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ABSTRACT 
Background: Chronic corticosteroid therapy is a major cause of secondary osteoporosis and skeletal fragility, predisposing 
patients to insufficiency fractures even in the absence of major trauma. In many clinical settings, bone mineral density 
assessment is not routinely performed, resulting in delayed diagnosis of steroid-related bone loss. Computed tomography-based 
vertebral attenuation measurement has emerged as a practical opportunistic method for estimating bone mineral density and 
identifying patients at risk of fracture. 
Objective: To evaluate the association between computed tomography-based bone mineral density estimation, duration of 
chronic steroid exposure, and the incidence of insufficiency fractures in adult patients undergoing routine computed tomography 
imaging. 
Methods: This retrospective cross-sectional study was conducted at Avicenna Medical College and Hospital and PAF Hospital 
from June 2022 to June 2023. A total of 100 adult patients with documented chronic corticosteroid use and available computed 
tomography scans were included. Bone mineral density was estimated using vertebral trabecular attenuation measured in 
Hounsfield Units. Duration of steroid exposure and the presence of insufficiency fractures were recorded. Statistical analysis 
was performed using SPSS version 26.0, and a p-value less than 0.05 was considered significant. 
Results: The mean age of patients was 55.9 ± 13.2 years, and 61.0% were female. The mean vertebral attenuation was 114.7 
± 36.2 Hounsfield Units. Insufficiency fractures were identified in 31.0% of patients. Patients with fractures had significantly 
lower attenuation values compared with those without fractures (81.3 ± 22.5 vs 129.8 ± 28.4 Hounsfield Units; p < 0.001). 
Fracture incidence was 14.3% in patients with steroid exposure of 3–12 months and 43.1% in those with exposure exceeding 12 
months. Patients with attenuation values below 100 Hounsfield Units had the highest fracture prevalence (64.7%). Multivariate 
analysis showed that steroid exposure >12 months and attenuation <100 Hounsfield Units were independent predictors of 
insufficiency fractures. 
Conclusion: Reduced computed tomography-derived bone density and prolonged corticosteroid exposure are strongly 
associated with insufficiency fractures. Opportunistic bone mineral density estimation on routine computed tomography may 
serve as an effective and practical tool for early identification of high-risk patients and prevention of fracture-related 
complications. 
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INTRODUCTION 
Insufficiency fractures are a recognized consequence of reduced 
bone strength and impaired skeletal microarchitecture, occurring 
when normal physiological stress is applied to weakened bone.¹ 
Unlike traumatic fractures, these injuries develop without major 
external force and are commonly associated with underlying 
osteoporosis, metabolic bone disease, aging, and long-term 
corticosteroid therapy.² Among these factors, chronic steroid 
exposure remains one of the most important and preventable 
causes of secondary osteoporosis in clinical practice.³ 
Glucocorticoids are widely used in the treatment of autoimmune 
disorders, chronic respiratory diseases, nephrological conditions, 
inflammatory bowel disease, dermatological illnesses, and post-
transplant immunosuppression.⁴ Despite their therapeutic benefits, 
prolonged steroid use has profound adverse effects on bone 
metabolism, leading to accelerated loss of bone mineral density, 
deterioration of trabecular structure, and increased susceptibility to 
fragility and insufficiency fractures.⁵ 
 Steroid-induced bone disease develops through multiple 
interrelated mechanisms. Glucocorticoids suppress osteoblastic 
differentiation and bone formation, increase apoptosis of 
osteoblasts and osteocytes, prolong osteoclast survival, reduce 
intestinal calcium absorption, and increase urinary calcium 
excretion.⁶ In addition, they may impair gonadal hormone 
production and muscle strength, both of which further contribute to 
skeletal fragility and fall-related fracture risk.⁷ The bone loss 
caused by corticosteroids is often rapid during the early months of  
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treatment and may continue with longer exposure, particularly in 
patients who are not screened or treated for osteoporosis.⁸ As a 
result, vertebral bodies, the sacrum, pelvis, and proximal femur 
become especially vulnerable to insufficiency fractures because of 
their high trabecular bone content and weight-bearing function.⁹ 
 Bone mineral density assessment plays a central role in 
identifying patients at risk of osteoporotic fracture.¹⁰ Dual-energy X-
ray absorptiometry is traditionally regarded as the standard method 
for evaluating bone mineral density; however, it is not always 
readily available, routinely performed, or prioritized in patients 
being managed for chronic systemic disease.¹¹ In many real-world 
settings, particularly in resource-limited environments, high-risk 
patients remain unscreened until they present with back pain, 
pelvic pain, vertebral collapse, or clinically evident fracture.¹² This 
diagnostic gap highlights the need for practical and accessible 
methods of bone health assessment that can be integrated into 
routine care without additional cost or radiation exposure.¹³ 
 Computed tomography has emerged as a valuable 
opportunistic tool for estimating bone mineral density using 
vertebral trabecular attenuation measured in Hounsfield Units.¹⁴ 
Patients receiving long-term steroids often undergo CT imaging for 
unrelated indications such as abdominal symptoms, pulmonary 
disease, spinal pain, trauma assessment, malignancy surveillance, 
or chronic inflammatory conditions.¹⁵ These routinely acquired 
scans can provide clinically meaningful information regarding bone 
quality, especially when attenuation is measured in the trabecular 
region of lumbar vertebral bodies such as L1.¹⁶ Lower Hounsfield 
Unit values have been shown to correlate with reduced bone 
mineral density and increased risk of osteoporotic fracture.¹⁷ 
Therefore, CT-based bone mineral density estimation offers an 
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important opportunity for early recognition of skeletal fragility in 
patients who may otherwise remain undiagnosed.¹⁸ 
 The relationship between chronic steroid exposure and 
fracture risk is well known, but the combined evaluation of CT-
derived bone density, duration of steroid use, and actual incidence 
of insufficiency fractures remains highly relevant in clinical imaging 
research.¹⁹ In particular, determining whether longer steroid 
exposure is associated with lower CT attenuation values and 
higher fracture frequency may help identify patients who require 
earlier preventive intervention.²⁰ Such an approach is especially 
important in tertiary care settings where patients with chronic 
inflammatory and systemic illnesses are frequently exposed to 
prolonged corticosteroid therapy and repeatedly undergo cross-
sectional imaging11. 
 Therefore, the present study was designed to assess the 
association between computed tomography-based bone mineral 
density estimation, duration of chronic steroid exposure, and the 
incidence of insufficiency fractures in adult patients undergoing 
routine CT imaging. The study aimed to determine whether 
reduced vertebral attenuation and prolonged steroid use are 
significantly linked with fracture occurrence and whether 
opportunistic CT assessment may serve as a practical screening 
strategy for identifying patients at increased risk of skeletal 
complications12. 
 
