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Background and Aim: The methods to detect brain activation with functional MRI (fMRI), and MRI 
provide a way to measure the anatomical connections which enable lightning-fast communication among 
neurons that specialize in different kinds of brain functions. Diffusion tensor imaging (DTI) can measure the 
direction of bundles of the axonal fibers which are all aligned. Besides mapping white matter fiber tracts, 
these methods can enable us to detect and characterize white matter disorders in diseases.

The objective of this narrative review is to overview current knowledge concerning DTI as one of the 
prominent popular MRI techniques that provide a planned tool for comprehensive, noninvasive, functional 
anatomy mapping of the human brain in both research and practical field. This review summarizes the DTI 
development in recent years concerning the specificity and utility of this technique in brain surgery.

Methods and Materials/Patients: The significance of mapping the structure of white matter tracts, 
constructively the brain’s wiring by visualization and characterization of white matter fasciculi in 
two and three dimensions enables us to profound how different brain regions are connected and 
how diseases affect white matter and cause neurological problems. And we noted that while DTI 
proposes a potent tool to study and visualize white matter, it suffers from inherent artifacts and 
limitations. Additionally, some materials about the origin of the DTI signal and unique information 
on white matter and 3D visualization of neuronal tracts have been raised.

Results: This article focuses on DTI modality and its computational techniques, and investigates 
significant considerations in this regard. Moreover, an inspection of the white matter structure 
and integrity of normal and diseased brains (e.g. multiple sclerosis, stroke, aging, dementia, 
schizophrenia, etc.) have been raised as a clinical application of tractography.

Conclusion: The utilization of advances in diffusion-tensor (DT) imaging techniques considerably 
enables us to map the white matter tractography (WMT) in the normal brain. These techniques 
impress the operative decision in a surgical operation, especially concerning cerebral neoplasms. 
Also, it is possible to judge with the assistance of DTI in each subject.
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1. Introduction

rain function is highly associated with the 
wiring between variant brain regions, and 
signals transported by the complex web of 
axons from one neuron to another. Apart 
from methods aiding in the detection of brain 

activation by functional MRI (fMRI), MRI is crucial because 
it offers a choice to measure the underlying anatomical 
connections, through which extremely fast interactions 
among neurons are possible. The neurons perform various 
functions in the brain. In a small region of white matter, 
the bundles of the axonal fibers are all aligned. The direc-
tion of such alignment can be gently measured using diffu-
sion tensor imaging (DTI). Understanding the orientation 
of the fibers at each point is requisite to mapping the fiber 
tracts. This method uses the sensitivity of the magnetic 
resonance signal to the small random motions of water 

molecules. Due to the existence of diffusion in white mat-
ter fiber tracts, water molecules have more tendencies to 
displace along the fiber direction compared with a perpen-
dicular direction; in which diffusion anisotropy has been 
specifically raised, and mapping the fiber orientation with 
DTI is possible. Considerably, besides mapping white mat-
ter fiber tracts, these methods can enable us to detect and 
characterize white matter disorders in disease [1].

DTI is a recently developed MRI technique that can mea-
sure macroscopic axonal organization in the nervous sys-
tem, and it will be one of the noninvasive ways to under-
stand brain structural connectivity [2]. DTI also provides 
image contrast using the directional diffusion rate of wa-
ter molecules within the brain [3]. One of the pivotal as-
pects of applying DTTI is the visualization of white matter 
tractography (WMT) and fundamental aid in the surgical 
planning for patients with intrinsic brain tumors [4].

B

Highlights 

• Diffusion tensor imaging (DTI) is a popular MRI technique to measure macroscopic axonal organization in the 
nervous system.

• DTI is a well-planned tool for comprehensive, noninvasive, functional anatomy mapping of the human brain.

• DTI development regarding the specificity and utility of this technique in brain surgery.

• Significance of white matter tract mapping on the connectivity survey of different brain regions.

• Inspection of the white matter structure and integrity of the normal and diseased brains as a clinical application 
of tractography.

