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Abstract

Background: The aim of this study was to investigate the diagnostic accuracy of microcalcification, as well as its
associated sonographic features, for prediction of thyroid nodule malignancy.
We prospectively assessed the patients with thyroid nodule, who underwent ultrasound-guided fine-needle
aspiration during 2017–2020 in Babol, northern Iran. The ultrasonographic characteristics of the nodules, as well as
their cytological results, were recorded. We used regression analysis to evaluate the relation between sonographic
findings and nodule malignancy. A receiver operator characteristics (ROC) analysis was also used to estimate the
ability of ultrasound to predict the characteristic features of malignancy, as estimated by the area under the curve
(AUC).

Results: Overall, 1129 thyroid nodules were finally included in the study, of which 452 (40%) had
microcalcification. A significant positive association was found between nodule malignancy and
microcalcification in both univariate (OR=3.626, 95% CI 2.258–5.822) and multivariable regression analyses
(OR=1.878, 95% CI 1.095–3.219). In the nodules with microcalcification, significant positive relations were
seen between malignancy and hypoechogenicity (OR=3.833, 95% CI 1.032–14.238), >5 microcalcification
number (OR=3.045, 95% CI 1.328–6.982), irregular margin (OR=3.341, 95% CI 1.078–10.352), and lobulated
margin (OR=5.727, 95% CI 1.934–16.959). The ROC analysis indicated that AUC for hypoechogenicity, >5
microcalcification number, irregular margin, and lobulated margin were 60%, 62%, 55%, and 60%,
respectively, in predicting malignant thyroid nodules.

Conclusion: The findings indicated that microcalcification can be a potential predictor of thyroid nodule
malignancy. Also, the presence of irregular or lobulated margins, multiple intranodular microcalcification (>5
microcalcifications), and/or hypoechogenicity can improve the ability of microcalcification in distinguishing
malignant from benign nodules.
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Background
Thyroid cancer is one of the most common malignancies
worldwide and its incidence has increased over the re-
cent years. It has been reported that 567,000 cases were
newly diagnosed in 2018 around the world, accounting
for 3.1% of all new cancer cases [1]. Meanwhile, the role
of thyroid nodules is notable. Thyroid nodules are fre-
quent among adult people and up to 15% of them could
be malignant [2, 3]. Thus, their clinical and paraclinical
assessments are important.
Ultrasound is typically the first paraclinical method for

thyroid nodule examination, helping in differentiation
between malignant and benign nodules. According to
the literature, sonographic features suggesting malig-
nancy include hypoechogenicity, irregular margins,
taller-than-wide shape, and microcalcification (or fine
calcification) [4, 5]. Among these, microcalcifications are
highly potential for prediction of malignancy (especially
for papillary thyroid carcinoma) and have been stated to
be linked to extra-thyroid extension and metastasis [6,
7]. Different values have been reported for microcalcifi-
cations in the diagnosis of malignant thyroid nodules.
The diagnostic sensitivity and specificity vary from 26 to
59% and 86 to 94%, respectively, according to different
studies [8]. Therefore, observation alone of microcalcifi-
cations on sonography would not have enough diagnos-
tic performance and identifying their patterns and
accompanying sonographic features would be helpful in
better distinguishing malignant from benign nodules.
The purpose of the present study was firstly assess-

ment of the diagnostic performance of microcalcification
for predictions of thyroid nodule malignancy in our re-
gion. Secondly, we aimed to compare different sono-
graphic features between benign and malignant lesions
in the thyroid nodules with microcalcification.

Methods
Locations and patients
The present cross-sectional study was prospectively per-
formed, from August 2017 to May 2020, on the patients
with thyroid nodules consecutively referring to the
clinics of Shahid Beheshti teaching hospital or to the pri-
vate offices in Babol, northern Iran, for ultrasound-
guided fine-needle aspiration (FNA). Thyroid nodules
were diagnosed in the patients in a thyroid examination
by an endocrinologist and/or during the thyroid sonog-
raphy by a radiologist. The exclusion criteria were purely
cystic nodules with no solid component, suspicious cy-
tology results (atypia), and patients’ unwillingness to
undergo FNA.

