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Abstract:-

Background: To determine whether the brain’s white matter (WM) volume condition provides an accurate insight into
the early diagnosis of Alzheimer’s disease (AD).

Objective: Using an automatic system to measure WM from MR images in order to check the potential of WM atrophy to
affect the progression of the AD and whether it can be used as a good biomarker.

Methods: We used the Open Access Series of Imaging Studies (OASIS) database. The method consists of a series of
morphological operations on the binary images to extract WM volume and calculation of volume and the statistical
characteristic of segmented WM.

Result: There is a significant negative correlation between WM volume and CDR (r=-0.432, p<0.05). The correlation
between WM volume and CDR indicates that the severity of the current state of disease is associated with the loss of WM
volume. While the AD has mostly been considered as a GM disease, this study approved that AD is characterized by the
relevant involvement of the WM, and WM is a cognitive change in the AD.

Conclusion: Our results confirmed that WM volume significantly contributes to the prediction of the AD. A robust and
accurate segmentation of WM lesions from MR images can provide importantly information about the disease status and

progression.
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1. INTRODUCTION

Alzheimer’s disease (AD) is a progressive neurodegenerative disease which mainly developsin old people.
Neurodegenerative disease such as AD is associated with changing the brain structure. The ADhas been known as the
Gray Matter (GM) disease. However, recent studies [1] in AD patients showed evidence of the involvement of both White
Matter (WM) and GM abnormalities. Pathological evidence suggested that WM damage even might occur independently
of GM atrophy [2]. One study comparing longitudinally WM and GM changes in the ADover a period of 16 months [3].
They concluded GM and WM changes over time were only partially correlated [3]. ReducedWM volume is an effect of
the AD. WM Deterioration is a sign of neurodegeneration and increased dementia risk [4]. A pathological study [5]
demonstrated WM damage as an intrinsic and early pathogenic event of the AD. Nowadays, the studies about brain
structures divide into two main groups: neuropathological studies and neuroimaging studies. Neuroimaging beside
neuropathological methods can help to better understanding of WM damage in the AD. The combination of neuroimaging
of Magnetic Resonance Imaging (MRI) and neuropathological tests has allowed researchers to obtain more about the
pathophysiological mechanisms and more importantly has improved outcome in the drug trial of the AD. MRI provides
better insight into WM structure. It has been introduced to make a clinical diagnosis of the AD in vivo with high specificity
and validity. A study [6] to evaluate and track WM damage in the AD using MRI data over an average period of 16
months, concluded that a multimodal imaging approach may provide additional markers to monitor disease progression.

Individual biomarkers related to the brain structure may cause specific interventions in order to cognitive health
enhancement. Unfortunately, these kinds of biomarker are not well established [4]. WM damage is a frequent result of
neuropathological investigations of ADtype dementia, with a prevalence of more than 50% [7]. A research on the WM
indicated that WM microstructural damage is not always secondary to neural loss but more than one mechanism might
be involved [8]. A pathological assessment [9] of neurologically normal controls with AD pathological diagnosis showed
that in these subjects, WM abnormalities were not related to vascular disease. They suggested WM damages as an essential
and early pathologic event in AD [9]. Since early diagnosis of the AD is an important step of cure procedure, WM and its
change during the follow-up should be considered as important criteria in the AD. The assessment of WM volume loss
may lead to a valid biomarker of clinical progression in many neurological disorders [10]. Some studies evaluated the
extent and severity of WM in relation to their therapeutic responses to rivastigmine in AD [11]. The atlasbased approach
has been widely used to study WM over different regions [12]. Previous researchers mainly focused on a global measure
of WM hyperintensity that denotes localized WM damage [6].

Clinical Dementia Rating (CDR) [13] is a global screening instrument to assess the subject’s basic cognitive ability. A
research [14] highlights that atrophy of specific brain regions are related to performance on the MMSE test and provides
new insights into the cognitive function probed by these tests. Until now, little importance has been given to ascertain the
relationship between clinical parameters and the image features to improve the diagnostic relevance [15].