MATERIALS AND METHODS 
This retrospective cross-sectional clinical imaging study was 
conducted in the Departments of Radiology and Medicine at 
Avicenna Medical College and Hospital and PAF Hospital over a 
period of June 2022 to June 2023. Institutional ethical approval 
was obtained from both centers prior to data collection, and patient 
confidentiality was strictly maintained throughout the study by 
anonymizing all imaging and clinical records. 
 A total of 100 adult patients were included in the study using 
a non-probability consecutive sampling technique. Patients were 
identified from radiology archives and hospital records. Inclusion 
criteria comprised individuals aged 18 years and above who had a 
documented history of chronic systemic corticosteroid use for a 
minimum duration of 3 months and had undergone non-contrast 
computed tomography (CT) scans of the thoracolumbar spine, 
abdomen, pelvis, or lumbosacral region during the study period. 
Only those patients with adequate visualization of vertebral bodies 
for bone attenuation measurement and complete clinical data 
regarding steroid exposure were included. 
 Patients were excluded if they had a history of primary 
metabolic bone diseases (such as osteogenesis imperfecta or 
Paget disease), malignancy with skeletal metastasis, recent high-
impact trauma, or vertebral deformities, instrumentation, or severe 
artifacts that could interfere with accurate Hounsfield Unit (HU) 
measurement. Cases with incomplete clinical records or 
inadequate imaging quality were also excluded. 
 Bone mineral density was estimated using CT-based 
vertebral trabecular attenuation values in Hounsfield Units (HU). 
The L1 vertebral body was selected as the standard site for 
measurement; however, if L1 was fractured, deformed, or not 
adequately visualized, adjacent vertebrae such as T12 or L2 were 
used. A region of interest (ROI) was carefully placed within the 
central trabecular portion of the vertebral body on axial CT images, 
avoiding cortical bone, venous channels, focal lesions, sclerosis, 
and endplate margins. The mean HU value obtained from this 
region was recorded for each patient. Based on established 
opportunistic CT thresholds, patients were categorized into three 
groups: >150 HU (normal/low risk), 100–150 HU (osteopenic 
range), and <100 HU (osteoporotic/high risk). 
 The duration of steroid exposure was obtained from medical 
records, prescription history, and physician documentation. 
Patients were stratified into two groups for analysis: 3–12 months 
of exposure and more than 12 months of exposure. Where 
available, the primary indication for steroid therapy was also 
documented, including rheumatologic disorders, chronic pulmonary 

