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Evaluation of the Discrepancy in Bone Mineral Density Between the Lumbar
Spine and Femoral Neck Among Japanese Women According to Age

Introduction

Osteoporosis causes an increased risk of fractures. In Japan, the 
number of individuals with osteoporosis has increased to 1070 
million, and 80% are women [1]. Osteoporosis is associated with 
aging, and its incidence is increasing annually with the prolonged 
life expectancy [2]. Fragility fractures affect the general aspects of 
life, significantly lower the quality of life, and are associated with 
substantially higher mortality [3,4].

Evaluating the risks of fracture in individual patients, such as a 
history of fragility fracture, smoking, steroid use, and family 
(parents’) history of existing fractures, is necessary. Quantitative 
assessments of the fracture risk using risk factors were first 
developed in the 1990s [5]. In 2004, the World Health Organization 
proposed the Fracture Risk Assessment Tool (FRAX®), which 
calculates the 10-year probability of major osteoporotic and hip 
fractures [6]. FRAX® estimates the fracture risk by assessing 
risk factors such as age, sex, body weight, height, history of 
fragility fracture, family history of hip fracture, alcohol use (3 
or more units/day), current smoking habits, glucocorticoid use, 
rheumatoid arthritis, and femoral neck (FN) bone mineral density 
(BMD). FRAX® is valuable to physicians because it aids them in 
making appropriate decisions concerning osteoporosis treatment. 

Other methods for fracture risk assessment have also been 
proposed, including Pleskiesicz’s algorithm [7] and the Garvan 
algorithm [8], because these authors did not believe in the 
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Abstract
This study aimed to examine the age-specific individual discrepancy between lumbar spine (LS) bone mineral 
density (BMD) and femoral neck (FN) BMD in Japanese women and to compare the significantly different 
characteristics between the two bone sites. We found a higher prevalence rate of discordance between the two 
BMD T-score sites, and many patients had a lower LS BMD T-score than FN BMD T-score. We believe that our 
study makes a significant contribution to the literature because our findings suggest that physicians should assess 
BMD more carefully in women who have a low body weight or body mass index and parental hip fracture history. 
For these patients, it is necessary to measure both the LS and FN BMD T-scores for calculating the fracture risk. 
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usefulness of FRAX® [7]. Nguyen et al. developed the Garvan 
algorithm to predict the 5-year risk of hip fracture using the 
patient’s history of steroid use, falls, fractures, FN BMD T-score, 
and height [8].

The FN region is widely regarded as the optimum site for 
diagnosing osteoporosis and assessing the fracture risk. It has good 
predictive value for osteoporotic fractures because the lumbar 
spine (LS) BMD is often spuriously increased by degenerative 
changes [9]. Therefore, the FN T-score is the only validated 
measurement for calculating the fracture risk [10].

When diagnosing osteoporosis, discordance refers to the 
differences in the BMD across the bone sites, and the diagnosis 
can change according to the bone sites that are used for measuring 
BMD [11,12]. BMD is primarily measured at the LS and FN, and 
osteoporosis at each site has been reported previously [12-15]. 
Numerous studies have suggested that BMD should be measured 
at multiple sites, whereas others recommend using FN as the BMD 
reference site for diagnosing osteoporosis [16-18]. For patients with 
significant differences between the FN and LS T-scores, FRAX® 

is less accurate for predicting the vertebral fracture risk [2,19,20]. 
However, it is unclear how to address T-score discordance when 
the LS T-score is lower than the FN T-score [21]. If discrepancies 
between the LS BMD and FN BMD exist, then physicians cannot 
accurately assess the risk of fractures. Therefore, we examined 
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age-specific individual discrepancies between LS BMD and FN 
BMD of Japanese women and compared the characteristics that 
were significantly different between the two bone sites. 

