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Abstract:
Objective: To define the roles of gray-scale, color-Doppler ultrasound, and sonoelastography for the
assessment of thyroid nodule to determine whether nodule size affects the differential diagnosis of benign and malignant. Methods: A total of 243 consecutive subjects (214 women, 29 men) with 329 thyroid nodules were examined
by gray-scale, color-Doppler ultrasound, and sonoelastography in this prospective study. All patients underwent
surgery and the final diagnosis was obtained from histopathological examination. Results: Three hundred and
twenty-nine nodules (208 benign, 121 malignant) were divided into small (SNs, 5–10 mm, n=137) and large (LNs, >10 mm,
n=192) nodules. Microcalcifications were more frequent in malignant LNs than in malignant SNs, but showed no significant difference between benign LNs and SNs. Poorly-circumscribed margins were not significantly different between malignant SNs and LNs, but were less frequent in benign LNs than in benign SNs. Among all nodules, marked
intranodular vascularity was more frequent in LNs than in SNs. By comparison, shape ratio of anteroposterior to
transverse dimensions (A/T) ≥1 was less frequent in LNs than in SNs. Otherwise, among all nodules, marked
hypoechogenicity and elasticity score of 4–6 showed no significant difference between LNs and SNs. Conclusions:
The predictive values of microcalcifications, nodular margins, A/T ratio, and marked intranodular vascularity depend on
nodule size, but the predictive values of echogenicity and elastography do not.
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1 Introduction
Thyroid nodules are very common, with an estimated prevalence ranging from 4% by palpation to
67% by ultrasonography (Ezzat et al., 1994). The
detection rate of nonpalpable thyroid nodules in the
general population is increasing as a consequence of
the widespread use of ultrasound evaluation of the
cervical region. Most thyroid nodules are benign,
‡
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with 5%–15% being malignant (Frates et al., 2006).
In general, thyroid carcinomas are growing slowly
and run an indolent course. Although the majority of
thyroid carcinomas behave in a benign fashion, a
small percentage can lead to regional and distant
metastases and even death (Samaan et al., 1992).
Thyroid microcarcinoma is defined as thyroid carcinoma with a maximum tumor diameter of 10 mm or
less. Malignant involvement is not less frequent in
thyroid microcarcinomas than in macrocarcinomas
(Pelizzo et al., 2006; Cooper et al., 2009). Clinically,
it is essential to identify the malignant nodules in
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order to establish an optimal therapeutic plan for each
patient. Furthermore, early diagnosis and treatment of
small tumors may be clinically important; however,
an aggressive disease course is rare in incidentally
discovered microcarcinomas. Hence, incidental thyroid lesions with a diameter of less than 5 mm should
usually be followed up with ultrasound (Pelizzo et al.,
2006; Cooper et al., 2009).
Fine-needle aspiration biopsy (FNAB) is considered to be the most reliable diagnostic test for
evaluation of thyroid nodules, especially when ultrasound guidance is used (Lee et al., 2002). However,
performing FNAB on every thyroid nodule detected
by ultrasound is not cost-effective due to the high
prevalence of nodules. Ultrasound is the most sensitive test available to detect thyroid lesions (Moon H.C.
et al., 2007) and may be used to further characterize
thyroid nodules, providing an assessment of risk of
malignancy, and thereby narrowing down those nodules which require FNAB. Numerous studies have
investigated the sonographic features of nodules as
predictors of malignancy (Reading et al., 2005;
Hoang et al., 2007; Moon W.J. et al., 2008). Although
individual sonographic features may be of limited
value, when multiple signs of thyroid malignancy
appear in combination, it is possible to make accurate
predictions (Kim et al., 2002; Ahn et al., 2010).
However, whether the diagnostic accuracy of these
features may be dependent on nodular size has not
been fully investigated.
Sonoelastography is based on the principle that
when body tissues are compressed, the softer parts
deform more easily than the harder parts (Khaled et
al., 2006). Preliminary results of sonoelastography
have shown an excellent differentiation of variable
hardness of thyroid nodules when compared to
histopathology (Lyshchik et al., 2005; Rago et al.,
2007; Asteria et al., 2008; Dighe et al., 2008; Rubaltelli et al., 2009; Bojunga et al., 2010). Whether
elastographic measurement can give reliable results in
nodules less than 10 mm is not clear.
The purpose of this study was to define the roles
of gray-scale, color-Doppler ultrasound, and sonoelastography for assessment of thyroid nodules to determine if nodule size affects differential diagnosis of
benign and malignant using histopathology as the
reference standard.

