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ABSTRACT

Supraorbital foramen (SOF) and hypoglossal canal bridging (HGCB) show variation in their morphology
and frequency in different populations. It is established that the frequency distribution of these traits are ef-
ficient to distinguish major human populations. In this study, the prevalence of SOF and HGCB in 11 Anato-
lian populations from distinct time periods and locations was examined. Frequency differences of SOF and
HGCB were evaluated for different age and sex groups. Following Dodo and Sawada (2010) for SOF and
HGCB population correlations, this study is the first to present the place of Anatolian populations among
world populations.

Although significant differences in major human populations were observed by previous studies, there
were no significant differences found amongst the Anatolian populations (Today Turkey) in relation to SOF.
Similarly, supraorbital edge over the number of holes in size and position showed no significant difference.
Though there was an age-related increase in frequency, evaluated data demonstrated no statistical difference
between distinct age and sex groups in relation to SOF. The results of evaluation of SOF frequency within
HGCB Anatolian people seem to cluster together most similarly with Europeans, in concordance with recent
molecular genetic studies, among the 72 world populations. At the end, this study concludes that the fre-
quency distribution of SOF and HGCB is an effective tool to distinguish genetically distant major human
populations in large scale, but it is ineffective in comparing chronologically, geographically, and genetically
proximate local populations. It is seen that this results are valid for ancient and modern populations.

KEYWORDS: Anatolia, supraorbital foramen, hypoglossal canal bridging, non-metric traits, modern human
grouping
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1. INTRODUCTION

The supraorbital margin of the orbit is formed en-
tirely by the frontal bone and it may show notches,
foramina (Fig. 1), or both in varying positions, quan-
tities, and sizes (Hauser and De Stefano, 1989). The
medial third of the supraorbital margin is marked by
the incisura/foramen supra orbitalis and smooth vessels
and nerves (Scheuer et al., 2000). The supraorbital
artery, supplies the skin and muscles of the upper
eyelid, forehead, and scalp, and the supraorbital
nerve, largest terminal branch of the frontal nerve,
pass through the supraorbital foramen or notch. The
supraorbital nerve supplies palpebralfi laments to
the upper eyelid and conjunctiva (Gray and Stan-
dring, 2008). Considering this, supraorbital elements
are important not only in anatomical and anthropo-
logical studies but also in clinical practice.

Figure 1. Numnber of skull: HA 3, Supraorbital foramen

The embryological formation of the supraorbital
foramen is known (Guidotti et al., 1985). By the end
of the first trimester in utero, the supraorbital fora-
men becomes recognizable. The frontale’s front edge
thickens to form the orbital margin, potentially dis-
playing a supra-orbital notch (Scheuer et al., 2000).
Additional research supports the indication that the
supraorbital foramen develops in fetuses (Dodo,
1979, 1980), prematurely born, mature infants
(Hauser et al. 1984), and children (Cesnys, 1985).
Based on computer tomography analysis on data
obtained from living humans, Saitou et al. (2011)
demonstrate that cranial anatomy can be used to
score 19 nonmetric cranial variations including SOF.
The effects genetic factors have in the formation of
this variation in the occipital bone have been shown
in both animal (Self and Leamy, 1978; Cheverud and
Buikstra, 1981) and human (Sjovold, 1984) studies.
SOF, like other non-metric traits, has been used to
determine the biological distance of past populations

(Berry and Berry, 1967; Hanihara et al., 2003; Kellock
and Persons, 1970; Corruccini, 1974; Isida and Dodo,
1993; 1997; Nakashima et al., 2010; Dodo 1974; 1987;
Dodo and Sawada, 2010, etc.).

SOF studies carried out on Modern Turkish-
Anatolian populations groups (Keskil et al., 2003;
Saylam et al., 2003); and Ancient Anatolian popula-
tions (Today Turkey) (Cirak et al.,, 2014; Cirak and
Crrak, 2010; Yigit et al., 2007; Ozer et al., 1999; Ricaut
and Waelkens, 2008) specify what details this study
shows that the others do not. Dodo (1987) and Dodo
and Sawada (2010) showed that the combination of
SOF and HGCB frequencies appear to be particularly
effective in discriminating among major group varie-
ties of human populations. However, data from An-
atolia (Asia Minor) has not yet been included in such
research. In this study, SOF is recorded in detail ac-

1 cording to the schemes developed by Dodo (1974;

1987) and Hauser & De Stefano (1985; 1989). Chang-
es in SOF frequency have been recorded according to
each Anatolian population in terms of age and sex.
Finally, the main aim of this study is to compare SOF
frequencies in Anatolian populations according to a)
hypoglossal canal (HGCB) frequencies recorded by
Eroglu (2010) combined with the data from the indi-
vidual counting method in this study b) identify the
characteristic frequency among the 71 populations of

13 major regions of the world (Dodo and Sawada,
2010).

