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Abstract

Rationale and Objectives—Low specificity of traditional ultrasound in differentiating benign 

from malignant thyroid nodules leads to a great number of unnecessary (i.e. benign) fine needle 

aspiration biopsies that causes a significant financial and physical burden to the patients. 

Ultrasound shear wave elastography is a technology capable of providing additional information 

related to the stiffness of tissues. In this study, quantitative stiffness values acquired by ultrasound 

shear wave elastography in two different imaging planes were evaluated for the prediction of 

malignancy in thyroid nodules. In addition, the association of elasticity measurements with 

sonographic characteristics of thyroid gland and nodules is presented.

Materials and Methods—A total number of 155 patients (106 female and 49 male) (average 

age 57.48±14.44 years) with 173 thyroid nodules (average size 24.89±15.41mm, range 5–68mm) 

scheduled for fine needle aspiration biopsy were recruited from March 2015 to May 2017. Comb-

push shear elastography imaging was performed at longitudinal and transverse anatomical planes. 

Mean (Emean) and maximum (Emax) elasticity values were obtained.

Results—Measurements at longitudinal view were statistically significantly higher than 

measurements at transverse view. Nodules with calcifications were associated with increased 

elasticity and nodules with a vascular component or within an enlarged thyroid gland (goiter) were 

associated with a lower elasticity value. Receiver operating characteristic curve analysis was 

performed for Emean and Emax at each imaging plane and for the average of both planes. 95.45% 

sensitivity, 86.61% specificity, 0.58 PPV, and 0.99 NPV were achieved by the average of the two 
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planes for each Emean and Emax parameters, with area under the curve of 92% and 93%, and a 

cutoff value of 49.09 kPa and 105.61 kPa, respectively.

Conclusions—The elastic properties of thyroid nodules showed promise to be a good 

discriminator between malignant and benign nodules (p<0.0001). However, probe orientation and 

internal features such as calcifications, vascular component and goiter may influence the final 

elastography measurements. A larger number of malignant nodules need to be studied to further 

validate our results.
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Introduction

Thyroid nodules commonly grow inside the thyroid gland and are mostly benign. Only 4 to 

6.5 percent of all thyroid nodules are cancerous (1). The majority of individuals with thyroid 

nodules have no symptoms. The nodules are usually found during routine physical 

examination with some incidental findings seen on diagnostic imaging (e.g., US, CT, MRI, 

or PET) performed for other indications (2). The current first line of evaluation of thyroid 

nodules encompasses thyroid hormone and thyroid-stimulating hormone laboratory tests, 

and ultrasonography of the thyroid gland. Ultrasonography is non-invasive and reveals many 

features relevant to the pathology of nodules. For example, an increased risk of malignancy 

has been associated with the presence of microcalcifications, irregular or spiculated margins 

with no halo, marked hypoechogenicity, mostly solid composition, and taller than wider 

shape. Although increased intranodular vascularity itself is not useful for differentiation of 

malignant from benign nodules (3–5), however, disordered central hypervascularity is more 

specific to US features of malignancy (6–8). On the other hand, presence of peripheral 

vascularity, round shape, isoechogenicity, spongiform appearance, smooth margins, and 

cystic composition are associated with benignancy (9–11).

Many studies have concluded that ultrasound features alone suffer from low accuracy. As 

such, fine needle aspiration (FNA) biopsy is often used to rule out cancer in thyroid nodules 

(5, 12). Although FNA is a safe and widely used procedure, complications such as 

discomfort and/or local pain and self-limited small hematomas may occur (13). 

Approximately 60% to 80% of FNAs result in benign findings (14–16).

Ultrasound shear wave elastography (SWE) is a commercially available technology that 

offers a new quantitative feature known as elasticity (17). Elasticity can be used for the 

discrimination of different types of tissues. This parameter is related to the stiffness of 

tissues, where high and low elasticity values denote hard and soft, respectively. Shear wave 

elastography has been broadly studied for the differentiation of benign and malignant breast 

masses (18, 19) and for staging of liver fibrosis (20, 21) with promising results. However, 

fewer studies have investigated the accuracy of SWE in the differentiation of benign and 

malignant thyroid nodules (22–27).
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In this study, the elastography technique was comb-push ultrasound shear elastography 

(CUSE) (27–29), which uses multiple laterally distributed focused ultrasound beams 

simultaneously to induce shear waves in tissues and produce 2D elasticity maps. CUSE was 

performed and evaluated on 116 patients with 134 thyroid nodules at different probe 

orientations and considering the external and internal features of thyroid nodules. SWE 

results were compared to FNA biopsy outcomes.

