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Purpose: Thyroid ultrasonography (US) is a useful diagnostic tool in the evaluation of 
diffuse thyroid disease (DTD), whereas shearwave elastography is a dynamic technique 
that can provide information about tissue hardness by using acoustic shearwaves re-
motely induced by a focused ultrasonic beam. This study aims at investigating the role 
of conventional US and shearwave elastography in the diagnosis of asymptomatic pa-
tients with DTD. Materials and Methods: Fifty-seven patients who underwent both 
conventional US and shearwave elastography were included in this study. Interobserver 
variability of the three radiologists in assessment of underlying thyroid echogenicity on 
conventional US was analyzed. Diagnostic performances for diagnosing DTD on con-
ventional US and shearwave elastography were calculated and compared. Results: Fair 
agreement was observed in the identification of DTD with conventional US (kappa val-
ue=0.27). The area under the receiver operating characteristic curve (Az) were 0.52-
0.585 on conventional US by three radiologists. The Az values when using the mean 
and maximum elasticity values as a diagnostic criteria for DTD were 0.619 and 0.59 on 
shearwave elastography. Patients with DTD showed higher mean [24.1±10 kilo-Pas-
cals (kPa)] and maximum (36.4±13.3 kPa) elasticity values on shearwave elastography 
when compared to the normal group (23.4±10.8 kPa and 33.7±12.4 kPa, respectively), 
although without statistical significance (p=0.802 and p=0.452, respectively). Conclu-
sion: Conventional US did not show reliable interobserver agreement in the diagnosis 
of DTD. Although not statistically significant, shearwave elastography may provide ad-
ditional information in the diagnosis of DTD. Therefore, larger prospective studies are 
needed to define the values of shearwave elastography for diagnosing DTD.
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roid disease

INTRODUCTION

Thyroid ultrasonography (US) is a useful diagnostic tool in the evaluation of thy-
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cause they did not undergo thyroid autoantibody tests. The 
final study included 57 patients. All patients were initially 
referred not just for evaluation of thyroid function abnor-
mality, but also for US-FNA on thyroid nodules. Patient age 
ranged from 26 to 72 years (mean, 49.9 years). Mean age of 
male patients was 50.4 years (range 44-55 years) and that of 
female patients was 49.8 years (range 26-72 years). 

Conventional US and shearwave elastography of the 
thyroid
Real-time conventional US and shearwave elastography 
were performed using a linear transducer with a central fre-
quency of 4 to 15 MHz (ShearWaveTM Elastography, Su-
personic Imagine, Aix-en-Provence, France). Real-time US 
was performed by one of three board-certified radiologists 
with 5 to 13 years of experience in thyroid imaging. First, a 
careful evaluation of the underlying echogenicity of the 
thyroid on conventional US was made. After examinations 
using conventional US, shearwave elastography was per-
formed by the same radiologists who had performed the 
conventional US. Regions of interest for elasticity images 
were set to include more than 1/3 of a thyroid lobe for suffi-
cient amount of the underlying thyroid parenchyma and not 
to include thyroid nodule or nodules on either transverse or 
longitudinal plane (Figs. 1 and 2). By measuring the speed of 
shearwave propagation at every point in the image, a quanti-
tative elasticity value was expressed in kilo-Pascals (kPa). 
We prospectively recorded the quantitative elasticity value 
of the underlying thyroid gland on shearwave elastography, 
without considering the US features of the thyroid nodules 
targeted for US-FNA. Data were entered in a computer da-
tabase both for patient care and this study.

Thyroid parenchyma was retrospectively analyzed for US 
features of DTD when the thyroid gland showed one or more 
of the following suspicious findings: diffuse heterogeneous 
echogenicity or diffuse hypoechogenicity with/without mi-
cronodules, thyroid enlargement [anteroposterior (AP) diam-
eter of thyroid on longitudinal scan >2 cm], multiple linear 
echogenicity, and scattered microcalcifications6,7,18,19 by three 
radiologists, (E.J.S, H.J.M, and E.K.K.) with 5 to 13 years 
of experience in thyroid US independently. They were fully 
blinded to the serologic test results for all patients. Each 
blinded reader evaluated the patients’ images separately and 
independently. 

