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A morphometric comparison of  the skulls of  Akkaraman and Kangal Akkaraman 
sheep on a three-dimensional model using computed tomography

Hacer Baş Ekici1, Kamil Beşoluk1, Nisa Başpınar2

ABSTRACT
This study was conducted to determine the craniometric characteristics of  the skulls of  Akkaraman 
and Kangal Akkaraman sheep, local breeds in Turkey, using computed tomography (CT). The study 
material comprised two groups of  12 heads of  healthy male Akkaraman and Kangal Akkaraman 
sheep, aged 8-12 months. The heads were scanned with a CT device, then these images were con-
verted into a three-dimensional structure using the 3D Slicer program and morphometric measure-
ments were calculated. A total of  13 parameters and 5 indexes were measured in each skull, and the 
morphometric differences between the skulls of  Akkaraman and Kangal Akkaraman sheep were 
determined using statistical methods. All the characteristics examined were expressed as mean±SD 
values. The study results of  the craniometric data showed a statistically significant difference in the 
parameters of  skull length, skull width, greatest length of  the nasal bone, greatest breadth across the 
nasal, medial frontal length, cranial width, facial width, height of  the foramen magnum, greatest bre-
adth of  the foramen magnum, greatest frontal breadth and least breadth between the orbits (p<0.05). 
No statistically significant difference was observed between the breeds in terms of  viscerocranium 
length, greatest inner width of  the orbit, and craniofacial indexes (p>0.05). These data can be consi-
dered useful for veterinarians in the fields of  surgery and clinical practice, and for studies in the field 
of  zooarchaeology, and sheep taxonomy.
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INTRODUCTION

Sheep farming, which is an important economic area, is 
widespread in many parts of  the world in areas with vast mead-
ows and pastures and dry climatic conditions. Sheep breeding 
has become the most profitable branch of  livestock produc-
tion due to the structure and ability of  sheep to make the best 
use of  areas with large pastures of  low quality. Sheep breeding 
has an important place in Turkey due to the soil structure and 
the suitability of  grazing opportunities. The Akkaraman sheep 
breed is intensively bred in Turkey, especially in Central Ana-
tolia, and accounts for almost half  the current sheep popula-
tion (Akçapınar, 2000). The Kangal Akkaraman sheep breed, 
which was previously recognised as a variety within the Ak-
karaman sheep breed, one of  the indigenous breeds of  Turkey, 
was registered as an independent breed with the communiqué 
number 28384 published in the Official Gazette on August 
14, 2012 (Oğrak et al., 2014). Compared to the Akkaraman 
breed and other breeds, the Kangal Akkaraman sheep has a 
larger structure and higher productivity and is compatible and 
resistant to the natural conditions of  the region. Moreover, it 
is a combined breed for both meat and milk production. It is 
distinguished from the Akkaraman sheep breed and other va-
rieties by black spots around the eyes, on the feet and around 
the shins, and by the convex nasal area (Örkiz et al., 1984). 
Skull morphometry is widely used in disciplines such as fo-
rensic medicine, taxonomy, and zooarchaeology due to certain 
differences between breeds and genders (Kobryńczuk et al., 

2008; Adebisi, 2009; Onar et al., 2015). Polymorphism is very 
common in sheep breeds, making purely morphological clas-
sification difficult. Therefore, morphometric studies are very 
important for taxonomy (Kaymakçı & Sönmez, 1996; Soysal 
et al., 2003). Although there are some studies on Akkaraman 
sheep, as yet there has been no comprehensive anatomic study 
investigating the morphometric parameters of  the skull in 
Akkaraman and Kangal Akkaraman sheep. The aim of  this 
study was to determine the craniometric data of  Akkaraman 
and Kangal Akkaraman sheep, which are local breeds in Tur-
key, and to calculate the indexes obtained using craniometric 
measurements.

