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Abstract: The danger of extinction faced by the gazelles, which show a broad geographical distribution, in recent times and
inclusion of the gazelles in the conservation list of IUCN indicate the importance and necessity of the studies on continuity
of the species. In this context, the determination of intracranial volume is clinically essential for the breed and sexual
dysmorphism. In the present study the crania of 11 gazelles (5 male and 6 female gazelles) (Gazella subgutturosa) were
used. The cranium of the gazelles were scanned at 80 kV, 200 mA, 639 mGY, and 0.625 mm section thickness using 64-slice
Multi-Detector Computed Tomography (MDCT). The intracranial volume of the gazelles was estimated using computed
tomography sections according to Cavalieri’s Principle. Three-dimensional models of the intracranial area were created
using MIMICS 20.1 Software, the software calculated intracranial volume. The obtained results were statistically tested in
terms of both methods and sexual dimorphism. The study results revealed that crania showed no difference between sexes
(P>0.05). No difference was detected between the two methods in statistical analysis of the intracranial volumes calculated
using stereology and CT models. Consequently, it was considered that the use of intracranial volumes of the gazelles would
contribute to the clinical sciences concerning detection, diagnosis and progression of the diseases.
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Ceylanlarda (Gazella subgutturosa) Intracranial Hacmin Stereoloji ve Bilgisayarli Tomografi ile
Hesaplanmasi

Ozet: Genis bir cografyada yayginlik gésteren ceylanlar, son zamanlar neslin tikenme tehlikesiyle karsi karsiya kalmasi ve
IUCN tarafindan korunmaya alinmasi, tiriin devami igin galismalarin 6nemli ve gerekli oldugunu gostermektedir. Bu
baglamda intracranial hacmin bilinmesi klinik yonden, irk ve cinsiyet ayirimi i¢in 6nemlidir. Galismamizda 11 adet (5 erkek, 6
disi) ceylan (Gazella Subgutturosa) craniumu kullanildi. Ceylanlarin craniumlari 64-dedektorli Multi Dedektor Bilgisayarli
Tomografi (MDCT) cihazinda 0.625 mm kesit kalinhginda, 80 kV, 200 mA ve 639 mGY ile tarandi. Ceylanlarin cranial
hacimleri bilgisayarli tomografi kesitleri kullanilarak Cavalieri prensibi ile olgildi. Ayrica MIMICS 20.1 software yazilimi
kullanilarak intracranial alanin 3 boyutlu modelleri elde edildi ve program lizerinde hacim hesaplandi. Elde edilen sonuglar
hem yontemler hem de cinsiyet ayirimi agisindan istatistiksel olarak test edildi. Calismada craniumlarin cinsiyetler arasinda
farkhlik géstermedigi tespit edildi (P>0.05). Ayrica, stereoloji ve BT modelleri ile hesaplanan cranial hacimlerin istatistiksel
olarak incelenmesinde iki metot arasinda fark olmadigi tespit edilmistir. Sonug olarak, ceylanlarin intracranial hacimlerinin
kullanilarak hastaliklarin tani, tespit ve seyri agisindan klinik bilimlere katki saglayacagi diisiiniilmektedir.

Anahtar Kelimler: 3B modelleme, Gazelle subgutturosa, intracranial hacim, Neurocranium, Stereoloji.

Introduction

Gazella subgutturosa is a species that exhibits
distribution in broad geography extending from
Mongolia to Turkey and inhabits at an altitude up to
3500 meters (Heptner et al., 1998; Mallon and
Kingswood, 2001). Because of its decreasing
population, Gazella subgutturosa was included in
the red list of the International Union for
Conservation of Nature and Natural Resources
(IUCN) and classified as vulnerable (IUCN, 2017).
Cranium is a structure formed mainly by paired
bones covering sensory organs such as taste, antler,

scent, vision, and balance (Evans ve De Lahunta.,
2013; Konig ve Liebich., 2020). Its health condition
is affected parallelly with the normal functioning of
the vital organs it contains (Din et al.,, 2020;
Schofield et al., 1995). The cranial cavity involves
the brain, liquor cerebrospinalis, blood vessels and
is surrounded by cavum cranii (Evans ve De
Lahunta., 2013; Konig ve Liebich., 2020; Rodrigues
et al., 2017). It is clinically significant to know the
intracranial volume and cranial capacity, and brain
volume should be known for diagnosis and follow-
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up of some neurodegenerative diseases (Schofield
et al., 1995). Knowing the cranial capacity may be
used in the breed and sexual dimorphism (Rushton,
1994). Different methods such as stereology,
planimetry, anthropometry, plant seeds, magnetic
resonance, and computed tomography imaging are
applied to calculate intracranial volume (Acer et al.,
2007; Choudhary et al., 2015; Ertekin et al., 2016;
Mendoza et al., 2014).

