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Abstract 

Background Osteoporosis is a prevalent condition leading to an increased risk of bone fractures. Osteoporosis poses 
a worldwide public health concern, impacting over 200 million individuals and resulting in a staggering 1.66 mil-
lion hip fractures each year. Opportunistic osteoporosis screening can be employed during CT scans to assess bone 
mineral density (BMD) through Hounsfield units (HU) without the need for additional imaging, radiation exposure, 
or appointments. This study aimed to investigate a CT scan’s diagnostic value in the opportunistic osteoporosis 
screening through L1 vertebra densitometry and compare it with dual-energy x-ray absorptiometry (DXA) findings.

Results One hundred forty-nine patients with an average age of 67.70 ± 10.94 years were included in the study. 
The age of osteoporotic patients was significantly higher than osteopenic (p = 0.001) and normal individuals (p < 
0.001). The HU of osteoporotic patients was found to be significantly lower compared to both osteopenic (p = 0.023) 
and normal individuals (p < 0.001). According to the ROC curve for osteoporosis prediction using the HU (AUC = 0.793 
and p < 0.001), with a cut-off of 103 HU, the CT scan had a sensitivity of 69% and a specificity of 74% for the diagnosis 
of osteoporosis.

Conclusion Individuals with osteoporosis exhibit a significantly lower average HU compared to both osteopenic 
and healthy individuals. A CT scan can serve as an effective predictor of osteoporosis in patients. The CT images 
obtained for reasons unrelated to osteoporosis diagnosis can be employed to discern patients with osteoporosis 
without incurring the added cost or radiation exposure.
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Background
Osteoporosis is a prevalent condition that affects peo-
ple worldwide. It is marked by decreased bone mass and 
changes in bone structure, leading to an increased risk 
of bone fragility and fractures [1]. Osteoporosis poses a 
worldwide public health concern, impacting over 200 
million women all over the world and resulting in a stag-
gering 1.66 million hip fractures each year [2]. Approxi-
mately 33% of women and 20% of men over the age of 50 
will suffer from an osteoporotic fracture at some point 
in their lives [3]. Due to the aging population, there is an 
expected significant increase in the prevalence of osteo-
porosis in the future [4]. As age advances, the decrease 
in bone mineral density (BMD) becomes more apparent, 
leading to a significant rise in the proportion of patients 
diagnosed with osteoporosis [5].

The main description of [5] BMD revolves around its 
representation as a T-score, indicating the difference in 
standard deviations (SD) between an individual’s BMD 
and the mean value of young, healthy individuals [4]. 
According to the report from the World Health Organi-
zation (WHO), BMD is categorized as normal when the 
T-score is within ± 1SD, osteopenia when the T-score 
ranges between − 1.0 and − 2.5 SD, and osteoporosis 
when the T-score falls below − 2.5 SD [6].

Generally, the recommended technique for assessing 
osteoporosis is through the utilization of dual-energy x-
ray absorptiometry (DXA) scans, explicitly targeting the 
lumbar spine and hip to measure BMD of the central 
skeleton [7].

It is important to acknowledge that there are several 
limitations when using DXA to define osteoporosis. 
These limitations include the confounding effects on sur-
rounding soft tissue, bone artifacts resulting from osteo-
arthritis, aortic calcification, and vertebral compression 
fractures. Additionally, DXA does not provide informa-
tion on bone microstructure or quality, both of which are 
thought to play a role in fracture risk [8, 9]. It is worth 
mentioning that about half of patients with osteoporotic 
vertebral compression fractures had non-osteoporotic 
T-scores and displayed false-negative results on DXA 
scans [10]. DXA has limited applicability in individuals 
with spinal deformity or a history of spinal surgery [11].

Hence, incorporating alternative techniques, such as 
computed tomography (CT), is required to improve the 
detection of osteoporosis. One benefit associated with 
a CT scan is its distinctive capacity to measure the tra-
becular and cortical bone density within the vertebral 
body independently. The metabolic activity of the tra-
becular part of the vertebral body is approximately eight 
times greater than that of its cortical part. Therefore, 
when it comes to evaluating bone changes linked to age 
or osteoporosis treatment, CT scans outperform DXA 

[12]. Additionally, the bone density values derived from 
the CT scan method are not influenced by bone or body 
size [13]. One distinct benefit of CT in comparison to 
DXA BMD screening lies in its capability to detect unsus-
pected osteoporotic compression fractures precisely. This 
enables the diagnosis of osteoporosis regardless of the 
patient’s DXA T-score [10, 14].

Despite the aforementioned advantages of the CT scan, 
the great radiation dose relative to the DXA scan lim-
its its use routinely in osteoporosis screening. However, 
opportunistic osteoporosis screening can be employed 
during CT scans to assess BMD through Hounsfield units 
(HU) without the need for additional imaging, radiation 
exposure, or appointments [15, 16].

