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Objective To investigate effect of MR field strength on texture features of cerebral T2 fluid attenuated inversion
recovery (T2-FLAIR) images.

Methods We acquired cerebral 3D T2-FLAIR images of thirty patients who were diagnosed with ischemic white
matter lesion (WML) with MR-1.5T and MR-3.0T scanners. Histogram texture features which included mean
signal intensity (Mean), Skewness and Kurtosis, and gray level co-occurrence matrix (GLCM) texture features which
included angular second moment (ASM), Contrast, Correlation, Inverse difference moment (IDM) and Entropy,
of regions of interest located in the arca of WML and normal white matter (NWM) were measured by Image]
software. The texture parameters acquired with MR-1.5T scanning were compared with MR-3.0T scanning,
Results The Mean of both WML and NWM obtained with MR-1.5T scanning was significantly lower than that
acquired with MR-3.0T (P<0.001), while Skewness and Kurtosis between MR-1.5T and MR-3.0T scanning
showed no significant difference (P>0.05). ASM, Correlation and IDM of both WML and NWM acquired with
MR-1.5T revealed significantly lower values than those with MR-3.0T (P<0.001), while Contrast and Entropy
acquired with MR-1.5T showed significantly higher values than those with MR-3.0T (P<0.001).

Conclusion MR field strength showed no significant effect on histogram textures, while had significant effect
on GLCM texture features of cerebral T2-FLAIR images, which indicated that it should be cautious to explain the
texture results acquired based on the different MR field strength.

EXTURE feature is intrinsic characteristics
of medical images, which can reflect the
intensity distribution, contrast and spatial
distribution of images and display features
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of images which cannot be confirmed by naked eyes.™
Texture analysis has been applied in the field of clinical
diagnosis and differentiate diagnosis as a new medical
imaging processing tool, such as differentiating cen-
tral nervous lymphoma from high grade glioma™ and
benign breast tumor from malignant breast tumor,™
early diagnosing optic neuritis,”’ and differentiating
between pancreatic neuroendocrine tumor and pan-
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creatic adenocarcinoma.™ Currently, T2 weighted im-
aging (T2WI),®! T1 weighted imaging (T1WI),/”! and
diffusion weighted imaging (DWI) ® *’are commonly
used MR imaging modalities for texture analysis. As
a conventional MR sequence, by applying a long in-
version time to suppress cerebrospinal fluid signal, T2
fluid attenuated inversion recovery (T2-FLAIR) imaging
could facilitate clear detection of cerebral lesions.™®
Therefore, FLAIR technique is a routine application in
visual evaluation of brain disorders, such as hippo-
campus sclerosis,' cerebral infarction,’® and multiple
sclerosis,'" and so on. Some technical development
in texture analysis, a quantitative image processing
technique, has allowed FLAIR images to provide much
more quantitative features of lesions, such as Parkin-
son’s disease,> *! mesial temporal lobe epilepsy,™"
hippocampal sclerosis,™™! and oligodendroglioma.*®! As
is known, MR field strength is considered to have an im-
pact on image quality, for example, higher field strength
is generally more prone to higher signal-to-noise ratio
and contrast-to-noise ratio than low field strength,!”
which would influence radiological texture features.!*®
Therefore, it is imperative to illustrate the impact of
field strength on texture features of T2-FLAIR imaging.
In the current study, the white matter lesions (WMLs)
of thirty patients were scanned with cerebral T2-FLAIR
imaging with 1.5 Tesla field strength (MR-1.5T) and 3.0
Tesla field strength (MR-3.0T). Histogram texture fea-
tures and gray-level co-occurrence matrix (GLCM) tex-
ture features of regions of interest (ROIs) acquired with
MR-1.5T were compared with MR-3.0T to assess effect of
field strength on texture features of T2-FLAIR images.

PATIENTS AND METHODS

Patients

We enrolled thirty patients, who admitted to the Neu-
rology Clinic of Hainan Hospital of Chinese People’s Lib-
eration Army General Hospital from April 2018 to Sep-
tember 2019, presenting with ischemic WMLs on both
MR-1.5T and MR-3.0T imaging scanned on the same
day. They aged from 20 to 87 (mean 63.9+13.3) years
old, with a male/female ratio of 19/11. All the subjects
were right-handed. Ischemic WML was finally diag-
nosed by two experienced radiologists based on the
findings obtained from coronal 3D T2-FLAIR images: a
cap or a band of 10 mm or more on peri-ventricle.[*??"
Those (1) who accompanied by psychiatric or other
neurological disorders such as stroke, severe head
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trauma, brain tumors and neurogenerative disorders;
(2) who did not undergo MRI because of claustropho-
bia; (3) whose images contained head motion artifacts
were excluded.

