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Nodule size is a key factor for differentiating benign
and malignant thyroid nodules using virtual touch
tissue quantification and conventional sonography
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Abstract: Thyroid nodules with different size may have different ultrasound features. We compared the differences
of ultrasound features of small and large thyroid nodules and figured out the best features for small and large nod-
ules for the differential diagnosis. 348 thyroid nodules included in this study were divided into four groups as small
malignant nodules, small benign nodules, large malignant nodules and large benign nodules. The conventional
sonographic features and quantitative elasticity features (VTQ, Virtual Touch Tissue Quantification and VTR, ratio
of VTQ value of the nodule to that of the surrounding thyroid tissue) were observed and compared among the four
groups. When compared with large malignant nodules, small malignant nodules were less frequently solitary, with
macrocalcification, more frequently “taller than wide” and had lower VTQ and VTR. The most sensitive features for
large nodules were with higher VTR and a solitary occurrence and those for small nodules were with higher VTQ, a
taller than wide shape and marked hypoechogenicity. In conclusion, malignant thyroid nodules with different size
had different conventional sonographic features and elastic features, which should be taken consideration during

the differential diagnosis.
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Introduction

Thyroid nodules are a common clinical prob-
lem. High resolution ultrasound (US) showed
the detection rate of thyroid nodules as 19-67%
in random population [1]. Five to fifteen percent
of thyroid nodules are malignant [2]. The inci-
dence of thyroid nodules is rising rapidly. In the
United States, thyroid nodules are increased
with an estimated annual incidence rate of
0.1% per year; And the yearly incidence of thy-
roid cancer has increased from 3.6 per 100,000
in 1973 to 8.7 per 100,000 in 2002 [3, 4].
High-resolution US is the first choice and the
most sensitive imaging method for the detec-
tion of thyroid nodules and for the differential
diagnosis of benign and malignant thyroid nod-
ules [5].

Thyroid nodules size is a key factor that affects
both clinical diagnosis and management [6].
For example, for thyroid nodules larger than 10
mm, fine-needle aspiration biopsy (FNAB) is

recommended to diagnose differentially be-
tween malignant thyroid nodules and benign
ones. However, only nodules with suspicious
ultrasound findings are recommended for FNAB
when nodules are less than 10 mm [7].

Many studies have focused on the useful ultra-
sound features for the differential diagnosis of
benign and malignant thyroid nodules. The sus-
picious malignant features included a solitary
occurrence, a taller than wide shape, an ill-
defined boundary, marked hypoechogenicity,
the presence of microcalcification and/or mac-
rocalcification and being stiff on ultrasound
elastography [8-15]. Andafew published studies
showed the differences of ultrasound features
between small and large thyroid nodules [16-
19]. The study of Moon et al showed that the
sensitivity of microcalcification for small nod-
ules was lower than that for large ones [9]. The
study by Szczepanek-Parulska E showed that
the stiffness of thyroid nodules was correlated
positively with nodule size [19].
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But to our knowledge, there are no published
papers explored the differences of ultrasound
features between small and large thyroid nod-
ules specifically and comprehensively. There-
fore, the purpose of this study was to compare
the differences of ultrasound features (includ-
ing VTQ) between thyroid nodules with different
size and to evaluate the best ultrasound fea-
tures for small and large nodules for the differ-
ential diagnosis.

Materials and methods
Patients

Between December 2012 and February 2014,
385 thyroid nodules were imaged using both
conventional ultrasound and VTQ imaging in
our hospital. Of these, 19 cystic lesions of com-
pletely liquid nature were excluded in this study,
as a cystic lesion was proven to be benign and
needed no further differential diagnosis [6].
Another 18 nodules were excluded because
the patients did not undergo thyroid surgery.
Finally, 348 thyroid nodules in 258 patients (50
male and 208 female, mean age + standard
deviation, 51.8412.1 years) were included in
this study. Some of the nodules, especially
small benign nodules, were resected simulta-
neously with a large or malighant nodule and
were included in this study. This study was
approved by the Ethics Committee of our hospi-
tal and written informed consent was obtained
from every patient before the sonographic
examination.

