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Introduction

Parathyroid adenomas are benign tumors and are the 
most common causes of primary hyperparathyroidism(1). 
Solitary benign adenoma (89%), double adenomas (4%), 
parathyroid hyperplasia (6%), and parathyroid carcino-
ma (<1%) are probable causes of primary hyperparathy-
roidism(2,3). 

Hashimoto thyroiditis, a type of autoimmune thyroiditis, 
is one of the most common thyroid disorders. In these pa-
tients, prominent reactive cervical lymph nodes may be 
present especially in level VI and the “Delphian” node, just 
cephalic to the isthmus. These perithyroidal lymph nodes 
are also helpful in diagnosis(4,5).

High-resolution sonography is a sensitive imaging test for 
the detection of superficial masses, and currently one of the 
first-line imaging techniques for the evaluation of parathy-

roid gland lesions(1). Doppler ultrasonography with the de-
tection of the extrathyroidal feeding vessel has improved the 
determination of parathyroid adenomas(6). Ultrasonography 
and technetium-99m-sestamibi scintigraphy with or with-
out sestamibi single photon emission computed tomography 
(SPECT) are the dominant imaging modalities for preopera-
tive localization of parathyroid adenomas(7,8).

As a relatively new method, sonoelastography is currently 
under investigation for tissue characterization of several 
anatomic sites. Elastography of a mass shows its elastic 
properties. It allows examination of changes in tissue elas-
ticity features(9). Strain elastography, as performed in this 
study, is a non-invasive method involving manual com-
pression that provides an evaluation of tissue stiffness dif-
ferences. 

The aim of this study was to determine the performance 
and additional values of real-time strain sonoelastography 
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in the differential diagnosis of perithyroidal reactive lymph 
nodes of patients with Hashimoto thyroiditis, reactive jug-
ular lymph nodes of healthy individuals and parathyroid 
gland lesions.

Material and methods

Study groups

This prospective study was performed in the Department of 
Radiology between April 2016 and March 2018. All patients 
gave informed written consent for sonographic evaluation 
and for this work. All procedures were performed in accord-
ance with the Declaration of Helsinki for human subjects, 
and our Institutional Review Board approved the study.

In total, 95 patients who had been referred to the Depart-
ment of Radiology for sonographic evaluation, were in-
cluded in the study. A total of 153 lesions were examined by 
ultrasonography, and strain sonoelastography was added. 

The diagnosis in patients with parathyroid adenomas or 
hyperplasia was confirmed by parathyroidectomy or fine-
needle aspiration biopsy with parathormone (PTH) wash-
out or with a positive scintigraphy scan and high serum 
PTH level. 

The diagnosis of Hashimoto thyroiditis was confirmed 
by demonstration of serum thyroid antibodies and an-
tithyroglobulin antibodies. Patients with Hashimoto thy-
roiditis have lymph nodes around the thyroid gland like 
parathyroid glands. Thus, these lymph nodes located at 
level VI were used as one of the control groups. Patients 
with Hashimoto thyroiditis without district nodular le-
sions in the thyroid gland were included in the study to 
exclude probable metastatic lymph nodes. Additionally, 
we believe that there are insufficient numbers of level VI 
lymph nodes in healthy individuals to serve as a control 
group. Therefore, level III and IV lymph nodes of healthy 
individuals were used as the other control group. 

