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Summary
The aim of this study was to contribute to quail head morphology and the formation of basic data sources for comparative
measurement in the quail head. In this study, 60 Japanese quail (Coturnix japonica) heads, which were white, brown and wild type were
used. Four different anatomical structures of the quail heads, varying in feather color, were measured manually by two independent
radiologists. These anatomical structures were head volume (HV), brain volume (BV), parietooccipital air space volume (POAV) and
calvarial bone volume (CBV). According to computed tomography (CT) measurements, the quail head with white feather color had the
smallest volumetrical values. This condition is thought to be caused by genetic differences.
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Farklı Tüy Renklerine Sahip Japon Bıldırcınlarının Başlarında
Bazı Hacimsel Ölçülerin İstatistiksel Analizi:
Bilgisayarlı Tomografi Çalışması
Özet
Bu çalışmanın amacı bıldırcın başlarında karşılaştırmalı ölçümler için temel veri kaynağı oluşturmak ve bıldırcın başı morfolojisine
katkı sağlamaktı. Çalışmada beyaz, kahverengi ve yabani tip olmak üzere toplam 60 Japon bıldırcını başı kullanıldı. Farklı renklere göre
bıldırcın başlarının dört farklı anatomik yapısı iki radyolog tarafından ölçüldü. Bu yapılar kafa hacmi, cavum cranii hacmi - beyin hacmi,
parietooccipital hava alanı hacmi ve kafa kemikleri hacmi şeklindeydi. Bilgisayarlı Tomografi ölçülerine göre, beyaz tüy rengine sahip
bıldırcın başının en küçük hacimsel değerlere sahip olduğu belirlendi. Bu duruma genetik farklılıkların neden olduğu düşünülmektedir.

Anahtar sözcükler: Bilgisayarlı Tomografi, Japon Bıldırcını, Morfometri

INTRODUCTION
The quail (Coturnix japonica) is a species categorized
under Phasianidae family [1,2]. The quail is widely used as an
in vivo [3-6] in physiological, pathological, toxicological and
anatomical studies owing to its lower feed consumption,
early sexual maturity and fast growth. In recent years, the
increase in consumption of meat and eggs of the quail has
also strengthened its economic aspect [1,2,7].
Quail feather color is considered as a race or genetical
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feature. Differences in the Quail feather color are attributed
to mutations in the color [8]. The feather colors are white [9],
brown, yellow [9,10], wild type (gray) [11] and roux [10].
In terms of anatomical model preparation, computed
tomography (CT) is a quite useful method for reliable
topographical patterns [12]. CT is used for antropomorphometrical studies for creating macroscopic and microscopic
models and revealing the phenotipic differences quickly in
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small animals [13-17]. The detailed imaging of structures that
make up the skull and the minimum degree of overlapping
images provides a great advantage to the CT compared
to other radiological methods [18,19]. One of the advantages
of the CT is the short-term applicability [20]. Using CT, high
solution images are obtained from cross-sections of head,
and subsequently anatomical or patological data could be
evaluated [21-24]. Three-dimensional images of anatomical
structures must be accurately obtained for the zoomorphological requirements, and functional, developmental,
comparative studies [25]. Additionally, the development of
high resolution imaging techniques such as magnetic
resonance imaging (MRI) and CT facilitated to create a small
animal model and anatomical evaluations [26-30]. Volumetric
measurements of small organisms or non-living structures
can be evaluated via the three-dimensional images obtained
from CT [25]. Three-dimensional imaging method of animal
materials can be gathered into two broad categories: the
first one is based on reconstruction from serial section
images and the second one is based on whole - volume
imaging [25]. A volume image obtained from CT consists
of a stack of reconstructed cross sections around the axis
of rotation [31]. Therefore, the organism could easily be
evaluated in terms of the development, growth and
structural differences owing to obtained images [25].
In the next step, some morphometric and volumetric
measurements are practised by using these images [20].
Roentgen and CT are diagnosis methods which are
frequently referred to in veterinary practice [32,33]. CT has just
begun to be used in the field of avian medicine [20]. Therefore,
the evaluation and interpretation of images are possible
only by becoming familiar with a good level of macro anatomy of the region and the cross - sectional anatomy [33].
Turbinates, sinuses, nasal cavity, and other anatomical
structures can be monitored by using CT in detail in the bird
head [20]. In previous studies, anatomical CT images were
excessively employed in imaging the head, nasal - paranasal sinuses, cranial cavity, nasolacrimal duct system, and
turbinates have been analyzed in terms of and its three
dimensional reconstructed models [24,34-39] in the differences
animal specieses (reptile, sea turtle, donkey, rodentia, dog and
cat [32-36,39]. However, there was no a study which reveals
the anatomical data of the quail head by using CT in the
literature.
The aim of this study was to contribute to quail head
morphology and the formation of basic data sources for
comparative measurement in the quail head using CT.
Additionally, in this study, using the above-mentioned
characteristics of CT was purposed to determined both
status of imaging quality and parameters of method in
quail head and to identify whether or not the difference
term some volumetrical measurements (see materials
and methods section) among quail heads, varying
in feather color.

