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Ultrasonographic Evaluation of Diffuse Thyroid
Disease: a Study Comparing Grayscale US and
Texture Analysis of Real-Time Elastography
(RTE) and Grayscale US
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Background and Objectives: To evaluate and compare the diagnostic performances of grayscale ultrasound
(US) and quantitative parameters obtained from texture analysis of grayscale US and elastography images in
evaluating patients with diffuse thyroid disease (DTD). Materials and Methods: From September to December
2012, 113 patients (mean age, 43.4+10.7 years) who had undergone preoperative staging US and elastography
were included in this study. Assessment of the thyroid parenchyma for the diagnosis of DTD was made if US
features suggestive of DTD were present. Nine histogram parameters were obtained from the grayscale US and
elastography images, from which ‘grayscale index’ and ‘elastography index’ were calculated. Diagnostic
performances of grayscale US, fexture analysis using grayscale US and elastography were calculated and
compared. Results: Of the 113 patients, 85 (75.2%) patients were negative for DTD and 28 (24.8%) were positive
for DTD on pathology. The presence of US features suggestive of DID showed significantly higher rates of DTD
on pathology, 60.7% to 8.2% (p<0.001). Specificity, accuracy, and positive predictive value was highest in US
features, 91.8%, 84.1%, and 87.6%, respectively (all ps<0.05). Grayscale index showed higher sensitivity and
negative predictive value (NPV) than US features. All diagnostic performances were higher for grayscale index
than the elastography index. Area under the curve of US features was the highest, 0.762, but without significant
differences to grayscale index or mean of elastography (all ps>0.05). Conclusion: Diagnostic performances
were the highest for grayscale US features in diagnosis of DID. Grayscale index may be used as a
complementary tool fo US features for improving sensitivity and NPV.
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thyroid gland. Adding to nodule characterization,

Introduction grayscale US features such as changes in paren—

chymal echogenicity, anteroposterior diameter or vas—

Ultrasonography (US) is an easy, safe, and accurate cularity, coarse echotexture, and the presence of
imaging modality that is widely used for lesion de— marginal nodularity has been reported to be helpful in
tection, differential diagnosis, and for biopsy under the evaluation of diffuse thyroid disease (DTD).H) But
imaging—guidance in various nodular diseases of the while these grayscale US features may suggest the
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presence of DTD, this has its limitations in that it pro—
vides morphologic features only, and cannot reflect
the intrinsic changes secondary to the disease course
of DTD.

Effort has been made in obtaining additional in—
formation other than the morphologic features that can
be used in lesion characterization, either using ad—
vanced technology or software, For example, elastog—
raphy is nowadays popularly used which provides the
intrinsic  stiffness properties of the targeted tissue.H)
Another example is texture analysis of US images,
which is a technique that calculates the parameters
computed from the distribution of pixels characterizing
texture type and the underlying structure of objects
shown in an obtained Image.B) These methods have
been applied in characterization of masses of various
origin, based on the concept that the additional in—
formation obtained enables more precise lesions
characterization, therefore, mostly used in differ—
entiating between benign and malignant Iesions.6'7'9"3>
Both elastography and texture analysis of grayscale
US may also be applied in the evaluation of DTD, and
considering the guantitative values obtained from both
methods, these may be a more objective analytic
method in evaluating DTD compared to analyzing US
features. A few studies have applied quantitative anal—
ysis based on texiure analysis of grayscale US, re—
al-time elastography (RTE), and shearwave elastog—
raphy (SWE) in the evaluating of DTD.*"*”
there were no studies that compared the diagnostic
performances between texture analysis of elastog—

8 However,

raphy and grayscale US.

Based on this, we evaluated and compared the di—
agnostic performances using grayscale US features,
guantitative parameters obtained from texture analysis
of grayscale US and elastography images in evaluat—
ing patients with DTD.

