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INTRODUCTION

ABSTRACT

Background: Accurate characterization of brain tumors and precise
preoperative planning are critical for maximizing tumor resection while
preserving critical brain functions. Conventional imaging techniques, though
effective in identifying tumor margins, often fail to provide detailed insights
into white matter tract involvement. Diffusion Tensor Imaging (DTI) has
emerged as a powerful tool for evaluating white matter integrity, offering
unique advantages in surgical planning for brain tumors. Objective: This
study aims to evaluate the role of DTI in characterizing white matter
involvement in brain tumors, focusing on its ability to classify tract alterations
into displacement, edema, infiltration, and disruption. The study also assesses
the statistical differences between benign and malignant tumors in terms of
tract involvement and explores DTT’s utility in guiding surgical interventions.
Materials and Methods: A cohort of 32 patients with intracranial neoplasms
underwent advanced MR imaging, including DTl and 3D tractography.
Fractional anisotropy (FA) and apparent diffusion coefficient (ADC) values
were analyzed to classify tract involvement and visualize disruptions using
color-coded maps and tractography techniques.

Results: White matter tracts showed distinct patterns of alteration based on
tumor type. Displacement was more common in benign tumors, while
malignant tumors exhibited higher incidences of disruption and infiltration.
Statistical analysis revealed significant differences in tract involvement
between tumor types (P < 0.05). DTI provided critical visual and quantitative
insights into tumor-tract relationships, aiding in surgical decision-making.
Conclusion: DTI significantly enhances preoperative planning by delineating
white matter tracts and their involvement with brain tumors. It allows for the
differentiation between benign and malignant tumors and provides actionable
information for tailoring surgical approaches. Future research should focus on
integrating DTI with other advanced imaging modalities and validating its
impact on long-term surgical outcomes.

Keywords: Diffusion Tensor Imaging, Brain Tumors, Preoperative Planning,
White Matter Tracts, Tractography, Fractional Anisotropy, Apparent Diffusion
Coefficient, Tumor Infiltration, Neurosurgery, Advanced MRI Techniques.

localization of functional and anatomical structures,
especially white matter tracts, which play a key role

Accurate characterization of brain tumors is crucial
for effective preoperative planning, as it aids in
determining the extent of resection while
minimizing risks to critical brain functions. Surgical
interventions for brain tumors often require precise

in motor, sensory, language, and cognitive functions
(Romano et al., 2007). Misidentification or
disruption of these tracts during surgery can lead to
significant postoperative deficits, severely impacting
a patient’s quality of life (Yu et al., 2005).
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Conventional imaging techniques, such as structural
Magnetic Resonance Imaging (MRI), provide
detailed anatomical views but often fail to delineate
the complex relationships between brain tumors and
adjacent white matter tracts (Provenzale et al.,
2006). For instance, while T1- and T2-weighted
MRI can identify tumor margins, they cannot
reliably differentiate between displaced, infiltrated,
or disrupted tracts (Field et al., 2004). Functional
mapping of these tracts during surgery is limited,
leaving gaps in the preoperative understanding of
their spatial relationships.

Diffusion Tensor Imaging (DTI), an advanced MRI
technique, addresses these challenges by measuring
the directional movement of water molecules in the
brain. This technique enables the visualization of
white matter tracts and provides quantitative metrics
such as fractional anisotropy (FA) and mean
diffusivity (MD), which are indicative of white
matter integrity (Witwer et al., 2002). By integrating
DTI into preoperative workflows, neurosurgeons
can better assess the impact of tumors on
surrounding white matter, allowing for tailored
surgical approaches that balance tumor resection
with functional preservation (Smits et al., 2007).
This study aims to explore the role of DTI in
characterizing brain tumors and its application in
preoperative planning. Specifically, it investigates
how DTI can distinguish between different patterns
of white matter involvement—displacement,
infiltration, disruption, and edema—and evaluates
its effectiveness in guiding surgical decisions. By
addressing these objectives, this research contributes
to the growing body of evidence supporting the
integration of advanced imaging techniques in
neuro-oncology.