Stereology is applied in various fields such as
anatomy, cell biology, geology, and botany and is
one of the practical methods to analyze several
two-dimensional sections randomly obtained from
three-dimensional solid materials (Baddeley, 1991;
Russ ve Dehoff, 2000). Cavalieri’s Principle is a
method applied to calculate the total volume of the
irregular-shaped structures and organs such as the
brain using randomly obtained parallel and equal
sections (Canan et al., 2002; Gundersen et al.,
1988). This method is also used with imaging
methods such as Computed Tomography (CT) and
Magnetic Resonance Imaging (MRI) (Odaci et al.,
2005). The measurement of tumor volumes using
this method before and after treatment provides
advantages to the physicians regarding the
progression of the diseases (Ak et al., 2010).

CT is one of the medical imaging methods that
was developed in 1970s and rapidly advanced. It
processes the data collected from the area X-ray
passes through in the computer and creates
sectional images. Three-dimensional (3D) models
are created using 2-dimensional (2D) sectional
images obtained by CT sections, and consequently,
studies can be conducted on these models
(Romans, 2018; Wang, 2009).

The present study aimed to calculate the
volume of the cranial cavity in the gazelles (Gazella

Subgutturosa) utilizing 3-dimensional models
obtained by the stereological and CT sections and to
calculate statistically the difference between the
methods in terms of sex according to the obtained
results. It was also aimed to contribute to the
limited literature in this field by comparing the
results of the present study with the intracranial
volumes identified in the studies on different
breeds and species.

Materials and Method

In the present study, the crania of 11 adult
gazelles (five males, six females) (Gazella
Subgutturosa) were used. The General Directorate
of Nature Conservation and National Parks Turkey
approved using the cadavers (Approval no:
2017/209842) and the study had approval from
Harran University Animal Experimentation Local
Ethics Committee (Approval no: 2018/006-11).

The gazelles’ cranium was scanned at 80 kV,
200 mA, 639 mGY, and 0.625 mm section thickness
using a 64-slice  Multi-Detector Computed
Tomography (MDCT). Prokop (2003) and Kalra
(2004) were accepted as references for scanning
and dose protocols. The reconstruction of the
cranium was performed by MIMICS 20.1 (The
Materialise Group, Leuven, Belgium) software from
the images recorded in the format of DICOM
(Digital Imaging and Communications in Medicine).

The margins of the intracranial cavity were
determined using the sections taken from CT in
MIMICS 20.1 software. The sections of the
determined area were used to create 3-dimensional
models. The volumetric values of the created
models were recorded (Figure 1A).

Figure 1: 3D modeling of the intracranial cavity (A), A point-counting grid that superimposed on CT slice (B).
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Figure 2: Maximum width of the cranial cavity (1), Maximum height of cranial cavity (2), Maximum
length of the cranial cavity (3).

The cranial margins were detected by
stereology method, and 12 sections were obtained
in each gazelle by using a systematic random
sampling method from CT sections of these sites.
The obtained section images were counted with 81
mm? intervals by using the “Grid” option on the
“Imagel)” software and calculated according to
Cavalier’s principle. The same procedure was
repeated three times to be calculated at different
times (Figure 1B). Intracranial volumes were
estimated using the following equation:

| V=Spxtxalp) |

Measurements are taken from the cranial cavity:
Figure 2: Measurement of the cranial cavity.
1- MWCC: Maximum width of the cranial cavity,
2- MHCC: Maximum height of the cranial cavity,
3- MLCC: Maximum length of the cranial cavity
Index 1 (Cranial cavity index): maximum width
of the cranial cavity x 100 / maximum length of
cranial cavity
Index 2 (Length width index): maximum length
of cranial cavity / maximum width of the cranial
cavity (Kunzel et al., 2003; Onar et al., 2002).
The coefficient of error (CE) was estimated by

taking Sahin et al., (2001), Roberts et al., (1993),
and Gundersen and Jensen (1987) as reference.

Statistical analysis of the data was carried out
using SPSS 21.0 software. The data were found to
be normally distributed. An independent t-test was
applied to determine the difference between sexes,
while paired t-test was used to detect the
difference between the methods.

Results

Table 1 shows the total mean intracranial
volumes obtained by stereology and computed
tomography. The calculation of total volumes of
males and females by computed tomography and
stereological methods is presented in Table 2. The
study results revealed that female gazelles had
higher total intracranial volume than the males;
however, no statistical difference was found
between sexes (P>0.05). Although the total mean
intracranial volume was higher in the models
obtained by computed tomography, no statistical
difference was determined between the two
methods (P>0.05). Although there was a difference
between Index 1 and Index 2, no statistical
difference was detected.

Table 1: Comparison of intracranial volume estimated by the two methods.

