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Background

Summary

Thyroid gland disorders include benign and malignant thyroid nodules and diffuse thyroid
disorders. The incidence of malignant thyroid nodules is low and the prognosis is good. The
diagnosis of thyroid cancer and diffuse parenchymal disorders is generally based on clinical
manifestations and histopathological evaluation. Ultrasonography has its place in the diagnostics
and follow-up of thyroid disorders. Ultrasonographic elastography is a new, developing method
that shows increase in clinical practice. In this study, we aimed to review the data on thyroid
ultrasound elastography.
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As such an important tissue plays many roles in metabolic

The thyroid gland develops in a primitive foregut by origi-
nating from the foramen caecum in the tongue root in the
3" gestational week. During the embryologic development
process, it gets located in the neck, coming down from the
structures that make up the hyoid bone and the larynx [1].
It is a gland that weights 20 grams on average. It compris-
es two lobes and one isthmus that unites them. Moreover,
the pyramidal lobe, which goes up from the isthmus and
which is a remnant of the thyroglossal duct, is present in
50-80% [2]. While each lobe is 4-5 cm high, 2-3 cm wide,
and 2-4 cm thick, the lobes are generally located between
the 1% and 4 tracheal ring. Left and right lobes partially
encircle the trachea from the front. On its lateral side there
is the carotid sheath and sternocleiodomastoid muscle [3].

Thyroid follicular cells are responsible for thyroid hormone
synthesis and parafollicular cells are responsible for cal-
citonin secretion. Thyroid hormone secretion is under the
control of the hypothalamic-hypophyseal-thyroid axis. T3
and T4 are the hormones that regulate basal metabolism.
They regulate protein synthesis by connecting nucleus
receptors, which are inside the cell. Also, they increase oxi-
dation in the mitochondria. They also have such functions

activity, there are many thyroid pathologies in the society.
These are congenital anomalies, diffuse parenchymal dis-
eases, benign and malignant thyroid nodules and carcino-
mas [5]. Generally, thyroid diseases are common and they
are formed in the course of different mechanisms. Among
these diffuse parenchymal diseases, diffuse hyperplasia,
which follows from iodine deficiency, is the most common
cause of Graves' hyperthyroid disease and it is also auto-
immune, as Hashimoto’s thyroiditis. In Graves' disease,
immunoglobulins, which stimulate the thyroid gland as
long-acting thyroid stimulators, cause hyperthyroidism by
stimulating the TSH receptor. Diffuse enlargement in the
thyroid gland is followed by hyperthyroidism and infiltra-
tive ophtalmopathy and dermatopathy [6]. Hashimoto's
thyroid is believed to develop because of autoantibodies
that form against thyroid proteins (especially TG) [7]. It is
believed that viral infections play a role in subacute gran-
ulomatous thyroiditis. Painful thyroid gland enlargement,
which is usually accompanied by high fever, constitutes
the classic clinical chart. Subacute lymphocytic thyroiditis,
which is also autoimmune, is accompanied by postpartum
hyperthyroid and hypothyroid. It is formed by acute sup-
purative (infectious) thyroiditis bacteria. Riedel thyroiditis
is followed by fibrosis. It is rare [8,9].

as controlling the activity of enzymes in the cell membrane

structure. That is why the thyroid hormone is necessary

for a normal life [4].

Thyroid has also diseases with malignant and benign nod-
ules. Most of the solitary thyroid nodules are follicular
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adenomas or such benign lesions as localized, non-neoplas-
tic nodular hyperplasia (hyperplastic nodule), simple cyst,
and thyroiditis hypocenter. In contrast, thyroid carcinomas
are not frequent and make up less than 1% of solitary thy-
roid nodules. Nodule prevalence is in a direct proportion to
age and it can be roughly calculated with the “patient’s age
- 10" formula. Although the prevalence is high, only 2-4%
of nodules are malignant [10]. It has been reported that
thyroid nodules are found in 50% of autopsies [11]. This
shows the right way to accurate diagnosis and treatment.
In thyroid gland diseases, swelling in the neck, dysphagia
and hoarseness are generally present. Also, there are differ-
ent symptoms in diseases that will cause thyroid hormone
deficiency and excess.