2 Subjects and methods
2.1 Patients
The study was conducted with the approval of
the institutional review board of Zhejiang University,
China. All patients provided informed consent to
participate in the study.
A total of 663 consecutive patients with both
palpable and nonpalpable nodules who had undergone thyroid ultrasound between November 2008 and
September 2010 were considered for the study. Only
283 patients who underwent surgery and pathological
evaluation were included. The indications for surgery
included the following reasons: suspicious ultrasound
malignant findings (n=159), compression symptoms
or cosmetic reasons (large goiter) (n=85), and the
patients’ desires (n=39). The final diagnosis was
based on the results of histopathologic examination of
resected specimens.
As for thyroid nodules, the inclusion criterion
was the presence of single or multiple thyroid nodules
larger than 5 mm. The exclusion criteria were:
(1) nodules with cystic portion >50%; (2) nodules in
which ultrasound revealed the presence of calcified
shell; (3) nodules which could not be clearly distinguishable from other nodules present in the thyroid.
Thus, a total of 243 patients with 329 thyroid
nodules were enrolled in this study. There were 214
women and 29 men with a mean age of (45.3±12.7)
years (range: 17–76 years).
2.2 Conventional ultrasound and sonoelastography
Both conventional sonography and sonoelastography were performed using EUB-8500 or HI VISION
900 US system machines (Hitachi Medical, Tokyo,
Japan) and 6–13 MHz linear array transducer. All
examinations were performed by the same investigator with ten years of experience in thyroid ultrasound.
All selected thyroid nodules were assessed by
conventional gray-scale and color-Doppler ultrasound. The echogenicity of the nodules was classified
into four categories: marked hypoechogenicity,
hypoechogenicity, isoechogenicity, and hyperechogenicity. The marked hypoechogenicity was defined
as low echogenicity compared with the surrounding
strap muscles. The hypoechogenicity, isoechogenicity, and hyperechogenicity were defined according to

709

Hong et al. / J Zhejiang Univ-Sci B (Biomed & Biotechnol) 2012 13(9):707-716

the comparative echogenicity between the thyroid
parenchyma and the nodule. Shape was assessed as
the ratio of anteroposterior (A) to transverse (T) dimensions (A/T≥1 or <1). The margin of the nodule
was described as (1) well-circumscribed when the
boundary of the nodule was well-defined or the contour of the nodule was smooth and rounded; or
(2) poorly-circumscribed when the boundary of the
nodule was ill-defined or the contour of the nodule
was irregular with jagged edges. Calcification within
the nodule was classified into four categories: no
calcification, microcalcification, large and dense calcification, and rim calcification. Microcalcification
was defined as hyperechoic spots less than 2 mm with
or without acoustic shadowing. The component of the
nodule was classified as solid (solid portion>90%),
predominantly solid (solid portion>50%), predominantly cystic (cystic portion>50%), and cystic (cystic
portion>90%). The presence and the pattern of blood
flow evaluated by color-Doppler imaging were classified as follows: no vascularity-defined as no colorDoppler flow in the periphery or within the nodule;
peripheral vascularity-defined as flow in the peripheral position and absent or slight flow in the central
part of the nodule; marked intranodular vascularitydefined as more flow in the central part of the nodule
than at the periphery.

