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Objective: To determine the association of macrocalcification and rim calcification with malignancy and to stratify the
malignancy risk of thyroid nodules with macrocalcification and rim calcification based on ultrasound (US) patterns.
Materials and Methods: The study included a total of 3603 consecutive nodules (> 1 c¢cm) with final diagnoses. The
associations of macrocalcification and rim calcification with malignancy and malignancy risk of the nodules were assessed
overall and in subgroups based on the US patterns of the nodules. The malignancy risk of the thyroid nodules was categorized
as high (> 50%), intermediate (upper-intermediate: > 30%, < 50%; lower-intermediate: > 10%, < 30%), and low (< 10%).
Results: Macrocalcification was independently associated with malignancy in all nodules and solid hypoechoic (SH) nodules
(p < 0.001). Rim calcification was not associated with malignancy in all nodules (p = 0.802); however, it was independently
associated with malignancy in partially cystic or isoechoic and hyperechoic (PCIH) nodules (p = 0.010). The malignancy
risks of nodules with macrocalcification were classified as upper-intermediate and high in SH nodules, and as low and lower-
intermediate in PCIH nodules based on suspicious US features. The malignancy risks of nodules with rim calcification were
stratified as low and lower-intermediate based on suspicious US features.

Conclusion: Macrocalcification increased the malignancy risk in all and SH nodules with or without suspicious US features,
with low to high malignancy risks depending on the US patterns. Rim calcification increased the malignancy risk in PCIH
nodules, with low and lower-intermediate malignancy risks based on suspicious US features. However, the role of rim
calcification in risk stratification of thyroid nodules remains uncertain.
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INTRODUCTION margin, and nonparallel orientation (taller than wide
shape) to stratify the risk of thyroid nodule malignancy [2-
Ultrasound (US) plays an essential role in assessing the 6]. In contrast, the American College of Radiology (ACR)
risk of malignancy of thyroid nodules and in the decision to  thyroid imaging reporting and data system (TI-RAD) use

perform fine-needle aspiration (FNA) [1]. Most guidelines macrocalcification and rim calcification for risk stratification
use US features including composition, echogenicity, [6]. The American Thyroid Association (ATA) guidelines
microcalcification, spiculated/microlobulated (irregular) categorize hypoechoic nodules with rim calcifications
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accompanying small extrusive soft tissue components as
high-suspicion nodules [2].

Many studies [7-12] have reported that macrocalcification
is associated with malignancy and increases the malignancy
risk of nodules. However, the ability of macrocalcification
to independently predict malignancy remains controversial
[8,10,11]. Several studies [7,12,13] have reported that
rim calcification is associated with malignancy and may
increase the malignancy risk of thyroid nodules. However,
whether rim calcification can predict malignancy remains
uncertain [8-10,14].

The malignancy risk of a thyroid nodule is determined by
the US pattern, which is composed of many US features.
The ability of a single US predictor for malignancy depends
on the nodule composition and echogenicity [11]. Most
previous studies on macrocalcification and rim calcification
investigated the association of malignancy in all nodules
but not according to US patterns. Thus, the present study
assessed whether macrocalcification and rim calcification
were associated with malignancy and to stratify the
malignancy risks of nodules with macrocalcification or rim
calcification based on their US patterns of the nodules.

MATERIALS AND METHODS

This retrospective study received Institutional Review
Board approval (2019-05-004) and the requirement for
informed consent was waived.

