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Background: Papillary thyroid carcinoma (PTC) frequently metastasizes to cervical lymph nodes (LNs), 
with metastasis rates of 20–90%, significantly impacting patient prognosis. Although ultrasound (US) is 
the primary preoperative assessment tool, its accuracy (Acc) in detecting LN metastasis (LNM) remains 
insufficient, with conventional US detecting only 50% of confirmed cases. This study aimed to improve the 
prediction of cervical LNM in PTC by combining quantitative nodule orientation parameters with multi-
modal US techniques.
Methods: Data were retrospectively collected from 117 patients (141 nodules: 85 non-metastasis and 56 
metastasis) who underwent PTC resection and cervical LN dissection from September 2023 to May 2024. 
All patients underwent US, US elastography (UE), and S-Detect examinations before surgery. For each 
nodule, the angle between the nodule’s maximum diameter and the skin was measured. Logistic regression 
analysis assessed the correlation between each variable and cervical LNM, identified significant predictive 
factors, and a predictive model presented as a nomogram was constructed.
Results: Univariate analysis showed significant differences between non-metastasis and metastasis 
groups in orientation quantification [−9.3° (−35.2°, 17.2°) vs. 13.9° (−1.6°, 54.0°), P<0.001], age (P=0.002), 
maximum nodule diameter (P=0.017), boundary (P=0.021), microcalcifications on S-Detect (P=0.014), 
microcalcifications (P=0.036), and ECI scores (P=0.043). Multivariate analysis identified seven independent 
predictors for cervical LNM, with S-Detect-detected microcalcifications showing the highest odds ratio (OR) 
[OR =4.159; 95% confidence interval (CI): 1.545–11.199]. The combined predictive model incorporating 
conventional US, UE, S-Detect, and orientation quantification demonstrated superior diagnostic 
performance [area under the curve (AUC) =0.861; 95% CI: 0.803–0.919] compared to individual models 
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Introduction

In recent years, extensive statistical data have indicated that 
the incidence of thyroid cancer remains high among 
populations both domestically and internationally  
(1-3). Papillary thyroid carcinoma (PTC) is the primary 
contributor to overall thyroid cancer and is the only 
histological subtype that has systematically increased in all 
countries, despite significant disparities between nations. 
PTC frequently metastasizes to the cervical lymph nodes 
(LNs), with central LN metastasis (CLNM) rates reaching 
as high as 20% to 90%. Cervical LN metastasis (LNM) not 
only significantly increases the risk of disease recurrence but 
also adversely affects survival rates (4). Therefore, accurate 
preoperative evaluation of cervical LNM is crucial for 
tumor staging, treatment planning, and prognosis (5).

Ultrasound (US), as a necessary examination for patients 
with suspected thyroid nodules and for the preoperative 
assessment of thyroid cancer, has advantages such as real-
time imaging, non-invasiveness, and multifunctionality 
(6,7). Nevertheless, conventional US demonstrates limited 
sensitivity (Sen) in detecting metastatic LNs in thyroid 
cancer, identifying only approximately 50% of surgically 
confirmed cases (8). US elastography (UE) analyzes the 
stiffness of thyroid nodules, providing qualitative, semi-
quantitative, and quantitative parameters that assist in 
differentiating between benign and malignant nodules (9). 
In numerous publications, UE has demonstrated good 
performance in identifying the malignancy of suspicious 
thyroid nodules, particularly for PTC (10,11). However, 
the value of UE parameters in predicting cervical LNM for 
PTC nodules remains a topic of debate (12,13).

Conventional US relies heavily on subjective judgment, 
which has prompted the integration of artificial intelligence 
(AI)-based computer-aided diagnosis (CAD) systems for 
thyroid nodules in clinical practice (14). AI can extract and 

quantify key image information, converting image diagnosis 
from a subjective qualitative analysis to a more objective 
quantitative analysis. S-Detect stands as the most extensively 
validated CAD system in thyroid nodule US evaluation 
(15,16). However, its primary application has been  in 
differentiating benign from malignant nodules, with limited 
research exploring its predictive value for LNM in thyroid 
cancer.