Materials and Methods

This study is of a retrospective design, and has
been approved by our Institutional Review Board (IRB).
Neither patient approval nor informed consent was re—
guired for review of medical records or images.
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Signed informed consent was obtained from all pa—
tients prior to biopsy or surgical procedures.

Patients

From September to December 2012, 115 patients
had undergone preoperative staging US and sub—
sequent elastography at our institution, Among these
patients, 2 were excluded due to the following rea—
sons: the lack of sufficient amount of thyroid paren—
chyma for analysis as the entire thyroid gland was
nearly replaced with multiple nodules (n=1) and tech—
nical problems in obtaining quantitative parameters
from elastography (n=1). A total of 113 patients were
included in this study. Mean age of the patients was
43.4+10.7 years (range, 23 to 66 years). Among the
113 patients, 93 (82.3%) were women and 20 (17.7%)
were men.

All 113 nodules were included in our previous ar—
ticle which evaluated the diagnostic performances of
quantitative histogram parameters using RTE in the di—
agnosis of patients with DTD."

Grayscale US and Real-Time Elastography

US examinations were performed using a 5— 10
13—MHz linear array transducer (HI VISION Ascendus,
Hitachi Aloka Medical, Tokyo, Japan). Preoperative
staging US was performed by one of the three
board—certified radiologists (H.JM., J.Y.K,, and E-KK)
with 8 to 16 years of experience in thyroid imaging.
During grayscale US examinations, assessment of the
thyroid parenchyma for the diagnosis of DTD was
made and recorded prospectively based on the pres—
ence of the following US features: changes in paren—
chymal echogenicity, vascularity or anteroposterior di—
ameter of the thyroid gland, coarse echotexture, pres—
ence of marginal nodularity, and the presence of
scattered microcalcifications,

After grayscale US examinations, real—time elastog—
raphy was performed by the same radiologist. All
elastography images were obtained in a longitudinal
plane, with the probe positioned perpendicular to the
skin. Light, repetitive compression forces were applied
with the probe to obtain elastography images. Images
were displayed in a split-screen mode with elastog—



raphy images superimposed on the corresponding
grayscale images on the left, and grayscale US im—
ages on the right, Each pixel of the elastography im—
age was displayed in one of 256 colors, ranging from
blue (indicating no strain) to red (indicating greatest
strain). Patients were asked to refrain from speaking
or swallowing during image acquisition, A region—
of—interest (ROI) was set to include a sufficient amount
of thyroid parenchyma, consisting more than one—third
of a thyroid lobe, excluding thyroid nodules,
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Texture Analysis from Grayscale US and Elasto—
graphy

Grayscale US and elastography images of the thy—
roid parenchyma were saved as 8-bit bmp images
from our picture archiving and communication system
(PACS). For histogram and co—occurrence matrix
analysis of both grayscale US and elastography im—
ages, we used an in—house software developed with
Matlab R2010a (MathWorks, Natick, MA, USA) (Fig. 1).
One longitudinal elastographic image was selected for
texture analysis. Images are automatically displayed in
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Fig. 1. Example of texture analysis of elastography and grayscale US. One longitudinal elastographic image was selected for
texture analysis. Images are automatically displayed in split—screen mode to show both gray—scale US and corresponding
color—scale elastographic images. A region of interest (ROI) was previously set on the elastography by the radiologist who
performed US (left, upper row, box). The same ROl was set on the grayscale US (right, upper row, box) transferring from
elastographic ROl From these ROls, histogram and cooccurrence matrix parameters are automatically calculated with an in—house
built software. Histogram analysis (bottom row) show the distribution of the number pixels (y—axis) according to the pixel intensity
value (x—axis) within the ROIs.
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split—=screen mode to show both gray—scale US and
corresponding color—scale elastographic images. An
ROl was previously set on the elastography by the ra—
diologist who performed US (upper row). The same
ROl was set on the grayscale US (right, middle row)
transferring from elastographic ROI (left, middle row).
From these ROIs, histogram and co—occurrence ma—
trix parameters are automatically calculated with
software. Histograms of elastography and grayscale
US showed distribution of number of pixels (y—axis)
according to pixel intensity value within the ROIs. Pixel
intensity values in an ROl were measured ranging from
0 (black on gray—scale) to 256 (white on gray—scale).
Co—occurrence matrix were calculated with diagonal
direction and interpixel distance of 1. Four histogram
parameters were obtained from the grayscale US im—
ages as the following: mean, standard deviation,
skewness, and kurtosis. Five co—occurrence matrix
parameters were obtained from the elastography im—
ages as the following: contrast, correlation, uniformity,
homogeneity, and entropy.'g)

