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Abstract

The precise characterization of cortical connectivity is important for the understanding of brain morphological and functional
organization. Such connectivity is conveyed by specific pathways or tracts in the white matter. Diffusion-weighted magnetic
resonance imaging detects the diffusivity of water molecules in three dimensions. Diffusivity is anisotropic in oriented tissues
such as fiber tracts. In the present study, we used this method to map (in terms of orientation, location, and size) the "stem"
(compact portion) of the principal association, projection, and commissural white matter pathways of the human brain in
vivo, in 3 normal subjects. In addition, its use in clinical neurology is illustrated in a patient with left inferior parietal lobule
embolic infarction in whom a significant reduction in relative size of the stem of the left superior longitudinal fasciculus was
observed. This represents an important method for the characterization of major association pathways in the living human
that are not discernible by conventional magnetic resonance imaging. In the clinical domain, this method will have a potential
impact on the understanding of the diseases that involve white matter such as stroke, multiple sclerosis, amyotrophic lateral
sclerosis, head injury, and spinal cord injury.

The central white matter of the cerebral hemisphere includes axons serving three principal classes of
connections, namely, associational, projectional, and commissural. It is a general property of these white
matter fiber pathways that their axons tend to fasciculate into "stems," converging from origin into
compact, more or less homogeneous bundles, from which they ultimately diverge to termination [1].
Anatomical connectivity in the cerebral cortex is mediated by long association pathways within the
white matter. In experimental animals, the complete delineation of the fiber pathways has been
performed using anterograde and retrograde tracing techniques[2, 3]. In human postmortem material,
traditional techniques such as myelin stain allow the visualization of the stems of these fiber bundles [1].
Using the myelin staining approach, the major white matter tracts have been described precisely in terms
of topography, dimension, and orientation of their trajectories in the human brain at the level of their
stems [1]. Available histological description of human fiber pathways is incomplete because it does not
provide a detailed understanding of their distal or peripheral terminations. There is a clear clinical need
for methods to characterize human white matter tracts in vivo.

Magnetic resonance imaging (MRI) has become the method of choice for the clinical evaluation of the
brain in normal and pathological conditions. MRI allows anatomical differentiation of gray and white
matter tissues and thus permits the topographic and volumetric characterization of specific regions of the
cerebral cortex and subcortical structures in vivo [4]. Developments in diffusion-weighted imaging
(DWI) using magnetic resonance have made it possible to measure the diffusivity of MRI visible water
molecules. Water diffusivity in DWI is characterized by the effective diffusion tensor, D, which
describes the magnitude and direction of water mobility in the tissues in three dimensions. Some uses of
DWI have focused on the "apparent diffusion coefficient" [5, 6], a scalar representation of the total net
water diffusion present in each voxel. The use of diffusion anisotropy was introduced[7-10] to consider
directional specificity. Most recently, methods to characterize the complete diffusion tensor have been



developed [11, 12]. These methods have allowed the detection of major white matter structures in the
central nervous system such as the corpus callosum and the internal capsule in humans in vivo [13, 14]
and in experimental animals [15].

Using an orientation color coding system [9] to visualize the primary direction of the diffusion tensor,
we tested the hypothesis that DWI can characterize the stems of the principal cerebral white matter
pathways in the human brain in terms of their location, size, and trajectory. In the present study, we
demonstrated the ability to characterize the stems of more discrete corticocortical association pathways
than have been previously reported in living humans. This is an advance over the previous literature in
that, by using an atlasguided analytic approach, we have identified the principal set of association
pathways in living human subjects. The utility of this type of observation is then demonstrated in a
stroke patient. The structural characterization of white matter tracts in vivo has important implications
for understanding normal anatomy and function, as well as neurological disorders that present and/or
result from damage to such fiber pathways such as stroke, multiple sclerosis, amyotrophic lateral
sclerosis, head injury, and spinal cord injury.

