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Abstract

Objective: We evaluated the diagnostic accuracy of perinodular stiffness, four risk
stratification systems (RSSs) (KWAK-TIRADS, ACR-TIRADS, EU-TIRADS, and C-TIRADS), and
the combination of perinodular stiffness and the four RSSs in differentiating malignant
from benign thyroid nodules (TNs).

Methods: A total of 788 TNs in 726 patients were examined with conventional ultrasound
(US) examination and sound touch elastography (STE). All TNs were classified by each of
the four RSSs. The stiffness inside (E) the TNs was measured by STE. The stiffness of the
2.0-mm perinodular region (Eshell) was measured with the Shell measurement function
of STE. The diagnostic performances of four RSSs, the E values, and the Eshell values
were evaluated. All TNs were further divided into subgroups based on size (< 10 mm
group and > 10 mm group).

Results: Ninety-six TNs were classified as benign and 692 as malignant. Among the
single-method approaches, ACR-TIRADS showed the highest AUC (0.77) for differentiating
malignant from benign TNs for all TNs included. Eshell showed the highest AUC (0.75)

in differentiating malignant from benign TNs for TNs with sizes < 10 mm, and there
were no significant differences in AUC among all single methods for diagnosis of TNs
with sizes > 10 mm (P > 0.05). The combination of C-TIRADS and Eshell/E yielded the
highest AUC for all TNs (0.83) and for TNs with size <10 mm (0.85) compared with other
combinations.

Conclusions: Eshell/E combined with conventional US improves the diagnostic accuracy in
TNs and may reduce unnecessary fine-needle aspiration.
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Introduction

Thyroid nodules (TNs) are a common endocrine disease
in China (1, 2, 3). It is estimated that 7-15% of TNs are
thyroid cancer. Ultrasound (US) is useful not only for
detection but also for discrimination between benign
and malignant TNs. A series of TN risk stratification

systems (RSSs) have been proposed for US radiologists
to define TNs objectively (2, 3, 4, 5). For example, the
thyroid imaging reporting and data system classification
proposed by Kwak (KWAK-TIRADS) was established in
2011 (2). In 2017, the ACR-TIRADS was issued by the
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American College of Radiology, and European Thyroid
Association management provided EU-TIRADS (3, 4).
Recently, Chinese researchers provided Chinese-TIRADS
(C-TIRADS) to stratify TNs depending on their US features
and total points (5). These RSSs allow standardization of
the diagnosis of benign and malignant TNs by radiologists;
however, the differences regarding the categorization of
TNs may affect the diagnostic performance and confuse
clinical treatment (6, 7, 8, 9, 10, 11).

Ultrasound elastography (UE) has been shown to
improve differentiation between benign and malignant
TNs (12, 13, 14, 15, 16, 17, 18, 19). Sound touch
elastography (STE) and the Shell measurement function
enable the quantitative assessment of interior and
perinodular stiffness of a TN. Earlier studies have shown
that the surrounding tissue stiffness measured by the Shell
measurement function improved the differentiation of
benign and malignant TNs and breast lesions (20, 21, 22,
23, 24, 25). In particular, the 2 mm-perinodular stiffness
of TNs measured by the Shell measurement function
may be an accurate diagnostic index for differentiating
malignant from benign TNs (20, 21).

There have been many studies comparing different
RSS versions and tissue stiffness in differentiating
malignant from benign TNs (26, 27, 28, 29, 30). However,
few studies have reported the diagnostic performance
of a combination of TIRADS categories and perinodular
stiffness to discriminate between benign and malignant
TNs. Hence, based on previous studies, we compared the
diagnostic efficiency of KWAK-TIRADS, ACR-TIRADS,
EU-TIRADS, C-TIRADS, and these RSSs combined with
perinodular stiffness of TNs in differentiating malignant
from benign TNs.
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Materials and methods
Patient selection

This prospective study was approved by the institutional
ethics committee of the First Affiliated Hospital of the
University of Science and Technology of China (USTC),
and informed consent was obtained from all patients
to include their data for this study. From February 2020
to December 2020, 756 consecutive patients with 1005
TNs were detected by conventional US, STE, and Shell
measurement function at our center. The inclusion
criteria were as follows: (i) solid or nearly solid (<20%
cystic) TN; (ii) sufficient thyroid tissue surrounding the
TN, so that 2-mm perinodular tissue could be measured
and (iii) verified benign or malignant diagnosis based on
pathohistology or fine-needle aspiration (FNA). In patients
with multiple TNs in the same thyroid lobe, the most
suspicious for malignancy was first selected, otherwise, the
largest TN was included. Eventually, 726 patients (aged 16
to 77 years) with 788 TNs were enrolled in the study. The
flowchart for TN selection is shown in Fig. 1. All TNs were
divided into two subgroups depending on the maximal
diameter (< 10 mm group and > 10 mm group).