Conventional ultrasound

An ultrasound physician with 13 years’ experi-
ence in sonography performed all the conven-
tional sonographic examinations using an
Acuson S2000 diagnostic ultrasound system
(Siemens Medical Solutions) equipped with a
linear array transducer (9L4, frequency range:
4.0 to 9.0 MHz). Patients were asked to be in a
supine position with a fully exposed neck dur-
ing the examination.

A thyroid was scanned carefully and thoroughly.
When a target nodule was chosen, the size of
the nodule was measured. A nodule with a max-
imal diameter smaller than 10 mm on a trans-
verse plane was defined as small. Otherwise, it
was defined as large. The recorded convention-
al ultrasound features included number (soli-
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tary or multiple), shape (oval to round or taller
than wide), boundary (well or poorly defined),
echogenicity (marked hypoechogenicity or
other) and calcification (microcalcification,
macrocalcification or no calcification) of each
nodule. The definition of the ultrasound fea-
tures was introduced detailedly in our previous
study [20].

VTQ elastography

After conventional sonographic examination,
VTQ was used to acquire the quantitative elas-
tic information of the nodules and the surround-
ing thyroid tissues. The patients were instruct-
ed to hold their breath. The probe was posi-
tioned onto the skin gently with no pressure.
The measurement methods of VTQ values for
both the nodules and the surrounding thyroid
tissue were introduced detailedly in our previ-
ous study [20, 21]. The ratio of VTQ value of the
nodule to that of the surrounding thyroid tissue
was calculated and recorded as VTR.

Statistical analysis

SPSS version 13.0 software (IBM Corporation,
Chicago IL) was used for statistical analysis.
P<0.05 was considered statistically significant
difference. Comparisons of frequency distribu-
tions were performed by a x? test. The data VTQ
and VTR were presented as mean + standard
deviation and compared using student t tests.
The cut off points of VTQ and VTR were calcu-
lated by a receiver operating characteristic
(ROC) curve and compared using z test. The
diagnostic value of selected criteria was
assessed in terms of sensitivity, specificity, pos-
itive predictive value, negative predictive value
and accuracy.

Results
Grouping

According to histopathological examination
after thyroid surgery, among the 348 thyroid
nodules, 239 were benign and 109 were malig-
nant. There were 186 nodular goiters, 48 ade-
nomas, 5 thyroiditis, 102 papillary carcinomas,
4 follicular carcinomas and 3 medullary
carcinomas.

Nodule sizes ranged from 4.5x3.5 mm to
52.1x62.4 mm. According to the maximal diam-
eters of the nodules measured by conventional
ultrasound, 108 nodules were small and 240
nodules were large.
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Table 1. The conventional ultrasound features of the thyroid nodules

Small malignant
nodules (n=41)

Large malignant
nodules (n=68)

Small benign
nodules (n=67)

Large benign

Features of Lesions nodules (n=172)

Solitary 11 (26.8)@ 42 (61.8)* 10 (14.9) 60 (34.9)
Taller than wide 25 (61.0)#,@ 8 (11.8)* 3 (4.5) 1(0.6)

Poorly defined 21 (51.2)# 32 (47.1)* 12 (17.9) 22 (12.8)
Marked hypoechogenic 25 (61.0)# 30 (44.1)* 12 (17.9) 16 (9.3)
With microcalcification 15 (36.6)# 34 (50.0)* 11 (16.4) 33(19.2)
With macrocalcification 9 (22.0)@ 32 (47.1)* 12 (17.9) 24 (14.0)

#P<0.05 compared with small benign nodules; *P<0.05 compared with large benign nodules; @P<0.05 compared with large
malignant nodules.