Sonographic examinations 

Ultrasonography and strain elastography examinations 
were performed by a radiologist experienced in sono-
graphic evaluations. Lesion dimensions on gray-scale ul-
trasound were evaluated and noted. Sonographic exami-
nations were performed with a Logiq S7 Expert machine 
(GE Healthcare, Milwaukee, WI) equipped with a 9L-D 
linear-array probe. Slight repetitive manual compressions 
were performed, keeping the transducer perpendicular 
to the skin during strain elastography. The elastographic 
images were obtained with appropriate compression and 

Fig. 1. A 39-year-old woman with hyperparathyroidism and brown tumor in her left humerus. An example of a parathyroid adenoma. Diagnosis was 
confirmed by parathyroidectomy. Scintigraphy scan was positive. The gray-scale image shows a typical hypoechoic adenoma deep in relation 
to the right lower pole of the thyroid gland (A). Elastographic examination of the lesion revealed predominantly green and red colors (A) and 
E-index of 1.7 (B). (E-index; elasticity score)

A

B
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decompression application according to a quality bar. 
The bar scale ranged from 1 to 7 on the screen. Images 
and measurements were obtained only when the optimal 
compression bar was in the range of 5 to 7. The elasto-
gram was displayed as a real-time color map of relative 
elasticity, which was superimposed on the gray-scale im-
age. Elastography and B-mode ultrasonography images 
were simultaneously presented as a two-panel image. The 
region of interest (ROI) was placed first on the reference 
tissue using a circle drawing tool and second on the mass 
using a free-hand drawing tool along to the lesion border. 
Elasticity score (E-index) was obtained by elastographic 
analysis. The described strain elastography method rep-
resents relative information about hardness(10). The rela-
tion between elastogram colors and the hardness of an 
area is given on the elastography color bar (at the left 
side of each elastogram). While red color reflects less stiff 
tissue, blue color reflects more stiff tissue. In addition, 
green color reflects medium stiff tissue of the entire area 
undergoing elastography. When the ROI drawing is com-
pleted, the sonography machine automatically gives a 
value, which reflects E-index, from 0 (softest) to 6 (hard-
est). E-index is a semi-quantitative value which represent 
the strain of the ROI relative to the entire area undergo-
ing elastography. While a low E-index indicates soft tis-
sue, a higher E-index indicates stiff tissue. E-index from 
real-time strain elastography was noted. The difference 
in E-index and diameter between parathyroid lesions and 
lymph nodes was evaluated. In calculating the elasticity 
ratio (E-ratio), which represents how many times stiffer a 
lesion is, we should use a reference tissue. However, some 
lesions were not appropriate for this calculation. Some 
lesions were not in the same depth or were not at the 
same level with standardized reference tissue. Therefore, 
E-ratio was not used to compare the groups(10). 

Statistical analysis 

Statistical analyses were performed using SPSS version 
15.0 software for Windows (IBM Corporation, Armonk, 
NY). Descriptive statistics of continuous variables are 
given as mean ± standard deviation (SD) and median 
(interquartile range 25–75). Kolmogorov-Smirnov test 
was used to test normality. To compare groups, one-way 
Anova test was used. P < 0.05 was considered statistically 
significant.

Results

In the study population (95 patients, 153 lesions), there 
were three groups. Group 1 (parathyroid lesions) had 37 
patients with a total of 50 lesions. Group 2 (perithyroidal 
lymph nodes in Hashimoto thyroiditis patients) had 27 
patients with a total of 52 lymph nodes. Group 3 (reac-
tive jugular lymph nodes in healthy individuals) had 31 
patients with a total of 51 lesions. Parathyroid hyperplasia 
was detected by parathyroidectomy in two patients (2/37; 
5%) with a total of four lesions (4/50; 8%). The other para-
thyroid lesions were considered as adenomas. 

The mean age of the patients was 48.7 ± 14.88 years 
(range 19–79), and 22% of the patients were male (n = 21). 
The mean age of the patients with parathyroid lesions was 
54.38 ± 14.13 years (range 19–79), and 27% (n = 10) of 
the patients were male. The mean age of the Hashimoto 
patients was 39.78±11.97 years (range 20–67), and 7% 
(n  =  2) of the patients were male. The mean age of the 
individuals with reactive jugular lymph nodes was 49.68 ± 
14.77 years (range 22–72), and 29% (n = 9) of the patients 
were male. There were statistically significant differences 
between Group 2 and Group 1, and between Group 2 and 
Group 3 in terms of age (both p <0.05).

