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Background: To explore the independent risk factors and feasibility of ultrasound diagnosis of ultrasound-
guided non‑cytologically diagnostic thyroid nodules.
Methods: This study included 200 patients with thyroid nodules that were diagnosed or suspected of 
being Thyroid Imaging Reporting and Data System (TI-RADS) 4 nodules between January 2017 and 
January 2019. All patients received surgical treatment and pathological diagnosis, and were divided into a 
cytologically diagnostic group and a non-cytologically diagnostic group based on whether they could be 
diagnosed by ultrasound-guided fine needle aspiration cytology (UG-FNAC). Patients were further divided 
into benign and malignant groups according to the results of surgical pathology. Logistic regression analysis 
was used to clarify the risk factors that could not be cytologically diagnosed in TI-RADS 4 nodules. For 
the diagnosis of benign and malignant nodules, we combined contrast-enhanced ultrasound (CEUS) and 
ultrasound elastography (UE) to establish a joint scoring strategy. The diagnostic value of the joint scoring 
strategy was evaluated by receiver operating characteristic (ROC) curve.
Results: A total of 216 TI-RADS type 4 nodules were detected in 200 patients. Among them, 40 nodules 
were included in the non-cytologically diagnostic group, and 176 nodules were included in the cytologically 
diagnostic group. The multi-parameter logistic regression showed that: aspect ratio <1, irregular edge, 
scattered coarse calcification, middle layer, and lower layer were independent influencing factors leading to 
undiagnosed puncture cytology. Among the 216 nodules in 200 patients, 168 were pathologically diagnosed 
as malignant nodules (malignant group), and 48 nodules were diagnosed as benign nodules (benign group). 
According to the joint scoring strategy, the distribution of comprehensive scores changes significantly at 
5–6 scores while in malignant nodules, the distribution of comprehensive scores changes significantly at  
6–7 scores. ROC curve analysis showed that the diagnostic value was the highest when ‘6 scores’ was used as 
the critical point for diagnosis [area under curve (AUC) =0.893, P<0.05].
Conclusions: The combined scoring strategy of CEUS and UE was an effective method to diagnose TI-
RADS4 nodules could not be diagnosed by UG-FNAC.
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Introduction

Thyroid diseases have exhibited a significant upward trend 
in recent years (1,2). Thyroid nodules could be found 
in 70% of the population by ultrasound examination of 
the neck (3). The malignant risk of Thyroid Imaging 
Reporting and Data System (TI-RADS) 4 nodules was 
confirmed to be 5–80% (4), as it was difficult to accurately 
define benign and malignant lesions. Patients with TI-
RADS 4 thyroid nodules were previously recommended for 
qualitative puncture or surgical treatment (5). Therefore, 
the differentiation of benign and malignant nodules is 
key to the formulation of clinical diagnosis and treatment 
strategies; accurate diagnosis may reduce some unnecessary 
surgical treatments.

Ultrasound-guided fine needle aspiration cytology 
(UG-FNAC) was considered to be the most valuable 
method for preoperative diagnosis of benign and malignant 
thyroid nodules (6). However, due to various factors, the 
undiagnosed rate was approximately 10–20% (7,8), which 
affected further clinical diagnosis and treatment. It is 
necessary to further diagnose TI-RADS 4 thyroid nodules 
which failed in UG-FNAC diagnosis. Obviously, UG-
FNAC is an invasive diagnostic method. The advantage 
of ultrasound is that it is non-invasive and the cost of the 
inspection is lower. If we can find an effective way to realize 
the diagnosis of TI-RADS 4 thyroid nodules, which cannot 
be diagnosed by UG-FNAC directly through ultrasound, it 
will be of great significance. Contrast-enhanced ultrasound 
(CEUS) performs qualitative diagnosis of nodules indirectly 
by dynamically observing the distribution of microvessels in 
the target and the characteristics of blood perfusion in real-
time. Ultrasound elastography (UE) reflects the softness 
and hardness information of the lesion through the degree 
of deformation. The greater the hardness of the nodule, 
the more malignant it will be. Although CEUS and UE 
have high value in the qualitative diagnosis of nodules, the 
accuracy of using only one of them for the clinical diagnosis 
of TI-RADS 4 types of nodules is still not ideal (8,9). To 
achieve the purpose of improving diagnosis, the diagnosis 
of TI-RADS 4 nodules was based on direct observations of 
the lesion signals in the previous study about the combined 
diagnosis of TI-RADS 4 nodules by CEUS and UE (10-12), 
which obviously produced diagnostic bias.

