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Background: This study was conducted with an aim to assess the utility of CT 

attenuation values in differentiating enostosis from untreated osteoblastic 

metastases using mean and maximum Hounsfield Unit (HU) measurements. 

Materials and Methods: This prospective observational study included 78 

patients divided equally into two groups—enostosis and osteoblastic 

metastasis—based on clinical and radiologic criteria. CT examinations were 

performed using a 16-slice CT scanner (GE Revolution). For each lesion, four-

quadrant ROI measurements were taken to calculate mean and maximum 

attenuation values. Statistical analysis included t-tests, chi-square tests, and 

ROC curve analysis to determine diagnostic performance. 

Results: Mean CT attenuation was significantly higher in the enostosis group 

(1053.91 ± 73.59 HU) compared to the metastasis group (938.41 ± 56.96 HU) 

(p < 0.001). Similarly, maximum attenuation values were higher in enostosis 

(1171.41 ± 58.00 HU vs. 999.23 ± 56.69 HU, p < 0.001). ROC curve analysis 

demonstrated excellent diagnostic accuracy, with visually estimated AUCs 

exceeding 0.95 for both parameters. A cutoff of approximately 885 HU for mean 

and 1060 HU for maximum attenuation yielded high sensitivity and specificity, 

aligning with published literature. 

Conclusion: CT-based attenuation values, especially the maximum and mean 

HU measurements, differentiate the enostosis from osteoblastic metastases. 

Incorporating these measurements into day-to-day CT interpretation aids in 

enhancing diagnostic accuracy. 

Abbreviations: CT =Computed tomography, HU= Hounsfield units, ROC = 

receiver operating characteristics, AUC= Area under curve  

Key words: Enostosis, Bone Island, Osteoblastic Metastasis, CT Attenuation, 

Hounsfield Unit, ROC Curve, Bone Lesions. 
 

 

INTRODUCTION 
 

Enostosis, commonly referred to as a bone island, is 

a benign, asymptomatic lesion composed of compact 

cortical bone embedded within the cancellous bone.[1] 

These lesions are typically discovered incidentally on 

imaging studies, particularly CT scans, due to their 

radiodense appearance and predilection for sites such 

as the pelvis, femur, and vertebrae.[2] Enostoses are 

characterized by their homogenous density and sharp, 

feathered margins blending with adjacent trabeculae, 

which help in distinguishing them from pathological 

entities on imaging modalities like radiography and 

CT scans.[3] However, the increasing use of cross-

sectional imaging has led to more frequent incidental 

detection of such sclerotic lesions, raising diagnostic 

dilemmas, particularly in oncology patients where 

osteoblastic bone metastases are a significant 

concern.[4] 

Osteoblastic metastases, which originate from 

primary malignancies such as those of the prostate, 

breast, or lung, often present as sclerotic lesions and 

can closely mimic enostoses on CT imaging.[5] 

Accurate differentiation is crucial, as mistaking a 

metastatic lesion for a benign bone island—or vice 

versa—could significantly impact staging, treatment 
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decisions, and prognosis.[6] Recent literature 

highlights the potential of quantitative CT attenuation 

(measured in Hounsfield Units) in distinguishing 

between these entities.[7,8] Ulano et al. demonstrated 

that a mean attenuation below 885 HU and a 

maximum below 1060 HU favors the diagnosis of 

metastasis, offering high sensitivity and specificity in 

differentiating the two. Despite this, such objective 

thresholds are underutilised in routine practice, and 

literature on their practical application remains 

limited, prompting the need for further validation 

through prospective observational studies like the 

present one. 

Aim 

1. To differentiate Osteoblastic metastases from 

bone islands using CT attenuation value. 

Objectives 

1. Characterisation of enostoses 

2. Characterisation of osteoblastic metastases 

 

MATERIALS AND METHODS 
 

Study Design and Setting 

This prospective observational study was conducted 

in the Department of Radiodiagnosis at Sri 

Venkateswara Medical College and SVRRGGH, 

Tirupati, Andhra Pradesh, India. The study was 

conducted for a period of 3months after approval 

from the institute ethical committee.  

Study Population 

This study considered a sample size of 78, which was 

equally divided between the two groups. The 

enostosis Group (n=39) had incidentally detected 

benign bone islands on thoracic and abdominal CT 

without any history of malignancy. The other group, 

osteoblastic metastasis (n=39), contains the patients 

with the known malignancy and confirmed 

radiological osteoblastic lesions, later supported by 

the clinical and histopathological studies. 

Inclusion Criteria 

• Adults aged 20–90 years. 

• Enostosis group: Patients without prior or 

known malignancy. 

• Metastasis group: Patients with untreated, 

histologically or radiologically confirmed 

osteoblastic skeletal metastases. 

