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K CBEAEHHUIO ABTOPOB!
[Ipu HampaBIEeHUY CTAaTbH B PEAAKITUIO HEOOXOIUMO COOIONATh CISAYIONINE TIPABHIIIA;

1. CraTps nomkHa OBITH IPEJCTaBICHA B IBYX SK3EMIUIIPAX, HA PYCCKOM HMJIM aHTITUHACKOM SI3bI-
Kax, HaTrleyaTaHHas yepe3 MoJITopa HHTepBaJjia Ha OIHOI CTOPOHE CTAHIAPTHOIO JIUCTA € INMPHHOI
JIEBOTO NOJIsI B TPHM caHTHMeTpa. Mcnonb3yemblil KOMIIBIOTEPHBII WPUQT U1 TEKCTa Ha PYCCKOM U
aHnuickoM s3bikax - Times New Roman (Kupuiuna), 115 TeKcTa Ha TPy3UHCKOM S3BIKE CIIEAYeT
ucnoip3oBath AcadNusx. Pasmep mpudra - 12. K pykonrcu, HaneyaTaHHOW Ha KOMITBIOTEPE, JTODKEH
o5ITh IprtoskeH CD co crarbeit.

2. Pa3Mep craTbu TOTKEH OBITH HE MEHEe NeCsTH 1 He OoJiee 1BaALATH CTPAHUI] MAITHOIINCH,
BKJIIOYAsl yKa3areJlb JINTepaTypsl U Pe3loMe Ha aHIJIMIICKOM, PYCCKOM U IPYy3HHCKOM SI3bIKaX.

3. B crarbe 10KHBI OBITH OCBEIICHBI AKTyaIbHOCTh JAHHOTO MaTepHalla, METOIBI U PE3YIIbTaThI
UCCIIeIOBaHUs U X 00CYyKACHHE.

[Ipu npencTaBiIeHNHN B IIeYaTh HAYYHBIX SKCIIEPUMEHTAIBHBIX PA0OT aBTOPHI JOJIKHBI YKa3bIBATH
BHUJl U KOJMYECTBO SKCIIEPUMEHTANBHBIX KUBOTHBIX, IPUMEHSBIINECS METOABl 00e300MMBaHUS U
YCBHIJICHHUS (B XOJI€ OCTPBIX OIIBITOB).

4. K crarbe JOIKHBI OBITH MIPUIIOMKEHBI KpaTKoe (Ha MOJICTPAaHUIIBI) Pe3OMe Ha aHIIIUICKOM,
PYCCKOM M IT'PY3HHCKOM $I3bIKax (BK/IIOYAIOLIEE CIELYOLINE pa3aesbl: Liedb UCCIeI0BaHNs, MaTepHual U
METOJIBI, PE3YJILTATHI M 3aKIIFOUSHHE) U CIIUCOK KITtoueBBIX cioB (key words).

5. Tabnunp! HEOOXOIUMO NPENCTABIATE B Ie4aTHOH hopme. DoTokonuu He npuHUMaroTcs. Bee
nu¢poBbie, HTOTOBbIE H NPOLIEHTHbIE JaHHbIE B Ta0JIMIaX J0JIKHbI COOTBETCTBOBATH TAKOBBIM B
TeKcTe cTaThbU. Tabiuibl U rpaduKu TOJKHBI OBITH 03aryIaBIICHBI.

6. dotorpadun AOIKHBI OBITH KOHTPACTHBIMHU, (POTOKOIHHU C PEHTTEHOTPAMM - B IO3UTUBHOM
n300paxeHuH. PUCYyHKH, yepTeXu U IuarpaMmbl clIeoyeT 03ariaBUTh, IPOHYMEPOBATh U BCTABUTH B
COOTBeTCTBYIOIIEe MecTo TekcTa B tiff opmare.

B noanucsix k MukpogotorpadgusaM cieayeT yKa3plBaTh CTEICHb yBEIMUCHUS Yepe3 OKYISP HITH
00BEKTUB U METOJ] OKPACKU WJIM UMIIPETHALIMH CPE30B.

7. ®aMUIUU OTEYECTBEHHBIX aBTOPOB MIPUBOJAATCS B OPUTHHAIBHON TPAHCKPUIILIUH.

