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Abstract: Neuroimaging is considered as a valuable technique to study the
structure and function of the human brain. Rapid advancement in medical
imaging technologies has contributed significantly towards the
development of neuroimaging tools. These tools focus on extracting and
enhancing the relevant information from brain images, which facilitates
neuroimaging experts to make better and quick decision for diagnosing
enormous number of patients without requiring manual interventions. This
paper describes the general outline of such tools including image file
formats, ability to handle data from multiple modalities, supported
platforms, implemented language, advantages and disadvantages. This brief
review of tools gives a clear outlook for researchers to utilize existing
techniques to handle the image data obtained from different modalities and
focus further for improving and developing advanced tools.
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Introduction

Alzheimer’s Disease (AD) is one of the most
common neurodegenerative diseases affecting older
adults in their mid-60s (Joshi et al., 2010). Degeneration
of the nervous system is mainly caused due to the
deposition of amyloid plaques and neurofibrillary
tangles (Hardy and Selkoe, 2002). Symptoms generally
include memory loss, impairment in thinking, poor
judgement and difficulty in recognising people. Since
the number of patients with AD is expected to increase
in near future, the National Institute of Aging has been
focusing towards the development of effective
techniques to diagnose AD.

The transition to AD from normal aging is gradual;
thus, many researchers have put attention towards the
early detection of AD. The early stage of AD is
represented by the term, Mild Cognitive Impairment
(MCI) (Petersen, 2011). Two different subtypes of MCI
are Amnestic Mild Cognitive Impairment (aMCl) and
Non amnestic Mild Cognitive Impairment (naMClI).
aMCI patients have significantly impaired memory, but
their cognitive functions remain effective. On the other
hand, in case of naMCI, one or more cognitive skills are
impaired but memory problem remains unaffected. Patients
with MCI have increased risks of eventually developing
AD. Thus, identification of AD at the early stage is
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challenging and requires further investigations through
popular neuroimaging techniques (Joshi et al., 2010).

Neuroimaging (Poldrack et al., 2008) or brain
imaging is an important tool for understanding the
anatomy and function of the human brain. Parameters
such as tissue contraction, volume reduction and
expansion, variation of shape, average intensity,
metabolism rate and cortical thickness are of great
interest to determine AD. These parameters can be
obtained using a range of different techniques such as
Magnetic Resonance Imaging (MRI), Fluorodeoxyglucose
Positron Emission Tomography (FDG-PET), Diffusion
Tensor Imaging (DTI), Functional Magnetic Resonance
Imaging (fMRI), Computed Tomography (CT), Single
Photon Emission Computed Tomography (SPECT) and
Cerebrospinal Fluid (CSF) Biomarkers.

Among these techniques, MRI is reliable and non-
invasive for producing high resolution images. It does
not cause adverse sideeffects in patients; thus, it is
considered as a significant technique to fetch both
structural and functional information of the brain to
study further. MRI is also preferred in predicting the
shift from MCI to AD by either considering the whole
brain or medial temporal lobe volume. However, MRI
being a single modality technique does not provide
comprehensive information. Hence, multimodal data
analyzed by radiologists or neurologists using
neuroimaging tools are preferred as sources of valuable
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information for assisting the diagnosis and prognosis of
AD or MCI at early stages.

Motivation

Experts in the field of Neurology or Radiology are
required to investigate problems associated with the
complex brain structure. To overcome this manual and
time consuming process, there is advancement towards
the development of neuroimaging tools. Tools developed
in the past are standalone techniques, which has
motivated researchers and developers to design an open
source tool with Graphical User Interface (GUI)
providing compatibility to multiple operating systems.
Based on the application and requirement, tools
contributed by developers are enormous. Few tools
provide easy and convenient way of installation and
usage, but some of them have complicated procedures
requiring high memory for processing three/four
dimensional images to get desired results.

Contribution

In the present review, the ability of various
neuroimaging tools to handle image data from different
types of modalities, languages in which they are
implemented, as well as wvarious supporting
functionalities are discussed.

Organisation

The paper is organized as follows: A brief overview
of Alzheimer’s Disease is provided in Section I. Related
research are presented in Section Il. Morphometry
techniques are described in Section Ill. Tools in
neuroimaging are explained in Section IV. A brief
discussion about the tools are presented in Section V. A
comprehensive conclusion is provided in Section VI.

