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DTI fiber-tracking parameters adjacent to gliomas: the role of
tract irregularity value in operative planning, resection and
outcome

Abstract

Background: The goal of glioma surgery is maximal tumor resection associated with
minimal post-operative morbidity. DTI-FT is a standard application of white-matter (WM)
visualization for diagnosis and surgical planning but assumes a descriptive role since the
main DTI parameters showed limitations in clinical use. New quantitative measurements
were recently applied to describe WM architecture adjacent the tumor that can be adopted

as predictive values and guide for safe tumor resection.

Methods: This is a prospective multicentric study on a series of glioma-patient who
performed magnetic resonance imaging (MRI) with pre-operative diffusion tensor
imaging-tractography (DTI-FT). We examined DTI parameters of FA (mean, min-max),
MD, and the shape-metric TI grade measured in the brain adjacent tumor area, comparing

it with the surgical series' clinical, radiological, and outcome data.

Results: The population consisted of 118 patients, with a mean age of 60.6 years. 82 patients
suffering from high-grade gliomas (69.5%), and 36 from low-grade gliomas (30.5%). A
significant inverse relationship exists between the FA mean value and grading (p=0.001).
The relationship appears directly proportional regarding MD values (p=0.003) and TI
values (p=0.005). FA mean and MD values are susceptible to significant variations with
tumor and edema volume (p=0.05). TI showed an independent relationship with grading
regardless of tumor radiological features and dimensions, with a direct relationship with
grading, ki67% (p=0,05), PFS (p<0.001), and EOR (p<0.01).

Conclusion: FA, MD and TI are useful predictive measures of clinical behavior of glioma

and especially TI could potentially be helpful for tumor grading identification and surgical

planning.
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Abbreviations

Central nervous system (CNS), World Health Organization (WHO), glioblastoma (GB),
Genome-wide Complex Trait Analysis (GCTA), isocitrate dehydrogenase (IDH), low
grade glioma (LGG), high-grade gliomas (HGG), histone chaperone a-thalassemia mental
retardation X-linked (ATRX),

overall survival (OS), Extent of resection (EOR), 5-aminolaevulinic acid (5-ALA), white
matter (WM), Magnetic resonance imaging (MRI), fluid-attenuated inversion recovery
(FLAIR), diffusion-weighted imaging (DWI), diffusion tensor imaging (DTI), DTI Fiber
tracking (DTI-FT), cortico-spinal tract (CST), generalized g-sampling imaging (GQI), g-
space diffeomorphic reconstruction (QSDR), region of interest (ROI), fiber assignment by
continuous tracking (FACT), superior longitudinal fasciculus (SLF), inferior longitudinal
fasciculus (ILF), Karnofsky performance scale (KPS), gross total resection (GTR),
functional MRI (fMRI), fractional anisotropy (FA), mean diffusivity (MD), axial diffusivity
(AD), and radial diffusivity (RD), tract irregularity (TI), radiotherapy (RT), standard
deviation (SD), tensor shape (CL), planar isotropy coefficients (CP), spherical isotropy
coefficients (CS), fiber density index (FDi), Progression-free survival (PFS), magnetization-

prepared rapid acquisition gradient echo (MPRAGE).
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1.1 Gliomas: definition and epidemiology

Gliomas are the most common primary neoplasms of the central nervous system (CNS) in
adults [1,2]. They are typically distinct for their astrocytic or oligodendrocytic origin and
are categorized according to the World Health Organization (WHO) grade [3].
Approximately 85,000 individuals in the United States and 5/100000 in Europe are
diagnosed with a primary brain tumor each year [4], of which approximately 80% to 85%
of these are gliomas, which diffusely infiltrate the brain parenchyma. The incidence of
glioblastoma (GB), the most common malignant primary brain tumor in adults, increases
after the age of 40 and peaks in adults aged 75 to 84 years. Lower-grade diffuse gliomas
usually affect patients younger than 50 years old and are further subclassified into
astrocytomas and oligodendrogliomas [2].

Less than 5% of adults with a malignant brain tumor report a family history of brain
tumors or have a cancer predisposition syndrome. However, the contribution of
heritability to brain tumor formation is likely higher, based on germline sequencing and
analysis using Genome-wide Complex Trait Analysis (GCTA). Prior exposure to ionizing
radiation to the CNS, usually during treatment for another cancer, such as childhood
leukemia, is considered a risk factor for brain tumors. Exposure to low-frequency
electromagnetic fields is not an established risk factor. No high-quality evidence
demonstrates an association between cellular telephone use and brain tumor formation. In
an international case-control study of 4533 glioma patients and 4171 controls, a history of
respiratory allergies, asthma, or eczema was associated with a statistically significant
lower risk of glioma. Those with glioma (229 patients) are also less likely than controls
(289 patients) to report a history of varicella virus (adjusted OR, 0.59 [95% CI, 0.40-0.86])

and have lower levels of immunoglobulin G to varicella virus [5].

