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Abstract

Mass characteristic frequency (fmass) is a novel shear wave (SW) parameter that represents the 

ratio of the averaged minimum SW speed within the regions of interest to the largest dimension 

of the mass. Our study objective was to evaluate if the addition of fmass to conventional two-

dimensional SW elastography (2D-SWE) parameters would improve the differentiation of benign 

from malignant thyroid nodules. Our cohort comprised 107 patients with 113 thyroid nodules, 

of which 67 (59%) were malignant. 2D-SWE data was obtained using the ultrasound system 

Supersonic Imagine Aixplorer equipped with a 4–15 MHz linear array transducer. A Receiver-

Operating Characteristic curve was generated based on a multivariable logistic regression analysis 

to evaluate the ability of SWE parameters with/without fmass and with/without clinical factors 

to discriminate benign from malignant thyroid nodules. The addition of fmass to conventional 

SW elasticity parameters increased the area under the curve from 0.808 to 0.871, p = 0.02. The 
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combination of SW elasticity parameters plus fmass plus clinical factors provided the strongest 

thyroid nodule malignancy probability estimate, with a sensitivity of 93.4% and specificity of 

91.1% at the optimal threshold. In summary, fmass can be a valuable addition to conventional 

2D-SWE parameters.
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Introduction

Autopsy data suggests that approximately 50% of the general population has at least one 

thyroid nodule (Bomeli, et al. 2010). Since the vast majority of all thyroid nodules are 

benign, cost-effective and non-invasive methods of evaluation are essential (Burman and 

Wartofsky 2016). B-mode ultrasound is the gold standard for non-invasive evaluation of 

a thyroid nodule. However, ultrasound characteristics of thyroid nodules do not reliably 

discriminate benign from malignant thyroid nodules, thus, selecting thyroid nodules for 

fine-needle aspiration (FNA) can be challenging (Chng, et al. 2018).

Therefore, adjunct diagnostic methods have been explored. Increased tissue stiffness is a 

typical characteristic of malignancy. Because of this, ultrasound elastography, a technique 

used to assess tissue elasticity, has been introduced as a non-invasive imaging modality to 

evaluate thyroid nodules (Cosgrove, et al. 2017, Shuzhen 2012, Zhao and Xu 2019). Early 

elastography techniques, such as strain elastography, required manual external compression 

and were limited to qualitative evaluation and also relied on operator performance 

(Ragazzoni, et al. 2012). In two-dimensional shear wave elastography (2D-SWE), ultrasonic 

focused beams generate acoustic radiation forces that induce shear waves (Bercoff, et al. 

2004). Subsequent measurement of the velocity of shear wave propagation allows for 

the determination of quantitative shear wave elasticity parameters. The SWE technique is 

less operator dependent and is more quantitative and reproducible than other elastography 

methods (Chang, et al. 2018). The diagnostic performance of 2D-SWE in differentiating 

benign from malignant thyroid nodules has varied widely depending on the study, with 

reported sensitivity ranging from 44% - 95% and specificity ranging from 42% - 94% 

(Gregory, et al. 2018, Nattabi, et al. 2017).

One limitation of SWE is that elasticity parameters can potentially be affected by multiple 

factors such as the size and depth of the measured lesion, heterogeneous echogenicity, and 

the presence of calcifications (Gregory, et al. 2018, Swan, et al. 2019, Yoon, et al. 2013). 

The anterior wall of the trachea could increase stiffness measurements due to the stress 

concentration effect, particularly for isthmus nodules, which could be compressed directly 

against the trachea when the measurement is along the transverse orientation (McQueen 

and Bhatia 2015). Therefore, the elasticity indices, measured by SWE, may show overlap 

between malignant and benign nodules, resulting in a lower diagnostic accuracy in the 

prediction of thyroid malignancy (Swan, et al. 2019). A new shear wave parameter, mass 

characteristic frequency (fmass), was recently developed to improve the discrimination of 
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benign from malignant lesions (Gu, et al. 2021b). The fmass parameter represents the ratio of 

the averaged minimum shear wave speed (SWS) within the regions of interest (ROIs) to the 

largest dimension of the mass. The physical meaning of fmass is the inverse of the maximum 

shear wave propagation time in a mass (Gu, et al. 2021a). This study is the first to evaluate 

the performance of fmass in addition to conventional SWE parameters for differentiation of 

benign from malignant thyroid nodules. The performance of fmass was recently studied in 

breast cancer, including its correlation with axillary lymph node status, histologic grade, 

and immunohistochemistry biomarkers and subtypes, as well in predicting the endpoint of 

neoadjuvant chemotherapy(Gu, et al. 2021a). Our study hypothesizes that the addition of 

fmass to conventional 2D-SWE parameters can improve the differentiation of benign from 

malignant thyroid nodules.

