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The calculation of the cranial cavity volume is important for brain development, pathologies and
health status. In recent years, advancements in clinical applications have made volume calculation
methods from radiological images more consistent. In this context, it was aimed to calculate the
intracranial volume of the Kogeri sheep’s skulls using three-dimensionel models based on computed
tomography (CT) scan sections and stereology. In the study, seven adult female and seven male Kogeri
sheep were used. The skulls used were scanned with a 64-detector Multi-Detector CT device with a
section thickness of 0.625 mm, 80.00 kV, 200 mA, and 639 mGy specifications. Using the MIMICS 20.1
software, three-dimensional models of the skull region were created and intracranial volumes were
measured. The same reference points were measured using the Cavalieri principle. As a result of the
study, measurements taken using CT scan showed that the cranial volume in females was 133.09 + 7.81
cm?® and in males was 148.68 + 16.25 cm®. The intracranial volume calculated using the Cavalieri
principle was found to be 133.87 + 8.43 cm® in females and 149.77 + 16.74 cm® in males. The data were
statistically analyzed in terms of two methods and sexual dimorphism. While no difference was found
between the methods, a significant statistical difference was determined between the genders. In this
context, our study believed to make significant contributions to clinical sciences through accurate
management of cranial disease diagnosis and processes and to taxonomy through identification of

interspecies differences.

© 2026 Urmia University. All rights reserved.

Introduction

The Kogeri sheep is a breed native to Turkey and is
especially raised in the Eastern Anatolia and Southeastern
Anatolia Regions. Sheep farming holds an important place
in the regional economy. Sheep farming is one of the
sources of livelihood for the local people.! This breed, a
cross between Hamdani and Karakas, can easily adapt to
environmental conditions. Meat, milk, and reproductive
yield are quite good. Their physical characteristics,
including their heads, legs and necks are dark brown or
black in color. Their tails are S-shaped and fatty due to the
vertebral structure. They have long ears.?

The skull is examined in two sections: The neuro-
cranium and the splanchnocranium. In vertebrates, it is a
structure that mechanically protects the brain, the most
important part of the central nervous system, while also
supporting the organs that enable the perception of special
senses such as vision, hearing, smell, and taste.3#4 The
analysis of skull morphology allows for the detection of
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anatomical relationships between the internal structures
of the skull and any abnormal conditions. The analysis of
skull morphology allows for the identification of
anatomical relationships between the internal structures
of the skull and the detection of any abnormal conditions.
Additionally, these measurements play an important role
in craniofacial development, the evaluation of various
pathologies and surgical applications.> The obtained
measurements can also be used to calculate the general
morphometric indices of the skull. These indices are of
great importance in the comparative analysis of the skull
structure of individuals or groups.® The intracranial
measurements of sheep provide important data for both
health monitoring and the determination of genetic and
nutritional strategies. These measurements are critical for
a healthy sheep population and the sustainability of
livestock farming.” Cranium capacity is closely related to
developmental characteristics. The understanding of
evolutionary processes, the diagnosis of diseases,
identification and the monitoring of growth and
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development processes have been used as an important
parameter.8 Different methods have been used in cranium
volume measurements and comparative analyses have
been conducted.? One of the cranial volume measurement
techniques is the Cavalieri principle. The basis of this
principle is the idea that the volumes of two objects which
are cut by parallel surfaces and create sections with the
same area are equal.l® Research shows that stereological
methods are used in various fields in humans and
animals.!? It is known that stereological studies are
conducted in disciplines such as clinical sciences,!2
anatomy,314 dentistry!> and neuroscience.16

In the fields of medicine and veterinary medicine,
computed tomography (CT) scan is frequently used for the
diagnosis, treatment, monitoring and management of
diseases. Advancements in CT scan systems have enabled
the widespread adoption of three-dimensionel (3D)
modeling studies.”'8 The 3D modeling capabilities
facilitate volume and structural analyses in stereological
studies by using 2D cross-sectional images, thereby
enabling more accurate results.131920 In the literature,
cranial volume calculations have been conducted for
different sheep breeds, but no such study has been
found on Kogeri sheep. The aim of the study was to
calculate the intracranial volumes of Kogeri sheep using
CT scan and Cavalieri stereological methods, and to
statistically examine the compatibility of the two
methods with each other.