The purpose of this study was to examine quantitatively the chance of WM as the AD biomarker. In order to this, we used
measure using the changes of brain structure associated with WM using an automatic system based on MR images. This
aim was realized using Pearson correlation coefficient method.

2. Materials and methods

2.1. Subjects

The dataset in this study is the Open Access Series of Imaging Studies (OASIS) database [16]. This database consists of
a cross-sectional collection of MR images of 416 subjects, both men, and women (mostly women), aged between 33 to
96 years old. The female subjects are more than the male because women live longer than men on average and older age
is one of the most criteria for AD [17].

In this study, all subjects are 3D MRI scans in X-Y planes. Subjects are differentiated to three group based on a global
Clinical Dementia Rating (CDR) scale [18] including normal with no dementia and CDR of 0, very mild AD (CDR=0.5)
and mild AD (CDR=1).

2.2. Methods

Automatic extraction of WM: Computer method developments for early diagnosis of Alzheimer’s disease (AD) can
contribute significantly to undertake preventive/disease modifying measures. Computer Aided Diagnosis System (CADS)
based on Magnetic Resonance (MR) image processing can improve medical analysis and interpretation. In this study,
CADS consists of four main parts. Each part has its unique method but they have interrelation i.e. the output of one step
is the input of the next step. CAD’s procedure of this study is shown in figure 1. The first input of CADS is brain MR
images of AD patients and the final outputs are the image of extracted WM, value of WM and some statistical features of
WM.
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Figure 1. Block diagram of WM extraction by CADS.

Preprocessing step adjusts voxel intensities and spatial normalization. All analyzed preprocessing was done by FreeSurfer
software [19].

The method for WM extraction consists of a series of morphological operations on the binary images to achieve WM
volume. The results of this step are WM region of the brain and the value of this volume.

Feature extraction and feature reduction from images were done using Single-level discrete 2D wavelet transform (2DWT)
and Principle Component Analysis (PCA) [20], respectively. We chose DWT because it provides an efficient multi-
resolution decomposition of images. Statistical features are defined in the distribution of the WM in the pixels of an
image. There are different first order statistical features like Contrast, Energy, Entropy, Mean, Root Mean Square (RMS),
Standard Deviation, Skewness, Kurtosis, Variance, and Homogeneity. It may be helpful to see the trend in the different
severity of AD. The extracted features are used to identify the characteristic of segmented WM.

2.2. Statistical analysis

The trend of WM volume was compared between patients and controls. Data comparisons were adjusted for CDR, based
on it, subjects are divided into three different classes. The change of WM in all groups was assessed. Significant results
were considered at p<0.05. We used the Pearson correlation coefficient test to association assessment between clinical
and volumetric variables. All postprocessing of the MR images, as well as statistical analysis, are performed using
MATLAB R2017a.

3. Results

3.1. WM extraction

Table. 1 displays the results of the system for automatic WM extraction. This system is able to detect WM volume with
accurately 98%.

Since the extracted WM is done perfectly, it is helpful to have the volume and other statistical features of WM as an
important information in order to valid dementia diagnosis. Therefore, the ability of automatic calculation of this
information is added to the system. These features can be used for post-processing analysis for other purposes. Table 2.
Summarizes the extracted statistical features of the dataset.
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X-Y plane
PREPROCESSED
images
EXTRACTED WM
CDR 0 0.5 1

Table 1: The X-Y plane of the three images in the three stages.

Table 2. The extracted statistical features of the dataset.

CDR CDR 0 CDR 0.5 CDR 1

Mean, 5D Mean sD Mean 5D Mean sD
Contrast 0,28557 0,021301 0.28151 0.012408 0,28561% 0,015661
Energy 0,77079 0.006166 0.77457 0.008604 0,76927 0.0078593
Homogeneity 093524 0.001524 0.53644 0,002249 0.9348 0.002266
Mean 0.00383 0.001102 0.00346 0.000686 0,00397 0.000587
SD 0,08573 6,75E-05 0.,08972 4.83E-03 0,08973 4.22E-05
Entropy 280456 0,063483 2,78092 0,034237 278764 0,038769
RMS 0.0858 0 0,17062 0 0.0858 0,255575
Variance 0.00809 4 22E-03 0.00809 3.16E-03 0,00808 3,16E-03
Kurtosis 12.49786 1,163231 1278519 1.538669 1253159 1,558777
Skevwness 1,08466 0.16185 1,13585 0,142252 1,10897 0214674

CDR: Clinical Dementia Rating, SD: Standard Deviation, RMS: Root Mean Square.

