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Abstract: Background/Objectives: This study aimed to evaluate the diagnostic performance and clinical utility 
of elastography and AI-based S-detect in distinguishing benign from malignant thyroid nodules. Methods: 
This retrospective study included 159 patients who underwent thyroid ultrasonography and were found to 
have thyroid nodules at an outpatient clinic from January 2023 to June 2024. All patients underwent 
elastography, S-detect, and fine needle aspiration cytology. Malignancy status was determined based on the 
fine needle aspiration cytology findings, and the diagnostic performance of elastography (elasticity contrast 
index), S-detect, and evaluations by a radiologist were assessed. Results: Radiologist interpretation showed 
the highest diagnostic accuracy (area under the curve 89%), with a sensitivity of 98.28%, specificity of 79.21%, 
positive predictive value (PPV) of 73.1%, and negative predictive value (NPV) of 98.8%. The of elasticity 
contrast index was rated with a diagnostic accuracy of 85%, sensitivity of 87.93%, specificity of 81.19%, PPV of 
72.9%, and NPV of 92.1%. S-detect had the lowest diagnostic accuracy at 78%, with a sensitivity of 87.93%, 
specificity of 68.32%, PPV of 61.4%, and NPV of 90.8%. Conclusions: Elastography and S-detect are promising 
adjunctive diagnostic tools for thyroid nodules that may reduce repeat tests and invasive procedures. 
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1. Introduction 

Thyroid nodules are common clinical findings characterized by the overgrowth of thyroid cells 
and are detected in approximately 19–67% of the population through thyroid ultrasound. 
Approximately 5–15% of these cases are diagnosed as thyroid cancer [1–3]. Although the occurrence 
of thyroid nodules cannot be completely prevented, regular health check-ups enable early detection 
and management. 

The diagnostic approach for thyroid nodules includes palpation, history taking, thyroid function 
tests, thyroid scans, ultrasonography, and fine needle aspiration cytology (FNAC). Additional 
imaging techniques, such as computed tomography and magnetic resonance imaging, may be used 
if necessary [3–6]. Ultrasonography, in particular, is a highly useful, non-invasive, and convenient 
method for diagnosing thyroid lesions, as it not only detects nodules but also evaluates the 
involvement of surrounding lymph nodes and adjacent tissues [7]. Despite its high sensitivity in 
assessing malignancy risk, ultrasonography has limited specificity, and further evaluation using 
FNAC is required to confirm malignancy [1,8].  

Performing FNAC on all nodules detected by ultrasonography is impractical, as it may increase 
healthcare costs due to unnecessary biopsies and cause patient discomfort from invasive procedures. 
Although FNAC is useful for distinguishing between benign and malignant thyroid nodules, 
performing it on all nodules is considered an unnecessary utilization of healthcare resources [9,10]. 
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To complement the limitations of ultrasonography and improve the accuracy of malignancy 
assessment, elastography and high-resolution ultrasound have recently been implemented [11]. 

Elastography is a non-invasive imaging technique used to assess tissue stiffness and elasticity. 
This advanced computer-aided diagnosis (CAD) technology operates on the principle that softer 
areas deform more easily than firmer areas when pressure is applied. This technology enables real-
time measurement and visualization of tissue stiffness and elasticity, and tissue characteristics are 
analyzed because malignant nodules are typically stiffer than benign ones [12]. The elasticity contrast 
index (ECI) quantitatively assesses the stiffness contrast between the nodule and surrounding normal 
tissue and is a useful index for the evaluation of malignancy risk [13]. 

S-detect is a deep learning-based computer-aided diagnosis (DL-CAD) software that analyzes 
grayscale 2D ultrasound images to evaluate the morphological characteristics of thyroid nodules, 
providing a visual guide to the likelihood of malignancy [14,15]. Both ECI and S-detect contribute to 
a more precise characterization of thyroid nodules and facilitate appropriate treatment planning by 
providing data on the elasticity and morphological characteristics of nodules, respectively. 

This study aimed to compare the diagnostic performance of ECI and S-detect, specifically their 
clinical applicability and utility in differentiating malignant from benign thyroid nodules, and to 
establish a more accurate diagnostic approach that minimizes the need for unnecessary FNAC 
procedures. 

2. Materials and Methods 

2.1. Study Design and Population 

This study enrolled 159 patients (61 men and 98 women) aged 30–83 years who visited J Internal 
Medicine Clinic in Busan from January 2023 to June 2024. Participants underwent FNAC after a new 
diagnosis of one or more thyroid nodules. Patients who had previously undergone thyroid surgery, 
were currently undergoing treatment for thyroid-related conditions, or had nondiagnostic or 
unsatisfactory FNAC results due to inadequate sampling were excluded from the study. FNAC 
results were interpreted according to the Bethesda System, which classifies malignancy risk into six 
categories. Ethical approval for this study was obtained from the Institutional Bioethics Committee 
of University B (approval NO. CUPIRB-2024-033). 

