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Abstract. This work focuses on the segmentation of axonal structures
in digital images of organotypic slice co-cultures. An image processing
chain is presented, which relies on anisotropic diffusion for preprocessing
of the images and the intelligent scissors method for segmentation. This
method requires manual user interaction to set the starting points. To
overcome this drawback, the initial parameters for the intelligent scissors
are automatically extracted from the images by a graph-based approach.

1 Introduction

The purpose of this work is to present an image processing chain for the segmen-
tation of biocytin-traced axonal fibres in digital images of organotypic dopamin-
ergic co-cultures of the rat brain. The segmentation step is crucial in order to be
able to analyse the properties of axonal outgrowth depending on different factors
(for the biological motivation behind this we refer the reader to [1]). A similar
question was investigated by [2]. But whereas Pakura et al. were interested in the
overall structure of the neural tissue, we like to analyse and compare the prop-
erties of single fibres. So we need a segmentation method able to track single
fibres as exact as possible. The segmentation of line-like structures is a common
problem in medical image processing (e.g. [3] or [4]). Most approaches base on
global methods such as thresholding with additional local constraints depending
on e.g. morphological features or curvature. We decided to use an anisotropic
diffusion filter to enhance the line-like structures as well as to close small gaps
along the fibres. The segmentation itself is obtained by the intelligent scissors
approach [5] which leads to single spatially connected contours representing the
axonal fibres. This method requires manual interaction. To overcome this dis-
advantage we propose a way to automatically extract the initial parameters for
this segmentation from the image itself.

2 Materials and Methods

2.1 Preprocessing

The original images (an example is shown in Fig. 1(a)) are preprocessed to
enhance the axonal structures for further segmentation. Since there is no useful
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colour information in the original images, we use a greyscale version instead.
We are interested in the line-like structures, so at first a Laplacian of Gaussian
(LoG) filter is applied to enhance the edges. This is shown in Fig. 1(b). The
distribution of the grey-values along a single fibre is not homogeneous. This
is due to the three-dimensional structure of the specimen under consideration
(some parts of a fibre simply lie outside of the focal plane), and on the other
hand the staining of the fibres itself might be inhomogeneous. We use a filter
that enhances line-like structures and is able to close small gaps along a single
axonal fibre. This is achieved by an anisotropic diffusion filter described in [6]
that smoothes the image along the edges and therewith enhances the spatial
coherence of the fibres. The resulting image is shown in Fig. 1(c). By this step,
some structures of the background are also increased, so a further smoothing
step is needed. Since we are interested in removing the background noise while
preserving the important structures, a total-variation filter [7] is used. This filter
only requires the standard deviation of the background noise as parameter. The
TV-filtered image is depicted in Fig. 1(d).

2.2 Segmentation

As mentioned in the introduction, there is a great range of different segmentation
strategies and none is superior to others in all possible contexts. When track-
ing the structure of a single fibre, on ideally wants a single spatially connected

(a) Original image (specimen 1) (b) Image filtered with LoG

(c) Image after anisotropic diffusion (d) TV-filtered image

Fig. 1. Preprocessing
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structure. When using morphological operators and thresholding, the resulting
segmentation also consists of small structures that are not connected to a sin-
gle fibre. In principle, this can be handled by removing structures that are too
small (e.g. [2]). But this approach also removes small parts along the fibres, if
there are between two gaps. An appropriate method for extracting the axons
are the intelligent scissors proposed by [5]. By choosing two points on the fibre
the intelligent scissors segmentation is able to track the path between them. The
resulting contour is connected, so it is possible to interpolate gaps that occur.
The segmentation result seems to be appropriate for analysing the properties of
the axonal outgrowth, but this method has one great disadvantage: it is semi-
automatic. User interaction is needed to place the initial points on the fibres. To
overcome this problem, an automatic initialisation method, i.e. the extraction of
reasonable starting points from the image itself is used.

2.3 Parameter Extraction

The quantification method presented by [8] is able to extract a graph structure
from images of astrocytes. Based on this approach we are able to extract points
in the image, that lie on the ends of the fibres and therewith are ideal as initial
points for the intelligent scissors segmentation. At first the preprocessed image
is binarised by simple thresholding (Fig. 2(a)). No other thresholding method is
used, since the grey-values in the filtered images nearly follow an ideal Gaussian
distribution. From the binarised image, a graph structure of connected parts
of the foreground is constructed (for details see [8]). Here, all structures with
a number of vertices that is too small, are removed. The result is depicted in
Fig. 2(b). Now the vertices of the graph (shown in red in Fig. 2(b)) are taken as
initial points for the intelligent scissors. Two points are selected as initial pair, if
their distance is above a given threshold. Then all combinations of such points
are used as initialisation, leading to a bundle of possible fibre-tracks.

3 Results

An example of the results of the segmentation are shown in Fig. 3. One can
see from this images, that the main fibre tracks can be segmented. A single
fibre from the detected bundles is depicted in Fig. 3(b). The structure of the
axonal outgrowth is well captured by the segmentation results. Fig. 3(c) and
Fig. 3(d) show two further segmentation results from different specimens. One
way of analysing the structure of a single extracted axon is to take the fibre as
a one-dimensional signal and to look at the frequency distribution of this signal.
As an example in Fig. 4 the structure of the fibre in Fig. 3(b) is plotted together
with a log-log plot of the coefficients of the Fourier transform.

4 Discussion

While the segmentation method yields adequate results on the example images,
extensive testing in laboratory practice will follow to demonstrate the method’s
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Fig. 2. Feature Extraction

(a) Binarised image (b) Image graph plot

reliability. It is of great advantage that the resulting structures are connected
lines, which can be used to analyse the different forms of growth of the axon
fibres. One remaining point is the selection of single fibres from the bundles that
are segmented. Since most combinations of start points lead to nearly the same
structures (as can be seen from Fig. 3(a)) a simple way is to select the longest
fibre from all the overlapping results as a representative. The aim of further work
is the evaluation of other criteria for selecting a single representative fibre from
the result as well as extracting additional features from the segmented fibres.

(a) All segmented fibres specimen 1 (b) Single fibre specimen 1

(c) Single fibre specimen 2 (d) Single fibre specimen 3

Fig. 3. Result of the intelligent scissors segmentation
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Fig. 4. Analysis of a single fibre
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(a) Fibre as one-dimensional signal
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(b) Log-log plot of the Fourier coefficients
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