13)00332-0/sbref0140
http://refhub.elsevier.com/S0378-5122(13)00332-0/sbref0140
http://refhub.elsevier.com/S0378-5122(13)00332-0/sbref0140
http://refhub.elsevier.com/S0378-5122(13)00332-0/sbref0140
http://refhub.elsevier.com/S0378-5122(13)00332-0/sbref0140
http://refhub.elsevier.com/S0378-5122(13)00332-0/sbref0140
http://refhub.elsevier.com/S0378-5122(13)00332-0/sbref0140
http://refhub.elsevier.com/S0378-5122(13)00332-0/sbref0140
http://refhub.elsevier.com/S0378-5122(13)00332-0/sbref0140
http://refhub.elsevier.com/S0378-5122(13)00332-0/sbref0140
http://refhub.elsevier.com/S0378-5122(13)00332-0/sbref0140
http://refhub.elsevier.com/S0378-5122(13)00332-0/sbref0140
http://refhub.elsevier.com/S0378-5122(13)00332-0/sbref0140
http://refhub.elsevier.com/S0378-5122(13)00332-0/sbref0145
http://refhub.elsevier.com/S0378-5122(13)00332-0/sbref0145
http://refhub.elsevier.com/S0378-5122(13)00332-0/sbref0145
http://refhub.elsevier.com/S0378-5122(13)00332-0/sbref0145
http://refhub.elsevier.com/S0378-5122(13)00332-0/sbref0145
http://refhub.elsevier.com/S0378-5122(13)00332-0/sbref0145
http://refhub.elsevier.com/S0378-5122(13)00332-0/sbref0145
http://refhub.elsevier.com/S0378-5122(13)00332-0/sbref0145
http://refhub.elsevier.com/S0378-5122(13)00332-0/sbref0145
http://refhub.elsevier.com/S0378-5122(13)00332-0/sbref0145
http://refhub.elsevier.com/S0378-5122(13)00332-0/sbref0145
http://refhub.elsevier.com/S0378-5122(13)00332-0/sbref0145
http://refhub.elsevier.com/S0378-5122(13)00332-0/sbref0145
http://refhub.elsevier.com/S0378-5122(13)00332-0/sbref0145
http://refhub.elsevier.com/S0378-5122(13)00332-0/sbref0145
http://refhub.elsevier.com/S0378-5122(13)00332-0/sbref0145
http://refhub.elsevier.com/S0378-5122(13)00332-0/sbref0145
http://refhub.elsevier.com/S0378-5122(13)00332-0/sbref0145
http://refhub.elsevier.com/S0378-5122(13)00332-0/sbref0145
http://refhub.elsevier.com/S0378-5122(13)00332-0/sbref0145
http://refhub.elsevier.com/S0378-5122(13)00332-0/sbref0145
http://refhub.elsevier.com/S0378-5122(13)00332-0/sbref0145
http://refhub.elsevier.com/S0378-5122(13)00332-0/sbref0145
http://refhub.elsevier.com/S0378-5122(13)00332-0/sbref0145
http://refhub.elsevier.com/S0378-5122(13)00332-0/sbref0145
http://refhub.elsevier.com/S0378-5122(13)00332-0/sbref0145
http://refhub.elsevier.com/S0378-5122(13)00332-0/sbref0145
http://refhub.elsevier.com/S0378-5122(13)00332-0/sbref0145
http://refhub.elsevier.com/S0378-5122(13)00332-0/sbref0145
http://refhub.elsevier.com/S0378-5122(13)00332-0/sbref0145
http://refhub.elsevier.com/S0378-5122(13)00332-0/sbref0145
http://refhub.elsevier.com/S0378-5122(13)00332-0/sbref0145
http://refhub.elsevier.com/S0378-5122(13)00332-0/sbref0145
http://refhub.elsevier.com/S0378-5122(13)00332-0/sbref0145
http://refhub.elsevier.com/S0378-5122(13)00332-0/sbref0150
http://refhub.elsevier.com/S0378-5122(13)00332-0/sbref0150
http://refhub.elsevier.com/S0378-5122(13)00332-0/sbref0150
http://refhub.elsevier.com/S0378-5122(13)00332-0/sbref0150
http://refhub.elsevier.com/S0378-5122(13)00332-0/sbref0150
http://refhub.elsevier.com/S0378-5122(13)00332-0/sbref0150
http://refhub.elsevier.com/S0378-5122(13)00332-0/sbref0150
http://refhub.elsevier.com/S0378-5122(13)00332-0/sbref0150
http://refhub.elsevier.com/S0378-5122(13)00332-0/sbref0150
http://refhub.elsevier.com/S0378-5122(13)00332-0/sbref0150
http://refhub.elsevier.com/S0378-5122(13)00332-0/sbref0150
http://refhub.elsevier.com/S0378-5122(13)00332-0/sbref0150
http://refhub.elsevier.com/S0378-5122(13)00332-0/sbref0150
http://refhub.elsevier.com/S0378-5122(13)00332-0/sbref0150
http://refhub.elsevier.com/S0378-5122(13)00332-0/sbref0150
http://refhub.elsevier.com/S0378-5122(13)00332-0/sbref0150
http://refhub.elsevier.com/S0378-5122(13)00332-0/sbref0150
http://refhub.elsevier.com/S0378-5122(13)00332-0/sbref0150
http://refhub.elsevier.com/S0378-5122(13)00332-0/sbref0150
http://refhub.elsevier.com/S0378-5122(13)00332-0/sbref0150
http://refhub.elsevier.com/S0378-5122(13)00332-0/sbref0150
http://refhub.elsevier.com/S0378-5122(13)00332-0/sbref0150
http://refhub.elsevier.com/S0378-5122(13)00332-0/sbref0150
http://refhub.elsevier.com/S0378-5122(13)00332-0/sbref0150
http://refhub.elsevier.com/S0378-5122(13)00332-0/sbref0150
http://refhub.elsevier.com/S0378-5122(13)00332-0/sbref0150
http://refhub.elsevier.com/S0378-5122(13)00332-0/sbref0150
http://refhub.elsevier.com/S0378-5122(13)00332-0/sbref0150
http://refhub.elsevier.com/S0378-5122(13)00332-0/sbref0150
http://refhub.elsevier.com/S0378-5122(13)00332-0/sbref0150
http://refhub.elsevier.com/S0378-5122(13)00332-0/sbref0150
http://refhub.elsevier.com/S0378-5122(13)00332-0/sbref0150
http://refhub.elsevier.com/S0378-5122(13)00332-0/sbref0150
http://refhub.elsevier.com/S0378-5122(13)00332-0/sbref0150

	The utility of absolute risk prediction using FRAX® and Garvan Fracture Risk Calculator in daily practice
	1 Introduction
	2 Materials and methods
	2.1 Participants
	2.2 Measurements
	2.3 Statistics
	2.4 Ethics

	3 Results
	4 Discussion
	5 Conclusion
	Contributors
	Competing interests
	Funding
	Ethics
	Acknowledgement
	References