Radiologists employ HU as a relative quantitative meas-
urement of radio density when interpreting CT images. 
The computation of the Hounsfield unit necessitates a 
linear transformation of the baseline linear attenuation 
coefficient of the X-ray beam. Distilled water is defined as 
having a Hounsfield unit value of zero, in contrast to air 
which is assigned − 1000 HU [17].

This study aimed to investigate the diagnostic value of a 
CT scan in opportunistic osteoporosis screening through 
L1 vertebra densitometry and compare it with DXA 
findings.

Methods
The present cross-sectional study was conducted on eli-
gible patients admitted to Ghaem and Emdad Hospitals, 
academic hospitals of the Mashhad University of Medical 
Sciences, Mashhad, Iran. In the present study, individu-
als who underwent densitometry using the DXA method 
between 2021 and 2022 and subsequently received CT 
scans within a 90-day window before or after were identi-
fied and had their radiology records reviewed.

Individuals were categorized into three groups based 
on the T-score obtained through the DXA method: [6]

• Normal: T-score ≥ − 1
• Osteopenia: T-score less than − 1 and more than − 

2.5
• Osteoporosis: T-score equal to or less than − 2.5

Patients included in the study underwent a CT scan of 
the chest or abdomen using a 16-slice multi-detector CT 
machine at a fixed peak voltage of 120 kV. The average 
density of the L1 vertebra was measured in the CT scan 
images of the patients. This measurement was taken on 
the images along the body’s midline, two adjacent cuts on 
the left side, and two adjacent cuts on the right side. Two 
blinded expert radiologists conducted the measurements. 
Finally, the average of these five values  was recorded as 
the density of the vertebra.
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A circular area with a diameter of about 2 cm in the 
anterior two-thirds of the trabecular part of the vertebral 
bodies was designated as the region of interest (ROI), 
excluding bone lesions, sclerosis of the vertebral end-
plate, and venous network (Fig. 1). Hounsfield’s number 
was evaluated in a CT scan, with the T-score obtained 
from the DXA method being considered the gold stand-
ard. The receiver operating characteristic (ROC) curve 
was employed for this specific purpose. The area under 
the curve (AUC) was calculated using SPSS 25.0 as the 
software, with the determination of sensitivity and speci-
ficity conducted for different cut points. The ANOVA test 
was implemented in  situations of normal distribution, 
whereas the Kruskal-Wallis test was conducted for non-
normal distributions. Pearson’s test was implemented to 
analyze the correlation between variables in instances of 
normal distribution, while the Spearman correlation test 
was utilized for non-normally distributed data. A p-value 
< 0.05 was considered statistically significant.

Results
One hundred forty-nine patients with an average age of 
67.70 ± 10.94 years were included in the study, of which 
129 (86.6%) were female. Ninety-one patients (61.1%) had 
osteoporosis, and 33 patients (22.1%) had osteopenia.

Figure 2 illustrates the comparison of gender distribu-
tion among normal individuals, individuals with osteo-
penia, and individuals with osteoporosis. The results 
demonstrate a significant difference in the occurrence 
of osteoporosis between the genders. In detail, 66.7% of 
female patients were found to have osteoporosis, while 
the prevalence among male patients was 40% (p = 0.033).

Table 1 presents a comparison of age and the Houns-
field unit among individuals categorized as normal, 
osteopenic, and osteoporotic. As seen, the age of osteo-
porotic patients was significantly higher than osteopenic 
patients (p = 0.001) and normal patients (p < 0.001). 
There was no significant difference between the age of 
osteopenic patients and normal people (p = 0.140). In 
addition, the Hounsfield unit of osteoporotic patients 
was found to be significantly lower compared to both 
osteopenic patients (p = 0.023) and normal individuals (p 
< 0.001). Furthermore, the Hounsfield unit of osteopenic 
patients was also significantly lower than that of normal 
individuals (p < 0.001).

In Fig.  3, the Hounsfield unit of patients is depicted 
according to their T-score, whereas Fig. 4 illustrates the 
ROC curve for osteoporosis prediction using the Houns-
field unit. According to AUC = 0.793 and p < 0.001, 
the Hounsfield unit can reliably predict the presence of 
osteoporosis in patients. In Table  2, the sensitivity and 

Fig. 1 Axial reconstruction of trabecular L1 vertebral body in the bone window (A) and sagittal reconstruction of the lumbar spine (B) used 
for the determination of attenuation of trabecular part of the vertebral body via ROI tool in the bone window, excluding bone lesions and sclerosis 
of the vertebral endplate
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Fig. 2 Gender of patients with osteoporosis, osteopenia, and normal people

Table 1 Comparison of age and Hounsfield units of normal people, people with osteopenia, and people with osteoporosis

*  ANOVA test

P1, comparison of osteoporosis with osteopenia, Tukey HSD test; P2, comparison of osteoporosis with the normal group, Tukey HSD test; P3, comparison of osteopenia 
with the normal group, Tukey HSD test

Osteoporosis Osteopenia Normal P value* P1 P2 P3

Age 71.32±9.51 63.83±10.02 58.76±10.67 0.001> 0.001 0.001> 0.140
Hounsfield unit 84.99±39.83 106.47±30.90 153.92±40.21 0.001> 0.023 0.001> 0.001>

Fig. 3 Scatterplot plot showing the Hounsfield unit of patients with different T-scores
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specificity of different cut-offs of the Hounsfield unit for 
the diagnosis of osteoporosis are given.