Study Population

A total of 4058 consecutive patients underwent US-guided
FNA or core needle biopsy (CNB) for thyroid nodules between
January 2011 and June 2019. Among 3649 patients with
4581 nodules measuring > 1 cm, 970 nodules without final
diagnoses were confirmed by surgical or biopsy examination
(nondiagnostic FNA results [n = 481], atypical or follicular
lesion of undetermined clinical significance [n = 411],
follicular neoplasm or suspected follicular neoplasm [n =
47], and suspected malignancy [n = 31]) and eight nodules
with suboptimal US image quality were excluded. The
remaining 2862 patients with 3603 nodules were included
in the final study population (2292 women and 570 men;
mean age, 55.5 years) (Fig. 1). Malignant nodules (n = 493)
were diagnosed based on histopathological examination
after surgery (n = 369) or FNA or CNB examination (n =
124). Benign nodules (n = 3110) were diagnosed based on
histopathological examination after surgery (n = 344), at
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least two benign FNA or CNB findings (n = 492), and one
benign FNA or CNB finding (n = 2274). Fourteen simple
cysts and 34 nodules with isolated macrocalcifications were
excluded from the subgroup analysis because of an inability
to assess nodule echogenicity.

US Examination and Image Analysis

All US examinations were performed using a 5 to 12-MHz
linear probe and a real-time US system (IU22 or EPIQ7,
Philips Healthcare). All US images of thyroid nodules
obtained between January 2011 and February 2017 were
retrospectively reviewed by one experienced radiologist
with 22 years of experience in performing thyroid US. This
radiologist had no prior knowledge of the FNA results or
final diagnoses. US images of thyroid nodules obtained
between March 2017 and June 2019 were prospectively
evaluated by two radiologists with 22 years and 4 years
of experience in performing thyroid US, respectively. The
reviewers assessed the US features of the thyroid nodules
for composition, echogenicity, margin, orientation,
calcification (echogenic foci), spongiform appearance, and
intracystic comet-tail artifact based on the Korean Society
of Thyroid Radiology guidelines [3]. Microcalcification was
defined as a punctate echogenic focus measuring 1 mm or
less, with or without posterior acoustic shadowing within
the solid portion. Macrocalcification was defined as an
echogenic focus larger than 1 mm with posterior acoustic
shadowing (Fig. 2). Rim (peripheral) calcification was
defined as a peripheral curvilinear hyperechoic line with or
without acoustic shadowing (complete or incomplete) (Figs.
3, 4). Isolated macrocalcification was defined as a calcified
nodule with complete posterior acoustic shadowing, in
which no soft tissue component was identified due to
dense shadowing on the US image [15]. The US features of
disrupted rim calcification and the presence of extrusive
soft tissue components were assessed in nodules with rim
calcification. Microcalcification, nonparallel orientation,
and spiculated or microlobulated margins were categorized
as suspicious US features [3]. The malignancy risks of
the thyroid nodules were categorized as high (> 50%),
intermediate (upper-intermediate: > 30%, < 50%; lower-
intermediate: > 10%, < 30%), and low (< 10%).

Data Analysis and Statistical Analysis

The association of macrocalcification and rim calcification
with malignancy and malignancy risk were assessed
according to the US patterns of composition, echogenicity,
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and suspicious features. Fourteen simple cysts and 34
nodules with isolated macrocalcifications were excluded
from the subgroup analysis because of an inability to assess
nodule echogenicity. Chi-square or Fisher's exact tests were
used to assess the significance of the relationships between
macrocalcification or rim calcification and malignancy in all
nodules and subgroups based on US patterns. Multivariable
binary logistic regression analysis was performed to
determine the independent predictors among US features.
Chi-square or Fisher’s exact tests were also used to
determine whether macrocalcification and rim calcification
increased the malignancy risk according to US patterns;

to compare the malignancy risk of macrocalcification, rim
calcification, and suspicious US features among the four
subgroups categorized by composition and echogenicity;
and to assess the associations of macrocalcification and

rim calcification with the histopathological types of the
malignant tumors. The statistical analyses were performed
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Fig. 2. A 55-year-old woman with a 1.2-cm right thyroid lobe
nodule. The ultrasound image shows solid hypoechoic nodule with
macrocalcification with posterior shadowing (arrow). A final diagnosis
of conventional papillary carcinoma was established based on surgical
pathology findings.