Sonoelastography was performed after the conventional sonographic examination by the same investigator. With the use of sonoelastographic mode,
the probe was placed on the neck with light pressure,
and an elastographic region of interest (ROI) was
positioned by the operator that included the nodule
and sufficient surrounding thyroid tissue to be evaluated. To keep the strain distribution uniform, the
probe was pressed to the area with a frequency of 2 to
3 times per second during the cycle of compressingdecompressing in elastography. The level of the
pressure was indicated by a 5-point scale meter,
which was displayed in real time on the screen. A
scale of 2 to 4 was indicative of correct compression.
The real-time elastogram was displayed over the
gray-scale imaging in a color-coded map: highly
elastic tissues (soft) appear in red, less elastic tissues
(hard) appear in blue, and intermediate degrees of
elastic tissues are shown in green. The sonoelastogram was considered to be reliable only when the
elastographic image displayed over the B-mode
continued for at least 5 s with the illuminated indicator showing a value between 2 and 4. In our study,
the characteristics of thyroid nodules on sonoelastogram were categorized into 6 patterns (i.e., elasticity
scores 1–6). Fig. 1 demonstrates the features of each
pattern.

Soft

Score 1: The entire nodule is evenly
shaded green, as is the surrounding
thyroid tissue

Score 2: The nodule is almost completely green, but with some blue spot

Score 3: The central part of the nodule
is blue, the peripheral part is green

Hard

Score 4: The nodule is almost completely blue, but with some green spot

Score 5: The entire nodule is evenly
shaded blue

Score 6: Both the nodule and the
surrounding area are blue

Fig. 1 Schematic representation of the general appearance of thyroid nodules for elasticity scores of 1–6
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2.3 Statistical analysis
The software package SPSS for Windows 13.0
(SPSS Inc., Chicago, IL, USA) was used for statistical
data analysis. Each of the ultrasound features was
analyzed to determine its association with a benign vs.
malignant diagnosis. A Student’s t-test was used for
comparison of quantitative variables. To assess the
diagnostic values of conventional ultrasound and
sonoelastography compared with the histopathologic
results, cross-table tests were carried out. The diagnostic sensitivity, specificity, positive predictive
value (PPV), and negative predictive value (NPV)
were calculated. To summarize the overall performance, the areas under the receiver operating characteristic curve (AZ) were calculated and compared for
the two techniques. P-value of less than 0.05 was
considered to be statistically significant.

3 Results
Two-hundred and forty-three patients with 329
thyroid nodules were successfully evaluated by grayscale, color-Doppler ultrasound, and sonoelastography. All thyroid nodules were confirmed histologically by means of surgery. There were 208 benign
(63%) and 121 malignant (37%) nodules. In the 67
patients having multiple thyroid lesions, 14 patients
had multiple malignant nodules, 46 had multiple benign nodules, and 7 had both multiple benign and
malignant nodules. The diagnoses of malignancy
included papillary carcinoma (n=116), follicular carcinoma (n=2), anaplastic carcinoma (n=1), and medullary carcinoma (n=2). The diagnoses of benign
nodules included nodular goiter (n=187), Hashimoto’s thyroiditis (n=9), subacute thyroiditis (n=5),