MATERIAL and METHODS
In this study 60 quail heads were used. A total of 20 of
them were white, 20 of them were brown and 20 of them
were wild type. Quails were supplied from Quail Unit in
the Education, Research and Application Farm of Kafkas
University. Quails were six weeks, female and average 120 - 160
g (white: 130±5.3 g, brown: 148±7.6 g, wild type: 140±8.2
g) live weight. Animals were grown under the same live
conditions (light intensity, feeding, the cage state, water etc.).
Quails were killed by slaughtering for protect to wastable
quilty of carcase and their heads were referred to the
Research and Application Hospital Radiology Unit of Kafkas
University to obtain CT images. To scan the heads 64 sliced
CT (0.05 mm section) device (Aquilion 64®, Toshiba Medical
Systems, 2011, Zoetermeer. The Netherlands) was used.
Four different anatomical structures of each group
were measured manually by two independent radiologists
with more than five-years experience. Radiologists were
defined as observer 1 and observer 2. These anatomical
structures were head volume (HV), brain volume (BV)
(Fig. 1-D), parietooccipital air space volume (diverticula
from recessus tympanicus dorsalis invade the occipital,
parietal, prootic and squamosal bones [40]) (POAV) (Fig.
1-A, Fig. 1-B, Fig. 2-F) and calvarial bone volume (CBV).
Aquarius iNtuition Edition ver. 4. 4. 6. software was used
for measurements.
Different tissues have different densities in CT, so four
different density ranges were used to calculate four different
tissue volumes. To calculate the POAV from -1.000 to -850
Hounsfield unit (HU), HV 0-1000 HU, BV 0-150 HU and
CBV 200-1000 HU ranges were [41] setted. Both 2D axial
and coronal plane images were used to calculate all the
volumes. In addition to 2D images, measurements were
verified also on 3D volume rendered images. For the volume
unit, cm3 were used and all the data were recorded carefully.
To calculate the BV and POAV region growing tool (Fig.
1-A, Fig. 1-D), CBV and HV single click tool (Fig. 1-C) was
used. Because BV and POAV are spread to area, but CBV
and HV are not.
Four different anatomical structure of three kind
of quail heads were measured by two radiologists and
many different parameters obtained. To proccess the
findings easily, we named the variables as: head volume of
observer 1 (HV1), head volume of observer 2 (HV2), brain
volume of observer 1 (BV1), brain volume of observer 2 (BV2),
parietooccipital air space volume of observer 1 (POAV1),
parietooccipital air space volume of observer 2 (POAV2),
calvarial bone volume of observer 1 (CBV1), calvarial bone
volume of observer 2 (CBV2).
Statistical Analysis
Statistical analysis of the study was performed using
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Fig 1. A- 3D volume rendered dorso-ventral
aspect image of parietooccipital air space
volume of quail head measured by region
groving tool, B- 2D axial slice of parietooccipital air space volume of quail head
measured by region groving tool, C- 3D
volume rendered dorso-ventral aspect image
of head volume of quail measured by single
click tool, D- 3D volume rendered dorsoventral aspect image of brain volume of
quail head measured by region groving tool
Şekil 1. A- Bıldırcın başındaki parietooccipital
hava alanı hacminin bölge büyütme aracı
kullanılarak ölçümünün dorso-ventral yönden
3B görüntüsü, B- Bıldırcın başındaki parietooccipital hava alanı hacminin bölge büyütme
aracı kullanılarak ölçümünün 2B eksen
kesit görüntüsü, C- Bıldırcın kafa hacminin
tek tık aracı kullanılarak ölçümünün dorsoventral yönden 3B görüntüsü, D- Bıldırcın
başındaki beyin hacminin bölge büyütme
aracı kullanılarak ölçümünün dorso-ventral
yönden 3B görüntüsü

