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INTRODUCTION
Thyroid nodules are a common medical condition, affecting 
approximately 20-76% of adults, as detected by ultrasonography. 
Studies show significant variability in reported prevalence rates with 
an overall estimated prevalence of 24.83% (95% CI 21.44–28.55), 

1regardless of the diagnostic methods used.  The thyroid gland's 
superficial location makes it highly accessible for evaluation using 

2 high-resolution ultrasound imaging. Although thyroid cancer is 
relatively rare, its incidence has risen notably over the past few 
decades. Globally, the annual incidence of thyroid cancer is 
approximately 1 case per 100,000 men and 2.6 cases per 100,000 

3women.  Notably, women tend to develop malignant thyroid nodules 
4about 10 years earlier than men.  While the majority of thyroid nodules 

are benign, they can occasionally progress into malignancies such as 
papillary carcinoma or follicular carcinoma. Fortunately, these well-
differentiated thyroid cancers have a favorable prognosis with 10-year 

5survival rates ranging from 80% to 95%.

The global rise in thyroid cancer cases highlights the need for effective 
diagnostic strategies to ensure early detection and proper 

6,7management.  Ultrasonography (USG), a non-invasive imaging 
technique that uses sound waves, is a cornerstone in the evaluation of 
thyroid nodules. It provides detailed information about the size, shape 
and internal characteristics of nodules, aiding in the differentiation 

8-10between benign and malignant lesions.  In contrast, fine-needle 
aspiration cytology (FNAC) is a minimally invasive procedure used to 
obtain cellular samples from thyroid nodules under ultrasound 

11,12 guidance. Ultrasonography is the most valuable imaging tool for 
evaluating the thyroid gland. It is commonly used to assess palpable 
thyroid abnormalities, suspected thyroid enlargement, or incidentally 

13discovered thyroid lesions.  In patients with thyroid swellings, gray-
scale and color Doppler ultrasound are employed to analyze 
sonographic features such as size, shape, echogenicity, composition 
and the presence of calcifications, halos, margins and internal blood 

14flow.  Suspicious findings, such as solid or mixed solid-cystic nodules 
15 with hypoechoic patterns and absent halos, may suggest malignancy.

In recent years, ultrasonography has become the preferred method for 
evaluating thyroid nodules due to its widespread availability, cost-

16,17effectiveness, non-invasive nature and high resolution.  FNAC, on 
the other hand, is the gold standard for preoperative assessment of 
thyroid nodules. It is a simple, safe and highly accurate method for 

18,19distinguishing between benign and malignant nodules.

Methodology
This prospective observational study was conducted in the Radiology 
Department at Hind Institute of Medical Sciences, Mau, Ataria, 
Sitapur, Uttar Pradesh, over a duration of 18 months. The study 
population included patients visiting the radiology department with a 
chief complaint of thyroid swelling. Inclusion criteria comprised 
individuals aged 10-75 years with thyroid swelling, patients with 
thyroid disorders showing thyroid lesions on ultrasound and patients 
with focal thyroid nodules. Exclusion criteria included patients with 
bleeding disorders, patient refusal for FNAC and diffuse thyroid 
enlargement with no focal lesion.

Sample Size Calculation
Sample size was calculated using Cochrane's formula with Z = 1.96, p 
= 0.1 (based on ATA guidelines estimating 5-15% malignancy 
prevalence in thyroid nodules), q = 0.9 and e = 0.05. The calculated 
sample size was 138 cases.

Pre-Procedure Evaluation
Informed consent was obtained from all patients after explaining the 
procedure, benefits, risks and alternatives. A detailed clinical history 
was obtained, including symptoms such as neck swelling, dysphagia 
and hoarseness, along with thyroid function status and any prior 
thyroid procedures. Physical examination included palpation of the 
thyroid gland and neck to assess nodule size, location and consistency.

Ultrasonographic Evaluation
High-resolution ultrasonography was performed using linear 
transducers (7.5-12 MHz) with GE Healthcare Versana Active and 
Logiq F8 systems. Diagnostic thyroid ultrasound was performed to 
identify nodules and record their characteristics including size, shape, 
margins, echogenicity, calcifications, vascularity and presence of 
cervical lymphadenopathy. Nodules were classified as benign or 
malignant based on ultrasonographic features.