Figure 1. Micropapillary carcinoma in a 48-year-old female patient with a 5.5x5.3 mm nodule in the isthmus of
thyroid gland. A. B-mode sonography showed a markedly hypoechoic, tallerthan-wide, and poorly defined nodule
with no calcification inside. B. VTQ value of the nodule was 3.51 m/s, which was higher than the cut-off point of
2.90 m/s. C. VTQ value of the surrounding thyroid tissue was 2.22 m/s. So VTR was 1.58, which was higher than
the cut-off point of 1.41. D. Histopathologic examination confirmed the nodule as a micropapillary carcinoma. VTQ,
virtual touch tissue quantification; VTR, the ratio of VTQ.

The nodules were divided into four groups as
small malignant nodules (41 cases), small
benign nodules (67 cases), large malignant
nodules (68 cases) and large benign nodules
(172 cases).

Conventional sonographic features

The conventional sonographic features of thy-
roid nodules were shown in Table 1; Figures
1A, 2A and 3A.

The features of number, shape, boundary, echo-
genicity and calcification were significantly dif-
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ferent between large malignant nodules and
large benign nodules. When compared with
large benign nodules, large malignant nodules
were more frequently solitary (61.8% vs. 34.9%,
P=0.001), “taller than wide” (11.8% vs. 0.6%,
P=0.000), poorly defined (47.1% vs. 12.8%,
P=0.000), marked hypoechogenic (44.1% vs.
9.3%, P=0.000) and with microcalcification
(50.0% vs. 19.2%, P=0.000) or macrocalfica-
tion (47.1% vs. 14.0%, P=0.000).

When compared with small benign nodules,
small malignant nodules were more frequently

Int J Clin Exp Med 2017:10(5):7825-7833
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2.03 m/s

th=1.5 cm

Vs=1.58 m/s
Depth=1.5 cm

Figure 2. Nodular goiter in the same patient of Figure 1 with a 3.2x4.3 mm nodule in right thyroid lobe. A. B-mode
sonography showed a hypoechoic, oval, and well-defined nodule with microcalcification inside. B. VTQ value of the
nodule was 2.03 m/s, which was lower than the cut-off point of 2.90 m/s. C. VTQ value of the surrounding thyroid
tissue was 1.56 m/s. So VTR was 1.30, which was lower than the cut-off point of 1.41. D. Histopathologic examina-
tion confirmed the nodule as a nodular goiter. VTQ, virtual touch tissue quantification; VTR, the ratio of VTQ.

Va=3.12 m/s
Depth=1.4 cm

Figure 3. Papillary carcinoma in a 55-year-old female patient with a 15.5x24.5 mm nodule in the right thyroid lobe.
A. B-mode sonography showed a hypoechoic, poorly defined and oval nodule with microcalcification and macrocal-
cification inside. B. VTQ value of the nodule was 3.12 m/s, which was higher than the cut-off point of 2.85 m/s. C.
VTQ value of the surrounding thyroid tissue was 1.67 m/s. So VTR was 1.87, which was higher than the cut-off point
of 1.42. D. Histopathologic examination confirmed the nodule as a papillary carcinoma. VTQ, virtual touch tissue
quantification; VTR, the ratio of VTQ.
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Table 2. Diagnostic efficiency of features useful in differentiation between benign and malignant

nodules

Features of lesions

Sensitivity (%) Specificity (%) Positive predictive Negative predictive

Accuracy (%)

value (%) value (%)
Small nodules (n=108)
Taller than wide 61.0 95.5 89.3 80 82.4
Poorly defined 51.2 82.1 63.6 73.3 70.4
Marked hypoechogenic 61.0 82.1 67.6 775 74.1
With microcalcification 36.6 83.6 57.7 68.3 65.7
Large nodules (n=240)
Solitary 61.8 65.1 41.2 81.2 64.2
Taller than wide 11.8 99.4 88.9 74.0 74.6
Poorly defined 471 87.2 59.3 80.6 75.8
Marked hypoechogenic 44.1 90.7 65.2 80.4 775
With microcalcification 50.0 80.8 50.7 80.3 72.8
With macrocalcification 47.1 86.0 57.1 80.4 75.0

