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INTRODUCTION
Thyroid nodules are a common clinical problem, with a prevalence of 
up to 50–60% in the general population when detected by 
ultrasonography. Although most nodules are benign, approximately 
5–15% may represent malignancy, necessitating accurate diagnostic 
evaluation [1–3]. Thyroid cancer is the most common endocrine 
malignancy, and its incidence has been steadily increasing worldwide, 
largely due to improved detection through imaging modalities [4,5].

Ultrasonography (USG) is the imaging modality of choice for the 
evaluation of thyroid nodules due to its accessibility, cost-
effectiveness, and ability to provide detailed morphological 
assessment. Various sonographic features have been identied as 
predictors of malignancy, including  hypoechogenicity, irregular or 
spiculated margins, microcalcications, taller-than-wide shape, and 
increased internal vascularity [6–8].

Standardized reporting systems such as the Thyroid Imaging 
Reporting and Data System (TIRADS) have been developed to stratify 
the risk of malignancy based on ultrasound features and guide clinical 
management [9,10]. These systems improve diagnostic consistency 
and reduce unnecessary biopsies.

Fine needle aspiration cytology (FNAC) remains the gold standard for 
evaluating thyroid nodules, providing high diagnostic accuracy with 
minimal invasiveness [11]. However, FNAC is not without limitations, 
including indeterminate results and sampling errors. Therefore, 
correlating ultrasound ndings with FNAC is essential for optimizing 
diagnostic pathways.

This study aims to evaluate the diagnostic accuracy of ultrasound in 
differentiating benign and malignant thyroid nodules, using FNAC as 
the reference standard, in a tertiary care setting.

MATERIALS AND METHODS
Study Design:
Cross Sectional Study

Study Duration:

November 2025 to April 2026

Study Setting:
Department of Radiodiagnosis, Chirayu Medical College & Hospital

Sample Size: 
40 patients

Inclusion Criteria
Ÿ Adult patients (≥18 years) with thyroid nodules detected on 

ultrasonography (USG). 
Ÿ Patients undergoing ultrasound-guided ne needle aspiration 

cytology (FNAC) for evaluation of thyroid nodules.
Ÿ Clinically detected thyroid nodules requiring diagnostic 

evaluation.

Exclusion Criteria
Ÿ Patients with a history of prior thyroid surgery. 
Ÿ Patients with inadequate FNAC samples that are not sufcient for 

diagnosis.
Ÿ Patients unwilling to participate in the study.

METHODOLOGY
All patients underwent high-resolution ultrasound of the thyroid gland.

Ultrasound parameters assessed:
Ÿ Echogenicity (hypoechoic/isoechoic/hyperechoic) 
Ÿ Margins (regular/irregular) 
Ÿ Calcications (micro/macro/absent) 
Ÿ Shape (taller-than-wide vs wider-than-tall) 
Ÿ Vascularity (peripheral/central) 
Each nodule was categorized as benign or suspicious based on 
sonographic criteria.

FNAC Evaluation
Ultrasound-guided FNAC was performed in all cases. Cytological 
diagnosis was considered the reference standard.

Statistical Analysis
Ÿ Sensitivity, specicity, PPV, NPV calculated 
Ÿ Chi-square test used 
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Ÿ p-value < 0.05 considered signicant 
Ÿ ROC curve analysis performed 

RESULTS
A total of 40 patients with thyroid nodules were evaluated during the 
study period. The mean age was 42.6 ± 12.4 years (range: 18–68 
years), with a female predominance (female:male = 3:1). Based on 
FNAC, which served as the reference standard, 28 nodules (70%) were 
benign and 12 nodules (30%) were malignant.

Distribution of Thyroid Nodules
Table 1: FNAC Diagnosis of Thyroid Nodules

Ultrasound evaluation demonstrated signicant differences in 
sonographic characteristics between benign and malignant nodules. 
Malignant nodules were more likely to be hypoechoic, exhibit 
irregular margins, contain microcalcications, and have a taller-than-
wide conguration.

Ultrasound Features and Association with Malignancy
Table 2: Sonographic Features and Their Association with 
Malignancy

Among these features, irregular margins and microcalcications 
showed the strongest association with malignancy (p < 0.001). 
Hypoechogenicity and taller-than-wide shape were also signicant 
predictors, while increased intranodular vascularity demonstrated 
moderate association.