Mean is defined as the average relative value of
pixel intensity within the ROI classified in 256 scales.
Standard deviation refers to how far or how often an
outcome will deviate from the average value, Skew—
ness is the scale of asymmetry of which its statistical
value indicates to what degree a symmetric object of
the histogram is skewed. Kurtosis is used as the
peakedness of which its statistical value indicates if a
histogram distribution can be concentrated into an
average value. Contrast indicates the feature value of
the textural variations. Correlation is the feature value
of the textural directivity. Uniformity is the feature value
of textural uniformity, and homogeneity is of textural
homogeneity. Entropy indicates the feature value of
the texture randomness.

Histopathological Analysis

The classification regarding DTD was made based
on the pathological reports after surgery. The patho—
logic criteria for thyroiditis at our institution include the
presence of lymphocytic and plasma cell infiltrates,
oxyphilic cells, formation of lymphoid follicles with
germinal centers and atrophic changes of thyroid
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tissues,'*?°

' The inclusion of pathologic diagnosis of
lymphocytic thyroiditis or diffuse hyperplasia was con—
sidered positive for DTD, while if there was no mention
of lymphocytic thyroditis in pathology reports, they

were considered negative for DTD.
Statistical Analysis

Clinicopathological features were compared be—
tween patients positive for DTD and negative for DTD.
In the analysis using the presence of US features in
evaluating DTD, patients were considered negative on
US if there were no US features present while they
were considered positive on US when 1 or more US
features were visualized. Chi—square test was used in
comparison for categorical variables. Independent
two—sample t—test was used in comparison of con—
tinuous variables.

Because of data clustering, principal component
analysis (PCA) was performed to identify the linear
combination of the 9 parameters obtained from texture
analysis of grayscale US and elastography. PCA re—
vealed three principal components with eigen values
=10 for grayscale US, and two principal components
with eigen values =1.0 for elastography. Using the
principal components in an integrative formula, func—
tional scores for grayscale US, ie., grayscale index,
and elastography, i.e., elastography index was calcu—
lated, 2" Diagnostic performances including sensi—
tivity, specificity, accuracy, positive predictive value
(PPV), and negative predictive value (NPV) of grayscale
US features, texture analysis parameters of grayscale
US and elastography were calculated using the cutoff
values defined for each parameter according to the
Youden index and compared using generalized esti—
mating equation (GEE) method. Area under the re—
ceiver operating characteristics (ROC) curve (AUC)
values were calculated and compared using Del.ong
method.

P value of less than 0.05 was considered to in—
dicate significant difference. Analysis was performed
using SAS software (version 9.2, SAS, Cary, NC, USA).



Results

Based on the pathology reports, 85 (75.2%) patients
were negative for DTD and 28 (24.8%) were positive
for DTD. Mean age of the patients who were positive
for DTD (45.7+10.8 years) was older than patients
who were negative for DTD (42.7+10.7 years), but
without statistical significance (p=0.203). Women had
more frequent rates of positive for DTD than men,
96.4% to 3.6% (p=0.023).

