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ABSTRACT 
 

Background: In most centers of the world, for diagnosing osteoporosis is used densitometry in hip 
and spine, but due to the high prevalence of distal forearm fracture and osteoporosis as its main 
etiology and on the other hand, evaluation of the distal forearm densitometry as an predictor 
indicator for axial osteoporosis, evaluate the diagnostic value of distal forearm densitometry for 
osteoporosis; alone and with adding to hip and spine densitometry. 
Materials and Methods: This cross-sectional descriptive-analytic study was carried out on 250 
patients referring to Sanandaj densitometry center from September 2017 to September 2018. For 
the studied subjects, BMD was performed by DXA method in three regions of hip, spine and distal 
forearm. Data were analyzed using independent t-test, fisher exact test, chi-square test and logistic 
regression test using SPSS v. 23 software. 
Results: In this study, 68 cases (27.2%) in the spine region, 38 cases (15.2%) in the hip and 85 
cases (34%) in distal forearm were osteoporotic. Based on the results of this study, using the 
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conventional method (hip and spine) in comparison with the studied method (hip, spine and distal 
forearm), 29 (11.6%) of those cases with osteoporosis are not diagnosed. Distal forearm 
densitometry alone in comparison with the conventional method has diagnostic sensitivity 74.66%, 
specificity 83.43%, positive predictive value (PPV) 65.88% and negative predictive value (NPV) 
88.48%. 
Conclusion: Adding distal forearm densitometry to conventional method significantly increasing 
diagnostic sensitivity of osteoporosis and would prevent misdiagnosis. Distal forearm densitometry 
can use as a predictor indicator of axial osteoporosis. 
 

 
Keywords: Osteoporosis; densitometry; hip; spine; forearm. 
 
1. INTRODUCTION 
 
Osteoporosis is a common clinical condition that 
is associated with decreased bone density and 
increased risk of fracture, morbidity and mortality 
[1,2]. Regarding the high prevalence of 
osteoporosis, fracture and disability associated 
with it, high costs of treatment and rehabilitation, 
asymptomatic majority of patients, and post-
emergence of serious and preventable 
disabilities and its complications, early diagnosis 
of osteoporosis using highly sensitive diagnostic 
tools are important [3,4]. 
 
Most centers in the world have used the 
densitometry of hip and spine (conventional 
method) to detect osteoporosis, but due to the 
high prevalence of distal forearm fracture and 
osteoporosis as its dominant etiology and on the 
other hand, the results of some studies have 
shown that the distal forearm densitometry is a 
good indicator for axial osteoporosis [5,6,7,8,9], it 
seems that the study of distal forearm bone 
density is very useful and valuable in addition to 
hip and spine. 
 
Therefore, this study was conducted to compare 
the BMD diagnostic method in hip and spine 
(conventional method) with BMD in hip, spine 
and distal forearm (studied method) in the final 
diagnosis of patients with osteoporosis. 
 
2. MATERIALS AND METHODS 
 
This cross-sectional descriptive-analytic study 
was performed on 250 patients referring to 
Sanandaj densitometry center from September 
2017 to September 2018. All subjects who had 
entry criteria were evaluated for measuring BMD 
by DXA in hip, spine and distal forearm after 
obtaining satisfaction. 
 

Demographic information (age, sex, location and 
level of education) of patients was completed by 
checklist.  

Individual weights were measured with a scale 
(100 g accuracy) and height using a meter 
(precision centimeters). Body mass index (BMI) 
was calculated by weight (kg) divided by height 
(m). BMD of hip, lumbar spine (L1-4) and distal 
was measured by hologic QDR 4500 Elite Bone 
Densitometer (USA). 
 
Then, data from densitometry including bone 
density including osteopenia -2.5≤T-score≤-1 
and osteoporosis T-score≤-2.5SD were extracted 
based on WHO criteria. Data were analyzed 
using independent t-test, Fisher's exact test, Chi-
square test, and logistic regression test using 
SPSS V.23 software. The significance level was 
considered to be 0.05 in all tests. 
 

3. RESULTS 
 
In this study, 250 patients were examined, of 
which 232 (92.8%) were women (155 
menopausal women: 62% of the subjects and 
66.8% female subjects) and 18 patients (7.2%) 
were male. The mean age of subjects was 
56.2±12.2 years old (at least 28 years and 
maximum 84 years). 62 patients (24.8%) were 
illiterate, 138 patients (55.2%) had non-academic 
education and 50 patients (20%) had academic 
education. 
 