2.2. US Examination 

Thyroid nodule detection was performed using a high-resolution ultrasound system (RS85, 
Samsung Medison, Seoul, South Korea) with a 14 MHz high-frequency linear transducer (LA 2-14A, 
Samsung Medison). An ultrasound technologist with over 20 years of clinical experience conducted 
the ultrasound examinations, and a radiologist interpreted the images based on the guidelines of the 
Korean Thyroid Imaging Reporting and Data System (K-TIRADS). The final diagnosis was confirmed 
through FNAC results [16,17]. 

2.3. Elastography 

For the elastography procedure, patients were positioned supine with their heads slightly 
turned away from the thyroid being examined and their chin extended. B-mode ultrasound images 
of the thyroid nodule were acquired, and static elastography was performed [18]. Images were 
obtained by using light pressure to ensure patient comfort, and ECI was automatically measured 
within the region of interest. This case is depicted in Figure 1. 
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Figure 1. a) Isoechoic, well-defined margin and spongiform nodule localized in the left lobe of the 
thyroid gland. The axial peri-intranodular ECI was 1.22. Histology confirmed the diagnosis of benign 
nodular hyperplasia. b) Hypoechoic nodule with taller than wider and some internal calcifications 
localized in the left lobe of the thyroid gland. The axial peri-intranodular ECI was 2.15. Histology 
confirmed the diagnosis of papillary carcinoma. c) Hypoechoic nodule with irregular margins and 
some internal calcifications localized in middle portion of the thyroid gland. Peri-intranodular ECI 
measures 3.33. Histology confirmed the diagnosis of papillary carcinoma. 

2.4. S-Detect 

S-detect is an AI-based CAD software for analyzing ultrasound images. When the region of 
interest for the targeted nodule is established, the software automatically identifies the boundaries 
and begins the analysis [16,19]. The nodules were classified as possibly benign or possibly malignant 
based on characteristics such as internal composition, echogenicity, orientation, margin, and shape. 
This case is depicted in Figure 2.  

 
Figure 2. a) Ultrasound grayscale transverse image of the left thyroid lobe in a 57-year-old woman. b) 
Thyroid nodules automatically classified as benign and malignant using S-detect according to 
characteristics such as internal composition, echogenicity, orientation, margin, and shape. 

2.5. Statistical Analysis  

The general characteristics of the study population are presented as mean and standard 
deviation (SD) or number of persons (n) and percentage (%). To assess the diagnostic utility of 
elastography, receiver operating characteristic (ROC) curve analysis was conducted, and the area 
under the curve (AUC), positive predictive value (PPV), negative predictive value (NPV), sensitivity, 
and specificity were calculated. Diagnostic agreement with FNAC results was evaluated using 
Cohen’s Kappa analysis. Statistical significance was set at p<0.05, and all analyses were performed 
using SPSS Version 29.0 (IBM Corp., Armonk, NY, USA). 
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3. Results 

3.1. General Characteristics of Patients 

Based on FNAC results, 101 patients (63.5%) had benign nodules, and 58 patients (36.5%) had 
malignant nodules. The cohort included 61 (38.4%) males and 98 (61.6%) females, with no significant 
difference in sex distribution between the benign and malignant groups (p=0.352). The mean age of 
the study population was 56.14±11.35 years. Nodule sizes ranged from 0.23 cm to 6.13 cm, with a 
mean of 1.07±0.85 cm. The mean nodule size was significantly larger in the benign group (1.23±0.94 
cm) compared to the malignant group (0.79±0.58 cm; p=0.002). In terms of nodule composition, 146 
(91.8%) were solid, 11 (6.9%) were predominantly solid, and 2 (1.3%) were predominantly cystic, with 
no significant difference between the benign and malignant groups (p=0.077). Regarding nodule 
orientation, 105 (66.0%) were parallel, and 54 (34.0%) were nonparallel, with nonparallel orientation 
being more frequently observed in malignant cases (p<0.001). In terms of nodule margins, 75 nodules 
(47.2%) were circumscribed, and 84 (52.8%) were not circumscribed (p<0.001). Regarding shape, 67 
nodules (42.1%) were oval, 34 (21.4%) were round, and 58 (36.5%) were irregular, with irregular 
shapes being more frequently associated with malignancy (p<0.001). The results are detailed in Table 
1.  