In this study, we clarified the independent risk factors 
of non-cytologically diagnostic TI-RADS 4 thyroid 
nodules, including aspect ratio <1, irregular edge, scattered 
coarse calcification, middle layer, and lower layer. And 

we established a joint scoring strategy combining CEUS 
and UE for the diagnosis of these nodules. Our research 
confirms that CEUS combined with UE can effectively 
diagnose TI-RADS category 4a and 4b nodules that UG-
FNAC cannot diagnose, which has important clinical value. 
We present the following article in accordance with the 
STARD reporting checklist (available at https://dx.doi.
org/10.21037/gs-21-512).

Methods

Patients

200 patients with thyroid nodules that were diagnosed 
or suspected of being TI-RADS type 4 nodules between 
January 2017 and January 2019 were admitted. The 
inclusion criteria were as follows: (I) according to the TI-
RADS standard, the five items of solid nodules, including 
hypoechoic or very low echo, irregular edges, aspect ratio 
>1, and microcalcification, were regarded as the sonographic 
features of malignant nodules, and those satisfying 1–4 were 
classified in the TI-RADS4 category (13); (II) according to 
the Bethesda cytology classification, the results of the first 
UG-FNAC were selected for evaluation (14); (III) patients 
who underwent CEUS and UE within 3–12 months of 
follow-up after the first UG-FNAC diagnosis of the nodules 
was unclear; and (IV) benign and malignant judgment 
of nodules was clearly based on surgical pathology. The 
exclusion criteria were as follows: (I) patients underwent 
UG-FNAC again but no surgical pathological results; (II) 
patients with a history of partial thyroidectomy or severe 
diffuse disease; and (III) patients with missing clinical data. 
All procedures performed in this study involving human 
participants were in accordance with the Declaration of 
Helsinki (as revised in 2013). This study was approved 
by the Medical Ethics Committee of Xiamen hospital of 
traditional Chinese medicine (No. EC20200808A) and 
informed consent was taken from all the patients.

UG-FNAC

Patients underwent routine blood and coagulation function 
tests before surgery. Patients lay in the supine position and 
the drapes were routinely disinfected. The patients were 
then instructed to avoid swallowing, 2% lidocaine was used 
for local anesthesia, and a 23 G puncture needle was used 
to penetrate into the thyroid nodule, clearly illustrating that 
the needle tip was in the lesion area. The needle was lifted 
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back and forth 5–7 times in different needle paths, and was 
subsequently pulled out. Two experienced pathologists 
stained and evaluated the cells in real time. The number 
of punctures was usually 1–3 stitches. According to the 
standard of the Bethesda system for reporting thyroid 
cytopathology, the thyroid nodule was divided into 
categories I–VI: undiagnosable or insufficient cellular 
components, benign, ambiguous or atypical follicular 
lesions, follicular tumors, suspiciously malignant, and 
malignant.

CEUS and UE

Equipment
The MyLab Twice color Doppler ultrasonic diagnostic 
instrument (Esaote, Italy) was used; probe model: LA523, 
frequency: 5–13 MHz, with real-time elastography function. 
Ultrasound contrast used the following: probe model 
LA522; frequency: is 3–9 MHz; and was equipped with 
real-time contrast matching imaging technology (CnTI). 
SonoVue contrast agent (Bracco, Italy) was used.

Image inspection steps
Patients lay on a pillow in the supine position and the 
anterior neck area was fully exposed. First, conventional 
gray-scale ultrasound scans were performed, and the images 
were saved to record the size, location, internal echo, 
boundary, shape, and presence or absence of calcification of 
the thyroid nodules. Doppler ultrasound was used to detect 
the results of internal blood flow signal of the nodule, and 
then a preliminary assessment of the nodule.

UE
Firstly, two-dimensional ultrasound routine observation 
was conducted, and then the elastic mode was enabled on 
the longitudinal section. Two-dimensional ultrasound and 
elastic images were displayed on the left and right sides of 
the screen at the same time. When sampling, the area of 
interest included the lesion and the surrounding relatively 
normal thyroid tissue. The probe was held perpendicular 
to the lesion and vibrated slightly. The pressure and release 
action lasted for approximately 5 seconds until a more stable 
image was obtained.

