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ABSTRACT 
 
Objective: Worldwide, osteoporosis in postmenopausal women is a 
common public health problem. The measurement of bone mineral density 
(BMD) of spine and hip using central dual energy X-ray absorptiometry 
(DXA) is the most standard technique to diagnose osteoporosis. But in 
many circumstances, measurement of spine or hip BMD is quite difficult 
to carry out where wrist BMD can be used as an alternative. Moreover, 
wrist BMD can be done with smaller, cheaper, portable peripheral devices 
for screening osteoporosis at primary health care level. The objective of 
the study was to explore the agreement of wrist BMD with spine and hip 
BMD in postmenopausal women.  
Patients and Methods: This observational, cross sectional study was 
carried out at National Institute of Nuclear Medicine & Allied Sciences 
(NINMAS), Bangabandhu Sheikh Mujib Medical University (BSMMU) 

campus, from July 2017 to June 2018. A total of 110 postmenopausal 
women referred to NINMAS for BMD measurement were enrolled in this 
study after fulfilling selection criteria. BMD of spine, right and left hip 

and wrist of enrolled subjects were measured by dual energy X-ray 
absorptiometry (DXA) scan by Stratos DR Bone densitometer.  
Results: Agreement analysis done by kappa statistics revealed kappa 
value of 0.930 (p<0.05), 0.782 (p<0.05) and 0.635 (p<0.05) between 
wrist and spine BMD, wrist and right hip BMD and wrist and left hip 
BMD, respectively. In Bland-Altman analysis, the mean difference of 
T-score measured by wrist and spine was -0.007 ± 1.361, wrist and 
right hip was -0.645 ± 1.271 and wrist and left hip was -0.450 ± 1.259 
with 95% of differences were found in between -2.674 and 2.660, -
3.136 and 1.846 and -2.917 and 2.017, respectively. Positive significant 
Pearson’s correlation was observed between wrist BMD and spine 
BMD (r=0.664; p=0.001), wrist BMD and right hip BMD (r=0.719; 
p=0.001) and wrist BMD and left hip BMD (r=0.727; p=0.001).  
Conclusion: This study results showed an excellent kappa agreement 

between wrist and spine BMD with good kappa agreement of wrist with 

right and left hip BMD as well as in Bland-Altman analysis, the mean 

differences of T-score between wrist andspine, wrist and right hip and 

wrist and left hip were small. The biases between the methods were 

  
 
 
considered not significant suggesting that these sites can be used 
interchangeably for measurement of BMD. Hence, wrist BMD can be 
used with regular skeletal sites (spine and hip) as an effective method 
of diagnosing osteopenia and osteoporosis by DXA where spine or hip 
BMD is difficult to carry out as well as it can be used for osteoporosis 
screening at primary health care level by portable peripheral DXA 
device to initiate early treatment to reduce fracture risks.  
Key words: Osteoporosis, Bone Mineral Density (BMD), Central and 

Peripheral sites, Postmenopausal women.  
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INTRODUCTION  
Osteoporosis in postmenopausal women is a common 
public health problem worldwide and its incidence 
increases with age. Postmenopausal women have greater 
bone loss because of the hormonal changes associated with 
menopause (1). The spine, hip and wrist are the skeletal 
sites where the osteoporotic fractures commonly occur (2). 
Fracture at the wrist is considered as an early warning sign 
for the presence of postmenopausal osteoporosis (3). 
 
Bone densitometry is the single best approach to predict 
osteoporotic fracture risk (1). Among many techniques 
of bone densitometry, dual energy X-ray absorptiometry 
(DXA) is the gold standard technique (4). The 
measurement of bone mineral density (BMD) of spine 
and hip using central dual energy X-ray absorptiometry 
(DXA) is today’s the most standard technique for 
evaluating the risk of osteoporotic fractures. Wrist can 
also be used to measure BMD. BMD measured by DXA 
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is reported as a comparison to two norms: the expected 
BMD from a sex and age-matched healthy population 
(Z-score); or the expected BMD from a sex-matched 
young adult healthy population (T-score). The 
difference between the patient’s score and the norm is 
expressed in standard deviations (SDs) (4). T-score is 
applicable for postmenopausal women and adult men 
aged 50 years or more. The World Health Organization 
(WHO) has defined normal bone mass as a T-score ≥ -1, 
low bone mass (osteopenia) as a T-score between -1 and 
-2.5, osteoporosis as a T-score ≤ -2.5 and established 
osteoporosis as a T-score ≤ -2.5 in the presence of one 
or more fragility fractures (5). 
 