Fine-Needle Aspiration Cytology Procedure
Patients were positioned supine with neck slightly extended. The skin 
was cleaned with antiseptic solution and sterile drapes were applied. 
Under real-time ultrasound guidance, a 23-27 gauge needle was 
inserted into the nodule, ensuring needle tip visualization throughout 
the procedure. Suction was applied while moving the needle within the 
nodule to collect cellular material. Aspirated material was expelled 
onto glass slides and prepared for both air-drying and alcohol fixation. 
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ABSTRACT
Background: Thyroid nodules are extremely common with a prevalence of about 20-76% of the adult population based on detection by 
ultrasonography. While the majority of thyroid nodules are benign, accurate differentiation from malignant lesions remains crucial for appropriate 
management and patient outcomes. This prospective observational study was conducted at the Radiology Department of Hind Methodology: 
Institute of Medical Sciences, Sitapur, over 18 months. A total of 138 patients aged 10-75 years with thyroid swelling were included. High-
resolution ultrasonography was performed using linear transducers, followed by ultrasound-guided fine-needle aspiration cytology (FNAC). 
Nodule characteristics including size, shape, margins, echogenicity, calcifications and vascularity were assessed. Statistical analysis was 
performed using SPSS version 29 with sensitivity, specificity, positive predictive value (PPV) and negative predictive value (NPV) calculated. 
Results: Out of 138 patients, 112 (81.16%) were females with a male-to-female ratio of 1:4.3. The majority of patients were in the 20-29 years age 
group (28.2%). On ultrasonography, 124 (89.9%) cases were diagnosed as benign with 122 (98.4%) confirmed benign on FNAC, while 14 (10.1%) 
were suspected malignant on USG with 10 (71.4%) confirmed malignant on FNAC. The most common benign condition was colloid goiter 
(35.56%) and papillary carcinoma was the most common malignancy (3.70%). USG demonstrated 83.33% sensitivity, 96.83% specificity, 71.43% 
PPV, 98.39% NPV and 95.65% accuracy. Strong correlation was found between USG and FNAC diagnoses (p < 0.0001). Conclusion: 
Ultrasonography serves as a highly reliable first-line imaging modality for thyroid nodule evaluation with excellent specificity and accuracy. The 
combination of USG and FNAC provides a robust diagnostic framework for distinguishing benign from malignant thyroid lesions, reducing 
unnecessary procedures while ensuring timely intervention for malignant cases.
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Samples were sent to the pathology laboratory for cytological 
evaluation using the Bethesda classification system.

Post-Procedure Care and Follow-up
Gentle pressure was applied to the puncture site to prevent bleeding or 
hematoma formation. Patients were monitored for 15-30 minutes for 
immediate complications. A small adhesive bandage was applied over 
the puncture site.

Statistical Analysis
Data was collected using preformed, pretested questionnaires and 
entered into Excel sheets for analysis. Statistical analysis was 
performed using SPSS version 29. Continuous variables were 
expressed as mean ± standard deviation. Sensitivity, specificity, 
positive predictive value (PPV) and negative predictive value (NPV) 
of USG were calculated. Correlation between USG features and 
FNAC results was assessed using Chi-square and Fisher's exact tests. 
P-values <0.05 were considered statistically significant.