Subjects and Methods
To test our hypothesis regarding the identification of discrete fiber pathways in the human brain in vivo,
we (1) defined our a priori anatomical understanding about a specific subset of fiber pathways of
interest, (2) acquired DWI on a set of subjects, (3) generated maps of various diffusion properties, and
(4) evaluated the correspondence of these maps with our anatomical definitions by ascertaining the
degree to which the a priori expectations matched the observed data.

Neuroanatomy
We have selected a subset of fiber pathways that present a range of orientations and sizes to form the
anatomical basis of our hypothesis. These are listed in Table 1, which includes their anatomical location,
size, and orientation based on a qualitative interpretation of the Dejerine [1] map of the human brain.
This table refers to the compact portion, or stem, of the fiber tracts, an example of which is shown
schematically in Figure 1. Throughout the remainder of this text when we refer to pathways, we refer to
the stem of the pathway. The approximate size of the cross section of different pathways was calculated
from the Dejerine anatomical map. From the topographic features of these pathways, we have
designated representative anatomical regions of interest (ROIs) on the Dejerine map that indicate their
expected blocked-outlined neighborhood location, an example of which is shown in Figure 2a.

Table 1. Nomenclature and Features (Location, Size, and Orientation) of the Compact Portions or



Stems of the Different White Matter Pathways Based on the Dejerine Human Map

Fig 1. A diagram of a coronal section from the human brain atlas of Talairach and Touroux [33]
showing a schematic representation of a white matter fiber pathway. On the left hemisphere (G), the
corticospinal tract is depicted including its compact portion ("stem"), the zone of fiber divergence
("spray"), and its extreme periphery ("exp").



Fig 2. On the left (a), diagram shows a coronal section taken from the book by Dejerine [1] at the level
of the red nucleus (6 mm anterior to the posterior commissure). The anatomical regions containing
major white matter fiber pathways are "blocked" using a geometrical region of interest outline. SLF =
superior longitudinal fasciculus; CB = cingulum bundle; OF = occipitofrontal fasciculus; EC = extreme
capsule; ILF/OR = complex of inferior longitudinal fasciculus and optic radiations; Fo = fornix; CC =
corpus callosum; IC = internal capsule; P = cerebral peduncle; BS = brainstem; sf = sylvian fissure; lv
= lateral ventricle; hm = hemispheric margin. On the right, at the top (b) is a T2-weighted echo-planar
image of a normal subject at a level anatomically corresponding to (a). The predicted regions are
scaled to fit the anatomical features that are present at this level. On the right, at the bottom (c) is a
color-coded tensor orientation map (TOM) that is in exact registration with the image seen in (b). Each
pixel in the image is assigned a color based on the direction of the largest eigenvalue of the diffusion
tensor. Blue color coding corresponds to superior-inferior, green to anterior-posterior, and red to
mediolateral.

Subjects
In 3 normal right-handed male subjects (mean age = 35 years) the white matter fiber pathways were
analyzed using DWI. In addition, one 69-year-old, right-handed male patient was studied. This patient
suffered an embolic infarction in the left inferior parietal lobule at 65 years of age (4.5 years before
DWI).

Neuroimaging
MRI scanning was performed using a General Electric 1.5-T Signa (modified for instant imaging by
Advanced NMR, Wilmington, MA). Scans included conventional (multislice T1-weighted sagittal scan
for prescription of subsequent images) and echo-planar DWI (Fig 3). The echo-planar-based protocol



included automatic magnetic field shimming and coronal diffusion tensor imaging. The coronal imaging
plane was set to be perpendicular to the bicommissural (anterior commissure-posterior commissure) line
and covered the entire anteroposterior extent of the corpus callosum (10- 12 coronal sections). We
sampled the diffusion tensor, D, using a seven-shot echo-planar imaging (EPI) technique [13] that
samples the magnitude and orientation of the diffusion tensor. The following parameters were used:
repetition time (TR) = 6 seconds, echo time (TE) = 155 msec, averages = 32, number of slices = 12,
slice thickness = 6 mm, slice spacing = 1 mm, data matrix = 256 × 128, in-plane voxel resolution = 1.5
mm2, diffusion sensitivity: b = 834 sec/mm2. The total imaging time was 67 minutes. An example
T2-weighted EPI (T2-EP) image from this acquisition is shown in Figure 2b. A complete set of coronal
images covering the entire anteroposterior extent of the brain was obtained in 1 subject (see Fig 4).
However, the pathway analysis was performed only on the 10 to 12 pericallosal coronal sections as
mentioned above. This was motivated because the stems of the association white matter pathways are
present consistently and almost entirely in the pericallosal region.