Among the diagnostic methods, ultrasonography (USG) is
the most fundamental one. With the application of high-
resolution USG devices, the assessment, with high-frequen-
cy linear probes, has become very important in thyroid
gland diseases. Ultrasonic waves, which penetrate eas-
ily into the thyroid gland, can easily monitor the modifi-
cations in the gland. The fact that USG is cheap, common
and easy to use makes it very important in characteriza-
tion of nodules and diagnostics in case of thyroid diseas-
es [5,11]. Moreover, ultrasonography does not have high
specificity or sensitivity for including or excluding malig-
nant nodules [10-12]. Fine needle aspiration biopsy is the
next accepted step. Generally, fine needle aspiration biopsy
is defined as: non-diagnostic, non-neoplastic, atypical/fol-
licular lesions, or malignancy. Almost 20% of biopsy aspira-
tions are non-diagnostic and the procedure requires to be
repeated. That is why fine needle aspiration biopsy is not
the gold standard and there are limitations in malignancy
exclusion [11,13].

Lately, ultrasonographic elastography (UE) technique has
become very important for radiologists who apply USG. It
is done with the related software and probes to ultrasonog-
raphy. UE is a method to monitor the response, elasticity
and stiffness of tissue. It is cheap, easy to apply, takes short
time and has no adverse effect. That is why, researchers
have made hundreds of publications lately and a part of
them are related to thyroid tissue [11,14-16].

In this article, our aim was to evaluate the application of
UE in thyroid tissue, its limitations and correlation with
pathology.

Material and Methods

A systematic literature search was conducted using
PubMed and Google Scholar for “Ulatrasonographic
Elastography” and “Thyroid Elastography”. A total of 49
studies concerning the thyroid, thyroid disorders and thy-
roid elastography were included for review.

Elastography

The oldest method to assess the stiffness of tissues is exam-
ination with palpation. It has been used in medicine since
ancient Egypt. Palpation is still used today in examina-
tion of the breast, thyroid, prostate and liver. Evaluating
the stiffness and elasticity of organs with palpation is

subjective and it is not always adequate to detect lesions in
tissues and organs [14,15].

UE, which is done by sonography lately, does a qualitative
or quantitative evaluation depending on the stiffness of
the tissue [17,18]. The fact that elastography gives infor-
mation about the stiffness of tissue provides a new dimen-
sion to sonographic diagnostics. Amongst UE methods,
strain elastography is the most commonly used one [19].
Evaluating only the superficial tissue stiffness in the first
few years, elastography is now used to assess almost all
tissues and organs thanks to new methods [20]. of the
applied UE methods vary depending on tissue effects and
received data. Strain elastography, based on a compression
technique, uses shear waves, which move towards the lat-
eral aspect of tissue after its stimulation with an acous-
tic radiation force. Moreover, the acoustic radiation force
stimulates tissues with an impulse, and Acoustic Radiation
Force Impulse Imaging (ARFI) measures the speed of shear
waves. Transient elastography is also used to measure the
speed of shear waves [18,20].

Two methods are used in thyroid tissue: strain and shear
wave elastography.

Ultrasound elastography methods
Semi-static methods
Strain elastography

It is the most common UE method. In this method, com-
pression is applied with a probe on the area. Tissue defor-
mation and change, being a response to the applied force,
are monitored. The applied force causes axial change in
tissue and this is calculated by comparing the ‘before’ and
‘after’ echoes. Young's elastic module, developed by the
Hooke's rule, is the tissue stiffness measurement scale.
This is a ratio of the applied pressure to the measured
intensity (E=pressure/intensity). Intensity is the change of
shape or dimension caused by force. In this method, this
is the contraction or expansion of tissue in the direction
of the applied force. With real time monitoring, the move-
ment of tissue, pressure (compression) and decompression
can be watched as a B-mode on the USG monitor and as a
colored elastogram. Moreover, the applied compression and
decompression waves can be watched as sinusoidal waves
on the ultrasonography monitor. It is preferable to measure
the monitored decompression wave while measuring the
strain value because in the phase of decompression wave,
no external force is applied on tissues. This phase includes
the process of tissue getting back to its previous state and
it shows the response it gives with its own internal dynam-
ics to the applied force. That is why, it is believed that
the measurements done in the decompression phase bet-
ter reflect the elasticity of tissue than in the compression
phase. In this method, differences in pressure applied by
hand, depth of tissue and accurate application of the probe
cause differences in change rates of tissue. In general,
stiff tissues are coded as blue, while soft tissues are red.
Tissues with average stiffness are coded as green/yellow. In
this method, elasticity measurement is qualitative or semi-
quantitative [19-21].
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Figures 1. (A, B) Elastogaphy calculation of the normal thyroid parenchyma. The left side of the windows is a color-coded elastography image and
the right side is a gray-scale image. The circles indicate the ROIs where we measured the stiffness ratios. One is on the starp muscle and
one is on the normal thyroid parenchyma. At the bottom of the screen, a normal sinusoidal wave can be seen. It shows that the pressure
of the probe is appropriate and regular. The numbers indicates the strain values and ‘% 'indicates the strain ratio.