RESULTS
The study included 138 patients with thyroid lesions. Table 1 
summarizes the demographic and clinical characteristics of the study 
population. The demographic analysis reveals a striking female 
predominance with 112 females (81.16%) compared to 26 males 
(18.84%), yielding a male-to-female ratio of 1:4.3, which aligns with 
established epidemiological patterns where thyroid disorders 
disproportionately affect women due to hormonal influences, 
particularly estrogen and progesterone fluctuations during 
reproductive years, menopause, and pregnancy. The age distribution 
shows the highest prevalence in the 20-29 years group (39 patients, 
28.2%), followed by 40-49 years (29 patients, 21.0%) and 30-39 years 
(27 patients, 19.5%), with this younger age predominance differing 
from some Western studies that report peak incidence in the 30-50 age 
range, possibly reflecting regional variations in iodine status, 
environmental factors, or healthcare-seeking behavior. The duration 
analysis indicates that most nodules were present for less than one year 
(55 patients, 39.9%), followed by 1-3 years (49 patients, 35.5%) and 
more than 3 years (34 patients, 24.6%), suggesting that patients seek 
medical attention relatively early after noticing thyroid swelling. 
Regarding nodule size, the distribution was fairly even across 
categories, with 2x2-5x5 cm and 5x5-10x10 cm ranges each 
accounting for 44 patients (31.9%), while smaller nodules (<2x2 cm) 
comprised 21 patients (15.2%) and larger nodules (>10x10 cm) 
accounted for 29 patients (21.0%). The left-sided predominance (85 
patients, 61.6%) compared to right-sided lesions (52 patients, 37.7%) 
may reflect anatomical variations or detection bias, while bilateral 
involvement was rare (1 patient, 0.7%). The consistency analysis 
shows that most nodules were soft (74 patients, 53.6%), followed by 
firm (47 patients, 34.1%) and hard (17 patients, 12.3%), with this 
distribution having significant implications for malignancy risk 
assessment.

Table 1: Demographic And Patient Characteristics (N=138)

Ultrasonographic Diagnosis Distribution
On ultrasonography, benign conditions were significantly more 
common than malignant conditions, accounting for 124 cases 
(89.85%) versus 14 cases (10.15%) respectively. Among benign 
conditions, colloid goiter was the most common diagnosis (48 cases, 
35.56%), followed by nodular goiter (31 cases, 22.96%) and 
Hashimoto's thyroiditis (27 cases, 20.0%). Graves' disease accounted 
for 18 cases (14.51%). Among malignant conditions, papillary 
carcinoma was the most frequent (5 cases, 35.71% of malignant cases), 
followed by follicular carcinoma (4 cases, 28.57%), medullary 
carcinoma (3 cases, 21.24%) and anaplastic carcinoma (2 cases, 
14.28%).

Association Between Clinical Parameters And Malignancy
Duration Of Nodule And Malignancy Risk: A significant 
association was found between nodule duration and malignancy risk 
(p<0.001). Shorter-duration nodules (<1 year) were predominantly 
benign (54 cases, 43.55% of benign vs. 1 case, 7.14% of malignant). 
Conversely, longer-duration nodules (>3 years) showed higher 
malignancy rates (24 cases, 19.35% of benign vs. 10 cases, 71.43% of 
malignant), indicating that nodule duration is an important factor in 
assessing malignancy risk.

Nodule Size And Malignancy: The majority of both benign and 
malignant lesions fell within the 2x2 cm to 5x5 cm range. However, no 
significant association was found between nodule size and malignancy 
(p=0.415). Interestingly, larger lesions (>10x10 cm) were more likely 
to be benign (22.5%) compared to malignant (7.1%).

Side Of Lesion And Malignancy: A significant association was 
observed between the side of the lesion and malignancy risk (p=0.024). 
Right-sided lesions showed a higher proportion of malignant cases (8 
cases, 57.14% of malignant vs. 44 cases, 35.48% of benign), while left-
sided lesions were more commonly benign (80 cases, 64.52% of 
benign vs. 5 cases, 35.71% of malignant).

Consistency And Malignancy: Nodule consistency showed a very 
significant association with malignancy (p<0.001). Soft lesions were 
predominantly benign (73 cases, 58.87% of benign vs. 1 case, 7.14% of 
malignant). Hard lesions were strongly associated with malignancy (9 
cases, 64.29% of malignant vs. 8 cases, 6.45% of benign), while firm 
lesions showed intermediate characteristics.

