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     Background: Osteoporosis is a chronic disease 
that contributes substantially to decrease physical     
activity and decline in the quality of life.               
Osteoporosis can be diagnosed easily with the use 
of dual-energy X-ray absorptiometry (DXA)         
equipment. The aim of this study was to investigate 
the magnitude of bone loss on proximal femur and 
lumbar spine LS in pre- and post-menopausal 
women from Isfahan Osteoporosis Diagnosis Center 
(IODC) since 2005. Materials and Methods: Bone 
mineral density (BMD) measurements using DXA 
have been performed at IODC. 185 pre-menopausal 
and 174 early post-menopausal women were     
selected randomly. A Norland XR46 system was 
used for the investigations. The student t-test was 
done to find the difference between the T-scores of 
the femoral neck (FN) and lumbar spine (LS) in    
pre- and post-menopausal women. Results: Mean 
BMDs for the FN and LS in pre-menopausal women 
were 0.859 ± 0.136  and 1.012 ± 0.161 and in 
post-menopausal women were 0.816 ± 0.119 and 
0.919 ± 0.140, respectively. Long-term BMD CVs of 
1.0% and 1.2% for the LS and FN were found,     
respectively. The differences between the FN and 
LS for pre- and post-menopausal women were t = -
9.02, p < 0.05 and t = -3.50, p < 0.05, respectively.   
Conclusion: In spite of, the reported lower BMD       
T-scores for the LS compared with the FN for 
women, we found that the FN had significantly lower 
T-score than LS for both pre- and post-menopausal 
women. Iran. J. Radiat. Res., 2008; 6 (2): 103107 
 
     Keywords: BMD, osteoporosis, proximal femur,    
lumbar spine, DXA. 
 
 
INTRODUCTION 

   Osteoporosis is an important health     
problem characterized by low BMD and a 
reduction in bone strength(1). The defini-
tion of osteoporosis by the World Health 
Organization (WHO) is a BMD that is 2.5 

standard deviation (SD) or more  below the 
mean of a young normal reference       
population (2). This definition  offers the 
practitioner an objective standard by which 
to make a diagnosis and to make           
subsequent management  decisions.  
    Bone loss may start before menopause. 
Serum follicle-stimulating hormone levels 
(FSH) raise prior to menopause (3-5) and 
bone turn over markers activity appears to 
correspond with this raise in FSH (6). 
    Osteoporosis causes no symptoms until a 
fracture occurs. Osteoporosis or low BMD 
is estimated to occur in about 44 million 
American men and women, accounting for 
55% of the population age 50 and over (7). 
    BMD  measurement  is widely  used  for  
diagnosis of osteoporosis and determina-
tion  of  its  severity  (8-14). The Surgeon 
General’s “Report on Bone Health and   
Osteoporosis” (15), and the National  Osteo-
porosis Foundation’s (NOF) “Physician’s 
Guide to Prevention and Treatment of   
Osteoporosis” (16) identify   osteoporosis as a 
major public health concern, and            
emphasize the importance of using BMD 
testing as a clinical tool to diagnose        
patients at high risk of fracture before the 
first fracture occurs. Low BMD is an      
important risk factor for osteoporosis and 
its related fractures (17). DXA instruments 
are widely available and have the capacity 
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of multi-site measurements mainly of the 
spine, hip and forearm (18). DXA is the     
preferred method for the diagnosis of      
osteoporosis and monitoring BMD changes 
over time (19). Precision and accuracy of 
DXA are excellent (20) and radiation        
exposure with DXA is very low (21).  
The aim of this study was to investigate 
the magnitude of bone loss on FN and LS 
in pre- and post-menopausal women         
referred to the IODC to identify local     
reference values from two groups of       
Iranian women living in Isfahan.  
 