Plain Language Summary 

Anatomical connections exist between various brain regions that affect brain function. These bundles of white mat-
ter axonal fibers within a small region, all in a straight line, compose a complex web of axons that are responsible to 
transport the signals from one neuron to another. The alignment direction at each point enables us to trace wiring 
paths that map the fiber tracts through the brain. Diffusion tensor imaging (DTI) can measure the direction of axonal 
alignments by benefiting from the sensitivity of the magnetic resonance signal to the small random motions of water 
molecules. In addition to methods to detect brain activation with MRI, functional MRI (fMRI), DTI provides a proce-
dure to measure these anatomical connections. However, DTI proposes a powerful tool to study and visualize white 
matter but is in the exposure of intrinsic artifacts and limitations. More precisely, in complicated and severe sensitive 
neurosurgical conditions, including brain tumor cases (gliomas and metastasis), DTI plays a key role in evaluating the 
integrity and assessing the location of white matter tracts and planning for the surgical corridor preoperatively to min-
imize the damage to the WM tracts with minimum postoperative new neurological deficits. Indeed, DTI extensively 
developed in recent years regarding the specificity and utility of this technique in brain surgery. Here we demonstrate 
how the exact mapping of white matter tracts and the formation of a mental image of the brain’s wiring contribute 
to a deep awareness of the character or nature of diseases that affect white matter in various brain regions and lead 
to neurological issues. Furthermore, in this essay, the origin of the DTI signal, the computational techniques of this 
modality, and the clinical application of tractography have been investigated.
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Tractography has been raised as a significant method 
to improve the extent of tumor resection that surely 
liaises with longer survival. However, there is always a 
probability of tumor relapse. Primarily, MRI by focus-
ing on cortical structures can precisely illustrate brain 
tumors, also the connection of the tumor with crucial 
brain structures, including blood vessels, but about the 
subcortical gray matter and the urgent region surround-
ing tumors, there is an obvious weakness in indicating 
exact information about entanglement and entirety 
of WMT. Fortunately, diffusion anisotropy maps and 
DTI modality can obtain a wealth of information in the 
white-matter tracts [4].

The concentration of this article is on DTI quiddity, its 
particular computational techniques, investigating its 
precision and interpretation, clarification of these WMT 
dispersions, and assessment of tract confidence. Un-
doubtedly, having complete acquaintance with all these 
comprehensions equips the neurosurgeons for preop-
erative planning. Tractography analysis has been com-
petently discussed in this paper as well. Furthermore, 
consideration of functional connectivity and fiber cluster-
ization among large tractography datasets is discussed in 
our paper. The only confined clinical aspects of the appli-
cation of tractography in diseases have been discussed.

2. Methods and Materials/Patients

Basic diffusion tensor imaging (DTI) concepts

DTI is a recently developed MRI technique that can 
measure macroscopic axonal organization in the nervous 
system, and it is one of the noninvasive ways to under-
stand brain structural connectivity [2]. DTI also provides 
image contrast using the directional diffusion rate of wa-
ter molecules within the brain. When we see white mat-
ter on the MRI, a homogeneous gelatinous substance 
exists called the white matter, and no information about 
nerve tracts is available. A creative method called DTI 
illustrates how the tracts of white matter get through 
the brain. Diffusion occurs due to Brownian motion and 
random thermal motion. This diffusion can be isotropic 
or anisotropic. There is high isotropic diffusivity in cere-
brospinal fluid (CSF) and an isotropic diffusivity in the 
gray matter but high anisotropic diffusivity in the white 
matter. Image intensities are inversely proportional to 
water molecules in tissue and motion orientation. De-
spite naturally moving water molecules under Brownian 
motion in an isotropic medium, e.g. water glass, the dif-
fusion in biological tissues is often anisotropic [5]. Low 
contingency to crossing a myelin membrane by a sup-
posing molecule through the axon can be a sample in 
this case. It can be comprehended by applying a specific 
gradient in a given direction wherever the dark regions 
correspond to non-Brownian motion.

Figure 1. The MRI Signal investigation and diffusion contrast. A) Figuring out b value diffusion contrast firstly for understanding magnetic 
field gradient pulses is highly required. 

B) The effects of magnetic field gradients on the MRI signal B0 field is a strong magnetic field of MRI that aligns along the bore, orientations, 
and lengths of the green arrows indicate its orientations and strengths. By applying a gradient pulse, alternation in the strength of the B0 
field will be considerable. Combining MRI scanners with X, Y, and Z gradient units enables us to nominate magnetic field gradients and any 
arbitrary orientations.
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Anisotropy and diffusion tensors

DTI facilitates measuring the quantity of water diffusion 
within brain tissue. Three perpendicular vectors portray 
the diffusion of each image voxel. Indeed, isotropic diffu-
sion corresponds to no restriction to water movements, 
including CSF and ventricles, while anisotropic diffusion 
corresponds to restricted water movement in one pri-
mary direction, including myelinated fibers.