2. MATERIALS AND METHODS

The material of this study is comprised by 388
adult skeletons. These skeletons belong to
individuals from 11 Anatolian populations who
inhabited different areas during various historical
periods ranging from the Early Bronze age to the
first quarter of the 20t century. These skeletons are
stored and protected in the Anthropology
Laboratory of Hacettepe University.

The  skeletons  were  recovered  from
archaeological sites and sondage excavations
(Hakmehmet) in several geographic regions of
Anatolia including Marmara (iznik, Hagios
Aberkios), Central Anatolia (Asikli, Andaval), East
Anatolia (Hakmehme, Erzurum), the Black Sea
(Ikiztepe, Kovuklukaya), the Aegean (Cevizcioglu,
Yortanli), and the Mediterranean (St. Nicholas).They
are dated individually on the basis of proximate
archaeological findings on location (Figure 2). The
time periods attributed to each population and the
numbers of individuals from each population are
shown in Table 1.
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Figure 2. Location of the Anatolian cultural sites, where the human skeletal remains were recovered

Table 1. Anatolian populations constituting the database and number of individuals

Populations Periods References Number of individuals
Asikli Neolithic Esin, 2000 5
Ikiztepe Early Bronze Bilgi, 2001 87
Cevizcioglu Hellenistic, Roman Ozkan and Atukeren, 1999 50
Yortanh Byzantine Yaras, 2002 13
Kovuklukaya Early Byzantine Ozcan et al., 2003 25
Andaval Early Byzantine Pekak, 1998 25
Iznik Late Byzantine Yalman, 1983 93
H.Aberkios Late Byzantine Erdal, 2000 18
St Nicholas 2oth century Otiiken, 1995 17
Hakmehmet 7oth century Unpublished data 13
Erzurum 7oth century Bilgin et al., 1994 39
Total 388

The sex of individuals in each sample was
determined through the combined evaluation of
long bones and body bones, with an emphasis on the
anatomical details of the pelvis and the skull
(Workshop of European Anthropologists, 1980). The
joint processes of the long bones to the body, the
particular joints of costa to sternum, the degrees of
closure of the seams of the skull, and the degrees of
deformation to the symphysis pubis (Buikstra and
Ubelaker, 1994) were used to determine the age of
the individuals. In determining the correlation
between the individual's age and supraorbital
foramen, the individuals were grouped into three
general age categories: 18-29, 30-44 and 45+.

The presence or absence of SOF was recorded in
detail according to the criteria outlined in Dodo
(1974; 1987). Any foramen on the supraorbital
margin of the frontal bone opening to the orbital

cavity was scored as SOF present (Figure 1). In
addition, SOF was recorded according to the
classifications of Hauser and De Stefano (1989): 1.
Position= medial or lateral, 2. Number, 3. Size =
external apertures of canals: a) small = wires of 0.3
mm enter, b) medium = wires of 1 mm enter, c) large
= wires of 1.2 mm enter, d) excessive = wires of 2
mm enter. Data obtained from the skulls of the 11
Ancient Anatolian populations were evaluated using
IBM SPSS 20 software. While the X? test was used for
the identification of differences in populations, sex,
age and time periods. Fisher’s Exact X2 test was
employed in cases where fewer than 5 samples were
available. Furthermore IBM SPSS 20 software was
used for the diagrams of SOF and HGCB incidences
belonging to 71 populations world (Dodo and
Sawada, 2010) and Anatolia in the population (Table
2 and 3).
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Table 2. Cranial samples and frequencies of the supraorbital foramen (SOF) and hypoglossal canal bridging (HGCB)

