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Abstract
Objective: The purpose of this study was to define the criteria for use in differentiating benign and malignant nodules with 

the help of the receiver operating characteristic analysis and to increase the objective diagnostic accuracy of ultrasonography.
Materials and methods: A total of 363 patients (307 women, 56 men) with 363 nodules (22 malignant and 341 benign 

nodules) were included in the study. The presence and absence of each US feature of the evaluated nodule – shape taller than 
wide, irregular margin, hypoechogenicity, microcalcification, and intranodular vascularity – were scored 1 and 0, respectively. 
The total ultrasound score was obtained by the summing up of each positive ultrasound findings for malignancy. The effect of 
the total US score in the discrimination of benign and malignant nodules was analysed using ROC analysis.

Results: The cut off values of US score at maximum sensitivity and specificity for nodules larger and smaller than one 
centimeter were two (Az: 0.783) and three (Az: 0.935), respectively. For nodules greater than one centimeter, the calculated di-
agnostic performances including sensitivity, specificity, positive predictive value and negative predictive value, and accuracy 
were 62.5%, 91.5%, 30.3%, 97.7%, and 89,9%, respectively. For nodules smaller or equal to one centimeter; the sensitivity, 
specificity, positive predictive value, negative predictive value and accuracy were 83.3%, 94.9%, 62.5%, 98.2% and 93.8%, 
respectively.

Conclusion: Using ultraound, thyroid nodules can be characterized effectively. The number of the US features used in this 
distinction varies in respect to the nodule size. 
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Introduction
Ultrasonography (US) is an excellent imaging tech-

nique for identifying thyroid nodules, which are very 
common in clinical practice. The incidence of thyroid 
nodules detected by US ranges from 10% to 67% [1-4]. 
US has been also widely used to differentiate between 
benign and malignant nodules using several sonographic 

characteristics. US features predictive of malignancy in-
clude taller than wide shape, irregular margin, hypoecho-
genicity, the presence of microcalcifications and intran-
odular vascularity [5-12]. However, some studies have 
found overlaps in the presence of these characteristics 
between benign and malignant nodules [13,14]. 

Additionally, it is known that no single ultrasound fea-
ture has the adequate diagnostic accuracy for diagnosing 
malignant nodules. Therefore, fine-needle aspiration biop-
sy (FNAB) is considered to be the best preoperative triage 
test for preoperative evaluation of the thyroid nodules.

Currently, different guidelines have been used for in-
creasing the diagnostic accuracy of US [4,7,15,16]. Re-
cently, in a study of Ahn et al [17], it was demonstrated 
that two sets of guidelines have come into prominence: 
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the American Association of Clinical Endocrinologists 
(AACE) criteria and Kim criteria. The common charac-
teristic of both guidelines is that these guidelines use a 
priori criteria to diagnose malignant nodules. 

In this study, we aimed to define the criteria for use 
in differentiating benign and malignant nodules with the 
help of the receiver operating characteristic (ROC) anal-
ysis and to increase the objective diagnostic accuracy of 
US. 

Materials and Methods

The retrospective data analysis was performed on 
439 palpable or nonpalpable thyroid nodules in 439 pa-
tients referred for FNAB in the Radiology Department 
between January 2009 and May 2010. Patient inclusion 
criteria were as follows: a) patients with an initial benign 
cytology and US follow up (>12 months after FNAB); 
b) patients who underwent surgery after FNAB for ma-
lignant nodules c) patients who underwent surgery after 
indeterminate cytology with FNAB. Patients with nod-
ules with nondiagnostic cytology and patients without a 
final tissue diagnosis after FNAB were excluded from the 
study. A total of 363 patients (307 women, 56 men) with 
363 nodules (22 malignant and 341 benign nodules) were 
included. The mean patient age was 47.6 years.

The final tissue diagnosis for malignant nodules in-
cluded papillary carcinoma (n=21) and follicular carci-
noma (n=1). Diagnosis of benign lesions at histologic 
examination included nodular hyperplasia (n=10), fol-
licular adenoma (n=2) and thyroiditis (n=2). 

