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Thyroid ultrasound (US) is useful for detecting and characterizing 
nodular disease which prevalence being dramatically increased in 
iodine-deficient areas. The great majority of nodules are benign, 
less than 5% of them being malignant1-9. Fine-needle aspiration 
(FNA) is the best single test (invasive) for differentiating between 
malignant and benign lesions10-13, while US has the advantage of 
being a non-invasive procedure and of giving immediate infor-
mation14-17. Several studies establish the usefulness of US in the 
diagnosis of benign and malignant nodules. Non-palpable nod-
ules are detected by US in 13–50% of the general population4,36, 
raising the question of which nodules warrant evaluation by FNA.

US Elastography is a dynamic technique based upon the principle 
that the softer tissues deform easier than the harder parts under 
compression by an external force. This elasticity can be assessed 
by measuring the degree of distortion of the US beam 21,22. More-
over, malignant lesions are often associated with changes in the 
mechanical properties of a tissue, and US Elastography can dif-
ferentiate cancers from benign23-29.

Conventional US
The echographic patterns more frequently associated with thy-
roid carcinoma are hypoechogenicity of the nodule with respect 
to surrounding parenchyma, the absence of halo sign and the 
presence of microcalcifications (Figure 1)38-42. However, it is wide-
ly recognized that any single echographic pattern cannot be con-
sidered specific for malignancy.

Figure 1 Ultrasound (US) patterns in thyroid nodules 

Malignant nodule Benign nodule

Hypoechogenic Anechoic or hyperechoic

Absent halo sign Uniform, thin halo

Irregular margins Regular margins

Microcalcifications Egg-shell calcifications

In a prospective study14, the combination absent halo sign/pres-
ence of microcalcifications and increased intranodular vascular-
ization was strongly associated with malignancy. While the speci-
ficity of this combination was very high (97%), the sensitivity was 
very low (17%), being observed in only 5/30 carcinomas (Table 1).

Table 1 Echographic patterns and histology in 104 patients with thyroid nodule

US patterns
Carcinoma

(n=30)
Benign
(n=74)

P
Specificity

(%)
Sensitivity

(%)
Halo-/Microcal IBF 5 2 <0.01 97.2 16.6
Halo-/Hypoech IBF 13 6 <0.0001 91.8 43.3
Hypoech/Calcifications IBF 6 8 <0.20 89.1 20

US, ultrasound; Halo-, absent halo sign; Microcal, microcalcifications; 
Hypoech, Hypoechogenicity; IBF intronodular blood flow. Modified from Rago et al 
(1998, European Journal of Endocrinology 138: 41-46) with permission.

The American Society of Radiologists in Ultrasound17 has re-
viewed US patterns associated with cancer in thyroid nodules (Ta-
ble 2). In particular, US features associated with malignancy were 
microcalcifications, hypoechogenicity, irregular margins or absent 
halo sign, solid pattern, intranodular vascularization, and shape 
(taller than wide). All these patterns taken singly do not have 
sufficient predictive value. When multiple patterns suggestive of 
malignancy are simultaneously present in a nodule the specificity 
increases but the sensitivity becomes unacceptably low.

Table 2 Ultrasound signs suggestive of malignancy

US patterns
Sensitivity
(%)

Specificity
(%)

PPV
(%)

NPV
(%)

Microcalcifications (14,15,38-40) 6.1-59.1 85.8-95.0 24.3-70.7 41.8-94.2
Hypoechogenicity 26.5-87.1 43.4-94.3 11.4-68.4 73.5-93.8
Irregular margins or no halo sign (40) 17.4-77.5 38.9-85.0 15.6-27.0 88.0-92.1
Solid (39-41) 26.5-87.1 43.4-94.3 11.4-68.4 73-93.8
Intranodular vascularity (14,15,39-41) 54.3-74.2 78.6-80.8 24.0-41.9 85.7-97.4
Taller than wide (39) 92.5 92.5 66.7 74.8
PPV, positive predictive value; NPV, negative predictive value

However, in a recent consensus on the diagnosis of thyroid nodular 
disease it has been agreed that US is essential to select the nod-
ules that warrant FNA17-20. If nodules are present, US examination 
should be extended to the neck lymph nodes. Metastatic lymph 
nodes appear as rounded, solid with absence of the hyperechoic 
striae corresponding to the hilus, or cystic. Sometimes the pattern is 
solid and inhomogeneous, with spot calcifications (Figure 2).

