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Abstract: Shear wave elastography provides information about the stiffness of thyroid nodules that
could be a new indicator of malignancy. The current study aimed to investigate the feasibility of
using shear wave elastography (SWE) alone and in conjunction with grey scale ultrasound (GSU)
to predict malignancy in 111 solitary thyroid nodules. Malignant thyroid nodules tended to have
microcalcification, hypoechogenicity, tall to width ratio >1, and irregular borders (p < 0.05). SWE
indices (Emaximum and Emean) of malignant nodules (median ± standard error: 85.2 ± 8.1 kPa
and 26.6 ± 2.5 kPa) were significantly higher than those of benign nodules (median ± standard
error: 50.3 ± 3.1 kPa and 20.2 ± 1 kPa) (p < 0.05). The optimal cut-off of Emaximum and Emean for
distinguishing benign and malignant nodules was 67.3 kPa and 23.1 kPa, respectively. Diagnostic
performances for GSU + Emaximum, GSU + Emean, GSU, Emaximum and Emean were: 70.4%, 74.1%, 96.3%,
70.4% and 74.1% for sensitivity, 83.3%, 79.8%, 46.4%, 70.2%, and 66.7% for specificity, and 80.2%,
78.4%, 58.5%, 70.3%, and 68.5% for accuracy, respectively. Our results suggested that combining
GSU with SWE (using Emaximum or Emean) increased the overall diagnostic accuracy in distinguishing
benign and malignant thyroid nodules.
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1. Introduction

Grey scale ultrasound (GSU) is the first-line imaging investigation for the assessment of thyroid
nodules [1,2]. Although certain GSU features have been reported to be associated with thyroid
malignancy (microcalcification, hypoechogenicity, irregular shape, tall to width ratio >1, absent halo
sign, and irregular margins) [3–5], these features may also be found in benign nodules [6,7]. To date,
none of the GSU features are known to exhibit a high sensitivity and specificity in differentiating
benign and malignant thyroid nodules [8–10].

Fine-needle aspiration cytology (FNAC) is recommended by the American Thyroid Association to
evaluate thyroid nodules when the GSU findings are inconclusive [11]. However, potential sampling
and analytical errors limit its application in establishing correct diagnosis in some cases such as
small thyroid nodules [12,13]. Only about 65–75% of thyroid nodules can be correctly diagnosed by
FNAC [14], whilst the remaining 25–35% of nodules yield indeterminate pathology or non-diagnostic
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results [15]. Both GSU and FNAC have wide ranges of sensitivity (52–97% and 54–90%, respectively),
and specificity (26–83% and 60–98%, respectively) in distinguishing benign and malignant thyroid
nodules [10,16].

