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ABSTRACT

Purpose: The purpose of this study was to compare
the deterministic and probabilistic tracking methods
of diffusion tensor white matter fiber tractography in
patients with brain tumors. Materials and Methods:
We identified 29 patients with left brain tumors <2
cm from the arcuate fasciculus who underwent pre-
operative language fMRI and DTI. The arcuate fas-
ciculus was reconstructed using a deterministic Fi-
ber Assignment by Continuous Tracking (FACT)
algorithm and a probabilistic method based on an
extended Monte Carlo Random Walk algorithm.
Tracking was controlled using two ROIs corre-
sponding to Broca’s and Wernicke’s areas. Tracts in
tumoraffected hemispheres were examined for exten-
sion between Broca’s and Wernicke’s areas, ante-
rior-posterior length and volume, and compared with
the normal contralateral tracts. Results: Probabilistic
tracts displayed more complete anterior extension to
Broca’s area than did FACT tracts on the tumor-af-
fected and normal sides (p < 0.0001). The median
length ratio for tumor: normal sides was greater for
probabilistic tracts than FACT tracts (p < 0.0001).
The median tract volume ratio for tumor: normal
sides was also greater for probabilistic tracts than
FACT tracts (p = 0.01). Conclusion: Probabilistic
tractography reconstructs the arcuate fasciculus more
completely and performs better through areas of tu-
mor and/or edema. The FACT algorithm tends to
underestimate the anterior-most fibers of the arcuate
fasciculus, which are crossed by primary motor fi-
bers.
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1. INTRODUCTION

The arcuate fasciculus is an important white matter tract
that connects the frontal (Broca’s) and temporal (Wer-
nicke’s) language regions of the brain. Lesions to the
arcuate fasciculus have been associated with language
deficits [1-4]. Diffusion tensor imaging (DTI) is an
emerging magnetic resonance imaging (MRI) technique
that allows visualization and characterization of white
matter tracts such as the arcuate fasciculus [5,6]. By
modeling the direction and magnitude of water diffusion,
DTI encodes the orientation of white matter fibers on a
voxel-by-voxel basis [7-9]. Tractography algorithms util-
ize the DTI encoded information to reconstruct white
matter tracts [10-12]. Tractography algorithms can be
broadly divided into two categories: deterministic and
probabilistic. FACT is a streamline-based deterministic
method that traces pathways from a seed region by fol-
lowing the primary eigenvector from one voxel to the
next [12,13]. The probabilistic algorithm defines path-
ways by generating multiple curves from seed points
using a Monte Carlo simulation [14-16]. Probability of
connectivity is then assigned to individual voxels based
on the frequency with which the curves traverse the vox-
els.

In regions where white matter tracts cross, merge or
diverge, deterministic tractography often cannot differ-
entiate individual white matter bundles, occasionally re-
constructing erroneous pathways or prematurely termi-
nating true pathways [10,17,18]. Tractography in patients
with brain tumors may be further compromised by mass
effect and/or decreased fractional anisotropy (FA) from
the tumor or tumor-related vasogenic edema, tract infil-

L,o% Scientific

+03

%% Research



Z.X. Lietal./J. Biomedical Science and Engineering 6 (2013) 192-200 193

tration, and destruction [19]. Probabilistic tractography
appears to improve the identification of crossing fibers
and the tracking of long white matter tracts such as the
arcuate fasciculus [20]. Although several studies have
evaluated the use of deterministic or probabilistic tracto-
graphy in the reconstruction of the arcuate fasciculus in
normal subjects [6,20-23], currently none has applied
these techniques to reconstruct the arcuate fasciculus in
patients with brain tumors. The purpose of this study is
to use both FACT and probabilistic methods to map the
arcuate fasciculus connecting two main language tracks
(Broca’s area and Wernicke’s area) and to compare the
methods when a tumor is located nearby.