MATERIALS AND METHODS 
 
     Bone mineral absorbs much more       
radiation than soft tissue. The amount of X
-ray energy which was absorbed by bone 
mineral calcium in one section determined 
the measured bone mineral content (BMC). 
BMC was divided by the area or volume of 
the bone estimates BMD. Machine        
calibration was performed daily using a 
phantom provided by the manufacturer. 
The scanner calibration was also done    
routinely. The long-term reproducibility 
(coefficient of variation, CV) of the DXA 
scanner for BMD measurements during 
the study    period was assessed, using the 
phantom provided by the manufacturer. 
Heights and weights were measured before 
the scans were taken. 
The BMD of LS, left FN and trochanter 
was determined using the DXA (Norland 
XR 46, USA). Specially trained personnel 
carried out the measurements at IODC. 
Data were generated from 185 pre-
menopausal and 174 early post-
menopausal women, who were randomly 
selected. The women had no known history 
of any diseases and were not on hormone 
replacement therapy (HRT), or any     
medication which could have affected 
BMD. Each woman was scanned by an   
expert technician, and BMDs were          
determined for the LS and proximal femur, 
which included the FN and the trochanter. 

For this study, the following groups were 
successively excluded:  

Hysterectomized women (for whom it was  
not possible to define menopausal    
status) and bilaterally ovariectomized     

    women.  
Women who had used HRT either before  

or after menopause. 
Women with diseases or medications 

known to affect bone metabolism, as  
described by Kröger (22). 

The most common way of interpreting 
BMD is to adopt the WHO definition for 
osteoporosis, based on BMD T-Score.  BMD 
T-Score measures how a subject's BMD 
value compares to those of a typical young 
normal subject, defined in terms of the 
standard deviation (SD) of young, normal 
subjects. The WHO classification of BMD 
into categories of normal (T-score>-1),    
osteopenia (-1<T-score<-2.5), osteoporosis 
(T-score<-2.5), and severe osteoporosis (T-
score<-2.5 with a fragility fracture) have 
widely been used since their introduction 
in 1994 (23). This classification has been 
based on the T-score, which is calculated 
according to the following equation, with 
BMD values expressed as g/cm2. 

     In order to find the significance of      
difference between the T-scores of the FN 
and LS in pre and postmenopausal is     
significant, the student t-test was          
performed. Data were analyzed with SPSS 
software (version 15) at the 0.05 significant 
level. 
 
RESULTS 
 
     Tables 1 and 2 show the details of the 
pre and early postmenopausal women,   
respectively. The long-term reproducibility 
of the DXA instrument for BMD during the 
study period, as determined by regular 
phantom measurements, was 1.0% and 
1.2% for the LS and FN, respectively. 

BMD) normal young SD (1
  value)BMD normal youngMean  -  valueBMD s(Subject’  score-T =
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BMDs and T-scores of the spine and     
various proximal femur regions of the 
studied women are shown in tables 3 and 
4. At the 0.05 level, the differences         
between the FN and LS for both pre- and 
post-menopausal women were t = -9.02, p < 
0.05 and t = -3.50, p < 0.05, respectively. 
The FN had significantly lower mean        
T-score. 
 
DISCUSSION 
 
    The purpose of this study has been to 
identify local reference values from two 

groups of Iranian women living in Isfahan, 
in order to compare the obtained results 
with those of other countries. As it can be 
shown perceived by previous investigations 
in different countries (such as: USA (24), 
Europe (25-27) and Arab countries (28-31)), FN 
T-scores has been higher than the LS        
T-scores for all the mentioned nations,   
except the studied subjects in Isfahan. In 
contrast to the previous findings, a         
significant difference was found between 
the LS and FN BMD T-scores; i.e., a       
significantly lower BMD T-score for FN 
was found in comparison with for both   
pre- and post-menopausal women. This 
might have been due to physiological,     
life-style, poor calcium, and low activity 
factors. In a study carried out in Isfahan, 
two groups of female athletes, footsal  
players and female non-athletes were  
compared for the BMD of lower body and 
upper body. The athletes had significantly 
higher FN BMD T-score (0.664 SD)      
comparing with the non-athlete volunteers 
T-score (-1.154 SD). The athletes also had 
a significantly higher vertebral body BMD 
T-score (0.384 SD) in comparison with the 
non-athletes vertebral body (-0.090 SD). 
The footsal players had significantly 
higher FN T-score (0.664 SD) comparing 
with their vertebral body (0.384 SD).   
However, the non-athlete women had    

Table 1. Details of pre-menopausal women, n=185. 