Numerous studies have suggested that  the non-
parallel orientation of thyroid nodules constitutes an 
essential feature for evaluating the risk of malignant tumor 
metastasis and is widely utilized in clinical practice per the 
Thyroid Imaging Reporting and Data System (TI-RADS) 
guidelines (7,17-20), which closely link neck LNM with a 
poor prognosis. The predictive value of an aspect ratio >1 
in predicting cervical LNM in PTC has been confirmed 
in several studies (21,22) and incorporated as a factor 
in machine learning models (23). Among these criteria, 
aspect ratio >1 is acknowledged as the primary indicator 
for determining nodule orientation. However, it merely 
measures a simple visual assessment of the maximum 
longitudinal and transverse diameters in a particular plane, 
which may not represent the nodule’s genuine maximum 
growth direction. This subjective binary classification gives 
rise to concerns regarding its accuracy (Acc). Therefore, 
establishing threshold definitions for growth direction 
and precise quantitative standards for parallel and non-
parallel orientations would ensure greater scientific rigor. 
In this paper, direction quantification will be explored and 
analyzed as a potential independent predictive factor. We 
aim to conduct a comprehensive analysis to investigate the 
role of quantitative orientational parameters in predicting 
cervical LNM in PTC and particularly assess their value as 
independent predictive factors.

Considering the limitations in Sen and the challenges 
inherent in predicting LNM, this study endeavors 

(P<0.001), achieving sensitivity (Sen) of 0.911 and specificity (Spe) of 0.659. The nomogram showed good 
calibration with no significant deviation (χ2=3.271; P=0.926).
Conclusions: S-Detect accurately identifies the direction of the maximum diameter of thyroid nodules, 
and quantification of the longitudinal section orientation can be used as an independent predictor for LNM 
in PTC.

Keywords: Ultrasonography; diagnostic imaging; thyroid nodule; lymphatic metastasis

Submitted Aug 10, 2024. Accepted for publication Feb 23, 2025. Published online Mar 28, 2025.

doi: 10.21037/qims-24-1650

View this article at: https://dx.doi.org/10.21037/qims-24-1650



Xu et al. Prediction of LNM in thyroid carcinoma3418

© AME Publishing Company.   Quant Imaging Med Surg 2025;15(4):3416-3429 | https://dx.doi.org/10.21037/qims-24-1650

to investigate the Acc of predicting cervical LNM in 
PTC patients. We achieve this by precisely quantifying 
the orientation characteristics of thyroid nodules and 
integrating advanced UE and S-Detect. Studies have 
demonstrated that multi-modal US exhibits superior 
predictive performance compared to conventional single-
mode US, with the triple-modality model achieving the area 
under the curve (AUC) with 95% confidence interval (CI) 
of 0.831 (0.812, 0.850) (24). Our goal is to provide more 
precise and scientific evidence for the clinical diagnosis 
and treatment of thyroid diseases, ultimately reducing the 
risk of PTC recurrence and improving patient prognosis. 
We present this article in accordance with the STROBE 
reporting checklist (available at https://qims.amegroups.
com/article/view/10.21037/qims-24-1650/rc).

Methods

Study design and patients

This study aims to develop a predictive model for LNM 
in PTC by integrating S-Detect, UE, and directional 
quantitative analysis. The estimated minimum sample 
size required by the events per variable (EPV) method is  
60 (25). A retrospective analysis was conducted on 117 
patients (with a total of 141 nodules) who underwent 
thyroid cancer resection and neck LN dissection at the First 
Affiliated Hospital of Shihezi University from September 
2023 to May 2024. The gold standard for identifying 
LNM was based on the postoperative paraffin pathology 
results. The study was conducted in accordance with the 
Declaration of Helsinki (as revised in 2013). The study was 
approved by the institutional ethics committee of the First 
Affiliated Hospital of Shihezi University (No. KJ2024-250-
01). Informed consent was taken from all the participants.

Inclusion criteria: (I) complete baseline clinical data; (II) 
underwent conventional US, UE (E-thyroid), and S-Detect 
examinations within 1 week before surgery; (III) no history 
of neck radiation or thyroid surgery; and (IV) paraffin-
embedded pathological diagnosis of PTC.

Exclusion criteria: (I) subjects with large calcifications 
within the nodule (or those accompanied by significant 
shadowing), rendering it impossible to fully visualize the 
nodule; (II) subjects who did not undergo surgery at this 
hospital and whose intraoperative LN dissection status was 
not recorded; (III) subjects with thyroid lesions display no 
discernible mass and unclear margins on US examination; 
and (IV) subjects with diffuse thyroid disease or a history of 

other malignant neoplasms.