Table 3. Quantitative elastic features of the thyroid nodules

Small malignant Large malignant Small benign
nodules (n=41)

Large benign
nodules (n=68) nodules (n=67) nodules (n=172)

VTQ of the nodule (m/s)
VTQ of the surrounding thyroid tissue (m/s)

3.250.70#,@
2.00+0.31
VTR 1.67+0.49#,@

3.86+1.70* 2.00+0.45 1.99+0.94
1.88+0.36 1.86+0.42 1.89+0.36
2.08+0.82* 1.11+0.28 1.07+0.53

#P=0.000 compared with small benign nodules; *P=0.000 compared with large benign nodules; @P<0.01 compared with large
malignant nodules. VTQ, virtual touch tissue quantification; VTR, the ratio of VTQ.

“taller than wide” (61.0% vs. 4.5%, P=0.000),
poorly defined (51.2% vs. 17.9%, P=0.000),
marked hypoechogenic (61.0% vs. 17.9%,
P=0.000) and with microcalcification (36.6%
vs. 16.4%, P=0.022). However, the frequency of
being solitary (26.8% vs. 14.9%, P=0.141) and
with macrocalcification (22.0% vs. 17.9%,
P=0.624) had no significant differences
between small malignant nodules and small
benign nodules.

When compared with large malignant nodules,
small malignant nodules were less frequently
solitary (26.8% vs. 61.8%, P=0.001), with mac-
rocalcification (22.0% vs. 47.1%, P=0.014) and
more frequently “taller than wide” (61.0% vs.
11.8%, P=0.000). The frequency of being poor-
ly-defined (51.2% vs. 47.1%, P=0.697), marked
hypoechogenic (61.0% vs. 44.1%, P=0.114)
and with microcalcification (36.6% vs. 50.0%,
P=0.233) had no significant differences
between small malignant nodules and large
malignant nodules. There were not significant
differences between the sonographic features
of small and large benign nodules.
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The sensitivity, specificity, positive predictive
value, negative predictive value and accuracy
of useful features in differentiation between
benign and malignant nodules were shown in
Table 2. The most sensitive conventional ultra-
sound features for large nodules were a solitary
occurrence and the presence of microcalcifica-
tion (61.8% and 50%) and those for small nod-
ules were a taller than wide shape and marked
hypoechogenicity (both 61.0%). The most spe-
cific features for large nodules were a taller
than wide shape and marked hypoechogenicity
(99.4% and 90.7%) and those for small nodules
were a taller than wide shape and the presence
of microcalcification (95.5% and 83.6%).

Quantitative elastic results

The quantitative elastic features were shown in
Table 3; Figures 1B, 1C, 2B, 2C, 3B and 3C.
VTQs and VTRs of small malignant nodules
were significantly higher than those of small
benign nodules. And VTQs and VTRs of large
malignant nodules were significantly higher
than those of large benign nodules.

Int J Clin Exp Med 2017:10(5):7825-7833
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Table 4. AUCs and the cut-off points of VTQ and VTR and their diagnostic efficiency

VTQ VTR

Small nodules Large nodules Small nodules Large nodules

AUC (Confidence interval) 0.935 (0.871-0.974)* 0.932 (0.892-0.960) 0.846 (0.763-0.908) 0.923 (0.882-0.954)

Cut-off point (Youden index) 2.90 (0.707) 2.85 (0.718) 1.41 (0.539) 1.42 (0.725)
Sensitivity (%) 70.7 76.5 65.9 82.4
Specificity (%) 100 95.4 88.1 90.1
Positive predictive value (%) 100 86.7 771 76.7
Negative predictive value (%) 84.8 91.1 80.8 92.8
Accuracy (%) 88.9 90.0 76.9 879

