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ABSTRACT 

Objective: This study was designed with an aim to evaluate the ability of dual-energy X-ray absorptiometry (DXA) in the diagnosis of 

osteopenia and osteoporosis. Materials and Methods: In this prospective study DXA scan was utilized to examine the bone density 

for 30 participants. The statistical diagnostic test was used to detect sensitivity, specificity and accuracy of a DXA scan regarding to 

the findings of histological histomorphometric parameters in the obtained bone biopsies. Results: The DXA scan revealed a T-score 

= -2.5 SD in participants 12 (40%) diagnosed with osteoporosis while a T-score = -1 SD was detected in participants 10 (33.3%) 

diagnosed with osteopenia. The sensitivity, specificity and accuracy of DXA T-score in diagnosing osteoporosis and osteopenia cases 
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were (100%, 0% and 100%) and (91.67%, 0% and 90%), consequently. Conclusion: For the diagnosis of osteopenia and osteoporosis, 

DXA is sensitive and precise, however less productive than the histological histomorphometric technique for analysis with low 

explicitness. 

 

Keywords: Dual-energy X-ray absorptiometry scan; Osteopenia; Osteoporosis 

 

 

1. INTRODUCTION 

Dual-energy X-ray absorptiometry (DXA) is the current gold standard technique for measuring bone mineral density (BMD) and 

commonly used for diagnosis of osteoporosis and osteopenia. It is done on the lower spine and hips most frequently. In children 

and adults, the whole body must be scanned (Watts, 2004; Cummings et al., 2002; Blake and Fogelman, 2007). The skeleton is 

divided into two descriptive regions: i) axial skeleton that includes the bones of the skull, vertebral column, ribs and sternum and ii) 

appendicular skeleton which consists of the bones of the limbs, including pectoral and pelvic girdles (Barnes, 2012). The size and 

shape of the skeleton change continuously and rabidly during growth due to activity of bone formation and resorption (Mora and 

Gilsanz, 2003). Osteoporosis is characterized by decreased bone mineral and changes in the microarchitectural of bone tissue (Sözen 

et al., 2017). These events increased bone fragility and causing bone fracture (Peterson, 2001). Although osteoporosis often thought 

of as a women's disease, it affects men too (Bonnick, 2006; Cawthon, 2011). The most common fractures associated with 

osteoporosis occur in the spine, hip and wrist (Kanis, 2002; Johnell and Kanis, 2005). These fractures lead to serious complications 

that might require surgical intervention and long-term rehabilitation (Kanis, 1994). In osteopenia, however, the bone loss is not as 

severe as in osteoporosis (Kanis, 1990). Both male and female are effected by osteopenia, but the main burden of disease is more 

among postmenopausal women. Therefore, early diagnosis and treatment is important to prevent development of skeletal fractures. 

The measurement of bone mineral density (BMD) can identify the difference between osteoporosis and osteopenia (Karaguzel and 

Holick, 2010).  

This study was designed with an aim to evaluate the ability of DXA in the diagnoses of osteopenia and osteoporosis. 

Furthermore, this study will assess the sensitivity, specificity and accuracy of DXA. 

 

2. MATERIALS AND METHODS 

After receiving approval from the local ethics committee, this prospective study was conducted at Fedail Hospital's Imaging 

Department in Khartoum, Sudan. The methodology followed was as per the Helsinki Declaration of 1975 that was overhauled in 

2013. The written and verbal informed consent was obtained from all participants before enrollment in the study. Between March 

2019 and May 2020, a sum of 30 Sudanese participants were scanned using DXA scan. The General Electric (GE) Helathcare Aria 

central DXA gadget; Shanghai, China was utilized to gauge bone density in the hip and the spines of the examined members. The 

inclusion criteria include rheumatoid arthritis, systemic lupus erythermatosus (SLE), endocrine and metabolic diseases, history of 

multiple myeloma, ankylosing spondylitis, connective tissue disease and bone tumor. Participants with a history of disease that may 

result in secondary osteoporosis or osteopenia such as heparin or steroid therapy, heavy smoking, excessive alcohol intake and 

thyrotoxicosis were excluded. 

