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ABSTRACT 
Introduction: tyhyroid nodules (TN) are a common finding in clinical practice. While most of the nodules are benign, less than 10% 
prove to be malignant. US is a low-cost, non-invasive, safe imaging examination, which is able to qualitatively analyze the nodule’s 
features. [1, 2, 4, 10] To this date, there is no US sign which is considered to be pathognomonic of malignancy, however, combining 
multiple US methods, such as strain elastography (SE), shear-wave elastography (SWE) and ultrasound guided fine-needle aspiration 
(FNA), helps to determinate the risk of malignancy in a TN. [5] 
Aim: to review scientific literature and emphasize the features of ultrasonographic methods, which are used in the differentiation 
between benign and malignant thyroid nodules. 
Materials and methods: literature analysis. A research of articles in the English language on the "PubMed" 2012 to 2017 database. 
Keywords used in the search: “thyroid nodule”, “ultrasonography”, “benign”, “malignant”. 
Results: studies show that conventional US is widely used to help predict the malignancy of TN. Individual US features cannot be 
used to make an accurate diagnosis of thyroid cancer. Cystic content and spongiform appearance, however, might estimate the 
presence of benign nodules, but the clinical applicability of these features is limited due to their infrequent occurrence. Since none of 
the US signs are considered pathognomonic, it is important to determine a correlation between them. [3, 9] The use of different US 
methods, when evaluating TN, improve the diagnostic value. [1] SE and SWE are used in clinical practice to evaluate TN by 
comparing tissue elasticity. FNA biopsy is one more diagnostic method, which plays a major role in the differentiation between 
benign and malignant TN. [4] The diagnostic accuracy of US-FNA for TN varies, ranging from 60% to 96%. [15] 
Conclusions: evidence suggests that individual US features cannot be used to confirm thyroid cancer. A combination of conventional 
US and other methods, such as SE, SWE and FNA have a major impact on the diagnostic value and facilitate the differentiation 
between benign and malignant TN. 
Keywords: thyroid nodule, ultrasonography, benign, malignant. 
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Introduction 
 
Thyroid nodules (TN) are a common finding in clinical 
practice. While most of the nodules are benign, less than 
10% prove to be malignant. Approximately 4%-7% of TN 
are diagnosed by palpation. Nodules, that can be found by 
using physical examination, are usually larger than one 
centimeter. Their location inside the thyroid gland, the 
experience of the examiner, and the anatomy of the patient 
also have a major impact on the palpability. Therefore, a 
more accurate imaging examination, such as conventional 
ultrasonography (US), is recommended for the primary 
evaluation of a TN. The use of US has increased the rate of 
diagnosis of TN to 67%. After verification of a TN, US 
plays a major role in the differentiation	between benign and 
malignant nodules. [1, 2, 4, 10] US is a low-cost, non-
invasive, safe imaging examination, which is able to 
qualitatively analyze the nodule’s features. To this date, 
there is no US sign which is considered to be 
pathognomonic of malignancy, however, combining 
multiple US methods, such as strain elastography (SE), 
shear-wave elastography (SWE) and ultrasound guided fine-
needle aspiration (FNA), helps to determinate the risk of 
malignancy in a TN. [5] 
 
Materials and methods 
 
Literature analysis. A research of articles in the English 
language on the "PubMed" 2012 to 2017 database. 
Keywords used in the search: “thyroid nodule”, 
“ultrasonography”, “benign”, “malignant.” 
 
Results 
 
Studies show that conventional US is widely used to help 
predict the malignancy of TN. The signs of malignancy, that 
can be found during US, are: hypoechogenicity of the 
nodule, solid component, asymmetric margin, calcifications, 
the absence of a halo, and central vascularity in the colour 
Doppler mode. [11] On the other hand, there are features 
which suggest that a TN is likely to be benign, such as: 
spongiform structure, cysts, hyperechogenicity, colloid 
crystals, an eggshell calcification, and a thin, regular halo. 
[8] The risk of malignancy does not increase with a higher 
number of nodules. [10] Individual US features cannot be 
used to make an accurate diagnosis of thyroid cancer. Cystic 
content and spongiform appearance, however, might 
estimate the presence of benign nodules, but the clinical 
applicability of these features is limited due to their 
infrequent occurrence. Since none of the US signs are  
 
 

 
 