US instrument

All conventional US and STE examinations of TNs were
performed with a Resona 7 US diagnostic system (Mindray
Medical Solutions, Shenzhen, China)and a 11L3 transducer,
with the STE and the Shell measurement software. STE is
a two-dimensional (2D) real-time shear wave elastography
(SWE) technology with Shell measurement function,
which automatically enables the quantitative assessment

756 patients with 1005 TNs were detected by conventional US
(n =1005)

1. More than 20% cystic

Excluded (n=77)

i- 2. Multiple nodules in same

(n=928)

928 solid TNs underwent FNA or surgery

thyroid lobe, which did not
satisfy the inclusion criteria

!

Excluded (n = 140)
FNA reports Bethesda III or
IV and no further
pathological diagnosis

TNs were confirmed by FNA or
pathological diagnosis after surgery

(n =788)
[
] 1
Benign TNs Malignant TNs
(n=96) (n=692)
1
[ ]

Thyroid adenoma (14)
Nodular goiter (5)

Bethesda II with
follow-up (n=77)

Papillary thyroid carcinoma (657)
Follicular carcinoma (22)
Thyroid lymphoma (3)
Medullary carcinoma (10

Figure 1
Flowchart of the selection of patients with 788
solid thyroid nodules (TNs).
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of perinodular stiffness (the width of 0.5-9 mm) in 0.5-
mm increments from the outline of the TN (Fig. 2).

Conventional US examination and
retrospective evaluation

Conventional US images of all TNs were obtained by two
radiologists (X Land L X) with 10 and 12 years of experience
in TN US. The TNs were classified according to four RSS
patterns (KWAK-TIRADS, ACR-TIRADS, EU-TIRADS, and
C-TIRADS) (2, 3, 4, 5). If there were different opinions, the
radiologists discussed them to reach an agreement. Both
radiologists were blinded to the patients’ clinical data and
pathological results.

UE image acquisition

The region of interest (ROI) set for STE examination was
adjusted as follows. Both the TN and at least 5 mm of the
surrounding tissue were included in the ROI, and the TN
was placed in the center of the ROI on the longitudinal
section of the thyroid lobe. We first used the tracing
method to outline the margin of the TN for measurement
of the interior stiffness (Young’s modulus max value,
recorded as E). Subsequently, the operator activated
the Shell measurement function key, selected 2.0 mm
surrounding the TN, and the software automatically
measured the 2 mme-perinodular stiffness of the TNs
(Young’s modulus max value, recorded as Eshell) (Figs 3
and 4). The patients were instructed to hold their breath
during STE and Shell measurement. UE was examined by
the same radiologist (L H) with 10 years of experience
in thyroid UE. These examinations were repeated by the
same operator with a 1-day interval, and the mean values
were determined.

I:] E . Eshell2.0

Figure 2

Shell measurement diagram. (A) The E value was the interior
stiffness of the TN. (B) The Eshell value refers to 2 mm-perinodular
stiffness of the TN.

Perinodular stiffness of
thyroid nodules

Four RSSs of TNs combined with the ratio
of Eshell to E values

Based on the ratio of Eshell to E values, all TNs
were reclassified to KWAK-TIRADS+Eshell/E, ACR-
TIRADS + Eshell/E, EU-TIRADS +Eshell/E, and
C-TIRADS +Eshell/E. The grade of TN was upgraded one
level if the ratio of Eshell to E values was higher than
1. The grade of TN was declined one level if the ratio of
Eshell to E values was below 1. The grade of TN remained
unchanged when the ratio of Eshell to E values equaled 1.
When the TNs were already at the lowest grade or highest
grade in our study, the grade of TNs remained unchanged
even if the ratio of Eshell to E values was below 1 or higher
than 1.