Materials and methods

Study design and population
For this retrospective study, we recruited 292 women aged 50 to 
79 years who underwent valid LS BMD, TH BMD, and FN BMD 
assessments between January 2005 and February 2016. Patients 
were excluded if they had undergone bone-specific treatment 
or hormone replacement therapy. This study was conducted in 
accordance with the principles of the Declaration of Helsinki and 
was approved by institutional review board of Tokyo women’s 
medical university (approval number: 4647). Informed consent 
was obtained from all patients during medical examination or by 
telephone prior to their inclusion in this study.

BMD Measurements
BMD was measured using dual X-ray absorptiometry (DXA) 
(Hologic QDR 4500; Hologic Inc., Waltham, MA, USA). We used 
the mean LS BMD value from at least three evaluable vertebrae 
from L1 to L4. LS BMD, total hip (TH) BMD, and left FN BMD 
of all patients were measured on the same day. We classified 
the patients into four groups based on the TH BMD, FN BMD 
T-score, and LS BMD T-score; a T-score ≤-2.5 was considered a 
decrease in BMD. 

Group 1 (G1) included patients with non-osteoporotic LS BMD, 
TH BMD, and FN BMD T-scores; group 2 (G2) included those 
with decreased LS BMD T-scores; group 3 (G3) included those 
with decreased TH or FN BMD T-scores; and group 4 (G4) 
included those with decreased LS BMD and TH or FN BMD 
T-scores. We included FN BMD T-scores because when we used 
only FN T-scores, the scores of G2 were very low.

Characteristics and Clinical Risk Factors
Age was defined as the age when DXA was performed, and 
weight and height were recorded when the DXA examination 
was performed. Assessments of the fracture history and family 
history of hip fracture were based on medical interviews. Clinical 
risk factors, menopausal years, and history of steroid use were 
confirmed during the interview.

Statistical Analysis
Data are shown as the mean ± standard deviation (SD). We 
compared the dominant differences between G1 and G2, between 
G1 and G3, and between G2 and G3. We used the Mann-Whitney 
test to compare the patient characteristics and categorical data. 
The Fisher exact test was used to compare the clinical risk factors. 
All statistical analyses were performed using JMP® 13 (SAS 
Institute Inc., Cary, NC, USA). 

Results

The distribution of patients per group is shown in Table 1. There 
were more patients in their 50s (12.9%), 60s (10.8%), and 70s 
(19.6%) in G2 than in the other groups. Therefore, we compared 
the dominant differences between G1 and G2, between G1 and 
G3, and between G2 and G3.

Age G1 G2 G3 G4 Total
50s 108 18 6 7 139
60s 73 11 9 9 102
70s 24 10 8 9 51
Total 205 39 23 25 292

Table 1: Distribution of patients per group

G1 non-osteoporotic group,

G2 group with decreased lumbar spine bone mineral density 
T-scores,

G3 group with decreased femoral neck or total hip bone 
mineral density T-scores, 

G4 group with decreased lumbar spine bone mineral density 
and femoral neck or total hip bone mineral density T-scores
aG2 included more patients in their 50s (12.9%), 60s (10.8%), 
and 70s (19.6%) than other groups. 

The comparison of the characteristics of G1 (n = 205) and G2 
(n = 39) is shown in Table 2. Significant differences in height (P 
= 0.0294), weight (P = 0.0045), LS BMD T-scores (P<0.0001), 
FN BMD T-scores (P <0.0001), TH BMD T-scores (P = 0.0115), 
FRAX® scores for vertebral fracture risk (P = 0.0560), FRAX® 
scores for FN fracture risk (P = 0.0002),Garvan algorithm results 
for 5-year hip fracture risk (P <0.0001), Garvan algorithm results 
for 10-year hip fracture risk (P<0.0001), and Pluskiewicz’s 
algorithm (P = 0.0037) results were observed between the two 
groups.