Materials and Methods

In the study, the skulls of seven adults male and seven
adult female Koceri sheep, approximately 2 years old,
were used. The sheep used were obtained from private
slaughterhouses in the provinces of Sanliurfa and Batman
and their surroundings. The animals to be used in the
study were examined by veterinarians to ensure they did
not have any health issues or anomalies, and healthy
animals were preferred. The heads subjected to the
maceration process were prepared for imaging. The study
was approved by the ethical decision taken by the Harran
University Animal Experiments Local Ethics Committee
(Decision No. 2025/003/17).

The skulls used in the study were scanned using a 64-
detector Multi-Detector CT General Electric - USA device
with a slice thickness of 0.625 mm, 80.00 kV, 200 mA
settings. The raw DICOM data were transferred to the
MIMICS 20.1 Software (Materialise, Leuven, Belgium). The
intracranial space boundaries in each section were
manually defined using the "Edit Mask" option in the
software interface. The intracranial space of each animal
was modeled in 3D using the "Calculate Part" option in the
software interface. The volume values were selected from
the software interface and recorded. Cavalieri principle
was applied using tomographic slices for intracranial

volume estimation. Systematic random sampling method
was used to select 12 tomographic slices for each sheep
cranium. Image] Software (National Institutes of Health,
Bethesda, USA) was used for volume estimation. An area
of 121 mm? was selected via the “Grid” option in the
Image] Software interface. The number of points in each
slice was recorded.

The formula “V = }p x t x a (p)” was used to calculate
the intracranial volume. The volume estimation formula
based on the Cavalieri principle is used to calculate the
volume of complex and irregularly shaped anatomical
structures from parallel cross-sections. In this formula, V
represents the total estimated volume, while the symbol
>'p refers to the total number of points hitting the area of
interest across all examined slices. The letter ¢t denotes the
section thickness or the interval between consecutive
sections, and a (p) represents the area associated with
each point on the point-counting grid. By multiplying these
components, the volume of the anatomical structure is
mathematically determined.?!

The coefficient of error was determined by taking the
references of Sahin et al, Roberts et al.2223

Morphometric measurement points:

1. Maximum length of cranial cavity (MLCC): The
distance from the Akrokranion (the highest point of the
skull) at the intracranial border to the Lamina Cribrosa
within the skull base.

2. Maximum width of cranial cavity (MWCC): The
measurement from euryon to euryon (the widest points of
the skull) at the intracranial border. This provided an
indication of the lateral dimensions of the cranial cavity.

3. Maximum height of cranial cavity (MHCC): The vertical
distance measured from the floor of the intracranial
compartment to the roof of the intracranial cavity, giving
insight into the vertical space available within the skull.

4.  Cranial cavity index (Index 1) = (MWCCx100)/MLCC

5. Length width index (Index 2): MLCC/MW(CC.132425

In data analysis, the SPSS Software (version 21.0; IBM
Corp., Armonk, USA) package was used. After testing the
normality of the data, the independent samples t-test was
applied for normally distributed data and the Mann-
Whitney U test for non-normally distributed data in
intergroup comparisons. To evaluate the consistency
between the methods, a paired t-test was used and the
relationships between the variables were examined using
Pearson correlation analysis.

Results

Intracranial volume results obtained using different
methods are shown in Tables 1-3. There was no significant
difference between the intracranial volumes estimated by
Cavalieri's principle and those obtained from 3D models
derived from CT scan sections (Fig. 1; p > 0.05). A high
correlation was observed between the methods (Table 1).
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Table 1. Computed tomography scan and Cavalieri principal measurement data (cm3).