2. MATERIALS AND METHODS

Whole-brain DTI was performed to map white matter
tracks of arcuate fasciculus in 29 brain tumor patients.
FACT and probabilistic tractography algorithms were
compared based on the volume of the tracks and connec-
tivity in the arcuate fasciculus for both normal and tumor
sides. These methods are described in detail below.

2.1. Subjects

This retrospective study was granted a Waiver of In-
formed Consent by the hospital Institutional Review
Board and was fully compliant with Health Insurance
Portability and Accountability Act regulations. We iden-
tified 29 patients (14 females and 15 males; mean 58.5
years, range 32 - 83 years) from May 2007 to June 2011.
Each patient had a solitary brain tumor in the left hemi-
sphere less than 2 cm from the expected course of the
arcuate fasciculus. None of the patients had magnetic
resonance (MR) evidence of tumor (enhancement, mass
effect or FLAIR hyperintensity) on the right side in the
expected location of Broca’s area, Wernicke’s area or the
arcuate fasciculus, as determined by a board certified
radiologist holding a certificate of added qualification in
neuroradiology. Each patient had DTI performed as part
of their MRI scan for treatment planning (n = 17), and/or
for language difficulties (n = 26) usually expressive
aphasia (n = 22). Patient characteristics are summarized
in Table 1. Tumors included twelve glioblastomas, seven
astrocytomas, four oligodendrogliomas, two metastases,
two large B-cell lymphomas, one ependymoma and one
meningioma. In 13 patients, prior treatments included
surgery, chemotherapy and radiation therapy (n = 7),
surgery and radiation therapy (n = 2), radiation and che-
motherapy, surgery and chemotherapy, surgery, or che-
motherapy (n = 1 each).

2.2. Data Acquisition

Imaging was performed on a 1.5-Tesla (n = 6) or a
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Table 1. Summary of subjects and treatments received.

TOTAL
Patients 29
Mean age (range), years 58(32-79)
Sex, n (%)
Female 14 (48.3)
Male 15 (51.7)
Treatment prior to scan, n (%)
No treatment 16 (55.2)
Surgery, radiation therapy and/or chemotherapy 13 (44.8)
Median months to scan for patients who received
treatment (range)
Surgery 19 (1 - 126)
Radiation 12.5(5-135)
Median radiation dose in Gy (range) 54 (30 - 60)

3.0-Tesla (n = 23) magnet (Signa HDx and Excite, GE
Medical Systems, Milwaukee, WI) using a standard
quadrature head coil. All patients underwent DTI using a
single-shot spin-echo echo-planar imaging sequence with
15 (n = 17) or 25 (n = 12) non-collinear gradient direc-
tions; TR/TE, 11000-13,500/60-100 ms; matrix, 128 x
128; in-plane resolution, 1.88 % 1.88 mm; slice thickness,
3 mm to cover the whole brain; b-value, 1000 s/mm?;
and NEX, 1. Seventeen patients also underwent fMRI
using a single-shot gradient-echo echo-planar imaging
sequence (TR/TE, 4000/(30 - 40) ms; matrix, 128 x 128;
flip angle, 90°; slice thickness, 4.5 mm). Block-design
language fMRI including phonemic fluency, semantic
fluency and verb generation paradigms was analyzed in
analysis of functional neurolmages (AFNI) [24]. The
standard MRI protocol also included sagittal and axial
T1-weighted images; axial T2-weighted, FLAIR and diffu-
sion-weighted images; axial gradient-echo or susceptibil-
ity-weighted images; and contrast coronal, sagittal and
axial T1-weighted images as well as axial 3D spoiled
gradient recalled images.

2.3. DTI Data Analysis

Head motion and eddy current issues were initially cor-
rected if necessary. Using DTI & FiberTools software
[24,25] (Medical Physics, Department of Diagnostic Ra-
diology, University Hospital, Freiburg, Germany) im-
plemented in MATLAB (Mathworks, Natick, MA), the
arcuate fasciculus was reconstructed by applying a de-
terministic algorithm based on FACT [12] as well as a
probabilistic algorithm similar to the PICO method [16].