Fig 2. Dorso - ventral view of transversal section through of the
quail head. A- brain, B- cerebellum, C- occipital bone, D- oculus,
E- rostrum, F- parietooccipital air space
Şekil 2. Bıldırcın kafasının transversal kesitinin dorso - ventral
görünüşü. A- beyin, B- beyincik, C- occipital kemik, D- göz, E- gaga,
F- parietooccipital hava alanı

Statistical Package for Social Sciences (SPSS) version 17.0
software package. Continuous variables were expressed as
arithmetical mean±standard deviation.
Paired sample t test was used to determine the
differences of the measurements of BV, HV, POAV and
CBV between observer 1 and observer 2 regardless of the

quail types and the groups were dependent according to
observers.
Kruskal Wallis test used to calculate the differences of
BV, POAV, CBV and HV of white, brown and wild type subgroups for observer 1 and 2 independently. Firstly three
groups were analyzed, secondly white-brown, white-wild
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and brown-wild groups were analyzed in pairs to find out
the differences between the groups.

RESULTS
According to the findings of the study, average values
of the BV, POAV, CBV and HV of the quails (n:60) were 0.43,
0.23, 1.93 and 6.64 cm3, respectively.
According to the observers, the average results obtained
from the study showed in Table 1. In this table, it seems that
values of observer 1 are a little more than the values of
observer 2.
Table 2 indicated that each volume of three groups of quail
heads showed significant difference between each other,
except BV2. Moreover, the same table showed significant
difference between white and brown quail head measurements except BV2 and CBV2. Additionally, Table 2 showed
significant difference between wild type and brown quail
head measurements except POAV1, BV2 and POAV2, and
significant difference between white and wild type quail
head measurements except BV2 and POAV2 volumes
(P<0.05). This results indicated that approximately all of
the four measurements of the three kind of quail heads
were different from each other.
Paired samples t test demonstrates that there were no
significant difference in CBV and HV measurements and
there were significant difference in BV and POAV between
the observers (P<0.05).

DISCUSSION
One should consider the limitations of this study before
using these data. We have firstly reported the volumetric
measurements of head in the quail by using CT. Thus, we
were not able to discuss the variation of morphometrical
properties of the bird head. While this study provides new
morphometrical data for four volumetric measurement
in the quail head, volumetric morphometrical values for
other species, such as the chicken, goose, and pigeon, are
also needed. When we perfomed this study, there was not
a method established in the birds. Therefore, we could not
compare in terms of method.
According to the findings of the study, average values
of the BV, POAV, CBV and HV of the quail (n:60) were 0.43,
0.23, 1.93 and 6.64 cm3, respectively. According to this
situation, BV was forming %6.47 of HV, POAV was forming
%3.46 of HV, and CBV was forming %29.07 of HV.
BV and POAV differences were due to the subjective
results of the region growing tool and method. CBV and HV
anology were due to the single click method based on our
results. Single click is a useful tool that allows measuring
the volume by clicking only once to calculate the volume.
However, region growing is time consuming and relatively
difficult. In this regard, the results of single click are more
objective than region growing method.
In this study, feather color having the race property for
quails was primary exit point. Therefore, the heads of quails

Table 1. Shows all the data of each groups based on observers
Table 1. Araştırıcılara göre grupların verilerinin tamamı görünmektedir
Observer 1

Measurement

Observer 2

White

Brown

Wild

White

Brown

Wild

BV (region growing)

0.45±0.07

0.56±0.07

0.50±0.05

0.36±0.67

0.37±0.05

0.34±0.10

POAV (region growing)