Ultrasonographic Features And Malignancy
Table 2: Ultrasonographic Features Associated With Benign And 
Malignant Thyroid Lesions

The ultrasonographic feature analysis demonstrates clear patterns 
distinguishing benign from malignant lesions, with echogenicity 
showing highly significant associations (p<0.001) where hyperechoic 
nodules were exclusively benign (78 cases, 100%), while hypoechoic 
echogenicity was more prevalent in malignant lesions (10 out of 14 
malignant cases vs. 34 out of 124 benign cases). Shape analysis 
showed strong significance (p<0.001) with wider-than-taller 
configuration strongly associated with benign lesions (116 vs. 6 cases), 
while taller-than-wider shape was equally distributed between benign 
and malignant lesions (8 cases each), making it a critical 
discriminating factor. Calcification presence showed the strongest 
association with malignancy (p<0.0001), with 12 out of 14 malignant 
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Characteristic Category Frequency Percentage
Gender Male 26 18.84%

Female 112 81.16%
Age Groups (years) 10-19 12 8.7%

20-29 39 28.2%
30-39 27 19.5%
40-49 29 21.0%
50-59 20 15.6%
60-69 9 6.5%
≥70 3 2.2%

Duration of Nodule <1 year 55 39.9%
1-3 years 49 35.5%
>3 years 34 24.6%

Size of Nodule <2x2 cm 21 15.2%
2x2-5x5 cm 44 31.9%
5x5-10x10 cm 44 31.9%
>10x10 cm 29 21.0%

Side of Lesion Right 52 37.7%
Left 85 61.6%
Bilateral 1 0.7%

Consistency Soft 74 53.6%
Firm 47 34.1%
Hard 17 12.3%

USG Feature Category Benign 
(n=124)

Malignant 
(n=14)

P-
value

Echogenicity Hyperechoic 78 0 <0.001
Hypoechoic 34 10
Heterogeneous 12 4

Internal 
Content

Solid 68 5 <0.0001
Cystic 34 3
Mixed 22 6

Shape Wider than taller 116 6 <0.001
Taller than wider 8 8

Margin Well defined 86 3 <0.001
Ill defined 38 11

Calcification Present 32 12 <0.0001
Absent 92 2

Comet Tail 
Artifact

Present 26 0 0.054
Absent 98 14

Peripheral 
Halo

Present 37 6 0.30
Absent 87 8
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cases having calcifications compared to 32 out of 124 benign cases, 
while comet tail artifacts were exclusively seen in benign lesions (26 
cases, p=0.054), serving as a reliable benign indicator.

Table 3: Relationship Between Ultrasonographic And FNAC 
Diagnoses

A highly significant correlation was found between USG and FNAC 
diagnoses (p<0.0001). Out of 124 cases diagnosed as benign on USG, 
122 (98.4%) were confirmed benign on FNAC with only 2 false 
negatives. Among 14 cases suspected to be malignant on USG, 10 
(71.4%) were confirmed malignant on FNAC with 4 false positives. 
This strong correlation demonstrates the reliability of ultrasound in 
identifying benign lesions and guiding further management decisions.

Diagnostic Performance Of Ultrasonography
The diagnostic performance of ultrasonography was evaluated using 
FNAC as the reference standard. USG demonstrated a sensitivity of 
83.33% (95% CI: 51.6-97.9%), indicating its ability to correctly 
identify 83.33% of malignant cases. The specificity was 96.83% (95% 
CI: 92.0-99.1%), showing excellent performance in correctly 
identifying benign cases. The positive predictive value was 71.43% 
(95% CI: 41.9-91.6%), meaning that when USG diagnosed a lesion as 
malignant, there was a 71.43% probability of true malignancy. The 
negative predictive value was 98.39% (95% CI: 94.3-99.8%), 
indicating that when USG diagnosed a lesion as benign, there was a 
98.39% probability of true benignity. The overall diagnostic accuracy 
was 95.65% (95% CI: 90.8-98.6%).

