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ABSTRACT

In this study, the clinically significant foramen and bones comprising the skull in the regiones capitis of
Gurcu goats were examined topographically. Twelve adult goat skulls of both sexes (n=6 males and n=6
females) that did not produce fertile offspring were used in the study. Twenty different morphometric
measurements were taken on the skull. Four distinct reference points were measured for the selection site
of the infraorbital foramen. A reference point was used for the selection site of the oval foramen. In both
sexes, the skulls of the goats were observed to be elongated and dolichocephalic according to the cephalic
index (49.24+3.47/48.31+4.87). The length of the skulls was found as 222.71£16.74 mm in females and
240.19426.29 mm in males. It was observed that half of the materials lacked the supraorbital foramen,
which should be located on both sides of the frontal bone. The remaining animals possessed it only on
one side. The tuber faciale was prominently located dorsally at the intersection of the last premolar and
the first molar in both sexes. The infraorbital foramen was located dorsal to the second upper premolar
tooth on the os maxilla. The septal process was shown to terminate with two ends in females and a
single end in males. It was observed that the processus nasalisi of the os inciivum extended to the os
nasale, with incisura nasoincisvus being located between them. Nasomaxillar fissur was observed to be
present in females. The findings of this study are believed to be applicable in clinical veterinary practice,
the blocking of terminal branches of cranial nerves between sexes, the treatment of dental injuries and
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INTRODUCTION

he foramina on the skull are of great importance for

clinical purposes because they serve as the exit holes for
nerves. To be able to apply anesthesia to the nerve extensions
portruding from these holes, it is necessary to determine
their precise locations. In addition to these holes, which
are palpable bone sites in ruminants such as the infraorbital
foramen, mental foramen, supraorbital foramen, regiones
capitis, which is also found in mandibular foramen, oval
foramen and maxillar foramen, which are all of practical
importance (Dursun, 2000). Gurcu goats originating from
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the Caucasus, also known as Tbilisi goat or Caucasian
goat, are bred in Northern Anatolia, particularly in
Kars province and the Cildir district of Ardahan. Gurcu
goats, which are predominantly black, gray and white in
color, are descended from the auger horned goat Capra
falconeri and may show similarities with Abaza goats bred
especially in the Savsat or Borcka region (Batu, 1951). The
morphometric characteristics of Gurcu goats, which are
one of Turkey’s domestic gene resources, remain unclear
due to their lack of study.There are numerous studies on
morphometry and applied clinical anatomy in domestic
and wild species in the literature (Onar, 1999; Onar ef al.,
2005; Sarma, 2006; Jakubowski et al., 2008; Baranowski,
2010; Parés et al., 2010; Ozcan et al., 2010; Onuk et al.,
2013; Avdic et al., 2013; Demiraslan et al., 2014; Dalga
et al., 2018; Giindemir et al., 2020; Ozkan et al., 2020;
Yilmaz and Demircioglu, 2020; Dalga and Aslan, 2020;
Jashari et al., 2021). Additionally, there are numerous
studies in the literature examining goat species (Olopade
and Onwuka, 2005, 2008; Uddin et al., 2009; Monfared
et al., 2013; Goodarzi and Hoseini, 2014; Choudhary et
al., 2020; Din et al., 2020; Wang et al., 2021; Dalga and
Aslan, 2021). This study was designed to detail the skull
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morphometry and topographically significant blockage
areas of the skulls of Gurcu goats raised in Savsat Borcka.

MATERIALS AND METHODS

In this study, 12 Gurcu goat skulls were analyzed
to determine the locations of the holes found in regiones
capitis and the topographical structure of the bones that
comprise the skull. The study’s samples consisted of 12
(n=6 males and n=6 females) adult (approximately 3-4
years old) goat skulls without any skeletal problems.
The study was approved with the permission of the
Animal Experiments Local Ethics Committee (KAU-
HADYEK/2020-153). After deatching the skulls from
their skin and muscles, they were subjected to maceration.
Maserated skull specimens were kept in 4% hydrogen
peroxide for one day to whiten the bones. A total of 25
measurements were taken using digital calipers from the
skulls of Gurcu goats whose morphometric measurements
were not defined (Driesch, 1976). All measurements
obtained were statistically analyzed. The obtained data
were expressed as mean = standard deviation (S.D.).
Parameters taken from the skulls of goats are shown in
Figures 1 and 2.