Fig 3. Diffusion and T1-weighted images of a patient with a lesion involving the left inferior parietal
lobule. Diffusion and T1 images are not in exact registration. (a) and (b) are at the equivalent level of
the normal subject in Figure 2b. (c) and (d) are at the level of the splenium of the corpus callosum. (a
and c) T1-weighted images. (b and d) Tensor orientation map images as seen inFigure 2c. (c and d) The
location of the lesion is indicated. Note the absence of pixels indicating anterior-posterior orientation
(green) in (d) at the site of the lesion. The arrows in (b) show the predicted location of the superior
longitudinal fasciculus and the cingulum bundle in both hemispheres. In (b), note the reduction in
number of the pixels indicating anterior-posterior orientation (green) for the superior longitudinal



fasciculus on the patient’s left. SLF = superior longitudinal fasciculus; CB = cingulum bundle.



Fig 4. Complete set of coronal color-coded tensor orientation maps in a normal subject (Subject 1).
Note: Colors are modulated by the lattice anisotropy index. Some voxels with low anisotropy appear
black due to measurement noise.

Diffusion Maps
The resulting seven diffusion-weighted images per slice level were used to generate maps of the
diffusion magnitude [11] and diffusion anisotropy [15] at each level. By definition, these resulting maps
are in exact registration with the diffusion-weighted acquisition. To visualize the direction and location
of fiber bundles, the direction of the eigenvector ofD with the largest eigenvalue is color coded and then
overlaid onto the corresponding T2-EP image. In the overlaid image, nonbrain regions are masked by
the selection of a high (brain-cerebrospinal fluid) and low(brain-background) intensity threshold and we
also removed the diffusion signal external to the brain parenchyma; the diffusion data are shown only if
the T2-EP data fall in this range. This allows the tensor data to be seen in the context of the brain
structure. A color is assigned at each brain location using the primary direction (the eigenvector with the
largest eigenvalue) of the diffusion tensor. At each voxel the values of the x, y, and z components of the
eigenvector are used as the red, blue, and green color values such that a green voxel in the image means
the vector points anterior-posteriorly, red means mediolaterally, and blue points superior-inferiorly. An
example tensor orientation map (TOM) is shown in Figure 2c. The color of oblique vectors will be a
mixture of red, green, and blue depending on the magnitudes of the vector components. It is also
possible to modulate this color map by using one of the anisotropy measures in the literature. For
instance, in Figure 4, we have decreased the brightness of colors for voxels with relatively low"lattice"
anisotropy index [15]. This highlights the compact portions of the bundles with colors that remain
bright.

Data Comparisons
The individual sections from each T2-EP image were compared with the corresponding coronal sections
from the human brain map of Dejerine. We identified corresponding levels of the Dejerine map by
proportional distance along the anterior-posterior extent of the corpus callosum. Due to interindividual
anatomical variability, the corresponding sections of the Dejerine human map present some differences
in anatomical detail with T2-EP and TOM image level. Block outlines were manually transferred for
each image from the Dejerine map to the corresponding T2-EP sections by using visible anatomical
landmarks such as the ventricles, sylvian fissure, internal capsule, corpus callosum, and hemispheric
margins. This matching procedure was performed manually on each image and required small amounts
of correction in terms of scaling, rotation, and translation to maintain the relative anatomical relationship
of the regions (see Fig 2b). These matched outlines of T2-EP were then overlaid directly onto its
corresponding TOM (see Fig 2c). As the T2-EP and TOM images were in registration, no further spatial
correction was required.

