
http://e-jbm.org/  197

Copyright © 2015 The Korean Society for Bone and 
Mineral Research

This is an Open Access article distributed under the terms 
of the Creative Commons Attribution Non-Commercial Li-
cense (http://creativecommons.org/licenses/by-nc/3.0/) 
which permits unrestricted non-commercial use, distribu-
tion, and reproduction in any medium, provided the original 
work is properly cited.

J Bone Metab 2015;22:197-204
http://dx.doi.org/10.11005/jbm.2015.22.4.197
pISSN 2287-6375 eISSN 2287-7029

Relationship between Bone Mineral Density and 
Spinal Muscle Area in Magnetic Resonance Imaging
Dae-Young Lee, Jae-Ho Yang, Chul-Hyun Ki, Min-Seok Ko, Kyung-Soo Suk, Hak-Sun Kim, Hwan-Mo Lee,  
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Background: Bone mineral density (BMD) is known to have a positive correlation with 
lean body mass. Several studies have also reported the positive correlation between 
muscle power and BMD. From this point of view, we hypothesized BMD of lumbar spine 
to have a positive correlation with muscle mass. Methods: Seventy-nine female patients 
aged between 60 and 75 years old and who underwent magnetic resonance imaging 
(MRI) and BMD studies were included. Muscle mass in spine MRI was defined by the sum 
of the average muscle area of three axial images for each disc level. Lumbosacral muscle 
is the sum of paraspinal muscle and psoas muscle. Results: In correlation analysis, para-
spinal muscle mass showed positive correlation with BMD of lumbar spine. Lumbosacral 
muscle mass showed positive correlation with BMD of trochanteric area of the femur. 
However, BMD of other area showed no significant correlation with muscle mass. Con-
clusions: Therefore, postmenopausal women older than 60 years with a well developed 
spine muscle mass, have a high BMD. 
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INTRODUCTION

Bone mineral density (BMD) is influenced by genetic factors like as body fat con-
tent, lean body mass and muscle power.[1,2] BMD not only has correlation with 
genetic factors but with correctable factors such as body fat, lean body weight 
and muscle power.[3,4] Also an individual with low BMD has a higher risk for frac-
ture.[5-7] Therefore, identifying correctable factors which may influence BMD can 
aid in establishing preventive measures for osteoporotic fractures. 

Lean body mass has been identified as one factor which determines BMD.[8-11] 
Also the large paraspinal mass around the lumbar area is a factor relevant for the 
high BMD around the lumbar and proximal femur.[12-15] Since paraspinal mus-
cles directly act upon the lumbar spine and the psoas muscle originates from the 
lumbar and inserts on the femur, we can hypothesize that the paraspinal and pso-
as muscle area has a correlation to femur and lumbar BMD. For postmenopausal 
women, fat density has a positive correlation to BMD.[11,16,17] Therefore, we can 
hypothesize that a thick adipose layer posterior to the spinous process will result 
in increased BMD. Also, there is a study which shows mechanical protection of the 
proximal femur results in reduction of femur fractures.[18] Since there are no mus-
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cles posterior to the spinous process only the adipose layer 
can had mechanical protective properties, therefore we 
can predict that the thickness of the adipose layer is an im-
portant prognostic factor in lumbar osteoporotic fractures. 

Through dual energy X-ray absorptiometry (DXA), the 
muscle mass and the net muscle mass of the extremities 
can be calculated by calculating the lean body mass and 
the amount of soft tissue, respectively.[19] However, the 
mass of the hip muscles and the paraspinal muscles can-
not be calculated using this method.[20,21] Also, DXA is 
not an appropriate method for calculating fat mass for the 
trunk area where the lumbar is situated.[22] However, throu-
gh magnetic resonance imaging (MRI) used for evaluation 
of the spine, we can observe the axial plane of the muscles 
and fat tissues therefore is the most accurate study for eval-
uating the muscle and fat tissue mass in the body.[22,23] 
This study evaluated the correlation between paraspinal 
lumbar muscle area and fat thickness to BMD of the femur. 

METHODS

1. Study population
Women between ages 60 to 75 who visited the orthope-

dic department of Yonsei University Medical Center during 
January 2006 to December 2006 with lower back pain and 
who underwent plain x-ray and MRI of lumbar spine and 
BMD of lumber and femur were included in the study. Af-
ter retrospective examination of out patient medical re-
cords, patients who had lumbar surgical procedures and 
compression fractures were excluded and as a result 79 
patients were included in the study. The diagnosis of the 
patients were as follows. Forty-five patients had spinal ste-
nosis with degenerative spondylitis. Twenty patients had 
spinal stenosis, spondylolisthesis and degenerative spon-
dylitis. Seven patients had only degenerative spondylitis 
and 7 patients had no specific findings. Table 1 Shows base-
line characteristics of study population.