Skull measurement

Skull length (L1): Distance between the highest
points of the parietal bones and the middle of the rostral
margin of the incisive bone.

Skull width (L2): Distance between two zygomatic
arches.

Cranial length (L3): Distance from the central point
of the frontonasal suture to the middle point of the nuchal
crest.

Cranial width (L4): Distance between the bases of
both the horns.

Facial length (L5): Distance from the frontonasal
suture to the center of the incisive bone.

Facial width (L6): Distance between the caudal
extents of the orbital rims.

Length of the maxilla (L7): Distance from
parietofrontal suture to the frontonasal suture.

Width of the maxilla (L8): Distance from interfrontal
suture to the rim of the orbit

Height of orbit (Ho) (L9), Width of orbit (Wo) (L10),
Length of nasal bone (L11): Distance from the central
point of the frontonasal suture to the rostral end of the
internasal suture.

Width across nasal bone (L12): Distance across
the nasal bones or distance between the naso-maxillary
sutures.

Length of palatine (L13): Distance between the

rostral mid sutured line of incisive bone and the caudal
nasal spine of the palatine bone.

Width of palatine (L14): Distance at the horizontal
plate of palatine bone behind the last molar tooth.

Length of occipital (L15): Distance between external
margins of two paracondylar processes

Height of occipital (L16): Distance from base of the
occipital condyle to the starting point of the sagittal crest

Intercondylar width (L17): Width between the lateral
margins of the occipital condyles.

Interparacondylar width (L18): The greatest width
between the ventromedial end of the paracondylar
processes.

Height of foramen magnum (L19): Distance between
the midpoints of the dorsal and ventral rims of the foramen
magnum.

Width of the foramen magnum (L20): Distance
between the two occipital condyles (Figs. 1, 2).

Craniofacial indices

a) Skull/cephalic index (SKI): Skull width X 100/
skull length.

b) Cranial index (CRI): Cranial width X 100/ cranial
length.

¢) Facial index (FAI): Facial width X 100/ facial
length.

d) Nasal index (NI): Nasal width X 100/ nasal length.

¢) Foramen magnum index (FMI): Foramen magnum
height X 100/ foramen magnum width.

Infraorbital foramen measurement its for anesthesia in-
fraorbital nervus

a) Infraorbital foramen distance: Distance between
two infraorbital foramina.

b) Facial tuberosity to the infraorbital foramen
(FTIO): It was measured from the level of most lateral
bulging of facial tuberosity to mid-level of the infraorbital
foramen.

¢) Infraorbital foramen to root of the alveolar tooth:
It was measured from the mid-level of the infraorbital
foramen to the alveolar root of the superior second
premolar tooth.

d) Infraorbital foramen to orbit: It was measured from
the orbit to the infraorbital foramen

RESULTS

Macroanatomical results

All of the bones forming the neurocranium and
viscerocranium were present in the skulls. Processus
paracondylaris was observed to be curved or hook-shaped
(Fig. 2/5). The supraorbital foramina, which should be
on both sides of the frontal bone, were absent in half of
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the materials (Fig. 2/7). It was only present on one side
in the other half of the materials. The tuber faciale was
prominently located dorsally at the junction of the last
premolar and the first molar in both sexes (Fig. 2/8).
The foramen infraorbitale was located dorsal to the
second upper premolar tooth on the os maxilla (Fig. 2/8).
Processus septal terminated with two ends in females and
a simngle end in males (Fig. 2/7). It was observed that the
processus nasalis of os incivus extended to the os nasale,
with incisura nasoincicivus being located between them.
Females were found to possess nasomaxillaris (Fig. 2/5).