Measurement of anti-thyroid autoantibodies
In all patients, thyroid function was evaluated using venous 

roid disease including thyroid nodules and diffuse thyroid 
disease (DTD).1-9 Hashimoto thyroiditis (HT) and Graves 
disease (GD) are included in DTD, and known US features 
of DTD are decreased or increased diffuse heterogeneous 
parenchymal echogenicity, a coarse echotexture, micronod-
ulation, and scattered microcalcifications.4,6,7,10,11 US can 
provide valuable information on the course of subclinical 
hypothyroidism (SCH) and is also being used in the evalua-
tion of DTD in patients with thyroid functional abnormality 
with thyroid autoantibodies such as thyroid peroxidase anti-
body (TPOAb) and thyroglobulin antibody (TgAb).5,12,13 
Rosário, et al. analyzed 117 patients with SCH, and report-
ed that both diffuse hypoechogenicity on US and the pres-
ence of TPOAb increase the risk of SCH developing into 
overt hypothyroidism.13

US elastography is a newly developed dynamic technique 
that provides information about tissue hardness by using a 
degree of distortion under the application of an external force 
or by using shear acoustic waves remotely induced by a fo-
cused ultrasonic beam.14-16 This method has been applied in 
the differentiation of benign and malignant thyroid le-
sions.14-17 Previous studies have demonstrated the diagnostic 
role of US used in DTD diagnosis.5,7 However, to the best of 
our knowledge, no reports have shown the interobserver 
agreement of US or the diagnostic performances of shear-
wave elastography in DTD diagnosis. In this study, we inves-
tigated the role of conventional US and shearwave elastogra-
phy in the diagnosis of asymptomatic patients with DTD. 

MATERIALS AND METHODS
　　　

Patients
The institutional review board of our institution approved 
this retrospective study and required neither patient approval 
nor informed consent for the review of images and records. 

This study was performed at our institution (a referral cen-
ter) during October 2010. During this period, 94 consecutive 
patients underwent US-fine needle aspiration (FNA). Twenty 
nine patients were excluded from the original 94 patients 
because they did not undergo shearwave elastography. 
Among these patients, 28 patients made the personal choice 
not to undergo any additional examinations, while 1 patient 
did not have shearwave elastography performed due to an 
insufficient amount of underlying thyroid parenchyma be-
ing observed as there were multiple nodules in both thyroid 
glands. Eight additional patients were also excluded be-
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to no agreement, 1.00 to complete agreement, less than or 
equal to 0.20 to slight agreement, 0.21-0.40 to fair agreement, 
0.41-0.60 to moderate agreement, 0.61-0.80 to substantial 
agreement, and 0.81-1.00 to near perfect agreement.20

The diagnostic performances (sensitivity, specificity, ac-
curacy, positive predictive value, negative predictive value) 
for diagnosing DTD on conventional US were calculated. 
The area under the receiver operating characteristic curve 
(Az) was calculated by the three radiologists on convention-
al US. 

We compared the mean and maximum elasticity values 
between the patients of the DTD group and the patients of 
the normal serology group. To evaluate diagnostic perfor-
mances of diagnosing DTD on shearwave elastography, the 
cut-off value was calculated by using the Youden’s index.21 
The Az was calculated by using the continuous data of the 
mean and maximum elasticity. 

All statistical analysis was performed with SAS software 
(version 9.1.3; SAS Institute, Cary, NC, USA). Statistical 
significance was assumed when the p value was less than 
0.05. All reported p values are 2-sided.