Conventional US and S-Detect examination

The SAMSUNG RS85 and RS80 color Doppler US 
diagnostic instruments (equipped with an L3–12A probe, 
frequency 5–13 MHz), equipped with S-Detect computer-
aided diagnostic analysis software and UE technology, were 
used to instruct to adopt the supine position, fully exposing 
the neck, first perform routine scanning of the thyroid and 
cervical LNs, subsequently followed by a comprehensive 
multi-plane examination of the thyroid nodule. The images 
were scrutinized by two US physicians with more than  
5 years of experience, observing and recording key features 
of the nodules, such as the maximum diameter, location, 
aspect ratio, boundary, edges, calcification, internal echoes, 
and other sonographic characteristics.

Adjust the image, select the transverse and longitudinal 
planes with the most malignant features of the lesion as the 
standard planes, freeze the image, activate the S-Detect 
mode, which automatically identifies the sonographic 
features of the lesion, including composition, echo intensity, 
orientation, shape, calcification, and edges, and records the 
binary classification results.

E-thyroid examination

Fix on the maximum longitudinal section of the target 
nodule, initiate the elasticity contrast index (ECI)  
program (26), ensure that the sampling frame covers an 
area larger than the lesion, instruct the patient to hold 
their breath and avoid swallowing, and wait until the elastic 
image color bar shows all green, which indicates a successful 
detection.

At this juncture, freeze the image, based on the elasticity 
scores (4-point method, ES), manually delineate the lesion 
edges to derive the semi-quantitative ECI value (27). 
Measure the ECI value of each nodule 3 to 5 times and 
take the average. The obtained ECI value represents the 
homogeneity within the lesion.

All examinations were performed by two experienced and 
proficient US diagnostic physicians.

Quantifying the orientation

Orientation quantification was performed utilizing 
conventional US and S-Detect, and angle measurement 
was done through Adobe Photoshop 2023. Based on 
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conventional US and S-Detect examinations, transverse 
and longitudinal section images were obtained, defining 
the angle as the acute angle formed between the maximum 
diameter of the nodule and the skin within the indicated 
plane (range, 0–90 degrees). This angle was assigned a 
positive value for directions orienting towards the patient’s 
right side and upper side, and a negative value for directions 
towards the left side and lower side, with the measured 
angles recorded accordingly (Figure 1). Additionally, each 
measured angle value was subjected to the following two 
quantification conversions and recorded:

(I)	 Absolute value conversion: record the absolute value 
of the angle.

(II)	 Ipsilateral positional conversion value: according to 
the location of the nodule (a total of 132 nodules) 
within the lobe, angles marked by the acute angle on 
the same side are positive, and those on the opposite 
side are negative.

The angle measurements were independently conducted 
by two physicians, and the average values of their 

measurements were taken. Where there was a significant 
disagreement in the maximum diameter direction, or if the 
directions were completely opposite, the two physicians 
would negotiate until consensus was reached.

Statistical analysis

This study conducted a systematic statistical analysis using 
the R language (R 4.3.3). Initially, all continuous variables 
were examined through a normality test. For variables 
that adhered to a normal distribution, they were described 
with the mean ± standard deviation; otherwise, the median 
(interquartile range) was used. Subsequently, significant 
variables were identified using univariate logistic regression 
analysis, followed by the determination of cutoff values 
for important continuous variables. To prevent overfitting, 
correlation coefficients were analyzed to examine 
multicollinearity among significant variables. Inter-rater 
agreement and intra-rater reliability were determined with 
an intraclass correlation coefficient (ICC). Thereafter, 

A

C D

B

Figure 1 A 49-year-old male patient with PTC has a nodule located in the middle part of the left lobe. The maximum diameter of the 
nodule is tilted towards the head. Tilts towards the head are considered negative. (A) Conventional US in the longitudinal plane (the 
arrow points to the nodule). (B) The angle measured in the longitudinal plane by conventional US is −22.1° (the arrow points to the 
angle measurement pattern of the nodule). (C) S-Detect in the longitudinal plane. The yellow circle represents the nodule ROI region 
automatically outlined by S-Detect. (D) The angle measured in the longitudinal plane by S-Detect is −17.1° (arrows). The yellow circle 
represents the nodule ROI region automatically outlined by S-Detect. PTC, papillary thyroid carcinoma; ROI, region of interest; US, 
ultrasound.
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multivariate logistic regression analysis was performed to 
identify independent predictors and to assess the role of 
orientational quantification in predicting LNM in PTC. A 
nomogram model was developed and evaluated for stability 
using 10-fold cross-validation. Furthermore, the receiver 
operating characteristic (ROC) curves were plotted for 
conventional US, orientational quantification, S-Detect, 
and ECI scores, as well as for the overall model, DeLong’s 
test was applied to compare the AUC of these models. To 
assess the model’s predictive Acc, calibration curves, and 
decision analysis curves for the best predictive model were 
plotted. Statistical significance was defined as P<0.05.