Materials and Methods

Study design

In this Institutional Review Board (IRB) approved and Health Insurance Portability and 

Accountability Act compliant study, subjects who were scheduled for FNA of one or 

more thyroid nodules were prospectively enrolled. A signed IRB-approved informed written 

consent with permission for publication was obtained from each volunteer. Subjects were 

enrolled between March 2015 and March 2020. The decision to obtain an FNA was made 

by the subject’s physician based on ultrasound and clinical parameters, independent of the 

study team. 108 subjects were recruited and one subject who had Bethesda Category IV 

cytology without surgical histopathology was excluded (Figure 1) (Cibas, et al. 2009). 

Ultimately, the study cohort comprised 107 patients with 113 thyroid nodules. The 

medical record of each subject was reviewed, and demographic information and clinical 

characteristics were recorded. An experienced radiologist (AP) assessed each subject’s 

B-mode thyroid ultrasound images and classified each nodule using the American College 

of Radiology (ACR) TI-RADS (Tessler, et al. 2017). Among the 113 thyroid nodules, 79 

were TR5 (highly suspicious), 29 were TR4 (moderately suspicious), 4 were TR3 (mildly 

suspicious), and 1 was TR2 (not suspicious).

The SWE data was obtained prior to FNA. The SWE data was obtained first and 

subsequently (on the same day) the patient underwent FNA approximately 60 minutes 

afterward. Thyroid nodule FNA cytology was reported in accordance with the Bethesda 

System for Reporting Thyroid Cytopathology (Cibas, et al. 2009). Nodules without surgical 

pathology were classified as benign or malignant based on their respective Bethesda System 

Category (II, V, VI) and clinical and ultrasound features. For those subjects who underwent 

lobectomy or thyroidectomy, the histopathologic diagnosis was used.

Shear Wave Elastography Data Acquisition

For each subject, both B-mode and 2D-SWE data were obtained using the commercially 

available ultrasound system Supersonic Imagine Aixplorer (SSI, Aix-en-Provence, France) 

that was equipped with a 4–15 MHz linear array transducer. Two expert sonographers 

operated the transducer for the image acquisition. The SWE measurement was acquired 

within a rectangle-shaped field of view, which covered the thyroid nodule and the normal 
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adjacent parenchyma. At least six SWE images were obtained for each nodule along each 

orientation (transverse and longitudinal). The SWE scanning was performed along both the 

longitudinal and transverse orientations for the majority of subjects. However, some nodules 

were scanned along the longitudinal orientation only or the transverse orientation only due 

to subject time constraints. The total nodule number was 113, and this included the nodules 

that were scanned in both orientations, the longitudinal orientation only, and the transverse 

orientation only. When thyroid nodules had a heterogeneous composition, SWE was only 

performed on the solid component, consistent with the World Federation of Ultrasound 

in Medicine and Biology guidelines (Cosgrove, et al. 2017). To reduce motion artifact, 

subjects were instructed to halt breathing for three seconds during each acquisition and 

the sonographers were trained to eliminate hand motion during scanning. The sonographers 

were instructed to minimize the pressure applied on the probed during scanning (Barr and 

Zhang 2012, Lam, et al. 2016).

For each orientation, the three SWE images with the least amount of artifact were chosen 

to draw ROIs. For each SWE image, multiple non-overlapping ROIs, each with a 3 mm 

diameter, were placed inside the thyroid nodule. Nodules between 5–9 mm had two ROIs 

and nodules larger than 9 mm had three ROIs. The minimum (Emin), maximum (Emax), and 

mean shear wave elasticities (Emean), and the standard deviation of the shear wave elasticity 

(Esd) for each ROI were calculated automatically by the SSI system, and subsequently 

averaged over all ROIs for each orientation. The investigative team who performed the 

measurements was blind to the pathology results.