This study was approved by the local institu-
tional review board, and written informed consents
were obtained from all subjects. Because 3D T2-FLAIR
sequence has been carried out routinely in the clini-
cal diagnostic setting, it deemed exempt from ethics
approval.

MR image acquisition

MR imaging was performed on MR-1.5T and MR-3.0T
scanners (Signa Hdxt, GE Healthcare, Milwaukee,
WI, USA) equipped with a conventional 8-channel
phased-array head coil. All patients underwent cranial
MR imaging including axial TIWI, T2WI and DWI. The
coronal 3 dimensional T2 fluid attenuated inversion
recovery (3D T2-FLAIR) parameters when MR-1.5T
scanning were listed as follows: repetition time
6000 ms, echo time 136 ms, inversion time 1844
ms, echo train length 130, flip angle 90°, field of
view 24 cmx24 cm, slice thickness 1.8 mm, matrix
224x224, and number of average 1. The coronal 3D
T2-FLAIR parameters in MR-3.0T were listed as fol-
lows: repetition time 6000 ms, echo time 114 ms,
inversion time 1892 ms, echo train length 140, flip
angle 90°, field of view 24 cmx24 cm, slice thickness
1.8 mm, matrix 224x224, and number of average 1.

Image analysis

We followed the steps below to measure histogram and
GLCM texture features we needed. (1) We first dis-
played and selected the largest area of WML on 3D T2-
FLAIR images with picture archiving and communication
systems (PACS), and exported them as DICOM style
for further texture analysis. (2) Then, two ROIs (20-30
mm?) per patient of the selected image which was im-
ported to Imagel (1.41v) were manually placed on the
central homogeneous region of WML and adjacent nor-
mal white matter (NWM) (Figure 1) respectively. When
manually defining the ROI of WML, the area in the
lesion with prominent cystic and hemorrhagic chang-
es should be avoided. (3) At last, histogram texture
features including Skewness, Kurtosis, and Mean signal
intensity (Mean) were measured, and as GLCM texture
features including angular second moment (ASM), Con-
trast, Correlation, inverse difference moment (IDM) and
Entropy were calculated by using GLCM texture plugin
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with the setting of the size of the step in pixels 1 and
the direction of the step 0 degree.

Statistical analysis

The quantitative data with normal distribution pre-
sented as meanzstandard deviation (SD) and were
analyzed with paired t-test. The quantitative data with
non-normal distribution presented as median (inter-
quartile range, IQR) and were compared with Wilcox-
on'’s signed rank paired test. Statistical analyses were
performed using the SPSS Statistics Software Version
22.0 (SPSS Inc., Chicago, IL, USA). Statistically signifi-
cant difference was set at a P value less than 0.05.

RESULTS

Comparisons of texture features of WML between
MR-1.5T and MR-3.0T
As illustrated in Table 1, Mean of WML acquired with

Figure 1. The defined regions of interest in the areas of
white matter lesion (Circle 1) and normal white matter
(Circle 2).
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MR-1.5T was significantly lower than that with MR-
3.0T (Z=4.762, P<0.001); however, both Skewness
(t=1.162, P=0.245) and Kurtosis (t=1.059, P=0.289)
of WML showed no significant difference between MR-
1.5T and MR-3.0T.

We compared the GLCM parameters of WML ob-
tained with MR-1.5T versus MR-3.0T likewise. The
results showed that ASM (Z=4.179), Correlation
(t=6.497) and IDM (t=8.385) were significantly lower
in MR-1.5T than that in MR-3.0T (all P<0.001), while
Contrast (Z=3.898) and Entropy (t=4.966) were sig-
nificantly higher in MR-1.5T than that in MR-3.0T (all
P<0.001) (Table 1).