Results

Sample of the study

Within the 141 thyroid nodules, 85 were in the non-
metastasis group, and 56 were in the metastasis group 
(49.21±10.25 years; 59 males). Specifically, in the metastasis 
group, 54 patients had CLNM, 13 had non-central LNM, 
and only one case involved extensive metastasis (defined as 
>5 metastatic LNs) (28).

Outcome of statistical analysis

The ICC for the quantification angles of thyroid nodules 
in transverse and longitudinal sections, as measured by 
two different physicians using both conventional US 
and S-Detect methods, was consistently above 0.98  
(Table 1),  indicating a high degree of consistency. 
Additionally, the direction quantification angles of the 
maximum diameter in the longitudinal section of S-Detect 
for the non-metastasis and metastasis groups of thyroid 
nodules were −9.3° (−35.2°, 17.2°) and 13.9° (−1.6°, 54.0°), 
respectively, with a statistically significant difference 

(P<0.001). Further analysis through univariate logistic 
regression revealed significant differences in age (P=0.002), 
maximum diameter of the nodule (P=0.017), boundary 
(P=0.021), microcalcifications (P=0.036), microcalcifications 
identified in the longitudinal section of S-Detect (P=0.014), 
and ECI scores (P=0.043) between the metastasis and 
non-metastasis groups (Tables 2-4). Similarly, multivariate 
logistic regression analysis indicated that age, maximum 
diameter of the nodule, boundary, direction quantification 
angle of the maximum diameter of thyroid nodules 
identified by S-Detect, microcalcifications identified in 
the longitudinal section of S-Detect, and ECI scores were 
independent predictors of cervical LNM (Table 5). The 
cut-off value for the direction quantification angle was 
−16.35°, with Sen, specificity (Spe), positive predictive 
value (PPV), negative predictive value (NPV), Acc, and 
AUC for predicting cervical LNM in PTC of 0.929, 0.471, 
0.536, 0.909, 0.652, 0.688 (P<0.001; 95% CI: 0.601–0.776), 
respectively. Notably, the microcalcifications identified 
in the longitudinal section of S-Detect were the best 
predictors for the metastasis group, with an odds ratio (OR) 
of 4.159 (95% CI: 1.545–11.199). Moreover, correlation 
coefficient testing revealed no significant overfitting among 
the seven independent predictors selected by multivariate 
logistic regression (correlation coefficients all <0.3)  
(Figure 2). As shown in Table S1, compared to using US 
alone, orientation quantification improved diagnostic 
PPV, NPV, and Acc. In comparison, compared to 
using conventional US, UE, S-Detect, and orientation 
quantification alone, the combined predictive model had 
Sen, Spe, PPV, NPV, Acc, and AUC of 0.911, 0.659, 0.637, 
0.918, 0.759, 0.861 (95% CI: 0.803–0.919), respectively, 
indicating high overall predictive capability. The DeLong’s 
test results demonstrate that the combined predictive model 
significantly outperforms all individual models (P<0.001 for 
all comparisons). Specifically, the Z-value indicates that the 

Table 1 Results of the concordance analysis for the longitudinal and transverse plane measurements obtained by two different physicians using 
conventional US and S-Detect orientational quantification angles

Measuring 
physician

Transverse section Longitudinal section

Conventional US (°) S-Detect (°) Conventional US (°) S-Detect (°)

1 −1.4 (−56.8, 53.4) 11.2 (−21.5, 49.9) 4.0 (−52.5, 53.2) 6.5 (−21.2, 25.8)

2 0.4 (−52.5, 53.2) 11.2 (−21.5, 50.3) 2.9 (−41.8, 26.9) 6.5 (−21.4, 25.8)

ICC (95% CI) 0.991 (0.987–0.993) 0.999 (0.999–0.999) 0.984 (0.978–0.989) 0.999 (0.999–0.999)

Nonnormally distributed data are expressed as median (interquartile range). CI, confidence interval; ICC, intraclass correlation coefficient; 
US, ultrasound.
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Table 2 Univariate analysis of conventional US for cervical LNM in PTC patients

Characteristics Overall Non-metastasis Metastasis P

Age (years) 51.0 (45.0, 57.0) 52.0 (46.0, 57.0) 50.0 (44.8, 56.0) 0.377

Age 0.002

<55 years 53 (37.6) 23 (27.1) 30 (53.6)

≥55 years 88 (62.4) 62 (72.9) 26 (46.4)