disease, autoimmune conditions, renal disease, and other chronic 
inflammatory disorders. 
 All CT scans were reviewed for the presence of insufficiency 
fractures, defined as fractures occurring in weakened bone without 
significant trauma. Imaging findings suggestive of insufficiency 
fractures included vertebral compression deformities, sacral alar 
fractures, pelvic ring fractures, and proximal femoral insufficiency 
fractures. Fractures were recorded according to anatomical site 
and classified as single-site or multiple-site involvement. 
 Demographic and clinical variables including age, gender, 
body mass index (BMI), duration of steroid use, CT attenuation 
values, and fracture status were recorded using a structured data 
collection proforma. Data were entered and analyzed using SPSS 
version 26.0. Quantitative variables were expressed as mean ± 
standard deviation, while categorical variables were presented as 
frequencies and percentages. Independent sample t-tests were 
used to compare mean CT attenuation values between groups, 
and the Chi-square test was applied to assess associations 
between categorical variables such as steroid duration and fracture 
incidence. Binary logistic regression analysis was performed to 
identify independent predictors of insufficiency fractures. A p-value 
of less than 0.05 was considered statistically significant. 
 
RESULTS 
A total of 100 patients were included in the study, with a mean age 
of 55.9 ± 13.2 years, indicating that the study population largely 
consisted of middle-aged to elderly individuals, a group inherently 
vulnerable to bone demineralization and fragility. A clear female 
predominance (61.0%) was observed, which is clinically significant 
as females—particularly postmenopausal—are more susceptible to 
osteoporosis, and this risk is further amplified in the presence of 
chronic steroid exposure. The mean BMI was 26.8 ± 4.6 kg/m², 
suggesting that the majority of patients were in the overweight 
category, although this did not appear protective against bone loss 
in this cohort. The mean duration of steroid exposure was 13.1 ± 
7.4 months, indicating that most patients had long-term 
corticosteroid use, which is known to progressively impair bone 
formation and increase resorption. The mean CT-derived vertebral 
attenuation was 114.7 ± 36.2 HU, placing the average patient 
within the osteopenic range, which reflects compromised bone 
density even before overt fracture occurs. Importantly, 31% of 
patients already had insufficiency fractures, highlighting a 
substantial burden of clinically evident skeletal fragility. In addition, 
the CT-based bone density distribution showed that only 22.0% of 
patients had attenuation values above 150 HU, while 44.0% were 
in the 100–150 HU range and 34.0% had attenuation values below 
100 HU, indicating that a large proportion of the study population 
had radiological evidence of low bone density (Table 1). 
 When fracture patterns were analyzed, vertebral 
compression fractures were the most common (48.4%), followed 
by sacral fractures (22.6%) and pelvic fractures (16.1%), while 
femoral fractures were comparatively less frequent. This 
distribution is clinically important because vertebral bodies contain 
a high proportion of trabecular bone, which is particularly 
susceptible to steroid-induced skeletal weakening. The presence 
of sacral and pelvic fractures further indicates that chronic steroid 
exposure affects the skeleton in a diffuse and systemic manner, 
rather than being restricted to a single anatomical site. 
 A major finding of this study was the highly significant 
difference in CT attenuation values between fracture and non-
fracture groups. Patients with insufficiency fractures had a mean 
vertebral attenuation of 81.3 ± 22.5 HU, which lies well within the 
osteoporotic/high-risk range, whereas those without fractures had 
a substantially higher mean attenuation of 129.8 ± 28.4 HU. This 
difference was statistically highly significant (p < 0.001) and 
strongly suggests that lower CT-derived bone density is directly 
associated with fracture occurrence. The marked reduction in 
attenuation values in the fracture group reflects a clinically 
meaningful decline in trabecular bone quality and mechanical 
strength (Table 2). 
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 A strong relationship was also observed between duration of 
steroid exposure and fracture incidence. Among patients with 
steroid exposure of 3–12 months, only 14.3% had insufficiency 
fractures, whereas among those exposed for more than 12 
months, the fracture rate increased sharply to 43.1%, indicating 
that longer exposure contributes to cumulative skeletal damage. 
Similarly, fracture incidence increased progressively across CT 
attenuation categories. Only 4.5% of patients with HU values 
above 150 had fractures, compared with 18.2% in the 100–150 HU 
group and 64.7% in the <100 HU group. This clear inverse 
relationship between CT attenuation and fracture burden strongly 
supports the role of CT-based bone density estimation as a 
meaningful imaging biomarker of fracture risk. 
 Multivariate logistic regression analysis further confirmed 
that steroid exposure >12 months and CT attenuation <100 HU 
were independent predictors of insufficiency fractures. Patients 
with attenuation values below 100 HU had more than six times 
higher odds of fracture (AOR = 6.27, p < 0.001), while those with 
prolonged steroid exposure had approximately threefold increased 
odds (AOR = 3.11, p = 0.011). Age above 60 years also showed a 
statistically significant contribution, whereas female gender and 
BMI <25 kg/m² did not reach significance in the adjusted model 
(Table 3). 
 