Ultrasound imaging and FNA
The criteria for considering a nodule as suspicious for
malignancy was based on the following sonographic

features: hypoechogenicity, calcification, irregular/lobu-
lated margins, and/or a taller-than wide shape. Microcal-
cification was also defined as small (<1 mm) punctate
echogenic foci without acoustic shadowing or a comet
tail. The FNA procedure was conducted by a senior radi-
ologist with an experience of more than 15 years. The
thyroid nodules underwent ultrasound-guided FNA
using a Samsung H60 ultrasound machine (3 to 14 MHz
linear array transducer) and a 23-gauge needle con-
nected to a 5-cc syringe with the freehand procedure.
The aspiration was performed from the solid area of the
sample nodule for solid-cystic nodules.

FNA cytology
Following the aspiration, the sample was transmitted to
the laboratory on smear glass slides after drying in the
open air and fixation with 95% alcohol. The Papanico-
laou, Giemsa, and hematoxylin and eosin techniques
were used to stain the fixed slides. To decrease the inter-
observer error, the identical interpretation, slide prepar-
ation technique, fixation and staining, and
cytohistological examination of all specimens were con-
ducted by an experienced pathologist who was blinded
to the thyroid nodule sonographic diagnosis. Some sam-
ples were examined by two pathologists in difficult
decision-making.

Data collection
The following data were collected from the patients
undergoing ultrasound-guided FNA:

� Demographic information, including age and sex
� Ultrasonographic characteristics of the thyroid

nodules, including the size of the nodule (<2 cm or
>2 cm), nodule calcification pattern (fine, coarse,
fine-coarse, eggshell), intranodular microcalcification
number (>5 or <5), nodule echogenicity (hyper,
hypo, iso), the margins of the nodule (regular, ir-
regular, ill defined, lobulated), and nodule compos-
ition (solid, solid-cystic)

� Cytological results

The data were recorded in a checklist form. Surgery
was performed for the malignant thyroid nodules.

Statistical analysis
To analyze the data, SPSS software was used. Descriptive
statistics were used to analyze the data. To statistically
measure the diagnostic accuracy of microcalcification
features, the contingency table values were defined as
follows:

� True positive (TP): Thyroid nodule was determined
to be malignant in both ultrasound and cytology.
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� True negative (TN): Thyroid nodule was established
as benign in both ultrasound and cytology.

� False positive (FP): Ultrasonography was suggestive
of malignancy but cytopathology was inconsistent.

� False negative (FN): Ultrasonography did not show
malignancy but cytology suggested it.

Sensitivity was calculated as TP/TP+FN, specificity as
TN/TN+FP, positive predictive value (PPV) as TP/TP+
FP, negative predictive value (NPV) as TN/TN+FN, and
accuracy as proportion of TP+TN in all patients. The as-
sociation between ultrasonographic features and malig-
nancy was assessed using the logistic regression analysis.
The data were presented as odds ratio (OR) as well as
95% confidence interval (CI). A receiver operator charac-
teristics (ROC) analysis was also used for estimating the
ability of sonography to predict characteristic features of
malignancy, as estimated by the area under the curve
(AUC). A p-value less than 0.05 was considered as
significant.

Results
In total, 1143 patients with thyroid nodules underwent
ultrasound-guided FNA. Of whom, 1078 had single nod-
ule and others had multiple nodules. Overall, 1228 thy-
roid nodules were initially assessed, of which 99 nodules
were atypia according to cytopathology and were ex-
cluded from further investigation. A total of 1129 nod-
ules (from 1039 patients) were finally included in the
study. The number of female patients was 988 (86.4%),
and others were male. The mean age of the patients was
45.33±14.48 years old. The mean size of the nodules was
1.74±1.04 cm. The number of benign and malignant
nodules was 998 (88.4%) and 131 (11.6%), respectively.
Out of 1129 nodules, 452 (40%) had ultrasonic calcifi-