Age (y) 37.2±7.8 (23-40) 

Height (m) 1.57±0.056 (1.40-1.74) 

Weight (kg) 70.0±11.3 (45-115) 

BMI* (kg/m2) 28.4±4.4 (18.9-43.3) 

*Body Mass Index. Results are mean ± SD (Range). 

Table 2. Details of post-menopausal women, n=174. 

Age (y) 51.8±4.5 (40-60) 

Height (m) 1.56±0.057 (1.42-1.75) 

Weight (kg) 65.8±5.5 (57-81) 

BMI* (kg/m2) 27.0±1.8 (21.3-30) 

*Body Mass Index. Results are mean ± SD (Range). 

Table 3. BMDs and T-scores of the (L2-L4) and proximal femur regions in pre-menopausal women.  

Region BMD (g/cm²) T-score (SD) 
L2-L4 1.012 ± 0.161 (0.653- 1.387) -0.551 ± 0.99 (-2.770- 1.759) 

FN 0.859 ± 0.136 (0.538 - 1.236) -1.09 ± 1.17 (-3.832 - 2.129) 

Trochanter 0.690 ± 0.115 (0.386 - 0.999) -0.885±1.051 (-3.675- 1.948) 

Table 4. BMDs and T-scores of the (L2-L4) and proximal femur regions in post-menopausal women.  

Region BMD (g/cm²) T-score (SD) 
L2-L4 0.919 ± 0.140 (0.555 - 1.403) -1.13 ± 0.919 (-3.36 - 0.84) 

FN 0.816 ± 0.119 (0.478 - 1.142) -1.46 ± 1.01 (-4.35 - 1.32) 

Trochanter 0.636 ± 0.097 (0.342 - 0.894) -1.39 ± 0.892 (-4.09 - 0.97) 

Results are mean ± SD (Range). 

Results are mean ± SD (Range). 

Bone mineral density evaluation with DXA  
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significantly lower FN T-score compared to 
their vertebral body (32). The results for 
these athletes had shown significantly 
higher BMDs for the LS and FN compared 
to   non-athletes women (tables 3 and 4). 
Foods are not fortified with vitamin D in 
Iran (33, 34). A recent nationwide study with 
random sampling from five major cities in 
Iran reported a high prevalence (about 
80%) for vitamin D deficiency in Iranian 
population (35). Other studies have         
confirmed this finding (36). Therefore,     
further researches are required to          
determine the reason(s). 
 
REFERENCES 
 
1. Kanis JA (1997) Diagnosis of osteoporosis.           

Osteoporosis Int, 7: 108-16. 
2. Ettinger B, Pressman A, Sklarin P, Bauer DC, Cauley 

JA,Cummings SR (1998) Associations between low 
levels of serum estradiol, bone density, and fractures 
among elderly women: the study of osteoporotic 
fractures. J Clin Endocrinol Metab, 83: 2239-2243. 

3. Sherman BM and Korenman SG (1975) Hormonal 
characteristics of the human menstrual cycle 
throughout reproductive life. J Clin Invest, 55: 699-
706. 

4. Metcalf MG, Donald RA, Livesey JH (1981)           
Pituitary-ovarian function in normal women during 
the menopausal transition. Clin Endocrinol, 14: 245-
255. 

5. Lenton EA, Sexton L, Lee S, Cooke ID (1988)       
Progressive changes in LH and FSH: FSH ratio in 
women through-out reproductive life. Maturitas, 10: 
35-43. 