 
 
considered pathognomonic, it is important to determine a 
correlation between them. [3, 9]  
The use of different US methods, when evaluating TN, 
improve the diagnostic value. [1] SE and SWE are used in 
clinical practice to evaluate TN by comparing tissue 
elasticity. [6] In SE, quantitative evaluation can be made by 
measuring the response to the mechanical pressure 
(compression or vibration) applied to the examined and 
surrounding tissues. [13] SWE measures the velocity of 
shear waves that are induced by series of acoustic radiation 
force impulses which are elicited by the ultrasound probe 
and tracked by standard ultrasound waves. [14] Normal 
thyroid tissue exhibits lower stiffness, while malignant TN 
consist of more histological solid components, but less 
intercellular substance and exhibit greater stiffness and 
smaller elasticity. [12] 
FNA biopsy is one more diagnostic method, which plays a 
major role in the differentiation between benign and 
malignant TN. [4] FNA can be performed in two ways: 
using palpation or with ultrasound guidance. Ultrasound 
guided FNA is preferred for nodules, which are difficult to 
palpate, predominantly cystic or posteriorly located. [7] In 
clinical practice, US guided FNA is performed when a TN 
possesses US features associated with high risk of 
malignancy, which were mentioned previously. The 
diagnostic accuracy of US-FNA for TN varies, ranging from 
60% to 96%. [15] 
 
Discussion 
 
The accuracy of different US methods depends on the 
experience of the operator, and the type of cancer and 
nodule. [3] It is common that thyroid cancer does not always 
have ultrasound features of malignancy. In other words, it is 
hard for clinicians to determine whether the nodule is 
malignant or not. [2] In such clinical cases, FNA biopsy is 
considered a “golden standard” in the differentiation 
between benign and malignant TN. However, this 
examination needs to be executed selectively, due to the 
potential non-diagnostic results, associated costs, and the 
risk of overdiagnosis. Up to 15-30% of FNA biopsies are 
classified as non-diagnostic or indeterminate. In this case, 
US is an effective method to indicate patients, whose 
thyroid nodules are likely to be malignant and reduce the 
number of needless FNA biopsies. US elastography is 
another method, that is used to improve diagnostic accuracy. 
Despite its value in predicting malignancy, this examination 
has certain limitations. Fibrosis within both benign and 
malignant nodules can increase stiffness and this can cause a 
false positive result. Tissue stiffness can also increase when 
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using high degrees of compression if the tissue stiffness of 
the nodule is non-linear. It is complicated to adequately 
compress thyroid nodules in strain imaging, which are 
greater than 3 cm in diameter. What is more, US 
elastography is less accurate when nodules have cystic 
content, as fluid movement does not reflect stiffness of the 
solid tissue. US elastography cannot be performed in the 
occurrence of eggshell calcification, because the sound 
waves do not penetrate the calcified border and it is 
impossible to evaluate the central non-calcified portion of 
the nodule. [4, 16] 
Conclusions 
 
Evidence suggests that individual US features cannot be 
used to confirm thyroid cancer. Cystic content and 
spongiform appearance might estimate the presence of 
benign nodules, but the clinical applicability of these 
features is limited due to their infrequent occurrence. [3] A 
combination of conventional US and other methods, such as 
SE, SWE and FNA have a major impact on the diagnostic 
value and facilitate the differentiation between benign and 
malignant TN. 
 
References 

1. Lu, R., Meng, Y., Zhang, Y., Zhao, W., Wang, X., Jin, M., 
& Guo, R. (2017). Superb microvascular imaging (SMI) 
compared with conventional ultrasound for evaluating 
thyroid nodules. BMC Medical Imaging, 17(1). 
https://doi.org/10.1186/s12880-017-0241-5 

2. Pang, T., Huang, L., Deng, Y., Wang, T., Chen, S., Gong, 
X., & Liu, W. (2017). Logistic regression analysis of 
conventional ultrasonography, strain elastosonography, and 
contrast-enhanced ultrasound characteristics for the 
differentiation of benign and malignant thyroid nodules. 
PLoS ONE, 12(12). 
https://doi.org/10.1371/journal.pone.0188987  

3. Brito, J. P., Gionfriddo, M. R., Al Nofal, A., Boehmer, K. 
R., Leppin, A. L., Reading, C., … Montori, V. M. (2014). 
The accuracy of thyroid nodule ultrasound to predict thyroid 
cancer: systematic review and meta-analysis. The Journal of 
Clinical Endocrinology and Metabolism, 99(4), 1253–63. 
https://doi.org/10.1210/jc.2013-2928  

4. Grani G., Lamartina L., Cantisani V., Maranghi M., Lucia 
P., Durante C., (2017). Interobserver agreement of various 
thyroid imaging reporting and data systems. Endocr 
Connect. 2018 Jan; 7(1): 1–7.https://doi.org/10.1530/EC-17-
0336  