Cytological and pathological diagnosis of TNs

US-guided FNA was performed after US and UE
examination by the same radiologist (L H). The cytological
reports were classified based on the Bethesda System for
Reporting Thyroid Cytopathology (31) by one of three
thyroid cytopathologists with more than 5 years of
experience. All TNs enrolled in the study had a verified
benign or malignant diagnosis based on pathohistology
or a definitive FNA report (Bethesda category II, V, and
VI). When an FNA report was a Bethesda category I, the
FNA was repeated after 1 week. When an FNA report
showed a Bethesda category III or IV, the TN was included
in this study if there was further surgical pathology or
definitive FNA report. The FNA-benign TNs were followed
up at 6 months. If they showed less than 20% increase in
TN maximum diameter or not more than a 50% increase
in volume on the conventional US, they were considered
benign (31). All cytological indications of malignant TNs
have been further verified by pathohistological diagnosis.

Statistical analysis

Statistical analysis was performed using SPSS software,
version 20.0 (IBM corporation). Quantitative data are
shown as the mean + s.p. Qualitative data are shown
as frequencies. The Shapiro-Wilk test was used to
determine the presence of normal distribution. We
compared normally distributed data using Student’s
unpaired t-test and non-normally distributed data using
the Mann-Whitney U-test. The y? test and Fisher’s
exact probability test were used to compare categorical
variables. Correlations between the E and Eshell values
were assessed using Spearman’s correlation coefficient.
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Figure 3

Images showing a solid TN in a 46-year-old woman. The FNA diagnosis was a benign TN. (A) Conventional US image of the TN; the arrows refer to the TN.
KWAK-TIRADS: Category 4a; ACR-TIRADS: TR4; EU-TIRADS: 4, indeterminate risk; C-TIRADS: C-TR4B. (B) The E value of the TN was 58.81 kPa. (C) The Eshell

value of the TN was 54.52 kPa.

Receiver operating characteristic (ROC) analyses were
performed to assess the diagnostic performance of the
different RSSs of TNs, as well as RSSs combined with
Eshell/E. ROC was also used to determine the optimal
cut-off values, and to calculate the corresponding
sensitivity, specificity, positive predictive value (PPV),
negative predictive value (NPV), and area under the ROC
curve (AUC). A P-value < 0.05 was considered statistically
significant.

Results
Demographic and conventional US features

Of the 788 TNs, 692 (66.1%) were malignant and 96
(33.9%) were benign. Age range of the included patients
was between 16 and 77 years (mean age, 35.1 + 13.3
years), and 73% of patients were female. The average
maximum diameter of all TNs as shown on grayscale US
was 17.8 + 2.5 mm (range, 6.5-25.6 mm). There were 427

(42 benign vs 385 malignant) TNs with sizes < 10 mm

and 361 (54 benign vs 307 malignant) TNs with sizes > 10
mm. There were no significant differences in age and sex
between the benign and malignant TNs (both P > 0.05).
The TN size was significantly smaller in malignant TNs
than in benign TNs (12 £ 0.7 vs 17 + 1.6 mm, P < 0.01).
Age, sex, and the numbers of benign and malignant TNs
were not significantly different between the subgroups
based on TNs sizes (all P > 0.05). All TNs classified by the
four RSSs are shown in Table 1.

Cytological and pathological diagnoses

Cytological diagnosis suggested malignancy in 692 TNs,
including 223 TNs of Bethesda category V and 469 TNs of
Bethesda category VI, and 77 TNs with Bethesda category
IT were shown to be benign at follow-up with 6 months.
All cytological diagnoses suggesting malignant TNs were
finally diagnosed by postoperative pathology (Fig. 1).
Nineteen benign TNs were removed by thyroidectomy
because they were causing compressive symptoms (Fig. 1).
All the surgical pathology diagnoses were made by one of

Figure 4

Images showing a solid TN in a 24-year-old woman. The pathological diagnosis after surgery was papillary thyroid carcinoma. (A) Conventional US image
of the TN; the arrows refer to the TN. KWAK-TIRADS: Category 4a; ACR-TIRADS: TR4; EU-TIRADS: 4, indeterminate risk; C-TIRADS: C-TR4B. (B) The E value of

the TN was 63.93 kPa. (C) The Eshell value of the TN was 65.52 kPa.
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three pathologists with more than 8 years of experience in
thyroid pathology.

E and Eshell values

The average E and Eshell values were significantly higher
in malignant TNs than in benign TNs (all P < 0.05). The
Eshell values were significantly higher than the E values
in malignant TNs (P < 0.05) but not significantly different
in benign TNs (P=0.66) (Table 2). Average E and Eshell
values were significantly higher in TNs with sizes < 10
mm than in TNs > 10 mm (P < 0.05). Average Eshell values
were significantly higher than the E values in TNs with
sizes < 10 mm (P < 0.05) but not significantly different in
TNs with sizes > 10 mm (P=0.56) (Table 2).