MATERIAL and METHODS

Animals

This study used the skulls of  12 male Akkaraman and 12 
male Kangal Akkaraman sheep, each aged between 8 and 
12 months old. The research materials were collected from 
private slaughterhouses in the provinces of  Konya and Siv-
as. This study was performed with the permission of  Selçuk 
University Experimental Animal Breeding and Experimental 
Research Center Ethics Committee (SÜVDAMEK) (decision 
no: 2022/20).
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Three-dimensional modelling of  the images and performing their cra-
niometric measurements

A 64-slice CT scanner (Toshiba Aquillon CX-Tokio/Japan) 
was used to scan the sheep skulls, and the images obtained 
were stored in DICOM format. They were then uploaded to 
the three-dimensional modeling application, 3D Slicer 5.0.3, 
where 3D models of  the skull were formed and the craniomet-
ric measurements were recorded. Craniometric measurements 
were taken of  13 distinct parameters on the 3D models of  
the skulls. The morphometric measurements were taken based 

on the measurement sites described in the literature (Von den 
Driesch, 1976). Osteometric measurements were used to cal-
culate five distinct indices. The formula for the indices gener-
ated using these measurement sites was shown in Table 2. The 
linear measurement points acquired from the dorsal, ventral 
and lateral surfaces of  the skull were shown in Table 1. The 
research employed Nomina Anatomica Veterinaria for the no-
menclature (Nomina, 2017).

Statistical analysis

Statistical analyses of  craniometric measurements of  skull 
data were performed in SPSS software version 26 (IBM Corp., 
Armonk, NY, USA). The conformity of  the data to normal 
distribution was determined using the Shapiro-Wilk test and 
it was confirmed that the data showed normal distribution. 
Statistical differences between groups were analyzed using the 
independent samples t test. Results were expressed as mean ± 
standard deviation (SD) values. A value of  p<0.05 was consid-
ered statistically significant.

RESULT

In this study, the first reports of  craniometric measure-
ments of  sheep from the Akkaraman and Kangal Akkaraman 
breeds were presented. Craniometric measurements were used 
to calculate the cranial-facial indices in both species. A total 
of  13 different craniometric measurements of  the skull were 
made for the investigation (Figure 1). The mean values, stan-
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Parameter No Parameters Definition

1 Skull length Akrokranion - Prosthion
2 Greatest length of  the nasal bone Nasion - Rhinion
3 Medial frontal length Akrokranion - Nasion
4 Greatest breadth across the nasal Maximum distance across the nasal bones
5 Facial width Distance between the caudal extents of  the orbital 

rims.
6 Least breadth between the orbits Entorbitale - Entorbitale
7 Greatest breadth of  the Foramen mag-

num
The maximum distance between the two occipital 
condyles.

8 Height of  the Foramen magnum Basion - Opisthion
9 Greatest inner length of  the orbit Ectorbitale - Entorbitale
10 Viscerocranium length Nasion - Prosthion
11 Cranial width Distance between two external auditory meatus
12 Skull width Distance between two zygomatic arches
13 Greatest frontal breadth Ectorbitale - Ectorbitale

Table1. Studied cranial parameters (cm).

İndex No Craniofacial İndexes Formulas
1 Skull index Skull width/ Skull length× 100
2 Cranial index Cranial width/ Medial frontal length× 100

3 Nasal index Greatest breadth across the nasal/ Greatest length of  the nasal bone× 100

4 Facial index Facial width/ Viscerocranium length× 100

5 Foramen magnum index
Height of  the Foramen magnum/ Greatest breadth of  the Foramen  
magnum× 100

Table 2. Indices and formulas of  the skulls.



dard deviations, coefficients of  variation, maximum and mini-
mum values for each parameter were shown in Table 3, and the 
derived indexes used in the current investigation on the skull 
were shown in Table 4. 