2.4. Definition of Seed Regions-of-Interest
(ROIs)

Probabilistic and FACT fiber tracking were performed
for both the left hemisphere (ipsilateral to the tumor in
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every case) and the right hemisphere (normal side) in all
patients controlled by the following input variables: 1) if
fMRI was performed, two language fMRI-defined seed
ROIs (diameter, 8 mm) corresponding to activated re-
gions in Broca’s and Wernicke’s areas [22]; 2) if fMRI
was not available, seed ROIs (diameter 8 mm) that were
approximated by an expert operator (with 3 years ex-
perience in functional imaging) under the direct supervi-
sion of a board certified radiologist holding a certificate
of added qualification in neuroradiology (with 13 years
experience) using anatomical landmarks (Brodmann’s
area 44 [pars opercularis and pars triangularis of the in-
ferior frontal gyrus] for Broca’s area and posterior Brod-
mann’s area 22 [posterior superior temporal gyrus] for
Wernicke’s area) [26].

2.5. FACT Tractography

For FACT, tracts were traced following the principle
eigenvector within each voxel. Termination criteria were:
FA < 0.15 and turning angle > 45° [22,23]. White matter
bundles connecting Broca’s and Wernicke’s areas were
selected by using an “and” operation to isolate tracts
passing through both ROIs. In cases where the fMRI or
anatomical ROIs did not produce a tract in FACT tracto-
graphy, the anterior ROI in Broca’s area was replaced by
an ROI in the midportion of the arcuate fasciculus in the
superior longitudinal fasciculus, on the coronal plane
near the rostral corpus callosum and lateral to the corona
radiata fibers [23].

2.6. Probabilistic Tractography

The probabilistic method was based on a Monte Carlo
Random Walk approach similar to the probabilistic index
of connectivity (PICO) implementation [16,20]. In this
method, the extended Monte Carlo Random Walk propa-
gates a high number of trajectories from each ROI and
extracts the directionality of the trajectories passing
through each voxel [20]. The frequency with which a
voxel is visited by trajectories determines the degree of
connectivity to the origin ROI. The number of random
walks was set at 100,000. Termination criteria were: FA
< 0.15 and fiber length > 150 voxels. A mask containing
the corona radiata was generated by the FACT method
and removed from the tracking area [20]. Probabilistic
maps from Broca’s and Wernicke’s area seed ROIs were
multiplied together to obtain a map of the tract connect-
ing the two ROIs. Trajectories that started from the two
ROIs and travelled in opposite directions were defined as
connecting tracts, while trajectories that travelled in the
same direction were defined as merging fibers and sepa-
rated [20]. The resulting map contained a voxel-by-voxel
estimation of the degree of connectivity to both ROIs,
and represented the most probable direct pathway be-
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tween Wernicke’s and Broca’s areas. Extraneous tracts
were removed from the tracking area by an experienced
neuroradiologist based on anatomical landmarks using a
mask function. In each patient, the same threshold was
applied for probabilistic tracts on both the tumor-affected
as well as the normal sidesto remove any remaining ex-
traneous tracts while retaining the arcuate fasciculus. The
threshold chosen varied between patients (mean 5.74 X
107, range 9.21 x 10 > to 5.31 x 10°?). The variation in
threshold was used because of the heterogeneity of the
dataset with respect to tumor grade, degree of tract infil-
tration, and edema and mass effects on the tracts. Thresh-
olding and masking techniques have been described pre-
viously [20,27,28].