cation. Table 1 represents the association between calci-
fication patterns and cytology results of the thyroid
nodules. As indicated, malignancy was observed in 25%
(n=34) of the nodules with microcalcification. In this re-
gard, a significant positive association was found be-
tween nodule malignancy and microcalcification in
univariate logistic regression analysis (OR=3.626, 95% CI
2.258–5.822). This significant association was also seen

after adjustment for echogenicity, margin, and solid/cys-
tic component of the nodules (OR=1.878, 95% CI 1.095–
3.219). The ROC analysis showed that AUC for micro-
calcification was 58% in predicting malignant thyroid
nodules. The calculated sensitivity, specificity, PPV,
NPV, and accuracy for microcalcification were 26%,
89.8%, 25%, 93.2%, and 82.4%, respectively.
Out of 136 nodules with microcalcification, 102 (75%)

were benign and 34 (25%) were malignant. The cytology
findings proved that 70.6% of the nodules were nodular
goiter, 23.5% were papillary thyroid carcinoma, 4.4%
were thyroiditis, and 1.5% were follicular neoplasm.
Table 2 shows the association between the cytology re-
sults (benign or malignant) and the sonographic features
of the thyroid nodules with microcalcification. There
were significant positive associations between malig-
nancy and hypoechogenicity (OR=3.833, 95% CI 1.032–
14.238), >5 microcalcification number (OR=3.045, 95%
CI 1.328–6.982), irregular margin (OR=3.341, 95% CI
1.078–10.352), and lobulated margin (OR=5.727, 95% CI
1.934–16.959). The mean size between the benign and
malignant nodules was 1.44±0.78 and 1.27±0.65 cm, re-
spectively (p=0.248). The ROC analysis indicated that
AUC for hypoechogenicity, >5 microcalcifications, ir-
regular margin, and lobulated margin were 60%, 62%,
55%, and 60%, respectively, in predicting malignant thy-
roid nodules. The computed sensitivity, specificity, PPV,
NPV, and accuracy for these sonographic features are
also demonstrated in Table 3. Figures 1 and 2 also show
the ultrasound-guided FNA of benign and malignant
nodules.

Discussion
The results of the present study showed that microcalci-
fication is directly associated with increased risk of thy-
roid nodule malignancy, which is in agreement with the
existing data in the literature [9, 10]. It was also found
that the calculated sensitivity for the microcalcification
was 26%. In contrast, the specificity was as high as
89.8%. The low sensitivity was not unexpected and could
be explained by that the microcalcification is generally
observed at a low rate on the thyroid nodule
ultrasonography.

Table 1 Association between ultrasonic calcification patterns and cytology results of the thyroid nodules

Calcification pattern Benign (n [%]) Malignant (n [%]) Crude OR (95% CI) P-value Adjusted ORa (95% CI) P-value

Negative 623 (93.4) 44 (6.6) 1 1

Microcalcification 102 (75) 34 (25) 3.626 (2.258–5.822) <0.001 1.878 (1.095–3.219) 0.022

Coarse 97 (89.8) 11 (10.2) 1.233 (0.625–2.435) 0.545 0.898 (0.429–1.878) 0.775

Fine-coarse 114 (89.1) 14 (10.9) 1.554 (0.861–2.803) 0.143 1.704 (0.916–3.170) 0.093

Eggshell 77 (85.6) 13 (14.4) 2.111 (1.098–4.055) 0.025 1.290 (0.635–2.619) 0.481

OR odds ratio, CI confidence interval
aAdjusted for echogenicity, margin and component of the nodules
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We also tried to find out whether accompanying
microcalcification by coarse calcification affects the diag-
nostic accuracy of microcalcification alone. In this re-
gard, our analyses did not indicate a significant
association between fine-coarse calcification and nodule
malignancy, contrary to microcalcification alone. This
finding is similar to our previously published data [11].
In other words, it seems that simultaneous presence of
coarse calcification will probably decrease the diagnostic
value of microcalcification for predicting malignancy.
According to the literature, the association of malig-
nancy with coarse calcification has remained debatable,
especially in nodules lacking other malignant features
[12, 13]. Our finding is notable in terms of the American
College of Radiology (ACR) Thyroid Imaging Reporting
and Data System (TI-RADS). Based on ACR TI-RADS,
when different calcification types are simultaneously ob-
served on sonography, the score of each echogenic foci
type should be summed to yield an overall calcification