Geographical Cranial sample HCGB
o, SOF
Devision
n % n %
Sub-Saharan Africa Ibo/southern Nigeria 160 26,9 155 14,8
Ghana (Ashanti)* 127 26,8 127 11,8
Ghana (Ashanti)* 127 26,8 127 11,8
Tanzania* 92 26,1 90 5,6
Keniya* 145 25,5 133 15
South Africa* 133 42,1 132 22
Khoisan* 68 44,1 63 14,3
North Africa Pre-Dynastic Egypt 240 354 231 30,7
26th-30th Dynastic Egypt 184 37,5 184 33,2
Erigavo/Somalia* 76 40,8 67 17,9
Kerma/Sudan* 225 36,9 191 27,7
Nubia* 226 46 214 29,9
Europe Russia* 121 38,8 116 34,5
Greece* 67 44,8 60 25
East Europe* 123 38,2 124 29,8
Italy* 204 34,8 180 29,4
Finland/Ural* 80 38,8 79 29,1
Scandinavia* 65 33,8 65 29,2
Germany* 71 40,8 70 15,7
France* 108 444 93 31,2
Spitalfields, UK* 353 39,9 346 27,2
Ensay, UK* 114 35,1 111 33,3
Poundbury, UK* 167 37,1 151 26,5
South Asia Assam/Sikkim* 65 44,6 65 21,5
East India* 124 46,8 123 244
South India* 184 44,6 181 23,3
Northwest India * 175 39,4 173 26,6
Tibet/Nepal* 124 435 121 14,9
Southeast Asia Myanmar 186 41,9 188 19,1
Mainland Southeast Asia 190 47,9 184 14,1
Thai* 131 58 130 13,8
Java* 137 49,6 133 20,3
Philippines* 217 44,7 207 19,8
Borneo* 152 414 137 21,9
Lesser Sunda* 65 40 64 12,5
Andaman/Nicobar* 122 49,2 119 16,8
East Asia Main-Island Japan* 171 52 172 16,9
Korea* 73 69,9 71 22,5
North China* 165 61,2 165 20,6
South China * 92 56,5 88 11,4
Hokkaido Ainu* 231 26,4 242 35,5
Jomon* 221 18,1 159 28,9
Central Asia Tagar* 146 56,8 121 32,2
Kazakh* 120 60 120 30,8
Mongol* 180 57,8 180 19,4
Buryat* 150 70,7 149 22,1
East Siberia Amur Basin® 164 70,7 163 23,3
Neolithic Baikal* 78 67,9 70 28,6
Yakut* 65 72,3 64 25
Arctic Ekven* 108 64,8 98 32,7
Chukchi* 74 79,7 73 26
Aleut* 116 71,6 104 28,8
Asian Eskimo* 132 73,5 125 32,8
Greenland Inuit* 167 70,1 166 26,5
Americas Northwest Coast * 92 66,3 90 31,1
Northwest America* 84 53,6 72 36,1
Northeast America* 77 66,2 76 36,8
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Peru*

Tierra del Fuego/Patagonia*
Papua New Guinea*

Torres Strait*

Northern Island Melanesia*
Southern Island Melanesia*
East Australia*

Southwest Australia*
Hawaii*

Easter*

Marquesas®

Society*

Maori*

Moriori*

ANATOLIA**

Melanesia

Australia

Polynesia

Asia Minor

183 49,7 176 41,5

67 52,2 61 39,3
332 34,3 312 12,2
101 41,6 97 15,5
307 42,3 293 13,3
193 45,6 188 17
139 23 126 11,9
369 23,3 267 9
156 64,1 153 13,1
156 65,4 145 55
106 64,2 99 13,1

72 54,2 64 20,3
198 62,1 175 20
108 47,2 105 13,3
802 38,9 545 30,5

*Dodo and Sawada (2010)
**Present study

Table 3. The frequencies of SOF and HGCB calculating the individual count method in Anatolia populations

Anatolian Populations SOF HCECB

F/N % F/N %
Asikli Hoytik (Present study) 2/5 40 - -
Ikiztepe (Present study) 47/87 54 27/68 39,7
Cevizcioglu (Present study) 19/50 38 19/46 41,3
Yortanh (Present study) 4/13 30,8 2/11 18,2
Kovuklukaya (Present study) 10/25 40 10/26 38,5
Andaval (Present study) 13/28 46,4 9/21 42,9
Iznik (Present study) 41/93 44,1 25/74 33,8
H. Aberkios (Present study) 16/18 88,9 4/14 28,6
Aziz Nikolas (Present study) 6/17 35,3 9/18 50,0
Hak Mehmet (Present study) 6/13 46,2 5/11 45,5
Erzurum (Present study) 19/39 48,7 14/35 40,0
Modern Tukish (Keskil et al., 2003) 78/200 39,0 32/200 16,0
Datca/Burgaz (Cirak et al., 2014) 1/12 8,3 - -
Minnetpinar (Yigit et al., 2007) 9/45 20 - -
Karagiindiiz (Ozer et al., 1999) 33/125 26,4 - -
Kalenderis (Cirak and Cirak, 2010) 8/32 34,8 - -
Sagalassos (Ricaut and Waelkens, 2008) - - 10/21 47,6
Total 312/802 38,9 166/545 30,5