Power Doppler and color Doppler ultrasound evaluate the vascularity of thyroid nodules. It is
generally believed that hypervascularity is a feature of thyroid malignancy [17,18]. Some other studies
suggested that vascular pattern of thyroid nodules can be useful to predict the thyroid malignancy
e.g., thyroid nodules with dominant central vascularity are frequently associated with malignant
thyroid nodules, whereas benign thyroid nodules tend to have peripheral vascularity or appear
avascular [19,20]. Ultrasound elastography is a non-invasive imaging technique that measures tissue
stiffness and provides color-coded elasticity map. In strain elastography (SE), the elasticity color map
and strain ratio (SR) provide qualitative and semi-quantitative estimates of elasticity distribution,
respectively. SE has limited clinical value due to the need of subjective interpretation of elastogram
and compressive maneuvers. Contrarily, shear wave elastography (SWE) is less operator-dependent
and more reproducible than SE, and it provides quantitative assessment in the form of elasticity
indices (Emaximum, Emean, Eminimum). SWE uses focused ultrasound impulses at varying depths in
tissue to induce tissue displacement and results in the generation of shear waves which propagate
laterally [21]. Shear waves travel faster in harder medium than in softer counterpart, and their velocity
is directly proportional to the square root of Young’s modulus. Young’s modulus measures the
tissue stiffness by demonstrating the relationship between stress (applied force) and strain (resultant
deformation) [22,23]. Stiffer tissues exhibit higher Young’s modulus as compared to softer tissues.
In the current study, a higher Young’s modulus for malignant nodules (85.2 ± 8.1 kPa) than benign
nodule (50.3 ± 3.1 kPa) is observed (p < 0.05). Assuming the tissue density 1 g/cm3, the Poisson’s
ratio was 0.5 [24,25]. The propagation speed of shear waves is tracked by the ultrafast sonographic
tracking technique [26]. By evaluating the speed of shear waves in the tissue, the tissue stiffness can
be determined. In comparison to the normal thyroid parenchyma, most malignant thyroid nodules
have firm stroma due to the presence of excessive collagen, excessive myofibroblast, and desmoplastic
transformation, hence resisting tissue strain upon stress [10,27,28]. Therefore, most of the malignant
thyroid nodules tend to be stiffer. As the stiffness of thyroid nodules can be evaluated with shear wave
elastography, malignant thyroid nodules tend to have higher shear wave elastography index. In the
current study, we hypothesize that malignant thyroid nodules are stiffer than benign nodules on SWE.
The present study aimed to evaluate the diagnostic accuracy of SWE in differentiating benign and
malignant thyroid nodules when it was used alone and combined with GSU. Positive study results
will have implications in the identification of thyroid nodules that need to be further evaluated by
FNAC/biopsy, and thus a correct diagnosis can be established.

2. Materials and Methods

2.1. Subject Recruitment

This prospective study was approved by the Human Subject Ethics Sub-committee (HSESC),
the Hong Kong Polytechnic University, Hong Kong, and Institutional Review Board of Prince of Wales
Hospital, Hong Kong. Informed written consent for the study was obtained from all of the human
subjects in accordance with the WORLD Medical Association Declaration of Helsinki: Ethical principles
for medical research involving human subjects, 2008 (http://www.wma.net/en/30publications/
10policies/b3/). The privacy rights of the human subjects in the study were observed.

Between September 2013 and June 2015, a total of 122 consecutive patients (22 men and 100 women,
mean age: 53 ± 13.7 years; age range 21–95 years) with 163 thyroid nodules were recruited at the
Prince of Wales Hospital, Hong Kong. We included patients who had at least one thyroid nodule
diagnosed clinically or radiologically on thyroid ultrasound examination. Exclusion criteria were
completely cystic nodules or any forms of inflammatory thyroid diseases (acute thyroiditis, chronic
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thyroiditis, grave’s disease, and sub-acute thyroiditis), which were associated with increased thyroid
parenchymal stiffness.