6. Garton M, Martin J, New S, Lee S, Loveridge N, Milne 
J, Reid D, Reid I, Robins S (1996) Bone mass and 
metabolism in women aged 45-55. Clin Endocrinol, 
44: 563-570. 

7. National Osteoporosis Foundation (2002) America’s 
Bone Health: The state of osteoporosis and low bone 
mass in our nation. Washington: National Osteoporo-
sis Foundation. 

8. Cummings SR and Black D (1995)  Bone mass 
measurements  and  risk  of fracture  in  Caucasian  
women:  a  review  of  findings  from prospective 
studies. Am J Med, 98: 24-28. 

9. Cummings SR, Black DM, Nevitt MC, Brwner W, 
Cauly J, Ensrud K  et  al. (1993)  Bone density at 
various sites for prediction of hip fractures. Lancet, 
341: 72-75. 

10. Kroger H, Lunt M, Reeve J, Dequeker J, Adams JE, 
Birkenhager JC et al. (1999) Bone density reduction 
in various measurement sites in men and women 
with osteoporotic fractures of spine and hip: the 
European quantitation of osteoporosis study.  Calcif 

Tissue Int, 64: 191-199. 
11. Melton LJ, Atkinson EJ, O'Connor MK, O’Fallon WM, 

Riggs BL (1998) Bone density and fracture risk in 
men.  J  Bone Miner Res, 13:1915-1923. 

12. Kanis  JA,  Delmas  P,  Burckhardt  P,  Cooper  C,  
Torgerson  D (1997) Guidelines  for  diagnosis  and  
management  of  osteoporosis. Osteoporos Int, 7: 
390-406. 

13. Orwoll ES, Klein RF (1995) Osteoporosis in men. 
Endocr Rev, 16: 87-116. 

14. Miller PD, Bonnick SL, Rosen CJ (1996) Consensus 
of and international panel of the clinical utility of 
bone mass measurements in the detection of low 
bone mass in the adult population. Calcif Tissue Int, 
58: 207-214. 

15. US Department of Health and Human Services 
(2004) Bone Health and Osteoporosis. A report of 
the surgeon general. Rockville: US Department of 
Health and Human Services, Office of the Surgeon 
General. 

16. National Osteoporosis Foundation (2003)            
Physician’s guide to prevention and treatment of 
osteoporosis. Washington: National Osteoporosis 
Foundation. 

17. Consensus development conference (1993) Diagno-
sis, prophylaxis and treatment of osteoporosis. Am J 
Med, 94: 646-650. 

18. Salamat MR (1998) Development of DXA techniques 
for bone mineral measurement. PhD thesis,         
Edinburgh University, U.K. 

19. Lewiecki EM (2005) Clinical applications of bone 
density testing for osteoporosis. Minerva, 96: 317-
30. 

20. Mazess R, Chesnut CH, McClung M, Genant H (1992) 
Enhanced precision with dual-energy x-ray             
absorptiometry. Calcif Tissue Int, 51: 14-7. 

21. Njeh CF, Fuerst T, Hans D et al. (1999)  Radiation 
exposure in bone mineral density assessment.    
Applied Radiation & Isotopes, 50: 215-36. 

22. Kröger H, Tuppurainen M, Honkanen R, Alhava E, 
Saarikoski S (1994) Bone mineral density and risk 
factors for osteoporosis-a population based study of 
1600 premenopausal women. Calcif Tissue Int, 55: 1
-7. 

23. World Health Organization (1994) Assessment of 
fracture risk and its application to screening for post-
menopausal osteoporosis. Geneva, Switzerland: 
WHO. 

24. Looker AC, Wahner HW, Dunn WL, Calvo MS, Harris 
TB, Heyse SP et al. (1995) Proximal femur bone  
mineral levels of US adults. Osteoporos Int, 5: 389-
409. 

25. Mazess RB and Barden H (1999) Bone density of 
spine and femur in adult white females. Calcif Tissue 
Int, 65: 91-99. 

