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Abstract: Objective: To investigate the diagnostic value of real-time tissue elastography (RTE) in defining the nature
of thyroid nodules and its diagnostic efficiency in diagnosing malignant thyroid tumor. Methods: Sixty-eight patients
who were diagnosed as having thyroid nodules and treated in our hospital were included as subjects (the total
number of nodules is 102). All of them received both conventional B-mode ultrasound (BUS) and RTE tests prior to
the operation. The diagnostic values and efficiencies of BUS and RTE in the differentiation of malignant and benign
thyroid nodules were compared and analyzed by using receiver operating characteristic (ROC) curve and surgical
pathological diagnosis as gold standards. Results: In the study, there were 61 benign thyroid nodules out of 38
cases and 41 malignant thyroid nodules out of 30 cases. By the analysis of ROC curve, the area under the curve and
95% of confidence interval of RTE and BUS were 0.923, 0.886-0.967, and 0.835, 0.761-0.896 respectively, with
statistically significant difference (χ2=9.027, P=0.000). Moreover, there were intergroup differences in the sensitivity, specificity and accuracy of BUS and RTE when they are used to define the nature of thyroid nodules, which were
67.21%, 46.34%, 58.82%, and 85.25%, 75.61% and 81.37% respectively (all P<0.05). Conclusion: Compared to
BUS, the RTE method works more effectively in the differential diagnosis of thyroid nodules and demonstrates high
diagnostic value in detecting thyroid malignancy.
Keywords: Real-time tissue elastography, thyroid ultrasonography, diagnostic value, thyroid malignancy

Introduction
In recent decades, incidence of thyroid nodules
has been rising each year in China, and according to the clinical and epidemiological data, the
incidence of thyroid malignancy accounts for
around 5% of all these cases. Although there
are similarities in the clinical manifestations of
malignant and benign thyroid nodules, the
treatment and the prognosis of these two kinds
of nodules are extremely different [1, 2].
Therefore, it is of great clinical importance to
choose a testing method that is highly accurate, easy to perform and non-invasive for diagnosing and defining the nature of thyroid nodules during the early stage, so that physicians
can decide on treatment options in a timely
manner [3]. At present, the thyroid nodules are
mainly examined by palpation and conventional
two-dimensional B-mode ultrasound (BUS), but
the specificity and accuracy of the examination
are not very satisfactory [3]. In recent years,
the real-time tissue elastography (RTE) has

been gaining clinical attention, as it has demonstrated good performance when applied in the
differentiation of benign and malignant nodules
in mammary gland, prostate and other organs.
However, the reports of RTE being used for
assessing the thyroid nodules are relatively few
[4]. Therefore, this study was to investigate the
clinical value of RTE in the differential diagnosis
of thyroid nodules by analyzing the clinical data
of the patients in our hospital, and to obtain
evidence-based clinical information about
using this method for the early detection of thyroid malignancy.
Materials and methods
Participants/subjects
A total of 68 patients who were diagnosed as
having thyroid nodules in our hospital between
January 2015 and December 2016 were
recruited for the study. The total number of the
nodules in these cases was 102. Patients con-
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the volume of the thyroid
lesions was measured by twodimensional BUS, and the
shape, quantity, border, blood
supply, calcification, homogeneity of the nodules, and presence of any diffuse echo
change in the surrounding tissues were carefully examined.
The examination conditions
were based on the size of the
thyroids and the location and
depth of the lesions. Patients
were asked to refrain from
swallowing, and the probe was
placed onto the neck area.
The coupling agent between
Figure 1. RTE images of the thyroid nodules with different grades in elasticity
the probe and neck skin could
scoring system. A. Grade 1: nodules which were identified as nodular goiter
by pathological examination showed red, green and blue color in image; B.
be increased if needed. The
Grade 2, nodules were identified as follicular adenoma by pathological exexaminer vibrated the probe
amination; C. Grade 3, nodules were identified as thyroid papillary carcinowith a vibration frequency of
ma; D. Grade 4, nodules were identified as nodular goiter with focal follicular
twice per second and a presepithelial papillary hyperplasia.
sure index of 3-4. The size of
the target area was adjusted
sisted of 40 males and 28 females with an
over twice the size of the lesion area. When the
average age of 45.8±9.2. Among them, 37
image quality became stable, the image was
patients had single nodule and 31 patients had
frozen and transmitted to the hard disk of the
multiple nodules. Inclusion criteria were as folinstrument. Images were scored by two physilows: 1) patients were diagnosed as having thycians who were highly experienced in diagnosroid nodules by palpation and general neck
tic sonography. Only the qualified images were
ultrasound; 2) patients received surgery and
taken for the measurement of the thyroid nodpathologic diagnosis; 3) patients signed the
ules, and the average value of three scores of
informed consent. Exclusion criteria were: 1)
the image was taken as the final value.
the nodules were completely cystic; 2) the nodules were too big or too close to the edge where
Determination of hardness by ultrasonic elasthere was no adequate thyroid tissue surroundtography
ed for comparison; 3) patients received head
and neck radiotherapy in the past; 3) patients
The four-grade rating recommended by the
were obese with excessive fat in the larynx that
Esaote Group was adopted as the elasticity
could affect the results of BUS. Informed conscoring system. The ratings were as follows:
sents were obtained from all patients and the
grade 1, the whole lesion showed blue color
study was approved by the Ethics Committee of
(the blue color indicated an intermediate strain
the hospital.
rate); grade 2, most of the lesion showed blue
color, while few parts showed red color (the red
Examination equipment and methods
color indicated no strain); grade 3, most of the
lesion showed red color; grade 4, the whole
All patients in this study were given the convenlesion showed red color. By using this scoring
tional two-dimensional BUS and RTE tests prior
system, the nodule in grade 1 or 2 was diagto the operation. The instrument used for RTE
nosed as benign, whereas the nodule in grade
examination was Philips Color Doppler Ultra3 or 4 was highly suspected of being malignant.
sound iU22, and the L12-5 convex array probe
Thus, grade 1 and 2 were used as diagnostic
was applied. The detection frequency was set
criteria for benign thyroid nodule, and grade 3
at 5-14 MHz. During the examination, patients
and 4 as criteria for malignant nodule [4]. See
were in supine position, with their heads tipped
backward to fully expose the neck area. Then,
Figure 1.
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Figure 2. Conventional ultrasound images of the thyroid nodules. A. Halos with different thickness can be seen
around the nodules; B. Punctate hyperecho was detected in nodules; C. Signs of thyroid carcinoma are displayed,
and halos can be seen in the surrounding area.

