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ABSTRACT
Thyroid nodules are a common clinical finding, and accurate 
differentiation between benign and malignant nodules is essential for 
appropriate clinical management. This study aimed to evaluate the 
diagnostic value of the Thyroid Imaging Reporting and Data System 
(TIRADS) and elastography strain ratio in predicting malignant 
thyroid nodules and to correlate the findings with histopathology. This 
study was conducted from 2023 to 2024 and included 30 patients with 
thyroid nodules referred for ultrasound TIRADS assessment and 
elastography. Nodules were categorized according to the TIRADS 
classification system (TIRADS 1–5), and real-time strain ratio (SR) 
was measured using elastography to assess tissue stiffness. The final 
diagnosis was confirmed by histopathology following near-total 
thyroidectomy. The mean age of the patients was 34.1 ± 9.54 years 
(range 18–55 years), with 80% females. TIRADS demonstrated a 
sensitivity of 33.33%, a specificity of 93.33%, and an overall accuracy 
of 63.33%. Elastography strain ratio showed higher diagnostic 
performance with a sensitivity of 80.00%, a specificity of 93.33%, and 
an accuracy of 86.67%. Elastography strain ratio appears to be a more 
reliable method than TIRADS alone for detecting malignant thyroid 
nodules and may improve diagnostic accuracy in clinical practice.
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INTRODUCTION

Thyroid nodules are among the most common endocrine 
disorders, with a striking female predominance-occurring 
approximately four times more frequently in women than 
in men (1). The widespread use of high-resolution 
ultrasonography (USG) has markedly increased detection 
rates, with nodules identified in 20% to 76% of adults (2). 
USG remains the primary imaging modality due to its 
safety, accessibility, and ability to provide real-time 
tomographic visualization (3). While highly sensitive for 
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detection, conventional USG alone has limited specificity 
in distinguishing benign from malignant nodules, 
necessitating complementary diagnostic strategies. Risk 
stratification systems such as the Thyroid Imaging 
Reporting and Data System (TIRADS) have been 
developed to standardize sonographic interpretation and 
improve diagnostic accuracy (4). TIRADS categorization 
provides a structured framework for evaluating nodules, 
reducing unnecessary biopsies and guiding clinical 
management. Elastography has further enhanced thyroid 
imaging by quantifying tissue stiffness, with malignant 
nodules typically demonstrating increased rigidity. The 
strain ratio derived from elastographic assessment has 
shown promise in differentiating benign from malignant 
lesions. However, imaging findings must be validated 
against histopathology, which remains the definitive 
diagnostic standard. This study was designed to evaluate 
the diagnostic performance of TIRADS scoring and 
elastographic strain ratio in differentiating malignant 
from benign thyroid nodules. By correlating imaging 
features with histopathological outcomes, the study aims 
to establish the reliability of these modalities and their 
potential to refine patient management strategies.

PATIENTS AND METHODS

This prospective observational study was conducted at 
the Bangladesh Institute of Thyroid and Molecular 
Imaging and Research (BITMIR) between 2023 and 
2024. A total of 30 patients presenting with thyroid 
nodules were referred for comprehensive 
ultrasonographic evaluation, including TIRADS 
categorization and real-time elastography.

Each thyroid nodule was systematically classified 
according to the Thyroid Imaging Reporting and Data 
System (TIRADS). The categories were defined as 
follows: TIRADS 1, corresponding to a normal thyroid 
gland; TIRADS 2, benign nodules; TIRADS 3, probably 
benign nodules; TIRADS 4, nodules suspicious for 
malignancy; and TIRADS 5, nodules highly suggestive 
of malignancy. This standardized scoring system was 
applied to ensure uniform interpretation of sonographic 
features and to facilitate risk stratification.

In addition to conventional ultrasonography, real-time 
strain elastography was performed for all nodules. The 
strain ratio (SR) was calculated by comparing the 
stiffness of the nodule with that of adjacent reference 
tissue. Increased stiffness, reflected by higher SR values, 
was considered indicative of potential malignancy. 
Elastographic findings were recorded and correlated with 
the respective TIRADS categories to assess their 
combined diagnostic utility.

The final diagnosis for each patient was established 
through histopathological examination following 
near-total thyroidectomy. Histopathology served as the 
gold standard against which imaging-based assessments 
were validated. The correlation between TIRADS scores, 
elastographic strain ratios, and histopathological 
outcomes was analyzed to determine the accuracy and 
reliability of these imaging modalities in differentiating 
benign from malignant thyroid nodules.

Diagnostic performance was evaluated by calculating 
sensitivity, specificity, positive predictive value (PPV), 
and negative predictive value (NPV) for both TIRADS 
scoring and elastographic strain ratio, individually and in 
combination. Sensitivity was defined as the proportion of 
histopathologically confirmed malignant nodules correctly 
identified by imaging, while specificity represented the 
proportion of benign nodules correctly classified. PPV and 
NPV were derived to assess the predictive accuracy of 
positive and negative imaging results, respectively.

RESULTS

A total of 30 patients with thyroid nodules were included 
in the study. The mean age of the study population was 
34.1 ± 9.54 years, with an age range from 18 to 55 years 

(figure 2). Females constituted 80% of the study 
population, while males accounted for 20%, yielding a 
male-to-female ratio of 1:2.6.
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Figure 1: Representative image of a thyroid nodule showing ultrasound greyscale findings, doppler, and 
elastography strain ratio estimation. TIRADS scoring are shown in tabulated form in the lower right corner.



