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Abstract

Objective. The Cavalieri principle was applied to consecutive pathol-
ogy sections that were photographed at the same magnification and
used to estimate tissue volumes via superimposing a point counting
grid on these images. The goal of this study was to perform the
Cavalieri method quickly and practically.

Materials and Methods. In this study, 10 adult female Sprague
Dawley rats were used. Brain tissue was removed and sampled both
systematically and randomly. Brain volumes were estimated using
two different methods. First, all brain slices were scanned with an
HP ScanJet 3400C scanner, and their images were shown on a PC
monitor. Brain volume was then calculated based on these images.
Second, all brain slices were photographed in 10x magnification with
a microscope camera, and brain volumes were estimated based on
these micrographs.

Results. There was no statistically significant difference between
the volume measurements of the two techniques (P>0.05; Paired
Samples t Test).

Conclusion. This study demonstrates that personal computer scan-

ning of serial tissue sections allows for easy and reliable volume de-
termination based on the Cavalieri method.
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Ozet

Amac. Bu calismada ayni blyitmede fotograflanmis isik mikrosko-
bik seri kesitler tizerinde Cavalieri prensibi uygulandi. Daha sonra bu
kesitler tizerinde noktali 6lgim gridi kullanilarak hacim hesaplanmasi
yapildi ve béylece Cavalieri prensibinin hizli ve etkin olarak kullanil-
masi amaclandl.

Gere¢ ve Yontem. Bu calismada 10 adet saglikli ve eriskin Spra-
gue Dawley cinsi sican kullanildi. Bu sicanlardan cikarilan beyinler
sistematik rastgele olarak érneklendi ve seri olarak kesildi. Beyin ha-
cimleri ise iki farkli sekilde hesapland. llk olarak beyin preparatlari
HP ScanJet 3400C marka scanner ile tarandi ve tarama gdrtintdleri
bilgisayar monitdrine yansitildl. Daha sonra bu gdrdntdler dzerin-
de beyin hacimleri hesaplandi. Ikinci olarak tim beyin kesitleri x 10
blyitmede kamera atagmanli mikroskop ile fotograflandi ve beyin
hacimleri bu mikrograflar tzerinde hesapland.

Bulgular. Bu calismanin sonucunda her iki farkli yéntemle elde edi-
len beyin hacmi bulgulari birbiriyle kiyaslandi ve bu sonuglar arasin-
da istatistiksel agidan herhangi bir fark olmadigi gérdldd (P>0,05;
Eslestirilmis Ornekler t Testi).

Sonuc. Neticede, seri kesitlerin scanner ile taranarak elde edilen go-
rdntdlerin bilgisayar monitértine yansitimasinin Cavalieri yonteminin

uygulanabilirligi agisindan kolay ve giivenilir olabilecegini diistinmek-
teyiz.

Anahtar Kelimeler: Isik mikroskopi, Cavalieri prensibi, Stereoloji, Histoloji
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Introduction
rgan volumes can be estimated using the Cavalieri prin-
m ciple and consecutive serial tissue sections [1,2]. Our
study demonstrated that the Cavalieri method is a simp-
le, accurate, quick and inexpensive stereological approach for vo-
lume calculation using standard histological slides or magnetic
images of any organ such as the brain [3].

The conventional method of applying the Cavalieri principle
is based on histological slides under light microscopy and a set
of serial consecutive sections. Volumes are estimated by using a
superimposed point counting grid on these slides. Our method
takes these histological slides and projects them onto a compu-
ter screen for volume determination. This technique is limited
because some histological samples are too large to be complete-
ly projected on the screen. Thus, additional calibrations are re-
quired to obtain more reliable results. The goal of this study was
to perform the Cavalieri method quickly and practically.

Materials and Methods

In this study, 10 adult female Sprague Dawley rats were
used. The brain of each animal was removed and both system-
atically and randomly sampled. Then samples were prepared
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Fig. 1 — The application of the Cavalieri Principle on scanned slides.
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Fig. 2 — The Application of the Cavalieri Principle on photomicrographs.
(Magnification: x10; d=2 mm).

with routine histological methods and were cut (5 pm) consecu-
tively. Based on a previous study, every 5th brain piece from all
samples was selected for analysis. Also, every 5th brain section in
a set of consecutive sections from each selected brain piece was
selected. Choosing the first section was done randomly. Fifteen
to twenty sections were sampled from each brain in a systematic
random manner [1,3].

A point counting grid was used to estimate the area of each
section of brain. The point density of the point counting grid was
designed to obtain an appropriate coefficient of error (CE) for
the serial sections [4]. The coefficient of error and coefficient of
variation (CV) were estimated according to the Gundersen and
Jensen formula [5] (Table 1).

Brain volume was estimated using the Cavalieri method in
two different ways. First, all brain slices and a ruler (for scale)
were scanned with an HP Scanlet 3400C scanner, and their
images were projected onto a PC monitor. Then the point count-
ing volume estimation grid was superimposed on these images,
and volume was calculated (Figure 1). Second all brain slices
were photographed under x10 magnification with a microscope
camera (Olympus BH-2, Tokyo; Japan), and the volumes of the
brains were estimated on these micrographs (Figure 2).

Brain volume in each method was estimated using the fol-
lowing formula: Volume=t x a/p x P where 't' is the section
thickness, ‘a/p’ is the representing area of each point on the
point counting grid, and * P is the total number of points touch-
ing the sections’ surface areas.

Finally, all results obtained from the two different applica-
tions were subjected to statistical analysis using SPSS for Win-
dows 13.0 (Paired Samples t Test). A value of p < 0.005 was
considered to be statistically significant.

Results

The mean brain volumes estimated using the two different
methods are summarized in Table 1. Analysis of the two volu-
metric calculations showed no statistically significant differences
between the two methods (P>0.05; Paired Samples t Test).

Discussion

It is useful to examine structures that require assessment of
changes in volume over time as an indicator of therapeutic effec-
tiveness [6,7]. Change in brain volume is important to determine
for the evaluation of neurodegenerative diseases, monitoring the
organ by computer systems, and other applications [8,9]. Stere-
ological procedures are efficient for quantitative analyses involv-
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ing volumes of objects in any biological tissue or organ. Although
conventional morphometric techniques have been used in most
of the studies that have evaluated brain morphometry, a few
stereological studies have been performed in order to estimate
the volume of brain using the Cavalieri method [3]. These met-
hods were used in our study. There was no statistically significant

difference between the volume estimation based on PC images
and photomicrographs.

Using consecutive sections scanned into a PC is beneficial
because it prevents the time that is needed to photograph all of
the slides. Also, it provides a chance to evaluate the whole sec-
tion area without microscope magnification.

Conflict interest statement The authors declare that they have no conflict of interest to the publication of this article.

Table 1. Volumetric results, obtained from brain photomicrographs and scanned brain slices.

Volume of brains (ml)

Animals Brain slices, scanned with pc Brain photomicrographs (at x10 sD
scanner magnification)

1 2.23 2.27 0.028284
2 3.2 3.32 0.084853
3 2.95 3.04 0.06364
4 4.2 417 0.021213
5 24 2.38 0.014142
6 295 3.05 0.070711
7 3.3 321 0.06364
8 3.25 3.34 0.06364
9 3.98 3.86 0.084853
10 2.94 3.06 0.084853

Means 3.14 3.17 0.057983
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