Methods and Materials

Study population

This prospective study was approved by our Institutional Review Board and was HIPPA 

compliant. Patients scheduled for fine needle aspiration (FNA) biopsy of one or multiple 

thyroid nodules with a minimum age of 17 were recruited from March 2015 to May 2017. 

Thyroid nodules were selected for FNA biopsy based on the following ultrasound features: 

echogenicity (iso/hyperechoic, hypoechoic, and very hypoechoic), taller-than-wide, 

irregular-margins and presence of calcifications. In addition, nodule size and/or clinical 

context were evaluated. Low suspicion nodules measuring 1.5 cm or larger and intermediate 

or high suspicion nodules measuring 1.0 cm or larger were considered for FNA. Written 

informed consent was obtained from each participant prior to the study. A total of 176 

patients were enrolled, 21 (11.9%) of which were excluded due to postponement of FNA 

biopsy (57.1%), lymph nodes (38.1%) and parathyroid (4.8%). 155 patients (106 female and 

49 male; mean age, 56.19±13.88 years and 60.42±15.11 years, respectively) with 173 

thyroid nodules constituted the study population.

US Shear Wave Elastography

For all patients, CUSE was performed before FNA biopsy. The study was conducted with 

the ultrasound scanner GE LOGIQ E9 with CUSE capability using a linear array transducer 

L-9 (GE Healthcare, Wauwatosa, WI). The imaging protocol consisted of few B-mode 

images followed by multiple SWE images, for both longitudinal and transverse cross-

sections. The images were acquired by an expert sonographer with more than 30 years of 

clinical experience. A minimum of three SWE images was acquired per plane. SWE 

acquisitions that showed inconsistencies (i.e. due to patient or probe motion and pre-

compression) were excluded prior to any analysis. Subsequently, elasticity measurements 

were performed on the three images for statistical analysis. A 3mm (in diameter) region of 

interest (ROI) was used to estimate the shear wave speed values. Multiple ROIs (up to three) 

were placed inside the nodule area seen on the B-mode image. The number of ROIs was 

determined by the size of the nodule: nodules between 5mm and 9mm had two ROIs, and 

nodules larger than 9mm had three ROIs. Thus, measurements from up to nine ROIs were 

calculated per cross-section for each nodule. Mean (Emean) and maximum (Emax) elasticity 

values were captured for statistical analysis. All measurements were performed by one 

observer before FNA results were available for comparison.

During the study, minimum compression was applied with the ultrasound probe on the 

patient to prevent compression effects. For each acquisition, the patient was asked to hold 

his/her breath for about 3 seconds during which SWE images were acquired. In cases where 
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nodules presented a solid component (i.e. calcifications) or a fluid component (i.e. cystic 

region), SWE was performed (if available) solely on the soft tissue component of the nodule, 

this approach was compliant with the WFUMB guidelines (30). For the first 9 patients (9 

nodules) enrolled in the study, SWE was acquired only at one probe orientation (5 at 

longitudinal and 4 at transverse).

Statistical Analysis

The statistical analysis was performed using the software JMP (SAS Institute Ver. 10.0.0) 

and MedCalc (MedCalc Software bvba Ver. 15.8, Belgium). Average of Emean and average 

of Emax values from the ROIs were calculated per image. Then, the median of the averaged 

Emean and median of averaged Emax values across the three images were estimated per 

plane; these parameters are represented as Emean-L, Emean-T, Emax-L, and Emax-T (L: 

longitudinal, T: transverse). In addition, the average of the medians of both planes was 

calculated as Emean-L∩T and Emax-L∩T, and all measurements were included as Emean-L∪T, 

and Emax-L∪T (i.e., adding nodules with measurements at only one plane). Receiver 

operating characteristic curve analysis was performed for all the above mentioned 

parameters. The cutoff value was selected at the maximum sensitivity, specificity, and area 

under the curve (AUC). A two tailed Student’s t-test or Mann-Whitney test was used to 

compare the mean and maximum elasticity of thyroid nodules based on pathological results, 

features of the thyroid gland, nodule composition, and nodule size. Statistical significance 

was considered at p<0.05. The intraclass correlation coefficient was calculated for mean and 

maximum elasticity values to assess resemblance between the three SWE images at 

longitudinal and transverse cross-sections.