Bangladesh J. Nucl. Med. Vol. 28, No. 2,  July 2025 Bari  et.  al

ABSTRACT
Thyroid nodules are a common clinical finding, and accurate 
differentiation between benign and malignant nodules is essential for 
appropriate clinical management. This study aimed to evaluate the 
diagnostic value of the Thyroid Imaging Reporting and Data System 
(TIRADS) and elastography strain ratio in predicting malignant 
thyroid nodules and to correlate the findings with histopathology. This 
study was conducted from 2023 to 2024 and included 30 patients with 
thyroid nodules referred for ultrasound TIRADS assessment and 
elastography. Nodules were categorized according to the TIRADS 
classification system (TIRADS 1–5), and real-time strain ratio (SR) 
was measured using elastography to assess tissue stiffness. The final 
diagnosis was confirmed by histopathology following near-total 
thyroidectomy. The mean age of the patients was 34.1 ± 9.54 years 
(range 18–55 years), with 80% females. TIRADS demonstrated a 
sensitivity of 33.33%, a specificity of 93.33%, and an overall accuracy 
of 63.33%. Elastography strain ratio showed higher diagnostic 
performance with a sensitivity of 80.00%, a specificity of 93.33%, and 
an accuracy of 86.67%. Elastography strain ratio appears to be a more 
reliable method than TIRADS alone for detecting malignant thyroid 
nodules and may improve diagnostic accuracy in clinical practice.

Keywords: Thyroid ultrasound, thyroid nodule, TIRADS, elastography 
strain ratio

Bangladesh J. Nucl. Med. Vol. 28 No. 2 July  2025
DOI: https://doi.org/10.3329/bjnm.v28i2.89140

INTRODUCTION

Thyroid nodules are among the most common endocrine 
disorders, with a striking female predominance-occurring 
approximately four times more frequently in women than 
in men (1). The widespread use of high-resolution 
ultrasonography (USG) has markedly increased detection 
rates, with nodules identified in 20% to 76% of adults (2). 
USG remains the primary imaging modality due to its 
safety, accessibility, and ability to provide real-time 
tomographic visualization (3). While highly sensitive for 

detection, conventional USG alone has limited specificity 
in distinguishing benign from malignant nodules, 
necessitating complementary diagnostic strategies. Risk 
stratification systems such as the Thyroid Imaging 
Reporting and Data System (TIRADS) have been 
developed to standardize sonographic interpretation and 
improve diagnostic accuracy (4). TIRADS categorization 
provides a structured framework for evaluating nodules, 
reducing unnecessary biopsies and guiding clinical 
management. Elastography has further enhanced thyroid 
imaging by quantifying tissue stiffness, with malignant 
nodules typically demonstrating increased rigidity. The 
strain ratio derived from elastographic assessment has 
shown promise in differentiating benign from malignant 
lesions. However, imaging findings must be validated 
against histopathology, which remains the definitive 
diagnostic standard. This study was designed to evaluate 
the diagnostic performance of TIRADS scoring and 
elastographic strain ratio in differentiating malignant 
from benign thyroid nodules. By correlating imaging 
features with histopathological outcomes, the study aims 
to establish the reliability of these modalities and their 
potential to refine patient management strategies.

PATIENTS AND METHODS

This prospective observational study was conducted at 
the Bangladesh Institute of Thyroid and Molecular 
Imaging and Research (BITMIR) between 2023 and 
2024. A total of 30 patients presenting with thyroid 
nodules were referred for comprehensive 
ultrasonographic evaluation, including TIRADS 
categorization and real-time elastography.

Each thyroid nodule was systematically classified 
according to the Thyroid Imaging Reporting and Data 
System (TIRADS). The categories were defined as 
follows: TIRADS 1, corresponding to a normal thyroid 
gland; TIRADS 2, benign nodules; TIRADS 3, probably 
benign nodules; TIRADS 4, nodules suspicious for 
malignancy; and TIRADS 5, nodules highly suggestive 
of malignancy. This standardized scoring system was 
applied to ensure uniform interpretation of sonographic 
features and to facilitate risk stratification.

In addition to conventional ultrasonography, real-time 
strain elastography was performed for all nodules. The 
strain ratio (SR) was calculated by comparing the 
stiffness of the nodule with that of adjacent reference 
tissue. Increased stiffness, reflected by higher SR values, 
was considered indicative of potential malignancy. 
Elastographic findings were recorded and correlated with 
the respective TIRADS categories to assess their 
combined diagnostic utility.

The final diagnosis for each patient was established 
through histopathological examination following 
near-total thyroidectomy. Histopathology served as the 
gold standard against which imaging-based assessments 
were validated. The correlation between TIRADS scores, 
elastographic strain ratios, and histopathological 
outcomes was analyzed to determine the accuracy and 
reliability of these imaging modalities in differentiating 
benign from malignant thyroid nodules.

Diagnostic performance was evaluated by calculating 
sensitivity, specificity, positive predictive value (PPV), 
and negative predictive value (NPV) for both TIRADS 
scoring and elastographic strain ratio, individually and in 
combination. Sensitivity was defined as the proportion of 
histopathologically confirmed malignant nodules correctly 
identified by imaging, while specificity represented the 
proportion of benign nodules correctly classified. PPV and 
NPV were derived to assess the predictive accuracy of 
positive and negative imaging results, respectively.

RESULTS

A total of 30 patients with thyroid nodules were included 
in the study. The mean age of the study population was 
34.1 ± 9.54 years, with an age range from 18 to 55 years 

(figure 2). Females constituted 80% of the study 
population, while males accounted for 20%, yielding a 
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The diagnostic validity of the TIRADS scoring system 
was assessed against histopathological findings. TIRADS 
correctly identified 5 malignant nodules (true positives) 
and 10 benign nodules (true negatives). However, one 
benign nodule was misclassified as malignant (false 
positive), and 14 malignant nodules were missed (false 
negatives). The sensitivity of TIRADS in detecting 
malignancy was 33.33%, while specificity was 93.33%. 
The positive predictive value (PPV) was 83.33%, and the 
negative predictive value (NPV) was 58.33%. The 
overall diagnostic accuracy of TIRADS was 63.33%.