Literature Survey

Many of open source tools have wide range of steps
beginning with the preprocessing operation and ending
with the analysis, which are essential to classify patients
with neurodegenerative disorders. These steps are
discussed in further paragraphs.

In the study of neurodegenerative disorders
particularly Alzheimer’s Disease (AD), image data are
provided by the standard dataset like Alzheimer’s
Disease Neuroimaging Initiative (ADNI), Open Access
Series of Imaging Studies (OASIS) and The Minimal
Interval Resonance Imaging in Alzheimer’s Disease
(MIRIAD), which are available in DICOM (Digital
Imaging and Communications in Medicine), NIFTI
(Neuroimaging Informatics Technology Initiative),
MINC and Analyze format. To suit the compatibility of
data required for processing, the initial step is data
conversion. It is required for converting images obtained

from the dataset into a suitable format required for
preprocessing. MRIcron, SPM and Free Surfer are few
of the tools which are used for data conversion.

Sequences of preprocessing steps are followed
according to the requirement of postprocessing
operations desired for a particular application. It includes
the removal of non-brain tissues (Zhuang et al., 2006)
from T1 and T2 weighted Magnetic Resonance (MR)
images. A skull-stripped subject image is spatially
aligned to a standard template through the process of
Spatial Normalisation (Friston et al., 1995), which helps
to overcome the problem of brain shape variability
across different subjects. AC-PC (Anterior Commissure-
Posterior Commissure) positioning aligns coordinates of
the brain by their origin and axes, which is adopted as a
convenient standard by the neuroimaging Community.
Coordinate convertor converts the coordinate from display
to Talairach and Montreal Neurological Institute (MNI)
space. N3 inhomogeneity correction (Vovk et al., 2007)
removes the intensity inhomogeneity across space caused
during the acquisition of MR images from the scanner.
Smoothening removes Gaussian Noise and Histogram
Equalisation enhances images for redistributing the gray
value to acquire an uniform distribution.

After preprocessing, the image is subjected to tissue
segmentation (Tanabe et al., 1997; Vibha et al., 2007) to
divide it into the gray matter, white matter and
cerebrospinal fluid. Due to the neuronal loss caused by
the deposition of amyloid plaques and neurofibrillary
tangles, cortical gray matter reduction occurs to a greater
extent compared to white matter and cerebrospinal fluid;
hence, the gray matter is considered for further analysis.
Segmentation (Kumar et al., 2009) is followed by
registration to establish the correspondence between a set
of images using transformation models and assess by
considering similarity measures.

Image registration (Gholipour et al., 2007) is the
most crucial step required in the medical imaging, which
is described as the process of geometric alignment of the
subject image to the template to bring it in
correspondence. It involves the extraction of information
from the feature space and transformation of the image
required for matching. Affine, polynomial and elastic
transformations are different types of spatial
transformation techniques available to transform the
image. Transformation technique is the fundamental
characteristic in the process of registration to overlay
images on each other. The amount of transformation is
measured by the chosen similarity metric. Images
considered during registration are taken from the same
modality acquired during different time periods, which
aid in determining the stage of the disease. In contrast,
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images taken from different modalities fuse multiple
information, which result in improved analysis;
moreover, images obtained from different views result in
improved visualization. After aligning the image through
registration, it is necessary to label brain regions to find
the variability associated with each region.

Standard template or atlas is utilized to label
anatomical regions of the brain (Hofman, 1988). The
purpose of using a template is to provide a reference that
includes a set of coordinates and associated anatomical
labels. Demarcated labels on the template are then
resampled through the warp transform to the subject MRI.
This technique is consistent and less time consuming
without any expertise needed to understand the involvement
of different brain regions in the disease development. To
further extract multiple features (Srinivasa et al., 2005)
from different modalities, labeled structural image is
mapped to the functional image of same subject through the
process of coregistration. All extracted features are not
informative; hence, the number of features is reduced by
dimensionality reduction step to maximize the separation in
feature space (Shenoy et al., 2005). Then, reduced features
are used to perform accurate classifications of different
stages of AD (Vibha et al., 2006).

Morphometry

Morphometry is a process of identifying local and
global anatomical differences existing in the human
brain. These morphological differences exist during the
aging process and AD development; hence, it is
considered as an effective biomarker for diagnosing
neurodegenerative diseases. The main objective of
morphometric techniques is to determine the one to one
correspondence between images considered under study.