Gender 0.397

Female 82 (58.2) 47 (55.3) 35 (62.5)

Male 59 (41.8) 38 (44.7) 21 (37.5)

Weight (kg) 67.0 (61.0, 72.0) 68.0 (62.0, 72.0) 64.0 (60.0, 70.0) 0.709

Height (cm) 166.0 (159.0, 170.0) 166.0 (160.0, 170.0) 166.5 (158.8, 170.3) 0.893

ECI 1.94 (1.35) 1.83 (1.38) 2.10 (1.29) 0.243

ECI scores 0.043

1 53 (37.6) 42 (49.4) 11 (19.6)

2 54 (38.3) 33 (38.8) 21 (37.5)

3 19 (13.5) 6 (7.1) 13 (23.2)

4 15 (10.6) 4 (4.7) 11 (19.6)

Nodule size (cm) 0.89 (0.59, 1.19) 0.72 (0.55, 1.00) 0.99 (0.68, 1.33) 0.015

Nodule size 0.017

<1 cm 97 (68.8) 65 (76.5) 32 (57.1)

≥1 cm 44 (31.2) 20 (23.5) 24 (42.9)

Echogenicity 0.266

Hyperechoic/isoechoic 6 (4.3) 5 (5.9) 1 (1.8)

Hypoechoic 135 (95.7) 80 (94.1) 55 (98.2)

Orientation 0.276

Horizontal 43 (30.5) 23 (27.1) 20 (35.7)

Vertical 98 (69.5) 62 (72.9) 36 (64.3)

Boundary 0.021

Clear 106 (75.2) 78 (91.8) 28 (50.0)

Obscure 35 (24.8) 7 (8.2) 28 (50.0)

Margin 0.620

Smooth 128 (90.8) 78 (91.8) 50 (89.3)

Irregular 13 (9.2) 7 (8.2) 6 (10.7)

Microcalcifications 0.036

No 102 (72.3) 67 (78.8) 35 (62.5)

Yes 39 (27.7) 18 (21.2) 21 (37.5)

Composition 0.862

Cystic or solid-cystic 7 (5.0) 4 (4.7) 3 (5.4)

Solid 134 (95.0) 81 (95.3) 53 (94.6)

Continuous variables were expressed as median (interquartile range) for nonnormally distributed data. The normality of continuous 
variables was assessed using the Shapiro-Wilk test. Categorical variables were expressed as number (%). ECI, elasticity contrast index; 
LNM, lymph node metastasis; PTC, papillary thyroid carcinoma; US, ultrasound.
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Table 3 Univariate analysis of S-Detect for cervical LNM in PTC patients

Characteristics

Transverse section Longitudinal section

Overall
Non-

metastasis
Metastasis P Overall

Non-
metastasis

Metastasis P

Binary recommendation 0.280 0.493

Possibly benign 13 (9.2) 6 (7.1) 7 (12.5) 10 (7.1) 5 (5.9) 5 (8.9)

Possibly malignant 128 (90.8) 79 (92.9) 49 (87.5) 131 (92.9) 80 (94.1) 51 (91.1)

Composition 0.103 0.638

Cystic or partially cystic 11 (7.8) 4 (4.7) 7 (12.5) 12 (8.5) 8 (9.4) 4 (7.1)

Solid 130 (92.2) 81 (95.3) 49 (87.5) 129 (91.5) 77 (90.6) 52 (92.9)

Echogenicity 0.185 0.862

Hyperechoic/isoechoic 10 (7.1) 4 (4.7) 6 (10.7) 7 (5.0) 4 (4.7) 3 (5.4)

Hypoechoic 131 (92.9) 81 (95.3) 50 (89.3) 134 (95.0) 81 (95.3) 53 (94.6)

Orientation 0.735 0.687

Parallel 78 (55.3) 48 (56.5) 30 (53.6) 98 (69.5) 58 (68.2) 40 (71.4)

Non-parallel 63 (44.7) 37 (43.5) 26 (46.4) 43 (30.5) 27 (31.8) 16 (28.6)

Shape 0.321 0.752

Ovoid to round 114 (80.9) 71 (83.5) 43 (76.8) 114 (80.9) 68 (80.0) 46 (82.1)

Irregular 27 (19.1) 14 (16.5) 13 (23.2) 27 (19.1) 17 (20.0) 10 (17.9)

Calcifications 0.303 0.014

No calcifications 78 (55.3) 50 (58.8) 28 (50.0) 66 (46.8) 47 (55.3) 19 (33.9)