8. I[Ipu opopmnennu u HampaBneHun crared B xypHanm MHI mpocum aBTOpOB cobmronars
NpaBUIIa, U3JI0KEHHBIE B « EMUHBIX TpeOOBaHUSIX K PYKOMHUCSM, IPEACTABISIEMBIM B OMOMEIUIIMHCKHUE
JKypHAJIbD», TPUHATHIX MeXIyHapOAHBIM KOMHUTETOM PEIAaKTOPOB MEAMLMHCKUX KYpHAJIOB -
http://www.spinesurgery.ru/files/publish.pdf u http://www.nlm.nih.gov/bsd/uniform_requirements.html
B koHIIe Kax 101 OPUTHHATIBHOM CTaThU MPUBOAUTCA OnOIHOrpadguyeckuii cnucok. B cnmncok nurepa-
TYPBI BKJIFOYAIOTCSl BCE MaTepHalibl, HA KOTOPBbIE UMEIOTCS CCBUIKU B TeKcTe. CIHUCOK COCTaBIAETCs B
andaBUTHOM MOpsAKe U HymMepyeTcs. JIutepaTypHblii HCTOYHMK NPUBOAUTCS Ha sI3bIKE OpUrMHaia. B
CIMCKE JINTEPATyPhl CHavYajia IPUBOIATCS PabOThI, HAMCAHHBIE 3HAKaMU TPY3MHCKOTO andaBuTa, 3aTeM
Kupwuien u naruHuneidl. CChUIKM Ha IUTHUPYEMble pabOThl B TEKCTE CTAaTbH JAIOTCS B KBaIpPaTHBIX
CKOOKax B BUJI€ HOMEPA, COOTBETCTBYIOLIETO HOMEPY JaHHOH pabOoThI B CIIMCKE TUTEPaTypbl. bonbmmH-
CTBO IIUTHPOBAHHBIX UCTOYHUKOB JOJKHBI OBITH 3a IMOCTIEAHNUE S5-7 JIET.

9. ns momydeHus MpaBa Ha MyONMKAIMIO CTaThs OJDKHA MMETh OT PYKOBOIUTENSI pabOTHI
WIN YUPEXKJCHUS BU3Y U CONPOBOIUTEIHHOE OTHOLLICHNUE, HAIMCAHHBIC WJIM HAlledaTaHHbIE Ha OJIaHKe
Y 3aBEPEHHBIE MOJIHCHIO U NIEYATHIO.

10. B koHIe cTaThU NOJKHBI OBITH MOAMHCH BCEX aBTOPOB, MOJHOCTBHIO MPUBEAEHBI UX
(amMuInM, UIMEHa U OTYECTBA, YKa3aHbl CIIy>KeOHBIN M AOMAIIHUI HOMEpa TeJIe(OHOB U agpeca MM
uHble koopAuHaThl. KomuuecTBo aBTOPOB (COABTOPOB) HE NOHKHO MPEBBIMIATH IISATH YEJIOBEK.

11. Penakuus ocraBisiet 3a cO00i MpaBo COKpaIaTh ¥ HCIPaBIATh cTarhi. Koppekrypa aBropam
HE BBICBUIAETCS, BCS paboTa U CBEpKa IPOBOAUTCS 110 aBTOPCKOMY OPHTHHAILY.

12. HemomycTuMoO HampaBiieHHE B pelaklMIo padoT, MpeICTaBICHHBIX K MeYaTH B MHBIX
M3/1aTeNbCTBAX WIIM OMYOJIMKOBAHHBIX B APYTHX U3JAHUSX.

Hpﬂ HApYHNIEHUH YKa3aHHBIX IPABUJI CTATbU HE PAaCCMAaTPUBAIOTCH.
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Please note, materials submitted to the Editorial Office Staff are supposed to meet the following requirements:

1. Articles must be provided with a double copy, in English or Russian languages and typed or
compu-ter-printed on a single side of standard typing paper, with the left margin of 3 centimeters width,
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7. Please indicate last names, first and middle initials of the native authors, present names and initials
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number under which the author is listed in the reference materials.

8. Please follow guidance offered to authors by The International Committee of Medical Journal
Editors guidance in its Uniform Requirements for Manuscripts Submitted to Biomedical Journals publica-
tion available online at: http://www.nlm.nih.gov/bsd/uniform_requirements.html
http://www.icmje.org/urm_full.pdf
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in square brackets] and in the reference list and numbers are repeated throughout the text as needed. The
bibliographic description is given in the language of publication (citations in Georgian script are followed
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9. To obtain the rights of publication articles must be accompanied by a visa from the project in-
structor or the establishment, where the work has been performed, and a reference letter, both written or
typed on a special signed form, certified by a stamp or a seal.