2.7. Tractography Analysis

Probabilistic and FACT tract volumes were extracted into
masks and the number of voxels was calculated. Within
patients, probabilistic and FACT tract volumes were
compared on each side as well as between sides. The
tumor side: normal side probabilistic volume ratio and
the tumor side: normal side FACT volume ratio were
recorded. For probabilistic tractography, voxels with the
highest connectivity were considered those most likely to
be part of the connecting bundle between two ROIs. We
measured the mean degree of connectivity of voxels that
were part of the connecting bundle on the tumor and
normal sides.

To evaluate the completeness of the arcuate fasciculus
on tumor-affected and normal sides, the FACT and prob-
abilistic tracts were scored for their anterior termination
in a manner similar to Bernal et al. [23]: 0 = no fibers
reached Broca’s area; 1 = few fibers; 2 = most fibers; and
3 = all fibers. The maximum anterior-posterior length of
each tract was measured in the sagittal plane by counting
the number of voxels in a straight line from the most
anterior point of the tract to the most posterior point of
the tract. Length ratios were produced by dividing the
probabilistic tract length on the tumor side by the prob-
abilistic tract length on the normal side, and repeated for
the FACT tract lengths.

2.8. Statistical Analysis

Comparisons were performed using Wilcoxon signed-
rank tests. Results were also stratified by treatment status
and compared with Wilcoxon rank sum tests. To adjust
for multiple comparisons, the false discovery rate proce-
dure was applied [29]. The p-values were ranked from
smallest to largest, compared to false discovery rate sig-
nificance thresholds and declared significant when less
than the false discovery rate threshold.
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3. RESULTS

The results are summarized in Table 2. More probabilis-
tic tracts reached Broca’s area than FACT tracts on the
tumor side (p < 0.0001). Probabilistic tracts had anterior
termination scores = 3 (all reached Broca’s area) in 11/29
(37.9%) cases, and scores = 1 - 2 (few or most tracts) in
14 (48.3%) cases. FACT had scores =1 - 2 in 3 (10.3%)
cases and scores =0 (no tracts reaching Broca’s area) in
26 (89.7%) cases. On the normal side, probabilistic track-
ing of the arcuate fasciculus homologue again outper-
formed FACT (p < 0.0001). Probabilistic tracts had
scores = 3 in 13/29 (44.8%) cases and scores = 1 - 2 in
16 (55.2%) cases, while FACT had scores = 3 in 2/29
(6.9%) cases, =1 - 2 in 10 (34.5%) cases, and = 0 in 17
(58.6%) cases. Figure 1 shows an example in which the
FACT tract ended before the Broca’s area while the cor-
responding probabilistic tract displayed complete exten-
sion. Figure 2 demonstrates truncation of the FACT tract
by descending corticobulbar fibers in the region of the
centrum semiovale.

The median length ratio of the probabilistic tracts
(tumor side: normal side) was 1.00, greater than the me-
dian of 0.88 for FACT tracts, (p < 0.0001). The median
length ratio of probabilistic: FACT tracts on the tumor

Table 2. Summary of results.

side was 1.27 (p < 0.0001), due to decreased length of
the FACT tracts, while the median length ratio of prob-
abilistic: FACT on the normal side was 1.09. The median
tract volume ratio (tumor: normal) was greater for prob-
abilistic tracts at 1.09 than for FACT tracts at 0.77 (p =
0.01). In the example in Figure 3, the FACT tract thins
near the tumor while the probabilistic tract remains ro-
bust.

The mean connectivity of the voxels comprising the
probabilistic tracts on the tumor side (median 0.043,
range 0.016 - 0.38) was not different from that of the
probabilistic tracts on the normal side (median 0.046,
range 0.019 - 0.079) (p = 0.88). No differences were
found between untreated and treated patients (p > 0.06)
(Table 3).

