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Abstract
Klingler dissection [LK56] as well as general blunt [Hei95] dissection of brain white matter shows the fiber
bundles in the embedding tissue structures. White matter fiber tractography from diffusion tensor imaging (DTI)
is, in general, visualized as 3D lines or tubes together with 2D anatomical MR slices or surfaces. However,
determining the exact location of the fiber tracts in their surrounding anatomy is still unsolved. Rendering the
embedding anatomy of fiber tracts provides new insight into the exact spatial arrangement of fiber bundles, their
spatial relation, and tissue properties surrounding the tracts [SSA∗08]. We propose a virtual Klingler dissection
method of brain white matter creating curved dissection surfaces locally parallel to user specified fiber bundles.
To achieve this effect in computer visualization, we create free-form clipping surfaces that align with the fiber
structure of the brain and texture these according to structures they intersect or align with. An optimal view on
the naturally embedding curved anatomical structure of the surrounding tissue enables the study of location and
course of fiber bundles and the specific relation between different fiber systems in the brain. Indication of the
local fiber orientation on the dissected brain surface leads to a representation of both, structural and directional
information. The system is demonstrated on a human DTI dataset illustrating the dissection of the sub-insular
white matter.

Categories and Subject Descriptors (according to ACM CCS): Computer Graphics [I.3.3]: Line and Curve
Generation—Life and Medical Sciences [J.3.1]: Health—

1. Introduction

In contrast to conventional medical imaging, such as mag-
netic resonance imaging (MRI) or positron emission to-
mography (PET), diffusion-weighted MR imaging (dwMRI)
yields complicated, multi-valued, information for each
voxel. This information may comprise the vector of the main
diffusion direction or even entire angular diffusion profiles.
Moreover, in dwMRI the local information exhibits a great
deal of global spatial coherence, which is of great impor-
tance for the interpretation. In particular, one may want to
visualized fiber trajectories as well as entire fiber bundle sys-
tems. These specific properties of dwMRI pose substantial
challenges to the classical way imaging data are visualized,
which is based on planar cuts throught the volume (slices).

One way to, partially, cope with this problem is to convey
directional information using colors [CHPJ02], small vector
representations or glyphes [Kin04]. These approaches share
the common shortfall of only representing local information
in the voxel, thus neglecting the global nature of the data.
The other well established method is showing the fibers as
streamlines [ZB02] or tubes [MEN∗06]. While this excel-
lently relays the global nature of the fibers, it fails at putting
them into the appropriate anatomical context, as might be
provided by conventional (T1 or T2) MR images. Usually,
such fiber representations are displayed together with one
more or less arbitrarily chosen MR slice. However the pre-
cise spatial location of the fibers in their surrounding tis-
sue is of great interest in Neurosurgery, and cognitive Neu-
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roscience. In planning neurosurgical interventions it is im-
portant not to damage important white matter fiber bundles.
Only in vivo visualization can be used to identify the individ-
ual location of these bundles. In Neuroscience the identifica-
tion of functional networks needs an exact correspondence
between functional activations (as reveled by fMRI) and the
fiber bundles connect these areas. The detailed knowledge
of the involved fiber system in a particular cognitive task
is crucial for the analysis and interpretation of brain func-
tion.. This challenges visualization to come up with novel
ways of imaging. For the first time, the problem was tack-
led by Schultz et al. [SSA∗08]. Instead of planar slices, they
used deformed surfaces to map the contextual MRI. These
surfaces were chosen such that they match as closely as pos-
sible the mean trajectories of the fiber bundle. Both, curved
MRI surfaces and fiber bundles are then displayed concur-
rently. This provides much more precise information on the
brain structures a fiber tract passes or touches. However,
this method only allows for displaying a small number of
fiber tracts, since otherwise the anatomical background in-
formation would be obscured. As a matter of fact, it is of-
ten of great interest to assess larger systems of fiber bun-
dles within the anatomy they are embedded in. This can be
elegantly achieved by using a novel procedure, we are go-
ing to describe in this paper. For this, we utilize so-called
LIC (line integral convolution) textures [CL93], which al-
low to map the principal fiber direction directly onto the
curved MRI slices. Similar methods have been used in vec-
tor field visualization and our method was inspired by the
approaches of Laramee et al. [LJH03] and the ideas of Hotz
et al. [HFH∗06], who used texture on surfaces to analyze
engineering tensor data. This way one can achieve global
views of entire white matter fiber systems, embedded into
the anatomical context. Similar effects have been already
created for many decades by various dissection methods ap-
plied to post mortem brains, such as blunt dissection [Hei95]
or Klingler dissection [LK56] (cf. Fig. 1). However, in
contrast to these techniques, which only work with cadaver
brains and require a great amount of tedious work by highly
skilled experts, our method works automatically on images
of the living brain.