Since identifying key molecular alterations that provided a definitive prognosis and led to
the 2021 WHO classification of CNS tumors, understanding of glioma behavior has
rapidly evolved [6]. The mutations in isocitrate dehydrogenase (IDH) 1 and 2 are present
in all of the adult grade 2 and 3 gliomas, and the use of 1p/19q codeletion for classification
is now limited to the oligodendroglioma distinction. Further, new molecular key factors
were discovered to improve distinction and to better predict the prognosis. As such, low
grade glioma (LGG) encompasses all grade 2 and 3 tumors, while high-grade gliomas
(HGG, grade 4) is definitely identified with the IDH-wild type mutation or the new
additional molecular characterization. With this definitive shift in the understanding of
lower-grade gliomas, disease management is being redefined in the setting of emerging

molecular-genetic biomarkers [7].
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1.2 Glioma pathogenesis

Comprehensive molecular profiling has dramatically mutated the diagnostic
neuropathology of brain tumors. Diffuse gliomas are now classified by highly recurrent
biomarkers instead of histo-morphological characteristics. The advent of molecular
profiling technology has altered neoplastic disease classification, delineating more
biologically and clinically uniform entities that often transcend conventional
histopathological categorization [8]. This is particularly evident in brain tumor taxonomy,
where this fundamental shift in approach has led to both the refinement of existing

diagnostic categories and the creation of several novel tumor types (Fig. 1).

Table1 2021 WHO Classification of Tumors of the Central Nervous System. Provisional Entities are in Italics

World Health Organization Classification of Tumors of the Central Nervous System, fifth edition

Gliomas, glioneuronal tumors, and neuronal tumors

Adult-type diffuse gliomas
Astrocytoma, IDH-mutant
Oligodendroglioma, IDH-mutant, and 1p/19qg-codeleted
Glioblastoma, IDH-wildtype

Pediatric-type diffuse low-grade gliomas
Diffuse astrocytoma, MYB- or MYBL1-altered
Angiocentric glioma
Polymorphous low-grade neuroepithelial tumor of the young
Diffuse low-grade glioma, MAPK pathway-altered

Pediatric-type diffuse high-grade gliomas
Diffuse midline glioma, H3 K27-altered
Diffuse hemispheric glioma, H3 G34-mutant
Diffuse pediatric-type high-grade glioma, H3-wildtype and IDH-wildtype
Infant-type hemispheric glioma

Circumscribed astrocytic gliomas
Pilocytic astrocytoma
High-grade astrocytoma with piloid features
Pleomorphic xanthoastrocytoma
Subependymal giant cell astrocytoma
Chordoid glioma
Astroblastoma, MN1-altered

Glioneuronal and neuronal tumors
Ganglioglioma
Desmoplastic infantile ganglioglioma / desmoplastic infantile astrocytoma
Dysembryoplastic neuroepithelial tumor
Diffuse glioneuronal tumor with oligodendroglioma-like features and nuclear clusters
Papillary glioneuronal tumor
Rosette-forming glioneuronal tumor
Myxoid glioneuronal tumor
Diffuse leptomeningeal glioneuronal tumor
Gangliocytoma
Multinodular and vacuolating neuronal tumor
Dysplastic cerebellar gangliocytoma (Lhermitte-Duclos disease)
Central neurocytoma
Extraventricular neurocytoma

Cerebellar liponeurocytoma

Fig. 1 The list shows the tumor types included in the last WHO 2021 classification of Brain Tumors
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Neoplastic categories based on the histopathological features of astrocytes and
oligodendrocytes have been revised and optimized with the integration of disease-
defining molecular markers, stratifying biologically, clinically, and prognostically distinct
entities in adult and pediatric populations. Moreover, above and beyond tumor
classification, these developments have revealed novel pathogenic mechanisms involving

epigenetic regulator genes not previously been implicated in oncogenesis.