4. DISCUSSION

In the current study, we used DTI and probabilistic trac-
tography to successfully reconstruct white matter fibers
of the arcuate fasciculus in patients with brain tumors.
Our results demonstrated that the probabilistic tracto-
graphy outperformed the FACT tractography in estimate-
ing the extent and degree of connectivity of the arcuate
fasciculus affected by brain tumors and/or peritumoral
abnormalities. We also found that FACT tended to un-
derestimate the extent of the anterior-most fibers of the
arcuate fasciculus, where the fibers cross the descending
corticobulbar fibers. Localization of the arcuate fascicu-
lus is relevant for neurosurgical planning since direct
brain stimulation is less reliable for white matter tracts
than for grey matter cortical structures [30-32].

Variable Median value (range) Median difference between groups (range)  p-value”
Probabilistic anterior termination scores (tumor side) 2(0-3)
) o ] 2(0-3) <0.0001
FACT anterior termination scores (tumor side) 0(0-2)
Probabilistic anterior termination scores (normal side) 2(0-3)
. o ] 2(0-3) <0.0001
FACT anterior termination scores (normal side) 0(0-3)
Probabilistic length ratio (tumor side: normal side) 1.00 (0 - 1.47)
) ) ) 0.09 (-0.016 - 1) <0.0001
FACT length ratio (tumor side: normal side) 0.88 (0 - 1.63)
Tumor side length ratio (probabilistic: FACT) 1.27 (1 -2.31)
) _ o 0.10 (~0.11 - 4) <0.0001
Normal side length ratio (probabilistic: FACT) 1.09 (1 - 1.59)
FACT volume (tumor side) 303 (0-916)
) =79 (=773 - 285) 0.02
FACT volume (normal side) 389 (153 - 877)
Probabilistic volume (tumor side) 600 (0 - 1596)
o ] 51 (1104 - 742) 0.86
Probabilistic volume (normal side) 637 (280 - 1080)
FACT volume ratio (tumor side: normal side) 0.77 (0 - 1.85)
o i . . ~0.28 (-0.76 - 1.36) 0.01
Probabilistic volume ratio (tumor side: normal side) 1.09 (0 - 1.87)
Probabilistic mean connectivity (tumor side) 0.04 (0.02 - 0.38)
0.00 (—0.03 - 0.33) 0.88

Probabilistic mean connectivity (normal side)

0.05 (0.02 - 0.10)

"ltalicized results were significant after adjusting for multiple comparisons by the false discovery rate procedure.
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Figure 1. Images in a 62-year-old man with pathologically
proven glioblastoma. (A) Contrast sagittal T1-weighted image
shows a glioblastoma in the centrum semiovale near the middle
portion of the arcuate fasciculus; (B) Probabilistic tracking
demonstrates the entire course of the arcuate fasciculus; (C)
FACT (magenta) fails to reconstruct the anterior-most fibers.
Broca’s area, as activated on fMRI, is highlighted in red; (D)
Probabilistic and FACT tracts overlaid on the same sagittal
slice confirm the absence of anterior fibers in the FACT tract.

/ \

‘_1'
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Figure 2. Images in a 51-year-old man with pathologically
proven glioblastoma. (A) FACT of the arcuate fasciculus (ma-
genta) and probabilistic tracking of the corticobulbar fibers
(arrow) overlaid on a sagittal contrast T1-weighted image.
Probabilistic tracking of the corticobulbar fibers appear at the
termination of the anterior FACT fibers; (B) Axial; and (C)
Coronal B0 diffusion tensor images show that instead of reach-
ing Broca’s area the arcuate fibers (magenta) are prematurely
truncated by descending corticospinal and corticobulbar fibers
(blue and yellow; arrows) seen with probabilistic tractography.

The arcuate fasciculus is thought to connect Wer-
nicke’s area and Broca’s area [33], as supported by mod-
ern deterministic tractography studies [22,26]. Bernal et
al. recently suggested that the rostral termination of the
arcuate fasciculus at Broca’s area is less definite than
once thought [23]. Using deterministic tractography, the
arcuate fasciculus terminated before the putative Broca’s
area in 58.3% of normal subjects, and in the remaining
cases the connecting fibers were minimal. Rather than
terminating in premotor areas and connecting to Broca’s
area via a relay station, [23,34] however, the arcuate fas-
ciculus is more likely to have prematurely terminated in
the centrum semiovale by crossing fibers.