Volume calculation of WM for all patients of the dataset had significant results to see the main role of WM in the diagnosis
of the AD. Figure 2 shows the value of WM volume versus CDR.

The correlation between WM volume and CDR is -0.432, p<0.05.

Figure 2. The changes of WM (mm?) on different stages of AD severity based on CDR.
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Figure 3. Correlation of CDR and WM volume (mm?) in different steps of the AD.
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4. Conclusion

In general, clinical diagnosis of the AD by specialists is still requiring a complete assessment that considers all possible
causes through a series of clinical, psychometric, and brain scanning tests. Early diagnosis of the AD has received more
attention due to the increasing number of AD patients in the world. Growing interests in the early diagnosis of AD leads
to providing a valid quantification of dementia severity, which permits dementia progression determination, assessment
of antidementia medications, and comparison. Since volumetric changes are approved in the AD, Volume estimation of
different matters of the brain is important for many neurological applications [21].

Any noninvasive method such as a computerized system can assist the neurologist and will become increasingly important
in clinical practice. Nowadays, CADS has become one of the major research subjects in medical imaging and diagnostic
radiology to simplify the daily work of clinicians. It provides objective and quantitative volume data for prospective and
retrospective analyses. This study has developed a new CADS to extract and analysis WM in order to assess the effect of
the AD on WM. This system can automatically segment the WM from the brain, calculate its volume, and extract some
statistical features of it. This presented computer method has been applied to our database. We chose CDR as an
appropriate and global rating scale to determine the severity of disease in patients. Based on CDR, our dataset is divided
into three different groups including controls, very mild AD and mild AD.

The AD has been mostly considered as a GM disease. However, recent in vivo neuroimaging studies approved WM
abnormalities in this disease [8]; therefore, this study provides a concise insight into AD pathophysiology using the WM
damage underlying noninvasive MR images. MRI is a method currently used to explore brain morphology. Our findings
of decreased WM volume in AD patients is consistent with previous reports [22] and supports one of our first hypothesis
of reduced WM volume in the AD. The change of WM volume with increasing the severity based on CDR is assessed.
There is a significant correlation between WM volume and CDR (r=-0.432, p<0.05). We found a negative correlation
between WM volume and CDR (figure 3), indicating that severity of the current state of disease is also associated with
loss of WM volume. This suggests that WM is a cognitive change in the AD despite this belief that AD has been
considered as a GM disease. This study approved that AD is characterized by the relevant involvement of the WM, while
the mechanism of WM affection in AD remain largely unknown [23].

WM plays an important role in the characterization of the AD. Its relevant involvement approves what other postmortem
and in vivo evidence showed [24]. WM volume, therefore, can be a quantitative biomarker and may be helpful for follow
up on the AD during cure procedure. It may allow accurate individual follow-up and quantitative analogous to references.
In this study, the automatic system of WM’s volume calculation using MRI dataset provides WM changes in both early
stage and typical AD. It can be concluded that this system has the ability to detect the WM changes before symptoms
become clinically manifest. It also should be mentioned that microstructural damages of WM might be a useful tool for
monitoring AD progression. Our novel method has the average linear accuracy of 95%. Since studies about WM damage
in the AD have started recently, this valid function of the system may offer new possible targets for future therapies in
the AD from a different point of view.

This system provides a new insight into the pathological mechanism of the AD using WM for physicians. In addition,
they can use this system to improve the outcome of drug trials for AD patients.

This system has the ability to use a classifier in order to the diagnosis of AD types as the future work. Future work should
assess and classify the extracted features of the PCA step to distinguish automatically different types of AD.
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