US examination and FNAB technique
Thyroid ultrasound examinations were performed 

with an Aplio XV (Toshiba Tokyo Japan) machine 
equipped with a 7-14 MHz lineer array transducer. Each 
biopsied nodule was documented in both transverse and 
longitudinal plane, while the patient lay supine with the 
head hyperextended. The following sonographic features 
were assessed for each nodule: shape, margin, echo-
genicity, echostructure, presence of calcifications, and 
vascularity on color Doppler. The shape of the nodule 
was classified as taller than width measured in trans-
verse dimension or as round and wider than tall. Mar-
gins of nodules were categorized as well circumscribed 
when clear demarcation with normal thyroid was noted, 
and as not well circumscribed, which included irregular 
and microlobulated margins. The echogenicity of each 
nodule was classified as hypo-, iso- or hyperechoic in 
comparison with the normal background thyroid tissue. 
A nodule was defined as marked hypoechoic, when a 
nodule was hypoechoic relative to adjacent strap mus-

Fig 1. A 48 years old man with papillary carcinoma of 
the thyroid. a) longitudinal sonogram of the right lobe 
of thyroid shows an irregular contoured, hypoechoic 
and taller than wide shaped nodule. The size of the nod-
ule on its maximal dimension is under one centimeter.
b) power Doppler US (longitudinal view) shows exten-
sive intranodular vascularity. 

Fig 2. A 46 years old man with papillary carcinoma of 
the thyroid: a) transverse gray scale US scan shows of 
an smooth contoured, isoechoic, wider than tall shaped 
nodule. b) power Doppler US, longitudinal scan, shows 
marked intranodular vascularity. The maximal diameter 
of the nodule is measured 18 mm.

Fig 3. A46 years old man with papillary carcinoma of 
the thyroid. Dual split image shows transverse (a) and 
longitudinal (b) views of an irregular contoured, hypoe-
choic, taller than wide shaped nodule with microcalcifi-
cations. No vascularity is found on Doppler ultrasonog-
raphy (not shown). The maximal diamater of the nodule 
is measured 14.5 mm.
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Results

The size of the nodules ranged from 4 mm to 49 mm 
(mean size 17.3 mm ± 7.9). Regarding the size of the 
nodules, there was no significant difference between be-
nign (17.3 mm ± 7.9) and malignant tumors (16.3 mm ± 
8.1) (p>0.05).

A taller than wide shape was found more frequently 
in malignant nodules (22.8%) than in benign nodules 
(3.3%). Hypoechogenicity (including the subgroup of 
markedly hypoechoic nodules) was a sonographic feature 
to be found in a substantial number of malignant nodules 
(72.7%). The frequency of hypoechogenicity in benign 
nodules was low (13%). The presence of microcalcifica-
tions and intranodular vascularity on Doppler examina-
tion in malignant nodules were significantly higher than 
in benign ones ( Table I). 

A ROC analysis was perfomed to evaluate the effect 
of US scores in the discrimination of benign and malig-

Table I. Frequency Analysis of Sonographic Features of Be-
nign and Malignant Thyroid Nodules

US Feature
Benign 
Nodules 
(n=341)

Malign 
Nodules 
(n=22)

Shape

Ovoid to round 330 (96.7) 17 (77.2)

Taller than wide 11 (3.3) 5 (22.8)

Margin

Smooth 312 (91.4) 16 (72.7)

Irregular 29 (8.6) 6 (27.3)

Echogenicity

Marked hypoechoic 1 (0.2) 7 (31.8)

Hypoechoic 
(incl. marked hypoechoic) 45 (13.1) 16 (72.7)

Isoechoic 286 (83.8) 6 (27.3)

Hyperechoic 10 (2.9) –

Calcification

Absent 310 (90.9) 10 (45.4)

Microcalcification 6 (1.7) 10 (45.4)

Amorph 25 (7.4) 2 (9.1)

Vascularity on Doppler US

Absent 122 (35.7) 4 (18.2)

Peripheral 94 (27.5) 4 (18.2)