2.2. Ultrasound Examination of Thyroid Gland

GSU and SWE examinations of thyroid gland were performed on both sides of the neck of all
patients. Due to the ethical issues and restricted policies of our institution, we had limited data
access to the patient’s clinical reports. Therefore, we could not check the stage of tumors of the
patients. However, we had accessed to the histopathology and fine needle aspiration cytology results
for the final diagnosis of the nodules. Cytopathology and/or histopathology diagnoses were used
to correlate the accuracy of GSU and SWE findings. All of the thyroid ultrasound examinations
were conducted by the same operator (M.Y.) using the same ultrasound unit in conjunction with a
4–15 MHz linear transducer (Aixplorer, Supersonic Imagine, Aix-en-Provence, France). All of the
ultrasound examinations were performed with an imaging mechanical index (MI) of 1.5 and the
MI of the “push” pulses for the SWE was 1.2. In the thyroid ultrasound examinations, we used a
broadband frequency ultrasound transducer, which allows operators to choose different frequencies
for examination. In the current study, we standardized the scanning protocol of using high frequency
(~15 MHz) to optimize the image quality. During the ultrasound examination, patients were asked
to lie in supine position on the examination couch with the neck and shoulders supported by pillow
to keep patient’s neck slightly hyperextended. A generous amount of coupling gel was applied and
GSU was performed to identify any nodule in the thyroid lobes and isthmus. When a thyroid nodule
was identified (based on perceived contrast between the echogenicity of thyroid nodule and adjacent
thyroid parenchyma), multiple transverse, and longitudinal sonograms of the nodule were obtained.
Each nodule was assessed for suspicious grey scale sonographic features [1,21,29,30] including absent
halo sign, microcalcification, hypoechogenicity, internal solid echotexture, tall to width ratio >1,
and irregular margins (Figures 1 and 2).
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Figure 1. Transverse sonogram showing a papillary carcinoma in the right thyroid lobe of a 43-year-old
patient (arrows). The tumor is hypoechoic when compare to the adjacent thyroid parenchyma, and has
multiple microcalcifications (arrowheads).
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Figure 2. Longitudinal sonogram showing a papillary carcinoma in the left thyroid lobe of a 51-year-
old patient (arrows). The nodule appeared hypoechoic, ill-defined, and had multiple 
microcalcifications (arrowheads). 

After GSU, SWE was then performed on the thyroid nodule. For patients with multiple thyroid 
nodules, SWE was performed on the largest thyroid nodule, and/or the nodule with one or more 
suspicious grey scale sonographic features, as described above. In the SWE examination, the size of 
the SWE acquisition box was first adjusted to cover the entire thyroid nodule. Multiple transverse 
and longitudinal shear wave elastograms of the nodule were obtained (Figures 3 and 4). 

 
Figure 3. Transverse elastogram (upper) and grey scale sonogram (lower) of a benign nodule in the 
right thyroid lobe of a 37-year-old patient. The value of elasticity indices (Emaximum = 32 kPa and Emean 
= 17.6 kPa) were lower than the respective cut-off values reported in the present study. 

Figure 2. Longitudinal sonogram showing a papillary carcinoma in the left thyroid lobe of a 51-year-old
patient (arrows). The nodule appeared hypoechoic, ill-defined, and had multiple microcalcifications
(arrowheads).

After GSU, SWE was then performed on the thyroid nodule. For patients with multiple thyroid
nodules, SWE was performed on the largest thyroid nodule, and/or the nodule with one or more
suspicious grey scale sonographic features, as described above. In the SWE examination, the size of
the SWE acquisition box was first adjusted to cover the entire thyroid nodule. Multiple transverse and
longitudinal shear wave elastograms of the nodule were obtained (Figures 3 and 4).
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Figure 4. Longitudinal elastogram (upper) and grey scale sonogram (lower) of a papillary carcinoma
in the right thyroid lobe of a 57-year-old patient. The value of elasticity indices (Emaximum = 82.5 kPa
and Emean = 53.8 kPa) were higher than the respective cut-off values reported in the present study.

To acquire an elastogram, the transducer was held at the same position for at least 2 s to allow
the SWE signal acquisition to settle and to reduce variability. During SWE examination, caution was
made to avoid compression applying on the patient’s neck by the transducer, which might affect
the stiffness measurement of thyroid nodules. Taking shear wave elastograms in the scan planes
showing calcification within the nodule were avoided. After the ultrasound examination, FNAC
was performed on the targeted nodules. Nodules with confirmed malignancy (papillary carcinoma,
follicular carcinoma, or medullary carcinoma) or indeterminate cytology (follicular neoplasm, follicular
lesion of undetermined significance, atypia of undetermined significance, or repeated non-diagnostic
cytology) were further evaluated by surgical resection and histopathological examination.