Historically, diffuse gliomas have been classified solely based on histological
characteristics into HGG, lower-grade astrocytomas, or oligodendrogliomas, with a
portion of lower-grade tumors expressing both glial phenotypes (oligoastrocytomas).
Histological diagnosis of HGG was performed based on central pseudopallisading
necrosis and microvascular proliferation (Fig. 2). In contrast, diffuse astrocytomas and
oligodendrogliomas were typically characterized by moderately increased cellularity,
small nuclear atypia, low mitotic activity, absence of necrosis, and microvascular

proliferation [9].

Fig. 2 A histological sample of glioblastoma of temporal lobe in a formalin specimen slice. Is appreciable the intra-

tumoral necrosis and hemorrhagic area with abnormal vascularization.

Morphology alone does not sufficiently predict clinical behavior, with tumor progression
varying notably across each histological subtype. More recently, the WHO, informed by
large genomic profiling studies like the Cancer Genome Atlas [10], has extensively revised

diffuse glioma classification to incorporate highly penetrant molecular abnormalities.

As mentioned earlier, gene mutations encoding isocitrate dehydrogenase enzymes (IDH1
and IDH2) IDH represent the main distinction node between high-grade (IDH wild-type)

and lower-grade IDH-mutated forms. Other key biomarkers, such as H3 histone
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monomers (H3F3A and HIST1H3B), and the histone chaperone a-thalassemia mental
retardation X-linked (ATRX), induce disruptions in normal epigenetic functionality,
revealing previously unappreciated oncogenic mechanisms [11].

IDH mutations, as codified in the WHO 2021 [3], designate predominantly lower-grade
(WHO grade 2 and 3) diffuse gliomas distinct from IDH-wildtype GB, the archetypical
WHO grade 4 primary brain tumors. IDH-wildtype GBM almost invariably arises de novo
in a fully malignant state characterized by the aggressive histopathological features of
microvascular proliferation and necrosis, and although exclusively low-grade morphology
is occasionally encountered, rapid clinical progression is the rule. GB and WHO grade 4,
with histologically LGG, possess highly infiltrative patterns, such as gliomatosis cerebri
growth patterns with widespread involvement [9].

IDH-mutant gliomas, while ultimately deadly, typically progress at a more measured pace
through repeated cycles of treatment and recurrence before emerging as high-grade
lesions.

In adults, IDH-mutant gliomas are further subcategorized by coincident deletion of
chromosomal arms 1p and 19q (1p/19q codeletion). Oligodendrogliomas, WHO grades 2
and 3, are now defined by the concurrent IDH mutation and 1p/19q codeletion, and while
ultimately deadly, can be associated with extended clinical course, with median survival
times exceeding 8 years. By contrast, IDH-mutant astrocytomas, WHO grades 2 and 3, do
not harbor 1p/19q codeletion, instead featuring combined loss-of-function mutations in
ATRX and TP53 in the vast majority of cases and exhibit a somewhat more aggressive
biological behavior than their oligodendroglial counterparts. WHO 2021 now also
recognizes a grade 4 IDH-mutant astrocytoma, effectively replacing the glioblastoma,
IDH-mutant diagnostic category established in WHO 2016 [12]. IDH-mutant astrocytomas,
WHO grade 4, exhibit the defining molecular features of their lower-grade counterparts
along with microvascular proliferation, necrosis, and/or homozygous deletion in
CDKN2A /B, the latter having been repeatedly associated with unfavorable prognosis

within this glioma subclass [13].
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1.3 Treatment and Prognosis

The prognosis of the glioma patient is influenced mostly by the molecular profile, extent of
surgical resection, age, and initial and postoperative performance status [14].
Survival varies significantly by grade across all glioma subtypes and expression of key

biomarkers (Fig. 3) [15].
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GB has the poorest overall survival (OS), with only 0.05% to 4.7% of patients surviving 5
years past diagnosis and a median survival of approximately 15 months [16], while
gliomas with an oligodendroglial component have increased survival, as opposed to those
with an astrocytic component. Age is significantly associated with survival after diagnosis

for all glioma, but the effect is most pronounced for GB [17].

Despite the remarkable improvement in understanding the pathogenesis of gliomas, the
first therapeutic step remains surgery. It was demonstrated in population-based parallel
cohorts that early surgical resection is associated with better OS than biopsy and watchful

waiting [2] (Fig. 4).