G1 (non-
osteoporotic)

G2 (decreased 
LS BMD 
T-score)

P value

n 205 39
Age (years) 59.75 ± 0.50 62.67 ± 1.18 0.0381
Menopausal 
age (years) 48.48 ± 0.36 48.67 ± 0.82 0.9289

Years after 
menopause 
(years)

11.27 ± 0.58 13.82 ± 1.33 0.0666

Height (m) 1.56 ± 0.05 1.53 ± 0.009 0.0294
Weight (kg) 52.66 ± 0.52 49.51 ± 1.19 0.0270
BMI (kg/m²) 21.67 ± 0.21 21.16 ± 0.49 0.2436
LS T-score -1.03 ± 0.07 -2.92 ± 0.16 <0.0001
FN T-score -0.99 ± 0.05 -1.64 ± 0.12 <0.0001
TH T-score -1.19 ± 0.05 -1.58 ± 0.12 0.0115
FRAX® score 
for vertebral 
fracture risk

5.69 ± 0.32 6.89 ± 0.72 0.0560

FRAX® 
score for FN 
fracture risk

0.53 ± 0.12 0.93 ± 0.76 0.0002
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Garvan 
algorithm for 
5-year hip 
fracture risk

0.0004 ± 0.01 0.01 ± 0.01 <0.0001

Garvan 
algorithm for 
10-year hip 
fracture risk

0.14 ± 1.82 0.03 ± 0.02 <0.0001

Pluskiewicz’s 
algorithm (%) 5.85 ± 2.44 7.39 ± 3.48 0.0037

Table 2: Comparison of characteristics of G1 (n = 205) and G2 
(n = 39) 

BMI body mass index, LS lumbar spine, FN femoral neck, TH total hip, 
FRAX® Fracture Risk Assessment Tool, BMD bone mineral density
aValues are presented as mean ± standard deviation
bAge (P = 0.0381), height (P = 0.0294), weight (P = 0.0270), LS T-scores 
(P <0.0001), FN T-scores (P <0.0001), TH T-scores (P = 0.0115), 
FRAX® for FN fracture risk (P = 0.0002), Garvan algorithm results for 
5-year hip fracture risk (P <0.0001), Garvan algorithm results for 10-year 
hip fracture risk (P <0.0001), and Pluskiewicz’s algorithm (P = 0.0037) 
results were significantly different between the two groups.

A comparison of the characteristics of G1 (n = 205) and G3 (n = 
23) is shown in Table 3. Significant differences in age (P = 0.0033), 
years after menopause (P = 0.0088), LS T-scores (P = 0.0003), FN 
BMD T-scores (P <0.0001), FRAX® scores for vertebral fracture 
risk (P <0.0001), FRAX® scores for FN fracture risk (P <0.0001), 
Garvan algorithm results for 5-year hip fracture risk (P <0.0001), 
Garvan algorithm results for 10-year hip fracture risk (P <0.0001), 
and Pluskiewicz’s algorithm (P <0.0001) results were observed 
between the two groups.

G1

G3 
(decreased 
FN or 
TH BMD 
T-score)

P value

n 205 23
Age (years) 59.74 ± 0.51 65.26 ± 1.53 0.0033
Menopausal 
age (years) 48.48 ± 0.36 48.83 ± 1.07 0.6133

Years after 
menopause 
(years)

11.27 ± 0.58 16.43 ± 1.73 0.0088

Height (m) 1.56 ± 
0.0003 1.55 ± 0.01 0.6007

Weight (kg) 52.66 ± 0.52 51.33 ± 8.10 0.5553
BMI (kg/m²) 21.67 ± 0.21 21.46 ± 0.63 0.9947
LS T-score -1.03 ± 0.07 -1.80 ± 0.21  0.0003
FN T-score -0.99 ± 0.05 -2.32 ± 0.16 <0.0001
TH T-score -1.19 ± 0.05 -2.67 ± 0.15 <0.0001
FRAX® for 
vertebral 
fracture risk