4058 consecutive patients who underwent US-guided
FNA or CNB from January 2011 to June 2019 (source population)

\ 4

409 patients with thyroid noules < 1 cm

A4

4581 thyroid nodules > 1 cm (3649 patients)

A4

978 nodules excluded:
- No final diagnosis (n = 970)
- Suboptimal image quality (n = 8)

4

Malignancy (n = 493)
Surgery (n = 369)
FNA or CNB (n = 124)

\4

3603 nodules (2862 patients)
(study population)

Benign (n = 3110)
Surgery (n = 344)
FNA or CNB (n = 2766)

A4

\4

48 nodules excluded:
- Simple cysts (n = 14)
- Nodules with isolated macrocalcification (n = 34)

A4

3555 nodules (2814 patients)
(subgroup analysis)

Fig. 1. Flow diagram of patient enrollment. CNB = core needle biopsy, FNA = fine-needle aspiration, US = ultrasound
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Fig. 3. A 48-year-old woman with a 2.7-cm left thyroid

lobe nodule. The ultrasound image shows a solid, predominantly
isoechoic nodule with incomplete rim calcification (short arrows)
and a microcalcification (punctate echogenic foci) (long arrow). A
final diagnosis of minimally invasive follicular thyroid carcinoma was
established based on surgical pathology findings.

Fig. 4. A 63-year-old woman with a 2.0-cm left thyroid lobe
nodule. The ultrasound image shows a solid hypoechoic nodule

with incomplete rim calcification (short arrows) and suspicious
ultrasound features of nonparallel orientation (taller than wide) and
microcalcification (punctate echogenic foci) (long arrow), as well

as multiple large echogenic foci. Findings from repeated ultrasound-
guided fine-needle aspirations were nondiagnostic and core needle
biopsy revealed benign follicular nodule with degeneration. A follow-
up ultrasound performed 9 years after the initial fine-needle aspiration
showed no change in the size of the nodule.

using IBM SPSS for Windows, version 24.0 (IBM Corp.).
P values < 0.05 were considered statistically significant.

RESULTS

Demographic Data
The maximum size of the nodules ranged from 10 to
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90 mm (median size, 17 mm; 25-75%, 13-25 mm). Of

the 3603 nodules, 493 (13.7%) were malignant and 3110
(86.3%) were benign. The 493 malignant nodules included
444 (90.1%) papillary thyroid carcinomas (PTCs), 28 (5.7%)
follicular thyroid carcinomas (FTCs), 8 (1.6%) anaplastic
carcinomas, 6 (1.2%) metastasis, 4 (0.8%) lymphoma,

and 3 (0.6%) medullary thyroid carcinomas. There were

no significant differences in the malignancy risk of
macrocalcification (32.9% vs. 35.1%, p = 0.605) and rim
calcification (12.2% vs. 17.6%, p = 0.532) between the
datasets of retrospective and prospective evaluations of the
US features.

US Features associated with Thyroid Malignancy
in Overall Nodules

Table 1 shows the US features associated with
thyroid malignancy in all nodules. Solid composition,
hypoechogenicity, microcalcification, nonparallel
orientation, spiculated/microlobulated margins, and
macrocalcification showed statistically significant
associations with malignancy. Multivariable binary logistic
regression analysis showed that solid composition,
hypoechogenicity, three suspicious US features, and
macrocalcification were independently associated with
malignancy (p < 0.001). Rim calcification was not
significantly associated with malignancy (p = 0.802).
Moreover, nodules with disrupted rim calcification and
hypoechoic nodules with small extrusive soft tissue
components did not show a significantly higher malignancy
risk than that for nodules with rim calcifications without
these specific types (17.9% vs. 12.8%, p = 0.737 and
17.9% vs.10.7%, p = 0.489, respectively).