follicular adenoma (n=4), and atypical adenoma
(n=3). The mean maximal diameter of the malignant
nodules ((14.2±9.4) mm, range from 5 to 50 mm) was
significantly smaller than that of the benign nodules
((16.6±11.8) mm, range from 5 to 54 mm) (P=0.002).
3.1 Ultrasound features of nodules vs. nodule size
To evaluate the relationship between nodule size
and ultrasound features, a cutoff of 10 mm was set as
a criterion for dividing small and large nodules. Based
on the pathologic findings, there were 137 small
nodules (SNs) (malignant 60, benign 77) and 192
large nodules (LNs) (malignant 61, benign 131). The
findings of ultrasound features in malignant and benign nodules within SN and LN groups are shown in
Table 1.
Among malignant nodules, the ultrasound findings of microcalcification and marked intranodular
vascularity were more commonly observed in LNs
(71% and 39%, respectively) than in SNs (50% and
18%, P=0.021 and P=0.010, respectively). In addition,
the ratio of A/T≥1 in malignant nodules showed less
frequency in LNs than in SNs (8% vs. 48%, P<0.001).
Other ultrasound features (poorly-circumscribed
margin, marked hypoechogenicity, elasticity score of
4–6) showed no significant difference between malignant LNs and SNs. Among benign nodules, the
ultrasound findings of poorly-circumscribed margin
and A/T≥1 were less commonly observed in LNs
(16% and 2%, respectively) than in SNs (29% and 9%,
P=0.042 and P=0.032, respectively). In contrast,
marked intranodular vascularity in benign nodules
showed more frequency in LNs than in SNs (19% vs.
5%, P<0.001). Other ultrasound features (marked
hypoechogenicity, microcalcification, elasticity score
of 4–6) showed no significant difference between
benign LNs and SNs.

Table 1 Frequency of suspicious ultrasound features in malignant and benign nodules according to nodular size
Characteristics
Poorly-circumscribed margin
Marked hypoechogenicity
Microcalcification
A/T≥1
Marked intranodular vascularity
Elasticity score of 4–6

d 5–10 mm
(n=60)
56 (93%)a
35 (58%)
30 (50%)
29 (48%)
11 (18%)
54 (90%)

nm
d>10 mm
(n=61)
54 (89%)
42 (69%)
43 (71%)
5 (8%)
24 (39%)
57 (93%)

P
0.362
0.233
0.021
<0.001
0.010
0.496

nm: number of malignant; nb: number of benign; d: diameter. a Data are expressed as n (%)

d 5–10 mm
(n=77)
22 (29%)
7 (9%)
10 (13%)
7 (9%)
4 (5%)
14 (18%)

nb
d>10 mm
(n=131)
21 (16%)
9 (7%)
7 (5%)
2 (2%)
25 (19%)
26 (20%)

P
0.042
0.564
0.080
0.032
0.001
0.770
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3.2 Diagnostic accuracy of ultrasound features for
malignant nodules
The diagnostic accuracy of the ultrasound features was evaluated separately for SNs and LNs (Table 2). For both SNs and LNs, the presence of marked
hypoechogenicity, microcalcification, A/T≥1 ratio,
and marked intranodular vascularity had a specificity
of 87%–98% and a sensitivity of 8%–70%. In contrast,
the elasticity score of 4–6 and poorly-circumscribed
margin had a specificity of 71%–80% and a sensitivity of 89%–93%. The feature with the highest AZ was
the elasticity score of 4–6 (0.859 in SNs, 0.868 in
LNs). The AZ of the elasticity score of 4–6 was
significantly greater than that of the poorlycircumscribed margin (0.824 in SNs, P=0.001; 0.862
in LNs, P=0.011, respectively).
The distribution of elasticity scores in thyroid
nodules is shown in Table 3. Among malignant nodules, 90% (54/60) of SNs and 93% (57/61) of LNs had
a score of 4–6. Among benign nodules, 82% (63/77)
of SNs and 80% (105/131) of LNs had a score of 1–3
(Fig. 2). All the nodules with a score of 6 were malignant (Fig. 3). As for subacute thyroiditis, 4 had a
score of 4, 1 had a score of 5 (Fig. 4).

