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Abstract—The aim of this study was to investigate the relationship between morphologic characteristics of the
calcifications detected by ultrasound in thyroid nodules and thyroid carcinoma. Morphologic characteristics of
the calcifications on pre-operative ultrasound examinations of thyroids were compared with post-operative path-
ologic diagnoses in 543 patients undergoing thyroid surgery. Calcifications were divided into microcalcifications
(�2 mm) and macrocalcifications (>2 mm), and the latter were divided into eggshell calcifications in a row, egg-
shell discontinuous calcifications, irregular calcifications and multilayer-like calcifications, labeled types I�V.
We found that thyroid microcalcifications and partial macrocalcifications, such as eggshell discontinuous calcifi-
cations, and multilayer-like calcifications were associated with thyroid carcinoma. In conclusion, microcalcifica-
tions were more commonly found in malignant thyroid nodules, particularly in papillary thyroid carcinoma.
Eggshell discontinuous macrocalcifications and multilayer-like macrocalcifications also occurred mainly in
malignant nodules. (E-mail addresses: doctor505@hotmail.com, ttyyus@sina.com) © 2019 Published by
Elsevier Inc. on behalf of World Federation for Ultrasound in Medicine & Biology.
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INTRODUCTION

Calcifications are commonly seen in thyroid ultrasonic

images in both benign and malignant nodules (Chen

et al. 2009). The worldwide incidence of thyroid carci-

noma is rising. It accounts for roughly 1% of all new

malignant diseases (Golbert et al. 2005; Vigneri et al.

2015; Kitahara and Sosa 2016; Roman et al. 2017).

Microcalcifications (�2 mm) are known to be associated

with thyroid malignant nodules (Lee et al. 2008; Shi

et al. 2012). Several studies have refocused attention on

macrocalcifications (>2 mm) in thyroid nodules. Egg-

shell or rim-like peripheral calcifications formerly were

thought to be an indicator of benignancy; however, cases

of papillary thyroid carcinoma and anaplastic carcinoma
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associated with this type of calcification have been

reported (Yoon et al. 2007; Kim et al. 2008).

Besides the high-resolution, real-time and dynamic

examination, the recognition of the correlation between

pathologic characteristics of thyroid malignant lesions

and the calcifications detected by ultrasound is one of

the reasons why ultrasound examination has become an

indispensable method in thyroid nodule screening

(Füessl 2011). Previous studies have focused mainly on

microcalcifications. The present study investigated the

detection of different types of calcifications by ultra-

sound and their relationship with thyroid carcinoma.
METHODS

Patients

This retrospective study was approved by the insti-

tutional review boards (IRBs) of Beijing Tiantan Hospi-

tal and Shanghai Jiao Tong University Affiliated 6th

People’s Hospital. Data for patients in this study were

obtained using a standard-of-care clinical protocol, and

IRBs waived the requirement for informed consent from
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all patients. This study was conducted in accordance

with the Declaration of Helsinki.

We retrospectively selected 543 patients with 543

nodules in which calcifications were detected with pre-

operative ultrasound and had post-operative pathology

results, in both Beijing Tiantan Hospital and Shanghai

Jiao Tong University Affiliated 6th People’s Hospital.

All patients were diagnosed by histopathologic analysis

of resected hemithyroidectomy or total thyroidectomy

specimens from the pathology report databases between

January 1, 2014 and November 1, 2018.

Ultrasound examination

Sonographic examinations of the thyroid gland

were performed with the Hi Vision 900 system with a

EUP-L74 M linear array probe (Hitachi Medical Corp.

Inc, Tokyo, Japan; transducer frequency: 5�13 MHz),

HD15 system with L12-5 linear array probe (Philips

Healthcare, Bothell, WA, USA; transducer frequency:

5�12 MHz),or Mylab90 system with a LA523 linear

array probe (Esaote, Genoa, Italy; transducer frequency:

4�13 MHz).

In addition to age and sex, the morphology and dis-

tribution of any calcification were also recorded (Fig. 1).

two sonographers with more than 3 y of specialization in

thyroid ultrasound were chosen to determine the cate-

gory of calcifications. When they had diverse opinions,

another seasoned sonographer joined in to categorize the

calcifications. Microcalcifications (type I) detected by

ultrasound were arranged in scattered or clustered hyper-

echogenic spots and were <2 mm in diameter, with or

without acoustic shadowing. Macrocalcifications were

defined in our study as calcifications having a maximum

diameter >2 mm. Among them, eggshell calcifications

in a row (type II) appeared in an arc or circular shape

with a continuous hyper-echogenic line and obvious

acoustic shadowing in nodules or at the edge of nodules.