Background and Literature Review

Advances in Magnetic Resonance Imaging (MRI)
have significantly enhanced the ability to detect and
evaluate brain tumors. Techniques such as
functional MRI (fMRI), MR spectroscopy, and
perfusion imaging have expanded the diagnostic
scope beyond conventional T1- and T2-weighted
imaging (Provenzale et al., 2006). Among these,
Diffusion Tensor Imaging (DTI) has emerged as a
transformative tool for characterizing white matter
tracts and their involvement in tumor pathology
(Karimi et al., 2006). Unlike standard MRI, which
primarily identifies gross anatomical abnormalities,
DTI allows for the assessment of tissue
microstructure by tracking the directional movement
of water molecules within the brain.

DTI leverages metrics such as fractional anisotropy
(FA) and mean diffusivity (MD) to evaluate white
matter integrity. FA quantifies the directionality of
water diffusion, with higher values typically
corresponding to well-organized white matter tracts,
while MD measures the overall magnitude of water
diffusion, providing insights into tissue density and
pathology (Fox et al., 2011). In cases of brain
tumors, disruptions in these metrics can indicate the
presence of tract displacement, infiltration, or

destruction, aiding in the differentiation of tumor
types and their effects on surrounding structures
(Witwer et al., 2002).

Previous studies underscore the critical role of DTI
in brain tumor evaluation and surgical planning. For
instance, Field et al. (2004) demonstrated that DTI
could delineate displaced white matter tracts in
patients with gliomas, enabling surgeons to preserve
critical pathways during resection. Similarly, Yu et
al. (2005) highlighted DTI’s ability to differentiate
between benign and malignant tumors based on
patterns of tract disruption and infiltration. These
studies provide compelling evidence for the
integration of DTI into neuro-oncology practices.
However, conventional imaging techniques have
notable limitations in assessing the impact of tumors
on white matter tracts. Standard MRI often fails to
differentiate between vasogenic edema and tumor
infiltration, as both can appear hyperintense on T2-
weighted images (Tropine et al, 2004).
Additionally, conventional methods do not provide
the spatial resolution necessary to map complex
white matter structures, leaving surgeons reliant on
intraoperative navigation systems that may lack
preoperative precision. DTl overcomes these
limitations by offering a non-invasive, high-
resolution method for visualizing white matter
architecture and quantifying its integrity, even in
regions appearing normal on standard imaging
(Price et al., 2003).

In  summary, DTl represents a significant
advancement in the imaging of brain tumors,
providing detailed insights into the relationship
between tumors and critical white matter tracts. By
addressing the shortcomings of conventional MRI,
DTI has proven to be an invaluable tool for both
tumor characterization and preoperative surgical
planning.

MATERIALS AND METHODS

4.1 Study Population

The study included a cohort of 32 patients

diagnosed with intracranial neoplasms, comprising

24 males and 8 females, with an age range of 1-74

years (mean age: 32.8 = 18 years). Tumor types in

the study included gliomas (23 cases), metastases (3

cases), lymphoma (1 case), brainstem gliomas (3

cases), and meningiomas (2 cases). Patients

presented with a variety of neurological symptoms,

such as hemiparesis and increased intracranial

pressure.

Inclusion Criteria

e Patients diagnosed with intracranial tumors
using conventional MRI.

e Tumors involving or in close proximity to
critical white matter tracts.

e Patients willing to undergo advanced imaging
studies and tractography.
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Exclusion Criteria

e Patients with contraindications to MRI, such as
implanted metallic devices or severe
claustrophobia.

e Presence of significant motion artifacts during
imaging.

e  Prior surgical interventions or treatments that
could alter the imaging results.

4.2 Imaging Protocol

All imaging was performed on a 1.5T MRI system

(Gyroscan Intera; Philips Medical Systems, The

Netherlands). Standard MR sequences included T2-

weighted imaging, fluid-attenuated inversion

recovery (FLAIR), and T1-weighted imaging before

and after intravenous administration of gadolinium-

based contrast agents.

DTI Acquisition Protocol

o Diffusion-weighted imaging was performed

using a single-shot echo-planar imaging

sequence with 12 diffusion-encoding directions.

Imaging parameters:

Field of view (FOV): 220 x 220 mm.

Slice thickness: 2.75 mm (no gap).

b-value: 1000 s/mma2.

Repetition time (TR): 6599-8280 ms.

e Echotime (TE): 70 ms.

e Total acquisition time for DTI and fiber
tracking was approximately 7—9 minutes.

Functional MRI (fMRI) and MR spectroscopy were

included in select cases to enhance mapping of

eloquent cortical areas and to provide metabolic

characterization of the tumors.