Diagnostic Performance of Ultrasound
Ultrasound demonstrated high diagnostic accuracy in differentiating 
benign and malignant thyroid nodules when compared with FNAC.

Table 3: Diagnostic Accuracy of Ultrasound

Ultrasound correctly identied 11 out of 12 malignant nodules (true 
positives) and 25 out of 28 benign nodules (true negatives). There was 
1 false-negative and 3 false-positive cases.

Correlation Between Ultrasound and FNAC
Table 4: Comparison of Ultrasound with FNAC (Contingency 
Table)

Statistical analysis using the Chi-square test showed a highly 
signicant association between ultrasound ndings and FNAC 
diagnosis (χ² = 22.48, df = 1, p < 0.001).

ROC Curve Analysis
Receiver operating characteristic (ROC) curve analysis was 
performed to assess the overall diagnostic performance of ultrasound.
Ÿ Area Under Curve (AUC): 0.905 (95% CI: 0.81–0.97) 
This indicates excellent discriminatory ability of ultrasound in 
differentiating malignant from benign thyroid nodules.

Comparative ROC analysis demonstrated that TIRADS-based 
evaluation had the highest diagnostic performance (AUC = 0.905), 
outperforming individual ultrasound features such as irregular 
margins (AUC ≈ 0.88), microcalcications (AUC ≈ 0.86), and 
hypoechogenicity (AUC ≈ 0.82). This highlights the advantage of 
combined risk stratication systems over isolated imaging parameters.

Figure 1: Receiver operating characteristic (ROC) curve comparison 
demonstrating the diagnostic performance of different ultrasound 
features in differentiating benign and malignant thyroid nodules. The 
TIRADS-based assessment showed the highest diagnostic accuracy 
(AUC = 0.905), followed by irregular margins (AUC ≈ 0.88), 
microcalcications (AUC ≈ 0.86), and hypoechogenicity (AUC ≈ 
0.82).

DISCUSSION
The present prospective study evaluated the diagnostic performance of 
ultrasonography (USG) in differentiating benign from malignant 
thyroid nodules using FNAC as the reference standard. Our ndings 
demonstrate that ultrasound is a highly reliable, non-invasive modality 
with high sensitivity (91.7%), specicity (89.3%), and overall 
accuracy (90%), showing strong concordance with cytological 
diagnosis. These results reinforce the pivotal role of USG as the rst-
line imaging tool in the assessment of thyroid nodules.

Thyroid nodules are increasingly detected due to widespread use of 
imaging, with prevalence rates reaching up to 60% in the general 
population; however, only a small proportion are malignant [1–3]. In 
our study, the malignancy rate was 30%, which is higher than 
population-based estimates but consistent with hospital-based cohorts 
where patients are more likely to present with clinically signicant or 
suspicious nodules [4]. The increasing incidence of Thyroid cancer 
worldwide underscores the importance of accurate risk stratication 
using non-invasive methods [5].

Among the ultrasound features evaluated, irregular margins (91.7%) 
and microcalcications (75%) were the strongest predictors of 
malignancy (p < 0.001). These ndings are in agreement with multiple 
landmark studies that identify spiculated or irregular margins as a 
hallmark of invasive growth and microcalcications as a reection of 
psammoma bodies, commonly seen in papillary thyroid carcinoma 
[6–8]. The high predictive value of these features highlights their 
importance in routine sonographic assessment.

Hypoechogenicity (83.3%) and taller-than-wide shape (66.7%) were 
also signicantly associated with malignancy in our study. 
Hypoechogenicity is thought to reect increased cellular density and 
reduced colloid content, while a taller-than-wide conguration 
indicates vertical tumor growth that breaches normal tissue 
planes—both well-established indicators of malignancy [9,10]. These 
ndings are consistent with prior studies and are incorporated into 
widely accepted risk stratication systems.