The remainder of this paper is organized as follows. We
provide details on the surface calculation (Section 2) and de-
scribe the method for texture generation (Section 3). Finally,
we present details of the implementation (Section 4) and dis-
cuss the results and potential future research (Section 5).

2. Surface Calculation

When performing a Klingler dissection on a post-mortem
brain, the first step is to cut through the brain along an imag-
inary plane until the structures of interest are reached. In our
virtual dissection environment, this plane is initially given
by the user as an arbitrary sweeping plane that is chosen in
a way such that it provides the required contextual informa-

Figure 1: Our work was motivated by photographs of dis-
sected human brains. Neuroanatomists cut away tissue until
they reach areas of the brain they want to see. These usu-
ally follow the fibrous structure of the neural nerves (Picture
taken from [LK56])

Figure 2: Illustration of surface generation: The initial
plane (back) is positioned by the user to align with the fiber
structure (blue), leading to a surface (red) aligning with the
fiber structure. In this simple example, a principal compo-
nent analysis would generate the gray, dashed line and lead
to the same results (see text). A selection of fibers can be pro-
vided by, for example, Boolean operations applied to fibers
intersecting different boxes, indicated by green rectangles
here.

tion (Fig. 2). The information provided by the user usually is
limited to the orientation of the clipping plane and its offset
to the important structures, i.e., the selected fiber bundles.

Having both the structural information and the contextual
information, the next step is the deformation of the plane to
obtain an optimal cut along the structural information.

We start with a spline representation of the surface. The
surface is then bent using points on the selected lines as
scattered data that is interpolated using Shepard interpola-
tion with Franke-Little weights (for example, as reported
in [Bar77]). Therefore, the value v(p) is

v(p) =
∑i ξ

µ
i v(pi)

∑i ξ
µ
i

, (1)
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with

d(p1, p2) = ‖p1− p2‖ (2)

and

ξi =
{

1−d(p, pi)/r d(p, pi) < r
0 otherwise,

(3)

where µ is a weight factor and r is the radius of the inter-
polation kernel. We use µ = 8 and r = 30 mm. Even though
this would lead to a smooth representation of the surface, we
have choose a spline representation for several reasons:

• The final representation uses fewer points and is therefore
easier to store,

• efficient techniques for rendering exist, and
• it allows for editing the surface by the user afterwards.

In other words, we place a grid of an arbitrary, adjustable
number of de Boor control points on the initial sweeping
plane. For every control point the center of mass of the
nearby fibers is calculated and the control point is moved
to that center. If the number of fibers within the range of the
control point is lower than a given minimum, that point is
discarded. We keep some control points at the edges of the
plane to maintain the overall alignment. This procedure cre-
ates a deformed surface that follows the selected fiber bun-
dles. In case this automatic process does not produce an opti-
mal result, the user can still manually manipulate the control
points and even add more.

3. Texture Generation

Instead of displaying geometrical information only, medical
textbooks highlight the texture as well. This is mandatory
for distinction of different types of tissue, especially their
directional alignment. Therefore, we decided to adapt this
type of visualization to our virtual dissection by displaying
the fiber structure of neural tissue similar to, for example,
Gray’s Anatomy [Gra18].

The texture generation consists of two steps: a tensor LIC
and a color coding of the directional information. We first
want to explain the line integral convolution technique.

The basic idea of line integral convolution arose from ex-
periments using oil on surfaces that build “Schlieren” along
the main directions of the air flow. This method has been
adapted and is now used as a general means to describe di-
rectional information along surfaces. While a similar method
was used by Hotz et al. [HFH∗06] for tensor data from en-
gineering applications, we use a simplified method as only
one main direction is indicated in the final image.