Voxel-Based Morphometry (VBM), Deformation
Based Morphometry (DBM) or Tensor Based
Morphometry (TBM), Feature Based Morphometry
(FBM) and Shape Based Morphometry (SBM) are
different  types of  morphometric  techniques.
Computation of morphometrics involves two common
steps that are followed in all morphometric techniques.
In the first step, subject image is geometrically aligned to
the reference image and in the second step, statistics are
computed for the region of interest or on whole brain.
Many existing tools based on mathematical and
statistical methods have been developed to process high
resolution images automatically, leading to the
characterization of differences exist between healthy
individuals and patients.

Voxel-Based Morphometry (VBM) (Mechelli et al.,
2005) uses a statistical method for accomplishing voxel-
wise comparison. VBM identifies differences in brain
anatomy among a group of subjects. VBM features
include increased or decreased tissue density and
decreased gray matter and white matter volumes.

Extracted features are subjected to general linear
modelling to obtain statistical maps. Then, statistical
tests are performed using statistical maps to identify
discriminative regions exist in a population.

Deformation Based Morphometry (DBM) (Savio and
Grafia, 2013) is a technique applied to identify
macroscopic differences in brain shapes exist across the
population. Thus, deformation fields are calculated by
placing the brain to a standard template to find out
positional differences between every voxel of individual
brain and a standard brain. Finally, multivariate statistical
methods are used to analyze a group of parameters derived
from the whole brain.

Feature Based Morphometry (FBM) (Toews et al.,
2010; Venugopal et al., 2009) aims to recognize
structural differences exist only in a group of patients.
FBM comprises four steps. First step begins with the
extraction of features. In the second step, modelling of
these features identifies the relationship between the
distinctive feature and diseased brain. Statistical analysis
is followed after the modeling to infer the information
required to classify the subject.

Shape Based Morphometry (SBM) aims to identify
local changes within the structure of interest. It begins
with the preprocessing and normalization of the brain
structure to a standard reference and geometrical
variations are identified through the statistical analysis.

Neuroimaging Tools

Various neuroimaging tools that exist for processing
brain images are explained in further sub sections.
Advantages and disadvantages of these tools are
discussed in Table 1 and important features supported by
each tool are explained in Table 2.

SPM

Statistical Parametric Mapping (SPM) (Penny et al.,
2001) is a licensed tool developed by the Wellcome
Department of Imaging Neuroscience. SPM has matlab
based functions and is available freely to the scientific
community. SPM99, SPM2, SPM5, SPM8 and SPM12
are different versions of SPM. The older version
supports the measurement of brain activity for PET
(Positron  Emission  Tomography and fMRI
(Functional Magnetic Resonance Imaging) modalities;
however, the current version of SPM supports the
analysis of SPECT, EEG (Electroencephalography)
and MEG (Magnetoencephalogram) data. This tool
has Digital Imaging and Communications in Medicine
(DICOM) import option required for converting
images from DICOM to Neuroimaging Informatics
Technology Initiative (NIfTI) format, which is
suitable for SPM and many other software packages.
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Table 1: Advatages and disadvantages of neuroimaging tools to detect Alzheimer’s Disease

Tools Advantages Disadvantages
ABEAT Provides parallel processing Requirement of high computational time
SPM Supports to multiple plugins Suitable for group analysis
MARSBAR Allows us to export ROI for use in other packages Compatible only with SPM programs
MRICRON An excellent free-ware viewer of medical images Limited display modes
MIPAV User friendly tool to analyse and visualise the image data  The execution of a program mainly depends on the hardware
FSL Interfaced well with other tools Installation in windows requires virtual box
HAMMER SUITE Provides complete processing pipeline for MR images Unable to access the current version
DRAMMS Well suited for deformable image registration Memory consumption is high
ITK-SNAP Provides efficient and reliable segmentation The tool has limited scope
IMAGE J Public domain open source software Not supported to simultaneous statistical analysis of ROI’s
FREE SURFER Robust tool for cortical surface analysis Installation in windows requires virtual box
3D SLICER An extensible tool Requires more computational resources
ANALYSE Comprehensive tool for studying Proprietary software
structural and functional relationship of brain image
SPHARM-PDM Powerful tool for 3D shape analysis Installation is difficult in linux
pyMVPA A package for ease statistical analysis Focus on advanced machine learning algorithms are necessary