VTQ, virtual touch tissue quantification; VTR, the ratio of VTQ; AUC, area under receiver operating characteristic curve. *P<0.05

compared with VTR of small nodules.
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Figure 4. Receiver operating characteristic (ROC) curve of VTQ and VTR. The AUCs of VTQ and VTR of small nodules
had significant difference (P=0.001), while the AUCs of VTQ and VTR of large nodules had no significant difference
(P=0.496). VTQ, virtual touch tissue quantification; VTR, the ratio of VTQ; AUC, area under receiver operating char-

acteristic curve.

VTQs of small malignant nodules were signifi-
cantly lower than those of large malignhant
nodules (3.25£0.70 vs. 3.86+1.70, P=0.003),
so were VTRs (1.67+0.49 vs. 2.08+0.82,
P=0.000). VTQs and VTRs between small
benign nodules and large benign nodules had
no significant differences (P>0.05).

The areas under ROC curve and the cut-off
points were shown in Table 4; Figure 4. The cut-
off points of VTQ for small nodules and large
nodules were 2.90 m/s and 2.85 m/s accord-
ingly. The cut-off points of VTR for small nod-
ules and large nodules were 1.41 and 1.42
accordingly. The sensitivity, specificity, positive
predictive value, negative predictive value and
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accuracy of VTQ and VTR were shown in Table
4,

The AUCs of VTQ and VTR of small nodules had
significant difference (z=3.223, P=0.001),
which meant that VTQ was more accurate than
VTR for the differentiation between small malig-
nant nodules and small benign nodules. The
AUCs of VTQ and VTR of large nodules had no
significant difference (z=0.680, P=0.496).

Discussion
Many studies have confirmed the value of con-

ventional ultrasound and ultrasound elastogra-
phy for differentiating malignant and benign

Int J Clin Exp Med 2017;10(5):7825-7833
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thyroid nodules [8-11]. In this study, we focused
on the sonographic features of thyroid nodules
with different size and we found that thyroid
nodules with different size had different fea-
tures both in conventional ultrasound and
ultrasound elastography.

The features of number, shape, boundary, echo-
genicity and calcification for a thyroid nodule in
ultrasound are important for the differential
diagnosis of malignancy or benignity. In our
study, we found that for the large thyroid nod-
ules, malignant nodules were more frequently
solitary, marked hypoechogenic, taller than
wide, poor defined or with microcalcification or
macrocalcification compared with large benign
nodules. However, for the small nodules, a soli-
tary occurrence and the presence of macrocal-
cification had no significant difference between
malignant and benign nodules. These results
were partly different with our previous study
which showed that the presence of microcalcifi-
cation had no significant difference between
small malignant and benign nodules (34.4% vs.
17.9%, P=0.246) [20]. The difference may be
caused by the enlarged sample size (from 71
small thyroid nodules to 108). And it also indi-
cated that microcalcification was not very sen-
sitive for the differential diagnosis of a small
nodule, which supported the points of Moon et
al that the sensitivity of microcalcification for
small nodules was lower than that for large
ones [9].

When compared with large malignant nodules,
small malignant nodules were more frequent
taller than wide and less frequently solitary or
with macrocalicification. Our results was similar
with the study of Popowicz which showed that a
taller than wide shape was more sensitive for
small nodules (smaller than 15 mm) than large
ones [18]. This was the first time to point a soli-
tary occurrence was less sensitive for small
nodules than large ones and this result still
needs to be confirmed further. In our study, the
most sensitive features for large nodules were
a solitary occurrence and the presence of
microcalcification (61.8% and 50%) and those
for small nodules were a taller than wide shape
and marked hypoechogenicity (both 61.0%).
The most specific features for large nodules
were a taller than wide shape and marked
hypoechogenicity (99.4% and 90.7%) and those
for small nodules were a taller than wide shape
and the presence of microcalcification (95.5%
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and 83.6%). Therefore, when a thyroid nodule is
differentially diagnosed using conventional
ultrasound, the nodular size should be taken
into consideration as the diagnostic accuracy
of ultrasound criteria is dependent on tumor
Slze.