First, tensor information is mapped to the surface gen-
erating one tensor per cell. The major eigenvector is then
mapped into the surface leading to one orientation vector
per triangular surface cell. Then, an initial texture is created
using salt-and-pepper noise on the surface leading to a bi-
nary texture. Anisotropic smoothing is applied based on this

Figure 3: The geometry-based approach on a triangular
grid: Lines are integrated using piecewise-constant interpo-
lation in triangle cells, which makes the line integration ef-
ficient. Errors are neglectable due to the limited integration
length (implied by the kernel size) and the high resolution of
the grid. Note, that the eigenvectors only provide tangential
information; the orientation of the eigenvector is not impor-
tant. An additional scaling of the parameterization can be
introduced using local fractional anisotropy.

information and a moving kernel, locally scaled by the in-
surface amount of the eigenvector to maintain reasonable re-
sults when the eigenvectors are perpendicular to the plane.

Due to the high resolution of the grid, constant interpo-
lation inside a cell is sufficient to achieve reasonable results
(cf. Fig. 3). We randomly seed lines in the data set and mark
the number of lines intersecting each triangle. The triangles
that are not touched by a minimum number of lines (for ex-
ample, at least two lines) are used as additional seeds for new
lines until the whole surface is densely covered by lines.

When compared to methods using parameterized textures,
where the triangulation is determined by the curvature of
the surface, our approach requires a larger amount of trian-
gles (i.e., the triangle resolution has to be similar to the dis-
play resolution). However, no global parameterization is re-
quired, which makes the approach applicable to any smooth
surface of arbitrary topology.

3.1. Improvements

While the above approach already leads to good results in
areas where the fiber orientations are parallel to the clipping
plane, i.e. close to the previously selected fiber bundles, it
could return misleading results where there is low FA or the
fibers are almost perpendicular to the surface. To counter that
we implemented two adjustments. In areas with low FA we
think there is no dominant fiber direction so we rather show
no texture at all. The FA is here used as a blend factor, which
means the LIC texture disappears seamlessly the lower the
FA gets. For areas where there is high enough FA but the
major eigenvector is perpendicular to the plane we leave the
noise texture unchanged to give the impression of looking
onto cut fibers (see Fig. 4).
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Figure 4: Three different views of a selected sub section on a sagittal slice of a human brain. The marked areas represent
voxels with low FA (1) or voxels in which the major eigen vector is perpendicular to the plane (2). Figure b shows how a LIC
algorithm without adjustments would respond to these problems. As it can be seen, the LIC shows directional information, that
is either not there (1) or is entirely different (2). Figure c shows how our algorithm blends off the LIC texture (1) or leaves the
noise texture unchangend (2)

3.2. Color Coding

Depending on the application, different color coding
schemes are suitable:

Structural Color Coding: In this approach, the color cod-
ing is set according to the structural information gained from
additional MRI scans, such as T1 or T2 images. We modu-
late the texture using this information to indicate the white
matter–gray matter boundary.

Directional Information: Another approach uses the color
coding depending on the tensor information, such as tensor
direction and fractional anisotropy (FA). Here, we modulate
the color information using the standard medical RGB color
scheme with the texture. This intensifies the fiber direction
especially in areas where the line structure is perpendicular
to the plane of interest.

Structural and Directional Information: By combin-
ing the previous pictures, i.e., modulating the directional
color coding using anatomical T1 information, we highlight
anatomical information on top of the directional informa-
tion. This eases navigation as, in addition to the directional
color scheme, which is the default in neuroscience and neu-
rosurgery, it provides anatomical information. The blending
can be changed interactively.

Alternative Color Codings: Whereas the basic idea of our
approach is to put structural and directional information in
context, it turns out that for most approaches, a gray-scale
encoding of the texture is sufficient. As the texture mainly
contains high-frequency components, almost the entire color
space remains available to augment the surface with addi-
tional information, for example, functional data. This seems
to be a reasonable approach because analysis of functional
imaging, i.e., analysis of active areas of the brain, goes along

with understanding of brain connectivity which is shown in
our method. We have not yet performed in-depth user stud-
ies concerning this multi-modal visualization approach, and
plan to address this aspect in future research.