Both central and peripheral skeletal sites can be 
measured to assess BMD with DXA equipments which 
are of two types, central and peripheral device. Central 
DXA device is an expensive, large unit which measures 
bone density commonly in the spine and hip are usually 
available at tertiary hospitals. Peripheral DXA devices 
are small, portable, low cost devices and measure bone 
density in the wrist, heel or finger and are suitable for 
primary health care level (6). 
 
Studies found that estimating wrist BMD not only 
correlates with other skeletal sites but also gives better 
detection of bone loss (7-9). Furthermore, in many 
conditions such as spinal deformity, previous spinal 
surgery, hip prosthesis or even overweight (weight more 
than 300 pounds) hip or spine DXA is quite difficult to 
carry out. In some conditions, the accuracy of the result is 
dubious due to other underlying disorders such as vertebral 
compression fractures or osteoarthritis (6, 9-10). In 
addition, osteophyte and aortic calcification cause T-score 
discordance between spine and hip and give false negative 
BMD result (1, 7). As an alternative, hand DXA (wrist) 
provides the patient with several advantages, as it offers 
comfortable sitting position placing their hand on table and 
the scan is less affected by the amount of soft tissue (9) 
and also the above mentioned drawbacks of hip and spine 
DXA can be overcome with hand DXA. Another 
advantage of wrist BMD is that it can be done with 
portable peripheral DXA machine which can be set at 

 
 
 
primary health care level. So, the aim of this study 
was to explore the agreement of wrist BMD with 
spine and hip BMD in postmenopausal women. 
 
PATIENTS AND METHODS 
 
This observational, cross sectional type of study was 
carried out at National Institute of Nuclear Medicine & 
Allied Sciences (NINMAS), Bangabandhu Sheikh Mujib 
Medical University (BSMMU) campus, from July 2017 to 
June 2018. The population of the study was 
postmenopausal women referred to NINMAS for BMD 
measurement. A total of 110 postmenopausal women 
referred to NINMAS for BMD measurement were enrolled 
in this study according to selection criteria. No patient had 
history of vertebral, hip or wrist (non-dominant hand) 
fracture, bisphosphonate therapy, hormone replacement 
therapy, radiological investigation using contrast media 
and nuclear medicine studies (within 2 weeks), and hip 
replacement, hip pin or screw, metallic rod or spinal fusion 
device in the lumbar spine, metallic rod or screw in wrist 
of non-dominant hand. Prior to commencement of this 
study, the study was approved by Medical Research Ethics 
Committee (MREC) of NINMAS. All the study subjects 
and their attendants were informed about the potential risk 
and benefit of the procedure and informed written consent 
was taken from each of them. BMD was measured on 
enrolled subjects by dual energy X-ray absorptiometry 
(DXA) scan which was performed by Stratos DR Bone 
densitometer. BMD was measured at spine (lumbar 
vertebrae L1-L4), hip (femoral neck) and wrist of non-
dominant hand. For assessment of spine BMD, the patient 
was laid supine on the table of the machine with both legs 
supported on a cushion to flatten the pelvis and lower 
lumbar spine. To assess the hip BMD, the patient’s feet 
were placed in a brace so that patient’s hips rotate inward. 
For assessment of wrist BMD, patient had to sit on a chair 
next to the table with the forearm extended and resting on 
the table. Analysis of data from DXA was computerized 
and completely automated (software 3D DXA, Medix DR). 
BMD was determined by T-score against a BMD value. 
BMD was classified into three 
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groups: normal, osteopenia and osteoporosis. All BMD 
values were analyzed statistically using the Statistical 
Package for Social Sciences version 22.0 for Windows 
7 professional (SPSS Inc., Chicago, Illinois, USA). 
Kappa agreement analysis and Bland-Altman plot were 
done for measuring agreement and Pearson’s correlation 
coefficient test was done to assess correlation of wrist 
BMD with spine and hip BMD, respectively. A p value 
of 0.05 or less was considered as statistically significant. 
 
