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Abstract
Purpose: To investigate the association of peripheral calcification, as well as its sonographic features, with thyroid 
nodule malignancy.

Material and methods: This study was prospectively conducted during 2015-2020 on patients diagnosed with thyroid 
nodule undergoing ultrasound-guided fine-needle aspiration in Shahid Beheshti teaching hospital or private offices 
in Babol, northern Iran. The ultrasonographic characteristics of the nodules, as well as the cytological findings, 
were recorded. Regression analysis was used to assess the relationship between sonographic results and malignancy.  
We also used receiver operator characteristics (ROC) analysis to estimate the ability of ultrasound to predict  
the characteristic features of malignancy, as estimated by the area under the curve (AUC).

Results: A total of 1857 thyroid nodules were finally included, of which 84 were peripherally calcified nodules. There 
was a significant positive association between the nodule malignancy and peripheral calcification (OR = 2.23, 95% CI: 
1.13-4.35). In the nodules with peripheral calcification, significant positive associations were seen between malig-
nancy and lobulated margin (OR = 3.85, 95% CI: 1.02-14.54) and solid composition (OR = 4.05, 95% CI: 0.99-16.53). 
The ROC analysis indicated that AUC for lobulated margin and solid composition was 63.8% and 66.5%, respectively, 
in predicting malignant thyroid nodules.

Conclusion: The findings showed that peripheral calcification on sonography can be a potential indicator of malignant 
thyroid nodules. Also, the presence of lobulated margin and/or solid composition, besides peripheral calcification, 
can be helpful in better distinguishing malignant from benign nodules.
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Introduction
Thyroid nodules are abnormal overgrowths of tissue-form-
ing masses in the thyroid gland. They are common and can 
be observed in up to 68% in adults [1]. It has also been 
stated that 5-15% of the thyroid nodules are malignant [2]; 
therefore, the possibility of cancer should be considered 
for every nodule. In recent decades, advanced diagnostic 
techniques, like ultrasonography and fine-needle aspiration 

(FNA), have been widely used. Nevertheless, the conven-
tional and practical approaches to investigate and diagnose 
thyroid nodules have been controversial [3,4].

One of the sonographic criteria for differentiating be-
nign and malignant thyroid nodules is calcification or echo-
genic foci, which can be observed in 14-55% of the thyroid 
nodules, associated with 29-59% malignancy rate [5]. Based 
on the American College of Radiology (ACR) Thyroid Im-
aging Reporting and Data System (TI-RADS), 3 types of 
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echogenic foci are potentially linked to malignancy [6,7]: 
macrocalcifications, punctate echogenic foci, and peri-
pheral rim calcifications (or eggshell calcifications). Macro-
calcifications have been reported to carry a mild risk of ma-
lignancy, while punctate echogenic foci, which are mostly 
accompanied by psammomatous calcifications in papillary 
thyroid cancer, have been regarded with a high possibil-
ity of malignancy [8,9]. Nevertheless, the literature on the 
malignancy probability of rim calcifications has remained 
controversial [10,11]. In the present study, we investigated 
the risk of cancer in thyroid nodules with peripheral calcifi-
cation. Furthermore, we tried to determine the sonographic 
features of peripheral calcification, which are probably as-
sociated with increased thyroid nodule malignancy.

In many areas of Iran, thyroid nodules are frequently 
seen because of dietary iodine deficiency. Thus, an accu-
rate diagnostic approach, which can exclude the malig-
nancy risk, is necessary to ascertain the nature of the thy-
roid nodule. In this study, we aimed to specifically focus 
on the diagnostic accuracy of peripheral thyroid nodule 
calcification as well as its different sonographic features. 
Considering that there are insufficient data on the diag-
nostic accuracy of peripheral calcification to differentiate 
malignant from benign nodules, especially in our region, 
there was a need to perform the present study.

Material and methods

Locations and patients 

In this prospective cross-sectional study, patients with 
thyroid nodules consecutively undergoing ultrasound-
guided FNA in the clinics of Shahid Beheshti teaching 
hospital or private offices in Babol, northern Iran, from 
March 2015 to February 2020, were recruited. Subjects 
with purely cystic nodules with no solid focus, those who 
were unwilling to conduct FNA, and cases with suspected 
cytology findings (atypia) were excluded. Specifically, in 
the present study, the subjects with peripherally calcified 
nodules were finally considered for additional analyses.

