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Abstract: Stereology is a powerful scientific method for estimating the real attributes of three-dimensional structures 
using calculations on two-dimensional photographs. The goal of this study was to determine the cerebral volume of 
cats using stereological cranial computed tomography (CT) and to uncover dimorphic differences. The study employed 
16 adult Van cats (8 females and 8 males). A multislice CT equipment was utilized to scan the craniums of the cats 
involved in the study. Stereological computations were performed using 12 section images from cranial CT sections 
with intracranial borders calculated using a systematic random sampling procedure. Linear measurements of the intra-
cranial region were also taken. When the findings were analysed, it was discovered that intracranial volume values 
differed across sexes (P<0.05). It was determined that the measured linear parameters and calculated index values did 
not show dimorphism between the sexes (P>0.05). As a result, it is thought that the determination of the intracranial 
volumes of Van cats using stereology method will contribute to clinical sciences in terms of diagnosis, detection and 
treatment of diseases and will allow the comparison of volume values calculated with different methods. 
Keywords: Cavalieri’s principle, intracranial volume, neurocranium, stereology 
 

Van Kedilerinde İntracranial Hacmin Stereolojik Yöntemle Hesaplanması 
Öz: Stereoloji, üç boyutlu olan yapıların, iki boyutlu görüntüleri üzerinden hesaplamalar yaparak gerçek özelliklerinin 
tahmininin yapılabildiği etkili bilimsel bir yöntemdir. Bu çalışmada kedilerin kranial bilgisayarlı tomografi (BT) kullanıla-
rak intrakranial hacminin stereolojik olarak belirlenmesi ve dimorfik farklılıklarının ortaya konulması amaçlandı. Çalış-
mada 16 adet (8 dişi, 8 erkek) erişkin Van Kedisi kullanıldı. Kullanılan kedilerin kranium’ları, çok kesitli BT cihazı ile 
tarandı. İntrakranial sınırları belirlenen BT kesitlerinden sistematik rastgele örneklem yöntemiyle 12 kesit görüntüsü 
alınarak stereolojik hesaplamalar yapıldı. Ayrıca intrakranial bölgenin lineer ölçümleri alındı. Elde edilen sonuçlar de-
ğerlendirildiğinde intrakranial hacim değerlerinin cinsiyetler arasında dimorfizm gösterdiği belirlendi (P<0.05). Ölçülen 
lineer parametreler ve hesaplanan index değerlerinin ise cinsiyetler arası dimorfizm göstermediği belirlendi (P>0.05). 
Sonuç olarak Van kedilerinin intrakranial hacimlerinin stereoloji yöntemi kullanarak belirlenmesi hem hastalıkların tanı, 
tespit ve tedavileri açısından klinik bilimlere katkı sağlayacağı hem de farklı metotlarla hesaplanan hacim değerlerinin 
karşılaştırılmasına imkan sağlayacağı düşünülmektedir. 
Anahtar kelimeler: Cavalieri prensibi, intrakranial hacim, neurocranium, stereoloji  

Introduction 

The cranial cavity of the brain, liquor cerebrospinalis 
involves blood vessels and is surrounded by cavum 
cranii (Evans and De Lahunta, 2013; Rodrigues et 
al., 2010; König and Liebich, 2020). Intracranial vol-
ume is important for diagnosing neurodegenerative 
diseases and evaluating prognosis (Schofield et al, 
1995). In addition, knowing the anatomical features of 
the intracranial region in animals without any patholo-
gy also helps to calculate the topographic positions of 
the organs to each other (Demircioglu et al, 2021a). 
There are different methods to determine intracranial 
volume, among which the most widely used in recent 

years are measurements made using imaging sys-
tems (Manjunath, 2002; Caruso et al., 2009; Yılmaz 
and Tugrul, 2019). 

Stereology is a scientific method in which the real 
properties of three-dimensional structures can be 
estimated by making calculations on two-dimensional 
images (Mayhew and Gundersen, 1996). One of the 
frequently used methods in stereology is the Cavalieri 
Principle. Due to its high reliability, this method is 
used in many fields, as well as in the medical field, 
especially in experimental studies (Diab et al., 1998; 
Black, 1999; Sahin et al., 2003). Stereology is based 
on the principle of neutrality and effectiveness. It is 
known that the calculations do not statistically deviate 
from the true value by ensuring the validity of the 
principle of neutrality and effectiveness by using the 
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Cavalieri Principle on the sections obtained using 
cross-sectional medical imaging systems (Howard 
and Reed, 1998; Roberts et al., 2000). 