Each ROI was evaluated for the presence of a cluster of voxels of the specified orientation and size for
the fiber pathway that generated the ROI. In addition, the "size" of white matter tracts could be
estimated by counting the number of voxels within the ROIs, which have tensors oriented within 45° of
the predicted orientation.

Results
The results of this study were threefold: (1) acquisition of"high-resolution" diffusion tensor images that
were registered to an anatomical map, (2) visualization of tensor orientation by color coding, and (3)



comparison of the diffusion tensor orientation information with anatomical predictions of fiber tract
location. This analysis was performed on 3 normal young adult subjects, and 1 stroke patient.

Diffusion Imaging
For each subject the following data were generated for each coronal level:(1) a set of seven "raw"
diffusion-weighted images, (2) a diffusion tensor map, and (3) a color-coded TOM. Each of these data
provided unique information about the white matter. We used one of the T2-EP images to identify the
anatomical context of the coronal level through the observation of features such as the hemispheric
margins, interhemispheric fissure, sylvian fissure, internal capsule, corpus callosum, ventricular system,
and brainstem (see Fig 2b). A distinct color-coded pattern of orientation for the complete cerebral
hemispheres can be seen in the color-coded tensor orientation image (see Fig 2c). The overall
appearance of this image is consistent, in its broad context, with the general expectation of fiber
pathways in the brain. Specifically, superior-inferiorly oriented tensors (color-coded blue) form a broad,
largely homogeneous band that courses parasagittally in each hemisphere and corresponds to the internal
capsule seen in the T2-EP image. These bands continue inferiorly as the cerebral peduncles and join at
the brainstem. Mediolaterally oriented tensors (color-coded red) are apparent as a strip above the roof of
the lateral ventricles and correspond to the corpus callosum seen in the T2-EP image. The corpus
callosum and the internal capsule form a "frame of reference" for the identification of other fiber
pathways. Multiple regions of anteroposteriorly oriented tensors(color-coded green) are observed
laterally and adjacent to the internal capsules. In addition, this orientation pattern is observed
immediately superior to the corpus callosum as well as around the external superior corner of the lateral
ventricle and at the midline under the floor of the lateral ventricles. As one approaches the lateral
hemispheric margins, mediolaterally(color-coded red) oriented tensors are predominantly observed. This
is in contrast to the neighborhood of the superior hemispheric margin where superior-inferior
(color-coded blue) orientation is preferentially observed. These observations are consistent with the
pattern of the fiber systems of the subcortical corona radiata, which would be expected at the lateral
cerebral regions to be mainly rendered in red due to their predominant transverse course, as opposed to
blue at the superior cerebral regions, which would be consistent with their expected predominantly
vertical course as seen in the coronal plane. Many additional orientation patterns were observed such as
a red strip at the pontine level that would be consistent with the mediolaterally running middle cerebellar
peduncles in the basis pontis. However, in this study we focused our attention on the major white matter
fiber pathways of the cerebrum.

To make a quantitative statement regarding the consistency of the diffusion data with the specific
predictions regarding fiber tracts, we evaluated the orientation information contained within each ROI in
each slice. The results of this analysis are shown in Figure 5, where the correspondence between
predictions and observed orientation is tabulated graphically for a set of representative association
pathways. Specific hypotheses for tensors oriented in the anterior-posterior, mediolateral, and
superior-inferior directions for fiber systems as identified in Table 1 were tested. In summary, the
normal subjects demonstrated excellent correspondence between the direction information of the tensors
and that provided by the Dejerine map in terms of location, size, and orientation of fiber tracts.
Specifically, 96% of these hypotheses for localized orientation were consistent with the diffusion data.
For the most part, the fiber pathways identified in the stroke patient were similar (see Fig 5). In this
patient, the lesion was located in the left hemisphere extending from the parietal cortex to the underlying
white matter in the four posteriormost coronal sections that corresponded to the posterior one-third of
the total anteroposterior length of the superior longitudinal fasciculus (SLF). In these sections the region
that was anatomically defined based on the SLF did not show significant anterior-posterior directionality
of the diffusion tensors. As shown in Table 2, in the coronal sections anterior to the lesion (anterior