Comparison of texture features of NWM between
MR-1.5T and MR-3.0T

Table 2 presented that Mean of NWM was significant-
ly lower in MR-1.5T than that in MR-3.0T (t=45.400,
P<0.001), meanwhile Skewness (t=1.089, P=0.285)
and Kurtosis (Z=1.532, P=0.125) showed no signifi-
cant difference between MR-1.5T and MR-3.0T. We also
identified that ASM (Z=4.683), Correlation (Z=4.710)
and IDM (t=10.476) were significantly lower in MR-
1.5T than that in MR-3.0T (all P<0.001), while Contrast
(Z=4.782) and Entropy (t=9.754) were significantly
higher in MR-1.5T than that in MR-3.0T (all P<0.001).

DISCUSSION

Texture analysis, which could unravel the hid-
den and imperceptible information in medical images,
has preliminarily been used in disease diagnhosis and
evaluation, especially the rise of Radiomics.??! The re-
peatability for the texture analysis would become more
important, and the optimal use of the results of the
texture analysis would also be urgent. In the current

Table 1. Comparisons of texture features of white matter lesions between MR-1.5T and MR-3.0T (n=30)

- Histogram GLCM

roups

? Mean® Skewness® Kurtosis® ASM°  Contrast” Correlation® IDM® Entropy®
469.906 0.008 23.975

1.5T -0.252+0.570 -0.358%0.790 0.009+£0.005 0.233+£0.079 4.956+0.320
(105.600) (0.000) (26.350)
1894.024 0.015 8.150

3.0T -0.394+£0.620 -0.348+1.040 0.032+0.020 0.380+0.099 4.550+0.444
(307.910) (0.010) (7.400)

t/Z value 4.762 1.162 1.059 4.179 3.898 6.497 8.385 4.966

P value <0.001 0.245 0.289 <0.001 <0.001 <0.001 <0.001 <0.001

GLCM: gray level co-occurrence matrix; ASM: angular second moment; IDM: inverse difference moment.
®Data are expressed as means+SD, and compared with paired t-test. "Data are expressed as median (interquartile range),

and compared with Wilcoxon test.
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Table 2. Comparisons of texture features of normal white matter between MR-1.5T and MR-3.0T (n=30)

Histogram GLCM
Groups
Mean® Skewness®  Kurtosis® ASM® Contrast” Correlation® IDM® Entropy®
-0.195 0.011 10.252 0.023
1.5T 234.898+26.870 0.086+0.553 0.306+£0.077 4.710+0.450
(1.330) (0.010)  (9.260) (0.020)
-0.354 0.025 2.916 0.089
3.0T 1243.273+£130.388 -0.031+£0.434 0.487+0.091 3.995+0.477
(0.760) (0.010)  (2.530) (0.080)
t/Z value 45.400 1.089 1.532 4.683 4.782 4.710 10.476 9.754
P value <0.001 0.285 0.125 <0.001 <0.001 <0.001 <0.001 <0.001

°Data are expressed as means+SD, and compared with paired t-test. "Data are expressed as median (interquartile range),

and compared with Wilcoxon test.

study, the effect of MR field strength on the texture
feature of cerebral T2-FLAIR image was investigated in
order to identify the optimal use of texture feature on
different MR field strength.

This study demonstrated that the different MR
field strength presented no effect on histogram pa-
rameters Skewness and Kurtosis although the field
strength could influence the image quality."”! As was
known that the Mean reflected the mean signal in-
tensity of all pixels, while the Skewness and Kurtosis
reflected the statistical distribution of the pixels with
different gray value. From the statistical viewpoint,
the Skewness represented the asymmetrical degree
for the probability distribution, and the Skewness val-
ue more than zero meant positive skewness (right-
tailed) while less than zero meant negative skewness
(left-tailed). Therefore, the different skewness dis-
tribution could be used to perform the diagnosis and
evaluation, such as evaluating the therapy effect of
the recurrent high-grade glioma™! and differentiating
malignant nodules from benign nodules on computed
tomography.*

In this study, the Skewness was less than zero
for WML on MR-1.5T and MR-3.0T and for NWM on MR-
3.0T, which suggested that the mean signal intensity of
WML was skewnessed to the left of a typical center of
the data. While the Skewness value was more than zero
for NWM on MR-1.5T, which suggested that the mean
signal intensity of NWM was skewnessed to the right of
a typical center of the data. Based on the morphology
of the skewness distribution, the Skewness results sug-
gested that MR field strength presented no any influ-
ence for the histogram texture Skewness of the WML on
T2-FLAIR image. Although the field strength presented
different skewness distribution for the NWM, it showed
no significant difference between MR-1.5T and MR-3.0T

based on the statistical analysis. Therefore, the quanti-
tative measurement of the Skewness on the T2-FLAIR
images was more accurate than the observation of the
morphology of the skewness distribution.