In comparison, elastography strain ratio demonstrated 

superior diagnostic performance. It correctly identified 
12 malignant nodules (true positives) and 3 benign 
nodules (true negatives). The sensitivity of elastography 
was 80 %, with a specificity of 93 %. The PPV was 92.3 
%, and the NPV was 82.4 %. The overall diagnostic 
accuracy of elastography strain ratio was 86.7 %.

When directly compared, elastography strain ratio proved 
to be a more reliable tool than TIRADS in discriminating 
malignant from benign thyroid nodules. Its higher 
sensitivity, specificity, PPV, and overall accuracy 
underscore its potential as a valuable adjunct to 
conventional ultrasonographic risk stratification.

DISCUSSION

Thyroid nodules are highly prevalent in the general 
population, particularly among women, and their 
accurate characterization remains a clinical challenge. 
Ultrasonography (USG) is the cornerstone of thyroid 
imaging, but its limited specificity necessitates 
adjunctive tools to improve diagnostic precision. In this 
study, the diagnostic performance of the Thyroid 
Imaging Reporting and Data System (TIRADS) and 
elastography strain ratio was evaluated, using 
histopathology as the gold standard.

The findings demonstrated that TIRADS achieved high 
specificity (93.3%) but relatively low sensitivity (33.3%), 
consistent with prior reports that TIRADS is effective in 
ruling out benign nodules but less reliable in detecting 
malignancy when nodules exhibit atypical or overlapping 
sonographic features (4–6). The positive predictive value 
(83.3%) was acceptable, but the negative predictive value 
(58.3%) and overall accuracy (63.3%) highlight its 
limitations as a standalone tool.

In contrast, the elastography strain ratio showed 
markedly superior diagnostic performance, with a 
sensitivity of 80.0%, a specificity of 93.3%, a PPV of 
92.3%, an NPV of 82.4%, and an overall accuracy of 
86.7%. These results align with multiple studies 
demonstrating that elastography enhances diagnostic 
accuracy by quantifying tissue stiffness, a parameter 
strongly associated with malignancy (7–10). Malignant 
nodules typically exhibit increased rigidity due to 
desmoplastic reaction and altered extracellular matrix 
composition, making elastography a valuable adjunct to 
conventional USG (11,12).

Several studies have reported similar findings. Okasha et 
al. showed that combining TIRADS with strain ratio 
significantly improved diagnostic accuracy compared to 
either modality alone (13). Angelopoulos et al. 
demonstrated that elastography enhances the diagnostic 
yield of ACR-TIRADS, particularly in indeterminate 
nodules (14). Another study also reported that 
elastography cut-off values correlate strongly with 
histopathology, supporting its role in clinical 
decision-making (15).

Histopathology remains the definitive diagnostic 

standard, but reliance on surgical excision or fine-needle 
aspiration (FNA) for all nodules is impractical and 
invasive. Integrating elastography with TIRADS can 
reduce unnecessary biopsies while maintaining high 
diagnostic confidence (16–18). The present study 
reinforces this approach, showing that elastography strain 
ratio provides higher sensitivity and overall accuracy, 
making it a more reliable tool for malignancy detection.

In summary, while TIRADS offers structured risk 
stratification with high specificity, elastography strain 
ratio significantly improves sensitivity and overall 
diagnostic accuracy. The combined use of these 
modalities, validated against histopathology, can 
optimize patient management by reducing invasive 
procedures and improving early detection of malignant 
thyroid nodules.

However, this study has several limitations that should be 
acknowledged. First, the relatively small sample size of 
30 patients may restrict the generalizability of the 
findings, and larger multicenter studies are needed to 
validate the diagnostic performance of TIRADS and 
elastography strain ratio. Second, the study population 
was drawn from a single institution, which may introduce 
selection bias and limit external applicability. Third, 
elastography measurements can be operator-dependent, 
and variability in technique or equipment calibration may 
influence strain ratio values. Finally, the study did not 
assess interobserver variability in TIRADS 
categorization or elastography interpretation, which is an 
important consideration for routine clinical practice. 
Despite these limitations, the findings provide valuable 
evidence supporting the role of elastography strain ratio 
as a complementary tool to TIRADS in improving 
diagnostic accuracy for thyroid nodules.

CONCLUSION

Thyroid nodules are highly prevalent, particularly among 
women, and their accurate characterization remains 
essential for guiding clinical management. This study 
demonstrated that while TIRADS scoring provides high 
specificity, its sensitivity and overall accuracy are limited 
when used alone. Conversely, the elastography strain 
ratio showed superior diagnostic performance, with 
markedly higher sensitivity, predictive values, and 

overall accuracy when validated against histopathology. 
These findings underscore the value of elastography as a 
complementary tool to conventional ultrasonography, 
enhancing the ability to discriminate malignant from 
benign nodules.
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Table 1. Diagnostic performance of TIRADS and Elastography Strain Ratio in detecting malignant 
thyroid nodules

Parameter TIRADS Score Elastography Strain Ratio 
True Positive (TP) 5 12 
True Negative (TN) 10 3 
False Positive (FP) 1 0 
False Negative (FN) 14 3 
Sensitivity (%) 33.33 80.00 
Specificity (%) 93.33 93.33 
Positive Predictive Value (%) 83.33 92.31 
Negative Predictive Value (%) 58.33 82.35 
Overall Accuracy (%) 63.33 86.67 
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developed to standardize sonographic interpretation and 
improve diagnostic accuracy (4). TIRADS categorization 
provides a structured framework for evaluating nodules, 
reducing unnecessary biopsies and guiding clinical 
management. Elastography has further enhanced thyroid 
imaging by quantifying tissue stiffness, with malignant 
nodules typically demonstrating increased rigidity. The 
strain ratio derived from elastographic assessment has 
shown promise in differentiating benign from malignant 
lesions. However, imaging findings must be validated 
against histopathology, which remains the definitive 
diagnostic standard. This study was designed to evaluate 
the diagnostic performance of TIRADS scoring and 
elastographic strain ratio in differentiating malignant 
from benign thyroid nodules. By correlating imaging 
features with histopathological outcomes, the study aims 
to establish the reliability of these modalities and their 
potential to refine patient management strategies.