The patients were divided into two groups to investi-
gate the relationship between age and the concordance 
between CT scans and DXA results. Patients in the first 
group were 65 or younger (68 patients), whereas the 
second group consisted of patients older than 65 (81 
patients). The results showed that in the first group, the 
AUC was equal to 0.825 (p < 0.001), and in the second 
group, it was equal to 0.700 (p = 0.014). According to 
the results, there has been a higher level of concordance 
between CT scan and DXA results in younger individuals 
compared to older individuals.

Discussion
The application of CT data obtained from imaging pro-
cedures performed for other purposes has been desig-
nated opportunistic use and does not demand additional 
radiation. The approach we employed necessitates mini-
mal training and time, making it feasible for prospective 

implementation by an interpreting radiologist or retro-
spective usage by a radiologist or even a non-radiologist. 
Moreover, it incurs no additional expenses, patient time, 
equipment, or radiation exposure. CT calculates x-ray 
attenuation coefficients, which are normalized to the 
Hounsfield unit values. These coefficients can be utilized 
to estimate bone status and permit the measurement of 
bone mineral density through the application of tech-
niques. Although BMD has traditionally been evaluated 
and defined through DXA, CT scans provide a more 
advanced method of assessment. CT scanning allows for 
a comprehensive spine analysis, enabling the placement 
of an ROI marker that accurately portrays the overall 
bone quality [18, 19].

The current study aimed to investigate the role of CT 
scans in diagnosing osteoporosis through L1 vertebra 
densitometry. This study sought to measure the density 
of the L1 vertebra, which is easily identifiable as the first 
non-rib-bearing vertebra and is consistently present in 
all routine abdominal and chest CT scans. As a result, its 
potential for achieving a higher overall screening yield is 
significantly increased. In our study, 61% of patients had 
osteoporosis based on DXA results, and nearly 22% had 
osteopenia. Predictably, the prevalence of osteoporosis 
was markedly higher in female patients compared to male 
patients, with 67% of females and 40% of males exhibiting 
the condition. Additionally, the age of patients with oste-
oporosis surpassed that of individuals with osteopenia 
and those with normal bone density. This matter is also 
anticipated as the likelihood of developing osteoporosis 
rises with advancing age [20].

This study aimed to determine the diagnostic signifi-
cance of CT scans in osteoporosis. By examining the 
Hounsfield unit of CT scans obtained from the L1 ver-
tebra of patients, it was observed that individuals with 
osteoporosis exhibited a significantly lower average 
Hounsfield unit compared to both osteopenic patients 
and healthy individuals. In addition, the Hounsfield unit 
in osteopenic patients was markedly lower compared 
to individuals with normal bone density. According to 
the ROC curve analysis, a CT scan has the potential to 
serve as an effective predictor of osteoporosis in patients. 

Fig. 4 ROC curve for predicting osteoporosis using Hounsfield units

Table 2 Diagnostic value of CT scan for the detection of osteoporosis

Hounsfield unit Sensitivity (percentage) Specificity (percentage) Positive predictive value 
(percentage)

Negative predictive 
value (percentage)

Under 79 46 90 87.8 51.6
Under 93.5 60 79 81.7 55.8
Under 103 69 74 80.6 60.4
Under 113 86 64 78.9 74.5
Under 119 89 55 75.6 76.1
Under 128 92 43 71.6 77.5
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When the Hounsfield unit cut-off of 103 is considered, a 
CT scan can exhibit a sensitivity of 69% and a specificity 
of 74% in diagnosing osteoporosis.

The examination of CT scans for bone strength meas-
urement and fracture prediction has been the subject of a 
recent study. Studies have demonstrated that in addition 
to its role in diagnosing osteoporosis by measuring BMD, 
a CT scan possesses a distinct capability to offer ana-
tomical morphology information and acquire numerous 
quantitative parameters related to bone health, all with-
out inducing discomfort caused by movement, particu-
larly in older individuals. Additionally, it is imperative to 
determine the particulars of vertebral fractures [21, 22].

DXA and CT scans are the primary clinical modalities 
employed to measure BMD. The possibility of oppor-
tunistically diagnosing osteoporosis during routine CT 
examinations conducted for other indications has been 
examined and compared with DXA [16, 19, 23, 24].