score [14], while our results do not support this ap-
proach. Altogether, more surveys need to be carried out
to clearly determine the accuracy of simultaneous pres-
ence of coarse and microcalcification in predicting ma-
lignant thyroid nodules.
As results demonstrated, irregular and lobulated mar-

gins (but not regular margin) were identified as ultra-
sonographic features suggesting malignancy in the
nodules with microcalcification. Recently, a study by Sie-
bert et al. [15] concluded that jagged edges and lobu-
lated margin could be considered as predictors of
papillary thyroid carcinoma. Overall, the information on
the association between different margin types and can-
cer risk in the nodules with microcalcification is limited
and more studies are needed.
In this study, no diagnostic value was identified for the

composition stratification of the nodules with microcal-
cification. According to the recent studies, a variable rate
of thyroid cancer has been seen in both cystic and solid

Table 2 Association between sonographic characteristics and cytology results of the thyroid nodules with microcalcification

Sonographic features Benign (n [%]) Malignant (n [%]) P-value Odds ratio (95% confidence interval)

Nodule size (cm)

< 2 85 (73.3) 31 (26.7) 1

≥ 2 17 (85) 3 (15) 0.263 0.484 (0.133–1.766)

Microcalcification number

<5 81 (81) 19 (19) 1

>5 21 (58.3) 15 (41.7) 0.007 3.045 (1.328–6.982)

Echogenicity

Hyperechogenicity 23 (88.5) 3 (11.5) 1

Isoechogenicity 37 (78.7) 10 (21.3) 0.305 2.072 (0.515–8.329)

Hypoechogenicity 42 (66.7) 21 (33.3) 0.045 3.833 (1.032–14.238)

Composition

Solid-cystic 29 (76.3) 9 (23.7) 1

Solid 73 (74.5) 25 (25.5) 0.825 0.906 (0.378–2.174)

Margin

Regular 63 (85.1) 11 (14.9) 1

Irregular 12 (63.2) 7 (36.8) 0.037 3.341 (1.078–10.352)

Ill defined 17 (73.9) 6 (26.1) 0.222 2.021 (0.653–6.256)

Lobulated 10 (50) 10 (50) 0.002 5.727 (1.934–16.959)

Table 3 Diagnostic value of sonographic features in predicting malignancy for the thyroid nodules with microcalcification

Ultrasound features Sensitivity (%,
95% CI)

Specificity (%,
95% CI)

Positive predictive value
(%, 95% CI)

Negative predictive value
(%, 95% CI)

Accuracy (%,
95% CI)

Irregular margin 6.9 (2.8–13.6) 64.7 (46.5–82.3) 36.8 (20–57.7) 18.8 (15.2–23) 21.3 (14.8–29.2)

Lobulated margin 9.8 (4.8–17.3) 70.6 (52.5–84.9) 50 (31.3–68.7) 20.7 (17.2–24.7) 25 (18–33.1)

Hypoechogenicity 61.8 (43.6–77.8) 58.8 (48.6–68.5) 33.3 (26–41.6) 82.2 (74.5–87.9) 59.6 (50.8–67.9)

>5 microcalcification
number

44.1 (27.2–62.1) 79.4 (70.3–86.8) 41.7 (29.5–55) 81 (75.7–85.4) 70.6 (62.2–78.1)
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nodules (about 5–18%) [16, 17]. Some studies declared
that the cancer risk in solid nodules is higher than in
cystic nodules. Moreover, simultaneous presence of
microcalcification and predominantly solid component
is associated with an about 3-fold increase in malignancy
risk [17], which was inconsistent with our results. How-
ever, further investigations are necessary to make this as-
sociation clear.
Our results indicated no significant relation between