Ultrasound imaging and fine-needle aspiration

The sonographic criteria for considering a nodule as 
suspicious for malignancy included hypoechogenicity, 
calcification, lobulated margins, and/or a taller-than-wide 
shape. Peripheral calcification was defined as calcification 
that lies along all (continuous) or part of (interrupted) the 
margin of a nodule [6]. An expert radiologist performed 
the ultrasound-guided FNA on the nodules using a Sam-
sung H60 ultrasound machine (a 3-14 MHz linear array 
transducer) and a 23-gauge needle attached to a 5 cc sy-
ringe, using a freehand technique. Regarding the solid-
cystic nodules, FNA was done from the solid areas of the 
samples.

Fine-needle aspiration cytology

We transferred the samples to the laboratory on 
smear glass slides after drying in the open air and fixing 
with 95% alcohol. To stain the slides, the Papanicolaou,  
Giemsa, and haematoxylin and eosin methods were used. 
To control the bias, the cytohistological examinations of 
all samples were performed by a single expert pathologist, 
who was also blinded to the ultrasound diagnosis of thy-
roid nodules. Some samples were examined by 2 patholo-
gists when decision making was difficult.

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 echogenicity (hyper, hypo, iso), peripheral cal-
cification continuity (continuous, interrupted), margins 
of the nodule (regular, lobulated), and nodule composi-
tion (solid, solid-cystic);

•	 cytological results.
The data were recorded in a checklist form. Surgery 

was performed for the malignant thyroid nodules.

Statistical analysis

SPSS software was used for data analysis. To summa-
rize the data, descriptive statistics were used. To statisti-
cally measure the diagnostic accuracy of microcalcifica-
tion features, the contingency table values were defined 
as follows:
•	 true positive (TP): thyroid nodule was determined to be 

malignant in both ultrasound and cytology;
•	 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 ma-

lignancy, 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 association between ultrasonographic features and 
malignancy was assessed using logistic regression analy-
sis. The data were presented as odds ratio (OR) as well as 
95% confidence interval (CI). A receiver operator char-
acteristics (ROC) analysis was also used to estimate 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 sig-
nificant.
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Ethical issues

The details of this study were initially explained to  
the patients, and then written informed consent was 
obtained from each of them. The study protocol was ap-
proved by the ethics committee of Babol University of 
Medical Sciences (code: IR.MUBABOL.REC.1399.223). 
The patients’ information was kept confidential.

Results
Overall, 1793 patients with thyroid nodules under-

went ultrasound-guided FNA. Of these, 1545 had single 
nodules and the others had multiple nodules. In total, 
1985 thyroid nodules were initially assessed, of which 
128 were atypia according to cytology and were exclud-
ed from further investigation. A total of 1857 nodules 
(from 1641 patients) were finally included in the study, of 
which 84 were peripherally calcified nodules. The num-
ber of female patients was 1293 (83.9%), and others were 
male. The mean age of the patients was 44.8 ± 13.9 years.  
The mean size of the nodules was 1.97 ± 1.22 cm.  
The number of benign and malignant nodules was 1674 
(90.1%) and 183 (9.9%), respectively.

Peripheral calcification was observed in 6% (n = 11) 
of malignant nodules. On the other hand, malignancy was 
seen in 13.1% (n = 11) of nodules with peripheral calci-
fication, compared with 6.4% (n = 82) found in nodules 
with no calcification. In this regard, there was a signifi-
cant positive association between nodule malignancy and 
peripheral calcification (OR = 2.23, 95% CI: 1.13-4.35;  
p = 0.02). The ROC analysis showed that AUC for peri-
pheral calcification was 50.8% in predicting malignant 
thyroid nodules. The calculated sensitivity, specificity, 
PPV, NPV, and accuracy for peripheral calcification were 
6%, 95.6%, 13.1%, 90.3%, and 86.8%, respectively. 