136 patients (54.4%) urban and 114 patients 
(45.6%) were rural. The average body mass 
index (BMI) of the subjects was 28.51±4.59 
kg/m

2
 (min: 17.48kg/m

2
 and 52.42 kg/m

2
).  

 
In BMD, normal density, osteopenia and 
osteoporosis respectively were 29.6% (74 
patients), 43.2% (108 patients) and 27.2% (68 
patients) in spine, 42.8% (107 patients), 42% 
(105 patients) and 15.2% (38 patients) in hip, 
38.8% (97 patients), 27.2% (68 patients) and 
34% (85 patients) in distal forearm (Diagram 1). 

 
In other hand, osteoporosis in spine, hip, distal 
forearm, spine and hip, spine and hip and distal 



forearm, respectively were 15.2% (38 patients), 
27.2% (68 patients) and 34% (85 patients) in 
spine, 30% (75 patients), 41.6% (104 pat
(Diagram 2). 
 
Based on the results on this study, using the 
conventional method in comparison with the 
studied method, 29 patients (11.6%) of studied 
 

Diagram 1. Frequency distribution of densitometry status based on the area under study
 

 
 

Diagram 2. Distribution of osteoporosis frequency according to the studied areas

Table 1. Osteoporosis diagnosis with distal forearm densitometry compared to conventional 
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forearm, respectively were 15.2% (38 patients), 
27.2% (68 patients) and 34% (85 patients) in 
spine, 30% (75 patients), 41.6% (104 patients) 

Based on the results on this study, using the 
conventional method in comparison with the 
studied method, 29 patients (11.6%) of studied 

subjects with osteoporosis were not diagnosed. 
Distal forearm densitometry alone in comparison 
with the conventional densitometry (hip and 
spine), its sensitivity, specificity, positive 
predictive value (PPV) and negative predictive 
value (NPV) respectively were, 74.66%, 83.43%, 
65.88% and 48/88% (Table 1). 
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Table 2. Logistic regression results of the reviewing of relationship between demographic 
variables and osteoporosis event in positive cases in one of the 3 regions of Hip, Spine and 

Forearm 
  

Adjusted  Unadjusted  The level of 
variable  

Variable 
P-value  OR (95%CI)  P-value  OR (95%CI)  
<0.001  1.100 

(1.062-1.146)  
<0.001  1.116 

(1.083-1.151)  
  Age 

-  1  -  1  Male  Sex 
0.446  1.701 

(0.434-6.668)  
0.455  1.442 

(0.552-3.767)  
Female  

-  1  -  1  illiterate  Education 
0.3  0.610 

(0.30-1.41)  
<0.001 

  
0.190 
(0.10-0.38)  

non- 
academic  

0.2  0.520 
(0.14-1.99)  

<0.001 
  

0.070 
(0.03-0.17)  

academic  

-  1  -  1  village  Address 
0.610  1.177 

(0.629-2.201)  
0.913  1.114 

(1.079-1.144)  
city  

<0.001 
  

0.870 
(0.80-0.93)  

<0.001 
  

0.880 
(0.82-0.93)  

  BMI 

 

In this study, there was a significant relationship 
between age and BMI with the prevalence of 
osteoporosis in all regions (hip, spine and distal 
forearm) (P-value < 0.001). In other hand, there 
were no significant relationship between sex, 
education level and residence (urban or rural) 
with prevalence of osteoporosis in any regions 
(hip, spine and distal forearm) (P-value > 0.05) 
(Table 2). 

 
4. DISCUSSION 
 

The main objective of this study was to compare 
the BMD diagnostic method in two regions of the 
hip and spine (conventional method) with BMD in 
three regions of the hip, spine and distal forearm 
(studied method) in the final diagnosis of patients 
with osteoporosis, which, according to the results 
of this study, using the conventional method 
compared to the studied method, 29 cases 
(11.6%) of those studied subjects who have 
osteoporosis were not diagnosed. 
 

In the study of Amiri et al. conducted in 2016 in 
Tehran, BMD of the forearm BMD was compared 
with the hip and spine of the lumbar, that in 15 
cases (12.5%), BMD in the distal forearm was 
estimated as osteopenia, while at the same time, 
it was reported in the hip and spine lumbar 
region as normal. In addition, in 10 cases 
(8.33%), the BMD of the distal posterior part of 
the forearm was reported, but the BMD of the hip 
and spine of the lumbar region was estimated in 
one case as normal and in 9 cases as 
osteopenia. This study showed that the addition 

of distal posterior densitometry could increase 
BMD diagnostic sensitivity for osteoporosis [5]. 
 