4 Discussion
There is a general agreement that ultrasound
features indicating a high risk for malignancy should
be an indication for an FNAB and even further
treatment such as surgery. Ultrasound features predictive of malignant nodules include the presence of
irregular margins, marked hypoechogenicity, microcalcifications, taller-than-wide shape, and intranodular vascularity (Kim et al., 2002; Hoang et al., 2007;
Moon W.J. et al., 2008; Cooper et al., 2009; Ahn et
al., 2010).
Ultrasound evaluation of the border of a thyroid
nodule can be classified as well-defined or ill-defined.
Furthermore, nodules can be classified according to
their contours as either smooth and rounded or irregular and microlobulated (Hoang et al., 2007). An
ill-defined and irregular or microlobulated margin is
suggestive of malignancy, but the sensitivity
(48.3%–84.4%) and specificity (81%–97.6%) are
variable (Kim et al., 2002; Papini et al., 2002; Cappelli et al., 2006; Hoang et al., 2007; Moon W.J. et al.,
2008; Ahn et al., 2010). Some investigators have
suggested an ill-defined margin as the criterion for the
discrimination of malignant from benign nodules

Table 2 Diagnostic accuracy of ultrasound findings for malignant nodules according to nodular size
S1
(%)

S2
(%)

PPV
(%)

NPV
(%)

A
(%)

AZ

OR

P

22

93

71

72

93

81

0.824

35.0

<0.001

25

7

42

91

78

67

69

0.663

7.14

<0.001

Microcalcification

30

10

50

87

75

69

71

0.685

6.70

<0.001

A/T≥1

29

7

48

91

81

69

72

0.696

9.36

<0.001

Marked intranodular vascularity

11

4

18

95

73

60

61

0.566

4.10

0.015

Elasticity score≥4

54

14

90

82

79

91

85

0.859

40.5

<0.001

Characteristics

nm

nb

60

77

Poorly-circumscribed margin

56

Marked hypoechogenicity

d 5–10 mm (n=137)

d>10 mm (n=192)

61

131

Poorly-circumscribed margin

54

21

89

84

72

94

85

0.862

40.41

<0.001

Marked hypoechogenicity

19

9

31

93

68

74

73

0.621

6.132

<0.001

Microcalcification

43

7

70

95

86

87

87

0.826

42.32

<0.001

5

2

8

98

71

70

70

0.533

5.76

0.022

Marked intranodular vascularity

24

25

39

81

49

74

68

0.601

2.75

0.003

Elasticity score≥4

57

26

93

80

69

96

84

0.868

57.55

<0.001

A/T≥1

nm: number of malignant; nb: number of benign; d: diameter; S1: sensitivity; S2: specificity; PPV: positive predictive value; NPV: negative
predictive value; A: accuracy; AZ: the areas under the receiver operating characteristic curve; OR: odds ratio
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Table 3 Distribution of elasticity scores in thyroid nodules
nb
nm
Elasticity
d
5–10
mm
d>10
mm
d
5–10
mm
d>10 mm
score
(n=60)
(n=61)
(n=77)
(n=131)
1
2
0
26
9
2
3
2
29
94
3
1
2
8
2
4
14
26
5
21
5
32
24
9
5
6
8
7
0
0
nm: number of malignant; nb: number of benign; d: diameter

Fig. 5 Papillary carcinoma in a 41-year-old man
Left: real-time elastogram of the nodule in the right lobe of
the thyroid shows anelastic in the nodule and surrounding
tissues (score 6). Right: gray-scale sonogram of the nodule
shows marked hypoechoic and irregular, microlobulated
margin
(a)

Fig. 2 Adenomatoid nodule in a 35-year-old woman
Left: real-time elastogram of the nodule in the left lobe of
the thyroid shows completely elastic (score 1). Right:
gray-scale sonogram of the nodule shows hypoechoic and
well-circumscribed margin

Fig. 3 Papillary carcinoma in a 35-year-old woman
Left: real-time elastogram of the nodule in the right lobe of
the thyroid shows anelastic in the nodule and surrounding
tissues (score 6). Right: gray-scale sonogram of the nodule
shows hypoechoic and poorly-circumscribed margin

Fig. 4 Subacute thyroiditis in a 40-year-old woman
Left: real-time elastogram of the nodule in the right lobe of
the thyroid shows anelastic (score 5). Right: gray-scale
sonogram of the nodule shows marked hypoechoic and
poorly-circumscribed margin

(b)