Diagnostic performance of the four RSSs, E values,
and Eshell values

Based on ROC analysis, Table 3 shows the best cut-off
values of the KWAK-TIRADS, ACR-TIRADS, EU-TIRADS,
C-TIRADS, the E values, and Eshell values in all TNs and
the two subgroups of TNs sizes.

The ACR-TIRADS showed the highest AUC for
differentiating benign from malignant TNs compared
with other single methods in all TNs (AUC=0.77,
P < 0.05). The ACR-TIRADS and the EU-TIRADS pattern
demonstrated significantly higher sensitivity (84.4
and 83.4%, respectively, P < 0.05), and the C-TIRADS
pattern yielded significantly higher specificity (67.8%,
P < 0.05) compared with other methods in differentiating
malignant from benign TNs (Table 3).

In TNs with sizes < 10 mm, the Eshell values
demonstrated a higher AUC (0.75, P < 0.05), sensitivity
(89.7%, P < 0.05), and specificity (67.9%, P < 0.01)
compared with other methods in differentiating malignant
from benign TNs (Table 3).

In TNs with sizes > 10 mm, the KWAK-TIRADS pattern
showed significantly higher sensitivity (89.3%, P < 0.05),

Table 2 Average E and E,; ., values of benign and malignant
and different sizes of thyroid nodules (TNs).

Group E (kPa) Eshell (kPa) P
Benign 65.92+9.76  64.28 +8.75 0.66
Malignant 76.49+11.04 84.27+10.15 <0.01
P <0.01 <0.01

TNs with sizes>10mm 64.35+8.86 63.96+7.95 0.56
TNs with sizes <10 mm 78.49 + 15.04 89.49+10.04 <0.01
P <0.01 <0.01

Perinodular stiffness of
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and the ACR-TIRADS pattern showed higher specificity
(87.3%, P < 0.05) compared with other methods in
differentiating malignant from benign TNs. The AUCs did
not differ significantly between the four RSSs (P > 0.05)
but they were higher than those for the E and Eshell
values (all P < 0.05) (Table 3).

Diagnostic performance of the four RSSs combined
with the ratio of Eshell to E values

All of the TNs were reclassified by the four RSSs combined
with the Eshell/E as shown in Table 1. The sensitivity,
specificity, cut-off values and AUC of the four RSS
combined with Eshell/E in differentiating malignant from
benign TNs are shown in Table 4.

The sensitivity, specificity and AUC of the four RSSs
combined with Eshell/E were improved in differentiating
malignant from benign TNs compared with any original
single method for all TNs and TNs with sizes < 10 mm (all
P <0.05), but there were no significant differences between
the original single methods and the combinations for TNs
with sizes > 10 mm (all P > 0.05) (Tables 3 and 4).

In all TNs, compared with other combinations,
C-TIRADS +Eshell/E showed the highest AUC (AUC=0.83,
P < 0.05) and significantly higher sensitivity (90.4%,
P < 0.05), while the KWAK-TIRADS+Eshell/E yielded
significantly higher specificity (79.2%, P < 0.05) in
differentiating malignant from benign TNs (Table 4).

In TNs with sizes < 10 mm, the C-TIRADS+Eshell/E
showed the highest AUC (AUC=0.85, P < 0.05) and
significantly higher sensitivity (89.5%, P < 0.05), while
KWAK-TIRADS + Eshell/E yielded a significantly higher
specificity (71.1%, P < 0.05) in differentiating malignant
from benign TNs compared with other combinations
(Table 4).

Discussion

Many previous studies have pointed out that RSSs
can improve the accuracy of the diagnosis of benign
and malignant TNs, but the results are not completely
identical when different RSSs are compared (26, 27,
28, 29, 30). This is because their diagnostic accuracy is
influenced both by multiple versions and the radiologists’
diagnostic experience. In fact, each RSS has its own
advantages and disadvantages. In this study, we showed
that the ACR-TIRADS had the highest AUC (0.77) and
significantly highest sensitivity (84.4%) for distinguishing
between benign and malignant TNs compared with other

© 2021 The authors
Published by Bioscientifica Ltd

https://ec.bioscientifica.com
https://doi.org/10.1530/EC-21-0034

This work is licensed under a Creative Commons
Attribution-NonCommercial 4.0 International License.