Results

Pathology

After FNA biopsy, 112 (83.58%) nodules were diagnosed as benign (Bethesda II) and 22 

(16.42%) as malignant (Bethesda VI). The remaining thyroid nodules resulted in 15 nodules 

Bethesda I, 1 nodule Bethesda III, 20 nodules Bethesda IV, and 3 nodules Bethesda V. From 

the malignant group, 19 (86.36%) nodules were papillary thyroid carcinoma, 2 (9.09%) 

nodules were metastatic papillary carcinoma, and 1 (4.55%) nodule was Hurthle cell 

carcinoma. From the entire cohort, 37 (23.87%) patients had goiter (30 nodules were benign, 

2 nodules were Bethesda I, 6 nodules were Bethesda IV, and 1 nodule was malignant). 2 

(1.29%) patients had Graves’ disease (the 3 studied nodules were benign). 3 (1.94%) 

patients who previously underwent complete thyroidectomy presented with new nodules on 

the thyroid bed (2 nodules were recurrent thyroid carcinoma and 1 nodule was Bethesda I). 

Figure 1 shows the shear wave speed map of a recurrent Hurthle cell carcinoma.

Repeatability Analysis

Intraclass correlation coefficients of the mean and maximum elasticity measurements at 

longitudinal orientation were 0.95 (CI: 0.94–0.96) and 0.88 (CI: 0.85–0.91), respectively; 

and at transverse orientation were 0.91 (CI: 0.89–0.93) and 0.85 (CI: 0.81–0.89), 

respectively. These results show low variability between the three elasticity maps of thyroid 

nodules at each imaging plane.
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SWE Results compared to Sonographic Pattern and FNA Cytology

All nodules were categorized based on their sonographic pattern and the Bethesda system 

for thyroid cytopathology following the American Thyroid Association guidelines for 

management of thyroid nodules (5). Table 1 shows the results obtained from CUSE for mean 

and maximum elasticity values compared to the sonographic pattern and FNA cytology 

findings.

Bethesda category VI with low, intermediate and high sonographic suspicion and Bethesda 

category V with intermediate sonographic suspicion showed higher Emean and Emax values 

in comparison to lower Bethesda categories. Similarly, very low suspicion sonographic 

pattern showed lower Emean and Emax values. Nevertheless, high, intermediate and low 

suspicion sonographic pattern presented a wide range of Emean and Emax results for each 

classification.

SWE and Probe Orientation

From 173 nodules, the first 14 nodules (from 13 patients) were evaluated with SWE only in 

one imaging plane (8 nodules were evaluated in longitudinal plane and 6 nodules in 

transverse plane). The subsequent 159 nodules were imaged in both anatomic planes, from 

which 3 nodules showed a blank SWE map at transverse plane. The blank map was 

attributed to the low penetration of shear waves due to the deep location of the nodules 

(nodule depth>3.5cm); therefore, no measurements could be obtained.

From the 156 nodules evaluated with SWE in both planes, the elasticity values obtained at 

longitudinal orientation were found to be higher than those obtained at transverse orientation 

for the majority of cases (74.1%). A significant difference was observed for Emean values 

between longitudinal and transverse measurements with a p <0.0001. Emax values in the 

same way were statistically significantly different when comparing longitudinal and 

transverse views, with p=0.0002. Figure 2 depicts the longitudinal and transverse cross-

section of a benign nodule. Higher elasticity is observed on the longitudinal plane.

A statistically significant difference (p<0.0001) between elasticity measurements from 

benign and malignant thyroid nodules (Bethesda II and VI) was observed when analyzing 

each imaging plane individually and after averaging the values from both planes. Table 2 

shows the summary of the SWE results for mean and maximum elasticity measurements at 

longitudinal (L) and transverse (T) probe orientations, average of both orientations only for 

nodules with measurements from both cross-sections (L∩T), and for all measurements 

(L∪T). In figure 3, the data distribution can be observed with the measurements obtained 

from all patients (L∪T) for mean and maximum elasticity values. Furthermore, the 

difference between a benign and a malignant thyroid nodule under ultrasound SWE can be 

seen in figure 4.

