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Abstract

Since the early works by Broca and Wernicke, the relationship between the localization and size of anatomical cortical damage and aphasia type has been discussed for many years and is one of the most popular concerns of aphasiology. For this reason, many 'lesion-defined' techniques were developed by researchers; voxel-based morphometry (VBM) is one of the most commonly used. Wernicke aphasia is believed as the consequence of the damage at mid-to-posterior portion of the middle temporal gyrus (MTG) of dominant cerebral hemisphere and was classily used to study the relationship between functional impairment and location of brain damage. So we utilized this study and find that the langudge damage to the Wernick's aphasia may account for vertebral infarction at some areas associated with the mediating spatial cognition and working memory processing such as Limbic Lobe, Frontal Lobe, mirrored compensatory region in right hemisphere and Inter-Hemispheric area which is the connection of the left and right hemispheres.
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Introduction

Wernicke aphasia is one of the most classic type of aphasia, which was commonly believed as the consequence of the damage at mid-to-posterior portion of the middle temporal gyrus (MTG) of dominant cerebral hemisphere [1,2]. Since the early works by Broca and Wernicke, the relationship between the localization and size of anatomical cortical damage and aphasia type has been discussed for many years and is one of the most popular concerns of aphasiology [3,4]. For this reason, many 'lesion-defined' techniques, which can localize and quantitatively analyze the brain damage, were developed by researchers [5]. When it comes to aphasia, voxel-based morphometry (VBM) is one of the most commonly used, but there is no consensus conclusion until now [5,6]. So we utilized this study and hope it to be a footstone for study follow up to classify Wernick's aphasia from others based on the structure MRI (to predict the type of aphasia from the structure MRI).

Materials and Methods Participants

Firstly, 37 Wernicke's aphasia patients were found in Bejing Tiantan hospital from Jun 1st 2010 to Nov 30th 2017, which were classified based on scores on the Western Aphasia Battery (WAB), and we take their AQ, age and sex at the same time. Through information screening, our sample consisted of 20 right-handed Wernicke's aphasia patients caused by ischemic stroke in left hemisphere. And then, for every patient of our Wernick's aphasia group, we found T1WI images from the same machine which showed normal totally, and with the same sex, at the age (±10y), at the same time (±5days) to the patient as the control group (Figure 1).

Methods

Imaging Data collection: Structural MRI scans (T1 MRI scans, obtained up to 2weeks post stroke, and within 10 days of WAB assessment) of every patient and normal control were collected in our PACS image system. But since we have 5 machines in our hospital, we analyzed these images separately and the parameters for these scans are shown in Figure 1.

Preprocessing of T1 MRI data:  We used Depabi (Programmers: YAN Chao-Gan; WANG Xin-Di; http://rfmri.org/dpabi), a toolbox for Data Processing & Analysis of Brain Imaging based on Statistical Parametric Mapping software (SPM12) to preprocess our T1 images. Firstly, T1 images were segmented into gray matter (GM), white matter (WM) and cerebrospinal fluid (CSF). And then, a more accurate inter-subject registration model was obtained using DARTEL. Thirdly, these images were normalized into MNI space. Finally, previous images were smoothed with an 8 mm FWHM Gaussian kernel.

Statistical Analysis:  We analyzed images preprocessed using SPM12: firstly, we built pair t-test statistical models for data of every MR machine, and then we estimated the statistical model. Thirdly, we defined a t contrast (contro>wernick 1 -1, which leading to positive value means that the structure of the patient is lower than the normal person). At last, we set p value of voxel=0.05, p value of cluster=0.05, Gaucovery rate (GRF) correction (one-tailed, voxel-level p=0.05, cluster-level p=0.05) in Depabi Viewer based on SPM12 and get the result and visualized it (see in figure 2).

Result
 
Demographic information of participants

For cases scanned by MR machine 1,2,3,5, there is no voxel survived after analysis, while for cases scanned by MR4, there were two clusters survived in Table 1 and Figure 2. The Minimum cluster size for voxel p threshold 0.050000 and cluster p threshold 0.050000 is: 1.000000 voxels. This report is based on CUI Xu's xjview. Revised by YAN Chao-Gan and ZHU Wei-Xuan 20091108: suitable for different Cluster Connectivity Criterion: surface connected, edge connected, corner connected. Just shown in figure 2, in our sample with Wernick's aphasia, the damage is more obvious at the frontal and temple lobe in left hemisphere, especially at Limbic Lobe, Uncus, Frontal Lobe (Middle Frontal Gyrus, Inferior Frontal Gyrus, Superior Frontal Gyrus), brodmann area 36, 35, 28 and so on. Some areas in right hemisphere such as Frontal Orb, Putamen and Fusiform were also included. What we must to highline is that Para Hippocampal, Frontal Sup Medial, Sup Motor Area in both hemispheres are damaged, and also Inter-Hemispheric area.
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Figure 1: Research process and method.
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Figure 2: Damaged GM areas of the patients with Wernick’s aphasia compared to the normal control group, scanned by MR4.