Copyright © 2013 SciRes.

Figure 3. Images in a 58-year-old woman with pathologically
proven low grade oligodendroglioma. Axial, coronal and sagit-
tal contrast T1 weighted images (A)-(C) and BO images with
FACT tract overlay (magenta, (D)-(F)) show a nonenhancing
oligodendroglioma in the left inferior frontal gyrus, with dis-
continuity of fibers in the region near the tumor. BO images
with probabilistic tract overlay (G)-(I) show more robust tracts
around the tumor.

In the centrum semiovale, fibers from the corticospinal
tract, superior longitudinal fasciculus, and interhemispheric
callosal fibers meet and cross [35]. Previous studies
evaluating the integration of deterministic tractography
in surgical navigation have noted an incomplete depic-
tion of the corticospinal tract in these regions [36]. While
some advanced tractography techniques such as high-
angular resolution diffusion imaging, g-ball imaging and
diffusion spectrum imaging can resolve fiber crossings
[37,38], these methods usually require longer scanning
times that may be difficult to achieve in a busy clinical
setting, particularly in patients with brain tumors [39].

In our study, FACT tracts often deviated from the ex-
pected anterior-posterior orientation to veer cortically in
the region of crossing corticobulbar fibers. The probabil-
istic method, on the other hand, was able to track through
this fiber crossing region and reach the expected termi-
nation at Broca’s area. The probabilistic method likely
succeeds by integrating information about trajectory di-
rectionality [20]. In the region of crossing fibers, trajec-
tories stemming from the seed ROIs in Broca and Wer-
nicke’s areas meet and travel in the same direction to-
wards the cortex, and are thus labeled as a merging bun-
dle rather than a true connecting bundle. In our study, all
29 patients had fibers reaching Broca’s area on the nor-
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Table 3. Comparison of results from treated and untreated patients.

No Treatment Treatment

Variable Median (range) Median (range) p-value”
FACT scores (tumor side) 0(0-2) 0(0-1) 0.68
Probabilistic scores (tumor side) 2.5(0-3) 2(0-3) 0.16
Probabilistic tract length (tumor side) 37(21-42) 34 (0-45) 0.49
FACT tract length (tumor side) 27.5(6-42) 29 (0 - 44) 0.56
FACT tract volume (tumor side) 291.5 (60 - 916) 306 (0 - 742) 0.59
Probabilistic tract volume (tumor side) 705.5 (156 - 1596) 478 (0 - 857) 0.06
Probabilistic tract mean connectivity (tumor side) 0.04 (0.02 - 0.08) 0.05 (0.02 - 0.38) 0.70

mal side by probabilistic tractography, whereas only 12
(41.7%) did by FACT. The findings on the tumor side of
the brain were similar and implied that the poor results
from FACT on the tumor side were not due solely to the
tumor. The large numbers of trajectories traced by the
probabilistic method per seed point may have helped
compensate for these areas of decreased FA. Our results
support the findings of previous investigators [40], who,
using high-definition fiber tractography requiring more
extensive data collection and computation, successfully
depicted the terminations of the arcuate fasciculus at
Broca’s and Wernicke’s areas.

Recent studies on the incorporation of DTI tractogra-
phy in neurosurgical navigation have predominantly util-
ized deterministic tractography for fiber reconstruction
[41-45]. Many commercial vendor and third-party soft-
ware programs also use deterministic techniques. Previ-
ous investigators have reported underestimation of tracts

by deterministic tractography in regions near tumors [46].

Despite the known limitations of deterministic tracto-
graphy, and the emerging applications of probabilistic
and high-definition fiber techniques, the optimal approach
to tractography reconstruction remains unclear. Further
investigation, including correlation of tractography re-
sults with those of intraoperative stimulation studies, are
necessary.