Fig. 6 Papillary carcinoma in a 31-year-old woman
(a) Left: real-time elastogram of the nodule in the right lobe
of the thyroid shows anelastic (score 5). Right: gray-scale
sonogram of the nodule shows marked hypoechoic and
poorly-circumscribed margin. (b) In color-Doppler ultrasound it shows marked intranodular vascularity

(Cappelli et al., 2006; Dighe et al., 2008), others have
suggested an irregular or microlobulated margin as
the criterion (Kim et al., 2002; Papini et al., 2002;
Ahn et al., 2010). Poor interobserver agreement when
assessing margins may account for these discordant
findings. An irregular and microlobulated contour is
thought to be the hallmark of thyroid papillary cancers as the neoplastic thyroid follicular epithelia undergo disorganized growth, resulting in an irregular or
lobulated appearance. An ill-defined margin may be
associated with minimal marginal tumor infiltration
of malignancy. Both characteristics suggest malignant infiltration of adjacent thyroid parenchyma with
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no pseudocapsule formation (Kim et al., 2002;
Reading et al., 2005; Hoang et al., 2007). In our study,
a poorly-circumscribed, ill-defined or irregular and
microlobulated margin (Figs. 5 and 6), was found in
91% of malignant nodules and 21% of benign nodules.
The sensitivity increased to 93% in SNs and 89% in
LNs, the specificity was 71% in SNs and 84% in LNs,
and accuracy exceeded 80%. The frequency of this
characteristic had no significant difference between
malignant LNs and SNs, but it was less frequent in
benign LNs than in benign SNs.
Malignant nodules are typically hypoechogenic
when compared with normal thyroid parenchyma;
however, nearly 50% of benign nodules also have this
appearance. The hypoechogenicity of thyroid nodules
is not a reliable sign of malignancy since the specificity and PPV are low (Kim et al., 2002; Wienke et
al., 2003; Moon W.J. et al., 2008). Some studies have
observed that marked hypoechogenicity was highly
specific for diagnosing malignant nodules, but with
low sensitivity. In this study, our findings are in accordance with previous studies. In addition, we also
find that the predictive ability of marked hypoechogenicity was not relevant to nodular size.
Microcalcification is one of the most specific
features of thyroid malignancy with a specificity of
71.0%–98.8% (Kakkos et al., 2000; Khoo et al., 2002;
Kim et al., 2002; Papini et al., 2002; Reading et al.,
2005; Cappelli et al., 2006; Hoang et al., 2007; Moon
W.J. et al., 2008; Ahn et al., 2010). In histopathology,
microcalcification is thought to represent psammoma
bodies, which are 10–100 μm round laminar crystalline calcific deposits. Psammoma bodies are a typical
finding in papillary carcinoma (Reading et al., 2005).
In this study, microcalcifications were more commonly observed in malignant LNs than in malignant
SNs. This result was similar to that of the Moon W.J.
et al. (2008)’s study. However, in our study no significant difference was observed between benign LNs
and SNs. Microcalcifications had a specificity of 87%
and a sensitivity of 50% in SNs. In the LN group, the
specificity increased to 95%, and the sensitivity increased to 70%. Therefore, microcalcifications may
be more predictive of malignancy in LNs than in SNs.
The ratio of the nodular shape A/T≥1 is a reportedly characteristic and very specific feature of
malignant thyroid nodules (Kim et al., 2002; Hoang et
al., 2007; Moon W.J. et al., 2008; Ahn et al., 2010).
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This appearance may be due to the fact that malignant
nodules grow across normal tissue planes, while benign nodules grow parallel to normal tissue planes
(Kim et al., 2002; Hoang et al., 2007). In our study,
we found that this feature was more sensitive in SNs
than in LNs. Nearly 48% of malignant nodules with
the maximal diameter not exceeding 10 mm had this
feature, but only 8% of malignant nodules with the
maximal diameter exceeding 10 mm had this feature.
There are many reports that have evaluated the
diagnostic performance of Doppler ultrasound in the
assessment of thyroid tumors. Some authors claimed
that intranodular vascularity is useful for differentiating benign from malignant thyroid nodules (Papini