Fig. 1. Some points on the skull of Gurcu goats. 1: A, Facial
tuberosity; B, Infraorbital foramen; C, Porus acusticus
externus; D, Processus corocoideus; 1, Inciciv bone; 2,
Makxillar bone; 3, Nasal bone; 4, Lacrimal bone; 5 and 6,
Occipital bone; 7, Paracondylar process; 8, Mandible; 9,
Frontal bone; a, height of bulbus oculi; b, length of bulbus
oculi; ¢, oval foramen; narrowhead, mental foramina; 2:
Measurement of the skull (ventral view) of Gurcu goat;
ICW, Intercondylar width; FMW, Width of foramen
magnum; FMH, Height of foramen magnum; IPCW,
Interparacondylar width; A, Fossa condylaris ventralis;
B, Tympanic bullae; C, Maxillar foramen; D, Horizontal
lamina of os palatinum; E, Processus palatinus of maxilla;
narrowhead, foramen palatinum majus; 3: PAW, Width of
palatine; PAL, Length of palatine; 4: Measurements of the
skull (dorsal view) of Gurcu goat; NAW, Width of nasal;
NAL, Length of nasal; FAW, Facial width; FAL, FACIAL
length.

Fig. 2. Measurement of skull lateral view of Gurcu goats. 5:
a, Width of maxilla; b, Length of maxilla; 1, paracondylar
process; 2, meatus acusticus externus; 3, coronoid process;
4, nasal bone; 5, nasolacrimal fissur; 6: Measurement of
skull occipital view of Gurcu goats; 1, Width of parietal; 2,
Interparacondylar width; 3, Intercondylar width; 7: Dorsal
view of skull in female and male Gurcu goats; A, Female
Gurcu goat; B, Male Gurcu goat; a, Septal process; 8: 1,
Distance between foramen infraorbital and premolar tooth; 2,
The distance between foramen infraorbitale and tuber faciale;
3, The distance between foramen infraorbitale and orbita.

Morphometrical results

According to the results of the statistical analysis, the
mean skull length was determined as 222.71+16.74 mm
in females and 240.19426.29 mm in males. Similarly, the
cranial length measured from the skulls was calculated
as 130.47+10.26 mm in females, 144.75£15.21 mm in
males, and facial length as 118.63+10.69 mm in females
and 113.3£17.87 mm in males (Table I). According to
the parameters taken to enable anesthesia of the foramen
infraorbitale, the mean distance between the tuber faciale
and the foramen infraorbitale was 25.79+1.65 mm in
females and 27.29+3.36 mm in males (Table II). In the
blockage of the nervus mandibularis, an injection is
performed from the incisura mandibularis towards the
ear level of the opposite side to anesthesize from the
foramen ovale. The distance between the foramen ovale
and the incisura mandible is 30.31£1.49 mm in females
and 31.44+2.78 mm in males. This measured parameter
provides access to the foramen ovale. According to
craniofacial index calculations, skull index was measured
as 48.31+4.87 in females, 49.24+3.47 in males, and facial
index as 74.61+£7.58 in females and 105.74+19.28 in
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males. According to the cephalic index, both sexes’ skulls
were found to be dolichocephalic (Table III).

Table I. The mean value of parameters its on Gurcu
goat skull.

Craniofacial index Female (n=6) Male (n=6)
L1 222.72+7.49 240.19+11.76
L2 106.99+1.47 117.87+£5.22
L3 130.47+4.59 144.75+6.81
L4 67.04+2.16 71.89+1.58
L5 118.64+4.78 113.37+7.99
L6 87.92+1.74 117.24+1.93
L7 105.15+4.47 108.63+5.73
L8 59.35+1.77 66.68+3.15
L9 38.01+.60 39.49+2.13
L10 36.66+.67 35.95+1.18
L1 51.54+1.36 62.64+4.05
L12 12.63+.62 16.01£1.52
L13 74.41£1.66 85.22+5.96
L14 23.51+.78 24.15+.90
L15 57.09+3.03 78.81+6.63
L16 48.56+1.79 61.41+3.17
L17 48.74+.79 55.55+2.21
L18 75.96+1.35 88.55+5.15
L19 22.324+1.08 21.23+1.03
L20 19.85+.84 21.41+1.55

For details of indices, see Materials and Methods.

Table II. The mean value of infraorbital foramen its
taken from Gurcu goat skull.