DISCUSSION
This comprehensive study demonstrates the critical role of 
ultrasonography and fine-needle aspiration cytology in the evaluation 
and management of thyroid nodules. The findings align with 
established literature while providing valuable insights into the 
diagnostic accuracy and clinical utility of these modalities in a rural 
healthcare setting. The strong female predominance observed in this 
study (81.16% females with a male-to-female ratio of 1:4.3) is 
consistent with global data showing that thyroid nodules and thyroid 

20diseases are more common in females than males. Guth et al.  reported 
a female predominance in thyroid nodules with a male-to-female ratio 

21of 1:3, while Hegedüs et al.  found that thyroid nodules are 4-5 times 
more common in women. The higher female prevalence in this study 
reinforces the strong association between female gender and thyroid 
pathology, likely due to hormonal influences, particularly estrogen and 
progesterone, which may promote thyroid growth. The age 
distribution showed the highest number of patients in the 20-29 years 
age group (28.2%), which partially overlaps with findings from Tan et 

22al.  who found that thyroid nodules are most commonly diagnosed in 
individuals aged 30-50 years. The lower prevalence in the 70+ years 

23age group (2.2%) is consistent with findings from Popoveniuc et al. , 
who noted a decline in thyroid nodule detection in older age groups, 
possibly due to reduced diagnostic investigations in the elderly.

The predominance of benign conditions (91.85% of diagnoses) aligns 
21closely with global literature. Hegedüs et al.  reported that 90-95% of 

thyroid nodules are benign, which is consistent with our findings. 
Colloid goiter and nodular goiter were the most common benign 

24conditions, as consistently reported in studies by Gharib et al.  and 
25Haugen et al. . The prevalence of Hashimoto's thyroiditis (20.0%) in 

this study is higher than the global average of 10-15%, possibly due to 
regional variations in autoimmune disease prevalence. The low 
incidence of malignancy (8.15%) is consistent with global data, where 

255-10% of thyroid nodules are malignant, as reported by Haugen et al. . 
Papillary carcinoma being the most common malignancy (3.70% of 
total cases) aligns with worldwide data showing that papillary 
carcinoma accounts for 80-85% of thyroid cancers.

The association between nodule duration and malignancy risk 
26provides important clinical insights. Kim et al.  found that rapidly 

growing nodules (short duration) were more likely to be benign, while 
slow-growing nodules (long duration) had a higher risk of malignancy. 

23Popoveniuc et al.  reported that nodules present for >3 years were 
more likely to be malignant, consistent with our findings. The higher 

malignancy rate in longer-duration nodules may be due to the 
accumulation of genetic mutations over time, as suggested by Fagin et 

27al. . The finding that right-sided lesions had a higher proportion of 
26malignancy contrasts with some studies. Kim et al.  found no 

significant difference in malignancy rates based on lesion side, while 
28Dean et al.  reported that right-sided nodules were slightly more likely 

to be malignant, consistent with our findings. The strong association 
between hard consistency and malignancy is well-supported in 

24literature. Gharib et al.  found that hard nodules were more likely to be 
21malignant, while Hegedüs et al.  reported that soft nodules were more 

likely to be benign. The strong association between hard consistency 
25and malignancy is supported by Haugen et al. , who noted that hard 

nodules often indicate invasive or aggressive thyroid cancers.

The ultrasonographic features identified in this study align with 
25established malignancy predictors. Haugen et al.  found that 

hypoechoic nodules are a significant predictor of malignancy, 
24consistent with our findings. Gharib et al.  reported that hyperechoic 

nodules are almost always benign, which aligns with the 100% benign 
rate for hyperechoic nodules in this study. The finding that taller-than-
wide shape is strongly associated with malignancy is consistent with 

25Haugen et al. , who identified this as a strong predictor of malignancy. 
Similarly, the association between ill-defined margins and malignancy 

21 26is supported by Hegedüs et al.  and Kim et al. . The presence of 
calcifications, particularly microcalcifications, as a predictor of 

25malignancy is well-established. Haugen et al.  found that 
microcalcifications are a strong predictor of malignancy, consistent 
with our findings. The exclusive presence of comet tail artifacts in 

21benign lesions is supported by Hegedüs et al. .