Table 1. Comparison of characteristics between benign and malignant nodules (n=159). 

Variable n(%) Benign Malignant χ2/t p Value 

Sex 
  Male 61(38.4) 36(22.7) 25(15.7) 

0.87 0.352 
  Female 98(61.0) 65(40.5) 33(20.5) 

Age(year)  56.14±11.35 56.53±10.29 55.45±13.06 0.54 0.021 
Size(cm)  1.07±0.85 1.23±0.94 0.79±0.58 3.58 0.002 

Composition 
  Solid 146(91.8) 89(56.0) 57(35.8) 

5.12 0.077   Predominantly solid 11(6.9) 10(6.3) 1(0.6) 
  Predominantly cystic 2(1.3) 2(1.3) 0(0.0) 

Echogenicity 
  Hypoechogenicity 119(74.8) 62(39.0) 57(35.8) 

26.63 <0.001 
  Isoechogenicity 40(25.2) 39(24.6) 1(0.6) 

Orientation 
  Parallel 105(66.0) 82(51.5) 23(14.5) 

28.34 <0.001 
  Nonparallel 54(34.0) 19(12.0) 35(22.0) 

Margin 
  Circumscribed 75(47.2) 64(40.3) 11(6.9) 

29.99 <0.001 
  Not circumscribed 84(52.8) 37(23.3) 47(29.5) 

Shape 
  Oval 67(42.1) 60(37.7) 7(4.4) 

36.84 <0.001   Round 34(21.4) 19(12.0) 15(9.4) 
  Irregular 58(36.5) 22(13.8) 36(22.7) 

Calcification 
  Presence 111(69.8) 82(51.6) 29(18.2) 

17.00 <0.001 
  Absence 48(30.2) 19(12.0) 29(18.2) 

Posterior 
shadow 

  Presence 131(82.4) 89(56.0) 42(26.4) 
6.26 0.012 

  Absence 28(17.6) 12(7.5) 16(10.1) 
Total 159(100) 101(63.5) 58(36.5)   

Unit: Person (%), Mean ± SD. 

3.2. Performance of Diagnostic Models 

In the ROC curve analysis, S-detect had an AUC of 0.78 (95% CI 0.72–0.84, p<0.001), sensitivity 
of 87.93%, specificity of 68.32%, PPV of 61.4%, and NPV of 90.8%. For ECI, the optimal cutoff value 
was 2.41 and had an AUC of 0.85 (95% CI 0.79–0.90, p<0.001), sensitivity of 87.93%, specificity of 
81.19%, PPV of 72.9%, and NPV of 92.1%. Radiologist evaluation had an AUC of 0.89 (95% CI 0.84–
0.93, p<0.001), sensitivity of 98.28%, specificity of 79.21%, PPV of 73.1%, and NPV of 98.8%. The results 
are presented in Table 2 and Figure 3. 
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Table 2. Evaluation of the diagnostics performed by S-detect, ECI, and a radiologist. 

Variable 
AUC 

(95% CI) Sensitivity Specificity 
Youden 
Index PPV NPV p Value 

S-detect 0.78 
(0.72–0.84) 

87.93 68.32 0.562 61.4 90.8 <0.001 

ECI 
0.85 

(0.79–0.90) 87.93 81.19 0.773 72.9 92.1 <0.001 

Radiologist 
0.89 

(0.84–0.93) 98.28 79.21 0.775 73.1 98.8 <0.001 

ECI, elasticity contrast index; AUC, area under curve; CI, confidence interval; PPV, positive predictive value; 
NPV, negative predictive value. 

 
Figure 3. Receiver operating characteristic curve analysis comparing the diagnostic performance of 
the radiologist, S-detect, and elastography based on fine needle aspiration cytology results. 

3.3. Agreement of Diagnostic Models 

Kappa coefficients were calculated to assess the agreements of S-detect, ECI, and radiologist 
evaluation with FNAC results. According to Landis and Koch’s interpretation, S-detect showed 
moderate agreement with a Kappa value of 0.52 (95% CI 0.38–0.64, p < 0.001). ECI demonstrated 
substantial agreement with a Kappa value of 0.66 (95% CI 0.54–0.78, p < 0.001), while K-TIRADS also 
exhibited substantial agreement with a Kappa value of 0.72 (95% CI 0.62–0.83, p < 0.001) [20]. The 
results are presented in Table 3. 

Table 3. Diagnostic agreement of S-detect, ECI, and radiologist based on FNAC (n=159). 