RESULTS 
 
Out of 110 participants, majority (45.5%) belonged to age 
group 51-60 years. The mean age, weight, height and body 
mass index (BMI) were 58.47 ± 9.0 years, 57 ± 12 kg, 
144.6 ± 5.95 cm and 27.18±5.39 kg/m2, respectively. 
Distribution of osteoporosis and osteopenia in spine, both 
hips and wrist are shown in Table I. It was found that 
osteoporosis was more common in wrist and spine while 
osteopenia was more prevalent in both hips. 
 
Table 1: Distribution of osteoporosis and 
osteopenia in different sites of the body 

Site Osteoporosis Osteopenia 
Spine 48.2% 37.3% 
Right hip 29.1% 51.8% 
Left hip 34.6% 52.7% 
Wrist 54.5% 29.1%  

Agreement analysis was done by kappa statistics. It 
was observed that according to spine BMD, 94 
subjects had osteopenia/osteoporosis, out of which 92 
(97.9%) subjects had wrist osteopenia/osteoporosis 
and two (2.1%) had normal wrist BMD. A total of 16 
patients had normal spine BMD. Among them all the 
subjects had normal wrist BMD. The result of kappa 
agreement analysis revealed kappa value of 0.930 ( p 
< 0.05) indicating excellent agreement between wrist 
BMD and spine BMD (Table 2). 
 
Table 2: Agreement between wrist BMD and spine 
BMD (n=110) (s=significant) 
Wrist  

Spine 
  Kappa P value 

 

    value  
 

   Normal   
 

  (n=94) (n=16)   
 

 n % n %   
 

Osteopenia/Osteoporosis 92 97.9 0 0.0  s 
 

Normal 2 2.1 16 100.0 0.930 0.001 
 

 
 
 
According to right hip BMD, 89 subjects had 
osteopenia/osteoporosis, out of which 87 (97.8%) 
subjects had wrist osteopenia/osteoporosis and two 
(2.2%) had normal wrist BMD. Rest 21 subjects had 
normal right hip BMD. Among them 16 (76.2%) 
subjects had normal wrist BMD and five (23.8%) had 
wrist osteopenia/osteoporosis. Measures of agreement 
showed kappa value of 0.782 with p < 0.05 
considered as good agreement (Table 3). 
 
Table 3: Agreement between wrist BMD and right 
hip BMD (n=110) (s= significant) 

Wrist  
Right Hip 

  
value 

value 
 

      
 

       
 

 Osteopenia/osteoporosis Normal    
 

  (n=89) (n=21)    
 

 n % n %    
 

Osteopenia/Osteoporosis 87 97.8 5 23.8  s 
 

Normal 2 2.2 16 76.2 0.782 0.001  
   

According to left hip BMD, 96 subjects had 
osteopenia/osteoporosis, out of which 89 (92.7%) 
subjects had wrist osteopenia/osteoporosis and seven 
(7.3%) had normal wrist BMD. A total of 14 subjects 
had normal left hip BMD. Among them 11 (78.6%) 
subjects had normal wrist BMD and three (21.4%)had 
wrist osteopenia/osteoporosis. The result of kappa 
agreement analysis revealed kappa value of 0.635 
with p<0.05 considered as good agreement (Table 4). 
 
