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Uncinate fasciculus fiber tracking in mesial
temporal lobe epilepsy. Initial findings

Abstract In temporal lobe epilepsy
(TLE) due to hippocampal sclerosis
(HS), ictal discharge spread to the
frontal and insulo-perisylvian cortex is
commonly observed. The implication
of white matter pathways in this
propagation has not been investigated.
We compared diffusion tensor imaging (DTI) measurements along the
uncinate fasciculus (UF), a major tract
connecting the frontal and temporal
lobes, in patients and controls. Ten
right-handed patients referred for intractable TLE due to a right HS were
investigated on a 1.5-T MR scanner
including a DTI sequence. All patients
had interictal fluorodeoxyglucose PET
showing an ipsilateral temporal hypometabolism associated with insular
and frontal or perisylvian hypometabolism. The controls consisted of ten
right-handed healthy subjects. UF
fiber tracking was performed, and its
fractional anisotropy (FA) values were
compared between patients and controls, separately for the right and left
UF. The left-minus-right FA UF

Introduction
Characterization of epilepsy remains a challenging issue in
the field of neuroimaging. Conventional magnetic resonance (MR) pulse sequences, such as T1- and T2-weighted
and diffusion imaging, are needed to find the epileptogenic
zone accurately [1]. Diffusion tensor imaging (DTI) is a
noninvasive magnetic resonance (MR) imaging technique
that can be used to quantify the diffusion properties of brain

asymmetry index was computed to
test for intergroup differences. Asymmetries were found in the control
group with right-greater-than-left FA.
This asymmetrical pattern was lost in
the patient group. Right FA values
were lower in patients with right HS
versus controls. Although preliminary,
these findings may be related to the
preferential pathway of seizure spread
from the mesial temporal lobe to
frontal and insulo-perisylvian areas.
Keywords Mesial temporal lobe
epilepsy . Hippocampal sclerosis .
Diffusion tensor imaging .
Fiber tracking

tissues [2, 3]. A tissue is said to be isotropic when diffusion
is identical in all directions. Conversely, it is considered to
be anisotropic when water molecules move in a preferential
direction. White matter (WM) is a highly anisotropic
structure, presumably due to the fact that water molecules
move along the main axis of myelinated fibers. A
disruption of this microstructural environment will lead
to a less orderly arrangement of nerve fibers and
subsequent changes in anisotropy [3]. A few studies have
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addressed the usefulness of DTI in patients with intractable
epilepsy and have demonstrated increased diffusivity and
reduced anisotropy in cerebral areas corresponding to the
epileptogenic focus [4, 5]. Others have reported that white
matter changes were not only restricted to the lesion seen
on conventional MR sequences, but extended into other
brain regions distant from the lesion [6, 7]. The fact that
lesions are more widespread than can be seen on
conventional T2-weighted MR sequences has already
been demonstrated by structural imaging data in patients
with hippocampal sclerosis (HS) [8, 9]. Metabolic studies
have also demonstrated that the zone of hypometabolism
observed in temporal lobe epilepsy (TLE) is usually much
larger than the structural lesion and epileptogenic zone [10,
11], often spreading over extra-temporal cortical areas [12–
14]. More recently, temporo-fronto-insulo-perisylvian hypometabolism was shown to be the usual pattern in patients
with HS [15]. These findings are consistent with electrophysiological and previous metabolic data reported in TLE
[16–18] and could be related to the pathways in which ictal
discharge spreads in extra-temporal areas. The uncinate
fasciculus (UF) is a major fiber tract connecting the inferior
frontal and anterior temporal lobes [19]. We hypothesized
that this tract may be involved in ictal discharge spread
along white matter fiber bundles. We used quantitative DTI
measurements along the segmented UF bundle in patients
with mesial TLE associated with HS and compared these to
similar measures obtained in healthy controls. We
predicted microstructural differences to be more prominent
in the UF ipsilateral to the HS between groups.

Materials and methods
Subjects
The patient group consisted of ten right-handed patients
(five males and five females) aged from 16 to 42 years
(median: 31 years), referred for refractory TLE associated
with a right HS. This diagnosis relied on electro-clinical
data, video-EEG recordings and MR imaging. In addition,
all patients underwent an interictal [18F] fluorodeoxyglucose positron emission tomography (PET) scan showing an
ipsilateral temporal hypometabolism associated with insular involvement and frontal or perisylvian hypometabolism.
The control group consisted of ten right-handed healthy
subjects (six males and four females, aged from 20 to
33 years, median: 23 years). All patients and control subjects
gave their written informed consent to participate in the
study, which was approved by the local ethical committee.
Image acquisition and analysis
All patients and controls were investigated on a 1.5-T
Signa MR scanner (GE Medical Systems, Milwaukee, WI),