Utilizing the producer's software, the acquired DXA estimations were dissected. Based on the Chinese reference database, the 

DXA T-score was determined (Cheng et al., 2007). In the dorsal decubitus position, vertebrae from L1 to L4 and the left hip were 

checked utilizing postero-anterior (PA) projections. The T-score for L1-L4 and for the femoral neck notwithstanding the all-out hip 

assessment by DXA was used to analyze osteoporosis and osteopenia. The authors used the diagnostic criteria established by the 

World Health Organization (WHO) in 1994 (Kanis et al., 1994). The normal BMD per cubic centimeter (mg/cm3) of calcium 

hydroxyapatite is spoken to in milligrams. For spinal trabecular bone BMD, osteopenia edges of 120 mg/cm3 (equivalent to DXA T-

score of - 1.0 SD) and osteoporosis cutoff points of 80 mg/cm3 (indistinguishable from DXA T-score of - 2.5 SD) were proposed by 

the International Society for Clinical Densitometry (ISCD) in 2007 and by the American College of Radiology (ACR) in 2008.  

In image interpretation, one experienced Radiologist was interpreted images to identify the role of a DXA scan in the diagnosis 

of BMD as well as to determine the ability of a DXA scan in the diagnosis of osteoporosis and osteopenia.  A consort flow diagram 

of the current study was presented in Figure 1. Data were initially summarized in a form of comparison tables and the results were 

analyzed by using the standard Statistical Package for the Social Sciences (SPSS) version 20 for Windows (IBM Corporation, Armonk, 

NY, USA). The statistical diagnostic test was used to detect sensitivity, specificity and accuracy of a DXA scan regarding to the 

findings of histological histomorphometric parameters in the obtained bone biopsies of osteoporosis and osteopenia cases. 

http://www.radiologyinfo.org/en/glossary/glossary1.cfm?gid=427
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Figure 1 The flow chart of the current study. 

 

3. RESULTS 

In the present study, the frequency of the distribution of age groups in the examined participants were from the age of 25-40 years; 

4 (13.3%), 41-55 years; 4 (13.3%), 56-70 years; 14 (46.7%), 71-85 years; 7 (23.3%) and only 1 (3.3%) participant was above 85 years 

old. About 19 (63.3%) of the 30 participants were females and 11 (36.7%) were males. The distribution of body height of the 

examined participants was 140-150 cm; 5 (13.3%), 151-160 cm; 11 (36.6%), 161-170 cm; 7 (23.3%), 171-180 cm; 6 (20%) and 181-190 

cm; 1 (3.3%). Regarding participants’ body mass index (BMI) categories were of 7 (23.3%) of normal weight and 23 (76.7%) were 

overweight (Table 1). 

 

Table 1 Demonstrates the general characteristics (age, gender, height and BMI) of the study samples 

Participants’ age (years) n (%) 

25-40 years 

41-55 years 

56-70 years 

71-85 years 

86-100 years 

4 (13.3%) 

4 (13.3%) 

14 (46.7%) 

7 (23.3%) 

1 (3.3%) 

Participants’ gender n (%) 

Male 

Female 

11 (36.7%) 

19 (63.3%) 

Participants’ body height (cm) n (%) 

140-150 cm 

151-160 cm 

161-170 cm 

171-180 cm 

181-190 cm 

5 (13.3%) 

11 (36.7%) 

7 (23.3%) 

6 (20%) 

1 (3.3%) 

Participants’ BMI classifications n (%) 

Average weight (18.5-24.9) 

Overweight (25-29.9) 

7 (23.3%) 

23 (76.7%) 

 

Approval from the local 
ethics committee

1

A prospective study 
conducted in the Imaging 

Department of Fedail 
Hospital in Khartoum, 

Sudan

2

Both written and verbal 
informed consent were 

obtained from all 
participants

3

General Electric (GE) 
Helathcare Aria central 
DXA device; Shanghai, 

China was used

4
Specific inclusion and 
exclusion criteria were 

followed
5

Using the manufacturer's 
software, the obtained 
DXA measurements 

were analysed

6

One experienced 
Radiologist was 

interpreted images to 
determine the ability of 
DXA in the diagnosis of 

osteoporosis and 
osteopenia

7

The statistical diagnostic 
test was used to detect 
sensitivity, specificity 
and accuracy of DXA

8

Histological 
histomorphometric 
parameters in the 

obtained bone biopsies 
of osteoporosis and 

osteopenia cases were 
used to cofirm DXA 

findings
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The results revealed that 8 (26.7%) participants presented with a normal calcium serum level in comparison to 22 (73.3%) whom 

presented with an abnormal levels of calcium in blood serum. DXA managed to detect osteoporosis in 12 (40%) of participants, 

while the incidence of osteopenia was 10 (33.3%) and the rest of the participants 8 (26.7%) were normal. Osteoporosis was found to 

distribute in age groups as follows: 1 (8.3%) case in 25-40 years, 1 (8.3%) in 41-55 years, 7 (58.3%) in 56-70 years and 3 (25%) in 71-