Parameters Female (mm) Male (mm)
A 44.26+3.01 46.62+4.44
B 25.79+1.65 27.294+3.36
C 18.934+2.46 23.0442.59
D 53.14+3.35 56.83£7.18

A, The distance between two foramen infraorbital; B, The distance
between foramen infraorbitale and tuber faciale; C, Distance between
foramen infraorbital and premolar tooth; D, The distance between
foramen infraorbitale and orbita.

Table III. The measurement of craniofacial index from
Gurcu goats.

Craniofacial index Male (n=6) Female (n=6)
SKI 49.24+1.55 48.31+£2.18
CRI 50.17+2.17 51.76+3.11
FAI 105.74+8.62 74.61+3.39
NI 25.78+2.51 24.59+1.33
FMI 100.90+7.61 112.36+1.63

For details of indices, see Materials and Methods.

DISCUSSION

In this study, the bones comprising the skulls
of Gurcu goats and the holes that serve as anesthesia
application points were evaluated topographically and
morphometrically. When the morphometric measurements
acquired from the skulls were compared between sexes, no
statistical difference was found. This finding is consistent
with the literature (Samuel, 2013; Din ef al., 2020; Wang
et al., 2021). In 33% (2) of the materials belonging to
female Gurcu goats, the foramen ovale was found to be
quite wide. This was also observed in the skulls of 7 Sharri
sheep (Jashari ef al., 2021). Similar to Sharri sheep, Gurcu
goats had a large tuberculum muscularis located at the
border between the occipital and sphenoid bones. In Gurcu
goats, the processus septalis of the os nasale ended with a
tip that differed greatly between the sexes. They had a “U”
shaped nasofrontal suture between their os frontale and
os nasale. This is similar to Mehraban sheep (Karimi et
al., 2011), whereas in Sharri sheep, the nasofrontal suture
was resported to be “U” and “V” shaped (Jashari et al.,
2021), and “V” shaped in Bardhoka sheep (Giindemir et
al., 2020). The skull length parameter, which is of great
importance in most skull morphometric studies and is
frequently emphasized, was determined as 222.71£16.74
mm in females and 240.19+26.29 mm in males in Gurcu
goats. In previous studies, it has been found as 22.67+0.93
cm in Saanen goats (Wang et al., 2021), 16.99+1.59
cm in WADG goats (Oloopade, 2005), 18.67+0.66
cm in Markhoz goats (Goodarzi and Hosseini, 2014),
20.68+0.02 cm in blackbucks (Choudhary and Singh,
2015), 19.73+0.11 in female and 19.99+0.25 cm in male
Beetal goats (Din et al., 2020), 241.30+14.01 in Awasssi
sheep (Yilmaz and Demircioglu, 2020), 204.4949.71 and
198.09+£7.69 mm in female and male Morkaraman and Tuj
sheep, respectively (Ozcan et al., 2010), and 245.25+10.24
and 257.98+15.81 mm in female and male Bardhoka
sheep, respectively (Giindemir et al., 2020). According
to Lakshmi ef al. (2015), cephalic/skull index analysis
is an important parameter in sex determination, forensic
medicine and anthropology. In this study, the skulls were
found to be dolicocephalic according to this index. This
finding was similar to that for Kagani goats (Sarma, 2006)
and blackbucks (Choudhary ef al., 2020). The skull index
of Gurcu goats was analyzed to be 49.24+3.47 in males and
48.3144.87 in females. This index is 52.15+2.11 in Saanen
goats (Wang et al., 2021), 47.77£1.96 in Markhoz goats
(Goodarzi and Hosseinin, 2014), 47.82+0.05 in Mizoram
goats (Choudhary et al., 2020), 46.12+0.12 in blackbucks
(Choudhary and Singh, 2015). Additionally, a recent study
reported the skull index in Beatel goats as 57.32+0.10 in
females and 57.72+0.14 in males (Din ef al., 2020). The
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skull index values of Gurcu goats was lower than those of
Saanen (Wang et al., 2021) and Beetal goats (Din et al.,
2020) and higher than those of Markhoz goats (Goodarzi
and Hosseini, 2014), Mizoram goats (Choudhary et al.,