Mass characteristic frequency was defined as fmass (Hertz (Hz)) = 1000Vmin/d, where Vmin 

is the minimum SWS (meters/second) and d is the greatest dimension of the thyroid nodule 

measured from the B-mode images (measured in mm). In this study, fmass_long and fmass_trans 

are the fmass along the longitudinal and transverse directions, respectively. The relationship 

between the measured shear wave elasticity and shear wave velocity is E = 3ρV2, where ρ 
= 1000 kg/m3 is medium density, V is the shear wave velocity, and E is the measured shear 

wave elasticity (Gu, et al. 2021b). Elasticity parameters are defined in Table 1.

Statistical analysis

Quantitative values were summarized by mean ± standard deviation (SD). All statistical 

analysis was conducted with RStudio (R version 4.0.4, Boston, MA). Testing for 

distributional differences among the quantitative shear wave parameters by thyroid nodule 

malignancy status was performed using the Wilcoxon rank-sum test with the pathology 

results as the gold standard. Two-sided p values less than 0.05 were considered statistically 

significant. The correlation estimates between shear wave elasticity measurements and 

thyroid nodule diameter were conducted using the Pearson method. A multivariable logistic 

regression analysis was performed to assess the association of multiple factors on thyroid 

nodule pathology and estimate the corresponding probability of malignancy. Receiver 

operating characteristic (ROC) curve analysis was used to estimate the area under the curve 

(AUC) and the 95% confidence interval and to determine the cutoff value, as well as the 

corresponding sensitivity and specificity. Specifically, the optimal cut-point was defined as 

the point closet to the point (0, 1). Three prediction models were generated in this study 
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using the multivariable logistic regression analysis to discriminate benign from malignant 

thyroid nodules, and they were the “Trans + Long without fmass” model, the “Trans + 

Long with fmass” model, and the “Trans + Long with fmass + clinical factors” model. The 

parameters included in different models were summarized in Table 2. The DeLong test was 

applied to compare the ROC curves generated with different prediction models. Because of 

the limited data sample in this study, subjects were not divided into subgroups for prediction 

model training and validation. Therefore, to address the concern about using the fitted model 

to evaluate the measures of discrimination performance on the same data set, the AUC 

adjusted for optimism (Smith, et al. 2014) was also calculated for each prediction model.

Results

There were 107 patients with 113 thyroid nodules included for data analysis (Figure 1a). 

Subjects’ age ranged from 19 to 85 years and the mean (± SD) age was 53.3 ± 16.3 

years. Seventy-two (67.3%) of the subjects were women. The thyroid nodule size ranged 

from 4–65 mm, with a mean (± SD) size of 21.8 ± 13.5 mm. The pathology results were 

summarized in Figure 1. In total there were 46 benign thyroid nodules and 67 malignant 

thyroid nodules.

B-mode images and shear wave elastography maps of a malignant and a benign thyroid 

nodule are depicted in Figures 2 and 3, respectively. For benign thyroid nodules, there 

was no significant difference in mean or maximum elasticity or fmass based on transducer 

orientation (Figure 4). However, for malignant thyroid nodules, mean and maximum 

elasticity and fmass measured significantly greater in the longitudinal plane than the 

transverse plane (Figure 4). Elasticity parameters were consistently greater for malignant 

compared to benign thyroid nodules, regardless of the parameter or transducer orientation 

(Table 3).

The correlation between the thyroid nodule diameter and SWS measured along the 

transverse orientation was 0.16 (95% CI: 0.02–0.34). The correlation between the thyroid 

nodule diameter and SWS measured along the longitudinal orientation was −0.07 (95% CI: 

0.25–0.11). The presence of thyroid nodule macrocalcifications significantly increased the 

elasticity parameter fmass_long for malignant but not benign thyroid nodules. Conversely, 

peripheral rim calcifications had no significant effect on the elasticity parameter fmass_long 

for either malignant or benign thyroid nodules (Table 4). Thyroid nodules with lobulated 

or irregular margins had significantly greater Emean_long compared to those with ill-defined 

margins and those with smooth margins. Avascular thyroid nodules had significantly greater 

Emean_long compared to vascular nodules. The presence or absence of other ACR TI-RADS 

and clinical parameters had no significant effect on Emean_long.

A ROC curve analysis was performed to evaluate the ability of different prediction models to 

discriminate benign from malignant thyroid nodules (Figure 5). The AUC for model “Trans 

+ Long with fmass” was 87.1% (0.80–0.94) and was significantly greater than the model 

“Trans + Long without fmass” (p=0.02). The AUC for the “Trans + Long with fmass + clinical 

factors” model was significantly greater than the “Trans + Long with fmass” model (p=0.01). 