4. Implementation

We implemented the approaches in a tool using the platform-
independent libraries wxWidgets and OpenGL libraries for
the graphical user interface. During the implementation
we focused on standard hardware, and therefore, the sys-
tem can be deployed in most research and clinical envi-
ronments without additional costs. Nevertheless, the sys-
tem tries to utilize the available resources, for example, it
uses parallelization on shared memory systems and supports
hardware-accelerated rendering.

The timings were generated based on a standard Linux PC,
Intel Core 2 Quad CPU at 2.3 GHz, 4 GB RAM, and a
GeForce 8800 GTX graphics board.

kd-Tree and Fiber Selection: We implemented a paral-
lel implementation of the kd-Tree that can be constructed
in less than one second for 74 313 lines with a total of
approximately 5.6 million points (ca. 120MB), and in six
seconds for 400 000 lines and approximately 29 million
points (ca. 600MB). Queries can be performed at interactive
speeds where we allow Boolean relationships between boxes
to be able to select the fibers of interest (AND, OR, and
NOT operatiors are currently implemented.) For the graph-
ical representation, the user can choose between unshaded
lines, shaded lines [ZSH96], and a tube representation simi-
lar to [SBK06, MEN∗06] that allow interactivity while pro-
viding high visual quality.
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Figure 5: Example of a virtual Klingler dissection of the
fronto-temporal fiber system. The superior longitudinal fas-
ciculus SLF (turquoise), the uncinate fasciculus UNC (yel-
low), the inferior longitudinal fasciculus ILF (blue) and the
external/extreme capsule EC/EMC (violet) are overlaid on
the dissection surface. The inset shows a corresponding post
mortem Klingler dissection ( [LK56]).

5. Results

5.1. Virtual dissection of a complex fiber system

The method was applied to study the fronto-temporal fiber
system and the sub-insular white matter system. The fronto-
temporal fiber system is dominated by the superior lon-
gitudinal fasciculus (SLF), the inferior longitudinal fasci-
culus (ILF) end the external/extreme capsule fiber system
(EC/EMC). These bundles were interactively identified and
selected as starting fiber to fit the dissecting spline sur-
face. While interpolating between the selected bundles and
smoothly extrapolating to the surface of the brain, the dis-
section surface showed the white matter structure naturally
embedding the fiber bundles which allows an exact local-
ization of the 3D course and the anatomical endings of the
fiber bundles (Figure 5). Texturing the surface with the LIC
texture combined with the gray value of the T1 anatomy al-
lows studying the extension of the white matter structure in
the vicinity of the bundles. The texturing indicates a conti-
nuity of the white matter structure which is parallel to the
selected fiber structures, but which extend the classically de-
fined bundles in a smooth way between the bundles and to
the cortex. The result closely matches an example of a post-
mortem Klingler dissection of a similar fiber structure (Inset
in Figure 5).

5.2. Enhanced visualization of white matter sheets

A second application shows the dissection of the sub-insular
white matter which is dominated by the fibers of the ex-

Figure 6: Dissection of the sub-insular white matter: color-
coded diffusion texture shows fine anatomical details of the
local tissue orientation in the white matter underneath the
insular cortex (outlined in red). The texture indicates struc-
tural connections of the posterior-dorsal part to the somato-
motor areas and of the inferio-frontal fraction to frontal and
temporal areas. The yellow line indicates the suggested ros-
trocaudal separation of the sub-insular white matter..

Figure 7: Directional color coding on a probabilistic fiber
tracking in the human brain.

treme/external capsule. A curved surface was fitted to this
fiber system and textured with the diffusion orientation and
the color-coding of the main diffusion directions (Figure
6). The corresponding post mortem Klingler dissection is
shown in Figure 1. The color-coded diffusion texture shows
fine anatomical details of the local tissue orientation in the
white matter underneath the insular cortex (outlined in red).
The texture indicates structural connections of the posterior-
dorsal part to the somatomotor areas and of the inferio-
frontal fraction to frontal and temporal areas. The yellow
line indicates the suggested rostrocaudal separation of the
sub-insular white matter.