5. Girardi, F. M., Silva, L. M. da, & Flores, C. D. (2017). A 
predictive model to distinguish malignant and benign 
thyroid nodules based on age, gender and ultrasonographic 
features. Brazilian Journal of Otorhinolaryngology. 
https://doi.org/10.1016/j.bjorl.2017.10.001  

6. Colakoglu, B., Yildirim, D., Alis, D., Ucar, G., Samanci, C., 
Ustabasioglu, F. E., … Ulusoy, O. L. (2016). Elastography 
in Distinguishing Benign from Malignant Thyroid 

Nodules. Journal of Clinical Imaging Science, 6, 51. 
http://doi.org/10.4103/2156-7514.197074  

7. Tamhane, S., & Gharib, H. (2016). Thyroid nodule update 
on diagnosis and management. Clinical Diabetes and 
Endocrinology, 2, 17. http://doi.org/10.1186/s40842-016-
0035-7  

8. Delfim, Ricardo Luiz Costantin, Veiga, Leticia Carrasco 
Garcez da, Vidal, Ana Paula Aguiar, Lopes, Flávia Paiva 
Proença Lobo, Vaisman, Mário, & Teixeira, Patrícia de 
Fatima dos Santos. (2017). Likelihood of malignancy in 
thyroid nodules according to a proposed Thyroid Imaging 
Reporting and Data System (TI-RADS) classification 
merging suspicious and benign ultrasound features. Archives 
of Endocrinology and Metabolism, 61(3), 211-221. Epub 
March 27, 2017.https://dx.doi.org/10.1590/2359-
3997000000262  

9. Chi, J., Walia, E., Babyn, P., Wang, J., Groot, G., & 
Eramian, M. (2017). Thyroid Nodule Classification in 
Ultrasound Images by Fine-Tuning Deep Convolutional 
Neural Network. Journal of Digital Imaging, 30(4), 477–
486. https://doi.org/10.1007/s10278-017-9997-y  

10. Zahir ST., Vakili M., Ghaneei A., Sharahjin NS., Heidari F., 
Ultrasound Assistance In Differentiating Malignant Thyroid 
Nodules From Benign Ones. J Ayub Med Coll 
Abbottabad. 2016 Oct-Dec;28(4):644-649. 
http://jamc.ayubmed.edu.pk/index.php/jamc/article/view/77
8/761  

11. Wang, D., He, Y.-P., Zhang, Y.-F., Liu, B.-J., Zhao, C.-K., 
Fu, H.-J., … Xu, H.-X. (2017). The diagnostic performance 
of shear wave speed (SWS) imaging for thyroid nodules 
with elasticity modulus and SWS 
measurement. Oncotarget, 8(8), 13387–13399. 
http://doi.org/10.18632/oncotarget.14534  

12. Chen, M., Zhang, K.-Q., Xu, Y.-F., Zhang, S.-M., Cao, Y., 
& Sun, W.-Q. (2016). Shear wave elastography and 
contrast-enhanced ultrasonography in the diagnosis of 
thyroid malignant nodules. Molecular and Clinical 
Oncology, 5(6), 724–730. 
http://doi.org/10.3892/mco.2016.1053  

13. Şahin M., Tatar I., Korkmaz H., Importance of 
Sonoelastography in Assessing Non-Thyroid Neck Masses. 
Turk Arch Otorhinolaryngol. 2017 Mar; 55(1): 10-16. 
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5782921/ 

14. Herman, J., Sedlackova, Z., Vachutka, J., Furst, T., 
Salzman, R., & Vomacka, J. (2017). Shear wave 
elastography parameters of normal soft tissues of the neck. 
Biomed Pap Med Fac Univ Palacky Olomouc Czech Repub, 
161. https://doi.org/10.5507/bp.2017.024 

15. Hwang IJ., Kim DW., Baek HJ., Ultrasonographic Interval 
Changes in Solid Thyroid Nodules after Ultrasonography-
Guided Fine-Needle Aspiration. Korean J Radiol. 2018 Jan-
Feb; 19(1) 158-166. 
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5768498/ 

16. Sigrist, R. M. S., Liau, J., Kaffas, A. E., Chammas, M. C., & 
Willmann, J. K. (2017). Ultrasound Elastography: Review 
of Techniques and Clinical Applications. Theranostics, 7(5), 
1303–1329. http://doi.org/10.7150/thno.18650



4	

	

This page intentionally left blank. 