Standardized reporting systems such as the ACR TI-RADS and EU-
TIRADS integrate these ultrasound features to classify nodules based 
on malignancy risk and guide clinical management. Several studies 
have demonstrated that these systems signicantly improve diagnostic 
consistency and reduce unnecessary FNAC procedures [11–13]. 
Although formal scoring was not applied in this study, the evaluated 
features align closely with TIRADS criteria, supporting their clinical 
relevance.

The presence of increased intranodular vascularity showed moderate 
association with malignancy (p = 0.01) in our study. While Doppler 
ndings can provide additional information, their role remains 
somewhat controversial, as vascular patterns may overlap between 
benign and malignant nodules [14]. Nevertheless, when combined 
with other suspicious features, vascularity can contribute to overall 
risk assessment.

The diagnostic performance of ultrasound in our study is comparable 
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Diagnosis Cases (n=40) Percentage (%)
Benign 28 70.0
Malignant 12 30.0

Feature Malignant (n=12) Benign (n=28) p-value
Hypoechogenicity 10 (83.3%) 8 (28.6%) 0.003
Irregular margins 11 (91.7%) 5 (17.9%) <0.001
Microcalcications 9 (75.0%) 3 (10.7%) <0.001
Taller-than-wide shape 8 (66.7%) 2 (7.1%) 0.002
Internal vascularity 7 (58.3%) 6 (21.4%) 0.010

Parameter Value (%)
Sensitivity 91.7
Specicity 89.3
Positive Predictive Value (PPV) 84.6
Negative Predictive Value (NPV) 93.8
Accuracy 90.0

Ultrasound Diagnosis Malignant (FNAC) Benign (FNAC) Tota
Malignant 11 (TP) 3 (FP) 14
Benign 1 (FN) 25 (TN) 26
Total 12 28 40
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to previously published data, where sensitivity ranges from 80% to 
95% and specicity from 75% to 90% [15–17]. The high negative 
predictive value (93.8%) observed suggests that ultrasound is 
particularly effective in ruling out malignancy in nodules lacking 
suspicious features. This has important clinical implications, as it may 
help reduce unnecessary biopsies and associated patient anxiety.

Receiver operating characteristic (ROC) curve analysis in our study 
yielded an AUC of 0.905, indicating excellent discriminatory ability of 
ultrasound. This is consistent with previous studies reporting AUC 
values above 0.85 for ultrasound-based risk stratication systems 
[18,19]. The strong performance of USG highlights its utility as a 
screening and triage tool in thyroid nodule evaluation.

FNAC remains the reference standard for diagnosis, providing high 
sensitivity and specicity with minimal invasiveness [20]. However, it 
is not without limitations, including indeterminate cytology (e.g., 
Bethesda category III/IV), sampling errors, and interobserver 
variability [21]. In this context, ultrasound serves as an essential 
adjunct, guiding biopsy decisions and improving overall diagnostic 
accuracy.

The strengths of this study include its prospective design, standardized 
ultrasound evaluation, and direct correlation with FNAC ndings. 
However, certain limitations should be acknowledged. The relatively 
small sample size and single-center setting may limit generalizability. 
Additionally, histopathological conrmation was not available in all 
cases, as FNAC was used as the reference standard. Future studies with 
larger cohorts and incorporation of histopathology and molecular 
markers are warranted.

Emerging advancements such as elastography, contrast-enhanced 
ultrasound, and articial intelligence-based image analysis are 
expected to further enhance the diagnostic performance of ultrasound 
in thyroid nodules [22–24]. These techniques may improve risk 
stratication, reduce indeterminate cases, and support personalized 
management strategies.

The present study conrms that ultrasonography is a highly effective, 
non-invasive diagnostic tool for differentiating benign and malignant 
thyroid nodules. Key features such as irregular margins, 
microcalcications, hypoechogenicity, and taller-than-wide shape are 
strong predictors of malignancy. When integrated with FNAC, 
ultrasound signicantly enhances diagnostic accuracy and supports 
evidence-based clinical decision-making.

CONCLUSION
Ultrasound is a reliable and effective modality for differentiating 
benign and malignant thyroid nodules. Key features such as irregular 
margins, microcalcications, and hypoechogenicity strongly predict 
malignancy. When combined with FNAC, ultrasound signicantly 
improves diagnostic accuracy and guides appropriate clinical 
management.
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