with machine learning algorithms

Table 2: Neuroimaging tools to detect Alzheimer’s disease

Bias Tissue

Coordinate  Data Skull Field Segme-  Regis- Visuali- Anal- Exten- Statistical  Image
Tools Convertor Conversion Stripping ~ Correction ntation  tration sation  ysis  sibility Navigation Warping  Weblink
SPM No Yes Yes Yes Yes Yes Yes Yes  Yes No No http://www.fil.ion.ucl.ac.uk/spm/software/spm12/
(Penny et al., 2001)
MARSBAR No No No No No No Yes Yes No No No http://marsbar.sourceforge.net/
(Bahlmann et al., 2015
WFU PICK ATLAS Yes No No No No No Yes Yes No No No http://fmri.wfubme.edu/software/pickatlas
(Callaghan et al., 2014)
MRICRON No Yes No No No No Yes Yes No No No http://neuro.debian.net/pkgs/mricron.html
(Li etal., 2012)
MIPAV Yes No Yes Yes Yes Yes Yes Yes  Yes No Yes https://mipav.cit.nih.gov/pubwiki/index.php/
(Bazin et al., 2007)

No Yes Yes Yes Yes Yes Yes Yes  Yes No No https://fsl.fmrib.ox.ac.uk/fsl/fslwiki/
(Smith et al., 2004)
HAMMER SUITE No No Yes Yes Yes Yes Yes No No No Yes https://www.med.unc.edu/bric/ideagroup/free-softwares/
(Wu et al., 2010)
DRAMMS No No No No No Yes Yes No Yes No Yes https://www.cbica.upenn.edu/sbia/software/dramms/
(Ouetal., 2011)
ABEAT No No Yes Yes Yes Yes Yes Yes No No Yes https://www.nitrc.org/projects/abeat/
(Dai et al., 2013)
ANTS No No No No No Yes Yes Yes No No No http://stnava.github.io/ANTs/
(Avants et al., 2009)
ITK-SNAP No No No No No No Yes Yes  Yes Yes Ye http://www.itksnap.org/pmwiki/
(Robb, 2001)
Imagel No Yes No No No No Yes Yes  Yes No No https://imagej.nih.gov/ij/"
(Schindelin et al., 2012)
BRAIN SUITE No No Yes No No Yes Yes No No No Yes http://brainsuite.org/
(Shattuck and
Leahy, 2002)
BIOIMAGE SUITE No No Yes Yes Yes Yes Yes Yes  Yes No No http://bicimagesuite.yale.edu/
(Papademetris et al., 2006)
3D SLICER No Yes Yes Yes Yes Yes Yes Yes  Yes No No https://www.slicer.org/
(Fedorov et al., 2012)
FREE SURFER No Yes Yes No No Yes Yes Yes No No No http://freesurfer.net/
(Fischl, 2012)
BRAIN VOYAGER No No No No No Yes Yes Yes No Yes No http://www.brainvoyager.com/
(Goebel and Jansma, 2004)
SPM performs various preprocessing operations like MARSBAR

realignment, motion correction, spatial normalization
and removal of Gaussian noise. Realignment and motion
correction adjusts the image in such a way that each
voxel corresponds to a same site in the brain. The
process of spatial normalization allows each subject
image to be translated, rotated, scaled and warped
according to the standard template. After preprocessing,
significant functionality of SPM is to determine the
morphometry at each voxel by general linear modeling
technique. The morphometry is analyzed by statistical
models such as t-test; ANOVA, MANCOVA,
ANCOVA, simple regression, linear regression, multiple
regression and multivariate regression to perform
comparisons among a group of subjects.

MARSBAR (MARSeille Boite A Region d Interest)
(Bahlmann et al., 2015) is a plug-in of SPM, which is
compatible to SPM 99, 2, 5 and 8 version. It is well
suited for functional Region of Interest (ROI) analysis
using PET and MRI modalities. MARSBAR provides a
view option which displays ROI in a structural image
and allows exporting of images to use in other packages.
The interface given by MARSBAR defines ROI using
shapes, activation cluster and binary images. It allows
importing SPM activations and cluster images obtained
by SPM result interface as ROIs. The data extraction for
regions can also be done without SPM preprocessing.
Finally, SPM statistics machinery helps to interpret and
analyze ROI data.


http://www.fil.ion.ucl.ac.uk/spm/software/spm12/
http://marsbar.sourceforge.net/
http://fmri.wfubmc.edu/software/pickatlas
http://neuro.debian.net/pkgs/mricron.html
https://mipav.cit.nih.gov/pubwiki/index.php/
https://fsl.fmrib.ox.ac.uk/fsl/fslwiki/
https://www.med.unc.edu/bric/ideagroup/free-softwares/
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https://www.nitrc.org/projects/abeat/
http://stnava.github.io/ANTs/
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WFU Pick Atlas