Intranodular 125 (36.6) 14 (63.6)

cles. The echostructure was defined as solid, solid with 
cystic elements, or predominantly cystic. Predominantly 
cystic nodules were those containing cystic components 
that constituted more than an estimated 50% of the le-
sion. The presence of micro- and macrocalcifications was 
documented. Microcalcifications were defined as tiny, 
punctuate echogenic foci of 1 mm or less either with or 
without posterior shadowing. Macrocalcifications were 
defined as larger than 1 mm. The vascularity on color 
Doppler was classified as absent, perinodular, and in-
tranodular flow. If a nodule showed both peripheral and 
intranodular flow, it was classified as intranodular flow 
(fig 1-3).

US guided FNAB’s were performed by two experi-
enced radiologists using a 27-gauge needle attached to a 
10-ml disposable plastic syringe and aspirator. No local 
anesthesia was used. Each nodule was aspirated at least 
twice. After FNAB, the collected specimen was placed 
on glass slides, smeared and fixed with 95% alcohol for 
Papanicolaou staining. The cytopathologist was not on-
site during the biopsy. The results of aspiration cytology 
were categorized as benign, indeterminate, malignant 
and nondiagnostic. 

Data ınterpretation and statistical analysis 
Each of the ultrasound features of the biopsied nod-

ules was determined by two experienced radiologists in 
consensus. The presence and absence of each US feature 
of the evaluated nodule – shape taller than wide, irregu-
lar margin, hypoechogenicity, microcalcification, and in-
tranodular vascularity – were scored 1 and 0, respective-
ly. For each nodule, the total US score was obtained by 
a sum up of each individual score of ultrasound features. 
The nodules were categorized into two groups (≤10 mm 
and >10 mm) in respect to size, and in each group they 
were determined as benign and malignant according to 
the final histologic diagnosis. 

Statistical analysis was performed by using a soft-
ware package (SPSS, version 18.0 for Windows; SPSS, 
Chicago, Ill). The effect of the total US score in the dis-
crimination of benign and malignant nodules was ana-
lysed for each group (≤10 mm and >10 mm) using ROC 
analysis and Az values were calculated. The optimal 
cut-off values for the total US score was determined at 
the maximum sensitivity and specificity. At that cut off 
value; the effect of the total US score was reported by 
calculating the diagnostic performances, including the 
sensitivity, specificity, positive predictive value, negative 
predictive value and accuracy.

Institutional review board approved the study and 
informed consent was obtained from all patients before 
FNA procedure.
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nant nodules in respect to nodule size. The cut off values 
of US score at maximum sensitivity and specificity for 
nodules larger and smaller than one centimeter were two 
(Az: 0.783) and three (Az: 0.935), respectively. 

For the nodules greater than one centimeter, the cal-
culated diagnostic performances including sensitivity, 
specificity, positive predictive value and negative predic-
tive value were 62.5%, 91.5%, 30.3% and 97.7%, respec-
tively. The diagnostic accuracy of US score for nodules 
larger than one centimeter was found; 89.9%.

For the nodules smaller or equal to one centimeter 
the corresponded values for the sensitivity, specificity, 
positive predictive value, negative predictive value and 
accuracy were 83.3%, 94.9%, 62.5%, 98.2% and 93.8%, 
respectively (table II).

 
Discussion

In our study, we found that different numbers of the 
sonographic features should be used for the discrimina-
tion of the thyroid nodules greater or smaller than one 
centimeter. For nodules that were greater than 10 mm 
in maximal dimension, as two of the sonographic fea-
tures were used as a cut off, the diagnostic accuracy was 
89.9%. For the nodules that were equal or less than 10 
mm in size, the cut off value for sonographic features was 
three and diagnostic accuracy of US was 93.8%. In our 
opinion, the most important result we achieved was that 
the number of the used ultrasound features for diagnos-
ing malignant nodules would be changed in respect to 
nodule size. 

