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Guest Editorial

Francesco Bonaventura Cavalieri (1598 - 1647)

In many studies cells are described on the basis of visual impression
from a single section and micrograph. Even when several sections and
micrographs <Ire used, the description is based on mental analysis and
synthesi:>. Such an approach suffers from a high degree of subjective bias.
In quantitAtive microscopy, cell structure can be measured objectively, based
on a large amount of data. Besides reducing subjective bins, this approach
allows detection and quantification of very small cytological differences
between populations of cells. The difference can then be subjected to
statistical analysis for testing a hypothesis. Also, quantitative cytological
data can be correlated with other information about cells, including
quantitative physiological and biochemical measurements.

How does quantitative m icroscopy operate? French geologist Delcsse (1)
stated, "Let us consider a rock of such a type that the surface arel1s of the
sections made through a particle mineral by a series of parallel planes arc
equivalent to those macle by one specified 6cctional plane through the rock.
This occurs m.ore or less when the rock cao be said to be homogeneous. It
is easy to sec that the volumes of the component minerals are related to
each other as the proportions of the corresponding surface areas on a singic
section." Later, it was shown that, using Delesse's principle, volume fraction
of a lest component can simply be quantified by superimposing a point
network or lattice over the sample section and from the estimate of relative
number of points lying over the test component. In the same way, surface
density of a test component can be measured from the number of intersection
points formed by the membrane traces of the test structure with a test line
system superimposed on sample sections. Using this principle and some
basic methods, it is possible to obtain three-dimensional quantitative
information, such as volume, surface area and featu re numbers from the
two-dimensional information in tissue sections. The methodology which
permits evaluation of three-dimensional structure from measurements of
two-dimensional cross sections is called Stereology (Gk. Stereos, solid, usually
used as a prefix to refer to three dimensions). It is based on geometric
probability and integral geometry of the test feature.

The basic principle of stereology is that point probes can be used for
imaging a line, lines can give image of nn :lrea, and areas can give volume
image. We owe much to Cavalieri's concept for the dimensional leap from
probes to images. Co.velieri's concept forms the foundation stone of stcreology
and is more commonly known as the Principle of Indivisibles. According to
this principle, a line is made of infinite number of points, a plane. is made
of infinite number of lines, and a solid is made of infinite number of planes,
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each indivisible being capable of generating
a continuum of a next higher dimension by
continuous motion.

Francesco Bonaventura Cavalieri was a
mathematician at Italy. and is remembered
for his contributions to the development of
geometry in the Renaissance period. He was
born in 1598 in Milan. Cavelieri was
inspired to study mathematics by reading a
copy of Euclid. He was offered a life-long
professorial chair at Bologna in 1629 and
wrote five important treatises during the
period 1632 to 1647. In bis last two books.
Geometria Indiuisibilium Continuoru"';
Nova Quadam Ratione Promota (1635) and
Exercitationes Geometricae Sex (1647), he
propounded and amplified his principle of
indivisibles. He died at Bologna in 1647.

In recent times, quantitative microscopy
is being increasingly recognized as a robust
tool in the process of understanding
structu re-function relationship in biomedical
studies. Despite well acknowledged
advantages of objectivity, reproducibility
and detection possibility in stereologic
assessment of morphology, one may wonder
why it took such a long time to be
acknowledged in biomedicine. Certainly, the
reasons were more than one. Resistance to
change is perhaps inherent in human
nature. Further, subjective analysis takes
much less time than quantitative analysis.
Finally, subjective analysis is straight
forward; it translates a mental impression
directly into a dec·ision. However, as
psychologlsts are aware, such mental
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templat.es may often lead to serious biases,
giving rise to lack of precision, especially if
the test characteristics are continuous in
ns tu reo Secondly. the fear that s te reology
requires understanding and application of
complc:! mathematics was a deterrent. No
doubt., there is a close association between
stereology and mathematical formulation.
However, while the derivation of these
formulae may indeed be complex, their
practical application is rather easy. Thirdly,
the idea that stereology requires a computer
and expensive software is also false. In
stereoJogy, simple tools such as a pocket
calculator and test grids are enough. They
just have to be supplemented with proper
design for sampling and data collection, and
statistical analysis. Finally, there have been
some theoretical and practical constraints
in employing existing principles, which are
being currently resolved with the invention
of newer concepts nnd tools.

However, there has been a perceptible
change in attitude in recent times. The leap
from subjective analysis to qunntitatlve
analysis in understanding structure
function relationship at light microscopic,
as well as ultramicroscopic levels, is
evidently promising. It further substantiates
the notion that interdisciplinary
hybridization tends to unravel newer
horizons. This progress, this newly
perceivecl potentiality and this realization
constitute a fitting tribute from the
biomedical sciences to Francesco Bonventura
Cavalieri during his quatercentenary.
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