According to the real-time flexible scoring standard 
(15,16): 1 point, the focus area is completely deformed 
after being compressed, and was entirely or mostly green; 
2 points: most of the focus area is deformed after being 
compressed, and was mostly green and a small part of the 

center is blue; 3 points: after the focus area is compressed, 
a small part is deformed, and most of the center is blue and 
a small part of the periphery is green; 4 points, the lesion 
area is not deformed after compression, and the whole is 
uniform blue, or with a small amount of green; 5 points, 
there is no deformation in the focus area and surrounding 
areas after compression, and the focus and surrounding 
tissues are blue. A score of 1–3 was regarded as benign, and 
a score of 4–5 was regarded as malignant.

CEUS
After the conventional two-dimensional observation, the 
contrast mode was activated, and the two-dimensional 
ultrasound and CEUS images were displayed on the left 
and right sides of the screen at the same time, so that the 
lesion could be compared with the surrounding normal 
thyroid tissue. The patient was instructed to breathe calmly 
and avoid swallowing. 2.4 mL of contrast agent was injected 
through the elbow vein, followed by 5.0 mL of 0.9% 
sodium chloride solution, which was observed in real time 
for 1–2 minutes. The dynamic recording of the contrast 
process was stored. The contrast enhancement mode of 
the lesion was recorded, uneven low enhancement or low 
concentric enhancement were diagnosed as malignant 
nodules, and high enhancement, equal enhancement, and 
no enhancement were treated as benign nodules.

Image analysis
Two physicians with more than 10 years of experience 
in ultrasound diagnosis independently analyzed the two-
dimensional sonographic features, CEUS, and elastic 
images of all nodules according to the above standards, and 
performed TI-RADS classification to determine benign 
and malignant. Another senior physician made the final 
interpretation.

Joint scoring strategy combining CEUS and UE

The elasticity score uses a modified 5-point scoring 
standard: 1 point, the entire or most of the lesion is 
displayed in green; 2 points, the center of the lesion is 
displayed as blue, and the periphery is green; 3 points, the 
area of the lesion is displayed as green and blue in similar 
proportions; 4 points, the entire lesion is blue or with a little 
green inside; 5 points, the lesion and surrounding tissues 
are all shown in blue, with or without green inside. The 
ultrasound contrast mode was subsequently initiated and the 
double-frame contrast mode was adopted. After establishing 
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the superficial venous passage of the elbow, 1.2 mL of 
microbubble suspension was drawn for rapid injection. 
Next, 5 mL of normal saline was injected to flush the tube, 
and the timer was started at the same time to dynamically 
record the contrast. During the process, the patient was 
instructed to maintain the same position and breathe calmly 
throughout the radiography. The enhancement time, 
enhancement degree, enhancement mode and clearance 
time of the nodule were observed.

The evaluation indicators of CEUS were as follows: 
(I) the degree of lesion enhancement was divided into low 
enhancement, equal enhancement, high enhancement, 
and no enhancement; (II) enhancement mode (uniformity) 
was divided into uniform enhancement and uneven 
enhancement; and (III) clearance time was divided into 
rapid regression and slow regression.

Scores were assigned to each nodule. The combined 
scoring standards of CEUS and UE and elastography are 
shown in Table 1, and the total score of each nodule was 
calculated. The highest score was 9 points, and the lowest 
score was 2 points.

Statistical analysis

SPSS 24.0 (SPSS Inc. Chicago, IL, USA) was used for 
statistical analysis of the data. Count data were represented 
by examples (percent) [n (%)]. Pearson’s χ2 test was used 
for the theoretical number T≥5 and the total sample size 
n≥40; continuous correction of χ2 test was used for the 
theoretical number T<5 but T≥1, and n≥40; and Fisher’s 

exact test was used for the theoretical number T<1 or n<40. 
Measurement data conforming to normal distribution 
were expressed as mean ± standard deviation (x±s), which 
indicated that comparison between groups was performed 
with an independent sample t-test, and comparison within a 
group was performed with a paired sample t-test. Repeated 
measurement analysis of variance (ANOVA) was used to 
compare of multiple sets of measurement data. Both levels of 
α=0.05 were used for the test level. For meaningful univariate 
parameters, multi-parameter logistic regression was used to 
analyze the independent risk coefficients. Receiver operating 
characteristic (ROC) curves and Kappa consistency checks 
were used to analyze the value of diagnosis. P<0.05 was 
considered to be statistically significant.