D OB


https://creativecommons.org/licenses/by-nc/4.0/
https://creativecommons.org/licenses/by-nc/4.0/
https://doi.org/10.1530/EC-21-0034
https://ec.bioscientifica.com

' Endocrine L Huretal

W CONNECTIONS

Perinodular stiffness of
thyroid nodules

10:5 498

Table 3 Diagnostic efficiency of four risk stratification systems, E values, and Eshell values.

Sensitivity (%) Specificity (%) PPV (%) NPV (%) Cut-off value Accuracy (%) AUC
All
KWAK-TIRADS 71.6 67.2 80.6 77.2 4b 81.3 0.72
ACR TIRADS 84.4 54.0 92.4 72.0 TR4 86.5 0.77
EU-TIRADS 83.4 58.8 88.4 70.8 4 84.5 0.75
C-TIRADS 78.7 67.8 85.7 74.5 C-TR4B 83.5 0.73
E 76.6 64.4 85.6 75.4 68.46 kPa 81.5 0.72
Eshell 77.4 60.5 85.4 72.6 69.76 kPa 82.2 0.74
Nodules < 10 mm
KWAK-TIRADS 69.5 44.5 77.9 59.4 4b 77.8 0.68
ACR TIRADS 70.4 45.7 77.8 55.5 TR4 73.6 0.67
EU-TIRADS 71.6 43.9 76.4 54.4 4 75.4 0.69
C-TIRADS 74.4 46.5 75.7 65.7 C-TR4B 79.5 0.70
E 87.6 65.7 82.6 70.3 72.75 kPa 82.0 0.73
Eshell 89.7 67.9 85.9 71.5 78.89 kPa 85.4 0.75
Nodules > 10 mm
KWAK-TIRADS 89.3 76.7 88.0 76.6 4b 85.2 0.77
ACR TIRADS 72.6 87.3 79.4 89.4 TR4 86.4 0.78
EU-TIRADS 73.8 84.1 77.1 86.5 4 86.3 0.78
C-TIRADS 85.3 70.6 86.7 77.7 C-TR4B 85.6 0.77
E 74.3 81.3 84.5 83.6 64.28 kPa 82.6 0.72
Eshell 75.3 82.9 85.6 84.5 68.45 kPa 82.7 0.73

single methods in all TNs (Table 3), which is consistent
with previous findings (26, 27). The perinodular stiffness
combined with the four RSSs in differentiating malignant
from benign TNs was further analyzed in this study. We
found that the AUC of the combination of C-TIRADS and
Eshell/E in discriminating between malignant and benign
TNs for all TNs (0.83) and TNs with sizes < 10 mm (0.85)
was the highest compared with other combinations (Table
4).

The E values of malignant TNs were higher than the
E values of benign TNs; this was true for the Eshell values
as well (Table 2). The average E and Eshell values of TNs
with sizes < 10 mm were significantly higher compared

with those of TNs > 10 mm, which may stem from the
fact that malignant TNs were significantly smaller than
benign TNs in our study (Table 2). Moreover, the Eshell
values of malignant TNs were significantly higher than
their E values because the malignant nature not only
increased the internal stiffness of the TN (E) but also
stimulated fibroblasts resulting in increased perinodular
tissue stiffness (Eshell) (21, 22, 23, 24, 25). The AUC of the
E values (0.73) and Eshell values (0.75) in differentiating
benign from malignant TNs with sizes < 10 mm were
higher compared with the four RSSs, and Eshell values
showed the highest AUC compared with other single
methods (Table 3). Although the smaller-sized malignant

Table 4 Diagnostic efficiency of Eshell/E combined with each of the four risk stratification systems.