Though conventional ultrasound features of
thyroid nodules had excellent specificity, the
sensitivity was not satisfied. Elastography is a
useful method for the differential diagnosis of
thyroid nodules. The studies of Zhang FJ et al
and Zhang YF et al have proved that VTQ, the
quantitative elastography, could differentiate
malignant thyroid nodules from benign ones
with both high sensitivity and high specificity
[22, 23]. In this study, we confirmed the signifi-
cant differences between the VTQ values of
malignant and benign nodules for both large
and small nodules. Also, our results showed
that the VTQ values of small malignant nodules
were significantly lower than those of large
malignant nodules. It suggests that large malig-
nant nodules were stiffer than small malignant
nodules. Although there has been no previous
studies using VTQ to evaluate the stiffness dif-
ference of small and large malignant nodules,
our result was similar with the studies about
breast carcinomas which found that the aver-
age mean stiffness for malignancies less than
15 mm was significantly lower than that of can-
cers larger than 15 mm and large invasive sizes
had statistically significant positive association
with high mean stiffness value [24, 25]. But our
results may be affected by the limitation of the
fixed ROI size of 5x6 mm as some nodules in
this study were smaller than that. Some sur-
rounding thyroid tissue could be included in the
nodular ROI, which may change the results of
the stiffness of the nodule itself. So our results
need to be testified by new elastic technologies
with smaller ROl and by comparing the patho-
logical features between small and large malig-
nant nodules.

In spite of the significant differences between
the VTQ values of small and large malignant
nodules, our results showed that the cut-off
points of the VTQ value for large nodules and
small nodules were same (2.87); And the sensi-
tivity and specificity of the VTQ value for large
nodules and small nodules were similar (for
large nodules, 76.5% and 95.3%; For small nod-
ules, 75.6% and 97.0%). So, for both large nod-
ules and small nodules, the same diagnostic

Int J Clin Exp Med 2017;10(5):7825-7833
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indices could be used and we can expect simi-
lar diagnostic efficiency.

In this study, the relative stiffness of thyroid
nodules was reflected using VTR. We found that
the diagnostic efficiency of the VTQ values was
better than that of VTR for small nodules while
similar with that of VTR for large nodules. One
probable reason for it may be the influence of
the surrounding thyroid tissue as thyroid with
diffuse disease was not excluded in this study.
And some diffuse thyroid disease such as
Basedow-Graves’ disease and chronic autoim-
mune thyroiditis may have higher thyroid stiff-
ness than healthy thyroid [26, 27]. As the VTQ
values of small malignant nodules were lower
than those of large malignant nodules, VTRs of
small nodules were more affected than those
of large nodules. As the diagnostic efficiency of
the VTQ values for both small nodules and large
nodules was not lower than that of VTR, we rec-
ommended using the VTQ value to differentiate
thyroid nodules, especially for small nodules.

Our study had some limitations. First, the fixed
size of ROl may affect the VTQ values of some
small thyroid nodules as some surrounding thy-
roid tissue could be included in the nodular
ROI. Second, instead of a big sample size, there
were only a few types of thyroid nodules includ-
ed in this study. Third, the pathological exami-
nation in this study was only for the final diag-
nosis of malignancy or benignity without the
examination of stiffness.

In conclusion, VTQ with conventional ultra-
sound could differentiate malignant and benign
thyroid nodules accurately. Malignant thyroid
nodules with different size had different con-
ventional ultrasound features and elastic fea-
tures, which should be taken into consideration
during the differential diagnosis.
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