2. Study method
For BMD all patients in the study used DXA method (Ho-

logic QDR-4500A, version 12.4; Hologic Inc., Bedford, MA, 
USA). For every BMD examination was calculated after con-
firming a coefficient variation of less than 1.0% by using 
the lumbar phantom model. T1 weighted MRI axial images 
were obtained (1.5 T, TR 450 ms, TE 17 ms, spin echo).

3. Measured value
Three dimensional measurement of the lumbar muscle 

mass would have been ideal, however it is difficult to cal-
culate the muscle volume from axial images parallel to in-
tervertebral disc space which can change according to the 
position of the patient. However by obtaining the total sum 
of the area of each axial image a similar value to the mus-
cle volume can be depicted. We named the sum of the para-
spinal muscle and the psoas muscle area as the lumbosa-
cral muscle area and defined this as the lumbar muscle mass. 
The below equation simplifies this definition.

Lu mbosacral musculature area (cm²)=Paraspinal muscle 
area + Psoas muscle area

Muscle area was calculated by drawing a boundary around 
each paraspinal and psoas muscle using the picture archi-
ving and communication system (PACS; Centricity, GE Heal-
thcare, Piscataway, NJ, USA). Muscle area was measured for 
each interval between L5/S1, L4/5, and L3/4. Below is an 
explanation of how paraspinal muscle area between L3/4 
interval was calculated. First one axial image correlating to 
one of the lines in Figure 1 (sagittal image) was chosen 
(Fig. 2) and by using the region of interest (ROI) function 
on the PACS system the boundary was drawn for the para-
spinal and psoas muscle. After a folium is formed through 
this method the PACS systems calculated the area inside 
the folium in mm² units. The 2 folium shown at the bottom 
of Figure 2, i.e. the sum of the areas of the paraspinal mus-
cles becomes the area of the area of the paraspinal muscle 

Table 1. The baseline characteristics of study population  

Variables Total (n=79)

Age (yr) 68.4±5.1

Weight (kg) 60.3±10.1

Height (cm) 158.3±6.0

Body mass index (kg/m2) 25.1±3.4

BMD at Lumbar spine (g/cm2) 0.875±0.096

BMD at femoral neck (g/cm2) 0.542±0.173

Diagnosis of patients (number) Total (n=79)

Spinal stenosis + Degenerative spondylitis 45

Spinal stenosis + Degenerative spondylitis +  
   Spondylolithesis  

20

Degenerative spondylitis   7

Normal findings   7

BMD, bone mineral density.
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in this image. To reduce the error two other cuts from L3/4 
interval was calculated by the same method and the aver-
age of the 3 calculated values was recorded as the average 
area of the paraspinal muscles of L3/4. This final value was 
added to the paraspinal area of L4/5 and L5/S1, calculated 
by the same method. The sum of these three values was 
defined as the area of the paraspinal muscle. Psoas muscle 
area was calculated using the same methodology. The be-
low equation gives a schematic explanation. 

• Paraspinal muscle area of one L3/4 axial cut (cm²) =
      Rt paraspinal muscle area + Lt paraspinal muscle area
•  Paraspinal muscle area of L3/4 interval (cm²) =  Average  

   area of 3 axial cuts of L3/4 interval
•  Paraspinal muscle area (cm²) =  L3/4 paraspinal area +  

   L4/5 paraspinal area + L5/S1 paraspinal area

For subcutaneous fat, the shortest distance between the 
skin and spinous process was used due to the absence of a 
defined boundary of fat tissue as seen in muscle fascia. As 
seen in Figure 2 an imaginary line connecting the shortest 
distance from the spinous process to the skin was used to 
calculate the thickness of the fat tissue. The average thickness 
of 3 axial cuts in each spinal level was used as the thickness of 
fat at each layer and the sum of these values was used to ob-
tain the total thickness of fat tissue for the lumbar area.

•  Fat thickness of L3/4 (mm) =  Average thickness of 3  
   axial cuts of L3/4

•  Total Fat thickness (mm) =  L3/4 fat thickness + L4/5 fat  
   thickness + L5/S1 fat thickness

For BMD of lumbar spine, the total bone mineral content 
(BMC) from L1 to L4 was divided by the total area.