Results

US-FNA cytology results

A total of 216 TI-RADS type 4 nodules were detected in 
200 patients. Among them, 40 nodules were included in 
the non-cytologically diagnostic group, and 176 nodules 
were included in the cytologically diagnostic group. The 
cytological classifications are shown in Table 2.

Independent risk factors of non‑cytologically diagnostic 
thyroid nodules

ANOVA analysis  showed that compared with the 
cytologically diagnostic group, patients in the non-
cytologically diagnostic group had higher nodules echo, 

Table 1 Grading of the joint scoring strategy combining CEUS 
and UE

Inspection method Image performance Score

UE 1 score 1

2 scores 2

3 scores 3

4 scores 4

5 scores 5

CEUS No enhancement 1

Low enhancement 2

Equal enhancement 3

High enhancement 4

CEUS, contrast-enhanced ultrasound; UE, ultrasound elastography.

Table 2 US-FNA cytology results

Diagnostic result Cases (n) Percentage (%)

Cytologically diagnostic

Benign 11 5.09

Dysplasia 12 5.56

Follicular tumor 22 10.19

Suspiciously malignant 30 13.89

Malignant 101 46.76

Non‑cytologically diagnostic 40 18.52

Total 216 100

US-FNA, ultrasound fine needle aspiration.
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smaller aspect ratio, nodules calcifications were mostly 
peripheral, nodules were mostly irregular, and the depth of 
the lesion was closer to the middle and lower layers (P<0.05) 
(Table 3). The multi-parameter logistic regression showed 
that aspect ratio <1 [odds ratio (OR) value =2.90, 95% 
confidence interval (CI): 1.92–4.33, P<0.001], irregular edge 
(OR value =1.52, 95% CI: 0.97–2.09, P=0.031), scattered 
coarse calcification (OR value =2.01, 95% CI: 1.23–5.44, 
P=0.012), middle layer (OR value =3.17, 95% CI: 1.45–4.79, 
P=0.011), and lower layer (OR value =3.25, 95% CI: 1.87–
5.60, P=0.005) were independent influencing factors leading 
to undiagnosed puncture cytology (Table 4).

The efficacy of the joint scoring strategy in diagnosing 
benign and malignant nodules

Among the 216 nodules in 200 patients, 168 were 
pathologically diagnosed as malignant nodules (malignant 
group), and 48 nodules were diagnosed as benign nodules 
(benign group). According to the joint scoring strategy, the 
number of nodules in different segments is shown in Table 5. 
In benign nodules, the distribution of comprehensive scores 
changes significantly at 5–6 scores, while in malignant 
nodules, the distribution of comprehensive scores changes 
significantly at 6–7 scores. Therefore, we used 5, 6, and 
7 scores as the critical points for differential diagnosis, 
and the results of ROC curve analysis showed that the 
diagnostic value was the highest when ‘6 scores’ was used 
as the critical point for diagnosis [area under curve (AUC) 
=0.893, P<0.05] (Figure 1).

Discussion

At present, conventional ultrasound is the first-line option 
to identify benign and malignant thyroid nodules. However, 
because the sonographic features of thyroid nodules are 
more complicated, and the signs between benign and 
malignant nodules often overlap, certain difficulties to the 
further improvement of the differential diagnosis of benign 
and malignant thyroid nodules arise. The emergence of 
TI-RADS classification standard provides a feasible and 
effective criterion for the standardization of diagnosis; 
however, it is not a diagnostic standard to accurately define 
benign and malignant nodules, especially for TI-RADS 
4-type nodules (17). UG-FNA is a convenient, safe, and 
effective method to identify the nature of thyroid nodules 
recommended by the thyroid diagnosis and treatment 
guidelines (18), and to analyze the factors that make 

UG-FNA undiagnosable is of great significance. It can 
reduce unnecessary puncture, reasonably allocate medical 
resources, and reduce the suffering of patients. Previous 
studies have reported that the undiagnosable rate of thyroid 
nodules under ultrasound guidance is 3–21% (19), and the 
undiagnosable rate of thyroid nodules in this study was 
18.5%, which is consistent with the previous reports.

