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avtorTa sayuradRebod!

redaqciaSi statiis warmodgenisas saWiroa davicvaT Semdegi wesebi:

 1. statia unda warmoadginoT 2 calad,  rusul an inglisur enebze, dabeWdili 
standartuli furclis 1 gverdze,  3 sm siganis marcxena velisa da striqonebs 
Soris 1,5 intervalis dacviT. gamoyenebuli kompiuteruli Srifti rusul da ing-
lisurenovan teqstebSi - Times New Roman (Кириллица), xolo qarTulenovan teqstSi 
saWiroa gamoviyenoT AcadNusx. Sriftis zoma – 12. statias Tan unda axldes CD 
statiiT. 
 2. statiis moculoba ar unda Seadgendes 10 gverdze naklebs da 20 gverdze mets 
literaturis siis da reziumeebis (inglisur, rusul da qarTul enebze) CaTvliT.
 3. statiaSi saWiroa gaSuqdes: sakiTxis aqtualoba; kvlevis mizani; sakvlevi 
masala da gamoyenebuli meTodebi; miRebuli Sedegebi da maTi gansja. eqsperimen-
tuli xasiaTis statiebis warmodgenisas avtorebma unda miuTiTon saeqsperimento 
cxovelebis saxeoba da raodenoba; gautkivarebisa da daZinebis meTodebi (mwvave 
cdebis pirobebSi).
 4. statias Tan unda axldes reziume inglisur, rusul da qarTul enebze 
aranakleb naxevari gverdis moculobisa (saTauris, avtorebis, dawesebulebis 
miTiTebiT da unda Seicavdes Semdeg ganyofilebebs: mizani, masala da meTodebi, 
Sedegebi da daskvnebi; teqstualuri nawili ar unda iyos 15 striqonze naklebi) 
da sakvanZo sityvebis CamonaTvali (key words).
 5. cxrilebi saWiroa warmoadginoT nabeWdi saxiT. yvela cifruli, Sema-
jamebeli da procentuli monacemebi unda Seesabamebodes teqstSi moyvanils. 
 6. fotosuraTebi unda iyos kontrastuli; suraTebi, naxazebi, diagramebi 
- dasaTaurebuli, danomrili da saTanado adgilas Casmuli. rentgenogramebis 
fotoaslebi warmoadgineT pozitiuri gamosaxulebiT tiff formatSi. mikrofoto-
suraTebis warwerebSi saWiroa miuTiToT okularis an obieqtivis saSualebiT 
gadidebis xarisxi, anaTalebis SeRebvis an impregnaciis meTodi da aRniSnoT su-
raTis zeda da qveda nawilebi.
 7. samamulo avtorebis gvarebi statiaSi aRiniSneba inicialebis TandarTviT, 
ucxourisa – ucxouri transkripciiT.
 8. statias Tan unda axldes avtoris mier gamoyenebuli samamulo da ucxo-
uri Sromebis bibliografiuli sia (bolo 5-8 wlis siRrmiT). anbanuri wyobiT 
warmodgenil bibliografiul siaSi miuTiTeT jer samamulo, Semdeg ucxoeli 
avtorebi (gvari, inicialebi, statiis saTauri, Jurnalis dasaxeleba, gamocemis 
adgili, weli, Jurnalis #, pirveli da bolo gverdebi). monografiis SemTxvevaSi 
miuTiTeT gamocemis weli, adgili da gverdebis saerTo raodenoba. teqstSi 
kvadratul fCxilebSi unda miuTiToT avtoris Sesabamisi N literaturis siis 
mixedviT. mizanSewonilia, rom citirebuli wyaroebis umetesi nawili iyos 5-6 
wlis siRrmis.
 9. statias Tan unda axldes: a) dawesebulebis an samecniero xelmZRvane-
lis wardgineba, damowmebuli xelmoweriTa da beWdiT; b) dargis specialistis 
damowmebuli recenzia, romelSic miTiTebuli iqneba sakiTxis aqtualoba, masalis 
sakmaoba, meTodis sandooba, Sedegebis samecniero-praqtikuli mniSvneloba.
 10. statiis bolos saWiroa yvela avtoris xelmowera, romelTa raodenoba 
ar unda aRematebodes 5-s.
 11. redaqcia itovebs uflebas Seasworos statia. teqstze muSaoba da Se-
jereba xdeba saavtoro originalis mixedviT.
 12. dauSvebelia redaqciaSi iseTi statiis wardgena, romelic dasabeWdad 
wardgenili iyo sxva redaqciaSi an gamoqveynebuli iyo sxva gamocemebSi.