Kurtosis is a variable describing the shape of a
probability distribution without units. The kurtosis dis-
tribution commonly included 3 types:™*! (1) kurtosis=3
(excess kurtosis=0), normal distribution (mesokur-
tic); (2) kurtosis<3 (excess kurtosis<0Q), presenting
a shorter and thinner tail with a lower and broader
central peak compared with normal distribution, and
also called platykurtic; (3) kurtosis>3 (excess kurto-
sis>0), presenting a longer and fatter tail with a high-
er and sharper central peak compared with normal
distribution, and also called leptokurtic. In the clinical
practice, kurtosis had also been used to differentiate
orbital lymphoma from idiopathic orbital inflammatory
pseudotumor,®® differentiate cancerous tissues from
benign tissues in the prostate®®”’ and evaluate the he-
patic fibrosis measurement.?® In the current study,
the Kurtosis of WML and NWM were all less than zero,
which were classified as platykurtic. Further statistical
comparisons suggested that the Kurtosis showed no
significant difference for WML and NWM between MR-
1.5T and MR-3.0T. Therefore, this study demonstrated
that the field strength could not influence the Kurtosis
measurement for cerebral T2-FLAIR image.

GLCM parameters could reflect the relationship
in distance, direction and magnitude for the selected
two pixels, and further evaluate the spatial distribution
of the image texture features. This study demonstrat-
ed that ASM, IDM and Correlation values all presented
significantly lower for WML and NWM on MR-1.5T com-
pared with MR-3.0T. It was known that ASM and IDM
represented the homogeneity, which is quite high when
the image has perfect homogeneity or very similar pixel
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intensity.® Correlation reflects similarity and grey-lev-
els correlation, which is used to measure the local
changes of image texture, and the higher Correlation
value presented high pixel gray correlation.””! Therefore,
higher field strength could increase the image homoge-
neity and gray correlation. The texture pattern would
become more homogeneity, regularity, clearness and
relativity with the increasing field strength.

Texture Contrast reflects the variation of the gray
value, and a high Contrast would identify the noise or
wrinkled texture in the image;" Texture Entropy rep-
resents the amount of information for image compres-
sion, and the higher Entropy value would mean the more
loss of image information or message.®! In this study, the
higher Contrast and Entropy for WML and NWM meant
the more noise or wrinkled texture and less information
on MR-1.5T compared with MR-3.0T. Therefore, the high
field strength would increase the depth of texture and
decrease the texture complexity, which were not ob-
served by the naked eyes in the routine clinical practice.
Hence, it should be cautious for the clinical application of
the texture findings on the different MR field strength.

The current study demonstrated that the field
strength would influence the second-order GLCM while
the first-order texture Skewness and Kurtosis could be
avoided. The first-order texture would be limited in the
conventional texture recognition because the Skewness
and Kurtosis only evaluate the gray distribution for the
pixels with different gray value. Therefore, the effect
of the field strength on the first-order texture was lim-
ited. However, the second-order texture (e.g. GLCM)
reflects the 2 dimensional gray changes of the image
texture, which represents the comprehensive informa-
tion of image texture (the direction, adjacent spacing,
altered magnitude, and etc.). Therefore, GLCM texture
features could be influenced by the different MR field
strength in the current study.

Limitations of this study were as follows: (1) The
sample size of 30 subjects was relatively small; (2)
Besides WMLs, other disorders, e.g. brain tumor, multi-
ple sclerosis, neurodegenerative diseases, etc., should
be investigated in the future study; (3) Beyond GLCM
assessed in the study, other second-order textures
should be considered; (4) In addition to white matter
we analyzed, gray matter should be investigated.

In conclusion, this study prospectively demon-
strated that the different MR field strength could in-
fluence the GLCM texture features and the histogram
texture Skewness and Kurtosis could be avoided for
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cerebral T2-FLAIR images. Therefore, it should be cau-
tious for the clinical application of the reported texture
findings with different MR field strength.
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