We found that the tracts generated by FACT tracto-
graphy were smaller in volume in the tumor-affected left
hemisphere than in the normal right hemisphere. Tracts
generated by probabilistic tractography, however, showed
no significant difference in volume between the tumor-
affected and normal sides. Because most individuals are
left language dominant, the left arcuate fasciculus is
normally larger than the right homologue [47,48]. Our
results imply that the probabilistic method was able to
overcome difficulties in tractography such as decreased
FA in tumor regions to generate similar tract volumes
between sides. While thresholding directly affects the
volume of the probabilistic tracts, the tumor side: normal
side tract volume ratio should minimize the confounding
effects of thresholding.

Our study had a few potential limitations. First, it was

Copyright © 2013 SciRes.

a small retrospective study involving a heterogeneous
cohort of patients with different tumor types, some as yet
untreated and the rest previously treated by varying
methods. Surgery, chemotherapy and radiation therapy
have variable effects on white matter [49-53], which may
have affected our tractography results. We attempted to
minimize the potential effects of these treatments by only
including treated patients whose scans were performed at
least 1 month after surgery (median, 19 months) or at
least 5 months after radiation therapy (median, 12.5
months). Although surgery and radiation therapy may
have local or regional effects (as opposed to chemother-
apy that may have more global effects), we found no
differences in anterior termination scores, tract volumes,
or tract lengths between untreated and treated groups.

Second, malignant gliomas are infiltrative tumors known
to invade along white matter tracts and may cause DTI
and tractography abnormalities distinct from metastases
[54-57]. Metastasis, low-grade glioma and meningioma
related edema also do not typically disrupt white matter
tracts in DTI studies [56,58]. In our study, the focus of
the comparison was on probabilistic versus FACT trac-
tography within each patient, rather than between pa-
tients, minimizing the influence of tumor grade on the
results. The small size of our study, however, precluded
comparisons of probabilistic and FACT tractography
results between tumor types.

Third, whereas both methods require setting certain
threshold values (e.g., turning angle for the FACT method
vs. number of walks for the probabilistic method), the
probabilistic method also requires manually adjusting
threshold values on the connectivity map to exclude ex-
traneous tracts. The threshold chosen varied between
patients given the heterogeneity of the tumor pathology,
meaning that a single common threshold could not be
applied on a group-wise basis. However, thresholds were
held constant within each patient on both sides of the
brain. We also performed within-patient analyses using
ratios between sides and between methods to minimize
the effects of these intrinsic differences in the recon-
struct- tion and display of the arcuate fasciculus.

Fourth, the magnetic field strength and gradient en-
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coding directions used in the acquisition of the dataset
varied between 1.5-T and 3.0-T, as well as 15- and 25-
directions. In our study, the comparisons of tracts were
carried out within patients, rather than between patients.
Thus, the differences in field strength and gradient direc-
tions should not confound the results.

Lastly, due to the retrospective nature of the study, in-
traoperative validation was not available to confirm the
reconstructed fibers. Additional work is necessary to
validate the reconstructed probabilistic tracts to confirm
the location, extent, and function of the arcuate fascicu-
lus.

5. CONCLUSION

To the best of our knowledge, this is the first DTI fiber
tractography study to compare outcomes from both FACT
and probabilistic methods in patients with brain tumors.
Probabilistic tractography outperformed the FACT trac-
tography in estimating the extent and degree of connec-
tivity of the arcuate fasciculus language pathway affected
by brain tumors and/or peritumoral abnormalities. We
also found that FACT tended to underestimate the extent
of the anterior-most fibers of the arcuate fasciculus, where
the fibers cross the descending corticobulbar fibers. Lo-
calization of the arcuate fasciculus is relevant for neuro-
surgical planning since direct brain stimulation is less
reliable for white matter tracts than for grey matter cor-
tical structures.
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