5.69 ± 0.32 10.78 ± 0.93 <0.0001

FRAX® for 
FN fracture 
risk

0.53 ± 0.12 2.67 ± 0.15 <0.0001

Garvan 
algorithm for 
5-year hip 
fracture risk

0.0004 ± 
0.01 0.03 ± 0.02 <0.0001

Garvan 
algorithm for 
10-year hip 
fracture risk

0.14 ± 1.82 0.09 ± 0.15 <0.0001

Pluskiewicz’s 
algorithm (%) 5.85 ± 2.44 11.13 ± 5.52 <0.0001

Table 3: Comparison of characteristics of G1 (n = 205) and G3 
(n = 23)

BMI body mass index, LS lumbar spine, FN femoral neck, TH total hip, 
FRAX® Fracture Risk Assessment Tool, BMD bone mineral density
aValues are presented as mean±standard deviation
bSignificant differences between the two groups with respect to age (P = 
0.0033), years after menopause (P = 0.0088), LS T-scores (P = 0.0003), 
FN T-scores (P <0.0001), TH T-scores (P <0.0001), FRAX® for vertebral 
fracture risk (P <0.0001), FRAX® for FN fracture risk (P <0.0001), 
Garvan algorithm results for 5-year hip fracture risk (P <0.0001), 
Garvan algorithm results for 10-year hip fracture risk (P <0.0001), and 
Pluskiewicz’s algorithm (P <0.0001) results.

G2 
(decreased 
LS BMD 
T-score)

G3 
(decreased 
FN or 
TH BMD 
T-score)

P value

n 39 23
Age (years) 62.31 ± 1.10 65.26 ± 1.53 0.1842
Menopausal 
age (years) 48.53 ± 4.03 48.83 ± 1.07 1.60003

Years after 
menopause
(years) 13.78 ± 7.96 16.43 ± 1.73 0.2521

Height (m) 1.54 ± 0.06 1.55 ± 0.01 0.2932
Weight (kg) 49.04 ± 5.17 51.33 ± 8.10 0.4013
BMI (kg/m²) 20.77 ± 2.89 21.46 ± 0.63 0.5898
LS T-score -2.89 ± 0.31 -1.80 ± 0.21 <0.0001
FN T-score -1.72 ± 0.46 -2.32 ± 0.16 <0.0001
TH T-score -1.58 ± 0.12 -2.67 ± 0.15 <0.0001
FRAX® for 
vertebral 
fracture risk

6.89 ± 0.72 10.78 ± 0.93 0.0051

FRAX® for 
FN fracture 
risk

0.87 ± 0.27 2.67 ± 0.15 0.0002
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Garvan 
algorithm for 
5-year hip 
fracture risk

0.01 ± 0.01 0.03 ± 0.02 <0.0001

Garvan 
algorithm for 
10-year hip 
fracture risk

0.03 ± 0.02 0.09 ± 0.15 <0.0001

Pluskiewicz’s 
algorithm (%) 7.39 ± 3.48 11.13 ± 5.52 0.0003

Table 4: Comparison of characteristics of G2 (n = 39) and G3 (n 
= 23) patients aged 50 to 79 years

BMI body mass index, LS lumbar spine, FN femoral neck, TH total hip, 
FRAX® Fracture Risk Assessment Tool, BMD bone mineral density
aValues are presented as mean±standard deviation
bSignificant differences between the two groups with respect to LS 
T-scores (P <0.0001), FN T-scores (P <0.0001), TH T-scores (P <0.0001), 
FRAX® for vertebral fracture risk (P = 0.0051), FRAX® for FN fracture 
risk (P = 0.0002), Garvan algorithm results for 5-year hip fracture risk 
(P <0.0001), Garvan algorithm results for 10-year hip fracture risk (P 
<0.0001), and Pluskiewicz’s algorithm (P = 0.0003) results.