Table 1. Baseline Characteristics and CT-Based Bone Density Distribution 

Variable Value 
Total patients 100 
Age (years), mean ± SD 55.9 ± 13.2 
Female, n (%) 61 (61.0) 
Male, n (%) 39 (39.0) 
BMI (kg/m²), mean ± SD 26.8 ± 4.6 
Duration of steroid exposure (months), mean ± SD 13.1 ± 7.4 
CT attenuation (HU), mean ± SD 114.7 ± 36.2 
Fractures present, n (%) 31 (31.0) 
Fractures absent, n (%) 69 (69.0) 
>150 HU 22 (22.0%) 
100–150 HU 44 (44.0%) 
<100 HU 34 (34.0%) 

 
Table 2. Fracture Distribution and Comparison of CT Attenuation Between 
Fracture and Non-Fracture Groups 

Parameter Value 
Vertebral fractures 15 (48.4%) 
Sacral fractures 7 (22.6%) 
Pelvic fractures 5 (16.1%) 
Femoral fractures 3 (9.7%) 
Multiple-site fractures 1 (3.2%) 
Mean HU (fracture group) 81.3 ± 22.5 
Mean HU (non-fracture group) 129.8 ± 28.4 
p-value <0.001 

 
Table 3. Association of Steroid Duration and CT Categories with Fractures, 
and Multivariate Logistic Regression Analysis 

Variable Fracture % AOR p-value 
3–12 months steroid use 14.3% — 0.003 
>12 months steroid use 43.1% 3.11 0.011 
>150 HU 4.5% — <0.001 
100–150 HU 18.2% —  
<100 HU 64.7% 6.27 <0.001 
Age >60 years — 1.92 0.047 
Female gender — 1.48 0.281 
BMI <25 kg/m² — 1.63 0.169 

 
DISCUSSION 
The present study evaluated the relationship between computed 
tomography-based bone mineral density estimation, duration of 
chronic steroid exposure, and the incidence of insufficiency 
fractures in adult patients undergoing routine CT imaging.¹ The 
findings of this study clearly demonstrate that reduced CT-derived 
vertebral attenuation and prolonged corticosteroid exposure are 
strongly associated with an increased burden of insufficiency 
fractures.² These findings are clinically important because they 