85 years. The prevalence of osteopenia among age groups was about 1 (10%) in 25-40 years, 4 (40%) in 56-70 years, 4 (40%) in 71-

85 years and 1 (10%) in 86-100 years. It should be noted that there was no incidence of osteopenia and osteoporosis in the age 

groups of 41-55 years and 86-100 years, respectively. The findings demonstrated that osteoporosis was common in females 9 (75%) 

when compared to males 3 (25%) participants. Osteopenia presented with an equal incidence 5 (50%) for each gender. The DXA 

check uncovered a T-score = - 2.5 SD in participants 12 (40%) diagnosed with osteoporosis while a T-score = -1 SD was detected in 

participants 10 (33.3%) diagnosed with osteopenia. A DXA T-score < -1 SD was observed in normal participants 8 (26.7%) (Table 2). 

 

Table 2 Demonstrate calcium serum levels, osteoporosis and osteopenia incidence in different age groups and genders and DXA T-

score (SD) in osteoporosis and osteopenia cases of the study samples 

Calcium serum levels n (%) 

Normal calcium serum levels 

Abnormal calcium serum levels 

8 (26.7%) 

22 (73.3%) 

Osteoporosis and osteopenia incidence in 

different age groups 

Osteoporosis 

incidence; n (%) 

Osteopenia 

incidence; n (%) 

25-40 years 

41-55 years 

56-70 years 

71-85 years 

86-100 years 

1 (8.3%) 

1 (8.3%) 

7 (58.3%) 

3 (25%) 

0 (0%) 

1 (10%) 

0 (0%) 

4 (40%) 

4 (40%) 

1 (10%) 

Osteoporosis and osteopenia incidence in 

genders 

Osteoporosis 

incidence; n (%) 

Osteopenia 

incidence; n (%) 

Male 

Female 

3 (25%) 

9 (75%) 

5 (50%) 

5 (50%) 

DXA T-score value (SD) 
Osteoporosis 

incidence; n (%) 

Osteopenia 

incidence; n (%) 

T-score = -2.5 SD 

T-score = -1 SD 

12 (40%) 

0 (0%) 

0 (0%) 

10 (33.3%) 

 

Osteoporosis incidence was common 8 (66.6%) in participants with body height ranged from 140-160 cm while participants with 

body height of 161-170 cm were characterized by the least incidence 1 (8.3%) of osteoporosis. In contrast, osteopenia was common 

4 (40%) in participants with body height ranged from 151-160 cm. In addition, the least incidence of osteopenia was about 1 (10%) 

in the participants whom their body height of 140-150 cm (Table 3). Furthermore, osteoporosis and osteopenia were common in 

overweigh participants (BMI of 25-29.9) with an incidence of 8 (66.7%) and 7 (70%), consequently. Unfortunately, this did not rule 

out the occurrence of osteoporosis and osteopenia in participants with normal weight (BMI of 18.5-24.9) (Table 3). 

 

Table 3 Demonstrate the incidence of osteoporosis and osteopenia according to participants’ body height and BMI in the study 

samples 

Participants’ body height (cm) 
Osteoporosis 

incidence; n (%) 

Osteopenia 

incidence; n (%) 

140-150 cm 

151-160 cm 

161-170 cm 

171-180 cm 

181-190 cm 

4 (33.3%) 

4 (33.3%) 

1 (8.3%) 

3 (25.1%) 

0 (0%) 

1 (10%) 

4 (40%) 

3 (30%) 

2 (20%) 

0 (0%) 

Participants’ BMI classifications 
Osteoporosis 

incidence; n (%) 

Osteopenia 

incidence; n (%) 

Average weight (18.5-24.9) 

Overweight (25-29.9) 

4 (33.3%) 

8 (66.7%) 

3 (30%) 

7 (70%) 
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Furthermore, the incidence of osteoporosis and osteopenia according to participants’ genders, different age groups, DXA T-

score value (SD), body height (cm) and BMI categories was summarized in Figure 2. 

 

 

Figure 2 The incidence of osteoporosis and osteopenia according to participants’ genders, different age groups, DXA T-score value 

(SD), body height (cm) and BMI categories. 

 

Regarding the findings of histological histomorphometric parameters in the obtained bone biopsies of osteoporosis and 

osteopenia cases, the statistical diagnostic test revealed that DXA T-score = -2.5 SD was 100% (95% confidence interval (CI) of 

71.51% to 100%) sensitive, 0% (95% CI 0% to 97.5%) specific and 91.67% (95% CI of 61.52% to 99.79%) exact in determining 

osteoporosis. In addition, DXA T-score = -1 SD was 100% (95% CI of 66.37% to 100%) sensitive, 0% (95% CI 0% to 97.5%) specificity 

and 90% (95% CI 55.5% to 99.75%) exact in determining osteopenia. According to statistical diagnostic test, osteoporosis and 

osteopenia prevalence was of 91.67% and 90% with a 95% CI of 61.52% to 99.79% and 55.5% to 99.75%, consequently (Table 4 and 

Figure 3). 