RESULTS
 

Of the 57 patients, DTD was diagnosed in 22 patients using 
serum TPOAb or TBII. The mean age (50.1±11.6 years) of 

blood samples. Thyroid autoantibodies as well as thyroid 
function were routinely measured at our institution to evalu-
ate thyroid functional status. Serum thyroid peroxidase anti-
body (TPOAb), thyroglobulin antibody (TgAb) and thyroid-
stimulating hormone (TSH)-binding inhibitory immunoglo-
bulins (TBII) levels were measured by radioimmunoassay 
(Brahms, Hennigsdorf/Berlin, Germany). The existence of 
each TPOAb and/or TgAb was defined with a serum con-
centration of thyroid autoantibody >60 IU/L. Patients with 
HT were defined as those who were positive for TPOAb and/
or TgAb.5 Activity of TSH receptor antibody (TRAb) was 
measured using a first generation TRAb kit prepared by 
Brahms (Brahms, Hennigsdorf/Berlin, Germany). A value 
of TBII exceeding 10% was considered positive. Patients 
with GD were defined as those who were positive for TBII. 
In this study, we evaluated patients with DTD including 
both HT and GD. 

Statistical analysis 
Patient medical records were reviewed for clinical character-
istics. The Fisher’s exact test was used to compare gender to 
DTD. We also evaluated the association of age and the val-
ues of mean and maximum elasticity on shearwave elastog-
raphy to DTD using the independent two-sample t-test. In-
terobserver variability was estimated using the generalized 
kappa statistic of Landis and Koch.20 The degree of agree-
ment was categorized in terms of kappa values: 0 corresponds 

Fig. 1. Conventional ultrasound and shearwave elastography images from a 61-year-old woman with normal thyroid function. (A and B) Transverse and lon-
gitudinal ultrasound images show normal homogeneous thyroid parenchymal echogenicity. (C) A shearwave elastography image of underlying thyroid pa-
renchyma shows mean and maximum elasticity values of 16.2 kPa and 25.8 kPa.

Fig. 2. Conventional ultrasound and shearwave elastography images from a 29-year-old woman with Hashimoto thyroiditis. (A and B) Transverse and longi-
tudinal ultrasound images show heterogeneous and hypoechoic underlying thyroid parenchyma. (C) A shearwave elastography image shows mean and 
maximum elasticity of 15.8 kPa and 31.6 kPa.
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66.7%, 44.4-71.4% and 62.5-69.0%, respectively, on con-
ventional US for the identification of DTD. The Azs were 
0.52-0.585 on conventional US by three radiologists. Also, 
the Azs were not statistically different between the three ra-
diologists (p=0.387) (Table 1).

In the 35 (61.4%) patients consisting of the normal serol-
ogy group, mean elasticity value was 23.4±10.8 kPa (range, 
9.0 kPa to 54.5 kPa), and mean maximum elasticity value 
was 33.7±12.4 kPa (range, 11.0 kPa to 61.4 kPa). In the 22 
(38.6%) patients of the DTD group, mean elasticity value 
was 24.1±10.0 kPa (range, 9.3 kPa to 53.6 kPa), and mean 
maximum elasticity value was 36.4±13.3 kPa (range, 15.1 

patients with DTD was older than that (49.7±10.4 years) of 
patients without DTD (p=0.887). Gender was not associat-
ed with DTD (p=0.639). 

Reproducibility of conventional US observations was as-
sessed between three observers who analyzed the same imag-
es. If only patients diagnosed with heterogeneous echogenici-
ty by all three radiologists were considered, the generalized 
kappa value was 0.27, which means a fair degree of agree-
ment.