Before the commencement of the main study, two independent observers (F.N.B. and H.C.L.)
conducted an inter-observer reliability test on 50 archived data sets of randomly selected thyroid
nodules to evaluate the inter-observer reliability in SWE measurement. The results showed that
there was a high inter-observer reliability between the two observers (intraclass correlation coefficient
= 0.98). In the current study, archived grey scale sonograms and elastograms were reviewed by
single observer who was blinded to the cytology and histology results. Each thyroid nodule was
assessed for the presence or absence of suspicious grey scale sonographic features: absent halo sign,
microcalcification, hypoechogenicity, internal solid echotexture, tall to width ratio >1, and irregular
margins. The hypoechogenicity of thyroid nodules was determined by observer’s visual assessment
based on the perceived contrast between thyroid nodule and adjacent thyroid parenchyma.

The stiffness of the thyroid nodule was measured using the inbuilt quantification tool of
the ultrasound unit (Q-boxTM, Supersonic Imagine, Aix-en-Provence, France) on the elastograms.
The circular quantification region of interest (ROI) was used to cover the entire thyroid nodule without
including the adjacent thyroid parenchyma. The software then automatically calculated the SWE
indices (Emaximum, Emean, and Eminimum), which were expressed in kilo-pascals (kPa) (Figures 3 and 4).
The range of stiffness measurement ranged from 0 kPa to ≥100 kPa. For each thyroid nodule,
five measurements with the highest stiffness values were selected from both longitudinal and
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transverse elastograms, and the average of them was calculated to deduce the mean of Emaximum,
Emean and Eminimum.

2.3. Data Analysis

Chi square test was used to determine the significance of difference of GSU features between
benign and malignant nodules, whereas the significance of difference of SWE indices between benign
and malignant nodules was calculated by Mann Whitney U test. The diagnostic performance of
GSU was evaluated by deducing the frequency tables of true-positive, true-negative, false-positive,
and false-negative cases. Receiver operating characteristic (ROC) curves were used to determine the
optimal cut-off of different SWE indices in distinguishing benign and malignant nodules, and the
associated diagnostic performance of the optimal cut-off. The diagnostic performance of combining
GSU and SWE was determined based on the principle that a thyroid nodule was considered malignant
when it was presented with at least one suspicious GSU feature (i.e., hypoechogenicity, tall to width
ratio ≥1, irregular border or microcalcification) and had SWE indices (Emaximum ≥ 67.3 kPa or Emean

≥ 23.1 kPa) equal to or greater than the corresponding optimal cut-off values. Thyroid nodules did
not fulfill these criteria were categorized as benign. All statistical analyses were performed using the
Statistical Package for the Social Sciences (SPSS) software (Version 20, IBM Corporation, Armonk, NY,
USA) and two-tailed p value < 0.05 was significant.

3. Results

3.1. Histology Results

In the 122 thyroid nodules evaluated, 73 nodules were confirmed as benign on FNAC. In the
remaining 49 nodules, histopathological examination upon surgical resection confirmed 27 nodules
to be malignant and 11 benign. The remaining 11 nodules were excluded from the study because
surgical resection had not been performed and the final diagnosis could not be obtained. Therefore,
altogether, 111 thyroid nodules (27 malignant and 84 benign) were included in this study. Amongst
the 27 malignant nodules, there were 23 papillary thyroid carcinomas, 3 follicular thyroid carcinomas
and 1 Hurthle cell carcinoma.

3.2. Grey Scale Ultrasound

The grey scale sonographic features of thyroid nodules are summarized in Table 1. Among
different grey scale sonographic features, microcalcification (77.8% and 7.1%, respectively), tall to
width ratio >1 (59.3% and 13.1%, respectively), hypoechogenicity (92.6% and 33.3%, respectively)
and irregular margin (55.6% and 16.7% respectively), were significantly more common in malignant
nodules than benign nodules (all p < 0.05). There was no significant difference in the absent halo sign
and internal solid echotexture between malignant and benign nodules (p > 0.05).