two-thirds of the total anteroposterior length) the number of anterior-posteriorly oriented tensors in the
left SLF region was reduced by a factor of 2 compared with the homologous region on the right (no. of
voxels, right SLF/no. of voxels, left SLF = 2.09). This is contrasted to the 3 normal subjects in which the
number of anterior-posteriorly oriented tensors in the SLF regions of the two sides were nearly
symmetric (no. of voxels, right SLF/no. of voxels, left SLF = 1.03 for the anterior two-thirds of the
SLF). We also measured the number of anterior-posteriorly oriented tensors in the ROI defined by the
cingulum bundle(CB) as a control pathway, and observed that they were nearly symmetric in the 3
normal subjects as well as in the patient (no. of voxels, right CB/no. of voxels, left CB = 1.08 and 1.11
for the normal subjects and patient, respectively). It was assumed that this bundle would have remained
intact in the patient, because the cortical areas related to the CB were not affected primarily by the
lesion.

Table 2. Ratios of the Number of Voxels Between the Two Sides of the Brain for the Cingulum Bundle
and the Anterior Two-Thirds of the Superior Longitudinal Fasciculus in Three Normal Subjects (1, 2,



and 3) and One Patient

Fig 5. Schematic representation of the observations of a full set of coronal sections taken through the
anteroposterior extent of the corpus callosum, corresponding to coronal levels 33 through 105 of the



Dejerine human map of 3 normal subjects (Subjects 1, 2, and 3) and 1 patient (Subject P). Each coronal
section was analyzed for the presence or absence of a fiber tract for all regions of interest in the right
and left hemispheres. In our patient (Subject P), a lesion was present in the left inferior parietal lobule
involving also the posterior one-third of the left SLF. SLF = superior longitudinal fasciculus; CB =
cingulum bundle; ILF/OR= complex of inferior longitudinal fasciculus and optic radiation; OF =
fronto-occipital fasciculus; UF = uncinate fasciculus. The regions where the fiber pathways are
predicted to be present are indicated, as well as the observed locations of tensor orientation and size,
consistent with prediction in the right and left (black and white, respectively) hemispheres.

Discussion
Information regarding the white matter pathways in the human brain has been based on methods that
rely on postmortem material. The description of human anatomical connectivity at a level of peripheral
or distal terminations is not possible at this time, because there is no technique capable of addressing this
issue satisfactorily. The closest inferences at this level of description are obtained from white matter
degeneration studies of brains with specific neurological damage. These studies lack specificity due to
the relatively large size of the lesions and most of them deal with corticosubcortical connections[16, 17].
In experimental animals, one can delineate the peripheral terminations of the cortical pathways with
certainty. The knowledge of cortical association pathways derived from nonhuman primates during the
past several years has provided significant understanding of the basic principles that underlie the
organization of the brain (eg,see References 2, 18, and 19).

The study of anatomical connectivity of the human brain aims at clarifying the pathways by which
different cortical and/or subcortical structures are interconnected. Among the different white matter
pathway systems, namely, the commissural, the corticosubcortical (projection), and the corticocortical
(association), damage to the last of these is mainly responsible for many disturbances of higher brain
functions such as aphasias, apraxias, and agnosias [20]. The main pathways of the corticocortical system
are the SLF, the CB, the inferior longitudinal fasciculus, the occipitofrontal fasciculus, the uncinate
fasciculus, and the extreme capsule. Disconnections of these pathways as well as of the commissural
system, in particular the corpus callosum, have provided insight into lateralization of function and
cerebral dominance in the human brain (eg, see References 20-25). It should be pointed out that in a
number of neurological disorders the pathways are involved at the level of their stems, which makes
their in vivo morphometry important for the understanding of the physiological, behavioral, and clinical
correlates of their anatomy.