All the statistically important data specified in Table 3 
should be mentioned in this section in respect of  the param-
eters of  skull length, skull width, greatest breadth across the 
nasal, greatest height of  the foramen magnum, greatest fron-
tal breadth, and least breadth between the orbits (p<0.05).  
In terms of  the estimated craniofacial indices, the largest inner 
width of  the orbit, and viscerocranium length, no statistical-
ly significant difference was determined between the breeds 
(p>0.05) (Table 3 and 4). Based on the metric measurement 
points, the skull length was found to be the longest mea-
surement, determined as mean 18.37 ± 0.65 cm in Akkara-
man sheep and 20.08 ± 0.29 cm in Kangal Akkaraman sheep 
(p<0.001) (Table 3). The foramen magnum height, measured 
as mean 1.93 ± 0.13 cm in Akkaraman sheep and 2.07 ± 0.16 
cm in Kangal Akkaraman sheep (p=0.039), was seen to be the 
smallest measurement. The foramen magnum index had the 
highest value (p=0.871) and the nasal index had the lowest 
value (p=0.269) for the craniofacial index.

DISCUSSION

In this study, 13 craniometric parameters were measured 
and 5 craniofacial indices were calculated. In all the craniomet-
ric measurements, the values of  the Akkaraman sheep were 
lower than those of  the Kangal Akkaraman sheep. However, 

in only one of  the calculated index values, the skull index of  
the Akkaraman sheep was higher than that of  the Kangal Ak-
karaman sheep.

The mean length and width of  the skull were measured as 

18.37 ± 0.65 cm and 8.82 ± 0.46 cm, respectively in Akkara-
man sheep, and as 20.08 ± 0.29 cm and 9.50 ± 0.34 cm, respec-
tively in Kangal Akkaraman sheep. According to the literature, 
the skull length of  Akkaraman and Kangal Akkaraman sheep 
was shorter than the skull length of  Hasak and Hasmer (Can et 
al., 2022)  Suffolk Down (de la Barra et al., 2020), Morkaraman 
(Özcan et al., 2010), Xisqueta (Parés Casanova et al., 2010), 
Awassi (Yılmaz & Demircioğlu, 2020), Bardhoka (Gündemir 
et al., 2020), Hemshin (Dalga et al., 2018), Hamdani (Dayan 
et al., 2022), Sharri (Jashari et al., 2022), Iranian Native (Mon-
fared, 2013), and Barbados Black Belly sheep (Mohamed et al., 
2016). The skull length of  the Akkaraman sheep was shorter 
than that of  the Tuj sheep (Özcan et al., 2010) and longer than 
that of  the Kangal Akkaraman sheep. The skull length of  the 
Kangal Akkaraman sheep was longer than that of  male Zell 
and Mehraban sheep, and the skull length of  the Akkaraman 
sheep was shorter than that of  male Zell and Mehraban sheep 
(Karimi et al., 2011; Marzban Abbasabadi et al., 2020). More-
over, in the current study, it was found that the skull width 
of  Akkaraman and Kangal Akkaraman sheep was lower than 
Mehraban sheep (Karimi et al., 2011). The skull width of  both 
Akkaraman and Kangal Akkaraman sheep was higher than 
that of  male Zell sheep (Marzban Abbasabadi et al., 2020). It is 
believed that the differences in skull length and width between 
breeds of  animals are due to the geographical environment in 
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Figure 1. Measurement of  the skull of  Kangal Akkaraman sheep. (a) Dorsal view, 
(b,d) Ventral view, (c) Lateral view. 1-Skull length, 2-Greatest length of  the nasal bone, 
3-Medial frontal length, 4-Greatest breadth across the nasal, 5-Facial width, 6-Least 
breadth between the orbits, 7-Greatest breadth of  the foramen magnum, 8-Height 
of  the foramen magnum, 9-Greatest inner length of  the orbit, 10-Viscerocranium 
length, 11-Cranial width 12-Skull width, 13-Greatest frontal breadth.



which they are raised, their care and feeding conditions, the 
calcium ratio in their feed, and breed-specific characteristics.

The current study showed that the medial frontal length of  
Akkaraman and Kangal Akkaraman sheep was shorter than 
that of  Xisqueta (Parés Casanova et al., 2010), Mehraban 
(Karimi et al., 2011), Iranian Native (Monfared, 2013), and 
Barbados Black Belly sheep (Mohamed et al., 2016), but the 

medial frontal length of  Kangal Akkaraman sheep was almost 
equal to that of  Iranian Native sheep (Monfared, 2013). Al-
though the medial frontal length of  Akkaraman sheep and Tuj 
sheep were the same, the medial frontal length of  Kangal Ak-
karaman sheep was greater than that of  Morkaraman and Tuj 
sheep (Özcan et al., 2010).