PATIENTS AND METHODS

This prospective observational study was conducted at 
the Bangladesh Institute of Thyroid and Molecular 
Imaging and Research (BITMIR) between 2023 and 
2024. A total of 30 patients presenting with thyroid 
nodules were referred for comprehensive 
ultrasonographic evaluation, including TIRADS 
categorization and real-time elastography.

Each thyroid nodule was systematically classified 
according to the Thyroid Imaging Reporting and Data 
System (TIRADS). The categories were defined as 
follows: TIRADS 1, corresponding to a normal thyroid 
gland; TIRADS 2, benign nodules; TIRADS 3, probably 
benign nodules; TIRADS 4, nodules suspicious for 
malignancy; and TIRADS 5, nodules highly suggestive 
of malignancy. This standardized scoring system was 
applied to ensure uniform interpretation of sonographic 
features and to facilitate risk stratification.

In addition to conventional ultrasonography, real-time 
strain elastography was performed for all nodules. The 
strain ratio (SR) was calculated by comparing the 
stiffness of the nodule with that of adjacent reference 
tissue. Increased stiffness, reflected by higher SR values, 
was considered indicative of potential malignancy. 
Elastographic findings were recorded and correlated with 
the respective TIRADS categories to assess their 
combined diagnostic utility.

The final diagnosis for each patient was established 
through histopathological examination following 
near-total thyroidectomy. Histopathology served as the 
gold standard against which imaging-based assessments 
were validated. The correlation between TIRADS scores, 
elastographic strain ratios, and histopathological 
outcomes was analyzed to determine the accuracy and 
reliability of these imaging modalities in differentiating 
benign from malignant thyroid nodules.

Diagnostic performance was evaluated by calculating 
sensitivity, specificity, positive predictive value (PPV), 
and negative predictive value (NPV) for both TIRADS 
scoring and elastographic strain ratio, individually and in 
combination. Sensitivity was defined as the proportion of 
histopathologically confirmed malignant nodules correctly 
identified by imaging, while specificity represented the 
proportion of benign nodules correctly classified. PPV and 
NPV were derived to assess the predictive accuracy of 
positive and negative imaging results, respectively.

RESULTS

A total of 30 patients with thyroid nodules were included 
in the study. The mean age of the study population was 
34.1 ± 9.54 years, with an age range from 18 to 55 years 

(figure 2). Females constituted 80% of the study 
population, while males accounted for 20%, yielding a 
male-to-female ratio of 1:2.6.

The diagnostic validity of the TIRADS scoring system 
was assessed against histopathological findings. TIRADS 
correctly identified 5 malignant nodules (true positives) 
and 10 benign nodules (true negatives). However, one 
benign nodule was misclassified as malignant (false 
positive), and 14 malignant nodules were missed (false 
negatives). The sensitivity of TIRADS in detecting 
malignancy was 33.33%, while specificity was 93.33%. 
The positive predictive value (PPV) was 83.33%, and the 
negative predictive value (NPV) was 58.33%. The 
overall diagnostic accuracy of TIRADS was 63.33%.

In comparison, elastography strain ratio demonstrated 

superior diagnostic performance. It correctly identified 
12 malignant nodules (true positives) and 3 benign 
nodules (true negatives). The sensitivity of elastography 
was 80 %, with a specificity of 93 %. The PPV was 92.3 
%, and the NPV was 82.4 %. The overall diagnostic 
accuracy of elastography strain ratio was 86.7 %.

When directly compared, elastography strain ratio proved 
to be a more reliable tool than TIRADS in discriminating 
malignant from benign thyroid nodules. Its higher 
sensitivity, specificity, PPV, and overall accuracy 
underscore its potential as a valuable adjunct to 
conventional ultrasonographic risk stratification.

DISCUSSION

Thyroid nodules are highly prevalent in the general 
population, particularly among women, and their 
accurate characterization remains a clinical challenge. 
Ultrasonography (USG) is the cornerstone of thyroid 
imaging, but its limited specificity necessitates 
adjunctive tools to improve diagnostic precision. In this 
study, the diagnostic performance of the Thyroid 
Imaging Reporting and Data System (TIRADS) and 
elastography strain ratio was evaluated, using 
histopathology as the gold standard.

The findings demonstrated that TIRADS achieved high 
specificity (93.3%) but relatively low sensitivity (33.3%), 
consistent with prior reports that TIRADS is effective in 
ruling out benign nodules but less reliable in detecting 
malignancy when nodules exhibit atypical or overlapping 
sonographic features (4–6). The positive predictive value 
(83.3%) was acceptable, but the negative predictive value 
(58.3%) and overall accuracy (63.3%) highlight its 
limitations as a standalone tool.

In contrast, the elastography strain ratio showed 
markedly superior diagnostic performance, with a 
sensitivity of 80.0%, a specificity of 93.3%, a PPV of 
92.3%, an NPV of 82.4%, and an overall accuracy of 
86.7%. These results align with multiple studies 
demonstrating that elastography enhances diagnostic 
accuracy by quantifying tissue stiffness, a parameter 
strongly associated with malignancy (7–10). Malignant 
nodules typically exhibit increased rigidity due to 
desmoplastic reaction and altered extracellular matrix 
composition, making elastography a valuable adjunct to 
conventional USG (11,12).

Several studies have reported similar findings. Okasha et 
al. showed that combining TIRADS with strain ratio 
significantly improved diagnostic accuracy compared to 
either modality alone (13). Angelopoulos et al. 
demonstrated that elastography enhances the diagnostic 
yield of ACR-TIRADS, particularly in indeterminate 
nodules (14). Another study also reported that 
elastography cut-off values correlate strongly with 
histopathology, supporting its role in clinical 
decision-making (15).