The sensitivity, specificity, accuracy, positive predictive 
value (PPV), and negative predictive value (NPV) of the 
three radiologists were 18.2-59.1%, 57.1-94.3%, 57.9-

Table 1. Comparison of Diagnostic Performances for the Identification of Diffuse Thyroid Disease 
Total 

number
Gold standard for 

diagnosis
Diagnostic 
modality TP TN FP FN Sensitivity Specificity Accuracy PPV NPV Az

Observer 1 from this 
  study   57 Anti-thyroid 

  autoantibodies Conventional US   5   33   2 17 22.7 94.3 66.7 71.4 66 0.585

Observer 2 from this 
  study   57 Anti-thyroid 

  autoantibodies Conventional US   4   30   5 18 18.2 85.7 59.6 44.4 62.5 0.52

Observer 3 from this 
  study   57 Anti-thyroid 

  autoantibodies Conventional US 13   20 15   9 59.1 57.1 57.9 46.4 69 0.581

Mean elasticity value 
  (27.6 kPa) as an index 
  criteria from this study

  57 Anti-thyroid 
  autoantibodies

Shearwave 
  elastography   9   29   6 13 40.9 82.9 66.7 60 69 0.619

Maximum elasticity value 
  (41.3 kPa) as an index 
  criteria from this study

  57 Anti-thyroid 
  autoantibodies

Shearwave 
  elastography   9   27   8 13 40.9 77.1 63.2 52.9 67.5 0.59

Kim, et al.7 322 Histology Conventional US 50 244 21   7 87.7 92.1 91.3 70.4 97.2

Sporea, et al.26   74
Clinical features 
  and anti-thyroid 
  autoantibodies

Elastography 
  using the ARFI 
  technique

64.7 91.3 72.9 94.2 53.8 0.8

TP, true positive; TN, true negative; FP, false positive; FN, false negative; PPV, positive predictive value; NPV, negative predictive value; ARFI, acoustic radia-
tion force impulse.
Az: the area under the receiver operating characteristic curve.  

Fig. 3. Box plots show elasticity values of normal and diffuse thyroid disease group. The central line of each box indicates the median and the asterisk (*) in-
dicates the mean elasticity value of each group, respectively. In the box plots of mean elasticity values (A) and maximum elasticity values (B), mean values 
of both mean and maximum elasticity were higher in patients with diffuse thyroid disease than those in the normal group. However, there were no statisti-
cally significant differences between the two groups (p=0.802 and p=0.452). DTD, diffuse thyroid disease; Mean, mean elasticity value; Maximum, maximum 
elasticity value.
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different gold standards, patient populations, and interobserv-
er variability among radiologists and pathologists. Especial-
ly, lymphocytic thyroiditis, of which the pathologic hallmark 
is lymphocytic infiltration, can show a certain pathologic 
spectrum, ranging from lymphocytic thyroiditis only to atro-
phic and eosinophilic change of thyroid cells with fibrosis.27 
Depending on which stage of lymphocytic thyroiditis is be-
ing observed, there will be variations in diagnostic perfor-
mances that will, in turn, affect the results. Therefore, the 
pathologic stage of disease is thought to be a important factor 
that decides what kinds of results US elastography obtains. 

US elastography is based on the deformity formed by ex-
ternal compression,17 and the diagnostic performances of 
US elastography in general greatly depend on the quality of 
the freehand compression applied.28 Shearwave elastogra-
phy is a technique which characterizes tissue structure by 
using shear acoustic waves remotely induced by a focused 
ultrasonic beam.29 Because shearwave elastography pro-
duces the radiation force in the probe, this may be more re-
producible than conventional elastography, in which radiat-
ing force is produced by repetitive external compression by 
an operator.16 Furthermore, shearwave elastography shows 
quantitative tissue elasticity within a given region of inter-
est.30 This reproducibility and quantitative information are 
very useful advantages of shearwave elastography. In the 
present study, we performed a quantitative measurement of 
thyroid tissue stiffness employing shearwave elastography, 
using mean and maximum elasticity values, and found that 
the mean values of mean and maximum elasticity in pa-
tients with DTD were not significantly different from those 
in the normal group (mean 24.1±10 kPa versus 23.4±10.8 
kPa and maximum 36.4±13.3 kPa versus 33.7±12.4 kPa, 
respectively, p=0.802 and p=0.452) (Table 1). The specific-
ity was higher when the mean elasticity value was used in-
stead of the maximum elasticity value, however, the sensi-
tivities of shearwave elastography were same when both 
indices were used in diagnosing DTD.