Figure 2 Ultrasound (US) patterns in lymph nodes 
Inflammatory (typical) lymph node Suspicious (atypical) lymph node

Solid Solid, mixed/cystic
Hypoechogenic

Ellipsoid shape Round shape
Central hyperechoic line (ilus) Central hyperechoic line (ilus): absent
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Practice points

•	 In thyroid nodules, US features suggestive of malignancy 
are microcalcifications, hypoechogenicity, irregular mar-
gins or absent halo sign, solid aspect, intranodular vascu-
larization and shape (taller than wide);

•	 these patterns taken singly are poorly predictive;

•	when multiple patterns suggestive of malignancy are si-
multaneously present the specificity of US increases, the 
sensitivity decreases;

•	neck lymph nodes: metastatic lymph nodes appear round-
ed, solid with absence of the hyperechoic striae corre-
sponding to the hilus, or cystic.

US Elastography
Tissue elasticity was initially measured by an off-line processing of 
US images obtained before and after compression by the probe, 
but this technique is cumbersome and time-consuming44. More 
recently, methods assessing real-time measurement of tissue strain 
were developed: i.e. spatial correlation method, phase-shift track-
ing method, and combined autocorrelation method (CAM). Each 
method appears to have advantages and disadvantages (Table 3).

Table 3 Advantages and disadvantages of ultrasound elastography (USE)

Method Advantages Disadvantages Precision

Spatial correlation
Displacement two dimensions: 
longitudinal, lateral

Lengthy Moderate

Phase-shift tracking Precise longitudinal tissue motion Fails to measure High

Combined 
autoccorelation CAM

Rapid and accurate detection 
of longitudinal displacement

None High

Off-line processed Quantitative measure of stiffness
Labour-intensive 
and time-consuming

The spatial correlation method is used to demonstrate displacement 
in two dimensions (longitudinal and lateral), but the processing 
speed is very slow, which is a disadvantage for realtime assessment.

The phase-shift tracking method is based on an autocorrelation 
method that is well known as a principle of colour Doppler ultra-
sonography. It precisely determines longitudinal tissue motion, but 
poorly compensates for movements in the lateral direction, which is 
a disadvantage for free-hand compression. The more recently devel-
oped CAM can compensate for up to about 4 mm of lateral slip45,46.

The CAM method is based on US elastographic where the probe 
is placed on the neck, a light pressure is exerted, and a box which 
includes the nodule to be evaluated is selected by the opera-
tor. The principle of US elastography is to acquire two ultraso-
nographic images (before and after tissue compression by the 
probe), and to track tissue displacement by assessing the prop-
agation of the beam. The CAM dedicated software is able to 

provide an accurate measurement of tissue distortion. The US 
elastogram is displayed over the B-mode image with a superim-
posed colour scale to differentiate harder & softer component. 
The US elastographic image is matched with an elasticity colour 
scale and classified by using the elasticity score of Ueno and co-
workers (Figure 3)47.

Figure 3 Colour scale of Ueno and co-workers

Score

1 Elasticity in the whole nodule

2 Elasticity in a large part of the nodule

3 Elasticity only at the peripheral part of the nodule

4 No elasticity in the nodule

5 No elasticity in the nodule and in the posterior shadowing

To simplify thyroid nodular classification, the score developed by 
Ueno and Ito34 for the breast was modified as follows by Rago at all:

•	 score 1 included scores 1 and 2 of the previous classification 
and defined nodules with high elasticity;

•	 score 2 was maintained as an intermediate score;

•	 score 3 included scores 4 and 5 of the previous classification 
and defined nodules with low elasticity (Figure 4).

Figure 4 Elasticity Score

Score 1

Score 2

Score 3
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Conclusion
Ultrasound Elastography (USE) is a powerful new diagnostic tool 
that assesses hardness as an indicator of malignancy in thyroid 
nodules. USE has a high specificity and sensitivity independent 
of the nodule size, this predictive value being maintained in fol-
licular lesions.

Available data suggest that USE is the best available non-invasive 
tool comparable to FNA for the evaluation of thyroid nodules, 
provided that the nodule is solid and devoid of coarse calcifica-
tions. Thus conventional US retains importance for selection of 
nodules in which USE is predictive. Ultrasound Elastography has 
great potential as a new tool for the diagnosis of thyroid cancer, 
especially in nodules with indeterminate cytology.

Furthermore the combination of both Technologies, Elaxto and 
CnTI Contrast Media Modality, allows the best assessment in thy-
roid nodules evaluation.

Technology

(A) B-Mode (B) CFM-PWD (C) X-Flow (D) Elaxto (E) CnTI

A B C

D E

B-Mode and Elaxto Diagnosis. Laser Ablation Treatment and Contrast Media 
(CnTI Technology) follow-up
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