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Objectives

• Understand the basic principles of diffusion tensor imaging.

• Understand basic white matter functional neuroanatomy.

• Understand how does a neuropsychologist makes use of white 
matter tractography to predict risk in neurosurgery?

• Understand the importance of collaboration and 
neuropsychologist integration into the neurosurgery team



Why Does Any of This Matter?



Why Does Any of This Matter?



Diffusion Tensor Imaging
• DWI is a standard (with some modifications to make it DTI) MR study 

that measures the diffusivity/movement of water molecules in the 
brain. 
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Diffusion can be quantified by summing up 
the movement vectors in all directions. 
Unhindered diffusion vectors cross each 
other out and sum to zero (uniform or 
isotropic diffusion). 

Myelin restricts the direction of water diffusion 
because the water can’t diffuse through fat. There 
is restricted diffusion in a particular direction. The 
flow depicts directional, or anisotropic 
diffusion, or fractional anisotropy.

L. Baxter (2026) Personal Communication



Processing Diffusion Images Into Tractography

Blue: Superior-Inferior

Green: Anterior-Posterior

Red: Left-Right

Each voxel has a directional vector

Programs use either deterministic or 
probabilistic modeling to determine 
which voxels most logically define a 
tract using some constraints such as 
angle or fractional anisotropy as a 
cutoff value.

Typically, a starting box (region of 
interest – ROI) is manually defined by 
the user, then the program marches 
through neighboring voxels until it 
either loses a coherent direction (e.g., 
too sharp of an angle) or suffers a loss 
of fractional anisotropy.

L. Baxter (2026) Personal Communication



Completed Tractograms!



Co-Registering Tractogram



Example of ROI Analysis from Brain Lab
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Example of ROI Analysis from Brain Lab



Pre-Programed ROI Tract vs. Hand Drawn



Pre-Programed ROI Tract vs. Hand Drawn



Completed Tractogram

Frontal Aslant Tract (FAT)

Expressive language
fMRI activity

Tractograms are combined (merged) with 
structural and functional MR images to create a 
final product. 

Images can be viewed on either a 
neuronavigation program such as Brain Lab or 
Stealth or can be imported into PACS. 

L. Baxter (2026) Personal Communication



Completed Tractogram Continued

Tractogram showing 
portions of the Arcuate 
Fasciculus and Inferior 
Longitudinal Fasciculus.

Large cystic mass underlying 
the supramarginal gyrus and 
temporal lobe.



What If There Is No Underlying DTI Data?

Tumor edema causes loss of 
diffusion signal (restricted 
diffusion) 

The posterior limb of the internal 
capsule (the corticospinal tract) is 
deflected to the left due to mass 
effect

L. Baxter (2026) Personal Communication



What If There Is No Underlying DTI Data Continued

The right CST is smaller 
compared to the left. Is 
this anatomical 
(compacted by mass 
effect) or is there missing 
data?

While the neurosurgeon will see that this 
corticospinal tract on the right is anterior to the 
lesion, it is possible that part of the CST overlaps 
with the AVM. This needs to be communicated 
directly with the surgeon (possible false negative 
error!).

L. Baxter (2026) Personal Communication



Functional Neuroanatomy of White Matter

• Tracts to be most familiar with:

• Language Tracts

• Cortical Spinal Tract

• Optic Radiations

• Other Tracts



Dominant Arcuate Fasciculus
Direct connections to Ventral 
Premotor Language Area (area 
55b).

• Non-fluent Speech

Direct connections to 
Wernicke’s distributed network.

• Phonemic Aphasia
• Conduction Aphasia

Area particularly sensitive to 
cortical stimulation mapping:

• Phonemic Language
• Repetition



Dominant Inferior Frontal Occipital Fasciculus



Inferior Frontal Occipital Fasciculus Continued

IFOF is considered a major semantic 
language structure. Damage to this 
(particularly anteriorly) can lead to 
semantic paraphasic errors. 



Voxel-Based Lesion-Symptom Analysis of 
IFOF



Dominant Inferior Longitudinal Fasciculus
The ILF (along with the IFOF and UF) is 
associated with semantic language and is 
often associated with naming deficits on 
cortical stimulation mapping. 

Thought to be a part of the dorsal stream and 
therefore subserve object recognition. 



Inferior Longitudinal Fasciculus Continued



Inferior longitudinal Fasciculus Continued



Reading Deficits Associated with ILF Damage



Dominant Superior Longitudinal Fasciculus

Thought to be related to 
syntactic processing and 
motor planning during 
speech. 

SLF-3 in particular is 
likely part of the 
language system.



Superior Longitudinal Fasciculus Nomenclature

For our purposes, the 
Superior Longitudinal 
Fasciculus involves SLF-1, 
SLF-2, & SLF-3.

SLF-4 and SLF-5 are (for our 
purposes) the Arcuate 
Fasciculus. 

Oliveira, João & Raquelo‐Menegassio, Antônio & Maldonado, Igor. (2021). What's your name again? A review of the superior longitudinal and arcuate fasciculus evo lving nomenclature. Clinical Anatomy. 34. 10.1002/ca.23764. 



Example of Dominant SLF III & Language



Example of SLF III & Language Continued



Example of SLF III & Language Continued

Cortical stimulation at the 
base of the mass during 
resection revealed speech 
arrest. 



Language System Of The Brain

Traditional 
Wernicke’s Area

Ventral Premotor 
Language Area 
(Area 55b)

Traditional 
Broca’s Area



Frontal Aslant Tract



Frontal Aslant Tract

Bilateral white matter 
structure that connects 
the supplemental 
motor area to the 
frontal operculum. In 
the dominant 
hemisphere this 
connection is between 
SMA and Broca’s area. 



Optic Radiations



Corticospinal Tract



Examples of Various Uses For Tractography
Using tractograms to predict mapping 
outcomes in Phase II epilepsy studies with 
sEEG bedside mapping. 



Examples of Various Uses For Tractography 
Continued



Examples of Various Uses For Tractography 
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Examples of Various Uses For Tractography 
Continued



Examples of Various Uses For Tractography 
Continued



Examples of Various Uses For Tractography 
Continued



Integrating the Neuropsychologist into the 
Neurosurgical Team



Integrating the Neuropsychologist into the 
Neurosurgical Team Continued

Make sure you know what you’re doing!

Understand that you are there to provide 
support for the team – that support is typically 
in the form of information.

Understand that the ultimate responsibility 
falls on the neurosurgeon and support that.

If you build it, they will come! (In other words, if 
you provide a good product, you will have 
customers). 



Final Thoughts

• There is a considerable need for consensus 
in how to train neuropsychologists on the 
use of neuroimaging in the context of 
neurosurgery.

• Neuroimaging training needs to start early.

• Training in research-based fMRI is not 
enough.

• Training should include both neuroimaging 
and cortical stimulation mapping. 



Acknowledging My Wonderful Team!
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