ROC Analysis

ROC analysis of mean and maximum elasticity values for L, T, L∩T, and L∪T were 

obtained and are summarized in table 3 for Bethesda categories II and VI (benign and 

malignant FNA results).
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All the parameters analyzed proved to be good predictors for malignancy. However, a large 

difference between cutoff values from longitudinal and transverse planes was seen 

particularly for maximum elasticity parameters.

Ultrasound features

Pathological changes in the thyroid gland were analyzed to investigate their effects on 

elasticity values of thyroid nodules. Table 4 shows the Emean-L∪T values of thyroid nodules 

in presence and absence of goiter, Greaves’ disease and heterogeneous thyroid gland. Two 

malignant cases (NA column) were not included in the Student’s t-test analysis since the 

nodules were not surrounded by thyroid gland (thyroidectomy patients). Additionally, in five 

benign cases (NA column) the entire gland was replaced by multiple nodules, thus, were not 

included in the Student’s t-test analysis of heterogeneous thyroid gland. Benign nodules in 

patients with goiter were found to have a statistically significant lower mean elasticity values 

(p<0.05) than nodules within a normal thyroid gland.

In addition, nodule size and internal features of the nodules such as presence of 

calcifications, cystic component, and vascularity were analyzed. Figure 6 shows a bar plot of 

nodules containing macrocalcifications and microcalcifications within the SWE imaging 

plane, and nodules without calcifications. From the benign group 30 nodules had 

macrocalcifications, SWE imaging of macrocalcifications was avoided in 12 nodules, 

therefore, the bar plot shows the results from the remaining 18 nodules. 9 nodules had 

microcalcifications and 73 nodules did not have calcifications. The 12 nodules imaged only 

on the soft component from the macrocalcifications group were added to the non-calcified 

group; thus, the benign – not present bar includes 85 nodules. From the malignant group 5 

nodules had macrocalcifications, 4 nodules had microcalcifications and 13 nodules did not 

have calcifications.

Benign nodules with macro or microcalcifications were found to have significantly higher 

elasticity values compared to benign nodules without calcifications. These results correlate 

with previous findings (31). Figure 7 shows an example of a false positive benign nodule by 

SWE containing macrocalcifications.

Table 5 shows the results from the analysis of nodule size, presence of cystic component, 

and presence of vascularity obtained from Emean-L∪T values. The average size of thyroid 

nodules was 24.89±15.41mm (malignant nodules: 16.95±8.58mm, range 5–34mm and 

benign nodules: 26.02±14.17mm, range 5–68mm). A statistically significant difference was 

observed between small and large benign nodules where smaller nodules presented higher 

elasticity values, however, after overlooking all the nodules with calcifications, the two 

groups did not show a significant difference (p=0.5129). Furthermore, thyroid nodules with 

a vascular component were found to be softer than solid nodules (p=0.0489).

Discussion

In this work, CUSE was used to study the differences between benign and malignant thyroid 

nodules in terms of elasticity. The results showed that ultrasound SWE could be used as a 

complementary tool to conventional B-mode imaging for the differentiation of thyroid 
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nodules. Good sensitivity and specificity were obtained by measurements in the longitudinal 

view, transverse view, or their combination. In a previous study, Gangadhar et al. (32) 

concluded that there was moderate to good agreement between values from longitudinal and 

transverse orientations in thyroid nodules. However, in this study it was observed that 

elasticity measurements from longitudinal orientation were significantly higher than those 

taken from transverse orientation. This effect could be due to the anisotropic nature of the 

muscles that lay on top of the thyroid gland (33, 34). At longitudinal orientation the 

traveling direction of shear waves is parallel to the orientation of the muscle fibers, thus, 

potentially increasing the speed of shear waves on the underlying thyroid gland (Fig. 2). 