In the study, it was aimed to calculate the intracranial 
volume of cats using cranial computed tomography 
(CT) images using stereological methods and to cal-
culate the statistical difference between the sexes of 
the results obtained. In addition, it aimed to contribute 
to the limited literature in this field by comparing the 
intracranial volumes obtained in studies on different 
races and species. 

Material and Method 

The study 16 (8 female, 8 male) adult Van Cats in the 
study. Animal materials were obtained Van Yüzüncü 
Yıl University Van Cat Research and Application Cen-
tre. This study was approved by Van Yüzüncü Yıl 
University Animal Experiments Local Ethics Commit-
tee (Decision no: 2020/02). After the animals were 
sedated with Ketamine and Xylazine, the head region 
was scanned with a 16-slice computed tomography 
(CT) device (Somatom Sensetion 16; Siemens Medi-
cal Solutions, Erlangen, Germany). CT parameters; 
KV / Effective mAs / Rotation time (sec) values 
120/120/0.75; gantry rotation period 420 ms; physical 
detector collimation, 16×0.6 mm; section thickness, 
0.75 mm; final section collimation, 32×0.63 mm; feed/
rotation, 6mm; increment 0.5mm; The resolution was 
determined to be 512×512 pixels. Prokop (2003) and 
Kalra et al, (2004) were taken as reference in the 
screening and dosing protocol (Table 1). 

Stereological calculations of 12 cross-section images 
were made using the mean sampling method from 
cranial CT sections with limited intracranial borders. 
The cross-sectional image was counted at 81 mm2 
intervals using the “Grid” option on the imageJ pro-
gram and calculated according to the Cavalieri’s prin-
ciple (Figure 1). The same process was repeated a 
total of 3 times to be calculated at different times. 
Acer et al, (2007), Roberts et al, (1993), Gundersen 
and Jensen (1987) were referenced for the estima-
tion of total intracranial volume. Intracranial cavity 
volumes were estimated using the following equation: 

V = ∑p × t × a(p) 

The coefficient of error (CE) was estimated by taking 
Sahin et al, (2003), Roberts et al, (1993), and Rob-

erts et al, (1994) as reference. 

Measurements are taken from the cranial cavity 
(Figure 2): Measurement of the cranial cavity. 

MWCC: Maximum width of the cranial cavity, [Euryon
-Euryon (intracranial border)] 

MHCC: Maximum height of the cranial cavity, 
(maximum distance between the floor of the intracra-
nial compartment and the intracranial cavity roof) 

MLCC: Maximum length of the cranial cavity (From 
akrokranion to the lamina cribrosa ossis etmoidale) 

Index 1 (Cranial cavity index): maximum width of the 
cranial cavity x 100 / maximum length of cranial cavi-
ty 

Index 2 (Length width index): maximum length of 
cranial cavity / maximum width of the cranial cavity 
(Künzel et al., 2003; Onar et al., 2002). 

For statistical data, SPSS 20 program was used. In 
the study, normality was subjected to the Shapiro-
Wilk test. Independent t-test was applied to the differ-
ences between the sexes. 

Computed Tomography Parameters 

Rotation time (sec) 0.75 0.75 
Kv 120 120 

mAs 120 120 
Thickness slice 0.75 mm 0.75 mm 
Resolution 512x512 512x512 
increment 0.5 mm 0.5 mm 

Position Coronal Sagittal 

Table 1. Computed tomography scan parameters 

Figure 1: A point‐counting grid that superimposed 
on CT slice. 
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Results 

The mean and dimorphic values obtained as a result 
of the stereological calculations of the intracranial 
volumes of the cats in the study are given in Table 2. 
According to Table 2, it was observed that there was 
a statistically significant P<0.005 difference between 
the sexes in intracranial volume values. 

Linear measurements of the intracranial space by 
gender and the index values obtained from these 
measurements are given in Table 3. When Table 3 
was examined, it was determined that intracranial 
parameters and calculated index values did not show 
statistical dimorphism between genders (P>0.05). 

Discussion and Conclusion 

By using the Cavalieri principle on the cross-sectional 
images obtained by CT method, the volume value is 
obtained in an unbiased and effective manner, and it 
also minimizes the margin of error by separating it 
from the surrounding structures more easily. In the 

light of this information, the intracranial volume and 
linear measurements of Van cats were determined by 
stereological method. 