including a T1-weighted three-dimensional spoiled-gradient-recalled and a high-resolution DTI sequence using the
following parameters: 41 diffusion gradient directions (b
value of 700 s/mm2) as well as 5 images without diffusion
weighting, 24 cm FOV, 128×128 acquisition matrix, 60
slices and z resolution of 2.0 mm. DTI data were
transferred to an independent workstation and analyzed
using “Brainvisa/Anatomist” software [20]. After correction for eddy current distortions [21], the diffusion tensor
[3] and parametric maps, including fractional anisotropy
(FA) and color maps [22], were computed. UF segmentation was performed using a fiber-tracking algorithm
(“Brainvisa/Anatomist” software), as proposed by Conturo
et al. [23]. The UF is a long association white matter bundle
that connects the anterior portion of the temporal lobe with
the orbital frontal gyrus (Fig. 1). It arises from the temporal
lobe lateral to the amygdala and hippocampus, courses
through the temporal stem and has a characteristic hooked
shape as it curves upward into the extreme and external
capsule to continue into the orbital gyrus [24]. The
following steps were applied to each UF bundle,
bilaterally: (1) temporal region of interest (ROI) positioning: on a coronal reformatted color map, we first identified
the temporal hook of the UF, i.e., a temporo-mesial
structure located below the anterior commissura with a
main direction in the z-axis. The ROI (mean: 16 pixels)
was then placed on the hook of the UF on the axial color
map; (2) single-ROI tractography: the FACT (fiber
assignment by continuous tracking) algorithm [25] was
used with an angular threshold >45° and keeping only
voxels with FA >0.2 to restrict fiber assignment to white
matter, using 32 seed points per voxel. This allowed us to
delineate three components arising from the temporal stem
and projecting to the anterior part of the temporal lobe, to
the orbital frontal gyrus and to the occipital lobe. These
fibers corresponded to two major bundles, namely the UF
(temporo-frontal) and the inferior fronto-occipital fasciculus; (3) frontal ROI positioning: a fronto-basal ROI (mean:
81 pixels) was placed anteriorly to the genu of the corpus
callosum on the coronal view; (4) two-ROI tractography:
only fibers that crossed both ROIs were retained (Fig. 2) so
as to separate the UF from the inferior fronto-occipital
fasciculus and avoid picking up the latter. UF tracking was
considered complete when continuous pixels connected the
temporal region to the orbital frontal gyrus. FA values were
compared between patients and controls, separately for the
right and left UF. The FA UF left-minus-right asymmetry
index was computed within each group to test for
intergroup differences. All comparisons were done using
a non-parametric Wilcoxon signed rank test for paired data
and a Wilcoxon rank sum test for unpaired data. Statistics
were computed using the R stats package [26], and P<0.05
was considered significant.
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Fig. 1 Right uncinate fasciculus fiber tracking projected on
T1-weighted MR views. Upper
left: temporal part of the bundle
curving toward the insula; upper
right: the hooked shape insular
part; lower left: the end of the
hooked shape as it curves
upward; lower right: frontal
extremity of the uncinate
fasciculus

Results
The control and patient groups did not differ significantly for
age and sex ratio. The UF fiber tracking was complete in all
the subjects. Illustrative examples of UF tracking in patient
and the control groups are presented in Figs. 3 and 4. There
was a significant side-to-side asymmetry in FA values in the
control group (P=0.04), but not in the patient group (Fig. 5).
Intergroup comparisons showed the following: the right FA
values were significantly lower in the patient (mean ±
SD=0.43±0.05) compared to the control group (0.48±

0.02) (P=0.005). The mean left FA values were not
significantly different between the patient (0.45±0.03)
compared to the control group (0.45±0.02). The FA index
(left minus right) was significantly different between groups
(P=0.009), being negative in the control group (−0.02±
0.02) and positive in the patient group (0.01±0.03).

Discussion
We found decreased anisotropy in the right UF in temporal
lobe epilepsy associated with right HS. This result was
obtained by measuring the mean FA within the UF,
identified by the use of a two-ROI fiber-tracking algorithm.
The significance of this finding will be discussed taking
into account the pathway of seizure spread from mesial
temporal structures to extra-temporal areas.
Control group

Fig. 2 Uncinate fasciculus fiber tracking-fibers that pertained to
both regions of interest (ROIs) were retained (frontal ROI: black
arrow; temporal stem ROI: red arrow)