Page /65 10



o
Q -
= Resection
— — — Biopsy
w
>
=0
=
@©
S
28
- O
2 —
% — — —
7»a&
o
p =0.003
o
Q -
o T T T T T T T T T T T T T

o 1 2 3 4 5 6 7 8 9 10 11 12
Survival (years)

Therefore, it is necessary to maintain an appropriate balance between maximal surgical
resection and the risk of neurological damage contributed to the patient [18]. The goals of
surgery are maximal tumor removal associated with minimal post-operative morbidity
and maximal patient functional preservation. Surgery is important since it relieves
symptoms and provides accurate histological and molecular diagnosis. Extent of resection
(EOR) remains a critical determinant of oncologic outcomes for patients with high- and
low-grade glioma [19]. Realizing the true benefit of neurosurgical resection requires a
balance between surgical cytoreduction and preservation of neurological function. This

surgical concept is defined as “Maximal safe resection” and “Neuro-oncological balance”

[1].

But while there is the issue of a balance between surgical radicality and preservation of
function, fully understanding what it means to perform a total resection and
understanding whether all functions, including higher cognitive functions, have been

preserved has not yet been achieved.

At first, it is known that the carcinogenic process and mutations leading to the tumor-
disease phenotype are already initiated by surrounding cells beyond the contrast-
enhancing tumor visible on MRI. Supratotal resection is the emerging concept within GB-
surgery, which aims to achieve a more extensive resection of the tumor than is possible
with conventional techniques. The technique involves the removal of more than 100% of
the visible tumor tissue, which means that the surgeon removes not only the tumor itself
but also some surrounding healthy brain tissue [20]. This may be accomplished with 5-

aminolaevulinic acid (5-ALA)-guided tumor tissue elimination, using intraoperative MRI
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for non-enhancing residual tumors, or resection until improvement in clinical outcome is
achieved [21].

Neuronavigation using 5-ALA fluorescence and microsurgical techniques have been
developed to enable maximal safe neurosurgical tumor resection and minimize the
neurological consequences of glioma surgery [22]. Further, in glioma radiotherapy
treatment planning, a margin of 15-25 mm is typically applied to the edge of the gross
tumor to create the CTV, and a further 5 mm is added to generate a safety margin [23].
This raises the probability of progression-free recession and survival while lowering the
likelihood of recurrence, but on the other side can notably increment the risk of functional

damage [24] and treatment-related cerebral necrosis.

Second, within the neurosurgical planning, the definition of what brain tissue must be

considered “eloquent” is still mostly based on a classic localizationist model, which
assumes that cortical areas are specialized for specific aspects of neurological functions.
On the other hand, this model is now outdated, and cognitive neuroscience research
suggests that every cognitive and motor function depends on complex neuroplastic
networks connecting many cortical areas by means of long- and short-association white
matter (WM) fibers [25]. According to this connectionist model, cortical and subcortical
functional interplay may be highly variable among human beings and can reorganize in
response to brain damage, such as a relatively slow-growing tumor mass. These
neuroplastic properties might explain why, despite bearing an extensive mass located
close or within brain tissue considered to be critical according to the classic localizationist
model, patients with brain tumors usually display very mild or even no neurological
deficit at presentation and can maintain this status even after surgery with extensive
tumoral and peritumoral tissue resection [26]. Preserving cortical and subcortical function
is important for better postoperative outcomes and improved quality of life; thus, the
concept of neuroplasticity should be considered for accurate presurgical planning, but the
full translation of this factor from basic to clinical neuroscience is still lacking because of
an incomplete understanding of its mechanisms [27]. Currently, it is still impossible to
predict its impact on the postsurgical outcome based on an objective measure of how
much the brain of the patient has already reorganized in response to the tumor and may
still reorganize after surgery. From this point of view, cortical and subcortical structures
show different plastic potential. The cortex seems to have great neuroplastic potential, and
it can reorganize effectively in the case of brain tumors, while white-matter bundles seem
to have low plastic potential, and extensive surgical resections might depend mainly on

white-matter boundaries rather than on the cortical extension of the tumor [28].
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In conclusion, although the goal of maximal safe resection is clear, it is often difficult in
clinical practice to identify the correct planning because the limit of a maximum EOR is
unclear, and the preservation of neurological function is undefined. Indeed, it is apparent
that the preservation of movement circuits is dictated by well-defined cortical areas and
projections. Targeting areas of language and, even more so, paraverbal areas and higher
functions such as memory, computation, and cognitive functions are far more difficult

given the lack of specific areas, complexity, and redundancy of circuits involved.

1.4 Diagnosis and imaging

Gliomas are a heterogeneous group of tumors that exhibit variable treatment response and
patient prognosis. The paradigm shift of using molecular profiles to guide glioma
classification, prognosis, and potentially targeted treatment has important implications
even for neuroradiology.