Eggshell discontinuous calcifications (type III) were

similar to eggshell calcifications in a row, but the hyper-

echogenic line was discontinuous and had one or more

interruptions. Irregular calcifications (type IV) in nod-

ules were characterized by an irregular shape and disor-

ganized distribution and had acoustic shadowing.

Multilayer-like calcifications (type V) had multiple

layers or imbricate arrangements of hyper-echogenic cal-

cifications within the nodules, accompanied by acoustic

shadowing (Fig. 1).

Pathologic assessment

Thyroid samples obtained during surgeries were

embedded in paraffin for pathologic examination. A

4-mm section was cut from the block and stained with

hematoxylin and eosin. The slides were examined by

three pathologists.
Statistical analyses

We analyzed the data in terms of counts and fre-

quency. A x2-test or Fisher’s test was used for statistical

comparison. Ninety-five percent confidence intervals

(CIs) of the incidence rate and p values were calculated.

A p value <0.05 was considered to indicate statistical

significance. Statistical analysis was performed with

commercially available software (SPSS Version 13.0,

IBM, Armonk, NY, USA).
RESULTS

A total of 543 patients aged between 21 and 80 y

(mean § standard deviation: 49.3 § 13.2 y) admitted for

thyroid surgery were included in the study. Positive cal-

cification signs were seen during the pre-operative ultra-

sound examination in all patients.

Among 543 patients, 339 patients (62.4%) had

microcalcifications and 204 patients (37.6%) had macro-

calcifications. The incidence of microcalcifications (type

I) was higher in malignant nodules than in benign nod-

ules (225 cases vs. 114 cases, 95% CI: 0.373�0.456,

p < 0.01). Among macrocalcifications, types III and V

were more often seen in malignant nodules (12 cases vs.

3 cases, 95% CI: 0.010�0.035/18 cases vs. 9 cases, 95%

CI: 0.018�0.048, respectively, p <0.01) (Table 1).

Among 225 patients with microcalcifications, 210 were

confirmed to have papillary carcinoma (Table 2). Fur-

thermore, type II was detected more often in benign nod-

ules (9 cases vs. 3 cases, 95% CI: 0.006�0.027, p <

0.01) (Table 1). All the benign lesions with type II were

adenomas (Table 3).

In our study, 210 cases were confirmed to have

benign lesions. There were 117 cases of adenoma,

66 cases of nodular goiter, 12 cases of Hashimoto’s thy-

roiditis and 15 cases of hyperplasia (Table 3). Among

benign nodules, microcalcifications (type I) were found

mainly in adenoma and nodular goiter (60 cases and 39

cases, respectively). Type II and type III were found in

adenomas only (9 and 3 cases, respectively). Similar to

type I, type IV was detected mainly in adenomas and

nodular goiters (42 cases and 21 cases, respectively).

Nine cases of type V included 3 cases of adenoma and

6 cases of nodular goiter.

Three hundred thirty-three cases of malignant

lesions included 312 cases of papillary carcinoma,

15 cases of follicular carcinoma, 3 cases of undifferenti-

ated cancer and 3 cases of medullary carcinoma

(Table 2). Papillary carcinoma was the main form of

cancer in malignant nodules. Types I (microcalcifica-

tions), III, IV and V were found mainly in papillary car-

cinoma (210, 12, 75 and 15 cases, respectively). All

cases of follicular carcinoma (15 cases) were associated

with microcalcifications (type I), and all the cases of



Fig. 1. Ultrasound images (a) and schematics (b) of the morphologic characteristics of calcifications. Type I microcalci-
fications appear as scattered hyper-echogenic spots �2 mm in diameter; the white arrow indicates a microcalcifications.
Type II calcifications are arc-shaped macrocalcifications with a continuous hyper-echogenic line and obvious acoustic
shadowing at the edge of nodules; white arrows indicate smooth calcifications. Type III calcifications are arc-shaped
macrocalcifications with a discontinuous hyper-echogenic line and obvious acoustic shadowing; white arrows indicate
the interruption. Type IV calcifications are macrocalcifications with an irregular shape, disorganized distribution and
acoustic shadowing; white arrows indicate the irregular calcification. Type V calcifications are macrocalcifications
appearing as multiple layers or imbricate arrangements with acoustic shadowing; white arrows indicate multilayer-like

calcifications. In the schematics (b) of type I�V calcifications, vertical lines represent acoustic shadowing.