Table 4: Agreement between wrist BMD and left 
hip BMD (n=110) (s=significant) 
Wrist  

Left Hip 
  Kappa P value 

 

    value  
 

 Osteopenia/osteoporosis Normal   
 

  (n=96) (n=14)   
 

 n % n %   
 

Osteopenia/Osteoporosis 89 92.7 3 21.4 0.635 0.001s 
 

Normal 7 7.3 11 78.6   
  

Agreement was also assessed by Bland-Altman analysis. 
In Bland-Altman analysis, the mean difference of T-
score measured by wrist and spine was -0.007 ± 1.361 
with 95% of differences were found in between-2.674 
and 2.660. The mean difference of T-score measured by 
wrist and right hip was -0.645 ± 1.271 with 95% of 
differences were found in between -3.136 and 1.846. 
The mean difference of T-score measured by wrist and 
left hip was -0.450 ± 1.259 with 95% of differences 
were found in between -2.917 and 2.017 (Figure 1,2,3). 
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Figure 1: Scatter diagram showing agreement 
between T-score measured at wrist and spine  
 
 
 
 
 
 
 
 
 
 
Figure 2: Scatter diagram showing agreement 
between T-score measured at wrist and right hip  
 
 
 
 
 
 
 
 
 
 
Figure 3: Scatter diagram showing agreement 
zetween T-score measured at wrist and left hip 
 
Correlation of wrist BMD with spine, right and left hip BMD 
was measured by Pearson’s correlation coefficient test. 
Positive significant Pearson’s correlation was observed 
between wrist BMD and spine BMD (r=0.664; p=0.001), 
wrist BMD and right hip BMD (r=0.719; p=0.001) and wrist 
BMD and left hip BMD (r=0.727; p=0.001) (Figure 4, 5, 6). 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 4: Scatter diagram showing Pearson’s correlation 

between wrist BMD (gm/cm2) and spine BMD (gm/cm2). 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 5: Scatter diagram showing Pearson’s 
correlation between wrist BMD (gm/cm2) and 
right hip BMD (gm/cm2).  
 
 
 
 
 
 
 
 
 
 
 
 
Figure 6: Scatter diagram showing Pearson’s 
correlation between wrist BMD (gm/cm2) and left 
hip BMD (gm/cm2). 
 
DISCUSSION 
 
In the present study, the mean age was 58.47 ± 9.0 years 
with a range of 43 to 85 years. Eftekhar-Sadat et al.(8) 
found similar mean age of 57.06 ± 6.97 years in their 
study. On the other hand, Brownbill et al. (9), Leslie et al. 
(11) and Siris et al. (12) observed higher mean age of 69.1  
± 9.1 years, 65 ± 9 years, and 64.5 ± 9.3 years, respectively 
in their respective studies. In this current study, the mean 
weight, height and BMI were 57 ± 12 kg, 144.6 ± 5.95 cm 
and27.18 ± 5.39 kg/m2, respectively. Different related 
studies found similar findings and also variation in weight, 
height, BMI. Variation in mean age, weight, height and 
BMI mentioned above may be due to geographical 
variations, racial, ethnic differences, genetic causes, life 
style especially their daily food intake and their daily work 
pattern. 
 
The most important and widely practiced sites to measure 

BMD are spine and femur (hip), because they are the 
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most common sites where osteoporotic fractures take place 
and cause the maximum impairment of quality of life, 
morbidity and mortality (5). The spine is more sensitive to 
the changes associated with treatment therapy (13); this is 
the reason why spine BMD is a popular method of choice 
among clinicians to get the optimum BMD measurement. 
Moreover, Sheu et al. (13) mentioned in their study that 
hip BMD is also highly acceptable because it is the most 
predictive site of hip fracture which is clinically the most 
important fracture. Though spine and hip are most popular 
sites of BMD measurement, in many circumstances, 
measuring bone density of the spine and hip region is 
difficult and sometimes not possible. Therefore, there is a 
requirement of examining BMD in peripheral skeleton to 
detect the bone loss and predict the fracture risk. 
Considering peripheral skeleton such as, measurement of 
forearm (distal) bone mineral density (BMD) remains 
valuable to detect fracture risk. In this present study, 
osteoporosis and osteopenia were found in 48.2% and 
37.3% subjects in spine, 29.1% and 51.8% subjects in right 
hip, 34.6% and 52.7% subjects in left hip, 54.5% and 
29.1% subjects in wrist indicating that osteoporosis was 
more common in wrist and spine but osteopenia was more 
prevalent in hip. Similar type of findings was found in 
another study by Eftekhar-Sadat et al. (8). They found 
osteoporosis and osteopenia in 49.5% and 36.4% study 
subjects in lumbar spine, in 24.2% and 38.4% study 
subjects in hip and in 59.6% and 40.4% in the wrist BMD 
measurements. As a result, the investigators found 
osteoporosis more common in wrist and spine compared to 
hip whereas osteopenia was more common in hip, which 

support the present study (8). 

