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Conventional diagnostic imaging methods could not demonstrate the objective images of tumor elasticity of the thyroid.
The newly innovated technology of Elastography enable to display the tissue elasticity. As clinical evaluation of this technology for thyroid tumors, unique and characteristic images were obtained in every type of thyroid nodular disease. In case of
thyroid cancer, especially, Elastography is expected to play an important role in decision making for surgical strategy.

Key Words: Elastography, Thyroid Cancer, Follicular Thyroid Cancer, Thyroid Papillary Cancer

1. Background
Palpation is an important diagnostic technique for diseases of the thyroid, as it is an organ located near the sur-

investigate the feasibility of applying this technique to the
clinical evaluation of thyroid tumors.

face of the body. In particular, the hardness of a tumor is

Unlike with a breast, which is located between subcuta-

considered to be an indicator of malignancy. Recent devel-

neous fat and pectoralis major muscle, with the thyroid

opments in high resolution ultrasound equipment have

gland, even though it is also a superficial organ, applying

made it easy to detect lesions that cannot be felt by palpa-

uniform pressure is difficult. Its convex shape and the

tion. However, there have been various practical difficul-

presence of anatomical features such as the centrally locat-

ties associated with realizing an objective technique for

ed trachea, which is very different in hardness, make is dif-

visualizing the elasticity of palpable tumors. Elastography

ficult to conduct Elastography. Nevertheless, we are cur-

is based on the principle that when body tissues are com-

rently using Elastography for clinical examination of the

pressed, the softer parts deform more easily than the

thyroid with the aim of improving both the detection of

harder parts . In this technique, the amount of displace-

thyroid cancer and differential diagnosis. In connection

ment at various depths is determined from the ultrasound

with this, there has been a dramatic increase in recent

signals reflected by tissues before and after they are com-

years in the use of FNA ultrasound for differential diagno-

pressed, and the corresponding strains are calculated from

sis of asymptomatic thyroid tumors, which are often

these displacements and displayed visually 3). This tech-

detected with current high-resolution ultrasound. It is

nique has already proved itself to be very useful in the

anticipated that the use of Elastography in conjunction

detection of cancer in breast tissue. In this study, we

with conventional ultrasound and Color-Doppler (CD)

1) 2)
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examination will enable accurate imaging diagnosis while
decreasing the number of unnecessary FNA examinations.

Pattern 3 : the nodule is colored a mixture of light green
and red.
Pattern 4 : the whole tumor is hard and displayed in blue.

2. Subjects and methods
Soft

In this study we focused on thyroid tumors such as papillary cancer, follicular cancer and adenomatous goiter,
which were diagnosed cytologically and were surgically
treated at our institutions. Ultrasound observations were
made using the EUB-8500 to obtain B-mode and tissue

Pattern 1

Pattern 2

elasticity images with Linear probes of 6-13 MHz and display them simultaneously on the same screen. Elastography images were also compared with CT images, cyto-

Hard

logical diagnosis, surgical specimen sections, and pathological findings. Like ordinary ultrasound testing, Elasto-

Pattern 3

Pattern 4

graphy is performed by extending the neck, placing an
ultrasound probe on the neck, and pressing down slightly

Fig. 2 : Elastography patterns in thyroid nodular disease

to apply pressure (Fig. 1). None of the patients complained
of feeling any particular discomfort during the examina-

In cases of thyroid papillary cancer, we mainly obtained

tion. When visualizing papillary lesions in the thyroid, the

images corresponding to Pattern 3 or 4, which are thought

region of interest (ROI) was set to cover the entire thyroid

to be characteristic findings for this condition. In the case

including the lesion, while for lymph nodes the ROI was

shown in Fig. 3, B-mode images revealed hyperechoic

set to a region centered on the lymph nodes including a

spots in a hypoechoic region, while Elastography revealed

small amount of the surrounding connective tissue such as

a pattern corresponding to Pattern 3 in which hard and

muscles and blood vessels.

soft parts were mixed together (Fig. 3a). In a section taken

This study investigated the clinical usefulness of Elasto-

from a surgical sample, we found a relatively soft papillary

graphy for differential diagnosis of follicular tumor of the

carcinoma with granular hard tissue contained in it (Fig.

thyroid.