4.3 Data Processing

DTI data were processed offline using a dedicated

workstation (Philips Medical Systems) with Pride

software based on the Fiber Assignment by

Continuous Tracking (FACT) algorithm.

Steps in data processing

1. Preprocessing: Correction of motion artifacts
and eddy current distortions.

2. FA and ADC calculation: Anisotropy was
calculated  using  orientation-independent

Data Table for Materials and Methods

fractional anisotropy (FA) maps, while ADC
values were derived from diffusion metrics.

3. Color mapping: Directionally encoded color

maps were generated to visualize white matter

tracts:

Blue: superior-inferior orientation.

Green: anterior-posterior orientation.

Red: left-right orientation.

Comparison with contralateral normal tracts:

FA and ADC values of affected tracts were

compared with corresponding tracts in the

unaffected hemisphere.

4.4 Tractography and Evaluation

3D tractography was performed to reconstruct major

white matter tracts using a multiple region-of-

interest (ROI) approach. ROIs were manually placed

based on anatomical landmarks, with techniques

adjusted to the unique trajectories of each tract.

Methods for reconstructing tracts

e AND operation: Selected tracts penetrating
multiple ROIs to ensure accurate tracking.

e NOT operation: Excluded tracts not relevant to
the specific pathway.

e OR operation: Combined multiple trajectories
for broader visualization.

Evaluation of tract involvement: White matter

tracts were categorized into four patterns

1. Displacement: Normal or slightly reduced FA
with altered location or orientation.

2. Edema: Normal or slightly reduced FA with
hyperintense signals on T2-weighted images.

3. Infiltration: Reduced FA with preserved tract
visualization.

4. Disruption: Isotropic diffusion with absent tract
visualization on directional maps.

These classifications were confirmed through both

visual inspection of color-coded maps and

quantitative analysis of FA and ADC values.

Tractography findings were correlated with tumor

characteristics and used to guide preoperative

planning.

:l>. o o

Parameter Details

Explanation

Study Population years (mean: 32.8 + 18 years).

32 patients (24 males, 8 females); age range: 1-74

Provides the demographics of participants, highlighting
diversity in age, gender, and tumor types.

Tumor Types
(2 cases).

Gliomas (23 cases), metastases (3 cases), lymphoma
(1 case), brainstem gliomas (3 cases), meningiomas

Describes the types of tumors studied to show the variety
in the sample group.

Intracranial tumors, proximity to critical white

Inclusion Criteria matter tracts, consent to advanced imaging.

Defines the eligibility of participants, ensuring relevance
to the study objectives.

MRI contraindications, motion artifacts, prior

Exclusion Criteria treatments that alter imaging outcomes.

Lists conditions that could affect data quality or imaging
reliability.

T2-weighted, FLAIR, T1-weighted with gadolinium

Imaging Modalities contrast, DTI, fMRI (15 cases), MR spectroscopy

Details the imaging techniques employed, highlighting

Used (25 cases). the comprehensive imaging approach.

- Field of view: 220 x 220 mm

- Slice thickness: 2.75 mm . . I
DTI Protocol - b-value: 1000 s/mm2 g]ustlzlrr;erseter((:)r:jr:;giakl)liﬁ?rameters for DTI acquisition to

- TR: 6599-8280 ms P Y-

-TE: 70 ms

R T Quantitative measures used to assess white matter

FA and ADC - FA: Indicates tract directionality . - A - :
Calculation - ADC: Measures water diffusion magnitude integrity and identify tract involvement (displacement,

infiltration, disruption, edema).
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- Blue: Superior-inferior
- Green: Anterior-posterior
- Red: Left-right

Color Mapping

Helps visualize the orientation of white matter tracts for
easier identification of abnormalities.

Tractography

. - NOT: Excludes irrelevant tracts
Techniques

- OR: Combines multiple pathways

- AND: Ensures tracked tracts meet criteria

Ensures accurate reconstruction of white matter tracts
using advanced algorithms.

location
Patterns of Tract

- Displacement: FA normal/slightly reduced, altered

- Edema: FA normal, hyperintense on T2

Categorizes the types of white matter involvement based

Involvement - Infiltration: FA reduced, identifiable on imaging results, aiding in tumor characterization.
- Disruption: Isotropic diffusion, absent tract
visualization
. . - Routine MRI: 20-30 minutes Provides an estimate of the imaging process duration to
Imaging Time

- DTI and tractography: 7-9 minutes

demonstrate clinical feasibility.