0.21±0.07

0.33±0.07

0.29±0.04

0.15±0.05

0.19±0.06

0.20±0,19

CBV (single click)

1.56±0.27

1.79±0.32

2.49±0.29

1.63±0.26

1.79±0.32

2.35±0.36

HV (single click)

5.92±0.41

6.60±0.65

7.50±0.65

5.88±0.34

6.50±0.81

7.45±0.68

The unit of the mean values and the standard deviations are cm

3

Table 2. Kruskal Wallis Test of the white, brown and wild type subgroups (W-White, B-Brown, WT-Wild Type)
Table 2. Beyaz, kahverengi ve yabani tipin Kruskal Wallis Testi (W-Beyaz, B-Kahverengi, WT-Yabani Tip)
Test

HV1

BV1

POAV1

CBV1

HV2

BV2

POAV2

CBV2

Chi-Square (W, B&WT)

*33.75

*22.1

*19.71

*36.83

*32.76

2.84

*7.07

*26.63

Chi-Square (W&B)

*11.71

*18.62

*15.81

*6.4

*10.11

0.27

*6.94

3.05

Chi-Square (WT&B)

*13.14

*9.51

3.59

*22.55

*11.35

2.64

3.64

*16.15

Chi-Square (W&WT)

*26.56

*5.10

*10.36

*27.27

*27.83

1.32

0.05

*20.91

* Means within a row are significantly different (P<0.05)
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in three different feather colors were used. There are many
quails with different feather colors in the world. Some
of them are white, brown, roux, yellow and gray or wild
type [8-11]. In this study, different races of quails were used
to compare morphological and morphometric differences.
Thus, both a method for subsequent studies and a data
base were formed.

England, 1990.
6. Sreeranjini AR, Iyyangar MP, Pramodkumar D: Histological study on
the fibrous architecture of kidney and ureter of japanese quail (Coturnix
coturnix japonica). J Vet Anat Sci, 6 (2): 107-110, 2010.
7. Taşbaş M, Hazıroğlu RM, Çakır A, Özer M: Denizli horozunun solunum
sisteminin morfolojisi I. Cavitas nasalis. Ankara Univ Vet Fak Derg, 41, 6380, 1994.
8. Cneg KM, Kimura M: Mutations and major variants in japanese quail.
Chapter 13. Crawford RD (Ed): Poultry Breeding and Genetics. pp.33-362,
Elsevier, Amsterdam, 1990.

CT measurements shows that the wild type quail has
the biggest head and then brown and white quails were
ranking lower, respectively. The brown quail has the biggest
cranial cavity volume and then it is followed by wild type
and white had smallest. Moreover, the wild type quail has
the biggest head bone volume and then brown and white
quails have respectively. According to these results, quail
race with white feather color had the smallest volumetrical
values. Although more compherensive studies are needed
to determine the cause of the above mentioned situation,
we could speculate that the applied selection pressure in
the quail unit and genetic differences can be effective.

11. Yıldız MA, Kesici T: Japon bıldırcınlarda (Coturnix japonica) sarı ve lekeli
beyaz tüy rengini belirleyen genler arasındaki genetik ilişkinin incelenmesi.
Lalahan Hay Arast Enst Derg, 37 (2): 84-90, 1997.

When data of head morphometry in the quails are
evaluated study material is provided from single sex and
equal number of members. Female quails constituted the
animal material of this study. Hence, the data obtained
from female quails was analyzed.

14. Silha JV, Mishra S, Rosen CJ, Beamer WG, Turner RT, Powell DR,
Murphy LJ: Perturbations in bone formation and resorption in insulinlike growth factor binding protein-3 transgenic mice. J Bone Miner Res, 18,
1834-1841, 2003.

The lack of previous CT based studies in the avian literature
hampered the comparisions. For this reason, the results
that we have reported here have potential to contribute not
only to the assessments of species but also the comparative
and topographic anatomy of birds.
In conclusion, this study showed us that CT can be used
for morphological and morphometric studies in quail head,
additionally birds and differences term some volumetrical
measurements among quail heads, varying in feather color.
Furthermore, we concluded that more compherensive
studies are necessary to determine the exact relationship
between feather color (or race) and some morphometric
measurements in the Japanese quails.