aRniSnuli wesebis darRvevis SemTxvevaSi statiebi ar ganixileba.
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Abstract.
Objective: To analyze the diagnostic value of the Shell 

technique in the Chinese Thyroid Imaging Reporting and Data 
System (C-TIRADS) combined with Shear Wave Elastography 
(STE) for differentiating benign and malignant C-TIRADS 
grade 4-5 nodules.

Methods: A retrospective analysis was performed on 279 
patients (with a total of 286 C-TIRADS grade 4-5 nodules) 
who underwent thyroid fine-needle aspiration biopsy (FNA) 
or surgery. Nodules were differentiated as benign or malignant 
using C-TIRADS classification, STE, and their combination. 
Taking cytopathological or postoperative pathological diagnosis 
as the gold standard, Receiver Operating Characteristic (ROC) 
curves were plotted, and the Area Under the Curve (AUC), 
sensitivity, specificity, accuracy, positive predictive value 
(PPV), and negative predictive value (NPV) were calculated to 
compare the diagnostic efficacy.

Results: Pathological results showed that among 286 nodules, 
94 were benign and 192 were malignant. C-TIRADS diagnosed 
122 benign and 164 malignant nodules; STE diagnosed 
115 benign and 171 malignant nodules; the combination 
diagnosed 108 benign and 178 malignant nodules. The AUC 
of the combined diagnosis for C-TIRADS grade 4-5 nodules 
was significantly larger than that of C-TIRADS classification 
and STE alone (Z=5.195, P<0.001; Z=3.602, P<0.001). The 
sensitivity of the combined diagnosis was higher than that of 
C-TIRADS classification and STE alone (χ²=8.649, P=0.003; 
χ²=5.488, P=0.019). The accuracy of the combined diagnosis 
was higher than that of C-TIRADS classification and STE 
alone (χ²=11.457, P<0.001; χ²=9.527, P=0.002). The NPV of 
the combined diagnosis was higher than that of C-TIRADS 
classification and STE alone (χ²=6.685, P=0.010; χ²=4.997, 
P=0.025). 

Conclusion: Compared with single application, C-TIRADS 
combined with the Shell technique in STE significantly 
improves the diagnostic sensitivity, accuracy, and NPV for 
C-TIRADS grade 4-5 thyroid nodules, demonstrating certain 
clinical application value.

Key words. Shear Wave Elastography (STE), thyroid 
nodules, Chinese Thyroid Imaging Reporting and Data System 
(C-TIRADS).
Introduction.

Thyroid nodules are common diseases in the head and neck 
and endocrine systems. Palpable nodules account for 5%, while 
those detected by ultrasound account for up to 70%, with a 
malignant tumor rate of approximately 3%-10% [1]. Only a small 
proportion require clinical intervention, and many benign and 
low-risk papillary thyroid carcinomas are only recommended 