Explanation of the Table

1. Study Population: Highlights demographic
diversity and a variety of tumor types to ensure
the study is comprehensive and applicable to
different cases.

2. Imaging Modalities; The combination of
conventional and advanced imaging modalities
ensures robust data collection for detailed tumor
and tract evaluation.

3. DTI Protocol: The technical specifications are
shared for reproducibility, emphasizing the
precise nature of the imaging process.

4. Color Mapping and Tractography: Simplifies
understanding of white matter orientation and
enables clear visualization of abnormalities,
ensuring neurosurgical relevance.

5. Patterns of Tract Involvement: Categorizing
abnormalities into four types—displacement,
edema, infiltration, disruption—helps in
understanding the tumor's impact on white
matter.

Imaging Time: Demonstrates the efficiency of

incorporating DTI into clinical workflows.

e Gender Distribution: A pie chart showing the
proportion of males and females in the study
population

Tumor Types: A bar chart illustrating the
frequency of different tumor types.

Tumor Types in Study Population

20

—
u

Number of Cases
—
=

[ |

Gliomas ~ Metastases Lymphomdrainstem Gliomateningiomas
Tumor Types

Figure 2: Tumor Types in study population

Gender Distribution of Study Population

Females

Males

Figure 1: Gender distribution of study population

Imaging Time: A bar chart comparing the time
required for routine MRI and DTI with tractography

Imaging Time Distribution

Time (minutes)

Routine MRI

DTl and Tractography

Imaging Types

Figure 3: Imaging time distribution
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Patterns of Tract Involvement: A horizontal bar
chart depicting the number of cases for each pattern
of white matter involvement

Patterns of Tract Involvement

Disruption

Infiltration

Tract Patterns

Edema

Displacement

0 2 4 6 8 10 12 14 16
Number of Cases

Figure 4: Patterns of Tract Involvement

DTI Color Mapping Orientation: A pie chart
showing the distribution of white matter orientation
in DTI (Superior-Inferior, Anterior-Posterior, Left-
Right)

DTI Color Mapping Orientation

Left-Right (Red)

Superior-Inferior (Blue)

Anterior-Posterior (Green)

Figure 5: DTI Color Mapping Orientation

RESULTS

The findings of this study highlight the critical role

of Diffusion Tensor Imaging (DTI) in characterizing

white matter involvement in brain tumors and aiding
surgical planning.

Classification of White Matter Involvement

White matter involvement was categorized into four

distinct patterns:

1. Displacement - Tracts were observed with
normal or slightly reduced fractional anisotropy
(FA) and abnormal location or orientation due
to tumor mass effect. This pattern was more
common in benign tumors (Romano et al.,
2007).

2. Edema - Tracts retained normal FA with high
signal intensity on T2-weighted imaging.
Edema was present in both benign and
malignant tumors without significant statistical
difference (Tropine et al., 2004).

3. Infiltration - Reduced FA values with
identifiable tracts on directional maps, often
observed in malignant gliomas.

4. Disruption - Isotropic diffusion resulting in the
absence of tract visualization, predominantly
seen in high-grade malignancies (Field et al.,
2004).

Statistical Differences

Benign tumors were more likely to cause tract

displacement, while malignant tumors showed a

higher prevalence of tract disruption. Statistical

analysis using chi-square tests revealed significant

differences between these patterns (P < 0.05),

supporting the hypothesis that DTI can distinguish

between benign and malignant lesions (Yu et al.,

2005).

Visualization of Tract Disruptions

Color-coded maps and 3D tractography provided

detailed visualizations of white matter changes.

Displaced tracts appeared with altered spatial

locations, while disrupted tracts were absent in

regions of tumor infiltration (Witwer et al., 2002).

Quantitative Analysis

FA values were significantly reduced in infiltrated

and disrupted tracts compared to unaffected areas,

while apparent diffusion coefficient (ADC) values
increased in regions of edema and infiltration. These
findings correlate well with previous studies
demonstrating DTI’s sensitivity to microstructural
changes (Lu et al., 2003).