In the present study, the greatest breadth across the nasal 
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Parameters (cm)
Groups P

values
Akkaraman Sheep Kangal Akkaraman Sheep

Mean ± SD Min-Max CV Mean ± SD Min-Max CV

Skull length 18.37 ± 0.65 16.80 - 19.10 3.53 20.08 ± 0.29 19.80 - 20.70 1.42 <0.001

Skull width 8.82 ± 0.46 8.10 - 9.60 5.20 9.50 ± 0.34 9.06 - 10.03 3.62 0.001

Greatest length of  
the nasal bone 7.62 ± 0.47 6.70 - 8.30 6.20 8.35 ± 0.69 7.10 - 9.80 8.25

0.007

Greatest breadth 
across the nasal 3.04 ± 0.23 2.80 - 3.40 7.60 3.47 ± 0.18 3.20 - 3.80 5.26 <0.001

Medial frontal 
length 10.74 ± 0.45 10.10 - 11.40 4.15 11.73 ± 0.67 10.40 - 13.00 5.72 <0.001

Cranial width 5.95 ± 0.36 5.20 - 6.40 6.05 6.61 ± 0.38 6.20 - 7.60 5.75 <0.001

Viscerocranium 
length 10.03 ± 0.53 9.50 - 11.08 5.32 10.36 ± 1.03 9.50 - 13.30 9.96 0.329

Facial width 10.25 ± 0.37 9.60 - 10.70 3.66 10.77 ± 0.41 10.10 - 11.50 3.84 0.004

Height of  the  
foramen magnum 1.93 ± 0.13

1.70 - 2.20
7.08 2.07 ± 0.16 1.70 - 2.30 8.01 0.039

Greatest breadth 
of  the foramen 
magnum

2.05 ± 0.13 1.80 - 2.30 6.69 2.21 ± 0.15 2.07 - 2.50 6.87 0.017

Greatest frontal 
breadth 10.44 ± 0.43 9.80 - 11.30 4.18 11.04 ± 0.33 10.50 - 11.50 3.04 0.001

Greatest inner  
length of  the orbit 3.72 ± 0.15 3.40 - 3.90 4.14 3.80 ± 0.22 3.40 - 4.10 5.91 0.351

Least breadth
between the orbits 7.47 ± 0.51 6.40 - 8.10 6.83 7.86 ± 0.31 7.30 - 8.40 3.99 0.034

Table 3. Results of  morphometric parameters of  the skull of  a male Akkaraman sheep and male Kangal Akkaraman sheep determined 
by 3D reconstruction of  CT images.



was greater than that of  Mehraban (Karimi et al., 2011), Mork-
araman and Tuj sheep (Özcan et al., 2010). Moreover, greatest 
length of  the nasal bone in Akkaraman and Kangal Akkara-
man sheep was shorter than that of  Xisqueta (Parés Casanova 
et al., 2010), Sharri (Jashari et al., 2022), Suffolk Down (de la 
Barra et al., 2020), Iranian Native (Monfared, 2013) and Meh-
raban sheep (Karimi et al., 2011). Akkaraman and Kangal Ak-
karaman sheep had higher values than Morkaraman and Tuj 
sheep (Özcan et al., 2010). The greatest length of  the nasal 
bone of  Kangal Akkaraman sheep was longer than that of  
Barbados Black Belly (Mohamed et al., 2016), Akkaraman and 
male Zell sheep (Marzban Abbasabadi et al., 2020). However, 
the greatest value of  nasal bone length of  Akkaraman sheep 
was higher than that of  male Zell sheep (Marzban Abbasabadi 
et al., 2020).