Magnetic resonance imaging (MRI) is the most important exam to study brain tumors.
Imaging phenotypes using conventional and advanced MRI sequences have been shown
to predict tumor behavior and genotype and allow the facilitation of personalized
treatment. A broad diagnosis of glioma is often first suggested by imaging in the
differential diagnosis, with detailed subclassification left to neuropathologists after

detailed tissue analysis (Fig. 5).

Fig. 5 The image on the left shows a T1-weighted MRI axial sequence documenting the presence of an intra-axial
contrast-enhancing tumor attributable to a glioblastoma. The figure on the right does not capture contrast but shows

the presence of hyperintensity in T2-weighted and FLAIR suggesting the diagnosis of a low-grade glioma
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However, a number of imaging and sequence findings can predict molecular subtypes and
allow for a more precise subgroup diagnosis suggested in preoperative imaging [29]. MRI
spectroscopy is one of the most used in gliomas, whereas high choline /N-acetyl-aspartate
ratio and choline/creatinine ratio argue for tumor invasion and high grading [30].

MRI plays an important role in diagnosing adult gliomas and is the necessary first step in
surgical planning and procedure. Technically, the true supra total resection is defined as
excision past all discernible and visible MRI-specific abnormalities, including fluid-
attenuated inversion recovery (FLAIR) borders [24]. Surgical planning has benefited
greatly from these advances in neuroimaging. Yet, there remain a number of barriers
preventing accurate determination of tumor pathology using noninvasive means alone.
One of these barriers is certainly the estimation of the correct extent of tumor extension in

the context of the WM and the alterations it entails.

1.5 The imaging study of white matter

Tumor-related WM change is usually detected at a late stage when the mass effect or
prominent edema is present [31]. Several pivotal works have shown that glioma growth
appears typically along WM tracts [32]. Because gliomas spread along the WM without
causing noticeable changes in routine MRI, tumor extent can be larger than in contrast-
enhancing sequences [31-34]. Information about whether the tumor has invaded the WM
tract could have significant implications for the planning of surgical procedures or
radiotherapy [31]. Phenotypically, the macroscopic tumor volume is still accepted, notably
for GB, as the volume is limited by the contrast-enhanced boundary on MRI [34], which
defines the gross tumor volume for surgery and radiotherapy [35]. Further, conventional
MRI techniques provide purely anatomical information without data regarding CNS
connectivity. The ability to visualize important WM tracts in the brain enables
neurosurgeons to better guide their surgical approach and resection [33].

Magnetic resonance multidirectional diffusion-weighted imaging (DWI) tractography
allows in vivo indirect reconstruction of WM fibers and can perform digital anatomical

dissections of WM bundles [26] (Fig. 6).
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Fig. 6: The image shows the basic acquisition of Magnetic resonance multidirectional diffusion-weighted imaging

(DWI) tractography before the post-processing fiber-reconstruction

Different DWI tractography acquisition protocols, postprocessing methods, and
reconstruction algorithms are currently used with different accuracy levels [26]. The
simplest DWI tractography method is based on deterministic tracing based on voxel main
diffusion direction estimated with tensor modeling [diffusion tensor imaging (DTT)].

DTl is a form of DWI in MRI that assesses physiological water directionality and motion,
providing images of important WM tracts within the CNS [36].

DTI measures water diffusion properties of neural tissue and can be used to approximate
functionally relevant anatomical WM tracts in the brain.

Within the context of intracranial tumor diagnosis and treatment, DTI tractography or DTI
Fiber tracking (DTI-FT) is currently used for preoperative surgical planning to define areas
to excise, maximize the surgical resection, avoid damage association and projection fibers
located near the tumor, to preoperatively differentiates tumor pathology, intraoperative
estimation of brain shift, improving postoperative functionality scores, assessing

postoperative morbidity and mortality using preoperative information (Fig. 7).
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Fig. 7 The image shows a DTI-FT that documented the relationships between the main eloquent fibers (in blue the

cortispinal tract and in green the arcuate fasciculus) with an intra-axial tumor.

Despite the diverse clinical applications for DTI within neurosurgical oncology, the
method remains underutilized and lacks Level I evidence support [37].