the nodule size and risk of malignancy. There is a con-
troversy whether thyroid cancer risk rises with increas-
ing nodule size [18, 19]. It has also been mentioned that
the impact of size on the nodule malignancy risk could
be variable by histopathologic type of the thyroid can-
cers. For instance, some studies noted that larger

nodules could be associated with higher risk of non-
papillary thyroid carcinoma [20, 21]. In other words, lar-
ger nodule sizes can increase risk of malignancy in low-
or intermediate-suspicion nodules, but not in high-
suspicion nodules. However, more studies need to clarify
this issue.
According to the present study, ultrasonographic

hypoechogenicity could be potentially a predictor of ma-
lignancy in the nodules with microcalcification. Despite
the conflicting findings, hypoechoic nodules have been
reported to be at higher risk of malignancy compared
with iso- or hyperechoic nodules in most of the studies
[22]. In addition, it has been revealed that marked and/
or moderate hypoechogenicity have a higher malignancy
risk than mild hypoechogenicity [23]. In a recent meta-

Fig. 1 The ultrasound-guided fine-needle aspiration from a hypoechoic nodule with regular margin and less than 5 punctate echogenic foci in
the left thyroid lobe of a 26-year-old female patient, which was proved by cytology to be a nodular goiter

Fig. 2 The ultrasound-guided fine-needle aspiration from a hypoechoic solid nodule with more than 5 punctate echogenic foci in the right
thyroid lobe of a 49-year-old female patient, which was proved by cytology to be a papillary thyroid carcinoma
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analysis by Remonti et al. [8], the sensitivity for hypoe-
chogenicity was estimated to be 62.7% among unselected
thyroid nodules.
In the present study, it was found that the thyroid

nodules with >5 intranodular microcalcifications were at
higher risk of malignancy compared with those with <5
microcalcifications. Theoretically, it might be assumed
that multiple intranodular microcalcification is probably
associated with higher risk of thyroid malignancy than
single intranodular microcalcification. However, no suffi-
cient evidence exists on this subject. In the study by
Kobayashi et al. [24], the authors stated that multiple
punctate echogenic foci (>5 microcalcification number)
were observed in all diffuse sclerosing variant of papil-
lary carcinoma, but not in any follicular carcinoma le-
sions. Also, multiple punctate echogenic foci has been
reported to be found in both benign and malignant thy-
roid nodules [24]. Thus, other sonographic features
along with the cytopathological appearance should be
assessed for a correct diagnosis of nodules with multiple
punctate echogenic foci. Based on the present results, as
a suggestion, the subcategory of “intranodular microcal-
cification number” could be added to the TI-RADS
echogenic foci scoring, upon which the microcalcifica-
tion number is directly correlated with echogenic foci
score. Altogether, more surveys are needed to find out
whether risk of malignancy increases with the number of
intranodular microcalcification.
A limitation of our study was the lack of access to the

results of repeat FNA in some patients with the atypia.
Further, the pathological results of malignant thyroids of
patients who underwent surgery were not collected.
Therefore, we suggest designing new studies to compare
the sonographic and FNA results with pathological find-
ings. Moreover, multicenter studies with larger sample
size are recommended to enable more generalizable
results.
A strength of the present study is the prospective de-

sign versus the previous studies which were retrospect-
ive. Therefore, our results are potentially more
comprehensive and precise compared with other studies
due to various issues in data collection (e.g., more accur-
ate data recording and less recall bias).

Conclusion
According to the present study, microcalcification on
sonography can be a potential predictor of thyroid nod-
ule malignancy. Also, the presence of irregular or lobu-
lated margins, multiple intranodular microcalcification
(>5 microcalcifications), and/or hypoechogenicity can
improve the ability of microcalcification in distinguish-
ing malignant from benign nodules. As a suggestion, the
subcategory of “intranodular microcalcification number”
could be added to the TI-RADS echogenic foci scoring,

upon which the microcalcification number is directly
correlated with echogenic foci score. Furthermore, our
results did not show a significant association between
fine-coarse calcification and nodule malignancy, contrary
to microcalcification alone, suggesting that the score of
each echogenic foci type probably should not be
summed to yield an overall calcification score in TI-
RADS.
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