Table 1. Distribution of various calcifications in benign and malignant thyroid lesions.

Lesions No. (%) of calcifications

Type I Type II Type III Type IV Type V Total

Benign 114 (21.0) 9 (1.7) 3 (0.6) 75 (13.8) 9 (1.7) 210 (38.7)
Malignant 225 (41.4)* 3 (0.6)* 12 (2.2)* 75 (13.8) 18 (3.3)* 333 (61.3)
Total 339 (62.4) 12 (2.2) 15 (2.8) 150 (27.6) 27 (5.0) 543

* p < 0.01, compared with calcifications in benign lesions.
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Table 2. Distribution of various calcifications in malignant thyroid lesions

Pathologic diagnosis No. (%) of calcifications

Type I Type II Type III Type IV Type V Total

Papillary carcinoma 210 (63.1) 0 (0) 12 (3.6) 75 (22.5) 15 (4.5) 312 (93.7)
Follicular carcinoma 15 (4.5) 0 (0) 0 (0) 0 (0) 0 (0) 15 (4.5)
Undifferentiated cancer 0 (0) 0 (0) 0 (0) 0 (0) 3 (0.9) 3 (0.9)
Medullary carcinoma 0 (0) 3 (0.9) 0 (0) 0 (0) 0 (0) 3 (0.9)
Total 225 (67.6) 3 (0.9) 12 (3.6) 75 (22.5) 18 (5.4) 333 (100)

Table 3. Distribution of various calcifications in benign thyroid lesions

Pathologic diagnosis No. (%) of calcifications

Type I Type II Type III Type IV Type V Total

Adenoma 60 (28.6) 9 (4.3) 3 (1.4) 42 (20) 3 (1.4) 117 (55.7)
Nodular goiter 39 (18.6) 0 (0) 0 (0) 21 (10) 6 (2.9) 66 (31.4)
Hashimoto’s thyroiditis 12 (5.7) 0 (0) 0 (0) 0 (0) 0 (0) 12 (5.7)
Hyperplasia of thyroid tissue 3 (1.4) 0 (0) 0 (0) 12 (5.7) 0 (0) 15 (7.1)
Total 114 (54.3) 9 (4.3) 3 (1.4) 75 (35.7) 9 (4.3) 210 (100)
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undifferentiated cancer (3 cases) were associated only

with multilayer-like calcifications (type V). Eggshell cal-

cifications in a row (type II) were found in medullary

carcinoma only (3 cases).

In Table 4, we outline calcification type by sex and

age for all patients. Males and females did not differ

with respect to type of calcification (p> 0.05). Microcal-

cifications (type I) were more often seen in patients <45

y old (244 cases vs. 95 cases, 95% CI: 0.407�0.491,

p < 0.01). All types of macrocalcifications were more

often found in patients >45 y old (8 case vs. 4 cases

in type II, 95% CI: 0.005�0.025; 10 cases vs. 5 cases in

type III, 95% CI:0.007�0.030; 105 cases vs. 45 cases

in type IV, 95% CI: 0.160�0.227, 19 cases vs. 8 cases in

type V, 95% CI: 0.019�0.050. p < 0.01).
DISCUSSION

As reported in a previous study, ultrasound had a

sensitivity and specificity in detecting thyroid nodule

calcifications of 78.8% and 61.3%, respectively

(Seiberling et al. 2004). The ultrasound image can be
Table 4. Distribution of various calcification

Lesion status No

Type I Type II Typ

Sex
Male 145 (26.7) 2 (0.4) 3
Female 194 (35.7) 10 (1.8) 12

Age
�45 y 95 (17.5) 8 (1.5) 10
<45 y 244 (44.9)* 4 (0.7)* 5

* p < 0.01, compared with calcifications in those aged �45 y.
used as the first step in thyroid nodule calcification

screening. However, some previous studies did not

include the associations of different types of calcifica-

tions with malignant disease or simply divided calcifi-

cations into only microcalcifications and

macrocalcification (Seiberling et al. 2004; Shi et al.