Out of 84 nodules with peripheral calcification, 73 
(86.9%) were benign and 11 (13.1%) were malignant.  
The cytology findings proved that 84.5% of the nodules were 
nodular goitre, 13.1% were papillary thyroid carcinoma, 
and 2.4% were thyroiditis. Table 1 shows the association 
between the cytology results (benign or malignant) and the 
sonographic features of the thyroid nodules with peripheral 
calcification. There were significant positive associations 
between malignancy and lobulated margin (OR = 3.85,  
95% CI: 1.02-14.54) and solid composition (OR = 4.05, 
95% CI: 0.99-16.53). The mean size between the benign 
and malignant nodules was 1.65 ± 0.93 and 1.51 ± 0.45 cm,  

Table 1. Association between sonographic characteristics and cytology results of the peripherally calcified thyroid nodules

Sonographic features Benign, n (%) Malignant, n (%) p-value Odds ratio (95% CI)

Nodule size (cm)

< 2 50 (84.7) 9 (15.3) 0.37 1

≥ 2 23 (92.0) 2 (8.0) 0.48 (0.10-2.42)

Margin

Regular 60 (90.9) 6 (9.1) 0.04 1

Lobulated 13 (72.2) 5 (27.8) 3.85 (1.02-14.54)

Echogenicity

Hyperechogenicity 28 (90.3) 3 (9.7) 1

Isoechogenicity 33 (91.7) 3 (8.3) 0.85 0.85 (0.16-4.54)

Hypoechogenicity 12 (70.6) 5 (29.4) 0.09 3.89 (0.80-18.94)

Composition

Solid-cystic 44 (93.6) 3 (6.4) 0.04 1

Solid 29 (78.4) 8 (21.6) 4.05 (0.99-16.53)

Calcification continuity

Interrupted 38 (88.4) 5 (11.6) 0.68 1

Continuous 35 (85.4) 6 (14.6) 1.30 (0.37-4.65)

Table 2. Diagnostic value of sonographic features in predicting malignancy for the peripherally calcified thyroid nodules

Ultrasound 
features

Sensitivity  
(%, 95% CI)

Specificity  
(%, 95% CI)

Positive predictive 
value (%, 95% CI)

Negative predictive 
value (%, 95% CI)

Accuracy  
(%, 95% CI)

Lobulated margin 45.5 (16.8-76.6) 82.2 (71.5-90.2) 27.8 (14.6-46.5) 90.9 (85.2-94.5) 77.4 (67-84.8)

Solid composition 21.6 (9.8-38.2) 93.6 (82.5-98.7) 72.7 (43.2-90.3) 60.3 (55.8-64.6) 61.9 (50.7-72.3)
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respectively (p = 0.63). The ROC analysis indicated that 
AUC for lobulated margin and solid composition was 63.8% 
and 66.5%, respectively, in predicting malignant thyroid 
nodules. The computed sensitivity, specificity, PPV, NPV, 
and accuracy for these sonographic features have also been 
demonstrated in Table 2. Figures 1-3 also show the ultra-
sound-guided FNA of benign and malignant nodules.

Discussion
According to our results, peripheral calcification was 

associated with increased risk of thyroid nodule malig-
nancy. There are conflicting reports about the relation be-
tween macrocalcifications and thyroid nodule malignan-
cy; however, most of the results are in favour of a direct 
association between peripheral calcification and nodule 
malignancy [12-15], and our results supports such a the-
ory. We also calculated the sensitivity for the peripheral 
calcification to be 6%. In contrast, the specificity was as 
high as 95.6%. The low sensitivity was not unexpected and 
could be explained by the fact that peripheral calcifica-
tion is generally observed at a low rate on thyroid nodule 
sonography. One of the reasons can be related to the dif-
ferent challenges for the nodule biopsy, such as difficulty 
in penetrating the shell and seeing the needle tip within 
the lesion because of obscuring shadowing.

In the present study, it was found that lobulated mar-
gin could be predictive for malignancy in the nodules 
with peripheral calcification, with high specificity but low-
er sensitivity. Previous surveys also revealed that irregular 
margin or microlobulated margin are potential predictors 
of thyroid cancer, but a regular margin is linked to both 
benign and malignant lesions [2,16,17]. Also, according 
to the ACR TI-RADS guidelines, rim calcification accom-
panied by a lobulated margin is associated with a higher 
score than rim calcification alone [7]. Altogether, number 
of studies evaluating these relations in peripherally calci-
fied nodules is limited and more surveys are needed.