WFU (Wake Forest University) Pick Atlas
(Callaghan et al., 2014) is a plug-in of SPM, which is
compatible to SPM99, SPM2, SPM5 and SPM12
versions and performs atlas based ROI analysis. It
supports NIfTI file format and provides coordinate
converter that converts coordinates from display to
Talairach and MNI space. It uses Talairach Daemon
database to generate ROl mask. It provides an option to
access available atlases and also incorporates additional
atlases. The option of look up file available in WFU, lists
atlases to be loaded along with their corresponding
volumes. It is also possible to create user defined shapes
by defining centre, radius and dimensions.

MRICRON

MRICRON (Li et al., 2012) is the newer version of
MRIcro developed by Chris Rorden. It is a GUI
(Graphical User Interface) based tool applied in the
visualization and analysis of functional and structural
images like MRI, PET and fMRI. It is written in C
language and suitable for Windows, Linux and Mac OS
X platform. NIfTlI and Analyze are image formats
supported for this tool. Feature available in this software
is image conversion, to obtain 3D anatomical region of
interest with computed volume and intensity. There is an
option to change X (Left/Right), Y (Anterior/Posterior)
and Z (Superior/ Inferior) values, which in turn changes
the axial, sagittal and coronal views of the displayed image.
It has other options such as zoom to enlarge the view of the
brain, multislice window option to show a series of slices of
selected volume, as well as option to perform voxel wise
statistical analysis. Images are exported to other platforms
by creating Analyze format header.

MIPAV

MIPAV (Medical Image Processing Analysis and
Visualization) (Bazin et al., 2007) is a freely available
medical image processing software, which is written in
JAVA language and used for quantitative neuroimaging
analysis of MRI, PET and CT data. It is developed by
the National Institutes of Health and is compatible to
Windows, Linux and Mac OS X platforms. NIFTI,
AFNI, MINC, DICOM and TIFF are supported image
formats suitable for processing. Preprocessing operations
provided by MIPAV are semi-automatic brain extraction
and Talairach alignment of an image to a standardized
coordinate system. It also provides an option of loading
Talairach atlas of a particular Volume of Interest (VOI)
onto the aligned brain region and helps to calculate the
volume and mean intensity using VOI analysis tool.

FSL

FSL (FMRIB Software Library) (Smith et al., 2004)
is a software library implemented in C++ language and
developed by FMRIB (Functional Magnetic Resonance
Imaging of the Brain) analysis group. It comprises image
analysis and statistical tool for processing structural,
functional and diffusion MRI. FSL is operated either by
GUI (Grahical User Interface) or command line and is
compatible to Linux, Apple OS X, Centos Linux, Redhat
Linux and Windows operating system. Features
supported by FSL are as follows: conversion to Analyze
and NIfTI formats with the help of command line
utilities; skull-stripping using BET (Brain Extraction
Tool); tissue segmentation by FAST (FMRIB’s
Automated Segmentation Tool); affine registration using
FLIRT (FMRIB’s Linear Image Registration Tool);
subcortical structure segmentation by incorporating prior
anatomical information through the explicit shape model
followed by vertex analysis and volumetric analysis;
nonlinear noise reduction by SUSAN (Smallest Univalue
Segment Assimilating Nucleus); gray matter density
analysis by FSLVBM (Voxel Based Morphometry);
SIENAX dependent estimation of the cross sectional
atrophy at a single time point (atrophy state) and SIENA
dependent determination of the longitudinal atrophy of
the cortical gray matter between two time points
(atrophy rate) and visualization of 2D and 3D data.

HAMMER SUITE

HAMMER SUITE (Hierarchal Attribute Matching
Mechanism for Elastic Registration) (Wu et al., 2010) is
an elastic registration procedure for high dimensional
warping of brain images developed by the Section of
Biomedical Image Analysis (SBIA) at the University of
Pennsylvania. This tool is available for both Windows
and Linux platforms and it is designed to process only
Analyze image format of brain images. Longitudinal and
cross sectional brain images are preprocessed using
following steps: reorientation, alignment, skull-stripping,
deformable registration and tissue segmentation. It
provides models for normalization, labeling anatomical
regions of interest and also to perform label correction.
After preprocessing and labeling, RAVENS MAP
(Tissue Density Maps) is computed for each subject
brain to perform voxel based analysis on regional
volumetrics. Group analysis is performed by applying
statistical methods on to RAVENS MAP to examine
disease effects, correlation with clinical measurements
and regional volumetrics.