Variable Kappa SE 95% CI p value 
S-detect 0.52 0.06 0.38~0.64 <0.001 

ECI 0.66 0.06 0.54~0.78 <0.001 
Radiologist 0.72 0.05 0.62~0.83 <0.001 

SE, standard error; CI, confidence interval; ECI, elasticity contrast index. 

4. Discussion 

Thyroid nodules are generally slow-growing and often do not require surgical intervention. 
According to the National Cancer Registry Statistics in South Korea, the 5-year relative survival rate 
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(2016–2020) for thyroid cancer is 100% [21]. With early detection and appropriate treatment, 
malignant thyroid nodules have a favorable prognosis compared to other cancers [22]. Additionally, 
avoiding unnecessary tests and surgeries for benign nodules helps reduce healthcare costs and 
improves patients’ quality of life [23]. Therefore, distinguishing between benign and malignant 
nodules at an early stage is crucial. 

There has been ongoing research to incorporate AI-based computer-aided diagnostic systems 
into ultrasound examinations to minimize diagnostic variability among clinicians caused by 
differences in proficiency and provide consistent treatment recommendations [24]. In this study, we 
compared the diagnostic performance of radiologist evaluation (K-TIRADS) with AI-assisted S-detect 
and ECI (elastography) to examine their potential as adjunctive diagnostic tools.  

In this study, the diagnostic accuracy was the highest for K-TIRADS-based radiologist 
evaluation, with an accuracy of 89%, sensitivity of 98.28%, specificity of 79.21%, PPV of 73.1%, and 
NPV of 98.8%. Next, the accuracy of ECI was relatively high at 85%, with a sensitivity of 87.93%, 
specificity of 81.19%, PPV of 72.9%, and NPV of 92.1%, indicating that ECI can be helpful in 
differentiating thyroid nodules. The accuracy of S-detect was the lowest among the diagnostic 
models, at 78%, with a sensitivity of 87.93%, specificity of 68.32%, PPV of 61.4%, and NPV of 90.8%. 
According to Cho et al. [25], the diagnostic accuracy of combined grayscale ultrasound and ECI was 
78.6% when using an ECI cutoff value of 3.5, which was higher than that of grayscale ultrasound 
(76.9%) and ECI alone (67.1%). Sheng et al. [26] reported that ECI significantly increases in patients 
with Hashimoto’s thyroiditis and can be used to assess the degree of immune dysfunction. Di et al. 
[27] found that the optimal ECI cutoff value was 2.16, lower than the 2.41 found in this study, with a 
sensitivity of 90.3%, specificity of 82.9%, PPV of 83.7%, and NPV of 91.2%. The said study suggested 
that these variations could be attributed to differences in study populations or diagnostic criteria, 
confirming that ECI can be a useful tool for assessing the malignant potential of thyroid nodules in 
specific contexts. In addition, the authors of the said study suggest that elastography, which measures 
tissue stiffness upon external pressure in real-time through noninvasive methods, is a useful tool for 
differentiating thyroid nodules [27]. 

A limitation of this study is the lack of an objective criterion for accurately measuring the degree 
of fine pressure applied during elastography, which might have led to variability in the elasticity 
grades assigned by each examiner [28]. In addition, the sample size was limited to 126 subjects, and 
the study was conducted in a single geographic area, which may limit the generalizability of the 
results. To address these limitations, larger-scale studies involving diverse population groups are 
necessary. Moreover, educational programs to enhance examiner proficiency, research aimed at 
improving diagnostic accuracy through the development of objective measurement criteria for 
elastography, and advancements in artificial intelligence-based diagnostic tools should continue. 
Despite these limitations, elastography has proven to be a valuable noninvasive diagnostic tool for 
thyroid nodules. The Kappa coefficient of 0.66 observed in this study indicates substantial agreement 
with FNAC results, suggesting that elastography could play an important role in the development 
and refinement of diagnostic techniques for thyroid nodules [29]. The results of this study show that 
ECI, as calculated through elastography, demonstrated relatively high sensitivity and specificity. 
Although S-detect’s accuracy was lower compared to the other two methods, it still shows promise 
as an artificial intelligence-based diagnostic tool for thyroid nodule evaluation. 

5. Conclusions 

This study evaluated the potential of elastography and S-detect as adjunctive diagnostic tools 
for thyroid nodules. Although ECI and S-detect cannot fully replace FNAC, they can significantly 
enhance the accuracy and reliability of thyroid nodule diagnosis, thereby aiding in the effective 
diagnosis of thyroid cancer. Incorporating elastography to obtain ECI values and using S-detect 
patients undergoing thyroid ultrasonography could maximize diagnostic precision for thyroid 
nodules and potentially reduce the need for unnecessary FNAC and biopsies. 
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