 
In this present study, agreement analysis done by 
kappa statistics revealed excellent agreement 
between wrist BMD and spine BMD and good 
agreement between wrist BMD and right and left 
hip BMD. In this current study, in Bland-Altman 
analysis, mean difference of T-score between wrist 
and spine, wrist and right hip and wrist and left hip 
were small. The biases between the methods were 

 
 
 
considered not significant. The differences within 
mean ± 1.96SD are not clinically important; 
these methods may be used interchangeably. 
Kappa agreement analysis and Bland-Altman 
plot used in is study could not be found in related 
studies. So, no comparison could be made. 
 
In this current series, Pearson’s correlation coefficient 
test showed a positive significant correlation between 
wrist and spine BMD (r=0.664; p=0.001). There was 
also a positive significant Pearson’s correlation 
between wrist BMD (gm/cm2) and right hip BMD 
(gm/cm2) (r=0.719; p=0.001) and between wrist BMD 
(gm/cm2) and left hip BMD (gm/cm2) (r=0.727; 
p=0.001). Similarly, Eftekhar-Sadat et al. (8) assessed 
the role of wrist BMD in diagnosing osteoporosis in 
postmenopausal women and found a positive 
correlation between wrist BMD and lumbar BMD 
(r=0.322, p=0.001) and between wrist BMD and hip 
BMD (r=0.468 and p<0.001). Brownbill et al. (9) also 
found that hand BMD has significant correlation with 
BMD of all other skeletal sites. They concluded that 
wrist BMD evaluation not only accurately predicts 
BMD of other skeletal sites but also has a potential in 
predicting fracture risk due to osteoporosis. Jones et 
al. (14) comparing distal forearm BMD and BMD at 
the lumbar spine and femoral neck commented that a 
large fraction of population at risk of osteoporotic 
fracture can be identified by forearm BMD with 
almost 90% certainty. The correlation coefficient 
between bone density at the distal (or ultra-distal) 
forearm and lumbar spine and distal (or ultra-distal) 
forearm and femoral neck has been reported to be 
0.64 and 0.70, respectively in their study which is 
comparable to current study (14). Rey and colleagues 
as cited in Abdel mohsen (7) compared wrist 
densitometry with hip and lumbar densitometries and 
observed significant correlation. 

 
This study revealed an excellent agreement of wrist 
with spine BMD and good agreement with left and 
right hip BMD as well as wrist BMD has positive 
 

45 



Assessment of Agreement of Wrist BMD with Spine and Hip Bone 
 
 
significant correlation with spine BMD, right and 
left hip BMD. In Bland-Altman analysis, mean 
difference of T-score between wrist and spine, 
right and left hip were small. The biases between 
the methods were considered not significant. 
Therefore, wrist BMD similarly as spine and hip 
BMD can play a precise role in diagnosing 
osteoporosis in postmenopausal women. 
 
CONCLUSION 
 
In recent years, the average life expectancy of 
people is increasing making them more vulnerable 
of developing osteoporosis which only becomes 
evident when a fracture occurs. Therefore, early 
identification of osteoporosis is of prime concern. 
Study result revealed that osteoporosis was more 
common in wrist and spine however, osteopenia 
was more frequent in hip. In this study, wrist BMD 
showed agreement with spine and hip BMD by 
both kappa statistics and Bland-Altman analysis. 
As agreement is found between wrist BMD and 
spine and hip BMD, wrist can be used with regular 
skeletal sites (spine and hip) as an effective method 
of diagnosing osteopenia and osteoporosis where 
spine BMD or hip BMD is difficult to carry out. 
Simultaneously, osteoporosis and osteoporotic 
fractures can be prevented by early detection and 
treatment through large scale screening of 
postmenopausal women by wrist BMD 
measurement with peripheral portable DXA device 
at primary health care level. 
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