For the model “Trans + Long with fmass + clinical factors”, the AUC was 96.9% (95% 
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CI: 0.94–1.00). The optimism-adjusted AUC for the “Trans + Long without fmass” model, 

the “Trans + Long with fmass” model and the “Trans + Long with fmass + clinical factors” 

models was 76.8%, 83.6% and 92.9%, respectively.

Discussion

The objective of this study was to determine whether the addition of fmass to conventional 

2D-SWE parameters improved differentiation of benign and malignant thyroid nodules. 

As expected, we found that elasticity, regardless of ultrasound transducer orientation, was 

significantly greater in malignant than benign thyroid nodules. This finding is consistent 

with prior publications and reflects a malignancy-induced increase in tissue stiffness 

(Cosgrove, et al. 2017, Hu, et al. 2017, Nattabi, et al. 2017). In our study, elasticity was 

significantly greater in the longitudinal plane compared to the transverse plane for malignant 

nodules. This likely reflects the anisotropic property of muscle superficial to the thyroid 

parenchyma (Gennisson, et al. 2010, Gregory, et al. 2018).

We found that the presence of macrocalcifications on B-mode ultrasound imaging increased 

SWS in malignant thyroid nodules. This was an expected finding and consistent with prior 

studies, since intranodular calcifications are known to affect lesion stiffness (Chen, et al. 

2016, Gregory, et al. 2015, Sun, et al. 2017). Interestingly, we found that peripheral rim 

calcifications did not significantly affect SWS in either benign or malignant thyroid nodules. 

Future studies are warranted to investigate the effect of thyroid nodule peripheral rim 

calcifications on SWS.

In our study, thyroid nodules with lobulated or irregular margins had increased SWS 

compared to those with ill-defined margins and those with smooth margins. Given that 

irregular and lobulated thyroid nodule margins are associated with malignancy, this was 

an expected finding (Tessler, et al. 2017). We found that avascular thyroid nodules had 

increased SWS compared to vascular nodules. This was unexpected, since thyroid nodule 

hypervascularity has been associated with malignancy (Baig, et al. 2017). Furthermore, a 

SWE study on patients with hepatocellular carcinoma (HCC) observed a significantly higher 

stiffness in hypervascular HCC compared to hypovascular HCC (Ling, et al. 2014). Further 

studies warranted to correlate the thyroid nodule vascularity with SWE parameters. Other 

ACR TI-RADS and clinical parameters had no significant effect on shear wave elasticity 

measurements.

In our study, for SWE data without fmass, the AUC is similar to the results published in 

multiple meta-analyses that investigated the utility of SWE, with composite sensitivities and 

specificities ranging from 66%−78% to 78%−87%, respectively (Hu, et al. 2017, Nattabi, 

et al. 2017, Tian, et al. 2016). We found that the addition of fmass to conventional SWE 

parameters improved the ability to differentiate benign from malignant thyroid nodules 

when compared to SWE data without fmass. Moreover, the addition of clinical factors (ACR 

TI-RADS imaging characteristics and patient gender data) to SWE data with fmass further 

improved the ability to differentiate benign from malignant thyroid nodules when compared 

to SWE data with fmass. This improvement was expected because multiple previously 

published studies demonstrated an increase in AUC when SWE data was analyzed together 
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with TI-RADS imaging characteristics (Pei, et al. 2020, Yang, et al. 2020, Zhang, et al. 

2021). However, given the significant differences in patient population, histopathologic 

diagnoses, TI-RADS classification, and elastography techniques, it is not possible to directly 

compare the AUC among the studies.

The use of the SWE parameter fmass is novel in the evaluation of thyroid nodules. As 

expected, the study findings show that fmass_long and fmass_trans are significantly greater 

in malignant than benign thyroid nodules. We do not propose fmass as a correction for 

other SWE parameters, but as a new biomarker for lesion characterization. The impetus 

for calculating fmass was to reduce the probability of a type II error given that with SWE, 

the SWS of smaller masses can be underestimated (Gu, et al. 2020, Gu, et al. 2022). In 

malignant breast lesions it has been shown that SWS can be significantly underestimated 

with tumors less than 10 mm (Yoon, et al. 2013). Because fmass signifies SWS relative to the 

inverse of mass diameter, fmass assumes a larger value for smaller masses. The findings in 

our study support the use of fmass in the evaluation of thyroid nodules since the addition of 

fmass to the other SWE parameters significantly improved the differentiation of benign from 

malignant thyroid nodules.

