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a b s t r a c t

The objective of the study was to evaluate whether texture analysis using histogram and gray level
co-occurrence matrix (GLCM) parameters can help clinicians diagnose lymphocytic thyroiditis (LT)
and differentiate LT according to pathologic grade. The background thyroid pathology of 441 pa-
tients was classified into no evidence of LT, chronic LT (CLT), and Hashimoto's thyroiditis (HT).
Histogram and GLCM parameters were extracted from the regions of interest on ultrasound. The
diagnostic performances of the parameters for diagnosing and differentiating LT were calculated. Of
the histogram and GLCM parameters, the mean on histogram had the highest Az (0.63) and VUS
(0.303). As the degrees of LT increased, the mean decreased and the standard deviation and entropy
increased. The mean on histogram from gray-scale ultrasound showed the best diagnostic perfor-
mance as a single parameter in differentiating LT according to pathologic grade as well as in di-
agnosing LT.

& 2016 Elsevier Ltd. All rights reserved.

1. Introduction

Lymphocytic thyroiditis (LT) is a common type of inflammation
of the thyroid gland, and accurate diagnosis of LT helps clinicians
better manage the disease process, reduces the number of un-
necessary fine-needle aspirations (FNAs) performed, and helps
predict thyroid failure [1]. Patients with LT can have a wide
spectrum of histopathology from lymphocytic infiltration only to
progressive loss of thyroid follicular cells, and formation of
germinal centers associated with fibrosis that can change tissue

hardness [2]. Pathologic grades of LT are separated at two points,
chronic LT (CLT) and Hashimoto's thyroiditis (HT), depending on
which features of LT are observed [2].

Gray-scale ultrasound (US) is the most common examination
performed to diagnose suspected thyroid disease mainly due to its
non-radioactive, non-invasive and superior diagnostic perfor-
mance. It has been reported to have a role not only in the eva-
luation of masses, but also in the evaluation of inflammatory in-
filtrations, fibrosis, and differentiation of thyroid nodules within
the diseased parenchyma [3–5]. Gray-scale US provides re-
producible correlation between the functional status of Ha-
shimoto's thyroiditis and hypoechogenicity of thyroid glands [6]
and allows for supplementary judgements of thyroid function in
Graves' disease [7]. However, US is entirely dependent on the
performer with interobserver and intraobserver variations for di-
agnosing diffuse thyroid disease (DTD) [8]. To overcome the lim-
itations of US, quantitative analysis has been performed using the
histogram and gray level co-occurrence matrix (GLCM) to diagnose
DTD [1,9–11]. However, to our knowledge, there have been no
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published studies on the diagnostic performance of texture ana-
lysis in LT according to the pathologic grades of LT. Therefore, we
investigated the diagnostic performances of the histogram and
GLCM parameters using gray-scale ultrasound images to diagnose
LT and to differentiate conditions according to the pathologic
grades of LT.

2. Materials and methods

This retrospective study was approved by the Institutional Re-
view Board (IRB) of Severance Hospital, Seoul, Korea, and informed
consent was waived.

2.1. Study population

Pre-operative staging US was performed in 575 patients sus-
pected for thyroid malignancy at our institution from August to
October 2013. Of 531 patients who underwent surgery, 90 were
excluded because they did not have a sufficient amount of un-
derlying thyroid parenchyma to establish correct diagnoses as
there were multiple nodules in both thyroid glands. Finally, 441
patients were included in this study (Fig. 1). There were no pa-
tients with Graves' disease. Among the 441 patients, 358 (81.2%)
were women and 83 (18.8%) were men. The mean age was 44.2
years for the women (range, 21–79 years) and 44.6 years for the

Fig. 1. Study population.

Fig. 2. A 37-year-old female without evidence of lymphocytic thyroiditis shows homogeneous parenchymal echogenicity on US (a). A region of interest including more than
two-thirds of the thyroid lobe was drawn on the longitudinal scan of US while excluding thyroid nodules (b). Histogram analysis show the distribution of the number of
pixels (y-axis) according to the pixel intensity value (x-axis) in the regions of interest of her thyroid gland (c). Pathology shows normal thyroid follicles which are variable in
size and intact (hematoxylin and eosin stain, �40) (d): Mean¼115.7, SD¼9.623, Skewness¼0.004, Kurtosis¼2.679, Entropy¼5.274.
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