In the study of Kim et al, the criteria for FNAB of 
nonpalpable solid thyroid nodules was proposed [7]. 
Suspicious sonographic features were defined as irregu-
lar or microlobulated margin, marked hypoechogenic-
ity, microcalcifications and a shape that was more tall 
than it was wide. In the presence of even one of these 
sonographic findings the sensitivity, specificity, positive 
predictive value, negative predictive value and accuracy 
were 93.8%, 66%, 56.1%, 95.9% and 74.8%, respec-
tively. That study was performed on nonpalpable thyroid 
nodules (3 mm-28 mm) and intranodular spot vascular-

ity was not defined as a suspicious sonographic criterion. 
Accordingly, due to the lack of intranodular vascularity 
criterion and the use of only one of the suspicious crite-
ria, the specificity was low.

Moon et al [18] evaluated the diagnostic accuracy 
of US for the depiction of benign and malignant thyroid 
nodules and found that the US criteria including a shape 
taller than wide, a spiculated margin, marked hypoecho-
genicity, microcalcification and macrocalcification were 
helpful for discrimination of malignant nodules from 
benign ones. According to their results, the diagnostic 
accuracy for the nodules one centimeter or less in size 
was 77% when one of the five malignant findings was 
used. The relative low diagnostic accuracy in that study 
could be due to the lack of intranodular vascularity into 
suspicious diagnostic US criteria. When compared to our 
results, we believe that the inclusion of intranodular spot 
vascularity in the malignant US findings has an important 
role in the diagnosis of malignant thyroid nodules. 

Recently, Ahn et al [17] compared the different sets 
of guidelines including AACE criteria for discriminat-
ing benign and malignant thyroid nodules. According 
to AACE guidelines, FNAB should be performed on all 
hypoechoic nodules with at least one of the following 
additional ultrasound features: taller than wide shape, 
irregular margins, microcalcifications, or intranodular 
vascular spots. For nodules of one centimeter or more 
in diameter, Ahn et al calculated the diagnostic accuracy 
with receiver operating characteristic analysis and found 
an Az value of 0.842. In that study, the diagnostic accu-
racy for nodules under one centimeter was not reported. 
Additionally, the lack of intranodular vascularity crite-
rion is a limitation of that study. 

Regarding the clinical impact, the ultrasonographic 
assessment of thyroid nodules is problematic and a sub-
ject on which a consensus has not been yet reached. In 
general, it can be said that four gray scale ultrasono-
graphic features including a shape taller than wide, ir-
regular margin, marked hypoechogenicity and microcal-
cifications, are the most accepted criteria for diagnosing 
malignant nodules. In our study, we evaluated the four 
gray scale ultrasound features and intranodular vascular 

Table II. Diagnostic accuracy of the total US score for malignant nodules according to size

Size Az Cut 
off Sensitivity(%) Spesificity(%) Positive Predictive

Value(%)
Negative Predictive 

Value(%) Accuracy

>10 mm 0.783 2 62.5 (10/16) 91.5 (258/282) 30.3 (10/33) 97.7 (259/265) 89.9 (268/298) 

≤10 mm 0.935  3 83.3 (5/6) 94.9 (56/59) 62.5 (5/8) 98.2 (56/57) 93.8 (61/65)
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spot on Doppler US in respect to nodule size. In con-
trast to other previous studies, we found that at least three 
and two ultrasound features have to be taken into con-
sideration for nodules under one centimeter and equal or 
greater than one centimeter, respectively. The increase of 
diagnostic accuracy of US in that way could play an im-
portant role in respect to clinical management of thyroid 
nodules. 

Our study had some limitations. The first limitation 
is the retrospective design of the study. Therefore, the 
ultrasonographic features of the biopsied nodules were 
evaluated. However, in recent literature almost all stud-
ies have the same limitation [17,18]. Secondly, the small 
number of the malignant nodules was another limitation. 
Nevertheless, the reported malignancy rate of incidental 
detected thyroid nodules in the literature is 5-15% [19-
22]. The rate of malignant nodules in our study was 6.0% 
and it was in accordance with the literature.

In conclusion, benign and malignant discrimination 
of thyroid nodules with US could be made with high di-
agnostic accuracy. The number of the US features used in 
this distinction varies in respect to nodule size. 

Conflict of interest: none
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