Conversely, at transverse orientation the direction of shear waves is perpendicular to the 

direction of muscle fibers, which may decrease the speed of the waves. A second 

observation is that at transverse orientation the common carotid artery generates a large 

pulsatile motion. This pulsation has been previously studied as an intrinsic source of 

compression to estimate strain in thyroid nodules (35, 36). Therefore, the artery motion may 

be large enough to interfere with the shear waves traveling through the nodule and create a 

bias in the final measurement; furthermore, lower intraclass correlations were observed 

among acquisitions at transverse orientation compared to longitudinal. The difference in 

measurements from longitudinal and transverse views was also reflected on the cutoff values 

obtained from Emean (longitudinal-cutoff = 48.40 kPa; transverse-cutoff = 40.63 kPa) and 

Emax (longitudinal-cutoff = 108.48 kPa; transverse-cutoff = 82.69 kPa), where the cutoffs at 

longitudinal view were significantly higher. Therefore, an indiscriminate use of cutoffs and 

measurements from different probe orientations could increase the number of false positives 

or false negatives cases.

Previous studies have reported cutoff values ranging from 34.5 kPa to 90.34 kPa for mean 

elasticity (22–26, 37). In this study, the optimal Emean cutoff for L∪T was 48.40 kPa, which 

showed a sensitivity of 95.45% and specificity 86.61%. Sensitivity and specificity results are 

consistent with most of the prior studies. The discrepancy in cutoff values can be attributed 

to the selection of ROI. In most studies a smaller ROI (1mm or 2mm in diameter) was 

placed on the stiffest part of the elasticity map. Instead, our measurements were obtained by 

averaging multiple 3mm-diameter ROIs (up to three), which were placed inside the nodule 

based on the B-mode image. Using multiple small ROIs instead of one large ROI was 

previously shown to provide more flexibility in quantification of breast lesions with irregular 

boundaries (19). The same idea was employed here to acquire SWE values from a larger 

nodule area without including parenchymal tissue. In terms of lower cutoffs compared to our 

results, the selection of study population might have a role; in a study by Samir et al (38), 

only thyroid nodules Bethesda categories III and IV were studied under SWE with a final 

cutoff value of 22.3 kPa. By comparing our cutoff result of 48.40 kPa with the mean values 

of Bethesda groups III and IV in Table 1 it can be observed that all values are below the 

threshold, thus, we hypothesize that including other Bethesda groups in the statistical 

analysis may lower the cutoff values. A good agreement between the study findings and 

results from previous works (26) was observed in that malignant nodules presented higher 

elasticity values than benign nodules. Nevertheless, benign nodules with macrocalcifications 

were significantly stiffer than nodules with microcalcifications, and nodules with 

microcalcifications were significantly stiffer than nodules with no calcifications. 

Gregory et al. Page 7

Acad Radiol. Author manuscript; available in PMC 2018 November 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



Furthermore, from the 16 thyroid nodules identified as false positives cases, 9 (56.25%) 

nodules contained macrocalcifications and 2 (12.5%) nodules had microcalcifications. Thus, 

benign nodules with calcifications can be perceived as malignant nodules based on 

ultrasound SWE (31). Additional nodule features such as cystic component and nodule size 

did not have an effect on shear wave speed measurements among benign and malignant 

nodules; on the other hand, benign nodules in patients with goiter and benign nodules with a 

vascular component (identified by using color Doppler imaging) showed reduced elasticity 

compared to nodules inside normal size thyroid glands and avascular nodules, respectively.

There were some limitations to this study. One of the main limitations was the low number 

of thyroid carcinomas compared to the larger sample size of benign nodules; however, due to 

the prospective nature of this study, the population is a reflection of the malignancy rate in 

thyroid nodules. Bethesda categories I, III, IV and V could not be classified as benign or 

malignant, thus, 39 nodules were excluded from the statistical analysis. Lastly, the 

reproducibility of 2D-SWE images has been previously shown to be very high (39); which 

correlate with our results. Nevertheless, a consensus for the number of SWE acquisitions for 

thyroid nodules is not determined yet (30); in this study, even though we considered three 

images per plane, increasing the number of SWE acquisitions might enhance the overall 

robustness and reproducibility of this diagnostic tool for the differentiation of thyroid 

nodules.