The mean sizes of lesions in Group 1, Group 2 and Group 
3 were 13.46 ± 5.69 mm, 7.83 ± 3.35 mm and 11.60 ± 
4.96 mm, respectively. There were statistically significant 
differences between Group 2 and Group 1, and between 
Group 2 and Group 3 in terms of the diameters of the le-
sions (both p <0.001). 

The mean E-index of parathyroid lesions, lymph nodes of 
Hashimoto patients and jugular lymph nodes of healthy 
individuals were 2.30 ± 0.91, 2.70 ± 0.93 and 1.88 ± 0.59, 
respectively. There were statistically significant differences 
between the groups in terms of E-index via multiple com-
parisons (all p <0.05). 

All results of the study are presented in Table 1. Images 
of a parathyroid adenoma, a lymph node of a Hashimoto 
patient and a jugular lymph node of a healthy individual, 
including gray-scale and elastography examinations, are 
shown in Fig. 1, Fig. 2 and Fig. 3. 

Discussion

The perithyroidal central compartment lymph nodes, 
as particularly prominent in patients with lymphocytic 
thyroiditis, can commonly be mistaken for parathyroid 
glands. However, several features have been described to 
distinguish lymph nodes from adenomas. While a benign 
reactive lymph node usually has an echogenic fatty hilum 
supplied by small hilar vessels, a parathyroid adenoma 
usually has a polar, peripheral vascular structure supplied 
by an extrathyroidal feeding vessel(1,6,11,12). High-resolution 
ultrasonography findings, together with laboratory find-
ings and other imaging methods, have an impressive value 
for the diagnosis of parathyroid lesions. In the current 
study, strain sonoelastography was found to provide ad-
ditional contribution to the differential diagnosis of para-
thyroid lesions and lymph nodes. 

In our study, parathyroid hyperplasia was detected by 
parathyroidectomy in two patients (2/37; 5%) with a 
total of four lesions (4/50; 8%). One patient had a sin-
gle lesion and the other patient had three lesions. The 
distribution of the patients with parathyroid adenoma 
was as follows: a solitary lesion in 27 patients (27/35; 
77%), 2  lesions in six patients (6/35), 3 lesions in one 
patient (1/35), and 4 lesions in one patient (1/35). Among 
the Hashimoto patients with lymph nodes, 15 patients 
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(15/27) had one lymph node, 4 patients (4/27) had 2 
lymph nodes, 4 patients (4/27) had 3 lymph nodes, 3 pa-
tients (3/27) had 4 lymph nodes, and one patient (1/27) 
had 5 lymph nodes. Among the healthy individuals with 
reactive lymph nodes, 19 patients (19/31) had one lymph 
node, 8 patients (8/31) had 2 lymph nodes, 2 patients 
(2/31) had 3 lymph nodes, 1 patients (1/31) had 4 lymph 
nodes, and one patient (1/31) had 6 lymph nodes. Fre-
quencies were in accordance with the frequency com-
monly reported in the literature(2,3). 

In an article by Azizi et al.(13), the authors evaluated 57 
parathyroid adenomas using shear wave elastography, 
and obtained lower elastography scores in adenomas 
compared with the thyroid parenchyma. However, in a 
study by Ünlütürk et al.(14), the authors evaluated 93 para-
thyroid lesions, using strain elastography and obtained 
higher elastography levels in adenomas compared with 
the thyroid tissue and parathyroid hyperplasia. Because 
of the small number of parathyroid hyperplasia lesions 

Fig. 2. A 52-year-old woman with Hashimoto thyroiditis. The gray-scale 
images show heterogeneous thyroid gland parenchyma (A), and 
the left lower lymph node (B). Elastographic examination of the 
lesion revealed green and blue colors (B) and E-index of 1.4 (C). 
(E-index; elasticity score)

A

B

C

(n = 4; 8%), in accordance with the low frequency in the 
literature, the comparison between parathyroid adenoma 
and hyperplasia could not be performed in our study. 