For muscle area and fat thickness on MRI the observer 
either selected a ROI with the mouse or measured the leng-
th. Therefore an error may develop when the observer judg-
es the boundary or sets a ROI on basis of signal density. To 
evaluate the intra-observer degree of error of area evalua-
tion with MRI the coefficient of variation was calculated. 
This coefficient was obtained by repeating 10 calculations 
daily for 10 days for 5 randomly selected patients per day. 
The cardiovascular for paraspinal muscle area was 3.6%, 
psoas muscle area 1.9% and lumbosacral area 2.8%. Also, 
when performing the BMD examination the patients check 
their height and body weight. The relationship between 
weight, height and body mass index (BMI; weight/height²) 
to BMD and muscle mass of the patient was analyzed. 

4. Statistical analysis
The relationship between the calculated values was ana-

lyzed by using Pearson’s correlation coefficient. Also, the 
Student’s t-test was used for muscle area which showed a 
positive correlation with BMD on Pearson’s correlation anal-
ysis. The difference between muscle area between osteo-

Fig. 1. Lumbar magnetic resonance imaging sagittal image.

Fig. 2. Lumbar magnetic resonance imaging axial image.
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porotic group (T-score <-2.5) and non-osteoporotic group 
was evaluated using independent sample t-test. To verify 
the factors affecting BMD, multiple regression analysis was 
performed on a model made based on factors previous re-
ported to affect BMD. The SPSS 18.0 (SPSS Inc., Chicago, IL, 
USA) was used for statistical programming. A P-value less 
than 0.05% was considered to have statistical significance. 

RESULTS

The average and standard deviation for lumbar muscle 
mass calculated by lumbar MRI was calculated. Paraspinal 
muscle area was 73.34±15.30 cm² psoas muscle area 32.34 
±7.30 cm² and lumbosacral muscle area 105.69±19.01 
cm² (Table 2). The distribution of each calculated value is 
shown in Figure 3.

Correlation analysis showed that lumbar BMD had no 
correlation with psoas muscle area but showed statistically 
significant correlation with paraspinal muscle and lumbo-
sacral muscle area (Table 3, Fig. 4, 5). However, lumbosa-
cral muscle area is the sum of paraspinal and psoas muscle 
area and is around twice that of paraspinal and psoas area. 
Therefore, the correlation between lumbosacral muscle 
area and BMD can be seen as a result of the correlation be-
tween paraspinal muscle area and lumbar BMD.

Trochanteric BMD had statistically significant correlation 
with lumbosacral muscle area but no correlation with para-
spinal muscle and psoas muscle area (Table 3, Fig. 6). In 
other words, each individual area had no correlation, but 

the sum of the areas showed significant correlation to tro-
chanteric BMD. Correlation analysis of paraspinal and pso-
as muscle showed a positive correlation with a P-value less 
than 0.05 (Fig. 7).

Table 2. Lumbar muscle area in magnetic resonance imaging

Paraspinal  
muscle

Psoas  
muscle

Lumbrosacral 
muscle

Area 73.34±15.30 32.34±7.30 105.69±19.01

Average±standard deviation; unit: cm².

Table 3. Pearson correlation coefficient between bone mineral den-
sity and lumbar muscle mass and fat thickness

Paraspinal Psoas Lumbrosacral Fat thickness

Lumbar BMD 0.228a) 0.155 0.243a) 0.171

Femur BMD 0.149 0.083 0.151 0.117

Femur neck BMD 0.155 0.107 0.166 0.101

Trochanteric BMD 0.219 0.129 0.226a) 0.197

Intertrochanteric BMD 0.196 0.158 0.218 0.126
a)P<0.05.
BMD, bone mineral density.

Fig. 3. Distribution of lumbar muscle area in magnetic resonance im-
aging.
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Femur neck BMD showed no significant correlation with 
paraspinal, psoas and lumbosacral muscle area. The total 
femur BMD also showed no correlation with paraspinal, 
psoas and lumbosacral muscle area. Correlation analysis 
results showed no correlation between total fat thickness 
to lumbar and entire femur BMD (Table 3). 

Body weight showed a statistically significant positive 
correlation with all BMDs, all muscle area and fat thickness. 
Height showed no significant correlation with any of the 
factors and age showed a significant negative correlation 
with femur BMD and a positive correlation with fat con-
tent. Lean body weight showed a significant positive cor-
relation with all factors similar to that of body weight (Ta-
ble 4). 