In this study, we identified independent risk factors that 
cannot be diagnosed by UG-FNA for TI-RADS type 4 
nodules, including aspect ratio <1, irregular edge, scattered 
coarse calcification, middle layer, and lower layer. The 
influencing factors of TI-RADS 4-type nodules that cannot 
be diagnosed by UG-FNA are controversial. Previous 
studies have disputed about the effect of echo on the rate 
of undiagnosed puncture; some studies found that the 
effect of echo on the rate of undiagnosed puncture is not 
statistically significant (20). There are also studies reporting 
that hypoechoic is an independent factor (21) that predicts 
that the pathology of puncture cannot be diagnosed. The 
present study proposed that echo is a related influencing 
factor that causes cytology to be undiagnosed and an 
independent influencing factor. Echo is formed by tissues 
receiving sound waves and constantly reflecting them. 
The internal composition and cell structure of different 
nodules are different, as is the formation of the reflective 
interface, which exhibits different echoes. Fibrosis, 
inflammatory cell infiltration, etc. are not conducive to 
the acquisition of thyroid follicular epithelial cells via 
needle tube, so we believe that echo has an impact on the 
failure rate of puncture. Choi et al. (22) concluded that the 
aspect ratio has no effect on the failure rate of puncture, 
but our study reached the opposite conclusion. This 
finding requires further confirmation by increasing the 
amount of data and multi-center studies. Few studies have 
focused on the relationship between the depth of nodules 
and the undiagnosable rate of puncture cytology. Xia  
et al. (23) reported that the depth of nodules >15 mm is an 
independent factor leading to undiagnosed cytology. In the 
present study, we found that the location of the nodules 
in the middle and posterior layers is an independent 
influencing factor that makes the cytological results 
undiagnosable. The closer the nodules are located to the 
dorsal side, the higher the rate of undiagnosed puncture. 
This may be due to the deeper the position of the nodule, 
the longer puncture approach, and other influencing 
factors, such as the resistance of muscles, thyroid, and other 
tissues, as well as the side pressure caused by the slope of 
the puncture needle. Secondly, the length of the needle 
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Table 3 ANOVA between the cytologically diagnostic and non‑cytologically diagnostic groups

Factors Cases (n) Cytologically diagnostic group (n=176) Non‑cytologically diagnostic group (n=40) P value

Maximum diameter 0.218

≤5 mm 48 38 (79.17) 10 (20.83)

5–10 mm 122 98 (80.33) 24 (19.67)

≥10 mm 46 40 (86.96) 6 (13.04)

Echo 0.001

None 6 5 (83.33) 1 (16.67)

Low 200 165 (82.50) 35 (17.50)

Equal 7 4 (57.14) 3 (42.86)

High 3 2 (66.67) 1 (33.33)

Aspect ratio 0.001

≥1 118 103 (87.29) 15 (12.71)

<1 98 73 (74.49) 25 (25.51)

Calcification 0.001

Peripheral 9 6 (66.67) 3 (33.33)

Scattered coarse 32 23 (71.88) 9 (28.12)

Scattered small 77 67 (87.01) 10 (12.99)

None 98 80 (81.63) 18 (18.37)

Edge characteristics 0.001

Regular 54 39(72.22) 15 (27.78)

Irregular 162 137 (84.57) 35 (15.43)

Nature 0.693

Solid 204 169 (82.84) 35 (17.16)

Cystic-solid <50% 8 6 (75.00) 2 (25.00)

Cystic-solid ≥50% 4 1 (25.00) 3 (75.00)

Depth 0.004

Upper 57 50 (87.72) 7 (12.28)

Middle 108 86 (79.63) 22 (20.37)

Lower 36 26 (72.22) 10 (27.78)

Isthmus 15 14 (93.33) 1 (6.67)

Adjacent to 0.152

Inside 22 19 (86.36) 3 (13.64)

Midside 153 122 (79.74) 31 (20.26)

Outside 26 21 (80.77) 5 (19.23)

Isthmus 15 14 (93.33) 1 (6.67)
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Table 4 Multi-parameter logistic regression of the non‑cytologically diagnostic group

Variable β value Standard error P value OR (95% CI)

Echo

None – – – 1

Low −0.612 0.502 0.199 0.68 (0.53–1.21)

Equal 0.225 0.612 0.652 0.72 (0.59–1.02)

High 0.319 0.793 0.389 0.89 (0.61–1.53)