Facial width and viscerocranium length were 10.25 ± 0.37 
cm and 10.03 ± 0.53 cm, respectively in Akkaraman sheep, and 
10.77 ± 0.41 cm and 10.36 ± 1.03 cm, respectively in Kangal 
Akkaraman sheep. The viscerocranium length of  Akkaraman 
and Kangal Akkaraman sheep was shorter than that of  Xis-
queta (Parés Casanova et al., 2010), Mehraban (Karimi et al., 
2011), Morkaraman, and Tuj sheep (Özcan et al., 2010). These 
results show that the viscerocranium length of  Akkaraman 
and Kangal Akkaraman sheep was higher than that of  male 
Zell sheep (Marzban Abbasabadi et al., 2020). The facial width 
was almost the same in Akkaraman, Kangal Akkaraman, and 
Mehraban sheep (Karimi et al., 2011). However, the value was 
higher in Akkaraman and Kangal Akkaraman sheep than in 
Suffolk Down (de la Barra et al., 2020) and male Zell sheep 
(Marzban Abbasabadi et al., 2020), but lower than in Sharri 
sheep (Jashari et al., 2022).

The least breadth between the orbits (entorbitale - entor-
bitale) was measured as mean 7.47 ± 0.51 cm in Akkaraman 
sheep, and as 7.86 ± 0.31 cm in Kangal Akkaraman sheep. 
This parameter in both Akkaraman and Kangal Akkaraman 

sheep was seen to be higher than in Morkaraman sheep and 
Tuj sheep (Özcan et al., 2010), but lower than in Sharri (Jashari 
et al., 2022) and Xisqueta sheep (Parés Casanova et al., 2010). 

The distance between the two zygomatic areas in dogs and 
camels has been reported as the largest area of  the skull. Due 
to morphological differences, the largest area of  the sheep 
skull has been shown to be the parameter of  the greatest fron-
tal breadth (ectorbitale - ectorbitale). This value in the current 
study was determined to be mean 10.44 ± 0.43 cm in the Ak-
karaman sheep and 11.04 ± 0.33 cm in the Kangal Akkara-
man sheep. According to previously reported data, the greatest 
frontal breadth of  both the Akkaraman and Kangal Akkara-
man sheep was less than that of  Xisqueta (Parés Casanova et 
al., 2010) and Awassi sheep (Yılmaz & Demircioğlu, 2020), but 
greater than that of  Morkaraman and Tuj sheep (Özcan et al., 
2010).

The greatest inner length of  the orbit, also known as the 
orbital width, was measured as 3.72 ± 0.15 cm in Akkaraman 
sheep and 3.80 ± 0.22 cm in Kangal Akkaraman sheep. This 
value was lower in Akkaraman and Kangal Akkaraman sheep 
compared to Suffolk Down (de la Barra et al., 2020), Sharri 
(Jashari et al., 2022), Xisqueta (Parés Casanova et al., 2010), 
and Mehraban sheep (Karimi et al., 2011), but higher than in 
male Zell (Marzban Abbasabadi et al., 2020), Morkaraman and 
Tuj sheep (Özcan et al., 2010).

The height of  the foramen magnum and greatest breadth 
of  the foramen magnum were 1.93 ± 0.13 cm and 2.05 ± 0.13 
cm, respectively in Akkaraman sheep, and 2.07 ± 0.16 cm and 
2.21 ± 0.15 cm, respectively in Kangal Akkaraman sheep. The 
height and width values of  the foramen magnum were greater 
in Akkaraman and Kangal Akkaraman sheep than in Xisqueta 
(Parés Casanova et al., 2010), male Zell (Marzban Abbasabadi 
et al., 2020) and Mehraban sheep (Karimi et al., 2011), but 
lower than in Awassi sheep (Yılmaz & Demircioğlu, 2020). 
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Index (%)

Groups
P

values
Akkaraman Sheep Kangal Akkaraman Sheep

Mean ± SD Min-Max CV Mean ± SD Min-Max CV

Skull index 48.06 ± 2.33 44.92 – 52.17 4.85 47.31 ± 1.86 43.96 – 49.49 3.93 0.391