Solid structure was another sonographic feature that 
was significantly associated with a higher thyroid malig-
nancy risk in the peripherally calcified nodules, which 
was congruent with the previous surveys [17,18], as well 
as ACR TI-RADS guidelines, in which a combination of 
rim calcification with solid composition has a higher score 
than rim calcification alone [7]. On the other hand, re-
searchers generally consider the cystic lesions as benign, 
unless a solid component is present. A recent study by 
Na et al. [19] showed that thyroid nodules with minimal 
cystic changes (defined as presence of an anechoic cystic 
portion within a nodule), as well as partially cystic nod-
ules (cystic portion > 10%), have a low malignancy risk. 
Altogether, it can be stated that in the thyroid nodules 
with peripheral calcification, simultaneous presence of 
a cystic component and solid structure, compared with 
solid composition alone, will probably decrease the diag-
nostic value for predicting malignancy.

Figure 3. Ultrasound-guided fine-needle aspiration from a hypoechoic solid 
nodule with peripheral calcification in the right thyroid lobe of a 46-year-
old female patient, which was proven by cytology to be a nodular goitre

Figure 1. Ultrasound-guided fine-needle aspiration from an isoechoic 
nodule with interrupted peripheral calcification with 8 mm diameter in 
the right thyroid lobe of a 39-year-old female patient, which was proven 
by cytology to be a nodular goitre. The procedure was done following the 
patient’s request due to history of papillary thyroid carcinoma in her sister

Figure 2. Ultrasound-guided fine-needle aspiration from an isoechoic solid 
nodule with peripheral calcification in the right thyroid lobe of a 41-year-
old female patient, which was proven by cytology to be a papillary thyroid 
carcinoma
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According to the findings, the size of the thyroid 
nodules was not identified as a potential predictor of ma-
lignancy in the peripherally calcified nodules. There are 
conflicting findings on the impact of size on thyroid can-
cer risk, and both positive and negative associations have 
been reported between size and malignancy risk [20].  
In their study, Kamran et al. [21] detected a threshold at  
2 cm, and nodules with higher sizes were directly corre-
lated with increased risk of malignancy.

In our study, no association was seen between echo-
genicity and thyroid nodule malignancy risk in the nod-
ules with peripheral calcification. It has been reported that 
malignancy is observed in 4% of solid hyperechoic nod-
ules, but this rate rises to 26% for hypoechoic nodules [22].  
Despite some conflicting consequences, the majority of 
papers alluded to an inverse association between echo-
genicity degree and thyroid cancer risk [23,24]. A recent 
meta-analysis also reported that the estimated sensitivity 
for hypoechogenicity in unselected nodules was 62.7% [17].

Our analyses revealed no significant value for the peri-
pheral calcification continuity in distinguishing benign 
from malignant lesions. There is controversy about this 
subject. A recent study by Malhi et al. [25] indicated similar 
findings to ours, and difficulty of accurately assessing this 
feature was mentioned as a cause of these non-significant 
results. On the other hand, Yin et al. [26] stated that egg-
shell discontinuous calcifications and multilayer-like calci-
fications were directly related to thyroid carcinoma. Alto-
gether, more studies are needed to clarify these associations.

A limitation of the present study was inaccessibility of 
repeat FNA findings in some cases with the atypia. In ad-
dition, we did not have the pathological findings of malig-
nant thyroids of patients who underwent surgery. There-
fore, we suggest that new studies are designed to compare 

the sonographic and FNA results with pathological results. 
Moreover, multicentre studies with lager sample sizes are 
recommended to enable more generalizable outcomes.

A strength of the present study is its prospective de-
sign compared to previous studies, which were retrospec-
tively performed. Therefore, our results are potentially 
more precise compared with other studies due to various 
issues in data collection (e.g. more accurate data record-
ing and less recall bias). Another strength is the relatively 
large number of thyroid nodules assessed in this study.

Conclusions
The findings of the present study show that peripheral 

calcification on sonography can be a potential indicator of 
malignant thyroid nodules. Also, the presence of lobulated 
margin and solid composition, in addition to peripheral 
calcification, can improve the ability of peripheral calcifi-
cation in distinguishing malignant from benign nodules. 
Continuity of peripheral calcification is a notable subject, 
and its association with thyroid cancer risk should be 
clarified by further studies.
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