Microcalcifications 63 (44.7) 35 (41.2) 28 (50.0) 75 (53.2) 38 (44.7) 37 (66.1)

Margin 0.065 0.238

Well-defined smooth 27 (19.1) 12 (14.1) 15 (26.8) 26 (18.4) 13 (15.3) 13 (23.2)

Microlobulated/
spiculated/ill-defined

114 (80.9) 73 (85.9) 41 (73.2) 115 (81.6) 72 (84.7) 43 (76.8)

The normality of continuous variables was assessed using the Shapiro-Wilk test. Categorical variables were expressed as number (%). 
LNM, lymph node metastasis; PTC, papillary thyroid carcinoma.

most notable difference is between the combined model and 
S-Detect (Z=5.732), which is aligning with the relatively 
low AUC of S-Detect (0.607). Among all individual 
models, the difference is least pronounced with the US 
model (Z=3.694), suggesting its performance is closer to 
that of the composite model, indicating the fundamental 
importance of conventional US features in the diagnostic 
process (Table S1). Subsequently, a nomogram was 
devised based on the results of the multivariate regression 
analysis (Figures 3,4). The calibration curves were in close 
agreement with the actual cervical LNM situation, with no 
statistically significant difference in the goodness-of-fit test 

(χ2=3.271; P=0.926), further underscoring the model’s good 
consistency (Figure 5).

Discussion

Several guidelines have indicated that an aspect ratio >1 is 
a highly specific but less sensitive indicator of malignancy 
(7,17-19). Nonetheless, a notable absence persists in 
terms of further recommendations specifically tailored for 
the assessment of obliquely oriented nodules. Research 
endeavors into the growth direction of thyroid cancer have 
predominantly focused on the microscopic molecular realm, 

https://cdn.amegroups.cn/static/public/QIMS-24-1650-Supplementary.pdf
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leaving a gap in the clinical US arena, where intuitive 
descriptions are scarce. To bridge this gap, our study 
presents a fresh perspective that holds substantial clinical 
significance and value.

This groundbreaking study marks the first attempt 
to quantify the angle between the maximum diameter of 
thyroid nodules. It delves into the potential of orientational 
quantification, leveraging conventional US and S-Detect 
under multi-plane scanning, as an independent predictor 
for cervical LNM in PTC, beyond just the aspect ratio. 
The aggressive nature of malignant thyroid tumor cells, 
characterized by their heightened invasive and proliferative 
abilities, spreading along tissue spaces, blood vessels, and 
lymphatic vessels. This results in pronounced growth along 
specific axes, giving rise to irregular nodular contours that 
often obscure boundaries on conventional US imaging. 

Neovascularization and matrix metalloproteinases 
(MMPs) promote rapid longitudinal growth through 
vessel formation and extracellular matrix degradation (29). 
Epithelial-mesenchymal transition (EMT), a biological 
process that bolsters cancer cell motility, reinforces this 
longitudinal migration, elongating the nodular shape even  
further (30). The multivariate analysis conducted in our 
study demonstrated that both age (<55 years) and nodule 
size (≥1 cm) diameter served as significant predictors for 
LNM in PTC, suggesting a possible correlation with 
elevated metastatic risk. While our study emphasizes 
imaging features, these clinical parameters maintain 
significant importance in the predictive model, aligning 
with findings from previous studies (31-33). Our findings 
underscore the statistical significance of the quantified 
angle of the maximum diameter direction, as identified 

Table 4 Univariate analysis of orientation quantification for cervical LNM in PTC patients

Characteristics
Transverse section Longitudinal section

Overall Non-metastasis Metastasis P Overall Non-metastasis Metastasis P

Conventional US (°) 0.4 (−56.3, 56.7) −2.6 (59.8, 52.9) 5.1 (51.0, 60.0) 0.362 4.1 (−42.4, 29.3) 2.1 (−36.0, 29.3) 6.1 (−25.9, 25.2) 0.632

ABV in US (°) 56.7 (25.9, 74.1) 56.2 (26.0, 76.1) 58.9 (25.2, 72.5) 0.923 32.2 (15.0, 68.8) 35.5 (16.4, 68.8) 26.5 (13.2, 68.6) 0.464

S-Detect (°) 11.2 (−21.5, 50.1) 11.9 (−20.9, 45.4) 75.6 (−23.9, 50.6) 0.627 6.5 (−21.3, 25.8) −9.3 (−35.2, 17.2) 13.9 (−1.6, 54.0) <0.001