Histopathology remains the definitive diagnostic 

standard, but reliance on surgical excision or fine-needle 
aspiration (FNA) for all nodules is impractical and 
invasive. Integrating elastography with TIRADS can 
reduce unnecessary biopsies while maintaining high 
diagnostic confidence (16–18). The present study 
reinforces this approach, showing that elastography strain 
ratio provides higher sensitivity and overall accuracy, 
making it a more reliable tool for malignancy detection.

In summary, while TIRADS offers structured risk 
stratification with high specificity, elastography strain 
ratio significantly improves sensitivity and overall 
diagnostic accuracy. The combined use of these 
modalities, validated against histopathology, can 
optimize patient management by reducing invasive 
procedures and improving early detection of malignant 
thyroid nodules.

However, this study has several limitations that should be 
acknowledged. First, the relatively small sample size of 
30 patients may restrict the generalizability of the 
findings, and larger multicenter studies are needed to 
validate the diagnostic performance of TIRADS and 
elastography strain ratio. Second, the study population 
was drawn from a single institution, which may introduce 
selection bias and limit external applicability. Third, 
elastography measurements can be operator-dependent, 
and variability in technique or equipment calibration may 
influence strain ratio values. Finally, the study did not 
assess interobserver variability in TIRADS 
categorization or elastography interpretation, which is an 
important consideration for routine clinical practice. 
Despite these limitations, the findings provide valuable 
evidence supporting the role of elastography strain ratio 
as a complementary tool to TIRADS in improving 
diagnostic accuracy for thyroid nodules.

CONCLUSION

Thyroid nodules are highly prevalent, particularly among 
women, and their accurate characterization remains 
essential for guiding clinical management. This study 
demonstrated that while TIRADS scoring provides high 
specificity, its sensitivity and overall accuracy are limited 
when used alone. Conversely, the elastography strain 
ratio showed superior diagnostic performance, with 
markedly higher sensitivity, predictive values, and 

overall accuracy when validated against histopathology. 
These findings underscore the value of elastography as a 
complementary tool to conventional ultrasonography, 
enhancing the ability to discriminate malignant from 
benign nodules.
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ABSTRACT
Thyroid nodules are a common clinical finding, and accurate 
differentiation between benign and malignant nodules is essential for 
appropriate clinical management. This study aimed to evaluate the 
diagnostic value of the Thyroid Imaging Reporting and Data System 
(TIRADS) and elastography strain ratio in predicting malignant 
thyroid nodules and to correlate the findings with histopathology. This 
study was conducted from 2023 to 2024 and included 30 patients with 
thyroid nodules referred for ultrasound TIRADS assessment and 
elastography. Nodules were categorized according to the TIRADS 
classification system (TIRADS 1–5), and real-time strain ratio (SR) 
was measured using elastography to assess tissue stiffness. The final 
diagnosis was confirmed by histopathology following near-total 
thyroidectomy. The mean age of the patients was 34.1 ± 9.54 years 
(range 18–55 years), with 80% females. TIRADS demonstrated a 
sensitivity of 33.33%, a specificity of 93.33%, and an overall accuracy 
of 63.33%. Elastography strain ratio showed higher diagnostic 
performance with a sensitivity of 80.00%, a specificity of 93.33%, and 
an accuracy of 86.67%. Elastography strain ratio appears to be a more 
reliable method than TIRADS alone for detecting malignant thyroid 
nodules and may improve diagnostic accuracy in clinical practice.

Keywords: Thyroid ultrasound, thyroid nodule, TIRADS, elastography 
strain ratio
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INTRODUCTION

Thyroid nodules are among the most common endocrine 
disorders, with a striking female predominance-occurring 
approximately four times more frequently in women than 
in men (1). The widespread use of high-resolution 
ultrasonography (USG) has markedly increased detection 
rates, with nodules identified in 20% to 76% of adults (2). 
USG remains the primary imaging modality due to its 
safety, accessibility, and ability to provide real-time 
tomographic visualization (3). While highly sensitive for 

detection, conventional USG alone has limited specificity 
in distinguishing benign from malignant nodules, 
necessitating complementary diagnostic strategies. Risk 
stratification systems such as the Thyroid Imaging 
Reporting and Data System (TIRADS) have been 
developed to standardize sonographic interpretation and 
improve diagnostic accuracy (4). TIRADS categorization 
provides a structured framework for evaluating nodules, 
reducing unnecessary biopsies and guiding clinical 
management. Elastography has further enhanced thyroid 
imaging by quantifying tissue stiffness, with malignant 
nodules typically demonstrating increased rigidity. The 
strain ratio derived from elastographic assessment has 
shown promise in differentiating benign from malignant 
lesions. However, imaging findings must be validated 
against histopathology, which remains the definitive 
diagnostic standard. This study was designed to evaluate 
the diagnostic performance of TIRADS scoring and 
elastographic strain ratio in differentiating malignant 
from benign thyroid nodules. By correlating imaging 
features with histopathological outcomes, the study aims 
to establish the reliability of these modalities and their 
potential to refine patient management strategies.

PATIENTS AND METHODS

This prospective observational study was conducted at 
the Bangladesh Institute of Thyroid and Molecular 
Imaging and Research (BITMIR) between 2023 and 
2024. A total of 30 patients presenting with thyroid 
nodules were referred for comprehensive 
ultrasonographic evaluation, including TIRADS 
categorization and real-time elastography.

Each thyroid nodule was systematically classified 
according to the Thyroid Imaging Reporting and Data 
System (TIRADS). The categories were defined as 
follows: TIRADS 1, corresponding to a normal thyroid 
gland; TIRADS 2, benign nodules; TIRADS 3, probably 
benign nodules; TIRADS 4, nodules suspicious for 
malignancy; and TIRADS 5, nodules highly suggestive 
of malignancy. This standardized scoring system was 
applied to ensure uniform interpretation of sonographic 
features and to facilitate risk stratification.