Table 4. Pearson correlation coefficient of bone mineral density, mus-
cle area and fat thickness to weight, height, age and lean body mass

Weight Height Age Lean body 
mass

Lumbar BMD 0.467a) 0.050 -0.105 0.328a)

Femur BMD 0.348a) 0.081 -0.367a) 0.292a)

Femur neck BMD 0.237a) -0.002 -0.495a) 0.238a)

Trochanter BMD 0.342a) 0.211 -0.449a) 0.236a)

Intertrochante BMD 0.284a) 0.030 0.473a) 0.274a)

Paraspinal muscle area 0.407a) 0.106 -0.166 0.343a)

Psoas muscle area 0.365a) 0.193 -0.209 0.259a)

Lumbrosacral muscle area 0.467a) 0.160 -0.214 0.375a)

Fat thickness 0.488a) -0.23 0.375a) 0.501a)

a)P<0.05.
BMD, bone mineral density.

Fig. 4. Scatterplot between paraspinal muscle area and lumbar 
BMD. BMD, bone mineral density.
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Fig. 5. Scatterplot between lumbosacral muscle area and lumbar 
BMD. BMD, bone mineral density.
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Fig. 6. Scatterplot between Lumbosacral muscle area and trochan-
teric BMD. BMD, bone mineral density.
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Fig. 7. Scatterplot between paraspinal muscel area and Psoas mus-
cle area.  
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Using the above data comparison of paraspinal muscle 
area and psoas muscle area between lumbar osteoporotic 
and nonosteoporotic group, psoas muscle area between 
trochanter osteoporotic and nonosteoporotic group was 
performed using independent samples t-test. However, 
analysis showed no statistical difference between osteo-
porotic and nonosteoporotic groups in terms of muscle 
area (Table 5).

Body weight, lean body mass, paraspinal muscle area, 
psoas muscle area, age and fat thickness which affects BMD 
at each location of the femur were analyzed through mul-
tiple regression analysis. Body weight and lean body mass 
were individually significant factors, while paraspinal mus-
cle area, psoas muscle area and muscle thickness showed 
no significance. 

DISCUSSION

It had been reported that BMD distribution is influenced 
by mechanical loading and this has been proven in a study 
on athletes.[24,25] It is true mechanical loading due to grav-
ity can be a result of both lean body mass and fat content.
[26] However, the force generated by muscle contraction is 
the strongest force applied to bone.[27-29] Also is known 
that muscle contraction force can be used to predict BMD 
at various locations.[12-15] This study shows the relation-
ship between paraspinal muscle area and lumbar BMD. 
Paraspinal muscle and psoas muscle area showed signifi-
cant correlation, however, psoas muscle area showed no 
significant correlation to lumbar and femur BMD. This is 
due to a weaker correlation between lumbar muscle area 
to BMD than reports on the stronger correlation between 
lean body mass to BMD using dual energy absorptiometry 
studies.[11,30,31]

Table 5. Independent samples t-test between bone mineral density 
and muscle area

Nonosteo-
porotic

Lumbar osteopo-
rotic group P-value

Number of patients 54 25 0.108

Paraspinal muscle area 75.23±15.61 69.27±14.06

Number of pateints 54 25 0.281

Psoas muscle area 107.27±19.96 102.28±14.71

Number of pateints 70   9 0.911

Psoas muscle area 105.77±19.49 105.01±15.71

Average±standard deviation; unit: cm².

Spinal MRI axial images are obtained by the position of 
the intervertebral sagittal image in an individual patient. 
Therefore, the lumbosacral area obtained even in the same 
individual can change according to the position of the pa-
tient during the imaging study. This effect is prominent in 
the psoas muscles located anterior to spinal canal than in 
the paraspinal muscles. This effect may be the reason for 
the weak correlation between psoas muscle area to BMD. 

Conversion of androstenedione to estrogen usually oc-
curs in adipose cells.[32] This estrogen reduces reformation 
of bone.[33] Testosterone directly facilitates bone forma-
tion through androgen receptors and indirectly inhibits 
bone resorption by converting to androstenedione. The 
conversion of such molecules at adipose tissue is the rea-
son for the evident correlation between fat content and 
BMD in women.[34-36] This correlation is known to be more 
evident in postmenopausal women.[37] However, in our 
study on postmenopausal women, there was no correla-
tion between fat thickness posterior to spinous process 
and BMD. This is probably due to the reason that 3 dimen-
sional volume of fat tissue was not truly represented by 2 
dimensional fat thickness alone. As was shown in many 
other studies, BMD had significant correlation to body wei-
ght and lean body mass. 