With the above results, further data analysis was performed to determine the diagnostic
performance of GSU in distinguishing benign and malignant thyroid nodules. In the data analysis,
thyroid nodules with at least one of the above four significant grey scale sonographic features
(i.e., microcalcification, tall to width ratio >1, hypoechogenicity and irregular margin) were malignant,
whereas others were benign. Using these assessment criteria, 26 malignant nodules and 39 benign
nodes were correctly identified. Results showed that the sensitivity, specificity, positive predictive
value (PPV), negative predictive value (NPV), and overall accuracy of GSU in distinguishing benign
and malignant nodules were 96.3%, 46.4%, 36.6%, 97.5% and 58.5% respectively (Table 2).
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Table 1. Grey scale sonographic features of benign and malignant thyroid nodules.

Grey Scale Ultrasound Features
Number of Nodules (Percentage) p-Value

(95% Confidence Interval)Benign (n = 84) Malignant (n = 27)

Microcalcification
Yes 6 (7.1%) 21 (77.8%) <0.05
No 78 (92.9%) 6 (22.2%) (0.12–0.49)

Tall/width ratio >1
Yes 11 (13.1%) 16 (59.3%) <0.05
No 73 (86.9%) 11 (40.7%) (0.29–0.74)

Hypoechogenicity - - -
Yes 28 (33.3%) 25 (92.6%) <0.05
No 56 (66.7%) 2 (7.4%) (0.42–0.71)

Irregular margins
Yes 14 (16.7%) 15 (55.6%) <0.05
No 70 (83.3%) 12 (44.4%) (0.38–0.83)

Absent Halo sign
Yes 74 (88.1%) 26 (96.3%) >0.05
No 10 (11.9%) 1 (3.7%) (0.65–1.01)

Internal solid echotexture
Yes 61 (72.6%) 27 (100%) >0.05
No 23 (27.4%) 0 (0%) (0.6–0.8)

Table 2. Diagnostic performance of grey scale ultrasound (GSU), shear wave elastography (SWE)
indices and combination of GSU and SWE in evaluation of thyroid nodules.

Ultrasound Techniques Sensitivity (%) Specificity (%) PPV (%) NPV (%) Accuracy (%) AUC

GSU 96.3 46.4 36.6 97.5 58.5 0.714
Emax (67.3 kPa) 70.4 70.2 43.2 88.1 70.3 0.785
Emean (23.1 kPa) 74.1 66.7 41.7 88.9 68.5 0.710

GSU + Emax (67.3 kPa) 70.4 83.3 57.6 89.7 80.2 0.769
GSU + Emean (23.1 kPa) 74.1 79.8 54.1 90.5 78.4 0.775

GSU, grey scale ultrasound, PPV, positive predictive value; NPV, negative predictive value, AUC, area under
the curve.

3.3. Shear Wave Elastography

Table 3 shows the SWE indices of benign and malignant thyroid nodules. The results showed
that malignant thyroid nodules were associated with higher SWE indices. The median of Emaximum of
malignant nodules (85.2 ± 8.1 kPa) was significantly higher than that of benign nodules (50.3 ± 3.1 kPa)
(p < 0.05). Similarly, the median of Emean of malignant nodules was 26.6 ± 2.5 kPa and of benign
nodules was 20.2 ± 1 kPa, and the difference was statistically significant (p < 0.05). However, no
significant difference was found in Eminimum between benign and malignant nodules (p > 0.05).

Table 3. Shear wave elastography measurement of benign and malignant thyroid nodules.