Our study has some limitations. First, the number of pa-
tients included in our study was relatively small to general-
ize reproducibility of conventional US and diagnostic per-
formance of shearwave elastography. Future studies with 
larger populations are needed. Second, final diagnosis of 
the patients included in this study was based on the serolog-
ic levels of autoantibodies. False-negative and false-posi-
tive serologic results might have an effect on our results, 
nevertheless, they were not considered. Third, this study 
was a retrospective analysis to evaluate a reproducibility of 

kPa to 70.6 kPa) (Fig. 3). Although the mean values of mean 
and maximum elasticity were higher in patients with DTD 
than those in the normal group, there were no statistically 
significant differences between the two groups (p=0.802 and 
p=0.452).

The cutoff values of shearwave elastography in DTD di-
agnosis were 27.6 kPa and 41.3 kPa using the mean and 
maximum elasticity, respectively. When using the mean 
elasticity value as a diagnostic criterion for DTD, the sensi-
tivity and specificity were 40.9% and 82.9%, respectively. 
And when the maximun elasticity value was used as a diag-
nostic criterion for DTD, the sensitivity and specificity 
were 40.9% and 77.1%, respectively. Using the mean and 
maximum elasticity values as a diagnostic criteria for DTD, 
Az values were 0.619 and 0.59, respectively (Table 1).

DISCUSSION

Shin, et al.5 indicated that thyroid US in SCH has a signifi-
cant predictive value in treatment outcome, which was com-
parable to other well-known prognostic parameters such as 
TPOAb or high TSH levels. Recently, Kim, et al.7 prospec-
tively evaluated the efficacy of thyroid US in the identifica-
tion of asymptomatic DTD, and concluded that real-time 
thyroid US is useful in differentiating DTD from normal 
thyroid parenchyma in asymptomatic patients. 

However, US is very subjective and dependent on the 
performer, which causes interobserver variability between 
examiners.22,23 There are several reports on the interobserv-
er agreement in US assessment of thyroid nodules.22-25 These 
reports conclude that if US is performed by experienced radi-
ologists, relatively good agreement can be expected.22-24 
However, there were no reports on the interobserver variabil-
ity of US in the evaluation of echogenicity of the underlying 
thyroid gland. In this study, fair agreement with a kappa val-
ue of 0.26 was observed on the heterogeneous echogenicity 
on conventional US by three radiologists. This result showed 
that in diagnosing DTD, conventional US had poor repro-
ducibility even when all images were simultaneously re-
viewed by three experienced radiologists. Also, diagnostic 
performances were variable among the observers. The sensi-
tivity, specificity, accuracy, PPV, and NPV of three radiolo-
gists were 18.2-59.1%, 57.1-94.3%, 57.9-66.7%, 44.4-71.4% 
and 62.5-69.0% on conventional US when identifying DTD 
(Table 1). These results are different from those of other stud-
ies.7,26 We speculate that the reasons for the differences7,26 are 
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11.	Hayashi N, Tamaki N, Konishi J, Yonekura Y, Senda M, Kasagi K, 
et al. Sonography of Hashimoto’s thyroiditis. J Clin Ultrasound 
1986;14:123-6.

12.	Nys P, Cordray JP, Merceron RE. Etiologic discussion and clinical 
relevance of thyroid ultrasonography in subclinical hypothyroid-
ism. A retrospective study in 1845 patients. Ann Endocrinol (Paris) 
2009;70:59-63. 

13.	Rosário PW, Bessa B, Valadão MM, Purisch S. Natural history of 
mild subclinical hypothyroidism: prognostic value of ultrasound. 
Thyroid 2009;19:9-12. 