for active monitoring [2]. Therefore, the Chinese Society of 
Ultrasound Medicine released the C-TIRADS guidelines in 
2020 [3], which adopt a scoring method: suspicious ultrasound 
signs are counted, with each malignant risk sign assigned 
1 point and comet tail signs deducted 1 point. Clinicians 
optimize treatment plans based on nodule classification. Since 
C-TIRADS classification is limited to the two-dimensional 
ultrasound signs of nodules without involving nodule hardness, 
and the theoretical malignant rate of C-TIRADS grade 4-5 
thyroid nodules ranges from <2% to >90% with a large span, 
and the sonograms of benign and malignant nodules overlap 
[4], it is challenging to accurately diagnose nodule nature from 
conventional sonograms alone. Ultrasound elastography has 
been proven to improve the ability to differentiate between 
benign and malignant thyroid nodules [5-8]. The STE and Shell 
measurement functions can quantitatively assess the hardness 
of the thyroid nodule and its surrounding area. Relevant 
literature [9-11] has shown that the hardness of tissues around 
malignant thyroid lesions may be higher than that of the lesion 
area. However, few studies have applied the ratio of internal 
and surrounding nodule hardness combined with C-TIRADS 
to differentiate between benign and malignant thyroid nodules. 
This study aims to analyze the diagnostic value of C-TIRADS 
combined with STE in C-TIRADS grade 4-5 nodules to assist 
clinical diagnosis and avoid over-treatment.
Materials and Methods.
Clinical Data:

A total of 279 patients (51 males and 228 females) with 
C-TIRADS grade 4-5 thyroid nodules treated at Yijishan 
Hospital of Wannan Medical College from February to August 
2023 were selected, with a total of 286 nodules. The age range 
was 18-76 years, with an average age of 46.25±12.00 years. All 
nodules had cytopathological or surgical pathological results, 
and conventional ultrasound images and STE images were 
collected simultaneously. 
Inclusion and Exclusion Criteria:

Inclusion criteria: ① C-TIRADS grade 4-5 nodules without 
prior clinical intervention; ② Clear two-dimensional ultrasound 
and STE images; ③ Complete clinical data. 

Exclusion criteria: ① Nodules with maximum diameter >3 
cm or cystic components; ② Nodules with coarse calcification 
and obvious acoustic shadow inside or around; ③ The region 
of interest (ROI) of STE could not include 2 mm around the 
nodule. 
Instruments and Methods:

A Mindray Resona7T ultrasound diagnostic 仪 (L14-5 linear 
array probe, 5-14 MHz) was used. Conventional two-dimensional 
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ultrasound images and STE images were collected respectively. 
The STE image acquisition process was as follows: select the 
longest axis section of the nodule, place the probe vertically and 
lightly on the skin surface, adjust to the shear wave elastography 
mode, freeze the image after stabilization, trace the nodule 
boundary, apply the built-in "Shell" analysis tool, set the Shell 
key to the 1.0 mm area, record the mean Young's modulus of 
the 1.0 mm area around the nodule (Eshell1.0mmmean) and 
the mean Young's modulus inside the nodule (Emean). Each 
nodule was collected 3 times, and the average value was taken 
to calculate the ratio of the two. 
C-TIRADS Classification:

According to the 2020 C-TIRADS classification guidelines 
[3], thyroid nodules were classified (see Table 1). Each 
malignant ultrasound sign was +1 point, and the total score was 
accumulated. If only punctate echogenic foci with comet tail 
signs were present, -1 point was deducted. 0 points indicated 
C-TIRADS grade 3, 1 point indicated grade 4A, 2 points 
indicated grade 4B, 3-4 points indicated grade 4C, and 5 points 
indicated grade 5.

Table 1. C-TIRADS Classification Criteria.
Positive Indicators Score Negative Indicator Score 

Aspect ratio >1 +1 
Punctate echogenic 
foci with comet tail 
signs 

-1 

Solid component +1 
Extremely hypoechoic +1 
Suspicious 
microcalcification +1 

Blurred/irregular margin or 
extrathyroidal invasion +1 

STE, Combined Diagnosis, and Benign/Malignant Criteria:
Based on the above C-TIRADS classification, the ratio of 