Qualitative approach — teal time elastography (RTE)

In RTE, compression is applied to the area with a probe,
and strain characteristics, which form as a response to the
applied force, are coded on gray scale images. In general,
stiff tissues are coded as blue, soft tissues are red and tis-
sues with average stiffness are coded as green. In strain
elastography, echoes, which come from the examined area
during the pre-compression phase, are analyzed. In this
phase, radio frequency signals, which make up the image,
are stored. The same process is done after compression as
well, and signals obtained in two windows are compared
to determine the difference. This difference is relocation of
the tissue. Then, depending on the distance from the probe,
the speed of relocation differences of each point in the
image is recorded as digital data. These relocation speed
values obtained during the decompression and compression
phase, are named as strain values and are shown in elasto-
gram. Later, with the use of a score system, they are given
points of 4-5. With the help of mechanical tools or a free-
hand method, force can be applied to tissues with probe
compression. The data obtained in elastography with a free
hand showed no significant difference between observer
values [12,20,22,23].

Semi-quantitative approach — strain ratio elastography

During the process, two regions of interest (ROI) are cho-
sen. By putting one ROI on the area and one ROI on the
reference tissue, strain ratio values are obtained [24,25].
In images obtained with strain elastography, tissues are
coded as color or grey depending on strain characteristics.
In general, stiff tissues are coded as red, while soft ones
are blue. Tissues with average stiffness are coded as green.
Strain index (SI) is the ratio of the strain value around the
examined tissue to the strain value of the examined tissue.
In the calculation of the strain index, an ROI is placed on
the area to be compared. By measuring from the reference
tissue, which is on the same alignment, the ratio of the
reference ROI to the first ROI is obtained. This obtained
data is called SI. Stiff tissues have a high value of SI as, in
general, they can be less compressed and deformed com-
pared to surrounding tissues. In comparison of elasticity

of different lesions, the SI value is accepted as a criterion.
In strain elastography, strain monitoring and measurement
can be done in the whole examined area. The parameters
that affect image quality are window width, probe com-
pression speed and force (Figure 14, 1B) [26].

In this method, probe movement must be done in one
direction carefully so as to reduce image noise; palpation
speed must be chosen carefully and the dimensions of elas-
tography windows must be determined as localized to the
examined area. Probe compression must be as equal gap
as possible. Slow probe compression provides better image
quality than fast compression. Havre et al. obtained the
best data with compression rate of 0.5 per second while
Doyley et al. 1.3-2 per second. To better assess the elas-
ticity of the tissues in strain elastography, the probe and
the target must be <3-4 c¢m. In the examination of such
homogenous organs as liver, there must not be any struc-
tures that may absorb compression waves between the
probe and the examined area [22, 26, 27].

Shear-wave measurement approach — the shear wave elastography
(SWE)

Two- or three-dimension images can be obtained with
shear wave elastography. In this method acoustic waves
are sent to the tissue on the examined depth. Emission
speed that forms on the tissue is measured. The detection
of the movement of shear waves is realized by processing
ultrasound waves in a fast way (20000 images per second).
In this way, data is obtained in a few milliseconds. The
shear wave elastography technique is a real-time UE meth-
od. The speed of shear waves is shown in m/sec, whereas
the elasticity of the tissue is shown in kiloPascal (kPa). The
elasticity of the tissue is measured with the E=pc? formu-
la. In this formula, E is tissue elasticity, p is tissue elastic-
ity (kg/m®) and c is SW speed (m/sec) [28].

ARFl technique
Acoustic radiation force is related to the emission of acous-

tic waves [29]. In the ARFI technique, short-term (0.03-0.4
msn) acoustic pulses with high energy formed with the
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Figure 2. Elastogaphy calculation of thyroid parenchyma with
Hashimoto’s disease.

USG probe cause localized small relocation (1-20 um) (35).
As a result of this relocation, shear waves are formed and
these waves are detected with ultrasound correlation by
the USG device [29,30]. With the ARFI technique, by meas-
uring relocation in the tissues, qualitative images can be
obtained without measuring the speed of shear waves. In
ARFI monitoring, soft tissues are in bright colors where-
as stiff tissues are darker. In the quantitative assessment,
on the other hand, SW speed goes up with tissue stiffness.
In the ARFI technique, the measurement of shear waves
is performed in a rectangular 1Xx0.5-cm box. The speed of
shear waves is shown in m/sec and is equal to the square
root of tissue elasticity [31,32].

