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Abstract Since US is not easily reproducible, the digital

image analysis (IA) has been proposed so that the image

evaluation is not subjective. In fact, IA meets the criteria of

objectivity, accurateness, and reproducibility by a matrix of

pixels whose value is displayed in a gray level. This study

aims at evaluating via IA the tissue surrounding a thyroid

nodule (backyard tissue, BT) from goitres with benign (b-

BT) and malignant (m-BT) lesions. Sixty-nine US images

of thyroid nodules surrounded by adequate thyroid tissue

was classified as normoechoic and homogeneous were

enrolled as study group. Forty-three US images from nor-

mal thyroid (NT) glands were included as controls. Digital

images of 800 9 652 pixels were acquired at a resolution

of eight bits with a 256 gray levels depth. By one-way

ANOVA, the 43 NT glands were not statistically different

(P = 0.91). Mean gray level of normal glands was

significantly higher than b-BT (P = 0.026), and m-BT

(P = 0.0001), while no difference was found between

b-BT and m-BT (P = 0.321). NT tissue boundary external

to the nodule was found at 6.0 ± 0.5 mm in cancers and

4.0 ± 0.5 mm in benignancies (P = 0.001). These data

should indicate that the tissue surrounding a thyroid nodule

may be damaged even when assessed as normal by US.

This is of interest to investigate the extranodular effects of

thyroid tumors.
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analysis

Introduction

Ultrasonography (US) is recognized as the main tool in

assessing thyroid gland morphology and size [1, 2]. The
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majority of papers on thyroid US focused on nodule’s risk

features and selection for biopsy [3–6]. Few studies ana-

lyzed the relation between thyroid echographic appearance

and its function. These papers report that hypoechogenicity

of the thyroid gland represents a risk factor for developing

hypothyroidism over time [7–10]. Also, at least 80 % of

subjects with normal thyroid (NT) US pattern have NT

function [11, 12]. To recap, US examination is characterized

by poor reproducibility due to high intra- and inter-observer

variability [13, 14]. As a consequence, the potential stan-

dardization of US exam still remains a challenge.

The digital image analysis (IA) has been proposed to

overcome the observer variability of image evaluation. In

fact, IA meets the criteria of objectivity, accurateness, and

reproducibility [15, 16]. The digitalized US image is

composed of a matrix of numbers where each element

corresponds to a ‘‘picture element’’ (pixel) and whose

value is displayed in a gray level. This gives the echoge-

nicity of the tissue in that point.

Here, we aimed to evaluate by IA the backyard tissue

(BT) of thyroid lesions, such as not nodular thyroid tissue

surrounding benign and malignant nodules. The study

included a large series of nodular US images, and thyroid

disease-free subjects as a control group.

Materials and methods

Selection of the series

The study group initially comprised 95 cases from 95

patients undergone histologic and/or cytologic examina-

tion. NT function and negative thyroid autoimmunity were

proved in all subjects. All US images had a thyroid nodule

surrounded by extranodular tissue that was classified as

homogeneous and normoechoic by two observers (see

below). A series of 13 cases were excluded because of

small tissue area around the nodule, seven cases were

excluded because the images were not clear for the ana-

lysis, and other six cases were disagreeing between the US

examiners. Then, the final series included 23 malignant

nodules and 46 benign ones surrounded by adequate not

nodular tissue. Cancer group included 22 papillary cancers

(9 classic, 11 follicular variant, 1 tall cell, 1 sclerosing

variant) and one minimally invasive follicular cancer. As

controls, 43 images of NT gland from euthyroid subjects

were enrolled (see below).

Thyroid ultrasound evaluation

Two expert examiners (PT, MFT) performed US using an

Esaote MyLab system (Esaote, Genova, Italy) equipped

with linear probe working at 8–14 MHz. The inter-

observer variability for these investigators was 8.2 % [11,

12]. To evaluate gland echogenicity and homogeneity,

clips and freeze images for all patients were stored and

blindly reviewed by the two investigators. The discordant

cases were not included in the study.

Analysis of thyroid ultrasound images

Digital images of 800 9 652 pixels were acquired at a

resolution of eight bits with a 256 gray levels depth. The IA

was initially tested in 43 thyroid US images carried out

from 43 subjects. The latter had been assessed as thyroid

disease free because of normal serum thyroid hormones

and negative anti-thyroid antibodies combined with not

nodular thyroid gland. This series was included in the study

as control group (NT). System parameters (transducer

properties, near and far gain, depth gain compensation,

pulse intensity and storage method) were kept constant.

Consequently, it should be assumed that changes in echo-

graphic texture are directly related to changes in pathology.

To analyze the BT, an annular region of interest (ROI)

around the nodule was selected. The outer boundary of

each nodule which delimits the first circular ROI, referred

to as forward tissue, was delineated by following the rule

that a pixel belongs to the nodule when it is included in at

least two out of the three delineations drawn by the phy-

sician. The second annular ROI is the BT of each nodule

which was selected by following the rule of normalizing

the BT area to the ROI including the nodule. In particular,

the BT area was chosen 3.5 times greater than to the nodule

ROI, i.e., AreaBT/Areaforward tissue = 3.5.

Therefore, we employed a set of reference-standard

algorithms and graphical tools for image processing, ana-

lysis, and visualization. The software development envi-

ronment was VISION� toolbox of the LabView� platform

(LabView 2013, National Instruments, Austin, TX, USA)

which was used for the analysis of the digital images.