Paraspinal muscle area had correlation with lumbar BMD 
and lumbosacral muscle area had correlation with femur 
trochanter BMD. Therefore, it was confirmed that there is a 
high possibility that lumbosacral muscle area has a signifi-
cant effect on lumbar and femur osteoporotic fracture. 

With further study of a larger cohort and longer follow 
up with inclusion of patients in this study it will be possible 
to clarify the relation of lumbar muscle area seen on MRI to 
lumbar and femur osteoporotic fracture. 

CONCLUSION

The BMD is increased in postmenopausal women over 
60 years of age with a relatively well developed paraspinal 
muscle.

REFERENCES 

1. Seeman E, Hopper JL, Young NR, et al. Do genetic factors 
explain associations between muscle strength, lean mass, 
and bone density? A twin study. Am J Physiol 1996;270: 



BMD and Spinal Muscle Mass in MRI

http://dx.doi.org/10.11005/jbm.2015.22.4.197 http://e-jbm.org/  203

E320-7.
2. Nguyen TV, Howard GM, Kelly PJ, et al. Bone mass, lean 

mass, and fat mass: same genes or same environments? 
Am J Epidemiol 1998;147:3-16.

3. Ramírez-Villada JF, León-Ariza HH, Argüello-Gutiérrez YP, 
et al. Effect of high impact movements on body composi-
tion, strength and bone mineral density on women over 
60 years. Rev Esp Geriatr Gerontol 2015. http://dx.doi.org/ 
10.1016/j.regg.2015.09.001.

4. Kim JY, Kim HJ, Hong JY, et al. Characteristics of nutrient 
intakes, basal physical fitness and serum markers in elder-
ly women with osteopenia. J Exerc Nutrition Biochem 2015; 
19:217-24.

5. Bliuc D, Alarkawi D, Nguyen TV, et al. Risk of subsequent 
fractures and mortality in elderly women and men with 
fragility fractures with and without osteoporotic bone 
density: the Dubbo Osteoporosis Epidemiology Study. J 
Bone Miner Res 2015;30:637-46.

6. Edwards MH, Jameson K, Denison H, et al. Clinical risk fac-
tors, bone density and fall history in the prediction of inci-
dent fracture among men and women. Bone 2013;52:541-7.

7. Carballido-Gamio J, Harnish R, Saeed I, et al. Proximal fe-
moral density distribution and structure in relation to age 
and hip fracture risk in women. J Bone Miner Res 2013;28: 
537-46.

8. Zhu K, Hunter M, James A, et al. Associations between 
body mass index, lean and fat body mass and bone min-
eral density in middle-aged Australians: The Busselton 
Healthy Ageing Study. Bone 2015;74:146-52.

9. Ho-Pham LT, Nguyen UD, Nguyen TV. Association between 
lean mass, fat mass, and bone mineral density: a meta-anal-
ysis. J Clin Endocrinol Metab 2014;99:30-8.

10. Andreoli A, Bazzocchi A, Celi M, et al. Relationship between 
body composition, body mass index and bone mineral 
density in a large population of normal, osteopenic and 
osteoporotic women. Radiol Med 2011;116:1115-23.

11. Cui LH, Shin MH, Kweon SS, et al. Relative contribution of 
body composition to bone mineral density at different 
sites in men and women of South Korea. J Bone Miner Me-
tab 2007;25:165-71.

12. Halle JS, Smidt GL, O'Dwyer KD, et al. Relationship between 
trunk muscle torque and bone mineral content of the lum-
bar spine and hip in healthy postmenopausal women. 
Phys Ther 1990;70:690-9.

13. Snow-Harter C, Bouxsein M, Lewis B, et al. Muscle strength 

as a predictor of bone mineral density in young women. J 
Bone Miner Res 1990;5:589-95.

14. Snow-Harter C, Whalen R, Myburgh K, et al. Bone mineral 
density, muscle strength, and recreational exercise in men. 
J Bone Miner Res 1992;7:1291-6.

15. Glynn NW, Meilahn EN, Charron M, et al. Determinants of 
bone mineral density in older men. J Bone Miner Res 1995; 
10:1769-77.