 

Table 4 Final diagnosis of osteoporosis and osteopenia based on histological histomorphometric parameters 

Statistical diagnostic test for DXA T-score = -2.5 SD for osteoporosis 

Test Present n 

Positive(+ve) 

Negative(-ve) 

True +ve 

False -ve 

11 

0 

Test Absent n 

+ve 

-ve 

False +ve 

True -ve 

1 

0 

Statistic Value 95% CI 

Sensitivity 

Specificity 

Accuracy 

Disease prevalence 

100% 

0% 

91.67% 

91.67% 

71.51% to 100.00% 

0% to 97.5% 

61.52% to 99.79% 

61.52% to 99.79% 

1

1

7

3

0

3

9

12

0

4

4

1

3

0

4

8

1

0

4

4

1

5

5

0

10

1

4

3

2

0

3

7

0 2 4 6 8 10 12 14

25-40 years

41-55 years

56-70 years

71-85 years

86-100 years

Male

Female

T-score = -2.5 SD

T-score = -1 SD

140-150 cm

151-160 cm

161-170 cm

171-180 cm

181-190 cm

Normal weight (18.5-24.9)

Overweight (25-29.9)

Osteopenia incidence; n Osteoporosis incidence; n
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Statistical diagnostic test for DXA T-score = -1 SD for osteopenia 

Test Present n 

+ve 

-ve 

True +ve 

False -ve 

9 

0 

Test Absent n 

+ve 

-ve 

False +ve 

True -ve 

1 

0 

Statistic Value 95% CI 

Sensitivity 

Specificity 

Accuracy 

Disease prevalence 

100% 

0% 

90% 

90% 

66.37% to 100.00% 

0.00% to 97.50% 

55.50% to 99.75% 

55.50% to 99.75% 

 

 

 

Figure 3 The sensitivity, accuracy, disease prevalence and specificity of DXA T-score = -1 SD for osteopenia and DXA T-score = -2.5 

SD for osteoporosis by using the statistical diagnostic test. 

 

4. DISCUSSION 

For the precise diagnosis of osteoporosis and osteopenia, the appropriate choice of technique and site of measurement is critical (Li 

et al., 2013). The frequency of the distribution of age groups in the examined participants was from the age of 25 to 100 years. 

About 19 (63.3%) of the 30 participants were females and 11 (36.7%) were males. The distribution of body height of the examined 

participants was about 140-190 cm. In addition, the participants’ body mass index (BMI) categories were of 7 (23.3%) of normal 

weight and 23 (76.7%) were overweight (Table 1). 

DXA managed to detect osteoporosis in 12 (40%) of participants, while the incidence of osteopenia was 10 (33.3%) (Table 2). The 

findings demonstrated that osteoporosis was common in females 9 (75%) when compared to males 3 (25%) participants. 

Osteopenia presented with an equal incidence 5 (50%) for each gender (Table 2).Furthermore, osteoporosis and osteopenia were 

common in overweigh participants (BMI of 25-29.9) with an incidence of 8 (66.7%) and 7 (70%), consequently. Unfortunately, this did 

not rule out the occurrence of osteoporosis and osteopenia in participants with normal weight (BMI of 18.5-24.9) (Table 3). These 

findings were found to be consistent with two studies that have shown low BMD with increasing age (Sharma et al., 2019; Burger et 

0%
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30%

40%

50%

60%

70%

80%

90%

100%

Statistical diagnostic test for DXA T-

score = -2.5 SD for osteoporosis
Statistical diagnostic test for DXA T-

score = -1 SD for osteopenia

100% 100%91.67% 90%91.67%
90%

0%

0%

Sensitivity Accuracy Disease prevalence Specificity
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al., 1998). In both male and female, the loss of BMD was significantly seen after 50 years of age (Bonnick, 2006; Papaioannou et al., 

2009; Waugh et al., 2009).This loss of bone mass with ageing was because of increased osteoclast mediated bone resorption, cortical 

porosity and endocortical thinning (Bonnick, 2006). In addition, the decline in serum estradiol levels is the most important risk factor 

for bone mass loss after the fifth decade of life, particularly in postmenopausal women (Bonnick, 2006). 