et al., 2002; Chammas et al., 2005; Appetecchia and
Solivetti, 2006), while others disagreed (Algin et al.,
2010; Moon H.J. et al., 2010). Three main factors
may account for this variability. First, lack of a standardized definition of vascularity patterns leads to a
lack of objectivity. Some studies defined intranodular
vascularity as blood flow within the nodule and neglected blood flow at the periphery (Papini et al.,
2002; Moon H.J. et al., 2010), while other studies
defined intranodular vascularity as more flow in the
nodule than in the surrounding thyroid gland and
more flow in the central part of the nodule than at the
periphery (Chammas et al., 2005; Rago et al., 2007).
Second, the sensitivity of Doppler ultrasound is affected by technical parameters such as settings of the
wall filter, nodule depth, and pulse repetition frequency. Power Doppler imaging may be more sensitive than color-Doppler ultrasound for detecting the
slow flow of small vessels (Moon W.J. et al., 2008).
Finally, the participants were quite heterogeneous
across studies. Some authors only investigated thyroid nodules larger than 10 mm (Brunese et al., 2008).
In our study, we defined marked intranodular vascularity as more flow in the central part of the nodule
than at the periphery (Fig. 6b), which resulted in a
high specificity but a very low sensitivity. We found
that the diagnostic accuracy was dependent on tumor
size, in which marked intranodular vascularity was
more commonly observed in LNs than in SNs in both
malignant and benign nodules.
Recent studies demonstrated that ultrasoundbased elastography could improve detection of malignant thyroid nodules with a high sensitivity and good
specificity (Lyshchik et al., 2005; Rago et al., 2007;
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Asteria et al., 2008; Dighe et al., 2008; Rubaltelli et
al., 2009; Bojunga et al., 2010). In our study, the NPV
of sonoelastography was 91% in SNs and 96% in LNs,
which could be useful in determining which nodules
could be safely observed without biopsy. An elasticity
score of 6 was observed exclusively in malignant
nodules. If theses findings are confirmed in larger
series, a score of 6 may be used as a reliable indicator
for nodule biopsy. The AZ values of the sonoelastography in LNs and SNs were superior to those of
other ultrasound features. As for nodule size, Rago et
al. (2007) reported that the predictive ability of
sonoelastographic measurement was independent of
nodular size, with a sensitivity and specificity of
100% being observed in 9 nodules sizing from 8 to
10 mm. However, the sample size was too small to
make an accurate conclusion. In our study, the distribution of elasticity scores showed no significant
difference between malignant and benign in both LNs
and SNs, and the predictive ability of sonoelastography was independent of nodular size.
As with any imaging technique, sonoelastography has its limitations. The elasticity of soft tissues
depends to a large extent on their molecular building
blocks (fat, collagen, etc.), and on the microscopic
and macroscopic structural organization of these
blocks (Ko et al., 2006). Pathologic changes are
generally correlated with changes in tissue stiffness.
Some benign nodules, such as subacute thyroiditis,
nodules with coarse calcification or fibrosis, may
have increased stiffness (Rago et al., 2007; Asteria et
al., 2008; Hong et al., 2009; Rubaltelli et al., 2009;
Bojunga et al., 2010). Thus, the false-positive results
may increase, resulting in a specificity decrease. In
the present study, the NPV was high (91% in SNs,
96% in LNs), but the PPV was moderate (79% in SNs,
69% in LNs). Second, not all nodules are amenable to
sonoelastography. Sonoelastography cannot be performed on nodules with peripheral rim calcification,
nodules with a large cystic component, nodules with a
diameter of <5 mm and coalescent nodules (Lyshchik
et al., 2005; Rago et al., 2007; Asteria et al., 2008;
Dighe et al., 2008; Hong et al., 2009; Rubaltelli et al.,
2009; Bojunga et al., 2010; Kagoya et al., 2010).
Third, the overall quality of sonoelastography is
dramatically affected by the decorrelation noise
caused by the out-of-plane motion of the examined
lesion under compression and the pulsation of the