Method N Minimum (cm3®)  Maximum (cm?) Mean Std. dev.  Sig. Correlation
Computed Tomography 11 68.20 87.81 80.51 6.89 0.14 0.98
Stereology 11 67.03 88.10 79.88 7.46
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Table 2: Estimation of intracranial volume by different methods and genders.
Method Gender n Minimum (cm?3) Maximum (cm?3) Mean Std. dev. Sig CE
Stereology Female 6 67.03 87.67 80.80 8.01 0.74 0.03
Male 5 67.60 88.10 78.77 7.50
Computed Female 6 68.34 87.81 81.38 7.21 0.85 0.03
Tomography Male 5 68.20 87.56 79.48 7.16

Although the cranial cavity was longer in male

present between indices calculated based on cranial

gazelles, no statistical difference was found cavity parameters; however, no statistical
between the sexes (P>0.05). A difference was difference was observed (P>0.05).
Table 3: Parameter of the cranial cavity.
Parameter n Minimum (mm)  Maximum (mm)  Mean Std. dev. Sig
MWCC Female 6 50.77 54.61 53.40 1.38 0.28
Male 5 50.81 54.25 52.41 1.48
MHCC Female 6 40.27 47.21 43.39 3.10 0.80
Male 5 41.52 45.98 42.99 1.73
MLCC Female 6 73.47 81.45 76.83 3.17 0.14
Male 5 74.04 87.58 81.15 5.64
Index 1 Female 6 65.34 73.89 69.63 3.89 0.63
Male 5 60.49 68.63 64.77 3.65
Index 2 Female 6 1.35 1.53 1.43 0.08 0.61
Male 5 1.46 1.65 1.54 0.08
Discussion 113+0.84 cm?. Logan and Clutton-Brock (2013)

Cavalieri’s Principle is one of the methods
preferred in calculation of the volumes of the
geometrical objects of different shapes with high
accuracy and is also used together with different
imaging techniques such as MRI or CT (Roberts et
al., 1993; Sahin and Ergur, 2005; Yilmaz and Tugrul,
2019).

The present study aimed to calculate the total
intracranial volumes by the models obtained from
the computed tomography sections and
stereological method. High compatibility was
identified between these two methods. Dello et al.
(2007) stated in their study that Imagel software
could be wused in stereological -calculations.
Rodrigues et al. (2017) conducted a study on goats
and determined that the volumes of the intracranial
cavity were 123.9449.84 cm? and 114.64+12.72 cm?
in male and female goats, respectively. No
statistical difference was identified between the
sexes, similarly with the present study. Sarma
(2006) studied 45 Kagani goats without sex
discrimination and calculated intracranial volume as

calculated the endocranial volumes of the red deers
as 370+39 cm?® using computed tomography and
software. In addition, endocranial volume
measurements obtained by the bead method and
computed tomography scans revealed similar
results. Chanpanitkitchote et al. (2015) carried out
their study on some different species without sex
discrimination. They calculated the cranial volumes
as 0.172 It, 0.314 It, 0.171 It, 0.162 It, 0.197+0.013
It, and 0.145£0.009 It in Sitatunga, Malayan tapir,
chital gazelles, Muntiacus muntjac, Grant’s gazelle,
and sheep, respectively. Choudray and Singh (2015),
who used cotton to calculate cranial capacity in
their morphometric study on the crania of the
blackbucks, estimated the cranial capacities of
female and male antelopes to be 106.33+0.04 cm3
and 109.33+1.08 cm?, respectively, and they carried
out no statistical comparison. Karimi et al, (2011)
calculated the cranial capacity of Mehraban sheep
as 130.86+11.55 ¢cm3 using rice grains, and sexes
were not considered. Omer and Alpak (2012)
calculated the cranial capacity of female and male
curly-fleeced sheep to be respectively 133.89+10.82
cm® and 136.10+17.281 c¢cm?® in their study. They
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noted parallelly with the present study that no
difference was detected between the sexes (36).
Tohifidar et al. (2020) determined the cranial cavity
as 423+48.2 c¢cm? using the computed tomography
and stereology approach in Saanen goats.

Regedon et al. (1991) calculated the cranial
volumes of the dogs from different breeds using
computed tomography. They stated that sexes
could be differentiated based on cranial volume at
the rate of 99%. No difference was identified
between the sexes in the present study.

In the present study, we tried to calculate
the cranial cavity volume in the gazelles (Gazella
subgutturosa) using different methods. In the
present study, there was no statistical difference
between stereology and computed tomography
concerning the calculation of cranial cavity, and
similar results were obtained using the two
methods.Therefore one of these two methods can
be used in the studies to be conducted in these
fields. It is thought that the present study would
contribute to the studies on the intracranial field
and subjects such as the clinical approach.
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