US Features associated with Thyroid Malignancy Based
on Composition and Echogenicity US Patterns

Table 2 shows the associations of macrocalcification, rim
calcification, and suspicious US features with malignancy
according to the composition and echogenicity US
patterns of the nodules. In solid hypoechoic (SH) nodules,
macrocalcification and three suspicious US features were
independently predictive of malignancy (p < 0.001). Rim
calcification was more frequently found in benign nodules
than in malignant nodules (5.5% vs. 1.1%, p = 0.001) and
was not predictive of malignancy. In partially cystic or
isoechoic and hyperechoic (PCIH) nodules, three suspicious
US features and rim calcification were independently
associated with malignancy (p < 0.010).

https://doi.org/10.3348/kjr.2020.0381 kjronline.org
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Malignancy Risk of Calcifications in Thyroid Nodules

Table 1. US Features associated with Thyroid Malignancy in Overall Nodules

Benign Malignant Malignancy Multivariable Analysis'
US Features . :

Nodules, n (%)  Nodules, n (%) Risk (%) 0dds Ratio* P
All 3110 493 13.7
Solid 1585 (50.9) 429 (87.0) 21.3 <0.001 3.243 [2.359-4.459] < 0.001
Hypoechoic 801 (26.1) 391 (80.6) 32.8 <0.001 5.507 [4.206-7.210] < 0.001
Microcalcification 666 (21.4) 294 (59.6) 30.6 <0.001 3.825[2.958-4.946] < 0.001
Nonparallel 164 (5.3) 147 (29.8) 47.3 <0.001 3.712 [2.662-5.177] < 0.001
Spiculated/microlobulated margin 45 (1.4) 148 (30.0) 76.7 <0.001 6.126 [4.090-9.175] < 0.001
Macrocalcification 341 (11.0) 174 (35.3) 33.8 <0.001 2.199 [1.642-2.946] < 0.001
Rim calcification 64 (2.1) 11 (2.2) 14.7 0.802
Presence of any suspicious feature* 816 (26.2) 367 (74.4) 31.0 < 0.001 NA NA

*Microcalcification, nonparallel orientation (taller than wide), spiculated or microlobulated margin, 'Binary logistic regression analysis,

*Numbers in square brackets are confidence intervals. NA = not applicable, US = ultrasound

Comparisons of Malignancy Risks among Four Nodule
Groups, Based on Composition and Echogenicity

Table 3 shows the malignancy risks of macrocalcification,
rim calcification, and suspicious US features in the four
groups of nodules categorized according to a combination
of composition and echogenicity.

The malignancy risk differed significantly between the
groups in the following decreasing order: SH, partially cystic
hypoechoic, solid isoechoic and hyperechoic, and partially
cystic isoechoic and hyperechoic nodules (p < 0.001) (Table
3). The malignancy risk of nodules with macrocalcification
and nodules with any of the three suspicious US features
were significantly higher in the SH group than those in the
other groups (all, p < 0.001). No significant differences
were observed in the malignancy risks of nodules with rim
calcification among the four groups (p = 0.457).

Comparisons of Malignancy Risks between Thyroid
Nodules with Macrocalcification and Rim Calcification
The calculated malignancy risk of macrocalcifications

was higher than that of rim calcification (33.8% vs.
14.7%) in all nodules. The malignancy risk (35.0%
[171/488]) of nodules with macrocalcification only

was significantly higher than that of nodules with rim
calcification only (16.7% [8/48]) or that of nodules with
both macrocalcification and rim calcification (11.1%
[3/27]) (all p = 0.010). No significant differences were
observed between the malignancy risk of nodules with
rim calcification only and that of nodules with both
macrocalcification and rim calcification (p = 0.736).

kjronline.org https://doi.org/10.3348/kjr.2020.0381

Malignancy Risks of Thyroid Nodules with
Macrocalcification and Rim Calcification according
to Suspicious US Features