The angular frequency of the MR signal (ω) and the 
magnitude of the magnetic field (B) are related by the 
equation of ω=γ B where the magnitude of the mag-
netic field (B) and the magnet strength (B0) have this 
relationship: B=(B0+G*distance). Also, in Figure 1.B. 
the effect of a gradient pulse is schematically depicted 
by applying a Y gradient and measuring signals from 
water molecules in two different positions along the 
Y-axis. These different positions were represented by 
red and blue circles. Four separate periods were con-
sidered to illustrate these remarkable effects. In period 
I, analogous magnet strength was applied thus identic 
signal frequencies were obtained from all water mol-
ecules. While in period II, we observe the initiation of 
resonating at a lower frequency for water molecules 
in the blue position by exerting the Y gradient. Follow-
ing to being terminated the gradient pulse, the water 
molecules tend to have the same frequency build-up, 
although their phases are never the same. Therefore, a 
phase difference with a short period of a gradient pulse 
occurs depending on the location of the molecules 
along the gradient axis. Finally, in period IV, unwinding 
the phase difference is desired; it is possible to apply an-
other Y gradient with the opposite polarity. Commence 
to resonate at a higher frequency for water molecules in 
the blue location are visible [2]. 

B-value is a term 1st introduced in 1965 by Stejskal and 
Tanner in their pulsed gradient diffusion approach. It 
has been delineated as a basic technique for most mod-
ern diffusion-weighted image (DWI) pulse sequences. It 
particularly demonstrates the level of diffusion weight-
ing and is associated with the pulse gradient’s strength 
and duration, and provides two strong gradient pulses 
of amplitude (G) and duration (δ), as well as the time in-
terval (Δ) between the gradients. In practice, this factor 
has been applied to generate diffusion-weighted imag-
es. Whereas b alternates by prolonging the separation 
of the two gradient pulses, this, in turn, allows water 
molecules to displace around more signal loss. The ef-
fect of diffusion is strongly influenced by the b-value 
and is amplified by increasing it. The formula for b spe-
cific to this particular implementation can only be seen 

in the Stejskal-Tanner pulsed gradient diffusion method, 
and the parameters are well demonstrated (Figure 1. 
A). Although the “optimal” choice of b-value is still chal-
lenging and undeniably depends on the field strength, 
several signals moderately predicted anatomical charac-
teristics and pathology [6].

The amount of fractional anisotropy (FA) map is com-
puted by an indicator called apparent diffusion coef-
ficient (ADC), which largely represents the density of 
nerve fibers and has a value between 0 and 1 that zero 
appertains to the regions, such as CSF that no fiber tract 
exists and one belongs to a region that the compact-
ness degree of fibers is high and in one direction. The 
strength and timing of the gradients exerted to produce 
diffusion-weighted images have been reflected by a 
factor named the b-value. The diffusion effects will be 
stronger if the b-value ascends to higher amounts. If the 
MR signal at baseline is and D is the diffusion coefficient, 
the signal (S) after the diffusion gradients are given by 
the Equation 1 [6]: 

1. S=S0 e
-bD

Biological tissues are highly anisotropic, which means 
their diffusion rates are not the same in all directions. 
For conventional DW imaging, this complexity was ig-
nored, and diffusing was reduced to a single average 
value, the ADC, but this is oversimplified. In ADC, dark 
regions represent the regions with slower water diffu-
sion. There are further obstacles to movement or aug-
mented viscosity. Contrariwise the bright parts have a 
quicker diffusion, and the intensity of pixels is compa-
rable to the extent of diffusion. Conversely, in diffusion-
weighted imaging, a visible decrease in water diffusion 
in bright regions and increased water diffusion in dark 
regions are visible [6].

Diffusion anisotropy can be defined as any non-uniform 
pattern in water molecules diffusing in orderly structures, 
such as the brain. We can gauge the diffusion anisotropy 
by diffusion encoding gradients in at least six directions 
and procuring DWI. Also, we can compute the tensor and 
FA map of WMT and therewith display the tracts and their 
orientations [7]. An anisotropy map would address the 
white matter bundles in the human brain [8].