In addition to conventional ultrasonography, real-time 
strain elastography was performed for all nodules. The 
strain ratio (SR) was calculated by comparing the 
stiffness of the nodule with that of adjacent reference 
tissue. Increased stiffness, reflected by higher SR values, 
was considered indicative of potential malignancy. 
Elastographic findings were recorded and correlated with 
the respective TIRADS categories to assess their 
combined diagnostic utility.

The final diagnosis for each patient was established 
through histopathological examination following 
near-total thyroidectomy. Histopathology served as the 
gold standard against which imaging-based assessments 
were validated. The correlation between TIRADS scores, 
elastographic strain ratios, and histopathological 
outcomes was analyzed to determine the accuracy and 
reliability of these imaging modalities in differentiating 
benign from malignant thyroid nodules.

Diagnostic performance was evaluated by calculating 
sensitivity, specificity, positive predictive value (PPV), 
and negative predictive value (NPV) for both TIRADS 
scoring and elastographic strain ratio, individually and in 
combination. Sensitivity was defined as the proportion of 
histopathologically confirmed malignant nodules correctly 
identified by imaging, while specificity represented the 
proportion of benign nodules correctly classified. PPV and 
NPV were derived to assess the predictive accuracy of 
positive and negative imaging results, respectively.

RESULTS

A total of 30 patients with thyroid nodules were included 
in the study. The mean age of the study population was 
34.1 ± 9.54 years, with an age range from 18 to 55 years 

(figure 2). Females constituted 80% of the study 
population, while males accounted for 20%, yielding a 
male-to-female ratio of 1:2.6.

The diagnostic validity of the TIRADS scoring system 
was assessed against histopathological findings. TIRADS 
correctly identified 5 malignant nodules (true positives) 
and 10 benign nodules (true negatives). However, one 
benign nodule was misclassified as malignant (false 
positive), and 14 malignant nodules were missed (false 
negatives). The sensitivity of TIRADS in detecting 
malignancy was 33.33%, while specificity was 93.33%. 
The positive predictive value (PPV) was 83.33%, and the 
negative predictive value (NPV) was 58.33%. The 
overall diagnostic accuracy of TIRADS was 63.33%.

In comparison, elastography strain ratio demonstrated 

superior diagnostic performance. It correctly identified 
12 malignant nodules (true positives) and 3 benign 
nodules (true negatives). The sensitivity of elastography 
was 80 %, with a specificity of 93 %. The PPV was 92.3 
%, and the NPV was 82.4 %. The overall diagnostic 
accuracy of elastography strain ratio was 86.7 %.

When directly compared, elastography strain ratio proved 
to be a more reliable tool than TIRADS in discriminating 
malignant from benign thyroid nodules. Its higher 
sensitivity, specificity, PPV, and overall accuracy 
underscore its potential as a valuable adjunct to 
conventional ultrasonographic risk stratification.

DISCUSSION

Thyroid nodules are highly prevalent in the general 
population, particularly among women, and their 
accurate characterization remains a clinical challenge. 
Ultrasonography (USG) is the cornerstone of thyroid 
imaging, but its limited specificity necessitates 
adjunctive tools to improve diagnostic precision. In this 
study, the diagnostic performance of the Thyroid 
Imaging Reporting and Data System (TIRADS) and 
elastography strain ratio was evaluated, using 
histopathology as the gold standard.

The findings demonstrated that TIRADS achieved high 
specificity (93.3%) but relatively low sensitivity (33.3%), 
consistent with prior reports that TIRADS is effective in 
ruling out benign nodules but less reliable in detecting 
malignancy when nodules exhibit atypical or overlapping 
sonographic features (4–6). The positive predictive value 
(83.3%) was acceptable, but the negative predictive value 
(58.3%) and overall accuracy (63.3%) highlight its 
limitations as a standalone tool.

In contrast, the elastography strain ratio showed 
markedly superior diagnostic performance, with a 
sensitivity of 80.0%, a specificity of 93.3%, a PPV of 
92.3%, an NPV of 82.4%, and an overall accuracy of 
86.7%. These results align with multiple studies 
demonstrating that elastography enhances diagnostic 
accuracy by quantifying tissue stiffness, a parameter 
strongly associated with malignancy (7–10). Malignant 
nodules typically exhibit increased rigidity due to 
desmoplastic reaction and altered extracellular matrix 
composition, making elastography a valuable adjunct to 
conventional USG (11,12).

Several studies have reported similar findings. Okasha et 
al. showed that combining TIRADS with strain ratio 
significantly improved diagnostic accuracy compared to 
either modality alone (13). Angelopoulos et al. 
demonstrated that elastography enhances the diagnostic 
yield of ACR-TIRADS, particularly in indeterminate 
nodules (14). Another study also reported that 
elastography cut-off values correlate strongly with 
histopathology, supporting its role in clinical 
decision-making (15).

Histopathology remains the definitive diagnostic 

standard, but reliance on surgical excision or fine-needle 
aspiration (FNA) for all nodules is impractical and 
invasive. Integrating elastography with TIRADS can 
reduce unnecessary biopsies while maintaining high 
diagnostic confidence (16–18). The present study 
reinforces this approach, showing that elastography strain 
ratio provides higher sensitivity and overall accuracy, 
making it a more reliable tool for malignancy detection.

In summary, while TIRADS offers structured risk 
stratification with high specificity, elastography strain 
ratio significantly improves sensitivity and overall 
diagnostic accuracy. The combined use of these 
modalities, validated against histopathology, can 
optimize patient management by reducing invasive 
procedures and improving early detection of malignant 
thyroid nodules.