Eshell1.0mmmean to Emean in STE was scored. Scholars such 
as LIU et al. [11] defined the STE scoring criteria as follows: 
Eshell1.0mmmean/Emean >1 was judged as a malignant 
nodule; Eshell1.0mmmean/Emean ≤1 was judged as a benign 
nodule. The combined judgment criteria were: if the nodule had 
Eshell1.0mm/Emean >1 in STE, the C-TIRADS classification 
was upgraded by 1 level; conversely, it was downgraded by 

Figure 1. Shear Wave Elastography Images of Thyroid Nodule.
A: A 31-year-old female with a nodule in the middle of the left thyroid lobe. C-TIRADS score: 2 points (grade 4B). STE: Eshell1.0mm/Emean >1, 
upgraded by 1 level to grade 4C, diagnosed as a malignant nodule. 
B: A 57-year-old male with a nodule in the lower part of the left thyroid lobe. C-TIRADS score: 3 points (grade 4C). STE: Eshell1.0mm/Emean 
<1, downgraded by 1 level to grade 4B, diagnosed as a benign nodule.
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1 level. Both diagnostic methods considered nodules with a 
classification ≥4C as malignant and those <4C as benign (see 
Figures 1 and 2).
Statistical Methods:

SPSS26.0 statistical software was used for analysis. 
Measurement data conforming to normal distribution were 
expressed as mean ± standard deviation (x±s), and the 
independent sample t-test was used for comparison of means 
between groups. The chi-square test was used for comparison 
of count data between groups. ROC curves were drawn to 
calculate AUC, sensitivity, specificity, PPV, and NPV. The 
Z-test was used to compare the areas under the curves. A P<0.05 
was considered statistically significant.
Results.
General Characteristics of Patients and Pathological 
Diagnosis Results:

In this study, 279 patients (279 with single nodule and 7 with 
two nodules) had a total of 286 C-TIRADS grade 4-5 thyroid 
nodules, including 34 grade 4A, 88 grade 4B, 132 grade 4C, 
and 32 grade 5 nodules. Pathological diagnosis confirmed 
94 benign and 192 malignant nodules (Table 2). There was a 
statistically significant difference in mean age between benign 
and malignant nodules (P<0.05), but no significant difference in 
gender distribution (P>0.05) (Table 3).
Ultrasound Findings of Nodules:

Conventional ultrasound characteristics showed statistically 
significant differences in echo, composition, aspect ratio, 
irregular boundary/capsular invasion, and calcification between 
benign and malignant nodules (P<0.05). 
Comparison of STE, C-TIRADS Classification, and 
Combined Diagnosis with Pathological Results:

Pathological results showed 94 benign and 192 malignant 
nodules among 286 nodules. C-TIRADS diagnosed 122 benign 
and 164 malignant nodules; STE diagnosed 115 benign and 
171 malignant nodules; the combination diagnosed 108 benign 
and 178 malignant nodules. The consistency between single 
C-TIRADS or STE diagnosis and pathological results for 
C-TIRADS grade 4-5 nodules was moderate (Kappa coefficients 
0.543 and 0.558, respectively), while the consistency between 
combined diagnosis and pathological results was good (Kappa 
coefficient 0.756), with all P<0.01 (Table 4).

Diagnostic Efficacy of C-TIRADS Classification, STE, and 
Their Combination for C-TIRADS Grade 4-5 Nodules:

The AUC values of C-TIRADS classification, STE, and their 
combination were 0.795, 0.792, and 0.892, respectively (Figure 
3). The AUC of the combined diagnosis for C-TIRADS grade 
4-5 nodules was higher than that of C-TIRADS classification 
(AUC difference 0.100) and STE (AUC difference 0.097). The 
diagnostic efficacy of STE was similar to that of C-TIRADS 
classification for C-TIRADS grade 4-5 nodules, with no 
statistical difference (P>0.05) (Tables 5 and 6).Figure 2. Pathological Results of Thyroid Nodules.