It was hypothesized that by using DWI we would be able to identify the stems of the major association
pathways of the human brain in vivo. The high degree of correspondence between the tensor orientation
and that predicted by orientations in the Dejerine human map supports the assertion that this orientation
information corresponds to the actual fiber pathways. These observations, taken together, also validate
the DWI technique in terms of its utility for characterizing discrete fiber pathways. This method
presupposes that most of a pathway runs in the compact portions of the bundle. The exact relationship
between the compact portion of a fiber pathway and the trajectories of individual fibers themselves is
not known in detail for humans. However, primate data (eg, see References 26 and 27), and the limited
amount of histological and tracer data in humans, strongly support the assertion that fibers of
neighboring origin and termination follow a common course. The degree to which diffusion imaging
itself will permit the clarification of specific targets in the peripheral terminations of a pathway remains
unclear. Increased spatial resolution is expected to enhance the observations of pathways toward their
target zones. Even if specific targets are not identified by diffusion imaging, as anatomical and tracer
studies in nonhuman primates accumulate knowledge regarding these details for each specific fiber



pathway, additional inferences can be drawn from alterations in the quantitative topography of the
compact portion observed in humans.

The SLF, the CB, and the inferior longitudinal fasciculus in combination with the optic radiation are
readily observed in this study primarily due to their size (5-10 mm in diameter), which is substantially
larger than our sampling volume. In addition, these tracts present a homogencity of orientation that is
necessary for their detection. Of particular interest is their relative topography in relation to neighboring
structures. The SLF remains orthogonal to the rest of the white matter (ie, corona radiata and U fibers)
for almost its entire course above the insula and the sylvian fissure. Also, the CB courses orthogonally to
the underlying corpus callosum and to adjacent U fibers and fibers of the corona radiata. The inferior
longitudinal fasciculus in combination with the optic radiation remain orthogonal to neighboring white
matter fiber systems as well. In addition, other smaller bundles, namely, the occipitofrontal fasciculus
and the fornix, present optimal features of anatomical topography and orientation for visualization on
the diffusion orientation map. The uncinate fasciculus is less prominent, as it does not present an optimal
orientation, because it arches over the limen of insula for a considerable part of its course. The relative
topography of the different pathways with adjacent fiber systems, such as corona radiata and U fibers,
could well explain the presence of different tensor orientations, and therefore colors, within a ROI that
surround the anatomically predicted location. Anatomical variability of brains and size of pathways
relative to the diffusion sampling volume are likely the primary sources of mismatch between the
predicted and observed pathway features.

Use of DWI in Clinicoanatomical Correlation
We used this technique to study secondary degeneration of the SLF in 1 patient with conduction aphasia.
This 65-year-old (at the onset of stroke), right-handed male patient suffered an embolic infarction of the
left inferior parietal lobule, involving the parietal operculum as well as the supramarginal and angular
gyri. MRI comparison of lesion location and extent between the time of lesion onset and the time of
diffusion imaging revealed no significant differences (Fig 6). The DWI pattern observed in this patient
showed remarkable reduction in preferred diffusion orientation for the left SLF, compared with the
patient’s right hemisphere, as well as with the normal subjects (see Fig 3 and Table 2). This finding
suggests damage to the left SLF of this patient.



Fig 6. Summary of radiological findings for patient. (a) Schematic representation of the location of the
lesion related to the topographically based cortical parcellation system of Rademacher and colleagues
[34]. The lesion intersects the supramarginal (SGa and SGp) and angular (AG) gyri.(b) An axial
T2-weighted magnetic resonance imaging scan acquired on day 12 after stroke. A zone of increased
signal intensity in the inferior parietal lobule is noted. (c and d) Sagittal and axial T1-weighted images
acquired at the time of the diffusion imaging, 4.5 years after the onset of stroke. The horizontal line in
(c) indicates the level of the axial image shown in (d); in a similar manner, the vertical line in (d)
indicates the level of the sagittal image in (c).