DRAMMS

DRAMMS (Deformable Registration via Attribute
Matching and Mutual Saliency Weighting) (Ou et al., 2011)
is suitable for linux and Mac OS X operating systems. Prior
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knowledge, presegmentation, or human intervention is not
required for subjecting the brain into DRAMMS.
Features of DRAMMS include cross subject registration
of the same organ among different patients, mono and
multimodality registration for MRI-MRI, MRI-PET and
PET-PET images, longitudinal registration of images for
different time series to examine changes of brain during
a given time period and warping of template to the
subject brain. It also has an option to calculate Jacobian
Determinant Maps to find the voxel displacement of an
entire image and RAVENS MAPS to determine changes
with the tissue density.

aBEAT

aBEAT (Adult Brain Extraction and Analysis
Toolbox) (Dai et al., 2013) is a graphical user interface
implemented in matlab and C++ and developed by IDEA
group, which is compatible with Linux operating system.
Only T1 weighted longitudinal and cross sectional
images with analyze file format are supported by the
processing operation available in the toolbox. It performs
image preprocessing such as reorientation, re-sampling
in accordance with template images, N3 correction,
histogram  matching,  skull-stripping and tissue
segmentation. It also performs brain volume labeling and
volume measurements of different brain regions.

ANTS

ANTS (Advanced Normalization Tools) (Avants et al.,
2009) package provides advanced tools for the brain and
image mapping. It is developed by BRAIN AVANTS and
supported by PICSL. It is open source software supported
to run on Linux and Macintosh platforms. Tool performs
well across species and for different organ system. Data
formats suitable for processing are NIfTI, Analyze and
Metaimage. Features of ANTS include N3/N4 bias
correction, warping, registration using diffeomorphic
and deformation based transformation, tissue based
image segmentation, prior based image segmentation,
cortical thickness measurement, Laplacian based cortical
thickness estimation, diffeomorphic registration based
cortical thickness (DiReCT) estimation and visualization
of biomedical images.

ITK-SNAP

ITK-SNAP  (Insight Toolkit Snake Automatic
Partitioning Tool) (Gao et al., 2012) is open source
software developed and supported by the National
Institute of Biomedical Imaging and Bioengineering
(NIBIB), which is compatible to Linux, Mac OS and
Windows platforms. NIfTI, DICOM and other 3D image
formats are supported for processing. Features provided
by ITK-SNAP include cross hair and zoom tool for
image navigation, manual delineation, affine alignment,
rigid alignment, quick loading of the series of DICOM

images in the same session and semi-automatic
segmentation using active contour methods. Options of
loading and saving 3D segmented volumes of 3D images
are available. It also provides manual and semiautomatic
labeling of anatomical structures and lesions in 3D
images and estimation of the volume and statistics of
these labeled regions.

ANALYSE

ANALYZE (Robb, 2001) is a visualization and
analysis software package used in medical imaging. It is
developed by Biomedical Imaging Resource (BIR) at
Mayo clinic. It is a commercial program suitable for
multimodal images like MRI, CT, PET and SPECT.
Functionality of Analyze are cropping, resizing, rotation,
image filtering, image enhancement, skull-stripping,
interactive  volume  segmentation,  morphological
operations, image alignment, nonlinear registration,
region and volume definition, statistical analysis,
advanced visualization and volume rendering operations.

MNI DISPLAY

MNI DISPLAY (Kabani et al., 2001) is developed by
David Mac Donald at McConnell Brain Imaging Centre
and used for the visualization of DTI, fMRI and PET
modalities. Linux and Mac OS X are operating systems
supported by this tool. Visualization features of MNI
Display include displaying intensity crosssections along
X, Y, Z, or time axes, overlaying multiple volumetric
images of different sample grid sizes, visualization of 3D
surfaces and intersection of 3D surfaces with the
volumetric data. Segmentation features of MNI Display
are per-voxel labeling of the volumetric data and
annotation of structural features on either a surface or a
volumetric dataset. It also provides morphological
operations like powerful fill, dilation and erosion.