To quantify the textural changes, the first-order statis-

tics, such as the mean and the standard deviation of the

gray levels were computed from the histogram H(j) of the

two ROIs for each image. The cumulative density function

is defined as

HðjÞ ¼
Xj

i¼0

hðiÞ ð1Þ

(j = 0, 1, …, 255) where the histogram h(i) with i = 0, …,

255 is:

hðiÞ ¼ number of pixels of gray level ðiÞ
total number of pixels

ð2Þ

To evaluate further the potential extension of the BT, we

also analyzed other ROIs, with the shape of random quarter
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circle segment with a radius of 2.0 ± 0.5 mm external to

the BT, indicated as the bridge area. The latter first

boundary, in which the gray levels were not different from

those recorded in the controls, was established as the first

normal tissue surrounding the nodule.

Statistical analysis

Statistical analysis was performed using SSPS v 20.0

software (Chicago, IL, USA). The studied groups were the

followings: benign nodules, malignant nodules, BT of the

benign nodules (b-BT), BT of the malignant nodules (m-

BT), and normal tissue (NT).

The normality for continuous variables in the group was

determined by the Shapiro–Wilk Test. The variables

showed a normal distribution (P [ 0.05). A one-way ana-

lysis of variance (ANOVA) was used for the comparison of

variables among the studied groups.

A Bonferroni test was used to assess the differences in

the Gray levels values for the two-tailed test. A value of

P \ 0.05 was considered significant.

The studied groups results were given as pooled

mean ± pooled standard deviation and pooled standard

error computed with 95 % confidence level.

Results

The one-way ANOVA was used for the comparison of

variables among the 43 NT glands and there was not sta-

tistical difference (P = 0.91).

Mean gray levels of b-BT, m-BT, and NT groups were

significantly different (P = 0.0001). Post-hoc tests

revealed significant differences between b-BT and NT

(P = 0.026), and m-BT and NT (P = 0.0001), while there

were no significant difference between b-BT and m-BT

(P = 0.321) (Fig. 1).

The gray levels value of benign nodules, cancers, and

NT was significantly different (P = 0.0001). Post-hoc tests

revealed significant differences between benign lesions and

NT (P = 0.002), and cancers and NT (P = 0.0001). No

significant difference between benignancies and malig-

nancies (P = 0.529) was recorded.

As for the first NT tissue boundary external to the BT, a

significant (P = 0.001) difference was found between the

bridge area of the malignant and benign nodules. Specifi-

cally, cancers showed a bridge area tissue with gray levels

not different with respect to the controls at 6.0 ± 0.5 mm,

while benign lesions at 4.0 ± 0.5 mm. No significant

correlation was found between the size of damaged BT and

nodule’s volume or cancer histologic type.

Finally, post-hoc tests showed significant difference

between benign nodules and b-BT (P = 0.001), and

between cancers and m-BT (P = 0.017).

Discussion

US allows to evaluate thyroid structure and volume, as well

as to discover non-palpable lesions which should be

undetectable using other techniques [1, 2, 17, 18]. None-

theless, echographic examination is strongly influenced by

observer variability and it is affected by poor reproduc-

ibility [19]. The analysis of digital images has been

reported as accurate [15, 16]. In particular, imaging ana-

lysis is used for the extraction of clinical data and it is used

to processing digital images by means of computer

algorithms.

Here, we aimed at investigating the not nodular thyroid

tissues from malignant and benign nodules via IA. Our main

result is the following one. While all 112 not nodular tissue

images (69 extranodular samples and 43 NTs) were assessed

as normoechoic and homogeneous by two experienced US

examiners, the surrounding tissues of benign and malignant

nodules had lower gray levels with respect to those obtained

in controls. Interestingly, the tissues surrounding benign and

malignant nodules were not different at real time US as well

as at IA. Regarding the latter finding, we can speculate that

the damage surrounding thyroid nodules represents the result

of mechanical changes involving the stroma adjacent to

thyroid lesions. Adjunctive studies on this field, possibly

supported by elastographic evaluation [20], are needed to

confirm this hypothesis.

However, the present data should indicate that cancers

have a more extended damage than benign lesions (6 and

4 mm, respectively). The latter finding should achieve a

high significance in clinical practice. Based on these data,

we can speculate that a thyroid cancer near the margins of

the gland should have a more chance of invasion of gland

capsule and extension out of that. Whether thyroid tumor

Fig. 1 Pooled mean, standard deviation and standard error of gray

levels values recorded in the study groups and controls
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affects the surrounding thyroid tissue is unknown, and very

sparse histologic data have been reported. In particular,

Wang et al. [21] described a computerized analysis of

digital images to detect thyroid follicular adenoma or

carcinoma from normal gland, with interesting results. The

results recorded from US images are in agreement with

those of histologic findings, as well as with advice for

further ultrasonographic studies. Some studies showed that

in multinodular goitres clonal and polyclonal nodules

coexist. Interestingly, nodules in recurrent goitres are pre-

dominantly polyclonal, while many thyroid cancers are

polyclonal [22–24]. The collected data suggest that both

benign and malignant nodules have their origin in a de

novo proliferation of different cohorts of thyrocytes sup-

porting the presence of subtle alterations within the clini-

cally and sonographically normal perinodular tissue.

Some limits of the paper have to be briefly discussed.

Nodules included in the study have been undergone fine-

needle aspiration cytology (and surgery, in a part of these).

Thus, nodule’s hypoechogenicity, known as a main risk

factor for thyroid malignancy, might be more prevalent in

the series, and nodule’s echogenicity was no significantly

different between cancer and benign group. In addition,

future studies are needed to verify the herein presented IA

in thyroid nodules with different US presentations (i.e.

micro- and macrocalcifications, cystic changes).

In conclusion, this study suggests that the tissue sur-

rounding a thyroid lesion may be damaged even when it is

assessed as normal by real time ultrasound examination.

Also, the damaged annulus is larger in malignant than in

benign nodules. This is of interest to investigate the

potential extranodular effects of thyroid tumors.
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