10. Articles must be signed by all of the authors at the end, and they must be provided with a list of full
names, office and home phone numbers and addresses or other non-office locations where the authors could be
reached. The number of the authors (co-authors) must not exceed the limit of 5 people.

11. Editorial Staff reserves the rights to cut down in size and correct the articles. Proof-sheets are
not sent out to the authors. The entire editorial and collation work is performed according to the author’s
original text.

12. Sending in the works that have already been assigned to the press by other Editorial Staffs or
have been printed by other publishers is not permissible.

Articles that Fail to Meet the Aforementioned
Requirements are not Assigned to be Reviewed.
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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 (y3*=8.649, P=0.003;
¥*=5.488, P=0.019). The accuracy of the combined diagnosis
was higher than that of C-TIRADS classification and STE
alone (y*>=11.457, P<0.001; ¥*>=9.527, P=0.002). The NPV of
the combined diagnosis was higher than that of C-TIRADS
classification and STE alone (¥*=6.685, P=0.010; ¥*=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
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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: [] C-TIRADS grade 4-5 nodules without
prior clinical intervention; [ Clear two-dimensional ultrasound
and STE images; [] Complete clinical data.

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

Instruments and Methods:

A Mindray Resona7T ultrasound diagnostic [ (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 (Eshelll.Ommmean) 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.

Figure 1. Shear Wave Elastography Images of Thyroid Nodule.

Table 1. C-TIRADS Classification Criteria.

Positive Indicators Score Negative Indicator |Score
Punctate echogenic

Aspect ratio >1 +1 foci with comet tail -1
signs

Solid component +1

Extremely hypoechoic +1

Suspicious

. . . +1
microcalcification
Blurred/irregular margin or 41

extrathyroidal invasion

STE, Combined Diagnosis, and Benign/Malignant Criteria:

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

M-STB Indieix: d r H & %
Resona 7T

ROMID 133

Shell 1.0mm

M-STB Index: ¥ W ¥ W #

Resona 7T
B

FHIZ.0
D40

a7z

ar4

iLay oOff
Filter 1
ROID1.14

Shell 1.0mm

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: Eshelll.Omm/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: Eshelll.Omm/Emean

<1, downgraded by 1 level to grade 4B, diagnosed as a benign nodule.
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Figure 2. Pathological Results of Thyroid Nodules.
Left: Pathological result of Figure 1A: Thyroid papillary carcinoma
(HE x200).

Right: Pathological result of Figure 1B: Nodular goiter (HE %200).

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,
Combined Diagnosis with Pathological Results:

and

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

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

C- Score |Pathological Total (n) Actual Theoretical
TIRADS Results Malignant Malignant
Classifi- Rate (%) Rate (%)
cation

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 94 192 286 67.13
nodules

Table 3. Relationship Between Thyroid Nodules and Age/Gender (x+s).

Number of . Pathological
Parameters Nodules Patients Results g 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 4. Comparison of Three Diagnostic Methods with Pathological Results.

. Corrected
Pathological Type STE C-TIRADS 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 1{0.558} \multicolumn{2} {
P value \multicolumn{2} { c +{<0.01} \multicolumn{2} {

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

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)
x 9.094 4.442 13.029 4.761 7.444

P value 0.011 0.108 0.001 0.093 0.024

*Note: PPV = Positive Predictive Value; N

Table 6. Pairwise Differences in Areas Under ROC Curves of Three Diagnostic Methods.

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

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 Eshelll.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 Eshelll.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%,
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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: [J 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; (] 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; [] Long-term background of diffuse thyroid
diseases may lead to sclerosis and fibrosis of surrounding tissues
of benign nodules; [J Except for papillary thyroid carcinoma,
other pathological types are more complex, with varying impacts
on nodular internal hardness and surrounding tissue hardness; []
When malignant nodules have internal liquefaction or necrosis,
the internal hardness value decreases, potentially causing
misjudgement; [1 When malignant nodules stimulate collagen



fiber hyperplasia in surrounding tissues without obvious coarse
calcification, false negatives rarely occur.

This study has limitations.

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.
[J Nodules with or without diffuse thyroid disease background
were not grouped, potentially causing deviations in
surrounding nodule hardness values and STE parameters.
[0 All malignant nodules were papillary thyroid
carcinoma, unable to evaluate other pathological types.

0 Static image classification assessment
cannot observe as accurately as dynamic
images, possibly leading to misclassification.

[J 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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