Water diffusion across human brain tissue depends on 
the environment proportion of intracellular water (va-
sogenic edema) versus extracellular water (cytotoxic 
edema), extracellular structures/large molecules, spe-
cifically in disease states, and physical orientation of tis-
sue such as nerve fiber direction [6].
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The tensor model is a model to describe data on aniso-
tropic diffusion, which characterizes diffusion where the 
water molecules’ diffusion in each specific unit of time 
does not take place at a uniform rate in all directions. A 
three-dimensional diffusivity model in biological tissues 
has been considered a diffusion tensor (DT). In white 
matter, the major eigenvector, which is the direction of 
greatest diffusivity, is commonly supposed to be consis-
tent with the fiber bundles’ direction [9].

The diffusion tensor matrix is defined by a 3x3 symmet-
rical matrix that characterizes the displacement in three 
dimensions or is compatible with diffusion rates in each 
combination of directions [6] (Equation 2):

2. 
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The three diagonal elements (Dxx, Dyy, Dzz) repre-
sent diffusion coefficients measured along with prin-
cipal laboratory axes (x-, y- and z-). The correlation of 
random motions between each pair of main directions 
is reflected in the six off-diagonal terms (Dxy, Dyz, etc). 
etc.), except for the particular state of isotropic diffu-
sion, for instance, in pure liquids that all the off-diagonal 
elements are equal to zero. The diagonal elements are 
all the same and equal the single diffusion coefficient, D, 
for the isotropic material (i.e. Dxx=Dyy=Dzz=D). The ten-
sor and the ellipsoid matrix can be described by the size 
of the principles axes (eigenvalues) and the direction of 
the principles axes (eigenvectors), which are indicated 
by λ1, λ2, λ3 (Equation 3):
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Where λ1, λ2, and λ3 have termed the diagonal values of 
the tensor, λ1 address the value of primary eigenvalue or 
maximum diffusivity (longitudinal diffusivity), and λ2 and 
λ3 provide the extent of diffusion transversally to the pri-
mary one (or so-called radial diffusivity in one plane and 
they are also linked to eigenvectors that are orthogonal 
to the primary one) [6].

There are different types of images we can obtain from 
white matter. One of them is mean diffusivity, where we 
can average diffusion at every voxel across traces inde-
pendent of direction [6] (Equation 4). 
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It naturally helps that CSF has the most signal due to 
having maximum diffusion, and the white matter has 
the least signal. The gray matter will have a much higher 
amount than the white matter. And FA is another indica-
tor of diffusion anisotropy degree at each voxel evaluat-
ed by the tensor. The following formula [6] can calculate 
it (Equation 5):
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FA has an amount between 0 and 1 where zero is re-
lated to the state of no fiber and no movement in no 
direction, namely, diffusion is spherical (i.e. isotropic). 
Vice versa 1 relevant to the condition of a series of fibers 
have been departing in the same direction; namely, dif-
fusion is tubular (i.e. anisotropic). FA map is completely 
independent of direction, and FA increment in a region 
highly corresponds to an increase in the integrity of 
white matter. In other words, we can bring up isotro-
pic and anisotropic diffusion as two different definitions 
for indices of diffusion, which are named diffusivity and 
fractional anisotropy, respectively. The addition of ei-
genvalues in mean diffusivity is equal to the mean direc-
tional diffusivity to calculate the overall diffusivity, while 
the difference in eigenvalues in fractional anisotropy is 
considered to compute directional diffusion. To inter-
pret FA diffusivity and diffusivity, FA diffusivity highlights 
the size, number, and fiber’s myelination, while just FA 
provides insight toward directionality [10]. 

The distribution of major eigenvectors in the white mat-
ter has been investigated using color-based maps and 
WMT. Particular white matter structures, including the 
internal and external capsules, corona radiate, cingulum 
sagittal, stratum, and superior longitudinal fasciculus, 
revealed coherent patterns in the minor and medium 
eigenvector directions. The patterns mentioned above 
are consistent across subjects [8]. Color-coded FA map is 
another sign of white matter mapping, which is a more 
advanced step of a simple FA map, based on the prin-
cipal diffusion direction and demonstrates the orienta-
tion of fibers. Besides the amount of diffusion, its direc-
tion of great significance, and accordingly, in x-direction 
reading from left to right, y-direction green anterior to 
posterior, and z-direction blue superior to inferior have 
been considered [9]. Beyond FA map, techniques, such 
as vector FA map which superimpose principal direction 
vector and by tracking these vectors, tracts will be ob-
tainable, which is referred to as tractography [6].
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Tractography techniques

In the current study, the extracted data by using imag-
ing findings is recruited to identify fiber tracts’ location. 
In other words, our ultimate goal in DTI is tractography 
which means being precisely able to determine the di-
rections. In this technique, corresponding voxels are 
linked in the direction of maximum diffusion. It must be 
kept in mind that these tracts have not necessarily ex-
tended or moved uniformly in one direction only. Fluc-
tuations in motion of these fiber tracts are inevitable, 
and they must be accepted as one of the complications 
in tracking nerve fibers [11]. 