2012). In this study we not only divided calcification

into microcalcifications and macrocalcifications, but

we also divided macrocalcifications into four types

with respect to their shapes and study their relation-

ships with thyroid carcinoma.

In the present study, the incidence of malignancy

was higher in patients with calcifications (61.3%) com-

pared with the incidence of benignity in patients with

calcifications (38.7%), suggesting that the occurrence of

calcification may be a sign of thyroid carcinoma and,

thus, can be used to predict thyroid carcinoma. Why cal-

cifications form in thyroid nodules has been reported in

previous studies. Calcifications in malignant thyroid

lesions usually form because of the proliferation of blood

vessels and dense fibrous tissue and the deposition of cal-

cium salts (Kakkos et al. 2000; Das et al. 2008). These
s in patients with respect to age and sex

. (%) of calcifications

e III Type IV Type V Total

(0.6) 65 (12.0) 3 (0.6) 218
(2.2) 85 (15.7) 24 (4.4) 325

(1.8) 105 (19.3) 19 (3.5) 237
(0.9)* 45 (8.3)* 8 (1.5)* 306



24 Ultrasound in Medicine & Biology Volume 46, Number 1, 2020
calcifications are usually small. Research has revealed

that microcalcifications detected by ultrasound may be

pathologically related to psammoma bodies in follicular

carcinoma (Kim et al. 2018). On the other hand, calcifi-

cations in both malignant and benign thyroid lesions

may form on the walls of nodules or fibrosis spacing

after inflammation and hematoma absorption (Wang

et al. 2006). These are usually large and appear as sur-

rounding enveloped calcification or cystic pseudo-calci-

fication. Macrocalcifications are not only found in

benign thyroid nodules. Microcalcifications were consid-

ered to be the most specific sonographic indicator in the

diagnosis of papillary thyroid carcinoma (Khoo et al.

2002). In the present study, microcalcifications were

seen more often in malignant nodules (41.4% vs.

21.0%), and among all malignant nodules, microcalcifi-

cations were more often seen in papillary carcinoma

(63.1%). We also found that microcalcification is a spe-

cific sign of papillary thyroid carcinoma.

In a previous study, other types of calcifications,

including macrocalcifications and eggshell or rim calci-

fications, were thought to be more common in benign

lesions than in malignant lesions (Oh et al. 2014). But

macrocalcifications also could be seen in patients with

malignancies (Yaturu and Rainer 2010). In our study,

we divided macrocalcifications into eggshell calcifica-

tions in a row (type II), eggshell discontinuous calcifi-

cations (type III), irregular calcifications (type IV) and

multilayer-like calcifications (type V). As indicated by

our results, eggshell calcifications in a row (type II)

were more often seen in benign nodules, eggshell dis-

continuous calcifications (type III) and multilayer-like

calcifications (type V) were more often seen in malig-

nant nodules and irregular calcifications (type IV) had

the same incidence in all nodules. Type IV calcifica-

tions in malignant nodules were found only in papillary

carcinoma. In this study, we divided macrocalcifica-

tions into four types and studied the relationship

between calcification and thyroid carcinoma in more

detail than done in previous studies. Type III and type

V macrocalcifications were more often seen in malig-

nant nodules.

Previous studies reported that the risk of thyroid

carcinoma in patients <40 y of age with calcification

was 1.52-fold higher than that in patients �40 y of age

(Shi et al. 2012), and the specificities of calcification for

a malignant tumor diagnosis in the two age groups were

87% and 57%, respectively (Kakkos et al. 2000). In our

study, microcalcifications were more often found in

younger people (<45 y), and all types of macrocalcifica-

tions were more often found in older people (�45 y).

There was no difference in the incidence of calcifications

between males and females, suggesting that calcification

is not related to sex.
Our study also had limitations. The study popula-

tion could potentially be unrepresentative, because this

study was retrospective and included only patients who

underwent surgery. The rates of occurrence of some

types of calcifications in some diseases were zero. It is

recommended that a similar study be performed with a

larger sample size to the incidence of each type of calci-

fication in malignant thyroid nodules.

CONCLUSIONS

Microcalcifications detected by ultrasound were

more often found in thyroid carcinoma, particularly pap-

illary thyroid carcinoma. In addition, eggshell discontin-

uous calcifications and multilayer-like calcifications in

macrocalcifications occurred mainly in malignant nod-

ules, but studies with larger samples are needed.
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