Table 1 summarizes the comparison of parameters
between patients positive for DTD to patients negative
for DTD. The presence of US features suggestive of
DTD showed significantly higher rates of DTD on
pathology, 60.7% to 8.2% (p<0.001). Among the pa—
rameters derived
US, correlation and entropy were significantly higher
in patients positive for DTD, 0.739%x0.039 to 0.717 %
0.059 and 1.116x£0.121 to 1.037%+0.190, respec—
tively (p=0.026 and 0.013, respectively). Uniformity

from texture analysis of grayscale
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was significantly lower in patients positive for DTD,
0.466+0.069 to 0.506+0.106 (p=0.024). Of the pa—
rameters derived from elastography, mean was sig—
nificantly lower in patients positive for DTD, 165.2+
149 to 1725+10.5 (p=0.021).

For parameters from texture analysis of grayscale
US, characteristic root values (4) of anterior three
main functions are 4.342, 1952, and 1.136, dedi—
cation rates are 48.2%, 21.7%, and 12.6%, respec—
tively. According to PCA, three principal components
with eigen values =1 were chosen to formulate the
integrative function as follows (cumulative dedication
rate: 82.6%).

Principle component!:

0.207 X Mean+0.346 X Standard deviation +0.009 X

Skewness+0.009 X Kurtosis+0.415 X Contrast+

0.249 X Correlation —0.455 X Uniformity —0.415 X

Homogeneity +0.473 X Entropy

Principle component?:

—0.465 X Mean+0.354 X Standard deviation+0.191 X

Skewness —0.296 X Kurtosis —0.312 X Contrast+

Table 1. Comparison of US features, grayscale US and RTE parameters according to the presence of DTD
Negative for DTD (n=85) Positive for DTD (n=28) o}

Gray scale US <0.001
Negative on US 78 (91.8%) 11 (39.3%)
Positive on US 7 (8.2%) 17 (60.7%)

Texture analysis of gray scale US
Mean 79.6+£13.7 (46.4, 112.9) 7711144 (52 15.6) 0.408
SD 143+24(97 235) 50+19( 195) 0.127
Skewness 02+03 (— .0) 03+03 (— .0) 0.157
Kurtosis 40+1.4 (2.3 ) +1.2 (2 6 7 2) 0.909
Contrast 0.1£0.01 (0. ) +O 02 (0.1, 0.2) 0.209
Correlation 0.717+0.059 (0. 589 0.838) 0. 739+ 0.039 (0. 660 0.799) 0.026
Uniformity 0.506+0.106 (0. 302 0.805) 0.466+0.069 (0.354, 0.618) 0.024
Homogeneity 0.94+0.01 (0.9 097) 094+O 01 (0.92, 0.95) 0.174
Entropy 1.037+0.190 (0. 507 1.562) 16+0.121 (0.854, 1.291) 0.013

Texture analysis of RTE
Mean 172.5+10.5 (15 198.6) 165.2+14.9 (13 195.7) 0.021
SD 469+58( 658) 476+66(35 604 0.578
Skewness 12206 (— 27 *O 4) —12+05 (— 23 704) 0.775
Kurtosis 79+27 (3.7, 17.7) 7.3+£28 (2.3, 14.7) 0.400
Contrast 0.7£0.2 (0.4, 1 ) 0.7£0.2 (0.5, ) 0.237
Correlation 0.770+0.052 (0.636, 0.872) 0.788=+0.060 (0.7, O 9) 0.111
Uniformity 0.263+0.052 (0.185, 0.398) 0.259+0.056 (0.145, 0.383) 0.692
Homogeneity 0.900. 02 (0.86, 0.93) 0.90+0.01 (0.88, 0.93) 0.879
Entropy 1.839+0.193 (1.395, 2.248) 1.891+0.204 (1.448, 2.347) 0.230

DTD: diffuse thyroid disease, RTE:
Minimum and maximum values are in parentheses.

real—time elastography, SD: standard deviation, US: ultrasound
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p*
0.130*

211%
0.138*

0.

515

0.510
(0.385, 0.635)
0.523
(0.406, 0.640)
0.548
(0.423, 0.665)
(0.394, 0.633)

A; (95% CI)
0.