26. Wu F, Ames R, Clearwater J, Evans MC, Gamble G, 
Reid IR (2002) Prospective 10-year study of the  
determinants of bone density and bone loss in    
normal postmenopausal women, including the effect 
of hormone replacement therapy. Clin Endocrinol 
(Oxf), 56: 703-711. 

27. Laaksonen MM, Karkkainen MU, Outila TA, Vanninen 

M.R. Salamat , N. Rostampour , S. Shanehsazzadeh et al. 

106     Iran. J. Radiat. Res., Vol. 6, No. 2, Autumn 2008 

D
ow

nl
oa

de
d 

fr
om

 ij
rr

.c
om

 a
t 8

:4
5 

+
03

30
 o

n 
T

hu
rs

da
y 

O
ct

ob
er

 1
2t

h 
20

17

http://ijrr.com/article-1-411-en.html


T, Ray C, Lamberg-Allaradt C (2002) Vitamin D    
receptor gene BsmI polymorphism in Finnish 
premenopausal and postmenopausal women: its 
association with bone mineral density, markers of 
bone turnover, and intestinal calcium absorption, 
with adjustment for lifestyle factors. J Bone Miner 
Metab, 20: 383-390. 

28. Ghannam NN, Hammami MM, Bakheet SM, Khan BA 
(1999) Bone mineral density of the spine and femur 
in healthy Saudi females: relation to vitamin D 
status, pregnancy, and lactation. Calcif Tissue Int, 
65: 23-28. 

29. El-Desouki M (1995) Bone mineral density of the 
spine and femur in the normal Saudi population. 
Saudi Med J, 18: 30-35. 

30. Dougherty G, Al-Marzouk N (2001) Bone density 
measured by dual energy x-ray absorptiometry in 
healthy Kuwaiti women. Calcif Tissue Int, 68: 225-
229. 

31. Maalouf G, Salem S, Sadid M, Attallah P, Eid J, 
Saliba N et al. (2000) Bone mineral density of    
Lebanese reference population. Osteoporos Int, 11: 
756-764. 

32. Mosavi F, Khayam Bashi K, Salamat MR and       

Rahnama N (2007) Comparison of bone mineral 
density in upper and lower body between             
professional female futsal players and non-athletes. 
The 1st National Congress of Endocrine & Metabo-
lism Updates. Faculty of Physical Education and 
Sport Sciences, Isfahan University. Isfahan, Iran. 

33. Larijani B (2004) An overview of osteoporosis in Iran. 
The first international seminar on prevention, diagno-
sis, and treatment of osteoporosis, September 23–
24, Tehran, Iran. 

34. Soltani A, Moayyeri A and Hossinnozhad A (2004) 
Effect of hypovitaminosis D on peak bone mass of 
Iranian people. The first international seminar on 
prevention, diagnosis and treatment of osteoporosis, 
September 23–24, Tehran, Iran. 

35. Hashemipour S, Larijani B, Pajouhi M, Bastanhagh 
M, Soltani A, Javadi E, Adibi H, Shafaee A, Baradar 
Jalili R (2002) Biochemical parameters of bone in 
different levels of vitamin D deficiency. Iranian South 
Medical Journal, 1: 25-17. 

36. Hashemipour S, Larijani B, Adibi H, Javadi 
E,Sedaghat M, Pajouhi M et al. (2004) Vitamin D 
deficiency and causative factors in the population of 
Tehran. BMC Public Health, 4: 38-40. 

Bone mineral density evaluation with DXA  

Iran. J. Radiat. Res., Vol. 6, No. 2, Autumn 2008     107 

D
ow

nl
oa

de
d 

fr
om

 ij
rr

.c
om

 a
t 8

:4
5 

+
03

30
 o

n 
T

hu
rs

da
y 

O
ct

ob
er

 1
2t

h 
20

17

http://ijrr.com/article-1-411-en.html