When calculating the volume according to the Cava-
lieri principle, the use of a dotted area measurement 
ruler can be used safely in many disciplines (Altındal 
et al., 2018). In our study, using the dotted area 
measurement ruler in volume calculation, it will allow 
us to compare the method between the volume val-
ues calculated with the modelling programs today. 
Although there are studies on intracranial parameters 
of some animal species (Sahin et al., 2001;  Onar et 
al., 2002; MacKillop, 2011; Demircioğlu et al., 2021a; 
Demircioğlu et al., 2021b), data in this area are quite 
limited. Sahin et al. (2001) reported that the brain 
volume was 59.24±13.09 cm3 in female rats and 
60.55±17.12 cm3 in males. Demircioğlu et al. (2021b) 
reported that the intracranial volumes of gazelles 
were calculated stereological as 80.80±8.01 cm3 in 
females and 78.77±7.50 cm3 in males and that they 
did not show dimorphism between the sexes. In the 

study of Mayhew et al. (1990), in which the brain vol-
ume of cats and dogs was calculated stereological, 
the brain volume of the cat was 15.9cm3; reported 
dog's brain volume as 48.7cm3. Yılmaz and Tuğrul 
(2019) found that the total brain volume of Van cats 
was calculated with the Prowess Panther Treatment 

Planning System V5.01 software on CT images, and 
the total brain volume was 20.72±1.71 cm3 in females 
and 23.26±1.80 cm3 in males. reported that there was 
a statistically significant P<0.005 difference between 
the sexes. In the study, it was determined that the 
mean value of the total intracranial volume of Van 
cats was 26.99±1.19 cm3 in females and 28.17±0.57 

Figure 2: Intracranial linear measuring points (A) 
Sagittal plane, (B) Coronal plane. a: Maximum length 
of the cranial cavity, b: Maximum height of the cranial 
cavity, c: Maximum width of the cranial cavity. 

Gender n Minimum Maximum Mean 
Standard 
deviation 

CE P 

Male 8 26.97 30.46 28.17 1.19 
0.03 0.024 

Female 8 26.16 27.86 26.99 0.57 

Table 2. Sexual dimorphic values of intracranial volume (cm3) 

  Gender n Minimum Maximum Mean Standard deviation P 

MWCC 
Male 8 37.18 40.58 38.59 1.09 0.355 

  Female 8 37.84 39.97 39.06 0.83 

MHCC 
Male 8 28.61 31.97 30.22 1.23 0.131 

  Female 8 27.8 30.83 29.37 0.85 

MLCC 
Male 8 50.05 56.82 54.17 2.98 0.972 

  Female 8 52.62 56.97 54.21 1.38 

Index1 
Male 8 66.44 77.67 71.47 5.00 0.758 

  Female 8 69.19 75.23 72.08 2.26 

Index2 
Male 8 1.29 1.51 1.405 0.01 

0.674 
Female 8 1.33 1.45 1.39 0.04 

Table 3. Parameter of the cranial cavity (mm) 

Data are normally distributed, no significant difference between males and females (P> 0.05); MWCC: Maximum 
width of the cranial cavity, MHCC: Maximum height of the cranial cavity, MLCC: Maximum length of the cranial 
cavity. 

Data are normally distributed, there is a significant difference between males and females (P <0.05) 
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cm3 in males and statistically P<0.05 dimorphism was 
observed between the sexes. It is thought that these 
value differences observed between the study and 
the study of Yılmaz and Tuğrul (2019) may be 
caused by other structures and method differences in 
the intracranial cavity other than the brain. 

Regodon et al. (1991) calculated cranial volumes in 
dogs of different breeds by computed tomography 
and stated that the sexes could be separated by cra-
nial volume at a rate of 99.99%. The study confirms 
this information, and it has been determined statisti-
cally that intracranial volumes show dimorphism on 
genders. 

Thanks to medical imaging methods, fast, safe and 
high-accuracy measurements can be taken on the 
brain and brain-related structures (Kurtoğlu, 2013; 
Demircioğlu et al., 2021c). In the study, MWCC, 
MHCC, MLCC values, which are intracranial linear 
measurement parameters of cats, were measured 
and two index values were calculated using this val-
ue. In the statistical analysis of our measured param-
eters, it was determined that there was no dimor-
phism between the sexes. Demircioglu et al. (2021b), 
in their study on gazelle intracranial parameters and 
index values, reported that these findings did not 
show a statistical difference between genders. Our 
findings are compatible with this literature. 

As a result, in the study, intracranial linear measure-
ments and volume of Van cats were determined ste-
reologically and the differences between the sexes 
were determined. We believe that our study data is 
important in terms of revealing the limited data in this 
area and evaluating various neuroanatomical struc-
tures and many neurodegenerative diseases. 
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