SWE Indices
Median ± 1 Standard Error

p-Value (95% Confidence Interval)
Benign Malignant

Emax 50.3 ± 3.1 85.2 ± 8.1 <0.05 (50.9–63.5; 73.0–106.1)
Emean 20.2 ± 1.0 26.6 ± 2.5 <0.05 (19.5–23.5; 23.5–33.9)
Emin 3.9 ± 0.6 3.8 ± 1.2 >0.05 (4.2–6.4; 3.7–8.8)

Since significant difference was found between benign and malignant nodules in Emaximum and
Emean only, the evaluation of diagnostic accuracy was performed in these two SWE indices. With the
use of ROC curves (Figure 5), the optimal cut-off of Emaximum and Emean in distinguishing benign and
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malignant nodules were 67.3 kPa and 23.1 kPa, respectively. Using the optimal cut-off of Emaximum,
19 malignant and 59 benign nodules were correctly evaluated. The sensitivity, specificity, and overall
accuracy of Emaximum were 70.4%, 70.2%, and 70.3%, respectively. Using the optimal cut-off of Emean,
20 malignant and 56 benign nodules were correctly assessed, and the sensitivity, specificity, and overall
accuracy of Emean were 74.1%, 66.7%, and 68.5%, respectively (Table 2).
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3.4. Combination of Grey Scale Ultrasound and Shear Wave Elastography

Result showed that GSU had a high sensitivity (96.3%) but a low specificity (46.4%), leading to an
overall accuracy of 58.5% in assessing thyroid nodules. When GSU combined with SWE (Emaximum

or Emean), the overall accuracy increased to 80.2% for Emaximum and 78.4% for Emean with a sensitivity
of 70.4% and 74.1% and specificity of 83.3% and 79.8%, respectively (Table 2, Figure 6). When GSU
combined with Emaximum or Emean, 19 or 20 malignant and 70 or 67 benign thyroid nodules were
correctly identified, respectively.
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ultrasound features alone (usg. combine) and in combination with Emaximum (usg. Emax) and Emean

(usg. Emean) in distinguishing benign and malignant thyroid nodules. Area under the curve, AUC,
of usg. combine, usg. Emean, and usg. Emaximum were 0.714, 0.775 and 0.769 respectively.

4. Discussion

Differential diagnosis of thyroid nodules to predict malignancy poses a diagnostic dilemma in
clinical settings. FNAC and histopathology examination of surgical specimen of thyroid nodules
are the standard procedures to diagnose thyroid cancer. FNAC has a false-positive rate of 1–11.5%
and a false-negative rate about 7.7%, whilst 20–30% of cases are non-diagnostic [31,32]. However,
the technique is highly dependent on the experience of the pathologists and the adequacy of the
samples attained. Moreover, histopathological features of malignant thyroid nodules overlap with
benign nodules, and thus there is a high incidence of “skip diagnosis”. GSU is commonly used to assess
thyroid nodules but no single GSU feature can accurately predict thyroid malignancy [33]. SWE is a
novel ultrasound technique that measures tissue elasticity by tracking shear wave propagation through
body tissues and provides quantitative measurements. The technique is less operator-dependent
and highly reproducible [10]. SWE evaluation of thyroid nodules has been documented. However,
the reported cut-off levels to differentiate benign and malignant nodules were variable, which was
probably due to different methodologies used in the studies. Among the available literature, the highest
cut-off values of SWE indices for evaluating thyroid malignancy were ≥95 kPa for Emaximum, ≥85.2 kPa
for Emean and ≥54.2 kPa for Eminimum [34]. However, Bhatia et al. [35] found that Emean of 34.5 kPa or
higher was a significant predictor of malignancy with a sensitivity of 52.9% and specificity of 77.8%.
Other studies suggested that SWE was useful in differentiating benign and malignant thyroid nodules
when the cut-off level of 66 kPa and 65 kPa for Emaximum were used, respectively [15,36]. However,
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Szczepanek-Parulska et al. [37] found that the threshold value of 50 kPa for Emaximum was the most
useful SWE parameter in the differentiation of benign and malignant nodules. Using the cut-off value
of ≥53.2 kPa for Emaximum ≥ 34.5 kPa for Emean and ≥21.8 kPa for Eminimum, Duan et al. [33], found
that SWE was superior to conventional GSU in identifying malignant nodules. Among different SWE
indices, they found that Emean yielded the highest diagnostic accuracy (79.6%). Liu et al. [13] also
reported that Emean ≥ 38.3 kPa was the most useful predictor among all SWE indices in differentiating
benign and malignant thyroid nodule. In the present study, the optimal cut-off for Emaximum and
Emean for distinguishing benign and malignant nodules were 67.3 and 23.1 kPa, respectively, which
were consistent with the result of previous reports in Emaximum [15,36]. In our study, there was no
significant difference in the Eminimum of benign and malignant nodules, which was different from
previous studies [13,33,34]. The difference was due to the different methodologies used in the present
and previous studies. Previous studies used ROI (Q-boxTM) with fixed size and placed it over the
stiffer region of the nodule for the stiffness measurement. It involved subjective judgement of the
operator in the placement of the ROI. However, the present study adjusted the size of the ROI so
that it covered the entire nodule. The process did not involve operator’s judgement in which the
ROI should be placed, and thus it was more objective. In addition, the method used in the present
study allowed for a more comprehensive assessment of the nodule because the ROI covered the
entire nodule in the image. Our result suggested that the tissue stiffness within malignant thyroid
nodules are varied, with some areas are significantly stiffer than benign nodules (as demonstrated
by significantly higher Emaximum and Emean in malignant nodules), whereas some areas have similar
stiffness as benign nodules (as demonstrated by the similar Eminimum between benign and malignant
nodules). This may be related to the uneven distribution of tumor cells within the nodule. Results
of our study demonstrated that Emaximum and Emean are potential predictors for thyroid malignancy
when using cut-off value of 67.3 kPa and 23.1 kPa, respectively. However, Eminimum has limited value
in distinguishing benign and malignant nodules.