Macrocalcification significantly increased the malignancy
risk in SH nodules irrespective of suspicious US features
(all p < 0.001) and in PCIH nodules with suspicious US
features (p = 0.007) (Supplementary Table 1). While rim
calcification increased the malignancy risk in PCIH nodules
with or without suspicious US features, the difference
was no statistically significant (p = 0.065 and p = 0.070,
respectively). In SH nodules without suspicious US
features, the malignancy risk was stratified into lower-
or upper-intermediate categories, depending on the
macrocalcification. The malignancy risks of nodules with
macrocalcification were stratified as upper-intermediate and
high in SH nodules and low and lower-intermediate in PCIH
nodules based on suspicious US features. The malignancy
risks of nodules with rim calcification were stratified as low
and lower-intermediate based on suspicious US features,
irrespective of US patterns based on composition and
echogenicity (Supplementary Table 1).

The Association of Macrocalcification and Rim
Calcification with the Histopathology of the Malignancy
The frequency of macrocalcification was significantly
higher in PTCs than that in FTCs (37.2% [165/444] vs. 7.1%
[2/28], p = 0.001), while the frequency of rim calcification
was significantly higher in FTCs than that in PTCs (14.3%
[4/28] vs. 1.4% [6/444], p = 0.002). The proportion of
PTCs was significantly higher in malignant tumors with SH
US patterns than that in tumors with PCIH US patterns
(92.0% [335/364] vs. 83.5% [101/121], p = 0.007)
among 485 malignant tumors, except for eight tumors with

667



Korean Journal of Radiology

KJR

Table 2. US Features associated with Thyroid Malignancy according to US Patterns Based on Composition and Echogenicity

668

Multivariable Analysis

0dds Ratio*

Malignant Malignancy

Nodules, n (%)

Benign
Nodules, n (%)

Composition and

US Features

Risk (%)
39.8

Echogenicity

Solid hypoechoic

< 0.001
< 0.001
< 0.001
< 0.001
< 0.001

364
221 (60.7)
123 (33.8)
137 (37.6)
139 (38.2)

550
109 (19.8)

All

<0.001
< 0.001
< 0.001
< 0.001

3.854 [2.750-5.401]
3.621 [2.365-5.542]
6.359 [4.040-10.010]
3.049 [2.072-4.487]

66.9
7

Microcalcification

Nonparallel

1.9

48 (8.7)

.6
7.1

80
6

33 (6.0)

Spiculated/microlobulated margin

Macrocalcification
Rim calcification

68 (12.4)

30 (5.5)
162 (29.5)

0.001°
< 0.001
< 0.001
< 0.001
< 0.001
< 0.001
< 0.001
< 0.001

11.8

4 (1.1)
288 (79.1)

64.0

Presence of any suspicious feature*

Al

4.6

121
27 (22.3)
73 (60.3)
24 (19.8)
11 (9.1)

2520
251 (10.0)
557 (22.1)
116 (4.6)

Partial cystic or iso- and

0.075
< 0.001
< 0.001
< 0.001

1.585 [0.955-2.629]

9.7
11.6
1

Hypoechogenicity

hyperechoic nodules

4.205 [2.793-6.330]
4.312 [2.515-7.392]

Microcalcification

Nonparallel

7.1

6.709 [2.591-17.868]
1.309 [0.784-2.185]
3.238 [1.321-7.940]

47.8

12 (0.5)
247 (9.8)

Spiculated/microlobulated margin

Macrocalcification
Rim calcification

0.303
0.010

9.9
17.1

27 (22.3)

0.002
< 0.001

7 (5.8)
79 (65.3)

34 (1.3)

654 (26.0)
14 simple cysts and 34 isolated macrocalcifications were excluded due to inability to assess nodule echogenicity in subgroups. *Microcalcification, nonparallel orientation (taller

than wide), spiculated or microlobulated margin, 'Binary logistic regression analysis, ‘Numbers in square brackets are confidence intervals, *Significantly associated with benign

nodules. US = ultrasound

10.8

Presence of any suspicious feature*

Shin et al.