Table 4 shows a comparison of complications of G2 and G3. There 
were significant differences in LS BMD T-scores (P <0.0001), FN 
T-scores (P <0.0001), TH BMD T-scores (P <0.0001), FRAX® 
for vertebral fracture risk, FRAX® for FN fracture risk, Garvan 
algorithm results for 5-year hip fracture risk (P <0.0001), Garvan 
algorithm results for 10-year hip fracture risk (P <0.0001), and 
Pluskiewicz’s algorithm (P = 0.0003) results. 

We also compared the complications, history of glucocorticoid 
use, history of steroid use, fracture history, family history of hip 
fracture of G1 and G2, G1 and G3, and G2 and G3 using Fisher’s 
test. The family history of hip fracture was more prevalent in G2 
than in G1 (P = 0.0244), and fracture history was more prevalent in 
G3 than in G1 (P = 0.0057). There were no significant differences 
between G2 and G3. 

Discussion 

Recent methods used to assess fracture risk (FRAX®, Garvan 
algorithm, Pluskiewicz’s algorithm) have adopted only FN 
BMD to calculate the fracture risk. If a patient has significantly 
lower LS BMD than FN BMD, then the estimated risk could be 
different and inaccurate, thus leading to the fracture risk being 
overlooked. It is not uncommon to find discordance between 
the BMD T-scores obtained from the LS and FN because of the 
modest correlation in BMD between these two sites [10,22,23]. 
A study of osteoporotic fractures found that discordant spine 
and hip BMD values predicted different fracture patterns, and 
women with osteoporosis of only the spine were at increased 
risk for fracture compared with women without osteoporosis of 
the spine or hip [24]. Studies that have analyzed the relationship 
between discordance and fracture incidence have suggested that 
greater discordance is associated with a higher fracture risk [19, 
20] and that discordance between LS and FN BMD T-scores 
can contribute to the fracture risk independently of the FRAX® 
probabilities, which incorporate only FN BMD [10].

To our knowledge, the present study is the first to examine age-
specific discordance between LS BMD and FN BMD and to 
compare the characteristics of groups based on the FN BMD 
T-scores and LS BMD T-scores. Among the 50- to 79-year-old 
patients, we found that many exhibited LS and TH or FN BMD 
discordance and had lower LS BMD than TH BMD or FN BMD. 
In a recent study, several subjects exhibited LS BMD and FN 
BMD discordance, many of them had lower LS BMD than TH 
BMD or FN BMD, and subjects with vertebral fractures had more 
obvious increased estimated fracture risks when examining LS 
BMD instead of TH BMD or FN BMD [2].

We also compared the characteristics and complications among 
the groups. Height and body weight were lower in G2 group than 
in the non-osteoporotic group. The LS BMD T-scores and FN 
BMD T-scores were lower, and FRAX® scores for vertebral and 
FN fracture risk, Garvan algorithm results for 5-year hip fracture 
risk, Garvan algorithm results for 10-year hip fracture risk, and 
Pluskiewicz’s algorithm results for 5-year hip fracture risk were 
higher for G2 than for the non-osteoporotic group. Additionally, 
G2 had a more prevalent family history of hip fracture compared 
with the non-osteoporotic group. More years after menopause had 
passed, the LS BMD T-scores and FN BMD T-scores were lower, 
and FRAX® scores for vertebral and FN fracture risk were higher, 
Garvan algorithm results for 5-year and 10-year hip fracture risk 
were higher, and Pluskiewicz’s algorithm results for 5-year hip 
fracture were higher for G3 than for the non-osteoporotic group. 

Several studies have estimated that lower LS BMD than FN 
BMD T-score may lead to an increased fracture risk, with this risk 
ranging between 10% and 30% depending on how the fracture 
risk was calculated [6,18,19]. In a recent analysis of a large referral 
cohort, there was an approximately 10% change in the fracture 
probability for each unit of T-score discordance, and the authors 
proposed that physicians may increase or decrease the FRAX® 

estimates for a major fracture by 10% for each rounded T-score 
difference between the LS and FN [9,20]. According to another 
study, women with significantly lower LS BMD T-scores than 
FN BMD T-scores (at least >0.6 SD) demonstrated consistently 
higher absolute fracture risks regardless of their FN BMD T-score 
[21].