However, this study has several limitations that should be 
acknowledged. First, the relatively small sample size of 
30 patients may restrict the generalizability of the 
findings, and larger multicenter studies are needed to 
validate the diagnostic performance of TIRADS and 
elastography strain ratio. Second, the study population 
was drawn from a single institution, which may introduce 
selection bias and limit external applicability. Third, 
elastography measurements can be operator-dependent, 
and variability in technique or equipment calibration may 
influence strain ratio values. Finally, the study did not 
assess interobserver variability in TIRADS 
categorization or elastography interpretation, which is an 
important consideration for routine clinical practice. 
Despite these limitations, the findings provide valuable 
evidence supporting the role of elastography strain ratio 
as a complementary tool to TIRADS in improving 
diagnostic accuracy for thyroid nodules.

CONCLUSION

Thyroid nodules are highly prevalent, particularly among 
women, and their accurate characterization remains 
essential for guiding clinical management. This study 
demonstrated that while TIRADS scoring provides high 
specificity, its sensitivity and overall accuracy are limited 
when used alone. Conversely, the elastography strain 
ratio showed superior diagnostic performance, with 
markedly higher sensitivity, predictive values, and 

overall accuracy when validated against histopathology. 
These findings underscore the value of elastography as a 
complementary tool to conventional ultrasonography, 
enhancing the ability to discriminate malignant from 
benign nodules.
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ABSTRACT
Background: Spine–hip bone mineral density (BMD) discordance 
complicates dual-energy X-ray absorptiometry (DXA) interpretation 
and may affect osteoporosis classification. This study assessed the 
prevalence of spine–hip discordance and the age-dependent 
divergence between T-scores and Z-scores.
Methods: This cross-sectional study included 292 apparently healthy 
individuals who underwent DXA. BMD, T-scores, and Z-scores were 
analyzed at the lumbar spine, left femur, and right femur. Spine–hip 
discordance was defined as an absolute difference of at least 1.0 SD 
between the lumbar spine T-score and either femoral T-score and was 
categorized as minor (1.0 to <2.0 SD) or major (≥2.0 SD). The T–Z 
gap was defined as T-score minus Z-score. Inter-site differences were 
assessed using repeated-measures ANOVA, and associations between 
age and T–Z gap were evaluated using Pearson correlation.
Results: Participants were predominantly female (84.9%). The lumbar 
spine showed the lowest score profile, with mean T-scores of −1.36 ± 
1.64 at the lumbar spine, −0.08 ± 1.16 at the left femur, and −0.17 ± 
1.27 at the right femur. Corresponding mean Z-scores were −0.19 ± 
1.62, 0.57 ± 1.10, and 0.48 ± 1.20, respectively (all inter-site 
comparisons, p < 0.001). Overall, 73.3% of subjects demonstrated 
spine–hip discordance, including 41.1% with minor and 32.2% with 
major discordance. Age was strongly negatively correlated with the 
T–Z gap at all sites (r = −0.892, −0.886, and −0.888; all p < 0.001). 
Osteoporosis prevalence increased from 3.1% by hip-only 
classification to 29.1% by worst-site classification.
Conclusion: Spine–hip discordance is highly prevalent, 
predominantly spine-driven, and associated with substantial 
age-related T/Z divergence and diagnostic reclassification.
Keywords:  Bone mineral density; Dual-energy X-ray absorptiometry; 
Spine–hip discordance; T-score; Z-score; Osteoporosis; Lumbar 
spine; Hip BMD.
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INTRODUCTION

Osteoporosis is a systemic skeletal disorder defined by 
low bone mass and impaired microarchitecture, 
increasing fracture risk (1). Dual-energy X-ray 
absorptiometry (DXA) remains the gold standard for 
measuring bone mineral density (BMD) and is widely 

used for diagnosis and risk stratification. According to 
World Health Organization (WHO) criteria, osteoporosis 
is defined by a T-score ≤ −2.5, with diagnosis based on 
the lowest value among measured skeletal sites (2, 3). 
However, a well-recognized limitation of DXA-based 
assessment is the occurrence of inter-site diagnostic 
discordance, where different skeletal regions yield 
different diagnostic categories (normal, osteopenia, or 
osteoporosis). This phenomenon is particularly observed 
between the lumbar spine and proximal femur and can 
significantly influence clinical decision-making (4, 9). 
Discordance is typically categorized as minor or major 
depending on whether the discrepancy spans adjacent or 
non-adjacent diagnostic categories (4).

Previous studies have demonstrated that spine–hip 
discordance is common, affecting approximately 
34–50% of patients, with major discordance occurring in 
a smaller but clinically important subset (4, 8). The 
underlying mechanisms are multifactorial, including 
age-related degenerative changes, differences in 
trabecular versus cortical bone composition, and 
technical or biological factors affecting regional bone 
loss (5, 9). Furthermore, discordance has important 
clinical implications, as it may alter fracture risk 
estimation and treatment strategies, particularly when 
relying on single-site assessment tools such as FRAX (3).

In addition to inter-site discordance, emerging attention 
has been directed toward discrepancies between T-scores 
and Z-scores, reflecting differences between young-adult 
reference comparisons and age-matched norms. These 
differences may provide additional insight into 
age-related bone changes and diagnostic interpretation 
yet remain underexplored in routine clinical practice.

Given these considerations, the present study aims to 
evaluate the pattern and magnitude of spine–hip BMD 
discordance and to investigate age-dependent divergence 
between T-scores and Z-scores in a real-world DXA 
cohort. By integrating site-wise comparisons and T–Z 
gap analysis, this study seeks to provide a more 
comprehensive understanding of densitometric 
variability and its clinical implications.

PATIENTS AND METHODS

Study Population

This cross-sectional study included 292 individuals who 
were referred for dual-energy X-ray absorptiometry 
(DXA) examination at the Institute of Nuclear Medicine 
and Allied Sciences, Suhrawardy, during the period from 
October 2023 to December 2025 with a mean age of 
56.07 ±12.55 (range 20–86) years. Prior to scanning, 
each participant’s height and weight were measured with 
the subject wearing light clothing and no shoes. Body 
weight was recorded using a calibrated anthropometric 
scale, and height was measured using a stadiometer 
attached to the same scale.