Conclusions

The quantitative information obtained from the elastic properties of thyroid nodules showed 

promising results for the discrimination between malignant and benign nodules, where 

malignant nodules were significantly stiffer than benign nodules. Some factors such as probe 

orientation and calcifications may change the nodule elasticity value. However, by using a 

single orientation or average of both orientations, the effect of probe orientation can be 

accounted for. Calcifications, on the other hand, may lead to perceiving benign nodules as 

malignant under ultrasound SWE. A larger number of malignant nodules need to be studied 

to further validate our results.
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Figure 1. 
Recurrent Hurthle cell carcinoma. Longitudinal view of the malignant nodule on the thyroid 

bed. The white arrows point at the border of the nodule and the yellow circles denote the 

ROIs for shear wave speed calculation.
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Figure 2. 
Longitudinal and transverse view of a benign thyroid nodule. The white arrows point at the 

border of the nodule and the yellow circles denote the ROIs for shear wave speed 

calculation.

Gregory et al. Page 12

Acad Radiol. Author manuscript; available in PMC 2018 November 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



Figure 3. 
Data comparison graph of 112 benign nodules and 22 malignant nodules. (A) Mean 

elasticity. Benign: lowest value=5.33 kPa, highest value=101.49 kPa and median=25.17 kPa. 

Malignant: lowest value=23.07 kPa, highest value=111.81 kPa and median=63.56 kPa. (B) 

Maximum elasticity. Benign: lowest value=7.59 kPa, highest value=195.70 kPa and 

median=50.00 kPa. Malignant: lowest value=44.90 kPa, highest value=224.47 kPa and 

median=148.87 kPa.
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Figure 4. 
Longitudinal and transverse view of a benign (A) and a maligant (B) thyroid nodule. The 

average elasticity of the two planes resulted in Emean=20.16 kPa and Emean=111.08 kPa for 

the benign nodule and malignant nodule, respectively.
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Figure 5. 
ROC curve analysis of 134 nodules at longitudinal and transverse planes (L∪T) for (A) 

mean elasticity values and (B) maximum elasticity values. The dotted blue lines represent 

the 95% confidence bounds.
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Figure 6. 
Student’s t-test comparison of elasticity values from nodules containing macrocalcifications 

(Benign n=18; Malignant n=5; All n=31), microcalcifications (Benign n=9; Malignant n=4; 

All n=15) and nodules without calcifications (Benign n=85; Malignant n=13; All n=127). 

All includes Bethesda I, II, III, IV, V, and VI. *p<0.05
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Figure 7. 
Longitudinal view of a benign thyroid nodule containing a macrocalcification (green arrow). 

The white arrows point at the border of the nodule and the yellow circle denotes the ROI for 

shear wave speed calculation. The elasticity on the nodule is 110.53 kPa.
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Table 3

Comparison of CUSE diagnostic performance respect to elasticity parameters and transducer orientation for 

Bethesda category II and VI.

Cutoff (kPa) AUC (95% CI) Sensitivity (95% CI) Specificity (95% CI)

Emean-L 48.40 0.91 (0.851 – 0.955) 95.45% (77.2 – 99.9) 83.33% (74.9 – 89.8)

Emean-T 40.63 0.91 (0.840 – 0.950) 94.12% (71.3 – 99.9) 84.04% (76.2– 90.6)

Emax-L 108.48 0.92 (0.864 – 0.963) 95.45% (77.2 – 99.9) 84.04% (79.2 – 92.7)

Emax-T 82.69 0.90 (0.829 – 0.943) 94.12% (71.3 – 99.9) 78.90% (70.0 – 86.1)

Emean-L∩T 49.09 0.92(0.857 – 0.962) 94.12% (71.3 – 99.9) 86.67% (78.6 – 92.5)

Emax-L∩T 103.72 0.93(0.864 – 0.966) 94.12% (71.3 – 99.9) 87.62% (79.8 – 93.2)

Emean-L∪T 49.09 0.92 (0.864 – 0.962) 95.45% (77.2 – 99.9) 86.61% (78.9 – 92.3)

Emax-L∪T 105.61 0.93 (0.872 – 0.966) 95.45% (72.2 – 99.9) 86.61% (78.9 – 92.3)

AUC, area under the curve; CI, confidence interval; Emean, mean elasticity; Emax, maximum elasticity; L, Longitudinal; T, Transverse; L∩T,: 

group of nodules with transverse and longitudinal measurements; L∪T, group of nodules with transverse and/or longitudinal measurements.
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