Table 1: Damaged GM areas of the patients with Wernick's aphasia compared to the normal control group, scanned by MR4 (Clusters survive for cases scanned by MR4 after analysis).
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The voxel T threshold for voxel p threshold 0.050000 is: 1.943180.
 
The voxel Z threshold for voxel p threshold 0.050000 is: 1.644854.
 
Discussion

The traditional theory of language processing told us that speech comprehension depends on the posterior left superior temporal gyrus (pSTG). But latter study showed that speech comprehension is not just a unitary process: speech sound recognition, retrieval of word meanings, and various processes supporting integration of meaning across multiple words are also included. Evidence suggests that language comprehension depends on a broadly distributed network spanning frontal, temporal, and parietal lobes, and some researcher found that cerebral deficits were located at some areas associated with frontal-temporal network and parietal language network through an auditory description naming (ADN) task which requiring comprehension of verbal description and an auditory sentence comprehension (ASC) task [2].

In our study, Limbic Lobe, Uncus and Frontal Lobe in left hemisphere are damaged in Wernick's aphasia, brodmann area 36, 35, 28 and so on are also included. These areas are almost located at medial temporal lobe, which consists of the hippocampal region (CA fields, dentate gyrus, and subicular complex) and the adjacent perirhinal, entorhinal, and parahippocampal cortices, is an essential system for declarative memory (conscious memory for facts and events) [7-9].Nearby, the limbic lobe, which defined by Broca, and designated into areas 27, 28, 34, 35, and 36 adjacent to the hippocampus, and areas 23, 24, 25, 26, 29, 30, 31, 32, and 33 around the corpus callosum by Brodmann (27 and 28 correspond to the presubiculum and entorhinal cortex, area 34 represents the cortico-medial part of the amygdaloid complex; Areas 35 and 36 roughly cover the perirhinal and parahippocampal cortices; Areas 24, 25, 32, and 33 belong to the anterior cingulate gyrus, while areas 23, 26, 29, 30, and 31 to the posterior cingulate gyrus) [10], plays a very important role in mediating spatial cognition and working memory processing [8, 11] with the more anterior regions (the anterior cingulum) involved in more abstract decisions of whether to execute an action and the more posterior ones (the middle cingulum or the SMA).

Recently, researcher found that areas 25, 32, and the anteroinferior portion of area 24 are deeply involved in emotional responses, particularly in their autonomic functions, through reciprocal connections with the amygdaloid complex, anterior thalamus and projections to the brainstem and spinal visceral centers [11,12]. When it comes to the frontal lobe, it is believed more by researchers related to working memory or more generally speaking is the executive function [13,14]. Portions of left inferior frontal cortex are linked to semantic memory [15]. Unlike motor aphasia, sensory aphasia is one kind of fluent aphasia, and the characteristic of it is that the impairment of hearing and understanding is seriously associated with the disorder, rehearsal and naming disorder. There are two cases of hearing loss in this type of aphasia: one is based on phoneme recognition and the other is based on lexical semantic understanding [16,17]. Frontal lobe damage especially the damage to networks which connected with it on semantic processing and content can explain this [18].

What we must to highline is that some areas in right hemisphere such as Frontal Orb, Putamen, Fusiform, and some areas in both hemispheres such as Para Hippocampal, Frontal Sup Medial, Sup Motor Area, and also Inter-Hemispheric area are damaged in Wernick's aphasia patient's compaired to normal controls. For right hemisphere, most studies are about its compensatory function during the recovery of language: in the acute stage and subacute stage after stroke, there is some spontaneous recovery of language function because of the activation of some homologous regions of memory and attention in right hemisphere. But in sub acute and chronic stage, the right hemisphere no longer contributes to the recovery even in a suppressed state [19-21]. So it is still need more study.

Conclusion

Our findings were consistent with previously published reports and the langudge damage to the Wernick's aphasia may account for vertebral infarction at some areas associated with the mediating spatial cognition and working memory processing such as Limbic Lobe, Frontal Lobe, mirrored compensatory region in right hemisphere and inter-hemispheric area which is the connection of the left and right hemispheres. Overall, our results reminds us that the research of the brain functional networks of working memory and spatial cognition which can better reveal the mechanism of Wernick's aphasia is needed next.
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