value of two-dimensional BUS and RTE methods.
Statistical analysis

Figure 3. The ROC curve for the two-dimensional BUS
and RTE in detecting thyroid malignancy.

Criteria for defining benign and malignant thyroid nodules by conventional ultrasound
The characteristics of malignant nodules included: unclear boundary, irregular shape, internal
hypoecho, posterior echo attenuation, microcalcification, rich blood flow, anteroposterior/
transverse diameter ratio (A/T) ≥1, and vascular resistance index (RI) ≥0.7 etc. The characteristics of benign nodules included: clear boundary, regular shape, internal isoecho or hyperecho, no posterior echo attenuation, little
blood flow or no blood flow, no presence of calcification or coarse calcification, A/T ratio<1,
and RI<0.7 etc. [5]. See Figure 2.
Pathological examination
The patients underwent pathological examination of thyroid nodules during and after operation, and surgical pathological diagnosis was
used as gold standard for analyzing the clinical
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The SPSS software version 17.0 was used for
statistical analysis. The count data was expressed as percentage, and χ2 test was used
for intergroup comparison. Areas under the
curve (AUC) of both methods were calculated
by the receiver operating characteristic (ROC)
curve and compared by χ2 test, for assessing
the diagnostic value of the two-dimensional
BUS and RTE. Surgical pathological diagnosis
was used as gold standard, and the sensitivity,
specificity and accuracy in diagnosing thyroid
nodules by two-dimensional BUS and RTE were
calculated and compared; the diagnostic efficiencies of these two methods in the differentiation of benign and malignant thyroid nodules were compared by paired χ2 test. The test
level was set as α=0.05.
Results
Basic information
In the study, there was no diffuse echo change
detected in thyroids among all 68 patients and
the diameter of the 102 thyroid nodules ranged
from 0.4 to 5.2 cm with an average value of
2.8±1.1 cm. There were 58 nodules located in
the right lobe, 34 nodules in the left lobe, and
10 nodules in the isthmus. All the 102 nodules
were confirmed by surgical pathological diagnosis. There was a total of 61 benign nodules out
of 38 cases, which were identified as nodular
goiter, 41 malignant nodules out of 30 cases,
which were thyroid papillary carcinoma.
ROC curves for RTE and BUS
The ROC curve was plotted using sensitivity as
ordinate and 1-specificity as abscissa. Values
Int J Clin Exp Med 2018;11(2):824-829
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Table 1. Diagnostic value of the two-dimensional BUS and RTE
BUS
RTE
Benign Malignant Total Benign Malignant Total
Gold standard (surgical pathological diagnosis) Benign
41
20
61
52
9
61
Malignant
22
19
41
10
31
41
Total
63
39
102
62
40
102

Table 2. Comparison of the sensitivity, specificity and accuracy in two methods
Groups
BUS
RTE
χ2 value
P value