14.	Asteria C, Giovanardi A, Pizzocaro A, Cozzaglio L, Morabito A, 
Somalvico F, et al. US-elastography in the differential diagnosis of 
benign and malignant thyroid nodules. Thyroid 2008;18:523-31. 
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roid nodules. J Clin Endocrinol Metab 2007;92:2917-22.

16.	Sebag F, Vaillant-Lombard J, Berbis J, Griset V, Henry JF, Petit P, 
et al. Shear wave elastography: a new ultrasound imaging mode 
for the differential diagnosis of benign and malignant thyroid nod-
ules. J Clin Endocrinol Metab 2010;95:5281-8. 

17.	Ophir J, Alam SK, Garra B, Kallel F, Konofagou E, Krouskop T, 
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18.	Choi JS, Chung WY, Kwak JY, Moon HJ, Kim MJ, Kim EK. 
Staging of papillary thyroid carcinoma with ultrasonography: per-
formance in a large series. Ann Surg Oncol 2011;18:3572-8. 

19.	Tessler FN, Tublin ME. Thyroid sonography: current applications 
and future directions. AJR Am J Roentgenol 1999;173:437-43.
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for categorical data. Biometrics 1977;33:159-74.
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22.	Kim SH, Park CS, Jung SL, Kang BJ, Kim JY, Choi JJ, et al. Ob-

server variability and the performance between faculties and resi-
dents: US criteria for benign and malignant thyroid nodules. Ko-
rean J Radiol 2010;11:149-55. 

23.	Park CS, Kim SH, Jung SL, Kang BJ, Kim JY, Choi JJ, et al. Ob-
server variability in the sonographic evaluation of thyroid nodules. 
J Clin Ultrasound 2010;38:287-93.

24.	Choi SH, Kim EK, Kwak JY, Kim MJ, Son EJ. Interobserver and 
intraobserver variations in ultrasound assessment of thyroid nod-
ules. Thyroid 2010;20:167-72.

25.	Park SH, Kim SJ, Kim EK, Kim MJ, Son EJ, Kwak JY. Interob-
server agreement in assessing the sonographic and elastographic 
features of malignant thyroid nodules. AJR Am J Roentgenol 
2009;193:W416-23. 

26.	Sporea I, Vlad M, Bota S, Sirli RL, Popescu A, Danila M, et al. 
Thyroid stiffness assessment by acoustic radiation force impulse 
elastography (ARFI). Ultraschall Med 2011;32:281-5. 

27.	LiVolsi VA. The pathology of autoimmune thyroid disease: a re-
view. Thyroid 1994;4:333-9.

28.	Lyshchik A, Higashi T, Asato R, Tanaka S, Ito J, Mai JJ, et al. 
Thyroid gland tumor diagnosis at US elastography. Radiology 
2005;237:202-11. 

29.	Sarvazyan AP, Rudenko OV, Swanson SD, Fowlkes JB, Eme-
lianov SY. Shear wave elasticity imaging: a new ultrasonic tech-
nology of medical diagnostics. Ultrasound Med Biol 1998;24: 
1419-35.

30.	Tanter M, Bercoff J, Athanasiou A, Deffieux T, Gennisson JL, 

conventional US between three observers using only static 
captured images. To resolve and validate our result, real time 
US might be helpful in further studies. Lastly, this study did 
not evaluate diagnostic performances of US and elastogra-
phy according to pathologic spectrum of DTD. For exam-
ple, hepatitis has variable US results, depending on liver fi-
brosis stage, because stiffness changes by stage.31 Thus, for 
a more insight, studies are needed on how US elastography 
results vary by pathologic stages of DTD to understand the 
full potential of its practical use. In conslusion, convention-
al US did not show a reliable interobserver agreement in 
the diagnosis of DTD. Although not statistically significant, 
shearwave elastography may provide additional informa-
tion for the diagnosis of DTD. Therefore, larger prospective 
studies are needed to define the values of shearwave elas-
tography in diagnosing DTD.
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