Left: Pathological result of Figure 1A: Thyroid papillary carcinoma 
(HE ×200).
Right: Pathological result of Figure 1B: Nodular goiter (HE ×200).

Figure 3. ROC Curves of STE, C-TIRADS Classification, and Their 
Combination.

C-
TIRADS 
Classifi-
cation 

Score Pathological 
Results 

Total (n) Actual 
Malignant 
Rate (%) 

Theoretical 
Malignant 
Rate (%) 

Benign Malignant 
4A 1 31 3 34 8.82 
4B 2 46 42 88 47.72 
4C 3-4 17 115 132 87.12 
5 5 0 32 32 100 
Total 
nodules 

94 192 286 67.13 

Table 2. Comparison of C-TIRADS Classification and Pathological 
Results.

Parameters Number of 
Nodules Patients Pathological 

Results P Value 

Benign Malignant 
All nodules 286 279 94 192 
Age (years) 46.25±12.00 50.49±11.79 44.12±11.56 
Female 232 228 76 156 
Male 54 51 18 36 

Table 3. Relationship Between Thyroid Nodules and Age/Gender (x±s).
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Discussion.
Conventional ultrasound examination, with its convenience, 

speed, and cost-effectiveness, has become the preferred method 
for clinical diagnosis of thyroid nodules. The C-TIRADS 
grade 4-5 classification has a wide span of malignant risk, 
and overlapping images exist between benign and malignant 
thyroid nodules, which poses challenges for accurate diagnosis. 
Elastography technology provides good reflection of nodule 
hardness, especially the Shell technique in STE, which can 
reflect and quantify the hardness of the nodule itself and its 
surrounding area. Compared with traditional strain elastography, 
STE does not require manual pressure, objectively reflecting 
nodule hardness and providing Young's modulus values. Deng 
Zihui et al. [12] showed that the mean value of Eshell1.0mm 
(AUC=0.824) had diagnostic efficacy for differentiating nodule 
nature (P<0.05). Shi Liying et al. [9] found that Eshellmean of 
malignant nodules was higher than nodular Emean, possibly 
because the noise in the lesion area decreases under low shear 
wave amplitude, reducing the shear energy in the tumor area, 
while surrounding tissues exhibit relatively higher hardness. 
In this study, it was considered that Eshell1.0mmmean of 
malignant thyroid nodules was higher than Emean, with an 
AUC of 0.795, similar to previous results (AUC=0.824). 
The area under the ROC curve of STE alone for diagnosing 
thyroid nodules was slightly higher than that of C-TIRADS 
classification, but the difference was not statistically significant 
(P>0.05), indicating that single use of STE had no obvious 
advantage over C-TIRADS classification. Therefore, nodule 
nature cannot be judged solely by two-dimensional ultrasound 
features or elastography. 

In this study, the sensitivity, specificity, PPV, and NPV of 
C-TIRADS combined with the Shell technique in STE for 
diagnosing C-TIRADS grade 4-5 thyroid nodules were 88.0%, 