Exclusion Criteria 

• Patients with prior chemotherapy or 

radiotherapy. 

• Poor-quality or incomplete CT data. 

• Pediatric patients or those outside the defined 

age range. 

Methodology of the study 

All CT scans were performed on a 16-slice GE 

Revolution scanner with a slice thickness of 5 mm 

and a tube voltage of 120 kVp. Coronal and sagittal 

reconstructions were generated at 2 mm intervals for 

detailed evaluation. For each identified lesion, four 

region-of-interest (ROI) measurements were 

obtained in orthogonal quadrants, carefully avoiding 

cortical bone and sclerotic margins. The ROI area 

was approximately 1 mm². Quantitative analysis 

included the mean attenuation value (Hounsfield 

Units, HU), calculated as the average of the four 

readings, and the maximum attenuation value (HU), 

defined as the highest single measurement within the 

lesion. 

Data Collection and Statistical Analysis 

All data were recorded in Microsoft Excel and 

analysed using statistical software SPSS V.29.0. 

Descriptive statistics were expressed as mean ± 

standard deviation for quantitative variables. 

Comparative analysis between the two groups was 

performed using the independent sample t-test for 

attenuation values and the chi-square test for 

categorical variables such as age group, sex, and 

lesion site. Diagnostic performance was assessed 

using receiver operating characteristic (ROC) 

analysis to identify optimal HU thresholds and to 

calculate sensitivity, specificity, and the area under 

the curve (AUC) for both mean and maximum 

attenuation values. 

Ethical Considerations 

The study was approved by the Institutional Ethics 

Committee of S.V. Medical College, Tirupati. 

Written informed consent was obtained from all 

participants. Patient confidentiality and anonymity 

were strictly maintained throughout the study. 

 

RESULTS 

 

The current study utilised computed tomography-

based attenuated values to differentiate osteoblastic 

metastasis from enostosis with a sample size of 78 

patients equally divided between the two groups. The 

demographic distribution between the two groups has 

shown a statistically significant difference with the p-

value of 0.001. [Table 1 and Table 2] Enostosis was 

commonly found in the vertebral bodies and long 

bones, whereas the osteoblastic metastasis was found 

frequently in the ribs, scapula and posterior elements. 

[Table 3] 

The enostosis group showed the mean (Table 4) and 

maximum attenuation (Table 5) values (1053.91 ± 

73.59 HU and 1171.41 ± 58.00 HU, respecttively) 

comparably higher than the osteoblastic metastasis 

group (938.41 ± 56.96 HU and 999.23 ± 56.69 HU), 

which is statistically significant with a p-value of 

<0.001 for both parameters of mean and maximum 

attenuation. ROC curve demonstrated excellent 

diagnostic accuracy with a curve of mean and 

maximum attenuation approaching the near-perfect 

difference between the two groups (Visual AUC 

estimate: 0.96-0.99). This study's findings support the 

usage of CT attenuation, especially maximum HU 

values, as a non-invasive and reliable marker to 

differentiate enostosis from osteoblastic metastasis in 

clinical practice. 
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Table 1: Distribution of age between the study groups 

Age (Years) 
Group 

Total 
P-value(chi-

square test) Enostosis Osteoblastic Metastasis 

<=45 12 4 16 

0.001 
46 - 60 14 5 19 

61 & Above 13 30 43 

Total 39 39 78 

 

Table 2: Distribution of the gender between the study groups 

Sex 
Group 

Total 
P-value (chi-

square test Enostosis Osteoblastic Metastasis 

Male 34 20 54 

0.001 Female 5 19 24 

Total 39 39 78 

 

Table 3: Association between the bone site of the lesions and the groups 

Bone Site 
Group 

Total 
P-value (chi-

square test Enostosis Osteoblastic Metastasis 

Clavicle 1 0 1 

0.013 

Femur 9 5 14 

Humerus 5 0 5 

Pelvic Bones 6 8 14 

Posterior Elements 3 5 8 

Ribs 0 5 5 

Scapula 0 5 5 

Sternum 1 2 3 

Vertebral Body 14 9 23 

Total 39 39 78 

 

Table 4: Comparison of the mean attenuation HU value between the groups 

Group 
Mean Attenuation P Value 

(t-test) Mean Std. Deviation 

Enostosis 1053.91 73.593 
<0.001 

Osteoblastic Metastasis 938.41 56.962 

 

Table 5: Comparison of the maximum attenuation HU value between the groups 

Group 
Maximum Attenuation P Value 

(t-test) Mean Std. Deviation 

Enostosis 1171.41 58.002 
<0.001 

Osteoblastic Metastasis 999.23 56.691 

 

 
Figure 1: ROC curve for the mean attenuation 

 
Cut off Value 975.5 

Sensitivity 87.2% 

Specificity 79.5% 

 