There were some limitations to this study. First, this study had 
a very small sample size. Second, we could not study other risk 
factors such as nutrition, functional status, role of education, 
marital status, type of employment, or living environment [8]. 
However, the results of this study provided valuable information 
about spine–femur BMD T-score discordance. A higher prevalence 
rate of discordance between the two BMD T-score sites was 
shown, and many patients had lower LS BMD T-scores than TH 
BMD or FN BMD T-scores. Furthermore, limitations of FRAX® 
and other measurement methods for evaluating the fracture risk 
were shown. Based on the findings of this study, we suggest that 
physicians should more carefully assess women with low body 
weight or body mass index and a family history of hip fracture. 
For these patients, it is necessary to measure both the LS BMD 
and FN BMD T-scores for calculating the fracture risk. Moreover, 
it has been proven that bone metabolic markers as risk factors for 
fracture are independent of BMD. Therefore, we plan to determine 
whether these markers were increased in these patients. If these 
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bone metabolic markers were increased, then they can indicate an 
important auxiliary diagnosis of fracture risk. 

Acknowledgments 

We gratefully acknowledge the work of past and present members 
of our laboratory for helpful discussions and comments on the 
manuscript.

References

1. Yoshimura N,  Muraki S, Oka H, Kawaguchi H, Nakamura 
K, et al. (2009) Cohort profile: research on Osteoarthritis/
Osteoporosis Against Disability study. Int J Epidemiol 39: 
988-995. 

2. Seok H, Kim KJ, Kim KM, Rhee Y, Cha BS, et al. (2014)  High 
prevalence of spine–femur bone mineral density discordance 
and comparison of vertebral fracture risk assessment using 
femoral neck and lumbar spine bone density in Korean 
patients. J Bone Miner Metab 32: 405-410. 

3. Johnell O, Kanis JA (2006) An estimate of the worldwide 
prevalence and disability associated with osteoporotic 
fractures, Osteoporos. Int. 17: 1726–1733. 

4. Melton LJ III (2003) Adverse outcomes of osteoporotic 
fractures in the general population. J Bone Miner Res 18: 
1139-1141.

5. J A Kanis (1992) Assessment of fracture risk and its 
application to screening for postmenopausal osteoporosis. 
Report of a WHO Study Group. World Health Organ Tech 
Rep Ser 843: 1–129.

6. World Health Organization. WHO scientific group on the 
assessment of osteoporosis at primary health care level. 
InSummary Meeting Report. Brussels, Belgium 2004, 
Available at: http://www.who.int/chp/topics/Osteoporosis.
pdf. Accessed January 22, 2018.

7. Adamczyk P, Werner A, Bach M, Żywiec J, Czekajło A, et al. 
(2018) Risk factors for fractures identified in the algorithm 
developed in 5-year follow-up of postmenopausal women 
from RAC-OST-POL study. J Clin Densitom 21: 213–219. 

8. Nguyen ND, Frost SA, Center JR,  Eisman JA (2007)  
Development of a nomogram for individualizing hip fracture 
risk in men and women. Osteoporos Int 18: 1109–1117. 

9. Jones G, Nguyen T, Sambrook PN, Kelly PJ, Gilbert C, et 
al. (1994) Symptomatic fracture incidence in elderly men 
and women: the Dubbo Osteoporosis Epidemiology Study 
(DOES), Osteoporos. Int 4: 277-282. 

10. Johansson H, Kanis JA, Odén A, Leslie WD, Fujiwara S, et 
al. (2014) Impact of femoral neck and lumbar spine BMD 
discordances on FRAX probabilities in women: a meta-
analysis of international cohorts. Calcif Tissue Int 95: 428-
435.