highlight the utility of routine CT imaging as an opportunistic 
screening tool for skeletal fragility in patients receiving long-term 
glucocorticoid therapy.³ 
 A major finding of the present study was that the mean CT-
derived vertebral attenuation of the overall cohort was 114.7 ± 36.2 
HU, indicating that a large proportion of patients already had 
compromised bone density despite not necessarily being referred 
for dedicated osteoporosis evaluation.⁴ In fact, 78% of the study 
population had attenuation values below 150 HU, and 34% had 
values below 100 HU, placing them in the radiologically high-risk 
osteoporotic range.⁵ This is a clinically meaningful observation 
because it suggests that substantial bone loss may remain 
subclinical and undetected in chronic steroid users until imaging is 
reviewed specifically for skeletal quality.⁶ Opportunistic CT 
assessment has increasingly been recognized as a valuable 
method for estimating bone mineral density using vertebral 
Hounsfield Unit measurements, particularly in settings where dual-
energy X-ray absorptiometry is not routinely performed or is less 
accessible.⁷ The current findings therefore support the growing role 
of CT attenuation as a practical imaging biomarker for low bone 
density and fracture susceptibility.⁸ 
 Another important observation in this study was the 
substantial burden of insufficiency fractures, which were identified 
in 31% of all included patients.⁹ This prevalence is clinically 
significant and reflects the structural consequences of chronic 
glucocorticoid-induced skeletal weakening.¹⁰ Among fracture 
cases, vertebral compression fractures were the most common 
(48.4%), followed by sacral (22.6%) and pelvic insufficiency 
fractures (16.1%).¹¹ This anatomical pattern is biologically plausible 
because vertebral bodies, sacrum, and pelvic bones are rich in 
trabecular bone, which is metabolically active and highly 
vulnerable to glucocorticoid-induced suppression of bone 
formation.¹² Glucocorticoids impair osteoblast differentiation, 
accelerate osteocyte apoptosis, and alter calcium homeostasis, 
ultimately resulting in progressive trabecular thinning and structural 
fragility.¹³ The predominance of vertebral and pelvic insufficiency 
fractures in the present study therefore strongly aligns with the 
known pathophysiology of steroid-induced osteoporosis and 
fracture vulnerability.¹⁴ 
 One of the strongest findings of this study was the highly 
significant difference in CT attenuation values between patients 
with and without insufficiency fractures.¹⁵ Patients with fractures 
had a mean vertebral attenuation of 81.3 ± 22.5 HU, whereas 
those without fractures had a much higher mean attenuation of 
129.8 ± 28.4 HU (p < 0.001).¹⁶ This difference is not only 
statistically significant but also clinically striking, because the 
fracture group falls well within the high-risk osteoporotic 
attenuation range, while the non-fracture group lies closer to the 
osteopenic spectrum.¹⁷ This suggests that CT-derived vertebral 
attenuation is closely linked to actual structural failure, not merely 
to theoretical bone loss.¹⁸ The approximately 48 HU difference 
between the two groups represents a substantial decline in bone 
quality and provides strong support for the use of vertebral HU 
measurement as a practical marker of fracture risk.¹⁹ These 
findings are in agreement with the broader literature indicating that 
lower vertebral attenuation on routine CT correlates with 
osteoporosis and is associated with both prevalent and incident 
fragility fractures.²⁰ 
 The present study also demonstrated a strong relationship 
between the duration of steroid exposure and fracture incidence.¹ 
Among patients with steroid exposure of 3–12 months, only 14.3% 
had insufficiency fractures, whereas fracture prevalence increased 
sharply to 43.1% in those exposed for more than 12 months.² This 
clear duration-dependent trend indicates that skeletal damage in 
steroid users is progressive and cumulative, with longer exposure 
leading to greater structural compromise and higher fracture risk.³ 
These findings are clinically consistent with current understanding 
of glucocorticoid-induced osteoporosis, where bone loss begins 
early after treatment initiation but continues and intensifies with 
ongoing exposure.⁴ Current rheumatology guidance emphasizes 
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that fracture risk assessment should be performed as early as 
possible in patients expected to remain on glucocorticoids for more 
than a few months, precisely because bone loss and fracture risk 
may increase rapidly if left unaddressed.⁵ 
 The fracture burden in this study also showed a very clear 
relationship with CT-based bone density categories.⁶ Only 4.5% of 
patients with attenuation values above 150 HU had fractures, 
compared with 18.2% in the 100–150 HU category and 64.7% in 