Due to uncertainties in the fiber tracking methods, 
several different techniques have been introduced for 
tractography, including streamline (deterministic), prob-
abilistic and global tractography. Deterministic tractog-
raphy or streamlining communicate neighboring voxels 
from seed regions (user-defined voxels), e.g. M1 for the 
contralesional corticospinal tract (CST). In this method, 
the user is allowed to determine the required regions 
to restrict the tract’s output, such as the internal cap-
sule for the contralesional corticospinal tract (CST). 
Traced tracts pending termination criteria are yielded 
(such as the existence of a harsh angulation or declin-
ing anisotropy under a specified level). Accordingly, ho-
mogeneous and picturesque photos are acquired in this 
method. Concerning the background of this method, 
steering or propagation of streamlines, tensor deflec-
tion, tensorlines, and tract integration of fiber assign-
ment by continuous tracking (FACT) , Euler and Runge 
Kutta are remarkable. On probabilistic or stochastic 
tractography, the value of each voxel in the map will be 
equivalent to the probability of the voxel considered in 
the diffusion path among the region of interests (ROIs). 
Mainly streamlines run for all voxels in the seed ROI. 
The technique mentioned above represents the quan-
titative probability of the link at each voxel and provides 
tracking into parts in which a low anisotropy, such as 
kissing fibers or crossing or does exist. Voxels with kiss-
ing geometries and voxels with crossing fibers or com-
plex geometrical configurations can be challenging in 
diffusion MRI (dMRI) reconstruction and fiber tracking. 
In crossing or kissing fibers, FA is substantially low within 
the voxels of intersections [12]. Tractography of corti-
cospinal tracts has been performed by both streamline 
and probabilistic techniques [13].

In global tractography, considerable ambiguities of 
tract solutions exist for complex fiber structure and 
orientation distribution function (ODF) helps, but am-
biguities remain, and indeed finding the ‘optimal’ trac-

tography solutions consistent with regional or global 
measurements have great significance. Global tractog-
raphy algorithms consist of graph theory tractography 
min energy solution–2 regions, particle filtering, Gibbs 
tracking, spin glass model.

Diffusion models

Many studies have investigated the various types of 
diffusion models, including DTI, high angular resolution 
diffusion imaging (HARDI) containing a shell of diffusion 
weighting, spherical harmonic decomposition (SHD) of 
ADC, and q-ball, diffusion spectrum (q-space) imaging 
containing q-space imaging (qSI), diffusion spectrum 
imaging (DSI), cartesian q-space, hybrid diffusion imag-
ing (HYDI) by, multiple shells, orientation distribution 
function, ODF and fiber ODF.

3. Results

Tractography errors

Different sources or factors are available for tractogra-
phy errors. Among various factors influencing DTI ac-
curacy, we can refer to cumulative tractography errors, 
heterogeneous tensor fields, including branches, cross-
ing and adjacent WM tracts, existing false branching 
and termination containing branches, and crossing and 
adjacent WM tracts. In addition, visually apparent DTI 
artifacts can lead to tractography errors. And this issue 
has such importance that even small errors can have 
catastrophic results [14].

Utilizing diffusion tensor MR images in WMT promises a 
favorable and propitious technique for appraising white 
WMT pathways in the human brain. The accuracy of the 
WMT algorithms considerably affects the success of this 
method [15].

Comparison of tractography algorithms in a significant 
study named tensorlines performed by Weinstein et al. 
that considered different coefficients applied in the fol-
lowing equation based on various techniques [14].

Tensorlines

Vout=fe1+(1-f) ((1-g)vin+gD.vin)

Streamlines (f=1, g=0), deflection (f=0, g=1), stiff de-
flection (f=0, g=0.3)
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Tractogram interpretation

Outstandingly, on how to interpret these pretty pic-
tures, we should say that tractograms usually look re-
alistic. Another momentous study was diffusion tensor 
MRI (DT-MRI) Alexander which investigated partial vol-
ume effects on anisotropy [16].