0.276*
0.206*
0.241%

NPV
821
(32/39)
91.3
(21/23)
849
(28/33)
85.7
(24/28)

0.020*
0.009*
0.006*
0.006*

PPV
28.4
(21/74)
28.9
(26/90)
28.8
(23/80)
28.2
(24/85)

<0.001*
<0.001*
<0.001*
<0.001*

Accuracy
46.9
(53/113)
41.6
(47/113)
451
425
(48/113)

P
<0.001*
<0.001*
<0.001*
<0.001*

Specificity
37.7
(32/85)
24.7
(21/85)
32.9
(28/85)
28.2
(24/85)

P
0.079*
0.067*
0.142*

Sensitivity
75.0
(21/28)
929
(26/28)
82.1
(23/28)
8b.7
(24/28)

Cutoff
>0.2
<0.9

>—11

Homogeneity
Elastography index

Uniformity
Entropy

A,: area under the receiver operating characteristics curve, Cl: confidence interval, DTD: diffuse thyroid disease, RTE: real—time elastography, SD: standard deviation, US: ultrasound

Raw data are in parentheses
fp values compared to US features, using the parameter showing highest value.

*p values compared to the highest value within each modaliy.

Table 2. Continued
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0.568 X Correlation —0.079 X Uniformity +0.307 X

Homogeneity +0.114 X Entropy

Principle component3:

—0.187 X Mean —0.004 X Standard deviation+0.788 X

Skewness+0.576 X Kurtosis+0.076 X Contrast —

0.032 X Correlation+0.041 X Uniformity —0.064 X

Homogeneity —0.007 X Entropy

Grayscale Index=(4.342 X Prin1 +1.952 X Prin2 +

1,136 X Prin3)/9

For parameters from elastography, characteristic
root values (4) of anterior two main functions are
5.304 and 1.937, dedication rates are 58.9% and
21.5%, respectively. According to PCA, two principal
components with eigen values =1 were chosen to
formulate the integrative function as follows (cumulative
dedication rate: 80.5%).

Principle component1 :

0.045 X Mean+0.404 X Standard deviation+0.337 X

Skewness —0.409 X Kurtosis+0.159 X Contrast+

0.296 X Correlation —0.404 X Uniformity —0.33 X

Homogeneity +0.41 X Entropy

Principle component?:

0.393 X Mean+0.09 X Standard deviation —0.277 X

Skewness+0.132 X Kurtosis+0.611 X Contrast —

0.493 X Correlation —0.043 X Uniformity —0.351 X

Homogeneity +0.021 X Entropy

Elastography Index=(5.304 X Prin1 +1.937 X Prin2)/9

Table 2 summarizes the diagnostic performances
calculated using the cutoff values for each parameter.
Sensitivity of grayscale index was highest, 89.3%,
compared to US features and elastography index,
60.7% and 85.7%, respectively (p=0.005 and 0.002).
Specificity, accuracy, and PPV was highest in US fea—
tures, 91.8%, 84.1%, and 70.8%, respectively, all val—
ues showing statistically significant differences when
compared to grayscale US parameters (all ps<0.05).
When comparing specificity, accuracy and PPV be—
tween grayscale US and elastography parameters,
specificity and accuracy of elastography was sig—
nificantly higher than grayscale US parameters, 87.1%
to 64.7%, 76.1% to 62.8%, respectively (p<0.001 and
0.022). AUC value of US features was the highest,
0.762 (95% confidence interval [Cl]: 0.666, 0.860),
but without significant differences when compared to
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the highest value among grayscale US parameters
(grayscale index) or elastography parameters (mean),
0.661 (95% Cl: 0.554, 0.769) and 0.645 (95% ClI:
0.525, 0.766), respectively (all ps>0.05).

