
IJIRST –International Journal for Innovative Research in Science & Technology| Volume 1 | Issue 12 | April 2015 
ISSN (online): 2349-6010 

 
All rights reserved by www.ijirst.org 456 

Analysis of Auditory Response of Hearing 

Impaired Patients using FMRI Data 

Kaavinna Nainesh Thakkar 

PG Student 

Department of Biomedical Engineering 

Government Engineering College Sector-28 Gandhinagar, Gujarat, India 

 

Abstract 

 

The detection of hearing impairments is based on a response based audiogram and for infants & mentally impaired patients, 

methods like auditory brainstem response, auditory steady state analysis etc., are used, all of which are invasive. Non-invasively, 

by combining the analysis of both structural & functional brain images the regions in brain can be found responsible for auditory 

processing. The aim behind this project is to find activated areas in the brain corresponding to auditory stimulation given to the 

patients by making use of SPM (Statistical Parameter Mapping) software. For this purpose fMRI data is pre-processed before 

analysis. Then a model is specified and parameters are estimated. For each step of processing and analysing a better approach is 

chosen based on the data of fMRI images and its specific purpose. Statistical inferences are drawn based on the activated voxels 

found in the processed and analysed fMRI images. The detected brain regions are masked with those of the hearing impaired 

patient‟s regions that are found for patients with sensorineural hearing loss on giving word input as an auditory stimulation. The 

results depict some common areas between both the hearing impaired and normal patient when given auditory stimulation. 
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_______________________________________________________________________________________________________ 

I. INTRODUCTION 

Functional magnetic resonance imaging (fMRI) is a functional neuroimaging procedure using MRI technology that measures 

brain activity by detecting associated changes in blood flow. Blood Oxygen level dependent (BOLD) contrast fMRI is a unique 

brain scan used for mapping neuronal activity in the brain by imaging the blood flow changes which is the hemodynamic 

response in relation to energy used by brain cell. The subject performs tasks comprising of periods of rest and activity. During 

the scan, the oxygenated blood flow in a specific region increases which in turn increase the MR signal for that specific region.  

Hearing impairment can be basically classified into conductive, sensorineural or mixed based on the part of the ear being 

damaged [10]. Conductive can often be corrected medically or surgically whereas Sensorineural hearing loss (SNHL) cannot 

always be corrected with surgery. Cochlear implants are sometimes ineffective in curing SNHL so proper detection is essential. 

Hence fMRI imaging and its data analysis can play a vital role in finding out accurate markers in brain corresponding to auditory 

response. Hence while stimulating a hearing impaired patient with auditory input and detecting its activations in brain using 

fMRI can help find appropriate areas responsible for development of auditory response. It is also used to highlight the active 

areas linked specifically to the task under investigation. Statistics determine the most significant differences at a level above and 

beyond the background activity in the brain. A multi-stage process is used for preparing the data and analyzing it with the help of 

a statistical method such as the General linear model. Hence for this we will carry out Statistical analysis of fMRI data for which 

SPM software serves best. 

II. ANALYSIS OF FMRI DATA 

 
Fig. 1: Block Diagram 
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The block diagram given in Fig. 1 shows the whole process of analyzing the fMRI data and carrying out statistical inferences for 

finding activated areas in the brain. 

 Data Acquisition: A.

FMRI image database for auditory stimulation is readily available from SPM site [11]. These fMRI images are for normal 

healthy patients. Each acquisition comprises of 64 continuous slices (64x64x64, 3x3x3 mm3 voxels). Acquisition time is 6.05 

seconds, repeat time (RT) = 7seconds. 96 acquisitions were made with 16 blocks of 42s. Successive blocks are alternated 

between auditory stimulation and rest condition, with rest condition started at first. Bi-syllabic words were presented binaurally 

at a rate of 60 words per minute for giving auditory stimulation [11]. 

 Pre- Processing of functional MRI Data: B.

 Realignment 1)

Realignment is done using least square method by making use of six parameters spatial transformation. Doing this the images get 

realigned to the first image. This operation translates, rotates and shifts the images to match the first image. This removes head 

motion artefacts that can be a major error if kept uncorrected. 

 Co-Registration 2)

It registers anatomical structural image to functional image. 

 Segmentation 3)

It segments the image into grey matter, white matter and Cerebrospinal fluid (CSF) images. 

 Normalisation 4)

It stretches squeezes and warps the image to a standard template brain which is in Montreal Neurological Institute (MNI) space. 

 Spatial Smoothing 5)

This operation smoothes the data by convolving it by a 3D Gaussian kernel in each direction. 

 Data Analysis: C.

 Model Specification and Review: 1)

The statistical analysis of fMRI data makes the use of a General Linear Models (GLMs) which is a mass-univariate approach 

GLM is specified as it makes inferences about the effects of interest, which is done by decomposing the data into effects and 

error and then form statistic using estimates of effects and error. GLM is given as shown below in (1). 

y Xe     (1) 

Here matrix „y‟ gives series of multivariate measurements, X is a design matrix, „‟ contains a matrix of estimated parameters, 

„e‟ is a matrix containing errors or noise. A default HPF with 128seconds (0.008Hz) of cut-off is given that removes slow signal 

drifts. Thereafter, the basis functions are used to model the hemodynamic convolution that is applied to the inputs by the brain. 