90.4%, 88.8%, 94.9%, and 78.7%, respectively. The sensitivity, 
accuracy, and NPV of the combined diagnosis were all higher 
than those of C-TIRADS or STE alone, suggesting that 
C-TIRADS combined with the Shell technique in STE has higher 
diagnostic efficacy for C-TIRADS grade 4-5 nodules than single 
application. The consistency between the combined diagnosis 
and pathological results was good (Kappa coefficient 0.756), 
which was higher than that of single STE (Kappa coefficient 
0.558) or C-TIRADS classification (Kappa coefficient 0.543). 
The ROC curve showed that single STE (0.795) was similar 
to C-TIRADS classification (0.792) (P>0.05), and both were 
lower than the combination (0.892) (both P<0.05). Compared 
with pathology, pure C-TIRADS classification had 45 false 
negatives and 19 false positives, while the combined diagnosis 
had 23 false positives and 9 false negatives. Possible reasons for 
this include: ① Some inflammatory nodules and nodular goiters 
have overlapping sonograms with malignant nodules, making 
differentiation difficult from two-dimensional sonograms alone. 
Combining STE to quantitatively analyse the hardness of the 
nodule and surrounding tissues provides additional diagnostic 
information; ② In benign cystic-solid nodules with cystic 
component absorption, solid component fibrosis, or calcification, 
misjudgement may occur based solely on internal nodule 
hardness. Simultaneously evaluating and comparing internal 
nodule hardness and surrounding tissue hardness can improve 
judgment accuracy; ③ Long-term background of diffuse thyroid 
diseases may lead to sclerosis and fibrosis of surrounding tissues 
of benign nodules; ④ Except for papillary thyroid carcinoma, 
other pathological types are more complex, with varying impacts 
on nodular internal hardness and surrounding tissue hardness; ⑤ 
When malignant nodules have internal liquefaction or necrosis, 
the internal hardness value decreases, potentially causing 
misjudgement; ⑥ When malignant nodules stimulate collagen 

Pathological Type STE C-TIRADS Corrected 
C-TIRADS Total 

Benign Malignant Benign Malignant 
Benign nodules (n) 75 40 77 45 
Malignant nodules (n) 19 152 17 147 
Kappa coefficient \multicolumn{2}{ c }{0.558} \multicolumn{2}{ 
P value \multicolumn{2}{ c }{<0.01} \multicolumn{2}{ 

Table 4. Comparison of Three Diagnostic Methods with Pathological Results.

Diagnostic Method AUC Sensitivity Specificity Accuracy PPV NPV 
C-TIRADS 0.792 147/192 (76.6) 77/94 (81.9) 224/286 (78.3) 147/164 (89.6) 77/122 (63.1) 
STE 0.795 152/192 (79.2) 75/94 (79.8) 227/286 (79.4) 152/171 (88.9) 75/115 (65.2) 
C-TIRADS+STE 0.892 169/192 (88.0) 85/94 (90.4) 254/286 (88.8) 169/178 (94.9) 85/108 (78.7) 
χ² 9.094 4.442 13.029 4.761 7.444 
P value 0.011 0.108 0.001 0.093 0.024 

Table 5. Diagnostic Efficacy of Three Diagnostic Methods for C-TIRADS Grade 4-5 Thyroid Nodules (n/%).

*Note: PPV = Positive Predictive Value; N

Diagnostic Methods Z Value P Value AUC Difference 
Combination ~ STE 3.602 <0.001 0.097 
Combination ~ C-TIRADS 5.195 <0.001 0.100 
STE ~ C-TIRADS 0.081 0.935 0.003 

Table 6. Pairwise Differences in Areas Under ROC Curves of Three Diagnostic Methods.
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fiber hyperplasia in surrounding tissues without obvious coarse 
calcification, false negatives rarely occur. 
This study has limitations.

① Nodules were not grouped by diameter (>10 mm 
vs. ≤10 mm), possibly ignoring the impact of nodule 
size on surrounding tissue compression and Young's 
modulus values, which requires further detailed research. 
② Nodules with or without diffuse thyroid disease background 
were not grouped, potentially causing deviations in 
surrounding nodule hardness values and STE parameters. 
③ All malignant nodules were papillary thyroid 
carcinoma, unable to evaluate other pathological types. 
④ Static image classification assessment 
cannot observe as accurately as dynamic 
images, possibly leading to misclassification. 
⑤ In the later stage of this study, sample size will be increased 
to reduce errors.
Conclusion.

C-TIRADS combined with the Shell technique in STE 
significantly improves diagnostic sensitivity, accuracy, and 
negative predictive value for C-TIRADS grade 4-5 nodules 
compared with single application, demonstrating high clinical 
application value and deserving promotion. Single application 
of STE and C-TIRADS classification both have certain clinical 
diagnostic value for C-TIRADS grade 4-5 nodules, but both 
have limitations.
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