Acknowledgments
We thank Radiology Technician Ufuk Kandemir, in
Radiology Unit of Research and Application Hospital of
Kafkas University for his help in performing CT images.

REFERENCES
1. İde T: Laboratuvar Hayvanları Biliminin Temel İlkeleri. Medipres
Yayınları, Özkan Matbaacılık, Ankara, 2003.
2. Sarıca M, Camcı Ö, Selçuk E: Bıldırcın, Sülün, Keklik, Etçi Güvercin, Beç
Tavuğu ve Devekuşu Yetiştiriciliği. No: 4, 3. Baskı, Samsun, 2003.
3. Fitzgerald CT: The Coturnix Quail Anatomy and Histology. Iowa State
University Press, Ames Iowa, 1970.
4. Howes JR, Ivey WD: Coturnix quail for avian research. Feedstuffs, May
12, 1-2, 1961.
5. McLelland J: A Colour Atlas of Avian Anatomy. Wolfe Publishing Ltd.

9. Truax RE, Johnson WE: Genetics of plumage color mutants is japanese
quail. Poultry Sci, 58, 1-9,1979.
10. Nadeau NJ: The Evolutionary Genetics of Sexually Selected Plumage
Colour Traits in the Galliform Birds, Clare Collage, 2006.

12. Elliott RC: A comparative computed tomography study of canine
laparoscopic abdominal anatomy pre- and post insufflation. Pretoria
Univ, 2011.
13. Turner CH, Sun Q, Schriefer J, Pitner N, Price R, Bouxsein ML,
Rosen CJ, Donahue LR, Shultz KL, Beamer WG: Congenic mice reveal
sex-specific genetic regulation of femoral structure and strength. Calcif
Tissue Int, 73, 297-303, 2003.

15. Moverare S, Venken K, Eriksson AL, Andersson N, Skrtic S, Wergedal
J, Mohan S, Salmon P, Bouillon R, Gustafsson JA, Vanderschueren
D, Ohlsson C: Differential effects on bone of estrogen receptor alpha and
androgen receptor activation in orchidectomized adult male mice. Proc
Natl Acad Sci, USA, 100, 13573-13578, 2003.
16. Paulus MJ, Gleason SS, Easterly ME, Foltz CJ: A review of high-resolution
X-ray computed tomography and other imaging modalities for small
animal research. Lab Animal, 30, 36-45, 2001.
17. Kindlmann GL, Weinstein DM, Jones GM, Johnson CR, Capecchi MR,
Keller C: Practical vessel imaging by computed tomography in live transgenic
mouse models for human tumors. Molec Imag, 4, 417-424, 2005.
18. Barbee DD, Allen JR, Gavin PR: Computed tomography in horses:
Tech-nique. Vet Radiol Ultrasoun, 28, 144-151, 1987.
19. Gibbs C: Dental imaging. In, Baker GJ, Easley J (Eds): Equine Dentistry.
pp. 139-169, Philadelphia, WB Saund, 1999.
20. Forbes NA: Advanced Imaging Diagnostics in Avian Veterinary
Practice. pp. 34 -35, Parrots, 2011.
21. Regedon S, Franco A, Garin JM, Robina A, Lignereux Y: Computed
tomographic determination of the cranial volume of the dog applied to
racial and sexual differentiation. Acta Anat, 142, 347-350, 1991.
22. Regedon S, Lignereux Y, Garin JM, Martin A, Robina A: Volumetry of
the cranial cavity of the pointer: Computed tomographic determination.
Rev Med Vet, 142, 907-910, 1991.
23. Regedon S, Franco A, Lignereux Y, Garin JM, Robina A, Martin A: Skull
volume in Pekingese dogs. Tomodensitometry and sex-linked difference.
Rev Med Vet, 143, 745-748, 1992.
24. Robina A, Regedon S, Guillen MT, Lignereux Y: Utilization of
computed tomography for the determination of the volume of the cranial
cavity of the Galgo hound. Acta Anat, 140, 108-111, 1991.
25. Metscher BD: MicroCT for comparative morphology: simple staining
methods allow high-contrast 3D imaging of diverse non-mineralized
animal tissues. BMC Physiol, 9, 11, 2009.
26. Hirsch J: Imaging and biological function in health and disease. J Clin
Invest, 111, 1440-1443, 2003.
27. Weissleder R, Mahmood U: Molecular Imaging. Radiol, 219, 316-333,
2001.