3b). Fig. 4 shows another case of papillary cancer that was
the solid part inside a cyst. The solid cancer part shows as

Pressure

Pattern mixed with a
mottled blue and light
green appearance in
the middle

Fig. 1 : Operation of Elastography probe in thyroid
a : Elastography imaging

3. Results
We obtained various Elastography images, which were
characteristic and unique to each of the cases in this study.
As demonstrated in Fig. 2, the visualization patterns could
be classified into four main patterns.
Pattern 1 : the nodule is relatively homogenous and colored light green.
Pattern 2 : the center of the nodule is colored green and

b : Cut section
Fig. 3 : Case 1 : Pattern 3 Thyroid papillary cancer

its periphery is colored blue.
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a hyperechoic lesion in B-mode, and was visualized as com-

In follicular cancers, the majority of Elastography pat-

pletely blue hard tissue by Elastography (Fig. 4a). The cut

terns were Pattern 2. Assuming Pattern 2 to be malignant

section revealed papillary cancer inside the cyst and

and others to be benign, 69 of 72 benign tumors and 14 of

showed that Elastography gives extremely similar images

16 follicular cancers had been accurately diagnosed, yield-

to the real appearance (Fig. 4b).

ing a sensitivity of 87.5%, a specificity of 95.3%, and an
accuracy of 94.3%.
In follicular cancer of the thyroid, the peripheral zone of
the tumor tended to be hard and was displayed in blue
with light green in the center as in Pattern 2 (Fig. 5a). The

Solid papillary cancer
parts inside the cyst
are displayed in a
homogeneous blue

a : Elastography imaging

Pattern with the
peripheral zone of the
tumor displayed in
blue

a : Elastography imaging

b : Cut section
Fig. 4 : Case 2 : Pattern 4 Intracystic papillary cancer

The diagnosis and management of follicular cancer of
the thyroid gland remains a controversial topic. Fine nee-

Follicular carcinoma: Vascular invasion below the capsule

dle aspiration, although very sensitive with other types of
thyroid cancer, has limited accuracy with follicular lesions.

b : Left : Cut section Right : HE dyeing × 100

The use of Color-Doppler (CD) imaging has been anticipated for the differential diagnosis between follicular adenoma and follicular carcinoma 4) 5). Clinical evaluation of
Elastography for the differential diagnosis of thyroid follicular lesions has been carried out in our institution. Up to
the present, 88 follicular tumors have been examined by
gray-scale US imaging, CD imaging and Elastography. A
comparative study of these images was made and final
diagnosis was determined by histological diagnosis.
All the follicular tumors were surgically and histopathologically diagnosed finally. In this series, 44 hyperplastic
nodules, 28 follicular adenomas and 16 follicular cancers
were found. Of the 72 benign thyroid nodules, 60 cases
(83.3%) demonstrated as Pattern 1, 3 cases as Pattern 2
and 9 cases as Pattern 3. Of the 16 follicular cancers, on the

c : Difference of cellular density

other hand, 1 case demonstrated as Pattern 1, 14 cases

Fig. 5 : Case 3 : Pattern 2 Follicular cancer

(87.5%) as Pattern 2, and 1 case as Pattern 3, respectively.
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blue zone at the tumor periphery in Elastography images

with stable pressure. The neck contains a wide range of

more or less matches the hypoechoic region at the periph-

organs in relatively narrow compartments compared to

eral zone of the tumor shown in B-mode, and pathological

breast tissue. Therefore, Elastography imaging for the

examination revealed that a small irregular follicle struc-

thyroid gland will probably require longer training time to

ture had formed under the tumor capsule, which is pre-

achieve images that are of value for diagnosis. Further

sumed to represent hypercellularity in the peripheral zone.

study is needed to improve this technique particularly

Elastography can provide new useful information for

with respect to adjusting the pressure and the direction of

the differential diagnosis of thyroid follicular tumors.

the applied pressure taking into consideration anatomical

Especially, Pattern 2 could demonstrate the characteristic

structure. However, a great deal of information was

findings of follicular cancer, which depend on the histologi-

obtained by combining B-mode and Elastography, and it is

cal feature of tumor cellularity with a tighter formation at

thought that this technique will contribute to the decision

the periphery than at the center.

of treatment plans for thyroid disease. Furthermore, since

Finally in cases of adenomatous goiters, the whole of

Elastography can display the heterogeneous hardness

the tumor was displayed as light green up to the periphery

inside a tumor and express the properties of a tumor, it

of the tumor as shown in Fig. 6a, showing that the elastici-

should be effective for differential diagnosis. Additional

ty inside the tumor tends to remain relatively homoge-

clinical research should be expected in the near future.

neous. This finding differs from the pattern of Elastography obtained in cases of follicular cancer, where the
periphery displayed as a blue zone. Thus, these Elastography findings show its possibility for distinguishing differences of cellularity, and also providing qualitative diag-
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a : Elastography imaging
b : B-mode imaging
c : Cut section
d : Close-up view
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Fig. 6 : Case 4 : Pattern 1 Adenomatous goiters

4. Conclusion
In Elastography, the probe is manipulated by hand and
the examined lesion is repeatedly pressed and released
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