2020), and blackbucks (Choudhary and Singh, 2015). The
skull index of Abaza goats, which live in the same region
and are morphologically similar to Gurcu goats, has been
reported as 51.0+1.8 (Dalga and Aslan, 2021). The mean
facial lengths and widths of the skulls were 118.63+10.69
and 87.9243.88 mm in females, and 113.37+17.87 and
117.23+4.30 mm in males, respectively. It has been
reported in the literatiire as 11.53+0.08 cm, 9.30+0.015
cm for blackbucks (Choudhary and Singh, 2015), and
10.20+0.08, 6.5840.02 cm for Mizoram goats (Choudhary
et al.,2020). The facial index in Gurcu goats was analyzed
as 74.61+7.58 in females and 105.74+19.28 in males.
This index was reported as 85.44+1.89 for Mizoram
goats (Choudhary et al., 2020), 85.44+1.89 for Mehraban
sheep (Karimi ef al., 2011), 138.48+0.57 for Kagani goats
(Sarma, 2006), 100.77+6.85 for Markhoz goats (Goodarzi
and Hosseini, 2014) goats, and 80.67+0.44 for blackbucks
(Choudhary and Singh, 2015). The length and width of the
nasal bones in Gurcu goats were 51.53+3.04 and 12.62+1.38
mm in females, and 62.64+9.05 and 16.01+3.40 mm in
males, respectively. These parameters were reported as
5.59+0.03, 0.97+0.01 for Mizoram goats (Choudhary
et al., 2020), 6.50+0.11, 3.20+0.57 for Kagani goats
(Sarma, 2006), and 5.69+0.01, 1.29+0.01 for blackbucks
(Choudhary and Singh, 2015). The topographies of the
infraorbital nerve and infraorbital foramen are critical
for intra- and extraoral anesthesia applications, as well
as a safe surgical intervention (Mozsary and Middleton,
1983; Lawrence and Poole, 1992; Zide and Swift, 1998).
The distance between the infraorbital foramen and the
premolar teeth in Gurcu goats was determined to be
18.93+2.46 mm in females and 23.04+2.59 mm in males.
The height and width of the foramen magnums of Gurcu
goats were analyzed as 22.3242.42 and 19.85+1.87 mm
in females, and 21.2342.30 and 21.40+3.47 mm in males,
respectively. These parameters were reported as 1.81+£0.02
and 1.71+0.01 in female, and 5.73+0.01 and 2.43+0.06
cm in male Mizoram goats (Choudhary et al., 2020),
respectively. In a study conducted in India, these parameters
were reported as 1.7440.00 cm, 2.03+£0.00 cm, 8.22+0.01
cm, and 0.88+0.00 cm, respectively for blackbucks
(Choudhary and Singh, 2015). In a study conducted in
Iran, it was reported as 3.08+0.35, 3.12+0.36 cm, and
12.30+0.28 cm, 2.53+0.58 cm, respectively for Kagani
goats (Sarma, 2006). In a different study, they were reported
as 2.35+0.06, 2.00+0.04 cm, and 2.39+0.07, 2.02+0.03
cm for Beetal goats (Din ef al., 2021). Choudhary et al.,
(2020) determined sex using the foramen magnum index

parameter. This index was measured as 100.90+17.02 mm
in females and 112.36+3.65 mm in males in Gurcu goats.
There was no statistical difference between them. The
Foramen magnum index for Mizoramgoats was reported
as 94.47+0.28 (Choudhary et al., 2020), as 89.32+14.1 for
Markhoz goats (Goodarzi and Hosseini, 2014), 98.71+0.28
for blackbucks (Choudhary and Singh, 2015), 85.16+0.04
for female and 84.62+0.05 for male Beetal goats. The
height and width of the orbits in Gurcu goats’ skulls were
determined as 38.01+1.34, 36.66+1.49 mm in females
and 39.494+4.77 and 35.9542.63 in males, respectively. In
Beetal goats (Din et al., 2020), orbital height and length
was 3.40£0.06 cm and 4.25+0.06 cm in females, and in
males, 4.25+0.06 and 3.40+0.06 cm, respectively.

CONCLUSION

As a result, data were presented on skull anatomy,
formations, and skull holes used for regional anesthesia
in Gurcu goats. It is believed that these data revealed on
Gurcu goats in terms of sex differences can be compared
with other goat breeds in Turkey and used as a reference
for clinical procedures in the head region.
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