Sensitivity
67.21%
85.25%
7.847
0.036

Specificity
46.34%
75.61%
9.903
0.015

Accuracy
58.82%
81.37%
8.535
0.028

of AUC were calculated accordingly. The AUC for
RTE test in diagnosing the nature of thyroid
nodules was 0.923, and the 95% confidence
interval (CI) was 0.886-0.967. The RTE score
2.86 at the maximum of Youden index was chosen as the best critical point. If the RTE value
≥2.86, the nodule was considered malignant; if
the RTE value <2.86, the nodule was considered benign. The AUC for BUS was 0.835 and
the 95% CI was 0.761-0.896. The difference in
AUC value between two groups had statistical
significance (χ2=9.027, P=0.000), indicating
that the RTE method had higher diagnostic
value (Figure 3).
The sensitivity, specificity and accuracy of RTE
and BUS
The sensitivity, specificity and accuracy of the
conventional BUS and RTE were 67.21%
(41/61), 46.34% (19/41), 58.82% (60/102)
and 85.25% (52/61), 75.61% (31/41), 81.37%
(83/102) respectively, which meant that all
these three parameters were statistically different between the two testing methods (all
P<0.05, Tables 1 and 2).
Discussion
Thyroid nodules are quite comon in clinical
pratice and oftentimes discovered during physical examination. Since there is a lack of specificity in clinical manifestations of the malignant
noules in early stage, and the conventional twodimensional BUS can hardly differentiate the
malignant from the benign nodules, misdiagnosis could possibly occur [1, 5]. As early diagno-
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sis and treatment are crucial for patients with
thyroid malignancy, discovering an effective
method that can diagnose and identify the
nature of thyroid nodules during early stage has
become one of the popular clinical topics [2, 6].
The tissue stiffness varies with the pathological types of the nodules. In the study, the tissue
hardness of the thyroid papillary carcinoma
was 2 to 3 times that of the nodular goiter.
Clinicopathologic studies have shown that in
malignant tumor, there would be abnormal proliferation of interstitial fibrous tissue, as well as
an infiltrative growth of cancer cells in fibrous
stroma, which can cause tissue to be denser
and eventually increase its hardness [7].
Therefore, based on this pathological feature, a
new type of ultrasonic imaging technique, i.e.
ultrasonic elastography, has been applied clinically in recent years. Its principle is to form the
image by evaluating the differences in the tissue stiffness, so that the hardness of the lesion
can be reflected and the nature of the lesion
can be determined [8].
One of the important ultrasonic elastography
techniques is RTE, which can reflect the tissue
strain through qualitative measurements of
elastography [9, 10]. However, the results of
RTE are obtained mainly by the subjective measurements of elastogram, and since in elastography, the image is mixed with multiple colors
areas that are complex and diverse, it would be
difficult to control the accuracy of the diagnosis. Hence, the test results may have systematic deviations, and can even cause misdiagnosis or missed diagnosis [11, 12]. Therefore, in
view of this issue, clinical researchers have
suggested the use of the elatography score to
improve the accuracy in defining the nature of
thyroid nodules. It is mainly based on the
5-point scoring system proposed by Itoh for rating and diagnosis, in which the score was given
according to the distribution of the color areas
that was caused by different degrees of tissue
displacement following compression. Tissues
with high, medium and low elasticity coeffi-
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cients are shown as red, green and blue respectively [13, 14]. At present, RTE is widely used in
detecting the nature of lesions in breast, prostate and other areas, which has demonstrated
good diagnostic performance. However, the
clinical researches on the application of RTE in
defining the nature of thyroid nodules and early
detection of thyroid malignancy are still in progress [15, 16]. Therefore, this study investigated
and analyzed the diagnostic value of RTE, with
a view to exploring an effective method for the
early clinical detection of thyroid malignancy.
In this study, the pathological examination was
used as the gold standard; all benign thyroid
nodules were identified as nodular goiter and
malignant thyroid nodules were defined as thyroid papillary carcinoma. This showed that the
nature of the lesions in the subjects was not
complex and the systematic error would be little. In ROC curves, it can be seen that the values of AUC for RTE test were all greater than
0.9, which meant that RTE had good clinical
value in terms of differentiating benign and
malignant thyroid nodules. This result also
aligned with the previous findings [17-20].
Besides, as a criterion for defining benign and
malignant thyroid nodules, the maximum value
of Youden index was chosen as the standard
and the RTE score of 2.86 was set as the best
critical point. Further research also showed
that the sensitivity, specificity and accuracy of
RTE method were all above 75% and higher
than those in conventional two-dimensional
BUS, based on the above-mentioned diagnostic criteria and with pathological diagnosis as
gold standard. This presented that RTE method
had good diagnostic value with a relatively low
rate of misdiagnosing thyroid malignancy.
In this study, we found that there were still
some shortcomings in RTE, which were mainly
due to the limitations of diagnosis in large or
multiple thyroid nodules, for RTE requires adequate thyroid tissues in the surrounding area
as controls. Thus, the target detection areas
need to be at least twice the size of the nodule
areas. Meanwhile, the large or multiple nodules could make neck lumpy, causing difficulties in examination as probes cannot be in fully
contact with the neck. Since the overall sample
size in this study was not large enough and the
clinical study was single-centered, it would be
necessary to conduct a multicentered clinical
study with a larger-sample size for further verification.
828

In conclusion, RTE test can perform more effectively in the differential diagnosis of benign and
malignant thyroid nodules. The test has high
diagnostic value in detecting thyroid malignancy, and could be recommended as the initial
screening test of choice for patients who are
highly suspected of having malignant thyroid
tumors, with relatively small nodules and less
than three unilateral nodules.
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