Sensitivity (%) Specificity (%) PPV (%) NPV (%) Cut-off value Accuracy (%) AUC
All
KWAK-TIRADS +Eshell/E 84.6 79.2 80.6 77.2 4b 83.5 0.75
ACR-TIRADS+Eshell/E 86.7 74.0 92.4 72.0 TR4 85.3 0.78
EU-TIRADS+Eshell/E 87.6 77.8 88.4 70.8 4 83.2 0.77
C-TIRADS+Eshell/E 90.4 71.5 85.7 74.5 C-TR4B 86.8 0.83
Nodules < 10 mm
KWAK-TIRADS +Eshell/E 82.6 71.1 80.6 77.2 4b 82.3 0.73
ACR-TIRADS+Eshell/E 86.7 67.7 92.4 72.0 TR4 82.5 0.72
EU-TIRADS+Eshell/E 86.6 67.5 88.4 70.8 4 81.5 0.72
C-TIRADS+Eshell/E 89.5 68.7 85.7 74.5 C-TR4B 89.5 0.85
Nodules > 10 mm
KWAK-TIRADS +Eshell/E 89.4 75.7 88.3 75.6 4b 85.7 0.78
ACR-TIRADS+Eshell/E 73.6 86.3 79.5 85.4 TR4 85.4 0.77
EU-TIRADS+Eshell/E 73.9 83.1 76.1 86.5 4 85.6 0.78
C-TIRADS+Eshell/E 85.5 70.7 86.7 75.7 C-TR4B 86.3 0.77
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TNs showed no signs of malignancy on 2D US images,
they stimulated fibroblasts to increase both their interior
and perinodular stiffness. These results are consistent
with our previous studies that reported that 2-mm
perinodular stiffness of TNs is a better diagnostic index
for TN differentiation than the stiffness inside the
TN (20, 21).

In this study, an Eshell/E higher than 1 indicated a
higher risk of malignancy, considering that perinodular
stiffness  increased by cancer-induced fibroblasts.
Conversely, an Eshell/E below or equal to 1 indicated a
low risk of malignancy. We believe that the perinodular
stiffness of TNs (Eshell) compared with the stiffness inside
the TNs (E) is not affected by the heterogeneous echo
inside the TNs. Moreover, compared with Eshell or E alone,
the Eshell/E is a more objective indicator that avoids the
interobserver inconformity and lack of recognized cut-
off values between benign and malignant TNs (20, 21).
Hence, in this study, the AUCs of the Eshell/E combined
with any RSS were all higher compared with each single
method in diagnosing all TNs and in TNs with sizes < 10
mm (Table 4).

The combination of C-TIRADS and Eshell/E not only
yielded the highest AUC but also showed significantly
higher sensitivity in differentiating malignant from benign
TN for all TNs (0.83; 90.4%) and TNs with sizes < 10 mm
(0.85; 89.5%), compared with other combinations (Table
4). This may be because the C-TIRADS not only adopted
the scoring method but also adopted three subgroups for
the category 4 TNs, implementing various advantages of
KWAK-TIRADS, ACR-TIRADS, and EU-TIRADS. Hence,
C-TIRADS is more suitable for the combining with Eshell/E
to improve the diagnosis of benign and malignant TNs
compared with other combinations.

RSSs are crucial to select those patients with TNs, in
order to select those who should have an FNA performed.
The main disadvantage of all RSSs is that they focus on
recommending FNA for TNs (1, 2, 5, 21), which leads
to unnecessary FNA. Ultrasound elastography has been
reported to be helpful in the diagnosis of benign and
malignant TNs (12, 13, 32, 33, 34, 35, 36, 37). When all
TNs were reclassified according to perinodular stiffness
combined with the RSSs, 11 KWAK-4a TNs were redefined
as grade 3 TNs, 17 ACR TR4 TNs were redefined as TR3
TNs, 16 EU-TIRADS intermediate suspicion TNs were
redefined as low suspicion, and 32 C-TR4A TNs were
redefined as C-TR3 TNs in our study (Table 1). Thus, the
combination of perinodular stiffness with the RSSs would
reduce unnecessary FNA, while single traditional RSS
methods may not.

Perinodular stiffness of
thyroid nodules

10:5 499

Although the combinations of RSS with different US
technologies have been applied to improve the accuracy
of diagnosis of benign and malignant TNs, they only
focused on a single RSS version (13, 14, 15, 16, 17, 18,
19, 22, 38, 39). Thus, we combined multiple RSSs versions
with the perinodular stiffness index, which would be
easier to generalize due to its broad applicability.

This study had some limitations. First, the number of
benign TNs was small because FNA and surgery were not
required for most of the TIRADS grade 3 TNs. Secondly,
the Shell measurement function was not applied in all
TNs, and the inapplicable TNs were excluded in patients
selection (e.g. when the TNs were close to the capsule or
the trachea).

Finally, we conclude that Eshell/E combined with
RSSs improve the diagnostic accuracy in TNs, especially
for TNs with sizes < 10 mm, and may reduce unnecessary
FNA procedures in intermediate suspicious TNs of RSS.
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