In this study, weak correlations were found between thyroid nodule diameter and 

SWS measured along the longitudinal and transverse orientations. This implies that the 

correlation between minimum SWS and thyroid nodule diameter will not directly affect the 

performance of fmass. This result is consistent with the findings in a recent publication (Gu, 

et al. 2021b).

One potential limitation with fmass is the method used to measure thyroid nodule diameter. 

In this study, fmass was calculated using the largest thyroid nodule diameter visualized on 

a B-mode ultrasound image. A potential source of error is the measurement of diameter in 

a nodule with an irregular, lobulated, or poorly defined margin. In such cases, alternative 

methods to assess diameter can be using an ellipse to approximate nodule morphology or 

measure the perimeter of the nodule and calculate the equivalent circular diameter (Gu, et al. 

2021b). Future studies can refine the calculation of fmass by evaluating the optimal approach 

to determining lesion diameter. A limitation to the study was the relatively smaller number 

of thyroid nodules with Bethesda category III or IV cytology with surgical histopathology. 

This prevented a subgroup analysis of these subjects to determine if fmass is useful in the 

evaluation of thyroid nodules with indeterminate cytology. Another limitation is that it is 

challenging to measure the minimum shear wave velocity in masses with sold and cystic 

areas (Hindi, et al. 2013).

Conclusions

In conclusion, the study findings show the new SWE parameter, mass characteristic 

frequency (fmass), which is novel in the evaluation of thyroid nodules, can be a valuable 

addition to conventional 2D-SWE parameters and improves the differentiation of benign 

from malignant thyroid nodules. Combining conventional SWE parameters with fmass and 

clinical factors (ACR TI-RADS imaging characteristics and patient gender) increases the 

strength of the malignancy probability estimate of a thyroid nodule. Future studies should 
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prospectively evaluate a risk prediction score that incorporates SWE data including fmass 

together with TI-RADS and clinical characteristics to aid the clinician in the selection of 

thyroid nodules for FNA.
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Figure 1: Surgical histopathology and cytology.
(a) Of the 108 patients recruited to the study, one with Bethesda Category IV cytology 

without surgical histopathology was excluded prior to data analysis. The remaining 107 

patients with 113 thyroid nodules all had shear wave elastography data obtained using the 

ultrasound system Supersonic Imagine Aixplorer (SSI, Aix-en-Provence, France) that was 

equipped with a 4–15 MHz linear array transducer. Of the 28 nodules without surgical 

histopathology, 27 were benign based on Bethesda Category II cytology and/or clinical 

follow-up and one patient had a malignant nodule (Bethesda Category VI). There were 10 

nodules with indeterminate FNA cytology, (b) 4 Bethesda Category III cytology (Atypica 

of Undetermined Significance or Follicular Lesion of Undetermined Significance) and 

(c) 6 Bethesda Category IV cytology (Follicular Neoplasm or Suspicious for a Follicular 

Neoplasm), with surgical histopathology. Benign nodules included both follicular adenomas 

and Hurthle cell adenomas. FNA: fine-needle aspiration.
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Figure 2: B-mode and shear wave elastography images.
The images are from a 36-year-old woman with papillary thyroid carcinoma. (a) Clinical 

B-mode image, (b) B-mode image obtained during the shear wave elastography study and 

(c) shear wave elastography map. The averaged minimum shear wave speed was 4.05 m/s. 

The greatest dimension was 30 mm. The corresponding fmass value was 135 Hz.
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Figure 3: B-mode and shear wave elastography images.
The images are from a 41-year-old man with a Hurthle cell adenoma. (a) Clinical B-mode 

image, (b) B-mode image obtained during the shear wave elastography study and (c) shear 

wave elastography map. The averaged minimum shear wave speed was 1.88 m/s. The 

greatest dimension is 63 mm. The corresponding fmass value was 29.8 Hz.
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Figure 4: Comparison of shear wave elastography parameters between benign and malignant 
thyroid nodules.
(a) Comparison of the Emean measured along the transverse and longitudinal orientations 

for benign and thyroid malignant nodules. (b) Comparison of the Emax measured along 

the transverse and longitudinal orientations for benign and malignant thyroid nodules. (c) 