Furthermore, the results of our study were in line with previous studies that have shown women were more susceptible to 

osteoporosis than men (Cawthon, 2011; Bandela et al., 2015; von Wowern, 2001). It was evident that BMD decreases after 

menopause in females and this increases the incidence of osteoporosis and risk of fracture in postmenopausal women (Nguyen et 

al., 2007; Gallagher, 2007; Stepan et al., 2010; Black and Rosen, 2016; Nahas et al., 2011). The findings of the current study were also 

in agreement with results that have shown a positive correlation of body height and BMI with BMD (Marwaha et al., 2012; Kim et al., 

2017). These studies suggest that height and weight are well-recognized factors for BMD(Marwaha et al., 2012; Kim et al., 2017).We 

can also confirm that current results were in line with other studies that reported a significant correlation between increasing BMI 

and development of osteoporosis and osteopenia (Zhao et al., 2007; Janicka et al., 2007). However, it is still unclear whether 

increasing BMI has a beneficial effect on bone mass and protect against bone fracture (Salamat et al., 2016).  

In the clinical diagnosis of osteoporosis and osteopenia, the diagnostic criteria for DXA set by WHO in 1994 have long been used 

as the gold standard (Kanis et al., 1994). The lumbar spine and hip are the most frequently assessed locations. The turnover rate of 

trabecular bone is higher than that of cortical bone (Kanis et al., 1994; Li et al., 2013). DXA was able to detect osteoporosis and 

osteopenia in 12 (40%) and 10 (33.3%) participants, respectively, in the current study (Table 2). However, cortical bone is still 

included in DXA of the hip; thus, degenerative changes can affect the findings, leading to a decrease in the ability to detect 

osteoporosis and osteopenia (Schneider et al., 2006).  

Humadi et al., (2010) compared the validity of the DXA diagnosis of involutional osteoporosis in patients with femoral neck 

fractures to histomorphometry as a gold standard in the diagnosis of involutional osteoporosis in humans. Where up to 88.2% of 

potential osteoporosis cases can be identified by DXA (sensitivity 88.2%), but the accuracy of this diagnostic method is 62.5% at a T-

score of ≤ -2. DXA likewise exhibited exceptional exactness for bone mineral substance, without fat soft tissue mass and 

commendable fat assessment faithful quality (Bilsborough et al., 2014). Discoveries of Humadi et al., (2010) and Bilsborough et al., 

(2014) support our results about the sensitivity, specificity and accuracy of DXA in the diagnosis of osteopenia and osteoporosis 

(Table 4).  

As a result of the randomized selection process, this research is constrained by the unevenness of the population, which may 

sadly affect the accuracy of DXA in the diagnosis of osteopenia and osteoporosis and, in fact, substantially reduce the strength of 

the conclusions because, if replicated in future studies, other age groups have lower statistical credibility. Given the advantages of 

our current study, which were based on the nature of the study itself, which is that it is a prospective cohort study. In general, for 

research on the etiology of diseases and disorders, prospective study is essential. The distinctive characteristic of a prospective 

cohort study is that none of the subjects had established any of the outcomes of interest at the time that the researchers began 

enrolling subjects and gathering baseline exposure information. However, we should take in mind the disadvantages of prospective 

cohort study as: i) follow large numbers of subjects for a long time, ii) very expensive and time consuming, iii) were not good for rare 

diseases with a long latency and iv) differential loss to follow up can introduce bias. This article is much frequently studied a model 

regards evaluation the ability of DXA in the diagnosis of osteopenia and osteoporosis and current work done with a small sample 

size, it may affect the accuracy of results. Thus, the sample size should be increase in future studies to get accurate results.  

Despite the above limitations, the importance of the current study lies upon it is one of the few studies that its trend was to 

bridge the knowledge gap in literature about evaluating the ability of DXA in the diagnosis of osteopenia and osteoporosis. In 

addition, it determined the sensitivity, specificity and accuracy of DXA in the diagnosis of these pathologies. 

 

5. CONCLUSION 

For the diagnosis of osteopenia and osteoporosis, DXA is a non-invasive and easy process. DXA is sensitive and accurate for the 

diagnosis of osteopenia and osteoporosis, but less efficient than the histological histomorphometric method of diagnosis with low 

specificity. Histological histomorphometry is still the most reliable and definitive method of diagnosis of osteopenia and 

osteoporosis and should be considered when DXA results do not fit the clinical diagnosis. 

 

Abbreviations 

DXA; dual-energy X-ray absorptiometry, BMD; bone mineral density, BMI; body mass index, SLE; systemic lupus erythermatosus, 

QCT; quantitative computed tomography. 
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