Discussion

To the present, the role of US in evaluating DTD has
been limited to the detection or screening of coexisting
nodular diseases or infiltrating tumors rather than pro—
viding information of the disease course."*"¥ At pres—
ent, clinical or laboratory findings are considered more
sensitive and accurate than US features in monitoring
patients with DTD.H’) But several studies have proven
US features to be useful in detecting DTD and to some
extent correlates to serologic markers used in mon—

13220 Our results are similar to the

itoring these patients.
prior reports"g'w in that US features showed high
specificity (91.8%), accuracy (84.1%), and PPV (70.8%),
also with comparably higher A, values in the diagnosis
of DTD. Although US is an excellent diagnostic tool in
evaluating diseases originating from the thyroid, one
major limitation of US is its subjectiveness, that is,
opinion may vary among radiologists in image asses—
sment, Quantitative data such as the parameters ob—
tained from texture analysis or elastography may be
considered more objective and accurate than gross
assessment of imaging features alone, but results of
our study proved otherwise. Even still, we think that
our results support the importance of real~time imag—
ing and experience of the radiologist during US ex—
aminations, of which cannot be exceeded with any
other software or mechanical device.

Histogram parameters which showed significant dif—
ferences between patients with or without DTD in
grayscale US and elastography were somewhat dif—
ferent; while correlation, uniformity, and entropy showed
significant differences in grayscale US, mean showed
significant differences in elastography. Correlation,
uniformity, and entropy of co—occurrence matrix are
parameters related to textural directivity, textural uni—
" and among
grayscale US parameters, correlation and entropy
showed significantly higher values in DTD while uni—

formity, and textural randomness,“"2
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formity showed lower values (Table 1). In several other
studies using texture analysis in the differential diag—
nosis of masses originating from various organs
showed similar results,8'23’26> as heterogeneous con—
tents within the mass or desmoplastic reactions with
infiltrations  may cause textural heterogeneity and
randomness. Common pathologic features of DTD are
inflammatory infiltrations and fibrosis within the dis—

0142120 and we believe that these

eased parenchyma,
parameters reflect the parenchymal heterogeneity in
DTD although with a lesser extent compared to can—
Cerous processes.

Mean values were higher in elastography regard—
less of DTD compared to mean of grayscale US (Table
1). As the mean value represents the average pixel
intensity within the RO, this may be due to the different
baseline pixels of grayscale and elastography, as the
elastography images used in analysis of this study
presented as multiple pixels consisting of 1 of 256
colors. Interestingly, the parameters reflecting textural
heterogeneity did not show significant differences be—
tween patients with or without DTD in elastography as
in the results of grayscale US parameters. Also, gray—
scale index showed the highest AUC value among
histogram parameters of grayscale US, 0.661 (95%
Cl: 0.554, 0.769), while mean had the highest value
among parameters of elastography, 0.645 (95% Cl:
0.525, 0.766). This may be due to the dominancy of
mean among the histogram parameters from elasto—
graphy. Elastography index is a comprehensive value
representing the combination of 9 texture analysis pa—
rameters, but may not be enough to overcome the
dominancy of mean in elastography as shown in the
results of our study.

There are several limitations to this study. First, the
pathologic diagnosis of DTD was used in our study,
and findings of serological marker had not been
considered. During clinical practice, serologic markers
are mostly used to monitor the disease course in pa—
tients with DTD, not the pathologic diagnosis, but for
definitive diagnosis we had included patients who had
undergone surgery. Changes in serologic markers
sensitively relect the disease course in patients with
DTD, and various phases of thyroiditis can be de—



tected using these markers which had not been used
in this study. Further studies correlating the serologic
markers to the parameters derived from grayscale US
and RTE are anticipated. Second, different measure—
ment areas were used during data acquisition. This
was inevitable since the patients included in this study
were scheduled to have surgery, and had thyroid
masses of variable sizes. Third, intra— or interobserver
variability in obtaining elastography images had not
been considered. In addition, the radiologist who per—
formed preoperative staging US had evaluated the
presence of DTD on US, in which results may have
differed if multiple radiologists had been involved in
image interpretation,

In conclusion, diagnostic performances were the
highest for grayscale US features in diagnosis of DTD.
Grayscale index may be used as a complementary
tool to US features for improving sensitivity and NPV,
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