The details of anatomical connectivity are critical to a number of newly emerging methods for the
analysis of functional neuroimaging data. Fiber pathway disconnections are implicated in altered
cerebral metabolism pattern observed in stroke patients [28]. Functional activation studies using position
emission tomography and functional MRI contribute to the knowledge of the spatial distribution of
cortical and subcortical processing elements. The details of functional connectivity (eg,see Reference
29), however, are influenced directly by the a priori model of anatomical connectivity being used in
structural equation modeling [30-32]. Use of actual individual information regarding white matter fiber
pathway size and trajectory in vivo may permit the creation of more advanced models.

It should be pointed out that there are technical and practical limitations inherent in this technique. In



this study, our sampling volume is anisotropic. Thus, the relative sensitivity is different within the
coronal plane of acquisition (mediolateral, superior-inferior) compared with the anterior-posterior
direction. A fiber tract must have a homogeneous orientation that comprises most of the volume of the
voxel for that tract and orientation to be accurately reflected in the resulting map. When multiple tracts
and orientations are present within the voxel, the net result is an average orientation. Therefore, for
definitive identification, the fiber tract should be at least the size of the voxel. Different orientation and
voxel size parameters could be prescribed and optimized for studies of specific white matter ROIs. The
absence of identifiable SLF in some locations in our patient can be due to either complete destruction of
the tract or reduction of the tract below the size of detectability. General application of this technique
will undoubtedly benefit from a more nearly isotropic acquisition.

The present results are limited to the compact parts or stems of the fiber tracts, because these portions of
the bundles are larger than the diffusion sampling volume. In this investigation we used a large number
of averages at the cost of a relatively long imaging session to achieve a relatively high signal-to-noise
ratio. Additional work is required to achieve the optimum trade-off between sensitivity, resolution, and
patient compliance relative to total imaging time.

Additional studies related to the fundamental neuroanatomical underpinnings of this method are
currently under way. First, direct correlation of the actual fiber pathways to their imaging results can be
attempted in postmortem material. This type of endeavor is not without significant technical difficulties
pertaining to altered MRI parameters of postmortem tissue preparation relative to in vivo values, precise
registration of imaging and histological results, and precise pathway delimitation in the histological
preparation. Second, the generation of quantitative population statistics is required to determine the
specific sensitivity of this method for identification of subtle abnormalities of fiber pathway topology.
Principally, abnormalities will appear either as absence of a fiber pathway (as demonstrated in the stroke
case presented here) or as a "significant" alteration of the location, orientation, or size of a particular
pathway(inferred in the stroke case presented here). For the former, the population data we compiled on
the three normal subjects make us confident in the identification of the missing portion of the SLF in the
region of the lesion. In the latter type of observation, the significance of an alteration in size(as of the
SLF remote from the lesion, in this case) or orientation or location is more dependent on a quantitative
assessment of the normative population data and requires more extended subject sampling.

Conclusion
The data presented demonstrate that the stems of major association pathways can be visualized and
quantified in vivo in the human brain. In addition, this is the first time that a color-coded tensor
orientation map has been correlated with a human brain anatomical map to validate the DWI technique
in terms of known fiber pathway orientation in living humans. This methodology opens up various
possibilities. Anatomical connectivity can be studied in detail in vivo, within and across subjects, in both
a qualitative and a quantitative manner. In addition, this method allows the characterization of damage
to or disconnection of white matter pathways and could provide further diagnostic and functional insight
in different neurological disorders involving white matter such as stroke, multiple sclerosis, amyotrophic
lateral sclerosis, head injury, and spinal cord injury. Moreover, knowledge of white matter pathways
derived by DWI could well contribute to the understanding of language processing and in other
cognitive domains as well as shed light on the mechanisms of recovery of function or its failure. Future
technological development will decrease imaging time as well as improve the spatial resolution and
availability of this imaging capability. This may allow, more readily, accurate clarification of the white
matter pathways and provide additional understanding of the organizational principles underlying the
structure and function of the human brain in health and disease.
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