ABV in S-Detect (°) 32.5 (15.5, 67.5) 30.3 (15.9, 69.9) 39.5 (13.2, 67.2) 0.957 22.5 (11.1, 62.8) 25.0 (12.7, 62.8) 17.6 (8.0, 63.7) 0.485

Conversion in S-Detect 0.684 0.147

Parallel 60 (42.6) 35 (41.2) 25 (44.6) 66 (46.8) 44 (51.8) 22 (39.3)

Non-parallel 81 (57.4) 50 (58.8) 31 (55.4) 75 (53.2) 41 (48.2) 34 (60.7)

Continuous variables were expressed as median (interquartile range) for nonnormally distributed data. The normality of continuous variables 
was assessed using the Shapiro-Wilk test. Categorical variables were expressed as number (%). ABV, absolute binocular vision; LNM, lymph 
node metastasis; PTC, papillary thyroid carcinoma; US, ultrasound.

Table 5 Logistic regression analysis of risk factors for cervical LNM in PTC

Variables Estimate Std Z value P OR (95% CI)

Boundary in US (obscure) 1.692 0.536 3.159 0.002 5.432 (1.901–15.521)

Age (<55 years) −1.243 0.462 −2.691 0.007 3.465 (1.402–8.565)

Nodule size (≥1 cm) 1.265 0.513 2.467 0.014 3.543 (1.297–9.676)

Calcifications in US (microcalcifications) 0.585 0.494 1.184 0.236 1.795 (0.682–4.727)

Calcifications in SD-LS (microcalcifications) 1.425 0.505 2.820 0.005 4.159 (1.545–11.199)

ECI scores (ES3/ES4) 1.023 0.251 4.068 <0.001 2.781 (1.699–4.552)

Orientation quantification in SD-LS 0.014 0.006 2.412 0.016 1.014 (1.003–1.025)

CI, confidence interval; ECI, elasticity contrast index; ES, elasticity scores; LNM, lymph node metastasis; OR, odds ratio; PTC, papillary 
thyroid carcinoma; SD-LS, S-Detect in the longitudinal plane; Std, standard error; US, ultrasound.
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by S-Detect in the longitudinal plane, in both univariate 

and multivariate logistic analyses (both P<0.05). Notably, 

a cutoff value of −16.35° emerges, signifying that the 

deepest extremity of the maximum diameter line subtly 

inclines towards the patient’s cranial aspect. It exceeds 
conventional US in Sen, Spe, PPV, and NPV, and Acc 
for predicting cervical LNM in PTC. This suggests that 
S-Detect exhibits greater precision than sonographers 
in identifying the maximum diameter of nodules, and 
the orientational quantification in longitudinal scanning 
offers a superior predictive value. Studies have revealed 
that when the maximum diameter of thyroid nodules is 
nearly parallel to the skin surface or the deep end inclines 
slightly towards the patient’s body, the interaction with 
surrounding blood vessels and lymphatic systems increases, 
markedly elevating the risk of CLNM. The cut-off value 
of −16.35° as a predictive indicator underscores the pivotal 
role of nodule orientation in assessing metastatic potential, 
whereas absolute value conversion and lateral lobe position 
conversion values are not statistically significant (both 
P>0.05). A study involving 823 PTC patients with LNM 
showed that an aspect ratio ≥1 is more common in lateral 
lobe PTC than in isthmus PTC, but the rate of LN 
dissection is significantly higher in the isthmus PTC group 
(P<0.001) (34). Recognizing the relatively modest sample 
size of this study, we aim to continue investigating whether 
orientational quantification has consistent predictive 
performance across different thyroid lobe groups.

Currently, the predictive value of UE for LNM in PTC 
remains a subject of ongoing debate. Jiang et al. reported 
that the elasticity scores (five-point method) are significantly 
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important in diagnosing the hardness of metastatic LNs 
(P<0.05; OR =4.901; 95% CI: 1.131–1.861) (35). However, 
studies conducted by Hong et al., Xu et al., and Wang  
et al. have concluded that elasticity scores (four-point,  
five-point, six-point methods) are not significant predictors 
of CLNM in PTC (36-38). Conversely, Moon et al. found 
no significant difference in elasticity scores between 
the metastatic and non-metastatic groups (P=0.362), 
but identified the elasticity scores as an independent 
predictor of extrathyroidal extension (OR =5.060; 95% 
CI: 1.565–16.358) (12). In this study, we found that under 
ECI, the four-point elasticity scores is an independent 
predictor (score 3, score 4, both P<0.05; OR =2.781; 
95% CI: 1.699–4.552). Multivariate analysis revealed that 
microcalcification identified by S-Detect in the longitudinal 
plane is the best predictor for the metastatic group (OR 
=4.159; 95% CI: 1.545–11.199). The potential explanation 
for this observation is that, in order to accurately measure 
the orientational quantification angle and reduce errors, 
we included large calcifications and major artifacts in the 
exclusion criteria to obtain complete and clear images 
of nodule edges, which resulted in the inclusion of 141 
nodules that were either non-calcified or microcalcified, 
thus introducing some selection bias. Microcalcifications 
composed of calcium phosphate and hydroxyapatite are 
frequently found in necrotic and degenerative areas and are 