11. Larcos G (1998) Predicting clinical discordance of bone 
mineral density. Mayo Clin Proc 73: 824-828. 

12. Lee JS, Lee S, Ryu OH, Choi MG, Kim YJ (2015) Number 
of osteoporotic sites as a modifying factor for bone mineral 
density. J Bone Miner Metab 33: 684-693. 

13. Abrahamsen B, Hansen TB, Jensen LB, Hermann AP, Eiken P 
(1997) Site of osteodensitometry in perimenopausal women: 
correlation and limits of agreement between anatomic 
regions. J Bone Miner Res 12: 1471–1479. 

14. O’Gradaigh D, Debiram I, Love S, Richards HK, 
CompstonJE (2003) A prospective study of discordance in 
diagnosis of osteoporosis using spine and proximal femur 
bone densitometry. Osteoporosis Int 14: 13–18. 

15. Woodson G  (2006) Dual X-ray absorptiometry T-score 
concordance and discordance between the hip and spine 
measurement sites. J Clin Densitom 3: 319–324.

16. National Osteoporosis Foundation. Clinicians guide to 
prevention and treatment of osteoporosis, 2000, Available at: 
http://www.iscd.org/documents/2014/10/nof-clin-guidelines.
pdf. Accessed January 1, 2018.

17. Lewiecki EM, Gordon CM, Baim S, Leonard MB, Bishop NJ, 
et al. (2008) International Society for Clinical Densitometry 
2007 Adult and Pediatric Official Positions. Bone 43: 1115–
1121. 

18. Leslie WD, Lix LM (2011) Absolute fracture risk assessment 
using lumbar spine and femoral neck bone density 
measurements: derivation and validation of a hybrid system. 
J Bone Miner Res 26: 460-467. 

19. Leslie WD, Kovacs CS, Olszynski WP, Towheed T, Kaiser 
SM, et al. (2011) CaMos Research Group, Spine-hip 
T-score difference predicts major osteoporotic fracture risk 
independent of FRAX®: a population-based report from 
CAMOS. J Clin Densitom 14: 286-293. 

20. Leslie WD, Lix LM, Johansson H, Oden A, McCloskey E,  et 
al. (2011) Spine-hip discordance and fracture risk assessment: 
a physician-friendly FRAX enhancement. Osteoporosis Int. 
22: 839–847. 

21. Alarkawi D, Bliuc D, Nguyen TV, Eisman JA, Center JR 
(2016) Contribution of lumbar spine BMD to fracture risk 
in individuals with T-score discordance. J Bone Miner Res 
31: 254-280. 

22. Blake GM, Knapp KM, Spector TD, Fogelman I (2006) 
Predicting the risk of fracture at any site in the skeleton: are all 
bone mineral density measurement sites equally effective?. 
Calcif Tissue Int 78: 9-17. 

23. Leslie WD, Tsang JF, Caetano PA, Lix LM (2007) Manitoba 
Bone Density Program Number of osteoporotic sites and 
fracture risk assessment: a cohort study from the Manitoba 
Bone Density Program. J Bone Miner Res 22: 476–483. 



6

Volume 2 | Issue 3G Women’s Health Car; 2020 www.unisciencepub.com

24. Frink HA, Harrison SL, Taylor BC, Cummings SR, 
Schousboe JT, et al. (2008) Study of Osteoporotic Fractures 
(SOF) Group, Differences in site-specific fracture risk among 
older women with discordant results for osteoporosis at hip 
and spine: study of osteoporotic fractures. J Clin Densitom 
11: 250–259. 

Copyright: ©2020 Hiromi Suzuki. This is an open-access article distributed 
under the terms of the Creative Commons Attribution License, which permits 
unrestricted use, distribution, and reproduction in anymedium, provided the 
original author and source are credited.