Methods No. Min. Max. Mean SD p-value Correlation

Computed tomography 14 123.22 177.32 140.89 14.68 0.87 0996

Cavalieri's principle 14 123.00 179.20 141.82 15.17 ) )

Table 2. Intracranial volume data for different sexes in Koceri sheep using stereology and computed tomography scan methods (cm3).

Methods Gender No Min. Max. Mean SD p-value CE

Female 7 123.22 146.81 133.09 7.81 %

Computed tomography Male 7 13438 17732 14868 1625 004 0032

Cavalieri's principle Female 7 123.00 147.62 133.87 843 0.044* '
princip Male 7 13448 17920 14977 1674 '

*(p < 0.05): There is a significant difference between the sexes; CE: Coefficient of error.

Table 3. Parameters of intracranial space volume (mm).

Parameters Gender No. Min. Max. Mean SD p-value
-
Mwoe Mol 7 ew  esa e 2% o
e Mol 7 oz sao  spnp  zis 0%
R
index Wele 7 1% qg  ysm g 0810

MLCC: Maximum length of the cranial cavity; MWCC: Maximum width of the cranial cavity; MHCC: Maximum height of the cranial cavity;
Index 1: Cranial cavity index; Index 2: Length width index.

The study found a statistical difference between males Discussion

and females in the results obtained according to CT scan ) ]

and Cavalieri's principle. The study found a statistical Intracranial measurements in sheep have been
difference between males and females in the results reported in various studies to understand the
obtained according to CT scan and Cavalieri's principle morphological features of the skull, evaluate pathological
(Table 2). In the study, no statistically significant difference conditions, perform surgical interventions, provide data
was found between males and females in intracranial on the growth and development processes of sheep,
measurements and indices obtained according to CT scan compare the intracranial structures of different breeds and

and Cavalieri's principle (Table 3; Fig. 2). be used in _ the. diagnosis .and treatment _Of
: neurodegenerative diseases.1226-29 Different animal species

were used for intracranial volume measurements
including 465 + 80.98 cm® in yaks,30 119.31 + 12.21 cm? in
goats,3! it was reported as 28.17 + 1.19 cm?® in male cats,
26.99 + 0.57 cm? in female cats,32 116.48 + 9.52 cm? in
Akkaraman sheep, 132.06 + 8.08 cm® in Kangal sheep?!
, and 80.51 + 6.89 cm? in gazelles.!3

.\ B ‘ Computed tomography scan and magnetic resonance
Fig. 1. A) Kogeri sheep intracranial three-dimensional model, imaging methods are vital in the field of medical imaging
B) Cavalieri's principle in a computed tomography scan figure. and are used in many clinical situations. The interpretation
of these images plays a critical role in disease diagnosis
and the management of the treatment process.!720 In a
study measuring the skull volume of Saanen goats, it was
reported as 423.60+48.20cm>® using the CT scan
method.33 The intracranial volume of red deer was
reported to be 370%39.00 cm® using CT scan3* In our
study, the intracranial volume of Kogeri sheep was
measured by CT scan method as 133.09 + 7.81 cm?® in

Fig. 2. Morphometric measurement of the cranial cavity.
A) Lateral view and B) cranio-caudal view. 1 = Maximum length females and 148.68  16.25 cm® in males.

of the cranial cavity, 2 = Maximum height of the cranial cavity, and In recent years, developments in clinical practice have
3 = Maximum width of the cranial cavity. provided better rates of radiological treatments and
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volume programming methods. In this context, the
Cavalieri Principle has emerged as a frequently used
effective method.1322 This principle has allowed for a more
accurate calculation of brain volume and other important
parameters in complex structures such as the intracranial
cavity.133538 In Kogyigit's et al,? study on Hamdani sheep,
the intracranial volume was calculated to be an average of
129.54+12.16 cm? in CT scan models, and an average of
131.55+9.43cm® in measurements made using the
Cavalieri principle. It has been reported that the data from
both methods are consistent. In another study, the
intracranial volume of goats was determined to be 153.31
* 24.06 cm®, while that of sheep was 128.07 + 7.93 cm?,
using 3D models created with CT scan. In the calculations
made using the Cavalieri principle, the intracranial volume
of goats was determined to be 152.73 + 22.73 cm?, and the
volume of sheep was 126.15 * 8.38 cm?, with the results of
the two methods found to be parallel32 In the study
conducted by Kogyigit et al, 32 the intracranial volumes of
male and female gazelles were determined separately on
3D models created with CT scan and using the Cavalieri
principle, and the data were found to be close to each
other. In our study, the intracranial volume measured in
the 3D models was created using CT scan images of Kogeri
sheep that was 140.89 + 14.68 cm?, and the intracranial
volume measured using the Cavalieri principle that was
141.82 + 15.17 cm?3, with the two methods found to be
consistent with each other.