16. Dytfeld J, Ignaszak-Szczepaniak M, Gowin E, et al. Influ-
ence of lean and fat mass on bone mineral density (BMD) 
in postmenopausal women with osteoporosis. Arch Geron-
tol Geriatr 2011;53:e237-42.

17. Kaji H, Tobimatsu T, Naito J, et al. Body composition and 
vertebral fracture risk in female patients treated with glu-
cocorticoid. Osteoporos Int 2006;17:627-33.

18. Hayes WC, Myers ER. Biomechanical considerations of hip 
and spine fractures in osteoporotic bone. Instr Course Lect 
1997;46:431-8.

19. Levine JA, Abboud L, Barry M, et al. Measuring leg muscle 
and fat mass in humans: comparison of CT and dual-ener-
gy X-ray absorptiometry. J Appl Physiol (1985) 2000;88: 
452-6.

20. Kim J, Shen W, Gallagher D, et al. Total-body skeletal mus-
cle mass: estimation by dual-energy X-ray absorptiometry 
in children and adolescents. Am J Clin Nutr 2006;84:1014-
20.

21. Kim J, Wang Z, Heymsfield SB, et al. Total-body skeletal 
muscle mass: estimation by a new dual-energy X-ray ab-
sorptiometry method. Am J Clin Nutr 2002;76:378-83.

22. Lee SY, Gallagher D. Assessment methods in human body 
composition. Curr Opin Clin Nutr Metab Care 2008;11:566-
72.

23. Mitsiopoulos N, Baumgartner RN, Heymsfield SB, et al. Ca-
daver validation of skeletal muscle measurement by mag-
netic resonance imaging and computerized tomography. 
J Appl Physiol (1985) 1998;85:115-22.

24. Andreoli A, Celi M, Volpe SL, et al. Long-term effect of ex-
ercise on bone mineral density and body composition in 
post-menopausal ex-elite athletes: a retrospective study. 
Eur J Clin Nutr 2012;66:69-74.

25. Guadalupe-Grau A, Fuentes T, Guerra B, et al. Exercise and 
bone mass in adults. Sports Med 2009;39:439-68.

26. Slemenda CW. Body composition and skeletal density-
-mechanical loading or something more? J Clin Endocri-
nol Metab 1995;80:1761-3.



Dae-Young Lee, et al.

204  http://e-jbm.org/ http://dx.doi.org/10.11005/jbm.2015.22.4.197

27. Frost HM. On our age-related bone loss: insights from a 
new paradigm. J Bone Miner Res 1997;12:1539-46.

28. Burr DB. Muscle strength, bone mass, and age-related 
bone loss. J Bone Miner Res 1997;12:1547-51.

29. Ahedi H, Aitken D, Scott D, et al. The association between 
hip muscle cross-sectional area, muscle strength, and bone 
mineral density. Calcif Tissue Int 2014;95:64-72.

30. Douchi T, Oki T, Nakamura S, et al. The effect of body com-
position on bone density in pre- and postmenopausal 
women. Maturitas 1997;27:55-60.

31. Witzke KA, Snow CM. Lean body mass and leg power best 
predict bone mineral density in adolescent girls. Med Sci 
Sports Exerc 1999;31:1558-63.

32. Schindler AE, Ebert A, Friedrich E. Conversion of andro-
stenedione to estrone by human tissue. J Clin Endocrinol 
Metab 1972;35:627-30.

33. Turner RT, Riggs BL, Spelsberg TC. Skeletal effects of estro-

gen. Endocr Rev 1994;15:275-300.
34. Gonnelli S, Caffarelli C, Tanzilli L, et al. The associations of 

body composition and fat distribution with bone mineral 
density in elderly Italian men and women. J Clin Densitom 
2013;16:168-77.

35. Visser M, Kiel DP, Langlois J, et al. Muscle mass and fat mass 
in relation to bone mineral density in very old men and 
women: the Framingham Heart Study. Appl Radiat Isot 
1998;49:745-7.

36. Baumgartner RN, Stauber PM, Koehler KM, et al. Associa-
tions of fat and muscle masses with bone mineral in el-
derly men and women. Am J Clin Nutr 1996;63:365-72.

37. Reid IR, Ames R, Evans MC, et al. Determinants of total 
body and regional bone mineral density in normal post-
menopausal women--a key role for fat mass. J Clin Endo-
crinol Metab 1992;75:45-51.