The high diagnostic accuracy of ultrasonography (95.65%) with 
excellent specificity (96.83%) and good sensitivity (83.33%) 
demonstrates its reliability as a first-line imaging modality. The high 
negative predictive value (98.39%) indicates that ultrasound is 
particularly reliable for ruling out malignancy, which is crucial for 
reducing unnecessary procedures. The strong correlation between 
USG and FNAC diagnoses (p<0.0001) is consistent with studies by 

25Haugen et al. , who found that ultrasound has a sensitivity of 80-90% 
and specificity of 70-90% in differentiating benign from malignant 

24thyroid nodules. Gharib et al.  reported that USG-guided FNAC 
improves diagnostic accuracy, particularly for small or difficult-to-
palpate nodules. The false-positive and false-negative rates observed 
in this study are consistent with known limitations of ultrasound as 

26noted by Kim et al. . The moderate positive predictive value for 
malignant lesions (71.4%) highlights the importance of FNAC 
confirmation to avoid overdiagnosis and unnecessary surgeries.

Recent studies have validated the combined approach of USG and 
29FNAC. Alhajlan et al.  found that combined US-FNAC approach 

demonstrated superior diagnostic performance with an AUC of 0.878 
on ROC analysis, improving malignancy detection rates by 35% 

30compared to either modality alone. Gauri et al.  showed that the 
combined USG-FNAC approach improved positive predictive value 
to 94% versus 82% for USG alone. The integration of standardized 
systems like TI-RADS has shown promise in improving diagnostic 

31accuracy. Zarad et al.  found that TI-RADS demonstrated strong 
discriminatory power with 80.8% sensitivity and 77% specificity, 
effectively guiding FNAC decisions while reducing unnecessary 
biopsies by 22% compared to size-based criteria alone.

The findings of this study support the use of ultrasonography as a 
highly reliable first-line imaging modality for thyroid nodule 
evaluation. The excellent correlation with FNAC validates the 
multimodal approach recommended by current guidelines. The 
identification of specific ultrasonographic features associated with 
malignancy can help clinicians make more informed decisions about 
when to proceed with FNAC. The study also highlights the importance 
of considering clinical parameters such as nodule duration, 
consistency and location in the overall assessment of malignancy risk. 
These factors, combined with ultrasonographic features can enhance 
the accuracy of risk stratification and guide appropriate management 
decisions.

CONCLUSION
This comprehensive study reinforces the critical importance of a 
multimodal approach combining ultrasonography, fine-needle 
aspiration cytology and clinical evaluation in the management of 
thyroid nodules. The findings demonstrate that ultrasonography serves 
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USG Diagnosis FNAC Diagnosis Total P- value
Benign Malignant

Benign 122 2 124 <0.0001
Malignant 4 10 14
Total 126 12 138
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as a highly reliable first-line imaging modality with excellent 
diagnostic accuracy, particularly for identifying benign lesions and 
guiding further management decisions. Key ultrasonographic features 
including hypoechogenicity, taller-than-wide shape, ill-defined 
margins, microcalcifications and increased internal vascularity are 
strongly associated with malignancy, while features such as 
hyperechogenicity, wider-than-taller shape, well-defined margins and 
comet tail artifacts are indicative of benign lesions. The strong 
correlation between USG and FNAC diagnoses (p<0.0001) 
underscores the reliability of this combined approach. The study 
provides valuable insights into clinical and radiological characteristics 
of thyroid nodules, demonstrating that factors such as nodule duration, 
consistency and location significantly influence malignancy risk. The 
predominance of benign conditions (91.85%) and the low incidence of 
malignancy (8.15%) align with global trends, reinforcing the 
importance of accurate diagnostic tools to avoid unnecessary 
procedures while ensuring timely intervention for malignant cases. 
The excellent diagnostic performance of ultrasonography with 
95.65% accuracy, 96.83% specificity and 98.39% negative predictive 
value, supports its use as the primary imaging modality for thyroid 
nodule evaluation. The moderate positive predictive value (71.43%) 
emphasizes the continued importance of FNAC for confirming 
suspicious lesions and avoiding overdiagnosis. By leveraging these 
diagnostic tools effectively, clinicians can significantly reduce 
unnecessary procedures, ensure timely diagnosis of malignancy and 
improve patient outcomes. The integration of standardized diagnostic 
algorithms, advanced imaging techniques and molecular testing holds 
promise for further enhancing the accuracy and efficiency of thyroid 
nodule evaluation, ultimately leading to better patient care and 
outcomes.
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