highly associated with PTC, appearing as small, echogenic 
points on US images with high elasticity scores. Large 
calcifications, typically arising from calcium salt deposits 
during long-term chronic degeneration, present as larger 
plaque like or ringlike echogenic reflections. However, 
their hardness on US images is less distinct than that of 
microcalcifications. As a result, in this study, the predictive 
factor weight (OR) of microcalcifications identified by 
S-Detect in the longitudinal plane is comparatively higher 
when contrasted with findings reported in other literature.

Compared to a single model, the combined model 
of conventional US, UE, S-Detect, and orientational 
quantification exhibits the most outstanding overall 
performance, featuring AUC (95% CI), NPV, and Acc that 
all surpass those of single models. This indicates that the 
nomogram model we have constructed has high diagnostic 
reliability, low misdiagnosis risk, and high screening efficacy, 
thereby providing robust recommendations for clinical 
decision-making. Furthermore, compared to other studies’ 
combined models for predicting cervical LNM in PTC, the 
four examination methods in this study are relatively simple 
to perform, time-efficient, and exhibit a reduced level of 
dependent on the examiner’s experience and judgment.

Several limitations merit consideration in this study. 
Firstly, it is a retrospective single-center study with a small 
sample size, and the uniform clinical evaluation standards 

Figure 5 ROC curves, calibration curve and decision analysis curve analysis. (A) ROC curves comparison of different models. The US + UE 
+ SD + OQ model showed the highest AUC of 0.861 (95% CI: 0.803–0.919), followed by US model (AUC =0.718; 95% CI: 0.634–0.801), 
UE model (AUC =0.711; 95% CI: 0.628–0.795), S-Detect model (AUC =0.607; 95% CI: 0.525–0.689), and orientation quantification 
model (AUC =0.688; 95% CI: 0.601–0.776). (B) The calibration curve of the nomogram model shows that the predicted results align almost 
perfectly with the actual cervical LNM situations, no significant statistical difference the goodness-of-fit (χ2=3.271; P=0.926), indicating good 
consistency. (C) The decision curve of nomogram prediction model shows a good net benefit when the threshold probability is between 
1.5% and 99.5%. AUC, area under the curve; CI, confidence interval; LNM, lymph node metastasis; OQ, orientation quantification; ROC, 
receiver operating characteristic; SD, S-Detect; UE, ultrasound elastography; US, ultrasound.
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influenced the results, with 97 cases (68.8%) having 
nodules with a maximum diameter <1 cm, possibly leading 
to selection bias. While our statistical analysis revealed 
promising predictive capabilities, our relatively limited 
sample size might not comprehensively represent the full 
spectrum of clinical presentations, especially regarding the 
inadequate representation of cases with atypical imaging 
features, potentially impacting both the universality of 
our findings and the robustness of our predictive model. 
Consequently, further external validation through 
prospective investigations across diverse populations 
and multiple medical centers is warranted. Secondly, 
as US is operator-dependent, this study only involved 
two mid-level US doctors with comparable experience, 
who retrospectively evaluated the consistency of 
S-Detect’s region of interest (ROI) area and orientational 
quantification, without assessing inter-operator variability 
among US physicians of different experience levels. Lastly, 
the study’s reliance on a single machine learning method 
to identify the maximum diameter as an independent 
predictive factor necessitates the conduct of prospective 
studies, ideally involving senior physicians and multiple 
model groups, to more comprehensively investigate its 
significance and validity.

Conclusions

Establishing the optimal orientational angle for the 
evaluation of thyroid nodules provides a new perspective 
for predicting cervical LNM in PTC. Compared to 
conventional US, it exhibits equivalent Sen while achieving 
superior performance in terms of Spe, PPV, NPV, AUC, 
and net benefit value. The nomogram model in this 
study, which integrates conventional US, UE, S-Detect, 
and orientational quantification for predicting the risk of 
CLNM in PTC patients, can provide valuable reference 
information for clinical prognosis evaluation.
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