By recent developments in computational analysis of ef-
fective connectivity as well as diffusion-based imaging, 
we are observing the revitalization of Hodology, i.e. the 
science investigating connectional anatomy. The pretty 
pictures made by diffusion-based imaging mesmerize 
the people, but undoubtedly, it has specific limitations; 
hence, the underlying pitfalls and shortcomings must 
truly be considered. The tensor model does not perform 
well where fibers twist, kiss, splay, cross, branch, and re-
gions in which false negatives or artefactual reconstruc-
tions of pathways may presumably occur. By profound 
looking at this issue, developing alternative approaches, 
such as probabilistic placenta accreta spectrum (PAS)-
MRI, spherical harmonic deconvolution, q-ball imaging, 
diffusion spectrum imaging, and probabilistic diffusion 
tractography with multiple fiber orientations for anal-
ysis of the diffusion-weighted signal has remarkably 
been raised. Although no perfect solution exists to this 
problem, for instance, enabling to make a distinction 
between fibers crossing, bending, or kissing through a 
voxel is a challenge, and in fact, topological ambiguity 
would be a big obstacle. And definitely, another point 
would be false negatives as well as artefactual recon-
structions in diffusion-based imaging tractography, and 
specifically, there are some regions in which DTI tractog-
raphy cannot visualize false negatives [17].

Tract dispersion

The axial diffusion asymmetry or orthogonal may be 
clarified by diverging, merging, or crossing fiber geom-
etries. White Matter axial asymmetry must yield aniso-
tropic dispersion patterns in the expected tract trajec-
tories. The minor and medium eigenvector patterns 
are useful to clarify the local dispersion distributions of 
WMT [16].

Distance, signal-to-noise ratio (SNR) and anisotropy, and 
tract orientation in terms of having an encoding scheme 
impress on tract dispersion so that it grows by distance 
whilst diminished by SNR and anisotropy. Besides, diver-
gency in tract geometries in, opposite to convergency 
that detracts dispersion, leads to an increment in tract 
dispersion [15]. Analytic models of tract dispersion were 
constructed as a function of the tract distance, SNR, ei-

genvalues of the tracts, voxel size, and the relationship 
between the tract direction and the diffusion tensor en-
coding directions. A sample of these types of models is 
shown in Lazar and Alexander Neuroimaging.

Estimating tract confidence

Among the crucial different methods of DTI analysis, 
especially tract confidence estimation, which has been 
proposed in recent years, including several models pre-
sented by Lazar and Alexander Neuroimage, probabilis-
tic tractography, bootstrap tractography, multisubject 
tractography analysis have worth to be mentioned. All 
these efforts have been planned to perform a more pre-
cise DTI. Some of these techniques are physics-based, 
meaning that they examine the motion of molecules in 
terms of physicality and optimal energy consumption; 
physical equations have been introduced into compu-
tations, and based on them, the most promising path 
is anticipated. However, the other methods emphasize 
that there are a series of atlas-based information that 
guide us in moving molecules, and provides a more re-
alistic photo [18].

Examples of prominent studies in this field, including 
probabilistic tractography, small angular perturbations 
are added at each ‘step’–probabilistic index of con-
nectivity (PICo); FSL (Furniture Symbol Library (space 
planning software) also the approach of RAVE (random 
vector) perturbation that from a single seed multiple 
pathways are generated by calculating a perturbed ei-
genvector direction at discrete points along the trajec-
tory can be mentioned. Additionally, in bootstrap trac-
tography, the non-parametric distribution estimation 
method, which iterative resampling with replacement–
Efron, and DTI have been considered from outstanding 
studies’ projects. Boot-tractography requires 2+DTI data 
sets from the same session, tractography repeated from 
seed location with random resampling; moreover, wild 
bootstrap, and residual bootstrap can be enumerated. 
Furthermore, multi-subject tractography analysis is one 
kind of distinct mapping investigation where parcelate 
whole-brain tracts use the cortical template and co-reg-
ister linearized tractography connection data between 
subjects. The highest connection probability can be il-
lustrated by a composite map of the principal direction 
of water mobility in various areas.

Anatomical and functional parcellation

To represent anatomical and functional parcellation, 
freesurfer parcellation maps have been well devel-
oped. Free surfer separates gray matter and white mat-
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ter from each other, and by performing complicated 
mathematics calculations to determine two important 
concepts, including cortical thickness and surface area, 
then by multiplying these two parameters, the cortical 
volume is estimated. A framework for modeling human 
connectome using dMRI has been produced. In cogni-
tive neuroscience, by assisting the technology of the 
human connectome, it is possible to discrete the differ-
ent regions that are interconnected [6].