isolated macrocalcifications. Meanwhile, the proportion

of FTCs was significantly higher in malignant tumors with
PCIH US patterns than that in malignant tumors with

SH US patterns (14.9% [18/121] vs. 2.7% [10/364], p <
0.001). The frequency of FTCs with rim calcification was
higher in malignant tumors with PCIH US patterns than
that in tumors with SH US patterns (2.5% [3/121] vs. 0.3%
[1/364], p = 0.050). The presence of macrocalcification
significantly increased the risk of PTC (32.0% [51/161] vs.
9.0% [279/3088], p < 0.001), while the presence of rim
calcification significantly increased the risk of FTC (5.3%
[4/75] vs. 0.7% [24/3528], p = 0.002) in all nodules.
However, macrocalcification did not significantly increase
the risk of FTC (p = 0.416) and rim calcification did not
significantly increase the risk of PTC (p = 0.250).

DISCUSSION

The association of macrocalcification and rim
calcification with malignancy and the malignancy risk
of macrocalcification and rim calcification differed in
all nodules and nodule subgroups according to the US
patterns. Macrocalcification was independently associated
with malignancy in all nodules and SH nodules and showed
a higher malignancy risk in SH nodules than that in PCIH
nodules. Our results suggested that the malignancy risk
of nodules with macrocalcification depends on their
composition and echogenicity. Meanwhile, rim calcification
was independently associated with malignancy only in PCIH
nodules and showed no significant differences in malignancy
risk according to US patterns based on composition and
echogenicity. Our results showed that macrocalcifications
did not increase the malignancy risk of PCIH nodules
without suspicious US features, which represented
more than half of all nodules in US practice. Therefore,
macrocalcifications do not increase the malignancy risk in
most nodules encountered in clinical practice.

Our results also showed that the presence of
macrocalcification significantly increased the malignancy
risk of SH nodules irrespective of suspicious US features.
The malignancy risk of SH nodules with macrocalcification
and no concurrent suspicious US features was 39.2%, higher
than the estimated malignancy risk range (10-20%) of
intermediate suspicion nodules in the ATA guideline. This
finding suggests that the inclusion of macrocalcification
could further stratify the intermediate malignancy risk of SH
nodules without suspicious US features to upper- and lower-
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Table 3. Malignancy Risk of Macrocalcification, Rim Calcification, and Suspicious US Feature in Four Nodule Categories Based on

Composition and Echogenicity

Malignancy Risk, %

US Features Solid Solid Iso- and Partially Cystic Partially Cystic Iso- P
Hypoechoic Hyperechoic Hypoechoic and Hyperechoic
All 39.8 5.3 9.7 2.9 < 0.001
Macrocalcification 67.1 9.0 27.3 5.6 < 0.001
Rim calcification 11.8 17.4 33.3 8.3 0.457
Any suspicious feature* 64.0 13.2 17.1 6.5 < 0.001

14 simple cysts and 34 isolated macrocalcifications were excluded due to inability to assess nodule echogenicity in subgroups.
*Microcalcification, nonparallel orientation (taller than wide), spiculated or microlobulated margin. US = ultrasound

intermediate risk categories, which may, in turn, alter the
treatment plan, such as a different biopsy size threshold.

The difference in the association of macrocalcification
and rim calcification with malignancy may be related to
the difference in the relationships of macrocalcification
and rim calcification with the histopathology of malignant
tumors. Our data showed that macrocalcification occurred
more frequently in PTC than in FTC, while rim calcification
occurred more frequently in FTC than in PTC. The proportion
of FTCs was relatively higher in malignant tumors with a
PCIH US pattern than that in malignant tumors with an SH
US pattern. Previous studies [16-18] have also reported a
close association between rim calcification and FTC.