The default basis function is applied which is the canonical Hemodynamic Response Function. 

Hypothesis testing is performed by testing the individual parameter of the specified model by making use of the t-test and by 

taking parameter subsets by making use of the partial F-test [2]. In Hypothesis testing we define a significance level α that is the 

acceptable false positive rate with threshold µa which controls the false positive rate 

α= p(T > µa | H0)    (2) 

The conclusion of the hypothesis can be given as rejection of the null hypothesis in favour of the alternative hypothesis t > 

µa 

After performing GLM, the model is tested for the effect c
T
βj where c is a vector that depicts contrast. The test statistic is 

given by the ratio of the contrast of estimated parameters to that of standard deviation of estimate. The null hypothesis is given as 

H0: c
T 

B=0 

T-contrast in SPM produces four types of images which are beta, ResMS, con and spmT image which are produced by 

ordinary least square estimates, residual mean square of image, contrast of the image respectively producing finally spmT image. 

For our data of auditory stimulation of bi-syllabic word input and then rest, the t contrast value is chosen as c
T
 = [1 0]. T test are 

generally one dimensional contrasts whereas F test are for multidimensional contrasts. 

 Model Estimation: 2)

Model estimation can be done by two methods which are Bayesian estimation of 1
st
 and 2

nd
 level models and Classical 

estimation of 1
st
 or 2

nd
 level model. 

Classical estimation which is done by first level model, the estimation of the parameters is done using ReML (Restricted 

Maximum Likelihood) which assumes same error correlation structure at each voxel. Auto Regression (1) or an (IID) 

Independent and Identically Distributed error model specifies this correlation. ReML estimation has to be applied to spatially 

smoothed functional images [3], [4]. After estimation, parameters are tested for specific profiles using a linear contrast by F 

statistic or T statistic. The resultant statistical map shows a Statistical Parameter Map. Characterization of SPM F/T is done in 

terms of regional differences by assuming the behaviour of SPM components as smooth stationary Gaussian fields under null 

hypothesis using residual fields [8]. 
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Bayesian estimation of 1
st
 level estimates the model parameters using (VB) Variational Bayes algorithm. Spatial priors for 

regression coefficients are specified. Along with regularised voxel-wise p
th

 Autoregressive (AR (P)) models for fMRI noise 

processes. For this algorithm spatially smoothed functional images are not needed. Compared to classical approach, its 

estimation will be about 5 times longer. After estimation, contrasts are used to find regions with effects larger than a user-

specified size. These effects are assessed statistically using a Posterior Probability Maps (PPM) [5]. 

Second level estimation by Bayesian model makes use of the Empirical Bayes algorithm with priors having global shrinkage. 

By using these global shrinkage priors, a belief is embodied that, by averaging over all the voxels, no net effect of experimental 

data. The response of some voxels will be negative and positive with a variability found by prior precising it. The data from 

Empirical Bayes estimates this prior precision [8]. 

 Statistical Inferences: D.

Inferences are drawn by applying contrasts, masking and defining thresholds on the image. This will display the MIP, generate 

statistical tables and will plot responses at voxel level. We can also view the anatomical clusters for activations in the brain. 

Figure 12 shows bilateral activation of auditory response which is seen in both the hemispheres of the brain after carrying out 

contrasting, masking and thresholding operations. Contrast for active condition is set as “1” and “-1” for rest condition. Masking 

is done to select i.e. include or exclude specific voxels with/from other contrasts. Masks are generated using WFUpickatlas 

toolbar[6], [7] installed over SPM in MATLAB. Statistical table gives the summary of local maxima for all chosen clusters 

above a significant level along with separate maxima, > 8 mm apart within a cluster, with thresholds significance details and 

volume underneath the search as shown in Fig. 2. 

 
Fig. 2: Activated Brain Areas with STG and Broadmann 22 Area Masks 

The voxel that correspond to the areas in the brain are viewed with the help of xjview toolbox. Fig. 3. shows the number of 

voxels and the regions that are activated in the brain. We have selected cross hair at medial frontal gyrus that also shows 

activations among the normal and hearing impaired regions. 
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III. RESULTS AND CONCLUSION 

The approached used here is purely SPM based by also making use of WFUpickatlas toolbox and xjview8. These two toolbars 

give better ROI analysis and masking procedures of fMRI images. Hence it can be seen that the activated voxel values are 

determined by this proposed approach. The voxels that are activated for normal patients for auditory stimulation of bi-syllabic 

word input are more in number that finds activation in large number of regions in the brain. Here masks were generated by using 

WFU toolbox and its ROI analysis was done in SPM which highlighted the activated areas shown in Fig. 3. These are Broca‟s 

area - responsible for language processing, Broadmann area 8, 9, superior and medial frontal gyrus. 

 
Fig. 3: Viewing Activated Voxels and Number of Voxels for the Specific Areas Using Xjview8 Toolbox 

 
Fig. 4: MATLAB Command Window Showing Statistics for the Activated Regions 
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