5.3. Application to Probabilistic Tracking

As our approach can be applied to surfaces with arbitrary
topology, any isosurface can be textured. Instead of using
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Figure 8: Directional color coding with texturing on a prob-
abilistic fiber tracking in the human brain.

deterministic fiber tracking as discussed before, probabilistic
approaches estimate the connectivity between different areas
of the brain, leading to a scalar field known as connectivity
map [ATvC∗07]. It describes a unit-free amount of connec-
tivity between a chosen seed voxel or area to any other voxel
in the data set. In general, isosurfaces and volume rendering
are used to delineate highly connected regions but usually
neither of these indicates directional information. Only geo-
metrical information is displayed, which can be compared to
the enveloping surface of the selected fiber structure. While a
color coding (see Fig. 7) provides directional hints, its inter-
pretation is not obvious. We texture these surfaces depending
on the local structure as shown in Fig. 8: Here, directional
structure becomes visible without providing additional de-
tails of the white matter structure.

6. Discussion

We have shown that using a global visualization method like
the LIC improves the holistic perception of inherently lo-
cal (voxel bases) data. With previous approaches, like color
coding or vector plots, it requires a great deal of experience
and three-dimensional imagination to achieve a similar ef-
fect. On the other hand, rendering fibers as streamlines or
tubes is a great solution for presenting small fiber selections,
but gets confusing for complex fiber systems, in particular if
one wants to convey the precise anatomical context of the
fibers at the same time. Our approach aims at combining
both worlds. Unlike the dissection approach by Schultz et
al. [SSA∗08], who carve out the surrounding tissue from the
contextual MRI slice and display fibers as streamlines on to
of this, with the above mentioned disadvantages, we show
the information directly on the dissection surface.

However, one might criticise that using a LIC texture for
dwMRI data gives a false impression of direction in areas
where the major eigenvector is not parallel to the surface in
question or where there is no dominant fiber direction. This
problem was identified to originate from the projection of
the major eigenvector onto the surface. One thinkable ap-
proach would be to stop the streamline integration (for the

convolution filter) when the length of the projected vector
goes below a certain value. However our testing of this idea
led to unsatisfying results. Our new approach tackles these
problems from a different perspective. By deforming the cut-
ting plane to follow the shape of the fiber bundles, which are
derived from the same dwMRI data, we make sure that the
direction information is indeed correct, at least for those por-
tions of the dissection surface that are close to the fiber bun-
dle. This only leaves areas where there is an arbitrary align-
ment of the surface to the fiber structure. Although these ar-
eas are implicitly of lower interest, our adjustments assure
that only correct directional information is displayed. The
quality of the local matching of the smooth spline surface to
the fiber bundle depends on the locale curvature of the bun-
dle. In general the spline surface matches quite well in the
central parts of the bundle. Fiber endings often correspond to
strong curvature and also a strong spreading of the bundle.
Therefore a matching of a single surface is more difficult,
and the accuracy is reduced. Manual adaptation of the spline
surface can visualize the important features.

7. Conclusion and Future Work

We have presented a way of mapping directional data to a
non planar surface in the brain which is adapted to the shape
of major fiber bundle systems. While the ingredients of our
method are not new in themselves, e.g. LIC is used in flow
visualization for decades, their application on non planar
dissection surfaces for dwMRI is unique and provides ad-
ditional and better insight into structures otherwise hidden.
Displaying the directional information directly on the sur-
face provides two main advantages. First there is no need to
display fibers (as streamlines or tubes) which may comple-
cate the picture and obstruct the view onto essential anatom-
ical details. Second, since the LIC texture provides the di-
rectional information the color value of the voxel is still
"free" and can be used to relay any other information (e.g.
functional activity or FA). The procedure is implemented to
work almost completely automatic after a few initial man-
ual settings and provides satisfiable results even for users
with minimal training. Our further research will be directed
at integrating recent methods such as presented by Schultz
et al. [SS08] that have proven to be capable of deriving mul-
tiple fiber directions from a data set.
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Figure 9: Virtual Klingler dissection: a specific fiber bundle and an initial anatomical slice is selected (a); a spline surface is
matched to fibers (b); the curved dissection plane is textured with the fiber orientation (c); control points of the spline surface
for interactive optimization of the final shape (d)..
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