Aspect ratio

<1 1.023 0.254 <0.001 2.90 (1.92–4.33)

Calcification

None – – – 1

Peripheral 0.612 0.401 0.156 0.98 (0.52–2.04)

Scattered coarse 0.629 0.258 0.012 2.01 (1.23–5.44)

Scattered small 0.593 0.225 0.828 0.93 (0.58–1.92)

Edge characteristics

Irregular 0.321 0.246 0.031 1.52 (0.97–2.09)

Depth

Isthmus – – – 1

Upper 0.582 0.427 0.220 0.86 (0.52–1.41)

Middle 1.118 0.433 0.011 3.17 (1.45–4.79)

Lower 1.326 0.496 0.005 3.25 (1.87–5.60)

Table 5 Scores distribution of nodules according to the joint scoring 
strategy combining CEUS and UE

Pathological diagnosis
Benign 
group

Malignant 
group

Total

Scores distribution

2 4 0 4

3 8 1 9

4 12 5 17

5 18 14 32

6 3 25 28

7 2 42 44

8 1 55 56

9 0 26 26

Total 48 168 216

CEUS, contrast-enhanced ultrasound; UE, ultrasound  
elastography.

Figure 1 Diagnostic effect of different joint scoring scores as 
critical points for differential diagnosis between benign and 
malignant nodules.
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tube limits the lifting range of the puncture needle, which 
may result in the reduction of effective tissue in the needle 
tube. In addition, our research also confirmed that irregular 
edge and scattered coarse calcification are independent risk 
factors that cause cytology to be undiagnosable. However, 
more research is required to confirm these findings.

Although the application value of UE in the differential 
diagnosis of benign and malignant thyroid nodules has 
been recognized, due to the diversity and complexity of 
the nodules themselves, elastography also has certain 
limitations, resulting in some false negative and false positive 
cases. Huang et al. (24) found that UE to diagnose TI-
RADS 4 nodules has an accuracy rate of up to 90%, while 
Kovatcheva et al. (25) reported an accuracy rate of only 
76%. CEUS has been a hot spot in the field of ultrasound 
research in recent years. Its application in abdominal solid 
organs such as the liver is relatively mature; however, its 
application in superficial organs is still in the exploratory 
stage, especially for the differential diagnosis of benign 
and malignant thyroid nodules. There is considerable 
controversy, and the classification of imaging modes has not 
yet formed a unified standard. Zhao et al. (26) reported that 
the accuracy of CEUS in diagnosing TI-RADS 4 nodules 
reached 90%, and the study of Zhao et al. (27) observed that 
the AUC of CEUS in diagnosing TI-RADS 4 nodules was 
0.8. It is worth noting that the gold standard for diagnosis 
of patients in this study was UG-FNA. However, the 
aforementioned previous studies did not pay attention to 
whether TI-RADS 4 nodules are undiagnosable by UG-
FNA. In this study, we integrated UE and CEUS, and a 
novel scoring strategy was constructed by means of joint 
scoring. We used a combined score of 6 as the critical point 
of diagnosis, and finally obtained an AUC of 0.933, which 
was higher than the previous report. The research of Lin  
et al. (28) confirmed the value of UE combined with CEUS 
in diagnosing the TI-RADS4 nodules that could not be 
diagnosed by UG-FNAC, which combined the diagnosis 
results of CEUS and UE in parallel to improving the 
sensitivity of TI-RADS 4 types of nodules. The difference 
is that our study uses the CEUS and UE parameters of the 
nodules as scoring items to develop a joint scoring strategy. 
The scoring strategy can more fully combine the two 
imaging inspection methods, and the experimental results 
prove that our diagnosis method had obtained a higher 
AUC value than Lin et al. (28). This indicates the combined 
scoring strategy of CEUS and UE is an effective choice.

In summary, an aspect ratio <1, irregular edge, scattered 
coarse calcification, middle layer, and lower layer are 

independent risk factors that UG-FNA cannot diagnose. 
For patients who are unable to perform cytological 
diagnosis, the combined scoring strategy of CEUS and UE 
is an effective choice. The limitations of this study were as 
follows: (I) the amount of data we studied is limited, which 
may lead to a certain bias in our conclusions; and (II) due to 
the insufficient amount of data, our study did not diagnose 
benign and malignant TI-RADS4 nodules that cannot 
be diagnosed with UG-FNA using the combined scoring 
strategy.
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