Gibbs tracking raised that DWI signals correspond to 
the tract model where ‘fiber’ configurations are con-
structed using small line pieces, fiber geometry is used 
to generate synthetic DW data, synthetic data com-
pared against measured DW data and fiber configura-
tion is adjusted to obtain new solution and iterative op-
timization methods are used to maximize consistency 
between measured data and tracts.

Validation or proving the validity or accuracy of map-
ping, distinction synthetic and phantom data from real 
ones, meanwhile comparing with tracer studies would 
be a beneficial advantage. There are two main strata-
gems, including ROI based approach, which evaluates 
the tracts entered or left in a specific seed, and the 
whole brain for tracking axonal fibers, that any of them 
will be advantageous in its specific situation. ROI-based 
approach by appraising the tracts entered or left in a 
specific seed precisely assesses these tracts [19]. Fiber 
clustering is mainly considered an automated instru-
ment separating fibers based on their projections and 
shape. Among uncinate fasciculus, frontotemporal con-
nections, and inferior fronto-occipital fasciculus (IFOF) 
is scarcely observed in the literature (adapted from 
gray’s anatomy) [16].

4. Discussion

Clinical aspects and applicable tractography in diseases 

Tractography, neurosurgery, and brain tumors

Certainly, one of the most significant applications of 
DTI in Neurosurgery is when we face brain tumors; it 
can be considered a big challenge for this imaging tech-
nique because the existence of any legion among these 
fiber tracts can disturb the ordinary equations.

White matter fiber tracts and schizophrenia

In MRI structural studies, deficits related to gray matter 
have been largely reported but abnormalities concern-
ing white matter are less apparent. Eminently func-

tional abnormalities have been addressed in diverse 
brain regions and different settings using PET and fMRI. 
Admittedly, schizophrenia should be considered when 
different brain regions are disconnected. Besides, there 
appear to be distinct corpus callosum abnormalities in 
autism [20].

The most eminent connection between limbic struc-
tures consists of the cingulum bundle, which consoli-
dates information by interconnecting the thalamus, 
parietal, prefrontal, and temporal lobes, including the 
hippocampus and amygdala parahippocampal gyrus 
with the cingulate gyrus. Verily combining this informa-
tion into a more effective, or coherent whole makes 
this stronger. Schizophrenia-related symptoms includ-
ing thought disorder, disorganized behavior, flattening 
of affect, delusions, hallucinations, and lack of attention 
are often linked with cingulate dysfunction. In the view-
point of anisotropy analysis, cingulate fasciculi (out of 
plane diffusion component) above the corpus callosum 
(in-plane component) are differentiable in diffusion 
tensor maps in patients with schizophrenia, especially 
in terms of the difference in the area of the bundle. 
According to a study, the left-sided cingulum bundle’s 
diffusion anisotropy in the schizophrenia population 
was recorded as 7.4% lower compared to normal com-
parison cases (mean of the percentage difference for all 
eight slices), while the right-sided cingulum bundle’s dif-
fusion anisotropy was just 2% lower compared to nor-
mal cases. Thereupon, these results lead us to a relative 
anisotropy within the cingulate fasciculus [21].

To recap, most studies in this field consist of inter and 
intragroup comparisons and correlations in toxicities, 
diseases, and cognitive functions. Also, in traumatic 
brain injury, DTI can help find damaged tracts. Further-
more, in developmental studies and presurgical plan-
ning, DTI plays a unique role [22].

Fiber tractography

There are three various types of functional connectivity, 
including direct functional connectivity following partial 
correlation, functional connectivity by Pearson correla-
tion, and the pseudo functional connectivity caused by 
their difference which was appraised by resting-state 
functional magnetic resonance imaging data in conjunc-
tion with structural connectivity specified by applying 
fiber tractography of DTI. It is noteworthy that these 
types of functional connectivity were assessed by pat-
terns of structural connectivity, e.g. intra-/inter-hemi-
spheric edges as well as topological edge types, and con-
sidering structural connectivity attributes (fiber lengths 
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and streamline counts) in the rich club constitution. It is 
essential that, in addition to structural connectivity, the 
within-day mutability in functional connectivity and also 
connectivity patterns, particularly the direct functional 
connectivity among brain areas, contribute to constrain-
ing the strength of functional connectivity [23].