IMAGEJ

IMAGEJ (Schindelin et al., 2012) is open source
software developed at the National Institutes of Health
(NIH) for the image processing and analysis of biological
and medical data. It is available freely to the public domain
and is compatible to Windows, Linux and Mac OS X
platforms. ImageJ is developed in Java language; hence, it
provides extensibility to additional plugins. DICOM, NIfTI,
Analyze and JPEG are image file formats supported by this
tool. Image processing functions of ImageJ include median
filtering, sharpening, smoothening, scaling, rotation, edge

detection, contrast  manipulation, labeling, VOI
measurements and visualization.
BRAIN SUITE

BRAIN SUITE (Shattuck et al., 2002) is an image
analysis tool used for processing MRI images of human
head. It is implemented in C++ language and developed
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by David Shattuck of Ahmanson-Lovelace Brain
Mapping Center at UCLA and Richard Leahy of
Biomedical Imaging Group at USC. It provides GUI for
Windows and Mac OS X and command line interface for
Linux operating system. BRAIN SUITE supported
features are brain surface extraction, bias field correction,
3D alignment, surface smoothening, histogram
computation, tissue classification, topological correction,
cerebrum labeling, extracting cortical surface mesh
models, registering and labeling the surface and volume of
the brain, defining the anatomical region of interest through
the automated registration of subject image to the labeled
atlas and mapping of multiple images to common atlas
space. It also contains tool for visualizing and exploring
MRI data, diffusion data and regional connectivity.

BIOIMAGE SUITE

BIOIMAGE SUITE (Papademetris et al., 2006) is the
software developed by Xenophon Papademetris at the
Yale University School of Medicine and it consists of a
collection of image analysis programs written in C++
language. It provides both graphical and command line
Interface for interactive and batch mode processing. It is
suitable for Windows, Linux and Mac OS X platforms.
FSL is easily integrated with this tool, which aids in
performing skullstripping and tissue classification. In
addition to FSL, it is easily integrated to other packages
such as WFU PICK ATLAS, SPM and AFNI tool.
Features provided by BIOIMAGE SUITE are image
import, understanding the basic information of image,
image smoothening/filtering, re-slicing, reorientation,
bias field correction, cropping, rigid and affine
registration methods to align serial MRI and multimodal
data, warping of single subject data to a common
reference space, deformable surface segmentation, as
well as different methods of voxel classification such as
simple histogram, single channel markov random field
and exponential-fit method. It also provides orthogonal
and mosaic views for displaying images.

3D SLICER

3D SLICER (Fedorov et al., 2012) is an open source
software tool developed collaboratively by Surgical
Planning Laboratory at Brigham and Women’s Hospital
at the MIT Al LAB and it shows more attention towards
visualization and analysis of the medical data. It is
implemented in C++ and it is available to windows, Red
Hat Linux, Mac OS and IRIX platforms. Various
modalities of images handled by this tool are MRI, CT,
Ultrasound and Nuclear Medicine in DICOM, NIfTI,
Analyze and META data formats. It provides option for
the integration with multiple toolkits due to its
extensibility and flexibility. Functions of 3D SLICER
are format conversion, de-noising, nonlinear/anisotropic
smoothening, mapping, multimodal registration, rigid
registration, affine registration, B-spline registration,

atlas based segmentation, region growing segmentation,
quantification of image through volume measurements
and interactive visualization of wvolumetric meshes,
polygonal meshes and volume renderings.

FREE SURFER

FREE SURFER (Fischl, 2012) is an open source
brain imaging software developed by Martinos center for
Biomedical Imaging and is applied in analyzing
structural MRI scan in NIfTI format. This tool is
compatible to Linux, Mac OS and Windows platforms
and is implemented in C++ language. Tkmedit and
tksurfer tools are used for visualizing and editing
images. Functions supported by FREE SURFER include
conversion of the subject scan to a standard NIfTI
format, orientation of images according to a standard
template, skull-stripping, image registration, automated
cortical segmentation, subcortical segmentation, cortical
parcellation, labeling of subject scans using pre-existing
labels, brain morphometry and fMRI analysis. Statistical
measures estimated for subcortical segmented structures
are number of voxels, volume and mean intensity.
Different statistical measures provided for cortical
parcellated brain scan are number of vertices, surface
area, gray matter volume, average thickness, folding
index and intrinsic curvature index.