Several studies [2, 19, 20] have suggested that the
discontinuity of rim calcifications and a peripheral halo or
thickening of the peripheral calcification are associated
with a high risk of malignancy. However, the high predictive
value of these specific rim calcification features was not
supported by the results of the present study or those of
another study that included a large sample of nodules with
rim calcifications [21]. This discrepancy may be partly
due to a slightly ambiguous definition of this feature of
rim calcification as well as low interobserver agreement
regarding extranodular soft tissue extrusion [21] and rim
calcification [22].

The ACR guidelines [6] assign a higher malignancy risk to
peripheral calcification than for macrocalcification. However,
our study showed that nodules with rim calcification
showed a lower malignancy risk than that in nodules
with macrocalcification in the analysis of all nodules.
Previous studies reported conflicting findings and variable
results regarding the malignancy risk of nodules with rim
calcification, including a higher malignancy risk [23,24],
similar malignancy risk [7,10], and lower malignancy risk
[8,25] than those of nodules with macrocalcifications. A
recent study [23] reported that peripheral calcifications

kjronline.org https://doi.org/10.3348/kjr.2020.0381

were highly associated with malignancy; however, the
association with malignancy was not statistically proven.
These conflicting results may be attributed to the possible
differences in the definitions of rim calcification and the
characteristics of the study population as the malignancy
risks of the macrocalcification differed substantially
according to the composition and echogenicity on US.

Meanwhile, although the presence of rim calcification
slightly increased the malignancy risk in PCIH nodules, the
diagnostic value of rim calcification is uncertain in the risk
stratification of thyroid nodules. First, the presence of rim
calcification did not significantly increase the malignancy
risk of nodules with or without any suspicious US features
and it did not result in higher risk categorization of nodules
stratified according to suspicious US features. Second, the
malignancy risk of nodules with rim calcification was lower
than that of nodules with macrocalcification. Moreover, rim
calcification did not increase the malignancy risk of nodules
with macrocalcification since the malignancy risk of nodules
with both macrocalcification and rim calcification was
lower than that of nodules with macrocalcification only.
Therefore, our study results do not support the strategy
provided ACR TI-RAD, which allocated higher points to rim
calcification than that for macrocalcification as a predictor
of increased malignancy risk in thyroid nodules. Our findings
showed that macrocalcification increased the risk of PTC,
while rim calcification increased the risk of FTC. Although
the diagnostic value of rim calcification is uncertain in the
risk stratification of thyroid nodules in general, it may have
a diagnostic value for the increased risk of FTC in thyroid
nodules.

Our study had several limitations. First, selection bias
was possible because this study excluded some nodules
without final diagnoses. However, this would not have a
significant effect on the estimated malignancy risk of US
features because of the large sample size. Second, the

669



Korean Journal of Radiology

reference standards for benign and malignant diagnoses
were based on the biopsy results as well as the post-
surgical histopathological findings. This may have led to
false-negative or false-positive results, although rare. Third,
this study did not assess the interobserver agreement for US
features. Fourth, it may not be easy to distinguish between
macrocalcifications and clustered microcalcifications in

US. When extensive psammomatous calcifications are
formed, dense calcification can be observed on CT imaging
[26,27]. However, to the best of our knowledge, no research
evidence has shown that clustered microcalcifications can
exhibit macrocalcification in US. Therefore, further studies
are needed to address this issue.

In conclusion, macrocalcification was independently
associated with malignancy and increased the malignancy
risk in SH nodules and overall nodules. The presence
of macrocalcification could stratify SH nodules without
suspicious US features as upper- and lower-intermediate-
risk nodules. The malignancy risks of nodules with
macrocalcification were stratified from low to high
according to their US patterns. Rim calcification was
independently associated with malignancy and increased
malignancy risk in PCIH nodules and the malignancy risks
of nodules with rim calcification were stratified as low and
lower-intermediate. However, the role of rim calcification in
the risk stratification of thyroid nodules is uncertain.
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