Fiber clustering

Nowadays, to cluster fibers, automated methods that 
can identify white matter bundles from large tractogra-
phy datasets have several applications in neuroscience 
research. In addition, the fast fiber clustering (FFClust) 
method for large tractography datasets containing mil-
lions of fibers has been remarkably raised. These result-
ing clusters portray the whole set of main white matter 
fascicles existing on a brain. The study of these clusters 
is remarkable in several respects. Investigating the clus-
ters in pathological brains can be propounded as to its 
significance at the individual level. At the population lev-
el, by processing and analysis of reproducible bundles, 
other post-processing algorithms can be performed to 
study brain connectivity and develop new white matter 
bundle atlases. The utility of compact clusters gives us 
benefits in identifying atlas bundles connecting differ-
ent brain regions accurately [24].

Coregistration of MRI and diffusion tensor MRI (DTMRI)

To simultaneously perform the coregistration of MRI and 
DTMRI with no gradient DTI gray-aligned spoiled gradi-
ent recalled acquisition in the steady state (SPGR), in the 
1st stage, initial coarse registration is performed manually 
using a slicer alignment module. Automatic fine registra-
tion with the registration module with mutual informa-
tion, since the registration metric is done [25].

Non-linear registration module, i.e. Alexandre Gui-
mond, Matthan Caan lean mass index (LMI), and Lifeng 
Liu calcineurin inhibitor (CNI), as well as coregistration 
of DTMRI (T2 baseline) and MRI (SPGR) were performed 
for qualitative evaluation. Measurements of absolute 
anisotropy (AA), fractional anisotropy (FA), ADC, and 
relative anisotropy (RA) are considered results of the 
coregistration pilot study.

Main challenges

One of the controversial issues in this technique of 
mapping is directionality. No certainty exists about the 
direction of movement in fibers. Also, if termination 
nodes of fibers in the vicinity of gray matter eliminate 

and seem to be fading, finding tracts between two re-
gions of the cortex will be confusing. 

Another critical challenge in DTI mapping is the detec-
tion of crossing fibers which strongly depends on utiliz-
ing some methods for rectifying anisotropy, including 
the Bi-tensor model, which is a model consisting of two 
tensor compartments with the same arbitrary orienta-
tions and shape. The above-mentioned model provides 
two different white matter bundles simultaneously 
in one voxel. Due to the presumed identical shape of 
each tensor, it also represents the same parameters as 
a tensor model. The volume fraction cannot help fur-
ther analysis since it is affected by arbitrary partial vol-
ume impacts [26]. Additionally, there are some meth-
ods, such as high-angular resolution diffusion imaging 
(HARDI), such as q-ball imaging which reconstructs the 
diffusion ODF, a spherical function whose maxima cor-
respond to the underlying fiber populations [27].

Registration and averaging, especially in a case of a 
group of subjects in the pilot, create challenges in this 
regard, techniques such as “tract-based spatial statis-
tics”, improving the objectivity, sensitivity, and inter-
pretability of multi-subject diffusion imaging analysis, 
can beneficial [28].

Undoubtedly, the presence of lesions, such as glioma as 
a brain tumor on the way of WMT can be considered 
a serious problem. The existence of anatomically intact 
fibers in eccentric-appearing areas of the brain can be 
detected in DT imaging. There is an ambiguity about 
whether the resection of impaired fibers eventuates 
in delicate postsurgical neurological deficits and needs 
more systematic investigation [29].

5. Conclusion

Modern oncologic neurosurgery is undoubtedly one 
of the main and vital goals to meticulously remove the 
maximum amount of tumoral tissue while maintaining 
brain function in or adjacent to the tumor region. fMRI 
was considered the most important step in the preoper-
ative mapping of the cerebral cortex; nevertheless, this 
mapping never has the potential to provide an aware-
ness of WMT, which could be involved in intrinsically 
invasive brain tumors.

The utilization of advances in diffusion-tensor (DT) im-
aging techniques considerably enables us to map the 
WMT in the normal brain. However, it is undeniable that 
DT imaging plays a vital role in the preoperative map-
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ping of WMT concerning cerebral neoplasms. These 
amazing techniques impress the surgical decision. 

Also, by acquiring major information, including the 
anatomical information about location, orientation, and 
projections of WMT, depending on the tumor’s charac-
teristics and situation, making a judgment about evi-
dence of WMT edema, displacement, infiltration, and 
disruption, with the assistance of DTI in each subject 
could be feasible. With significantly improved through-
put, high-quality DTI results are more achievable due to 
the recent development of imaging technology.
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