Moreover, it is still unclear if subcortical variability could have a role in postoperative
outcomes and if it could be useful for the neurosurgeon to predict the risk of neurological
deficits [26]. In conclusion, the necessary imaging for the preoperative study of the patient
with GB is undoubtedly the MRI, where through the study with DTI and tractography, it
is possible nowadays to estimate the relationship between the tumor mass and the
eloquent WM fibers, allowing to be able to estimate the risk of postoperative neurological
damage, plot the best possible surgical trajectory, and verify the relationships within

white-matter connections endowed with function.
2.1 DTI fiber tracking (DTI-FT)

DTI-FT are MRI techniques based on the concept of anisotropic water diffusion in
myelinated fibers, which enable three-dimensional reconstruction and visualization of
WM tracts [38]. DTI-FT has been used to visualize specific fiber bundles in the proximity
of brain lesions or those influenced by them. Space-occupying lesions, particularly
infiltrating ones such as gliomas, may exert various effects on WM tracts, which DTI-FT
can depict.
DTI-FT provides information about the normal course, the displacement or interruption of
WM tracts around a tumor, and the widening of fiber bundles caused by edema or tumor
infiltration can be detected. Some research groups have used DTI tractography to visualize
the spatial relationship between lesions adjacent to the sensorimotor system and cortico-
spinal tract (CST) for presurgical planning and functional prediction [39]. Others have
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used DTI-FT findings for intraoperative guidance by loading data provided by DTI
tractography into the neuronavigation system [40].

Images are acquired using a clinical MRI unit (1.5- or 3-T systems) with a standard head
coil. DTI is performed using a single-shot EPI sequence. Echo planar imaging is a fast-
acquisition technique that reduces motion-related artifacts. Single-shot EPI is commonly
used instead of multishot EPI despite its poorer spatial resolution because it has a shorter
acquisition time, a superior signal-to-noise ratio, and less motion-related distortion. The
degree of diffusion weighting, represented as the b-value, is determined by a sensitizing
gradient scheme of strength, duration, and temporal spacing. Diffusion gradient
weighting can be done in as few as 6 orientations/ directions and in as many as 512, which
is the capacity of many imaging systems. Most groups acquire between 6 and 55 directions

(or volumes), with more encoding directions increasing the required scan time but

decreasing the variance in tensor model parameters and the signal-to-noise ratio [33,41]

(Fig. 8).

Fig. 8 In this scheme is showed some different number of gradient directions useful to perform a reliable fiber-track

reconstruction

Many software are available for mapping and showing the brain connections. DSI Studio
is a tractography software tool that maps brain connections and correlates findings with
neurological disorders. For clinical research, the “DSI-studio software” is the most

adopted since it has been used in more than 1,400 publications and top-tier journals [42]

(Fig. 9).
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AHARDI scheme was used, and a total of 128 diffusion sampling directions
were acquired. The b-value was 1000 s/mm?. The in-plane resolution was
1.95312 mm. The slice thickness was 6.5 mm. The diffusion MRI data were
rotated to align with the AC-PC line. The tensor metrics were calculated using
DWI with b-value lower than 1750 s/mm?. A deterministic fiber tracking algorithm
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Fig.9 The image shows the graphic user interface of DSI studio

It is a collective implementation of several diffusion MRI methods, including DTIL,
generalized q-sampling imaging (GQI), g-space diffeomorphic reconstruction (QSDR),
diffusion MRI connectometry, and generalized deterministic fiber tracking.

DTI measurements are obtained using either region of interest (ROI) analysis or
tractography. ROI analysis is based on operator experience and is sometimes difficult to
reproduce in areas with brain tumors or edema. Frequently, DTI-FT can be performed first
to localize the tracts, and then ROI analysis can be used based on the previously identified
tracts, thereby reducing selection biases of the ROI [33,36,41].

Tractography can be performed via the deterministic or probabilistic method. The
deterministic method initiates fiber trajectories using fiber assignment by continuous
tracking (FACT) of user-defined voxels.

Various factors, including noise, patient movement, and image artifact, can create
uncertainty in DTI measurements; these uncertainties can be adjusted for by using the
probabilistic method, in which an additional quantification of the probability of
connection between 2 points is performed, allowing the depiction of a greater portion of
WM tracts. The probabilistic method is advantageous in areas of lower anisotropy, such as

small tracts and crossing fibers, as well as in gray matter.

The combined use of deterministic and probabilistic systems in the analysis of DTI-FTI
allows the identification of different types of WM tracts with anatomical detail comparable
to reality [43].

WM fiber tracts are traditionally divided into association fibers that connect cortical areas

within the hemisphere; projection fibers that connect cortical areas to the deep nuclei,
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brainstem, cerebellum, and spinal cord; and commissural fibers that interconnect similar
cortical areas of opposite hemispheres. The association fibers commonly visualized on DTI
are the cingulum, super