DXA Acquisition

Bone mineral density (BMD, g/cm²) and bone mineral 
content (BMC, g) were measured using an APELEM 3-D 
DXA system. Measurements were obtained according to 
standard acquisition protocols at the lumbar spine 
(L1–L4) and the hip region. The scanner was calibrated 
daily against the manufacturer-supplied standard 
calibration block to minimize baseline drift, and correct 
patient positioning was ensured during each examination. 
T-scores and Z-scores were also recorded for all 
measured sites.

Study Variables and Definitions

For the present analysis, only subjects with complete 
measurements at the lumbar spine, left femur, and right 
femur were included. Continuous variables were 
expressed as mean ± standard deviation (SD), whereas 
categorical variables were summarized as frequency and 
percentage. The T–Z gap was calculated for each skeletal 
site as the difference between T-score and Z-score. 
Spine–hip discordance was defined as the absolute 

difference between the lumbar spine T-score and femoral 
T-scores, and the larger of the two absolute differences 
was considered the maximum discordance value for each 
subject. Discordance was categorized as no discordance 
(<1.0 SD), minor discordance (1.0 to <2.0 SD), or major 
discordance (≥2.0 SD). WHO-based diagnostic 
categories were defined according to T-score thresholds 
as normal (≥ −1.0), osteopenia (< −1.0 to > −2.5), and 
osteoporosis (≤ −2.5) (1). Diagnostic classification was 
assessed using two approaches: a hip-only approach, 
based on the lower femoral T-score, and a worst-site 
approach, based on the lowest T-score among the lumbar 
spine, left femur, and right femur. Subjects were further 
stratified into five age groups: <40, 40–49, 50–59, 
60–69, and ≥70 years.

Statistical Analysis

Because measurements from the lumbar spine, left 
femur, and right femur were obtained from the same 
individuals, inter-site differences in mean T-scores and 
Z-scores were evaluated using repeated-measures 
analysis of variance (ANOVA). The association between 
age and the T–Z gap at each skeletal site was assessed 
using Pearson’s correlation analysis. For graphical 
presentation, scatter plots with fitted linear regression 
lines and 95% confidence interval bands were generated. 
Diagnostic reclassification between the hip-only and 
worst-site approaches was summarized descriptively. A 
two-sided p-value <0.05 was considered statistically 
significant. All statistical analyses and figure generation 
were performed in Excel and Python using standard 
scientific computing and visualization libraries. 

RESULTS

Cohort characteristics

A total of 292 subjects with complete DXA 
measurements at the lumbar spine, left femur, and right 
femur were included in the final analysis. The cohort was 
predominantly female (248/292, 84.9%) with 44/292 
(15.1%) male subjects. Table 1 described anthropometric 
variables where mean values are listed along with the 
standard deviations of the individual parameters except 
BMI categories where no. of BMI cases and the 
percentages are shown in parentheses.

The age distribution was as follows: 34 (11.6%) aged <40 
years, 36 (12.3%) aged 40–49 years, 97 (33.2%) aged 
50–59 years, 87 (29.8%) aged 60–69 years, and 38 
(13.0%) aged ≥70 years.

Site-wise BMD score distributions

The lumbar spine showed the lowest bone-density-derived 
score profile among the three measured skeletal sites. 
Mean T-scores were -1.36 ± 1.64 at the lumbar spine, -0.08 
± 1.16 at the left femur, and -0.17 ± 1.27 at the right femur. 
Corresponding mean Z-scores were -0.19 ± 1.62, 0.57 ± 
1.10, and 0.48 ± 1.20, respectively. The mean T-Z gap was 
therefore largest at the lumbar spine (-1.18 ± 0.78) 
compared with the left femur (-0.65 ± 0.44) and right 
femur (-0.65 ± 0.44). Figure 1A demonstrates a clear 
leftward shift of lumbar spine T-scores relative to both 
femoral sites. Figure 1B shows the same overall pattern for 
Z-scores, although with less negative values at all sites. 
Repeated-measures ANOVA confirmed significant 
between-site differences for both T-scores and Z-scores (p 
< 0.001 for both; Figure 1A-B).

Figure 1A. Box-and-whisker plot showing 
distribution of T-scores across skeletal sites. 
Horizontal dashed lines indicate WHO diagnostic 
thresholds for osteopenia (-1.0 SD) and osteoporosis 

(-2.5 SD). The lumbar spine demonstrates a 
left-shifted distribution compared with both femoral 
sites, indicating systematically lower T-scores.

Figure 1B. Distribution of Z-scores across skeletal 
sites. The dashed horizontal line represents the ISCD 
threshold for below expected range for age (Z-score ≤ 
-2.0 SD). Z-scores are consistently higher (less 
negative) than corresponding T-scores across all 
skeletal sites, reflecting age-matched normalization.

Prevalence and severity of spine-hip discordance

Using an absolute difference of at least 1.0 SD between 
lumbar spine T-score and either femoral T-score, 214/292 
subjects (73.3%) showed spine-hip discordance. Of 
these, 120/292 (41.1%) had minor discordance (1.0 to 
<2.0 SD), and 94/292 (32.2%) had major discordance (≥
2.0 SD). Only 78/292 (26.7%) had no discordance 
(Figure 2). The discordance pattern was predominantly 
spine-driven. In 235/292 subjects (80.5%), the lumbar 
spine T-score was lower than both femoral T-scores, 
whereas in 51/292 (17.5%), one or both femoral sites had 
lower T-scores than the spine; the remaining 6 subjects 
had equal values across at least one comparison. 
Discordance was more common in older age groups than 
in subjects under 50 years and was highest in the 
50–59-year group.