In a study conducted using the craniums of Kivircik
sheep, the intracranial volume was calculated to be an
average of 133.89 + 10.815 cm® in females and 136.10 +
17.281 cm? in males, with the data for both sexes being
found to be similar.” In another study conducted by
Demircioglu et al,® although the cranial cavity was
measured to be longer in male deer, no significant
difference was found between the sexes. In a different
study where the intracranial volumes of cats were
calculated using the stereological method, it was reported
that the intracranial volume data showed statistically
significant differences between genders.35 In our study,
intracranial volume was measured using computed CT,
with females averaging 133.09 + 7.81 cm® and males
148.68 + 16.25 cm® and according to the Cavalieri
principle, females averaged 133.87 + 8.43 cm?® and males
149.77 + 16.74 cm®. A statistically significant difference
between the genders was analyzed.

Cranial morphometric measurement points are
important for understanding skull morphology and
evaluating the effects of this structure on various
pathological conditions. In studies conducted on MLCC, it
is one of the parameters measured to understand the skull
morphology of different species. Kogyigit et al,32 measured
this parameter as 96.11 * 6.77 mm in Kil goats and 91.43 +
1.91 mm in Tuj sheep, while Karimi et al,*® measured it as
9.80 % 0.29 cm in Mehraban sheep, and 101.96 + 1.33 mm

in female and 102.67 + 1.59 mm in male Hamdani breed.3°
In our study, it was measured as 94.26 + 3.38 mm in
female Kogeri breed and 97.77 + 5.38 mm in males. The
MWCC data, which is the measurement parameter for the
widest part of the skull, were reported as an average of
64.62 + 3.90 mm in male Hamdani breed and 60.26 + 1.07
mm in females3? and 53.40 + 1.38 mm in female deer and
5241 + 1.48 mm in male deer.3 In our study, it was
measured as 60.54 + 3.03 mm in females and 62.64 + 2.99
mm in males. The skull measurement parameter MHCC
has been reported as 6.86 + 0.20 cm in Mehreban sheep
Karimi et al,*° and 51.17 + 2.12 mm in female Hamdani
sheep and 55.20 + 4.84 mm in male.?® In our study, the
MHCC parameter was measured as 50.34 + 1.89 mm in
females and 52.02 * 3.15 mm in males (Table 3).

The indices measured for the purpose of evaluating the
shape and size of the skull are used in interspecies
comparisons. Index1 was measured as 66.16 * 5.17mm in
Kil goats and 67.39 * 1.40 mm in tuj sheep, while in our
study, it was measured as 64.21 * 1.97 mm in females and
65.29 + 3.93 mm in males. Index 2 was measured as 1.50
1.37 mm in hair goats and 1.48 + 0.35 mm in tuj sheep,32
while in our study, it was measured as 1.56 + 0.05 mm in
female ram sheep and 1.53 + 0.09 mm in male ram sheep.
When the data were analyzed, no statistically significant
difference was observed in the measured parameters.

In the present study, when the intracranial volume data
obtained from 3D models and the cavalieri principle were
statistically compared, it was determined that both
methods could serve as alternatives to each other. With the
development of imaging techniques, the widespread use of
such volume calculation methods is thought to not only
enable the development of accurate and rapid decision-
making approaches in clinical applications but also to be
effective in determining racial and gender differences.
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