In the present study, we evaluated the diagnostic performance of GSU alone and a combination
of GSU and SWE. Results showed that the overall diagnostic accuracy of GSU alone was 58.5% and
it was increased to 80.2% and 78.4% when it combined with Emaximum (cut-off: 67.3 kPa) and Emean

(cut-off: 23.1 kPa), respectively. Our results also demonstrated that when GSU combined with SWE,
and the specificity increased from 46.4% to 83.3% when using Emaximum and to 79.8% when using
Emean. However, the sensitivity decreased from 96.3% to 70.4% and 74.1%, respectively. The finding
was different from previous reports. In Dobruch-Sobczak et al. [38], they reported that the combination
of GSU with SWE did not significantly improve the diagnostic accuracy of malignant thyroid nodules.
In the other studies, there was no significant difference in the diagnostic accuracy of GSU alone and
combination of GSU and SWE indices in distinguishing benign and malignant thyroid nodules, 86.3%
and 87.2% [34]; 81% and 77.9% [39]; and, 60.3% and 60.3% [36], respectively. They also found that
when combined GSU with SWE indices the specificity decreased but the sensitivity increased [34,36,39].
One previous study that analysed thyroid nodules in population of France and found that there was
an increase in sensitivity from 77.1% to 97.1% however specificity was reduced from 58.0 to 55.3%
when grey scale ultrasound was added to Emaximum 65 kPa [36]. Similar results were obtained by
another investigation conducted on thyroid nodules in Korean population and found that sensitivity
was improved from 92.9% to 95% while specificity was reduced from 60.8% to 56.7% on addition
of Eminimum 85.2 kPa. with grey scale ultrasound [34]. Another study conducted in China found an
increase in sensitivity from 76.2% to 87.1%, while specificity was reduced from 83.0 to 73.9 kPa on
addition of grey scale ultrasound to Eminimum 39.3 kPa [39]. The different result of previous reports
and the present study was due to the different criteria in determining malignant thyroid nodules when
combined with GSU with SWE. In previous studies, thyroid nodules were malignant when they either
had one or more malignant grey scale sonographic features or had a SWE index value greater than
the cut-off. This criterion increased the sensitivity by having more true-positive findings, but it also
increased the number of false-positive findings leading to decreased specificity [34,36,38,39]. Since
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the extent of changes of specificity and sensitivity were similar, there was no significant improvement
in the overall diagnostic accuracy when GSU combined with SWE in previous reports. However,
in the present study, we considered thyroid nodules to be malignant when they had both malignant
grey scale sonographic features (one or more features) and had a SWE index value greater than the
cut-off. Using this assessment criterion, there was a substantial improvement in specificity with a
moderate decrease in sensitivity leading to a significant improvement in the overall accuracy. Using
the samples of the present study, the overall diagnostic accuracy was improved from 58.5% to 80.2%
in Emaximum and to 78.3% in Emean. Although the diagnostic accuracy of combining GSU and SWE in
our study was similar to those in previous studies, our study demonstrated substantial improvement
in in the diagnostic accuracy after combining the two techniques, whereas previous studies showed
no significance difference or decreased in the diagnostic accuracy [34,36,39,40] (Table 4). The similar
accuracy of the present study (78.3–80.2%) and previous studies (60.3–87.2%) was probably due to the
use of different samples of the patients in the studies. However, we believe that the method that we
proposed in our study can enhance the diagnostic accuracy in differential diagnosis of thyroid nodules.

