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We utilize the fractal dimension of the perimeter surface of cell sections 88 a new observable to
characterize cells of different types. We propose that it is possible to distinguish canccroous  from
healthy cells  with the aid of this new approach. As a first application we show that it is possible
to perform this  distinction between patients with hairy-cell lymphocytic  leukemia and those with
normal  blood lymphocytes .

In  the final diagnosis of neoplasia  the pathologist generally relies on the qualitative and empirical parameters of
the cells in biopsies or cytological preparations. These experiential approaches have been aided by morphometric
methods, such as  determination of surface area, volume, axes ratios, estimation of population density, and other
methods derived from basically Euclidian geometry [l],  to enhance the examination of the internal components such
aa  the nucleus, number of nucleoli, amount of chromatin,  nuclear membrane abnormalities, together with perturbation
of the cytoplaamic  membrane, and degree of differentiation.

In mathematics and the physical sciences, it has  been known since the turn of the century that classical Euclidian
concepts, such aa  perimeter length, surface area, or volume, do not yield finite answers  for certain objects. The
earliest and probably most famous example is  Koch’s Snowflake [2] with infinite perimeter surface length and finite
area. A similar problem is encountered when trying to mea.wre  the coastal length of a country like Great Britain,
for example. There one finds that the answer depends on the size e of the yardstick one is using, and that it diverges
to infinity as  the size of the yardstick approaches 0 [3].  In order to describe this  kind of complexity found in nature,
Mandelbrot  developed the concept of fractal geometry 141.  He introduced the fractal dimension aa  a more convenient
ways to parametrize the surface, L(c) N F <led, where d is the fractal Haussdorff dimension.

In biology and medicine, frwtals  are just now beginning to have first applications [5,6]. Recently studied have
been the shape of neurons in vertebrate central nervous systems [7],  the frequency spectrum in human heartbeats [S],
vascular and airway systems [9],  brain surface [lo],  trabecular  bone [ll] and pathological entities such as  color&al
polyps [12], or epithelial tissues in the oral cavity [13].

fiactals  have also been utilized at the cell and sub-cellular level. The anatomical outline of neuronal  cells [16], such
aa  glia [17]  and retinal cells [18]  have been compared, and 80 has the nuclear outline of cervical epithelial cells [19]  for
cancerous changes. Surface receptor localization [20]  and changes in cytoplasmic  components such as  cytosketon  [21]
and the nucleus of other cell types has  revealed functional correlates.

In this current study we focus on the use of fractals  at the cellular level. In the following we describe our method
of extraction of fractal dimensions for biological cell samples [22]. We illustrate the method by showing the results of
the different steps on a human lymphocyte affected  by hairy-cell leukemia. However, the method is general and can
be used on many  types of cells or organisms such w protozoa and bacteria.

We start by obtaining an electron mrcroscope  image of a cell section (Fig. la). This image is digitized in 256
gray-levels at fairly high pixel resolutions. The image shown in Fig. la contains 750 x 675 pixels. By compiling grey
level distribution histograms, one is able to automatically set grey  level thresholds for the cell membrane and the cell
nucleus. In Fig. 2 we show the grey level distribution for the digitized image of Fig. la. There are  two local minima
visible. The lower of these two minima corresponds to the threshold for the cell membrane, the object of interest
here. The long vertical line corresponds to a grey level of 80, chcwm  for this particular cell. However, the exact choice
(within & 5) of the threshold value is relatively unimportant. We have investigated the sensitivity of our final results
to the threshold value and find only a weak dependence over this range.

In the next proceasing step, every pixel with grey level above the threshold value is assigned black, and everyone
below white. This results in the picture shown in Fig. lb. One cm now already see  B rough image of the cell section’s
surface. However, there are small inclusions inside the cell which now appear 88 white spots, but upon examination
of Fig. la clearly should belong to the cell. In the same way, there is extraneous extracellular  material (seen aa  black
aggregates), mainly from proteins in the solution, which clearly don’t belong to the cell, either. These small black
and white spots have to be removed for us to obtain meaningful information on the surface of the cell.
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