A study by Xiao-ming Xu et al. [25] found that discrep-
ancies may exist between CT scans and DXA in diag-
nosing osteoporosis. This is attributed to factors such as 
spinal degeneration, aortic calcification, and fractures, 
which can create diagnostic ambiguity in spinal BMD 
measurement via DXA. According to their study, the CT 
scan proved to be a more sensitive technique for measur-
ing BMD in older Chinese men. In this study, BMD was 
determined using both CT scan and DXA. In our study, 
given that DXA was regarded as the gold standard and 
BMD calculation was not conducted via CT scan, the 
sensitivity of DXA cannot be compared to that of a CT 
scan. Nevertheless, our study’s findings indicate no com-
plete concordance between the results of the CT scan 
and DXA, just like in the study conducted by Xiao-ming 
Xu. Furthermore, the discordance rate between CT scans 
and DXA exhibits an upward trend with increasing age.

Pickhardt’s study [10] examined patients who under-
went an abdominal CT scan and DXA 6 months apart. 
The results revealed a significant difference in the aver-
age Hounsfield unit between individuals with osteopo-
rosis (based on DXA) and others. Also, by determining 
the cut-off of 135 for the Hounsfield unit in the L1 
vertebra, the CT scan had a sensitivity of 75.5% and a 
specificity of 75.4% for the diagnosis of osteoporosis. 
Similar to Pickhardt’s study, our study showed that CT 
scans can reliably detect osteoporosis in patients. Nev-
ertheless, our study observed a different accuracy for 
the CT scan, with a sensitivity of 70% and specificity 
of 74% at the Hounsfield unit cut-off of 103. The pre-
cise cause for the disparity in the findings of the two 
studies remains undetermined. Scanner-to-scanner 
attenuation differences, differences in sample size, and 
demographic characteristics may have influenced the 
variation in the results. Additionally, variations in the 

age and gender of the subjects examined in different 
studies can be considered confounding variables due to 
the established correlation between bone marrow fat, 
which tends to increase with age, and the precision of 
BMD measurement [16].

Osteoporosis is a disease that is typically asymptomatic 
and often goes undetected until a complication, such 
as a fracture, arises. The broad application of abdomi-
nal or chest CT exams in clinical practice presents a 
unique opportunity to detect osteoporosis in patients 
who may lack awareness of their condition. Further-
more, the implementation of opportunistic CT can be 
employed to identify patients who might be susceptible 
to osteoporosis and necessitate additional assessment 
using DXA. Retrospective application of densitometry 
measurement is possible due to the indefinite storage of 
CT scans in electronic medical records. The simplicity 
of this approach is another key benefit, as it eliminates 
the need for dedicated software or intricate calculations. 
The application of opportunistic CT is applicable in pre-
operative planning for patients with poor bone status, 
allowing for treatment prior to surgery. It is strongly rec-
ommended that all adult patients who undergo abdomen 
or chest CT scans be screened for osteoporosis and have 
HU measurements taken at L1. The radiologists responsi-
ble for interpreting abdominal or chest CT scans should 
accurately report the presence of osteoporosis, accord-
ing to the latest research findings. This will help raise 
attention among physicians and patients, leading to early 
treatment and prevention of fractures and associated 
difficulties.

Our research has both strengths and limitations. The 
present study was limited by the requirement to explore 
the frequency of osteoporotic vertebral fractures in 
patients to compare the precision of CT scans and DXA 
in predicting such fractures. Additionally, our study 
exhibited strengths, notably its innovative exploration 
and implementation of CT scans as a trustworthy means 
of diagnosing osteoporosis among Iranians. In the future, 
further investigations should be conducted to diagnose 
osteoporosis using CT scans exclusively, thereby elimi-
nating the need for DXA and the associated costs and 
radiation exposure in patients who have already under-
gone CT scans for other purposes. Given the relative 
availability of CT scans of the pelvis; identifying HU 
thresholds for osteoporosis in the hip of postmenopau-
sal women is valuable to validate the opportunistic use of 
this technique. Future research focusing on correlating 
the CT bone attenuation data with fracture risk assess-
ment (FRAX) is needed. Additionally, prospective studies 
evaluating the ability of the BMD measurement from CT 
scans to predict fracture risk are valuable to fully under-
stand its potential role as a diagnostic tool.
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In conclusion, the abdominal or chest CT images 
obtained for reasons unrelated to osteoporosis diagno-
sis can be employed to discern patients with osteoporosis 
without incurring the added cost or radiation exposure. 
Although direct HU measurement from a CT scan offers 
the potential for osteoporosis screening, it is not yet suit-
able for clinical usage. More research is needed to address 
machine variability and standardize measurements and 
cutoff values for diagnosis.
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