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Abstract: Introducing new mathematical models
describing the spatial heterogeneity of a
capillary ensemble and an objective evaluation

with a computer, makes it possible to enhance
the methods for evaluation and earlv detection
of tissue disorders.
INTRODUCTION

Capillary microscopy has for more than half a century
been accepted as a technique for visualization of the
nutritive part of the vascular structure of the skin [1]. It has
been used to evaluate numerous tissue diseases and
microcirculatory disorders, such as peripheral arterial

frame grabber card. A live image of the capillary bed is
displayed on the computer screen, through a 200 times
magnification lens on the video microscope, which results
in an investigated area of 1.0 mm x 1.5 mm (Figure 1).
The image (384 x 288 pixels) is digitized into the core
memory of the computer and a software (developed by our
group) processes the captured data and extract the position
and the size of each capillary l2l. These two relevant
parameters capillary density and capillary cross-sectional
area, often overlooked, are then available for diagnostics
purposes. With knowledge about size and position the
density function of the interdistances between capillary
sites and their triangulation pattern is evaluated t3l.
RESULTS

disease, Raynaud's syndrome and diabetes.

The instrumentation of the technique has proceeded
from the early light microscopes towards today's high

resolution CCD-cameras and high quality video
instrumentation. Computer assistance to the equipment
makes it possible to automate time consuming calculations
of many interesting tissue parameters.

Traditionally capillary microscopy has been used to
study dynamic changes or morphologic patterns in only a
small numbers of capillaries. Our approach to the
microvascular problems differ since we study an ensemble
of capillaries and their co-operative processes of the
capillaries.

The method of a closest neighbour distribution creates a
map in the captured image consisting of the distances each
capillary has to its nearest neighbour capillary (Figure 2).
This technique describes the local clustering of capillaries

and has been compared to the Krogh oxygen diffusion
model [4), a model describing the minimum distance
necessery between two capillaries in order to well nurture
the tissue.
Since the closest neighbour method operates locally it
does not involve larger areas lacking capillaries. In contrast
the triangulation technique, is a global characterization of

the capillary positions. Calculating and drawing
METHOD

A

hand-held CCD video microscope

is

used in

conjunction with a personal computer equipped with

a

Figure l. Digitized capillary image after conversion from
from RGB to 8-bit grayscale.

edges

between all capillaries, on condition that no edge should
cross any other edge, will display a unique map of triangles
describing the mutual distances in the capillary ensemble
(Figure 3).

Figure 2. The minimal distance map superimposed on the
grayscale image.
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Figure 3. The mutual distance map superimposed on the
grayscale image.

The triangulation is somewhat difficult to interpret and
therefor we calculate the distribution uniformity, u, defined

as one minus the coefficient

of variation of the edge

lengths of the mutual distance map,

u=r-covlei]

ttl

where, e; represents the i-th edge in the mutual distance
map and COV, coefficient of variation. It is obvious that a
value of u closer to one represents an capillary ensemble
with a perfectly homogenous distribution, consisting of
equally sized equilateral triangles.
The distribution uniformity is examplified in Figure 3
and Figure 4 (fabricated capillary ensemble), where
u = 0.43 and 0.97 respectively. Note that, though the
capillary structure has a uniform distribution, z < I in
Figure 4, which is explained by the fact that the image is a
finite area of the skin, thus introducing false edges on the
convex hull of the ensemble.

Figure 4. A fabricated mutual distance map examplifying
the distribution uniformity (rz = 0.97).
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DISCUSSION
Estimation of spatial heterogeneity of the capillary bed,
captured through microscopic images, may have a great
impact on the accuracy and objectiveness in our decisions
to formulate the correct diagnose. In this paper we have
described and developed a model for describing distribution
patterns of the capillaries detected by our image processing

methods.

In particular, minimization and triangulation

techniques are used to model, calculate and visualize both
locally (minimal distance maps) and globally (mutual
distance maps) the distribution of the detected capillaries.
The methodology is considered being used as a bed-side
monitoring technique and a rigorous performance criterion
is often difficult to establish in these practical situations.
Therefore these methods are formulated using qualitative
features of the capillary image and heuristics.
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