Comparison of the fmass measured along the transverse and longitudinal orientations for 

benign and malignant thyroid nodules. p value<0.05 indicates a statistical significance (* 

p<0.05, ** p<0.01).
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Figure 5: Ability of different prediction models to differentiate benign from malignant thyroid 
nodules.
(a) Receiver Operating Characteristic curves were generated using a multivariable logistic 

regression analysis to evaluate the ability of shear wave elasticity parameters with/without 

fmass and with/without clinical factors to discriminate benign from malignant thyroid 

nodules. The black curve is “Trans + Long without fmass”, the red curve is “Trans + 

Long with fmass”, and the teal curve is “Trans + Long with fmass + clinical factors”. (b) 
The boxplot was calculated with the multivariable logistic regression analysis from the 

“Trans + Long with fmass + clinical factors” model. (c) The summary of the ROC curves 

depicted in (a). Numbers in parentheses are the number of thyroid nodules included in the 

models. AUC: Area Under the Curve; Trans: Transverse; Long: Longitudinal; PPV: Positive 

Predictive Value; NPV: Negative Predictive Value.
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Table 1:

Definition of shear wave parameters.

Elasticity parameter Definition

E shear wave elasticity

E mean_trans mean shear wave elasticity measured along the transverse orientation

E mean_long mean shear wave elasticity measured along the longitudinal orientation

E max_trans maximum shear wave elasticity measured along the transverse orientation

E max_long maximum shear wave elasticity measured along the longitudinal orientation

E sd standard deviation of the shear wave elasticity for each region of interest

E sd_trans Esd measured along the transverse orientation

E sd_long Esd measured along the longitudinal orientation

E mean_ratio Emean_long/Emean_trans

E sd_ratio Esd_long/Esd_trans

f mass 1000 Vmin/d

f mass_trans fmass along the transverse orientation

f mass_long fmass along the longitudinal orientation

Vmin is the minimum shear wave speed (m/s); d is the greatest dimension of the nodule measured from the B-mode images.
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Table 2:

Summary of the parameters included in different prediction models

Model SWE parameters Clinical factors

Trans + Long without fmass
Emax_trans, Esd_trans, Emean_long, Emax_long, Esd_long, 
Emean_ratio

Trans + Long with fmass
Emean_trans, Esd_trans, fmass_trans, Emax_long, Esd_long, 
Esd_ratio, fmass_long, fmass_trans

Trans + Long with fmass + clinical factors
Esd_trans, Emean_long, Emax_long, Esd_long, Esd_ratio, 
fmass_trans, fmass_long

the presence of a cystic component, 
presence of punctate echogenic foci, 
nodule composition, gender
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Table 3:

Comparison of shear wave elasticity parameters between benign and malignant thyroid nodules.

Elasticity Parameter Benign Malignant p value*

Emean_trans (kPa) 21.4 ± 14.7 (45) 44.0 ± 46.7 (62) 0.03

Emax_trans (kPa) 29.0 ± 17.9 (45) 63.4 ± 64.8 (62) 0.01

fmass_trans (Hz) 82.7 ± 56.8 (45) 161.2 ± 124.8 (62) <0.001

Emean_long (kPa) 26.7 ± 17.6 (46) 63.9 ± 59.3 (66) <0.001

Emax_long (kPa) 35.5 ± 22.4 (46) 82.1 ± 71.3 (66) <0.001

fmass_long (Hz) 103.0 ± 69.7 (46) 249.0 ± 189.3 (66) <0.001

Note: Numbers are reported as mean ± standard deviation. Numbers in parentheses are the number of thyroid nodules. kPa: kilopascal; Hz: hertz.

*
p value<0.05 indicates a statistical significance.
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Table 4:

The effect of thyroid nodule macrocalcifications and peripheral rim calcifications on the elasticity parameter 

fmass_long.

Parameter Benign p value* Malignant p value*

Macrocalcifications 0.96 0.02

 Present (26) 92.6 + 45.8 (7) 331.8 + 239.7 (19)

 Absent (86) 104.9 + 73.4 (39) 215.5 + 155.5 (47)

Peripheral Rim 0.99 0.20

Calcifications

 Present (9) 95.3 + 60.3 (4) 290.2 + 111.4 (5)

 Absent (103) 103.8 + 71.1 (42) 245.6 + 194.5 (61)

Note: Numbers are mean ± standard deviation. Numbers in parentheses are the number of thyroid nodules.

*
p value<0.05 indicates a statistical significance.
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