686

The Statistical Analysis of Some ...

28. Kiessling F, Heilmann M, Vosseler S, Lichy M, Krix M, Fink C, Kiessling
I, Steinbauer H, Schad L, Fusenig NE, Delorme S: T1 dynamic - weighted
monitoring of vascularization in human carcinoma heterotransplants
by magnetic resonance imaging. Intl J Cancer, 104, 798, 2003.
29. Krix M, Kiessling F, Vosseler S, Farhan N, Mueller MM, Bohlen
P, Fusenig NE, Delorme S: Sensitive noninvasive monitoring of tumor
perfusion during antiangiogenic therapy by intermittent bolus - contrast
power Doppler sonography. Cancer Res, 63, 8264-8270, 2003.
30. Liao ZX, Travis EL, Tucker SL: Damage and morbidity from pneumonitis
after irradiation of partial volumes of mouse lung. Int J Radiol Oncology
Biol Physiol, 32, 1359-1370, 1995.
31. Kalender WA: Computed Tomography: Fundamentals, System
Technology, Image Quality, Applications. Erlangen, Publicis Corporate
Publishing, 2005.
32. Arencibia A, Rivero MA, Miguel De I, Contreras S, Cabrero A, Oros
J: Computed tomographic anatomy of the head of the loggerhead sea
turtle (Caretta caretta). Res Vet Sci, 81, 165-169, 2006.
33. Banzato T, Selleri P, Veladiano IA, Martin A, Zanetti E, Zotti A:
Comparative evaluation of the cadaveric, radiographic and computed
tomographic anatomy of the heads of green iguana (Iguana iguana),
common tegu (Tupinambis merianae) and bearded dragon (Pogona
vitticeps). BMC Vet Res, 8, 53, 2012.
34. El-Gendy SA, Alsafy MAM: Nasal and paranasal sinuses of the donkey:
Gross anatomy and computed tomography. J Vet Anat, 25-41, 2010.
35. Phillips JE, Ji L, Rivelli MA, Chapman RW, Corboz MR: Three-

dimensional analysis of rodent paranasal sinus cavities from X-ray
computed tomography (CT) scans. Canada J Vet Res, 73, 205-211, 2009.
36. García-Real I, Kass PH, Sturges BK, Wisner ER: Morphometric
analysis of the cranial cavity and caudal cranial fossa in the dog:
A computed tomographic study. Vet Radiol Ultrasound, 45 (1): 38-45,
2004.
37. Onar V, Kahvecioğlu KO, Çebi V: Computed tomographic analysis
of the cranial cavity and neurocranium in the German shepherd dog
(Alsatian) puppies. Vet Archiv, 72, 57-66, 2002.
38. Onuk B, Kabak M, Sahin B, İnce NG, Selcuk MB: Kazda (Anser
anser domesticus) cavitas nasale, septum nasi ve concha’ların hacim ve
hacim oranlarının fiziksel kesit ve bilgisayarlı tomografi görüntülerinden
karşılaştırmalı olarak hesaplanması. VII. Ulusal Veteriner Anatomi Kongresi,
Antalya, 27-29 Ekim 2011.
39. Schlueter C, Budras KD, Ludewig E, Mayrhofer E, Koenig HE, Walter
A, Oectering GU: CT and anatomical study of the relationship between
head conformation and the nasolacrimal drainage system, J Feline Med
Surg, 11, 891-900, 2009.
40. Baumel JJ, King SA, Breasile JE, Evans HE, Berge JCV: Nomina
Anatomica Avium. 2nd ed., Prepared by the International Committee on
avian Anatomical Nomenclature, A Committee of The World Association
of Veterinary Anatomists. Nuttall Ornithological Club. Cambridge,
Massachusetts, 1993.
41. Hofer M: CT Teaching Manual: A Systematic Approach to CT Reading.
Third ed., Thieme Medical Publishers, 2008.