Figure 6: A 50-year-old male with a known right
temporal glioma presented for follow-up after
treatment. (A) An axial T2-weighted MR image shows
a hyperintense, infiltrative, space-occupying lesion in
the right temporo-parietal region. (B) The axial
FLAIR image at the same level reveals a
heterogeneous high signal within the lesion,
accompanied by minimal surrounding edema. (C)
Post-contrast axial T1-weighted MR with MTC
imaging indicates a small enhancing area at the
inferomedial aspect of the tumor, surrounded by
central necrotic tissue that does not enhance. (D) An
axial color-coded DTl map highlights intact green
fibers of the inferior longitudinal fasciculus (ILF, red
arrow) and inferior occipito-frontal fasciculus (IOF,
yellow arrow) in the unaffected left hemisphere. The
fibers on the right side, within the lesion, are
completely disrupted (red asterisk).
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DISCUSSION

Interpretation of Results and Significance for
Surgical Planning

The findings underscore the value of DTI in
preoperative  planning by enabling precise
localization of white matter tracts. This helps
neurosurgeons balance maximal tumor resection
with the preservation of functional pathways,
improving postoperative outcomes (Romano et al.,
2007).

Comparison with Previous Studies

The differentiation of tract alterations between
benign and malignant tumors aligns with the work
of Yu et al. (2005), who reported that benign tumors
are more likely to displace tracts without disruption,
whereas malignant tumors often result in infiltration
and destruction. Moreover, Field et al. (2004)
emphasized that DTI effectively identifies patterns
of edema and infiltration, which are challenging to
distinguish using conventional imaging.

Role of DTI in Differentiating Tumor Infiltration
from Edema

This study corroborates previous findings that
reduced FA values in regions of tumor infiltration
often coincide with altered directional color
mapping, unlike vasogenic edema, which maintains
normal hues despite reduced anisotropy (Tropine et
al., 2004). This differentiation is critical in assessing
tumor margins and planning surgical resection.
Clinical Implications

Integrating DTI into preoperative workflows
enhances surgical precision by providing detailed
insights into tumor-tract relationships. For instance,
knowing that a tract is displaced rather than
infiltrated may allow for a more aggressive resection
without compromising function (Smits et al., 2007).
Additionally, tractography can guide surgical
approaches to minimize postoperative deficits, such
as motor or language impairments.

Limitations of the Study

The absence of postoperative follow-up data limits
the ability to directly validate the impact of DTI on
surgical outcomes.  Furthermore, the user-
dependency in DTI processing introduces variability
in tractography results, necessitating standardized
protocols for broader clinical adoption (Holodny et
al., 2005).

This study confirms that DTI is a valuable tool for
assessing white matter involvement in brain tumors,
offering significant advantages over conventional
imaging techniques. However, future research
should focus on validating these findings with
postoperative outcomes and refining processing
methods to ensure consistency.

CONCLUSION

This study highlights the critical role of Diffusion
Tensor Imaging (DTI) in characterizing white
matter involvement and enhancing preoperative

planning for brain tumor surgeries. Key findings
demonstrate that DTI effectively classifies white
matter changes into displacement, edema,
infiltration, and disruption patterns, with significant
differences observed between benign and malignant
tumors. Benign tumors primarily caused tract
displacement, while malignant tumors were more
likely to result in infiltration or disruption, as
indicated by altered fractional anisotropy (FA) and
apparent diffusion coefficient (ADC) values.
Visualization through color-coded maps and 3D
tractography provided detailed insights into the
spatial relationships between tumors and white
matter tracts, supporting safer and more precise
surgical interventions.

DTI’s contributions to preoperative planning are
evident in its ability to localize critical white matter
tracts and differentiate between tumor-related
pathologies such as infiltration and edema, which
are challenging to discern with conventional
imaging. By offering detailed microstructural
insights, DTI aids in surgical decision-making,
ensuring a balance between maximal tumor
resection and functional preservation. Its integration
into routine  neurosurgical  workflows can
significantly enhance patient outcomes, particularly
in complex cases involving elogquent brain regions.
Future research should focus on addressing current
limitations, such as the lack of postoperative follow-
up in this study and the user-dependency of DTI
processing. Standardized protocols for DTI
acquisition and analysis are necessary to ensure
consistency and reliability across institutions.
Additionally, combining DTI with other advanced
imaging techniques, such as functional MRI and
MR  spectroscopy, may provide a more
comprehensive understanding of tumor biology and
its impact on white matter. Further studies exploring
the long-term clinical outcomes of DTI-guided
surgeries will strengthen its position as an
indispensable tool in neuro-oncology.
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