Transient elastography

It is also known as vibration elastography and is a kind of
shear wave elastography. However, there is a device that
applies vibration externally in this technique. In this meth-
od, shearing speed in the tissue is measured [19]. To differ-
entiate precursor waves from reflecting waves in the tis-
sue, vibration is applied on a short term. It is more likely to
be used in liver examinations [19].

Discussion

Normal thyroid is soft-looking, green and homogenous in
elastography. It is interpreted as score 1. Score 2 can gener-
ally be green/red/yellow and it can arise from a situation
that causes parenchymal hyperplasia or tissue complica-
tion [33]. There are few articles about the normal values
of thyroid parameters. There are usually normal values in
articles written on a pathological basis. In literature, the
strain ratio value in normal individuals has been found to
be 0.76+0.55 [34]. Normal values, with the ARFI technique,
were similar. A general value has been found to be approxi-
mately 240.40 m/s [21,35,36]. In another ARFI study, the
value has been found as 1.98 m/sec [37]. In a study car-
ried out with strain elastography, the normal value was
20.8+10.4 kPa [38].

In B-mode USG, most of the benign nodules were found as
isoechogenic or hyperechogenic and hypoechogenic halo
and there were different color patterns in Doppler [39,40].
As a benign nodule is softer in UE, it deforms easily. A

malignant nodule, on the other hand, is harder to deform
[25,41-43]. Benign thyroid nodules are 1.7 times harder
than the surrounding thyroid tissue. Malignant nodules,
on the other hand, are 5 times stiffer [44]. As cystic nod-
ules and nodules with calcification will prevent technically
accurate assessment, they are not taken into elastographic
assessment [45,46].

In a meta-analysis conducted in 2010, quasi-static elastog-
raphy recognized thyroid cancer with 92% sensitivity and
90% specificity [47]. In a study with 92 cases conducted in
2007, the sensitivity of UE was found to be 97% whereas
the specificity 100%. However, it should be underscored
that all cases included in the study were cytologically malig-
nant and that the size of the nodules were big. In a study on
391 nodules, scoring with UE made a significant differen-
tiation between thyroid nodules compared to histopathology
results. In this study, the performance of score 5 in detect-
ing malignancy was lower than of score 1 to detect benign
lesions. Also, the sensitivity and specificity of UE scoring
was 58.4% and 71.0%, respectively [48]. The fact that there
are many studies on UE application in thyroid nodules
attracts attention despite its high specificity and sensitivity.
It has been reported that UE accuracy in detecting malig-
nant thyroid nodules is suboptimal. There are cases where
UE application is limited as well. As USG waves do not pass
through calcifications, the method can be misleading in
strongly calcified nodules. In purely cystic nodules, it is not
right to apply UE as nodules neighboring bigger veins and
complex nodules with cystic components have more liquid
tissue elasticity [48,49]. Technically, it may not be applied
on patients with conglomerate-looking multiple nodules.
Although UE has more successful results in classic papil-
las and variant papillary cancer, there is not enough data
about its application in follicular, medullary, anaplastic car-
cinoma, lymphoma and secondary metastasis [41,43,45,48].

There are also studies in literature where UE has been used
for diffuse thyroid diseases. These are chronic autoimmune
thyroiditis, Basedow-Graves’ disease and multi-nodular
goiter. In these diseases, it has been observed that stiffness
value in elastography rises depending on the histological
state of the patient [21]. In a study on Hashimoto's thy-
roiditis, the strain index value turned out to be 1.39+0.72
(Figure 2). It has been found considerably higher than in
the average stiffness group. The value in the control group
was 0.76+40.55 [34]. In the ARFI study, autoimmune thy-
roiditis value and Graves value were found to be 2.07+0.44
my/sec and 2.68+0.50 m/sec, respectively (p<0.0001) [21].

Conclusions

UE is a monitoring method that measures shape change in
tissue after application of internal or external compression
with conventional USG devices. It is a non-invasive method
that gives information about all nodules. Like other USG
methods, it is cheap, easy to access, performed in real time,
non-invasive, easy to apply, it takes short time and does
not contain ionising radiation. While different thyroid stud-
ies have shown that UE can be beneficial, it is a new tech-
nique. Moreover, there are some limitations. It is still far
from being used primarily for the thyroid gland. However,
new studies can be promising for the future.
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