A study by Zaman et al. in Pakistan in 2013 
aimed at assessing the addition of BMD of the 
forearm BMD to the dental CT scan of the hip 
and spine in the final diagnosis of osteoporosis, it 
was shown that adding a lateral distal BMD leads 
to the addition of a diagnosis of the disease 
stage from normal to low bone density in 14% of 
cases and from low bone density to osteoporosis 
in 2% of cases and prevents from under-
estimated & missed diagnosis osteoporosis [9]. 
 
Based on available scientific evidence, early 
diagnosis of osteoporosis by using high 
sensitivity diagnostic tools is very important. It 
has been shown in many studies that 
osteoporosis in the distal part of the forearm may 
occur earlier than osteoporosis in other areas 
and it can be a predictive indicator for axial 
osteoporosis. In a study by Picard et al. in 2004 
in Canadian, the value of peripheral densitometry 
(phalanx, proximal and distal bones) for 
diagnosis of osteoporosis was investigated in an 
axillary densitometry (hip and spine). In this 
study, the sensitivity and specificity of BMD in the 
phalanx were 0.79 and 0.83, in the proximal 
forearm, 0.84 and 0.79, and in the distal forearm, 
0.90 and 0.75, respectively. Measuring the BMD 
of distal forearm had the most sensitivity in the 
diagnosis of axial osteoporosis (hip and spine) 
(diagnostic sensitivity was 0.90), while in our 
study, the diagnostic sensitivity and specificity of 
the distal forearm densitometry was 74.66% 83% 
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respectively [10]. This difference can also be due 
to racial diversity, lifestyle, age and sex of the 
subjects, study design, and the group studied in 
various studies and different measuring 
instruments. Therefore, in many cases that BMD 
(BMD in 2 regions of the hip and spine) is 
reported as normal, the reviewing of distal 
forearm can be useful in predicting bone loss in 
other areas, as well as preventing possible 
complications. On the other hand, failure to 
perform distal forearm densitometry leads to a 
lack of timely diagnosis of osteoporosis in the 
area and complications such as fracture. Studies 
have shown that distal forearm osteoporosis is a 
risk factor for factures in this area. Kass et al. 
(2012) reported in a case control study on 35 
patients with distal forearm fracture and 57 
controls in women older than 50 years old who 
reported that the distal posterior osteoporosis 
could increase the risk of fracture in that area 
[11]. Hanusch et al., in 2016 in a case control 
study, on 61 men with distal posterior fracture of 
mild trauma and 59 men in control group showed 
that the BMD of the distal forearm in the case 
group was significantly lower than the control 
group [8]. 
 

Therefore, the conventional BMD (hip and 
lumbar) estimates the BMD of patients who have 
just a distal posterior region of the osteoporosis 
as normal (misdiagnosis & underestimate), which 
leads to complications of non-diagnosis and 
timely treatment such as the fracture in that area 
which it is accompanied by a patient's disability 
and significant financial costs for the patient and 
the treatment system. 
 
Regarding the high prevalence of distal forearm 
fractures, associated morbidity and costs, it 
seems that screening and treatment of distal 
posterior osteoporosis is beneficial. 
 
Finally, considering the possibility of 
osteoporosis in distal forearm, despite the normal 
BMD in the conventional method and possible 
complications due to its lack of recognition, 
including the fracture and the predictive value of 
distal forearm densitometry for prediction BMD in 
axial (including the hip and spine), BMD in 3 
regions (hip, spine and distal forearm) is very 
helpful to increase the sensitivity of osteoporosis 
diagnosis. 
 
Although in the conventional osteoporosis 
diagnostic method, BMD is performed in hip and 
spine, but by adding a bone densitometry in the 
distal forearm (BMD in hip, spine and distal 

forearm) in the present study, it was shown that 
diagnostic sensitivity of osteoporosis would 
increase significantly, until there would be 29 
cases (11.6%) misdiagnoses, regardless of distal 
forearm density. On the other hand, the distal 
forearm densitometry may be used as an 
alternative method in cases where BMD cannot 
be performed in hip and spine. Bone mineral 
density alone is not a strong index to diagnose 
high risk fracture in patients. The variety and 
confusing clinical and radiographic phenotypes 
made the task even harder.  

 
5. CONCLUSION 
 
Adding distal forearm densitometry to 
conventional method significantly increasing 
diagnostic sensitivity of osteoporosis and would 
prevent misdiagnosis. Distal forearm 
densitometry can use as a predictor indicator of 
axial osteoporosis. 
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