In an article by Isidori et al.(15), the authors evaluated 47 para-
thyroid lesions, 18 thyroid ectopic nodules and 14 reactive 
lymph nodes using quasi-static sonoelastography, and ob-
tained higher elastography scores in adenomas compared 
with reactive lymph nodes. In our study, the perithyroidal re-
active lymph nodes related to chronic autoimmune thyroidi-
tis, and reactive jugular lymph nodes with more number in 
healthy individuals were used as control groups. Compared 
with the aforementioned article, we obtained a higher E-in-
dex in parathyroid lesions compared with the reactive jugu-
lar lymph nodes. Additionally, we obtained a lower E-index 
in jugular reactive lymph nodes when compared with peri-
thyroidal lymph nodes of Hashimoto patients. In light of our 
study, these results showed that Hashimoto patients’ lymph 
nodes are stiffer than reactive jugular lymph nodes. The so-
noelastography technique is based on wide acceptation that 
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most malignant lesions have a stiffer consistency than that of 
benign tumors or surrounding benign tissue because of des-
moplastic reactions and areas of fibrosis that they contain. 
This change in stiffness can also be present in chronic or in-
flammatory diseases. Our latter result reflected this kind of 
change. 

The patients in Group 2 were selected from among patients 
without nodules in the thyroid parenchyma. The limitation of 
the study was that no tissue sampling of the lymph nodes was 
performed in the Hashimoto patient group. Actually, it does 
not need to be confirmed histologically if no nodules are de-
tected in this type of patient unless there are additional doubts. 

Group 1 Group 2 Group 3 P value

Age 
(mean ± SD)
(min.–max.)

54.38 ± 14.13
(19–79)

39.78 ± 11.97a

(20–67)
49.68 ± 14.77

(22–72) <0.001

Diameter (mm) 
(mean ± SD) 
(median; IQR)

13.46 ± 5.69
13; 9.25 (8–17.25)

7.83 ± 3.35b

7; 3.00 (6–9)
11.60 ± 4.96

10; 4.00 (8–12) <0.001

E-index
(mean ± SD) 
(median; IQR)

2.30 ± 0.91c

2.20; 1.28 (1.7–2.98)
2.70 ± 0.93d

2.65; 1.58 (1.9–3,48)
1.88 ± 0.59e

1.80; 1.00 (1.3–2.3) <0.001

a Different from both Group 1 and Group 3 (p <0.001 and p = 0.023, respectively)
b Different from both Group 1 and Group 3 (both p <0.001)
c Different from both Group 2 and Group 3 (p = 0.043 and p = 0.038, respectively)
d Different from both Group 1 and Group 3 (p = 0.043 and p <0.001, respectively)
e Different from both Group 1 and Group 2 (p = 0.038 and p <0.001, respectively)
E-index – elasticity score, 
SD – standard deviation, 
IQR – interquartile range 25–75

Tab. 1. �Comparison of age of the patients, size of the lesions, and elasticity score (E-index) among the groups

Fig. 3. A 22-year-old healthy woman. The gray-scale image shows 
a  level IV reactive jugular lymph node (A). Elastographic 
examination of the lymph node revealed predominantly gre-
en and red colors (B) and E-index of 1.2 (C). (E-index; ela-
sticity score)

A B

C
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Conclusions

High-resolution ultrasonography has become a valuable 
diagnostic tool in the evaluation of superficial structures, 
such as parathyroid glands and lymph nodes. This study 
focused on one of ultrasonography techniques, i.e. real-
time strain sonoelastography. The results, based on Hashi-
moto’s lymph nodes, jugular reactive lymph nodes and 
parathyroid lesions, show that this method could add addi-

tional value to differential diagnosis of parathyroid lesions 
and benign neck lymph nodes. 
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