SPHARM-PDM

SPHARM-PDM (Spherical Harmonics-Point
Distribution Model) (AlHadidi et al.,, 2012) is a
statistical shape analysis tool written in C/C++ language
and is developed by the Neuroimage Research and
Analysis Laboratories. Linux, Mac OS and Windows are
suitable platforms to SPHARM-PDM Toolbox. It is
available as an external extension to 3D Slicer. Features
of SPHARM-PDM include preprocessing of 3D binary
image data such as removal of bad edge connectivity,
bad vertex connectivity and 3D holes, which are carried
out to create spherical topology. The uniform mapping
of an object surface to the surface of unit sphere with
minimized angle distortion is performed through
SPHARM  parameterization. SPHARM alignment
creates a shape descriptor from the normalized
SPHARM coefficients and it is used for the group
analysis. Principal component analysis and t-test are
available for statistical shape analysis.

pyMVPA

pyMVPA (Multivariate Pattern Analysis in python)
(Hanke et al., 2009) is a freely available software written
in python language and it is used for statistical analysis
of large dataset in neuroimaging. It is developed by
Michael Hanke to provide an easy installation and
integration to other related software packages and
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libraries consisting of machine learning algorithms
(Joshi et al., 2010). pyMVPA is suitable for windows
and Mac OS platforms. NIfTI and Analyze are supported
file formats for the processing. It has built-in functions
for feature selection such as simple thresholding,
incremental feature search and recursive feature
selection. Algorithms available for the dimensionality
reduction are principal component analysis and
independent component analysis. Different classifiers
provided are K-Nearest Neighbor, ridge regression,
support vector machine, sparse multinomial logistic
regression and penalized logistic regression. Different
methods used for the computation of statistics are
binomial test and permutation test.

AIR

AIR (Automated Image Registration) (Woods et al.,
1998) is a software package used for the automated
registration of 3D and 2D brain images. It is free
licensed tool implemented in C language and compatible
with Windows, UNIX and Macintosh platforms. The
tool provides features such as intrasubject-intramodality
registration  (MRI-MRI, PET-PET), intrasubject-
intermodality registration (MRI-PET) and intersubject
registration (Subject-Subject or Subject-Atlas Template).

BRAIN VOYAGER

BRAIN VOYAGER (Goebel and Jansma, 2004) is a
multimodal analysis tool used for the analysis of
functional and structural MRI, Electroencephalography
(EEG), DTI and MEG (Magnetoencephalography) data.
It is suitable for Windows, Linux and Mac OS X
platforms. Tool performs automatic co-registration of the
functional and diffusion weighted data with 3D
anatomical dataset and also supports advanced
visualization of the anatomical and functional data set.
Preprocessing  operations available in BRAIN
VOYAGER are motion correction, high pass filtering
and slice scan time correction and cortex based inter
subject alignment based on gyral and sulcal pattern. Both
the individual and group analysis of brain images is
performed by volume and cortex based analyses using
independent component analysis. Multi-subject volume
of interest and surface patch of interest analyses are also
supported. In addition, multivoxel pattern analysis is
performed through support Vector machine and
recursive feature elimination.

Discussion

Contribution of various image modalities has
increased the quantity and quality of neuroimaging data
tremendously. It is necessary to use computationally
intensive programs to transform the image data into a
suitable form, which is required for the analysis and
interpretation of brain behavior. There is a vast choice

of user friendly and freely available neuroimaging
tools; however, they are limited to perform only
specific tasks. To overcome this limitation, frameworks
are designed using advanced and effective software
packages. The integration of software packages creates
a standardized and single unified environment to
process images using multiple steps and extract
required features suitable for the analysis. Some of
software packages such as FSL, 3D SLICER,
FREESURFER and MIPAV are suitable to develop user
friendly processing pipeline as they are expandable and
can be interfaced well with other programs.

Conclusion

A comprehensive discussion about numerous tools in
this paper gives a clear idea to the beginners to decide a
specific tool for handling the image data obtained from
the human brain. This will help researchers to utilize
existing functionalities of these tools, interpret complex
data and focus towards further enhancements by
extracting features suitable for the analysis. Existing
tools lack flexibility and are supported only by
computers with specific hardware requirements such as
high memory and high processing capacity. Thus, the
development of tools is required to optimize the memory
consumption, processing overheads and reduce the
computational  time.  Further, there are rapid
advancements towards imaging technologies leading to
the acquisition of multimodal images from hybrid
scanners. Therefore, advanced tools require parallel
computing methods and extensibility and have to be
interfaced well with other software packages.
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