carotid artery (Lyshchik et al., 2005; Asteria et al.,
2008; Rubaltelli et al., 2009; Bojunga et al., 2010). In
addition, the neck contains a wide range of structures
in relatively narrow compartments. Therefore, elastographic imaging of the thyroid gland will require
more training to achieve optimal images for diagnosis
(Hong et al., 2009; Kagoya et al., 2010).
There are several limitations in this study. First,
since 116 of 121 (96%) malignancies were papillary
thyroid carcinoma, this study predominantly reflects
sonographic and sonoelastographic features of papillary thyroid carcinoma. Second, all sonographic
evaluations were performed by one investigator, so
we were unable to investigate interobserver agreement for the diagnosis of malignant thyroid nodules
using conventional B-mode ultrasound and real-time
freehand ultrasound elastography. Park et al. (2009)
suggested that conventional ultrasound features such
as echogenicity, margin, and elastography do not
present reliable interobserver agreement for the diagnosis of malignant thyroid nodules. Third, the
general applicability of this study is limited due to
selection bias since not all nodules were FNAB. This
study included patients referred for surgery and had a
high percentage of malignant thyroid nodules (37%).
Most studies show an incidence of malignancy of
2%–5% in nodules selected for biopsy, with a much
lower incidence in unselected nodules (Cooper et al.,
2006).
In conclusion, the predictive values of microcalcifications, nodular margins, A/T ratio, and
marked intranodular vascularity depend on nodule
size, but the predictive values of echogenicity and
elastography do not.
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Abstract: Differentiated thyroid carcinoma (DTC) generally has a favorable outcome. Thyroid disease,
treatments, stress, and comorbidity can compromise health-related quality of life (QoL) and indirectly weigh
upon the outcome. From 2004 to 2008, we evaluated QoL longitudinally in 128 DTC subjects. During
scheduled examinations, subjects were asked to undergo a semi-structured psychiatric interview and five rated
inventories. The same examination was conducted in 219 subjects after surgery for benign thyroid pathology.
Low scores represent a better QoL. DTC and control subjects were similar in terms of age, male/female ratio,
concomitant psychopharmacological treatments, and frequency of psychiatric diseases. In DTC subjects,
Billewicz scale (BS) scores showed an increasing trend over time, especially among females. The ad hoc
thyroid questionnaire (TQ) scores were similar in both groups and did not change over time, but at the end of
the study ad hoc TQ and BS were significantly related. Ad hoc TQ scores were also related to age on entry to
the study. In both male and female DTC subjects, Hamilton’s tests for anxiety (HAM-A), but not for depression (HAM-D), showed an improving trend. At the end of the study, HAM-A and HAM-D scores were comparable to those of the control group. HAM-A and HAM-D were both positively correlated with the stage of
cancer and the time between diagnosis and treatment. Only HAM-D correlated with age on entry to the study.
Kellner symptom questionnaire (KSQ) item scores were higher in DTC subjects than in controls. The change
over time in the items including anxiety, somatization, depression, and hostility was significant. Somatization
and hostility were more significantly reduced in DTC females than in DTC males. Hostility scores were
significantly lower in DTC subjects than in controls at the end of the study. Somatization and depression were
significantly related to staging on diagnosis and age on entry to the study. Our study confirms a wide variation
of illness perception in DTC subjects, which is generally unrelated to the favorable clinical follow-up of the
disease. Psychological evaluation during long-term follow-up improved QoL scores, which reached the same
levels noted in subjects with a history of thyroid surgery for benign thyroid pathology. Our data indicate that
special attention should be paid to QoL in older DTC subjects and those with more severe staging on diagnosis.