patients with attenuation values below 100 HU.⁷ This graded 
increase in fracture prevalence strongly reinforces the concept that 
lower vertebral attenuation corresponds to progressively weaker 
bone and greater mechanical vulnerability.⁸ The stepwise rise in 
fracture rates across these attenuation groups also makes the 
findings clinically actionable, because it allows CT attenuation to 
be used not only descriptively but also as a practical risk 
stratification tool.⁹ In resource-limited settings, where many 
patients undergo CT for unrelated reasons but never receive 
dedicated osteoporosis testing, such stratification could provide an 
important opportunity for early diagnosis and preventive 
management.¹⁰ 
 Multivariate logistic regression analysis further strengthened 
the findings of this study by showing that CT attenuation <100 HU 
and steroid exposure >12 months remained independent 
predictors of insufficiency fractures even after adjustment for other 
variables.¹¹ Patients with vertebral attenuation values below 100 
HU had more than six times higher odds of fracture (AOR = 6.27, p 
< 0.001), while prolonged steroid exposure increased fracture risk 
by approximately threefold (AOR = 3.11, p = 0.011).¹² Age above 
60 years also showed a statistically significant association, which 
is expected because age-related bone loss likely compounds the 
deleterious skeletal effects of chronic steroids.¹³ These results are 
particularly important because they show that opportunistic CT 
findings are not simply observational, but carry independent 
predictive value for clinically meaningful skeletal outcomes.¹⁴ 
 The present study has important clinical implications.¹⁵ 
Chronic steroid users frequently undergo CT imaging for 
indications such as abdominal pain, pulmonary disease, 
inflammatory conditions, malignancy follow-up, or spinal 
symptoms.¹⁶ In many cases, these scans are interpreted only for 
the primary diagnostic indication, while valuable information 
regarding bone health remains unreported.¹⁷ The findings of this 
study suggest that routine vertebral attenuation assessment should 
be considered in patients with chronic steroid exposure, 
particularly when imaging already includes the thoracolumbar 
spine or upper lumbar vertebrae.¹⁸ Incorporating CT-based bone 
density estimation into routine radiologic practice could facilitate 
earlier recognition of high-risk patients and support timely referral 
for osteoporosis prevention or treatment.¹⁹ 
 This study also carries particular relevance in the context of 
Pakistan and similar low- and middle-income healthcare settings, 
where dedicated bone density screening remains underutilized and 
many patients present only after fracture has already occurred.²⁰ In 
such environments, the use of existing CT scans for opportunistic 
bone assessment offers a cost-effective and highly practical 
strategy for improving fracture prevention without additional 
radiation exposure or major healthcare infrastructure changes.¹ 
 Despite its strengths, the study has some limitations.² First, it 
was retrospective in nature, and therefore relied on the 
completeness and accuracy of existing clinical records.³ Second, 
the study used CT-based attenuation as a surrogate for bone 
mineral density rather than dedicated DXA or quantitative CT 
comparison in all patients.⁴ Third, cumulative steroid dose and 
exact dose-equivalent standardization were not uniformly 
available, which may have further refined the exposure-risk 
relationship.⁵ Finally, as the study was conducted in two tertiary 
care hospitals, the findings may not fully represent community-
based or non-tertiary populations.⁶ Nevertheless, the consistency 
and strength of the observed associations strongly support the 
validity and clinical relevance of the findings.⁷ 
 

CONCLUSION 
In conclusion, the present study demonstrates that reduced CT-
derived vertebral attenuation and prolonged chronic steroid 
exposure are strongly associated with the occurrence of 
insufficiency fractures. Patients with vertebral attenuation values 
below 100 HU and steroid exposure exceeding 12 months were 
found to be at particularly high risk of fracture. These findings 
indicate that routine CT imaging can serve as an effective 
opportunistic tool for bone mineral density estimation and fracture 
risk identification, especially in patients receiving long-term 
corticosteroid therapy. The study supports the integration of CT-
based vertebral attenuation assessment into routine radiologic 
interpretation, particularly in high-risk patients who may otherwise 
remain unscreened for osteoporosis. Early recognition of low bone 
density through opportunistic CT imaging may allow timely 
preventive intervention, reduce fracture burden, and improve 
musculoskeletal outcomes in chronic steroid users. 
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