The mean FA values measured along the right and left UF
(0.48 and 0.45, respectively) were higher than previously
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Fig. 3 Illustrative example of uncinate fasciculus tracking in the
patient group

reported normative values [27]. This discrepancy may have
resulted from methodological differences between our
study and previous ones. We chose a high angular echo
planar DTI (41 directions) and contiguous 2.0-mm-thick
sections, while for example, Kubicki and colleagues
(2002) used line-scan DTI with 6 diffusion directions and
a slice thickness of 4 mm plus 1 mm interslice gap [27].
Due to these methodological differences, our values are
likely to have been less contaminated by partial volume
effects. We measured the FA along both frontal and
temporal UF portions, whereas previously reported values
were computed at the level of the UF temporal stem [27].
Our values are thus more representative of the whole UF. In
right-handed controls, we found a significant right-greaterthan-left asymmetry in UF FA values. Although the
asymmetry of the UF in controls is still controversial [27,
28], our results are consistent with previous imaging
findings using voxel-by-voxel DTI analysis, which showed
a right-greater-than-left FA asymmetry in the stem and the
inferior aspect of the UF [28]. Furthermore, a postmortem
study has shown that the right UF is larger and contains
more fibers than the left UF, suggesting greater right-sided

Fig. 5 Boxplot of fractional anisotropy in controls and patients with
right hippocampal scelrosis (HS). Each box has a line at the first
quartile, median and third quartile values. The whiskers are lines
extending from each end of the box to show the extent of the rest of
the data. Outliers ( ) are data with values beyond the ends of the
whiskers

○

fronto-temporal connectivity in healthy adult human brains
[29]. Although the right-greater-than-left UF asymmetry
did not depend on gender in the latter postmortem study,
we chose to match controls and patients for gender since
DTI has shown that this parameter influences microstructure in several human brain regions [30]. For similar
reasons, we selected right-handed patients and controls and
minimized age differences between groups to avoid
potential confounds of handedness and age [31–33].
HS patient group

Fig. 4 Illustrative example of uncinate fasciculus tracking in the
control group

We expected microstructural differences between the
patient and control group to be more prominent in the
UF ipsilateral to the HS. In line with this hypothesis, we
found a significantly lower anisotropy in the right UF in
patients with TLE associated with right HS when compared
to controls. This could explain why patients lacked rightgreater-than-left FA asymmetry, which we observed in
controls. Previous findings have suggested that anisotropy
changes in patients with chronic epilepsy encompass the
structural lesion and involve areas that appear normal on
conventional MR images [6, 7, 34]. DTI changes have been
detected in structures outside the temporal lobe, such as the
external capsule, the posterior corpus callosum and the
extratemporal limbic lobe in TLE [6, 35]. Although
previous TLE pathological studies reported bilateral
involvement of limbic structures, especially the hippocam-
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pal formations [36, 37], we did not find any significant FA
changes controlateral to the HS side. This, however, does
not rule out subtle microstructural changes that may be
associated with the contralateral spread of the ictal
discharge that originates from the epileptogenic temporal
lobe. To search for widespread microstructural changes, an
alternative would have been to investigate the whole
dataset using voxel-by-voxel analysis [28, 38]. Based on
the metabolic and electrical patterns in this patient
population, however, we chose not to use this method,
but rather to focus on the UF, driven by our initial
hypothesis.

ical, electrophysiological and metabolic data [15, 19, 41].
Our DTI results, obtained in patients with a large temporofronto-insulo-perisylvian PET hypometabolism, could
support the implication of the UF in the ictal network.
Further studies are needed to validate the hypothesis that
the decrease of anisotropy in white matter bundles results
from repeated ictal spread. In this regard, longitudinal DTI
studies including patients that do not require surgery could
help testing this hypothesis. Beside the uncinate fasciculus,
other white matter bundles should be studied, and DTI
measurements should be compared between subgroups of
TLE patients with different metabolic and electro-clinical
patterns [15].

Pathophysiological implications

Conclusion
Several mechanisms might explain the lack of FA asymmetry, as well as the preferential FA reduction in the right
UF, ipsilateral to the HS in TLE patients. These changes
might reflect a deficit in myelin or less tightly packed
neuronal networks. Gliosis or microdysgenesis, which are
frequently associated with HS in patients with intractable
TLE [39, 40], could account for the loss of white matter
integrity. Wallerian degeneration secondary to chronic
epilepsy and neuronal loss has also been suggested [31].
The role of the UF in the spread of seizures originating
from mesial temporal structures is suggested by anatom-

We found a right-greater-than-left asymmetry in FA along
the uncinate fasciculus in normal subjects, whereas this
asymmetry was no longer observed in TLE patients with
right HS. These findings may suggest the implication of the
UF in the ictal discharge spread over extra-temporal areas,
especially towards the frontal lobe in these patients. In the
future, DTI may represent a useful adjunct to PET for
improving our understanding of the ictal spread network in
TLE.
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