 
Figure 2: ROC curve for the maximum attenuation 

 
Cut off Value 1098 

Sensitivity 89.7% 

Specificity 97.4% 
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Figure 3: Axial image of CT abdomen showing the 

sclerotic focus in T11 vertebral body consistent with 

enostosis 

 

 
Figure 4: Sagittal image of CT Thorax showing the 

metastatic focus in T5 vertebral body consistent with 

osteoblastic metastasis in a case of metastatic breast 

carcinoma 

 

DISCUSSION 

 

In modern clinical practice, it is essential to 

differentiate benign enostosis from osteoblastic 

metastasis to avoid misclassification of bone lesions, 

thereby preventing inappropriate staging and 

treatment. Earlier, conventional features like sclerotic 

margins and feathered margins were used to 

differentiate these less accurate lesions, but with the 

advent of computed tomography, the task has been 

made easier using the HU values.[9,10] In this study, 

we used this attenuation value to establish the range 

of HU values to distinguish between these two 

lesions. 

This study's results revealed in the enostosis group, 

the mean attenuation value of 1053.91 HU and 

maximum attenuation value of 1171.41 HU are 

siginificantly higher than of the osteoblastic 

metastases group with mean attenuation value of 

938.41HU and maximum attenuation value of 999.23 

HU. The p-value value for this comparison was 

<0.001 which was statistically significant. These 

findings were in consistent with study conducted by 

Ulano et al,[11] in which 279 sclerotic lesions and 

reported mean and maximum CT attenuation values 

of 1190 ± 239 HU and 1323 ± 234 HU for enostoses, 

and 654 ± 176 HU and 787 ± 194 HU for metastases, 

respectively. Their study established the cut-off 

values of 885HU for the mean and 1060HU for the 

maximum attenuation, achieving an AUC of 0.982 

with 95% sensitivity and 96% specificity. In another 

study by Sala et al,[12] found that the incidental bone 

islands and untreated osteoblastic metastases, 

demonstrating a high discriminative accuracy with an 

AUC of 0.982, using a mean attenuation cutoff of 881 

HU. Their findings showed enostosis HU values 

range from 1007 ± 122 HU to 1052 ± 107 HU, further 

validating our data. 

Supporting with additional insights from Elangovan 

and Sebro,[13] who evaluated both treated and 

untreated metastases in their cohort of 165 patients. 

They revealed the significantly lower attenuation in 

both groups of metastases (mean HU: 602 untreated 

and 731.7 treated) than in enostoses (1123 HU). Their 

study results reinforced that CT attenuation 

thresholds (885 HU for mean, 1060 HU for 

maximum) maintain high diagnostic accuracy for 

untreated metastases (91.7%) but are slightly reduced 

for treated lesions (81.7%). These results confirm that 

prior therapy can confound attenuation-based 

diagnosis and should be considered in the clinical 

context. 

In line with evolving imaging techniques, Xu et al,[14] 

explored the role of dual-energy CT (DECT) metrics 

in a cohort of 110 patients. Parameters such as 

effective atomic number (Z_mean), dual energy 

index (DEI), and electron density (Rho) 

demonstrated superior diagnostic performance, with 

Z_mean showing an AUC of 0.91, sensitivity of 

91.2%, and specificity of 82.5%. Although 

promising, these advanced DECT-based methods are 

not yet widely accessible in all centres, especially in 

resource-limited settings. 

More recently, Ji-Hyung Hong et al,[15] incorporated 

radiomics and machine learning into CT-based lesion 

classification. Using a random forest model trained 

on radiomic features, their external test set showed an 

AUC of 0.96, outperforming one of the three 

experienced radiologists. While radiomics adds a 

layer of diagnostic accuracy, it requires specialised 

software and computational expertise, making CT 

attenuation-based thresholds a more universally 

applicable and practical tool in most radiology 

departments. 

This study further strengthens the utility of 

attenuation thresholds as a simple, reproducible, and 

widely accessible tool in differentiating enostoses 

from osteoblastic metastases. The ROC curve 

analysis in our study also revealed high diagnostic 
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performance, with AUCs visually approaching those 

reported in prior studies. Additionally, the significant 

demographic differences observed—osteoblastic 

metastases were more frequent in older individuals 

and females—align with known epidemiologic 

patterns and add context to imaging findings. 

 

CONCLUSION 

 

This prospective observational study results are 

aligned with existing evidence of that CT attenuation 

values, especially when assessed with clinical and 

anatomical integration, yield a high degree of 

diagnostic value in differentiating osteoblastic 

metastasis from enostosis. This study's findings 

support the utilisation of the quantitative HU 

thresholds in to routine radiological practice, 

especially in cases with a diagnostic dilemma. 
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