Cranial 
index 55.41 ± 3.01 49.56 – 59.43 5.43 56.52 ± 4.05 49.23 – 66.09 7.17 0.455

Nasal 
index 39.97 ± 3.23 34.57 – 47.76 8.08 41.83 ± 4.66 32.65 – 52.11 11.16 0.269

Facial 
index 102.46 ± 6.92 93.20 – 111.58 6.76 104.74 ± 10.83 79.70 – 121.05 10.34 0.545

Foramen 
magnum 
index

106.92 ± 10.11 94.74 – 122.22 9.46 107.76 ± 14.71 94.09 – 141.18 13.65 0.871

Table 4. The results of  indexes of  skull of  male Akkaraman sheep and male Kangal Akkaraman sheep obtained through 3D 
reconstruction of  CT images.

P value is indicated in bold for the parameters with statistical differences in the data analyzed using the independent sample t-test. 
Abbreviation: CV, Coefficient of  variations.



The height and width of  the foramen magnum were higher 
in Kangal Akkaraman sheep than in Morkaraman and Tuj 
sheep (Özcan et al., 2010). However, the height of  the fora-
men magnum in Akkaraman sheep was lower than in Morkara-
man sheep and higher than in Tuj sheep (Özcan et al., 2010), 
whereas the maximum breadth of  the foramen magnum was 
lower in Akkaraman sheep than in Morkaraman and Tuj sheep 
(Özcan et al., 2010). Based on the values obtained in the study, 
the height of  the foramen magnum was higher in Akkaraman 
and Kangal Akkaraman sheep than in Sharri (Jashari et al., 
2022) and Suffolk Down sheep (de la Barra et al., 2020), but 
the greatest breadth of  the foramen magnum was lower than 
in Sharri (Jashari et al., 2022) and Suffolk Down sheep (de la 
Barra et al., 2020).

Skull index values are used in bone deformities and in the 
evaluation of  brain development. The index values of  sheep 
breeds are important in determining the typology of  breeds 
(Kanchan et al., 2014; Onar & Pazvant, 2001). The skull index 
of  the Akkaraman sheep was found to be 48.06 ± 2.33 cm. 
This index was higher in Akkaraman and Kangal Akkaraman 
sheep than in Sharri sheep (Jashari et al., 2022), Xisqueta sheep 
(Parés Casanova et al., 2010), and Awassi sheep (Yılmaz & 
Demircioğlu, 2020), but lower than in Hemshin sheep (Dalga 
et al., 2018), Morkaraman and Tuj sheep (Özcan et al., 2010). 
However, it was determined that the skull index of  Akkaraman 
and Kangal Akkaraman sheep was lower than that of  Mehra-
ban sheep (Karimi et al., 2011), Morkaraman, and Tuj sheep 
(Özcan et al., 2010). 

The nasal and facial index values of  the Akkaraman and 
Kangal Akkaraman sheep in this study were higher than those 
of   Morkaraman and Tuj sheep  (Özcan et al., 2010). Sim-
ilarly, the facial index values of  the Akkaraman and Kangal 
Akkaraman sheep were higher than those of  the Xisqueta 
sheep (Parés Casanova et al., 2010), Sharri sheep (Jashari et 
al., 2022), Hemshin sheep (Dalga et al., 2018), and Mehraban 
sheep (Karimi et al., 2011).

The value of  the foramen magnum index in this study was 
determined to be mean 106.92 ± 10.11 in Akkaraman sheep 
and 107.76 ± 14.71 in Kangal Akkaraman sheep, which may 
be attributed to the fact that the width of  the foramen mag-
num is greater than the height. The differences between these 
values may be due to breed differences and, in part, to differ-
ences in the measurement methods used.

CONCLUSION

In conclusion, it is thought that the results of  this study will 
serve as a reference for science branches such as osteoarchae-
ology, anatomy, for the creation of  a craniometric measure-
ment and index database for Akkaraman and Kangal Akkara-
man sheep, and it can also be used for taxonomic classification 
of  species in Turkey and breeding ram determination. Never-
theless, further studies with larger sample sizes could produce 
more precise results in the measured parameters.
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