Table 4. Differences in diagnostic accuracy between the results of the present and previous studies to
highlight the significant improvement achieved in the current study.

Studies Involved and SWE Index Used
Diagnostic Accuracy (%)

Difference in Diagnostic Accuracy (%)
GSU Alone GSU + SWE

Present study
Emaximum (67.3 kPa) 58.5 80.2 21.7

Emean (23.1 kPa) 58.5 78.3 19.8

Veyrieres et al. [36]
Emaximum (65 kPa) 81 77.9 −3.1

Park et al. [34]
Eminimum (85.2 kPa) 86.3 87.2 0.9

Liu et al. [39]
Eminimum (39.3 kPa) 60.3 60.3 0

In routine clinical thyroid ultrasound examination, operators should consider examining the
internal cervical chain to identify any metastatic cervical lymph nodes when malignant thyroid nodule
is found. Ultrasound is a useful imaging tool to assess cervical lymph nodes. Metastatic cervical
lymph nodes from papillary thyroid carcinoma are usually hyperechoic when compared to adjacent
muscles, round in shape, without echogenic hilus, and have punctate calcification [41]. In addition,
the combination of ultrasound and computed tomography can help to predict extrathyroidal
extension [42], and fluorodeoxyglucose positron emission tomography/computed tomography
(FDG-PET/CT) scans should be considered for detecting metastases in post-operative patients with
aggressive histology of differentiated thyroid cancer [43].

In the present study, there were 84 benign and 27 malignant thyroid nodules. The calculated
power of this sample size in evaluating the performance of GSU and SWE indices in distinguishing
benign and malignant thyroid nodules ranged between 0.874 and 0.999 (G*Power version 3.1.9.2,
Düsseldorf, Germany). There were limitations in the present study. The majority of the malignant
thyroid nodules were papillary thyroid cancer, and thus we did not evaluate the difference of SWE
indices among different types of malignant thyroid nodules. Future studies with larger sample size
of various types of thyroid cancer can be conducted to investigate the value of SWE in differential
diagnosis of different types of thyroid cancer. We did not evaluate the intra-operator and inter-operator
reliability in SWE measurement of thyroid nodule stiffness. However, a previous study reported
that SWE has satisfactory intra-operator (0.65–0.78) and inter-operator (0.72–0.77) reliability in the
evaluation of neck lesions [35].
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5. Conclusions

SWE indices (Emaximum and Emean) were independent predictors for thyroid malignancy.
Combining GSU with SWE indices (using a cutoff of ≥67.3 kPa and ≥23.1 kPa for Emaximum and Emean

respectively) can improve the overall diagnostic accuracy in distinguishing benign and malignant
thyroid nodules. SWE is a useful adjunct to GSU in the assessment of thyroid nodules.
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