differences between the groups (Pearson X2 Right

3. RESULTS =,6,691, df=10 , p=,754 / Left = 14,591, df= 10, p=

3.1 Frequency of SOF ,148). The highest SOF frequency (72,20 %) was de-

While SOF frequency in Anatolian populations
ranged between 28% and 40% on the left side, it
ranged between 20% and 38.5% on the right side
with the exception of one population (H. Aberkios).
SOF frequency in Neolithic Period (Asikli) and Early
Bronze Age (Ikiztepe) is 40% (on right side), in Hel-
lenistic-Roman Period (Cevizcioglu) is 28% (on both
right and left), in Byzantine Period (Yortanl,
Kovuklukaya, Andaval, Iznik and H. Aberkios)
ranged between 23.1% and 72,2% (on the left side).
SOF frequency is ranged between 29,4% and
38,5% in the 20th century populations (St Nicho-
las, Hakmehmet and Erzurum). An overall evalua-
tion shows that there were no statistically significant

tected in the H. Aberkios populations. There were no
significant differences in terms of the SOF frequency
on either side among the Anatolian populations (Ta-
ble 4). Considering the number of holes in the SOF,
while the frequency of having two holes on the right
side was higher than the left side, the frequency of
having three holes on the left side was more fre-
quent. This difference, however, was not statistically
significant.

When sex was taken into account, both right (39,
2%) and left (37,5%) sides on females showed higher
frequencies than males. However, the difference was
not statistically significant (Table 5).

SOF frequency shows a steady increase with age
group: 16-29, 30-45, and 50+. As Table 6 indicates,
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although SOF frequency shows a slight increase with
age, characteristic frequency increased more in the
50+ age group when compared to the previous
group. This increase in frequency is higher on the
left side. However, this difference was not found
statistically significant.

When SOF frequency was evaluated according to
time period, a significant change was not observed
in terms of characteristics despite different frequen-
cies on both left and right sides (Table 7). A similar
situation was observed in the size and position of the
SOF for the same periods.

In this study, the number, size, and position of
SOF were also analyzed according to the sex, age
and period parameters of each population. The ap-
pearance of two holes on the right side was more
frequent than on the left, but three holes were found
more frequently on the left side. A statistically signif-
icant difference was found on the left side at the size
of SOF in terms of populations. SOF placement was
found most prevalent on the medial side both on the
right and left. SOF frequency on the lateral side was
found 3.4% on right and 2,8% on left. However, this
difference was not significant (Table 8).

The frequencies for occurence, size, and position
of SOF each do not show statistically significant dif-
ferences in terms of sex (Table 8). The size and posi-
tion frequencies of SOF did not display significant
differences in terms of age. Although the sample size

is minimal the presence of 3 holes on the left side
showed a significant difference in frequency from
the right (X?= 14,552, df= 6, p=,024) (Table 8). Addi-
tionally, the size of SOF and the position of SOF fre-
quency did not show statistically significant differ-
ence in periodic evaluation (Table 8).

3.2 Frequency Distribution of SOF and HGCB
in Anatolia and the World populations

Table 2 shows the results of SOF and HGCB fre-
quency in Anatolian populations (Table 3) in com-
parison with Dodo and Sawada’s (2010) 71 world
populations categorization.

The frequency distributions of SOF and HGCB in
Anatolian populations with 71 populations of 13 ma-
jor regions of the world can be found in Figure 3. In
this diagram, Anatolian populations are clustered
with European and North African populations ra-
ther than Central Asian populations.

SOF and HGCB frequencies in Anatolia were re-
calculated according to the individual count method.
The list of available study results and other studies
conducted in Anatolia are given in Table 3.

The scatter diagram displays the frequency dis-
tribution SOF and HGCB from 10 different Anatoli-
an populations. Two populations dated to the Byz-
antine period, Yortanli and H. Aberkios, are clus-
tered far from the other Anatolian groups (Figure 4).

50
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Figure 3. Frequency distribution of the supraorbital foramen (SOF) and hypoglossal canal bridging (HGCB) in 72 cranial
samples from 13 major regions of the world

Mediterranean Archaeology and Archaeometry, Vol. 16, No 1, (2016), pp. 169-183



SUPRAORBITAL FORAMEN & HYPOGLOSSAL CANAL BRIDGING IN ANCIENT/MODERN ANATOLIAN POPULATIONS 175

50 O
40 O
. Fopulations
O Andaval
O Aziz Nikolas
8 O O Cevizciodlu
&) ©Erzurum
I . H. Aberkios
30
._Hak Mehmet
!kiztepe
Qiznik
.Kovuklukaya
O vortanh
20
10 T T T T T T T
30 40 50 60 70 80 a0

SOF

Figure 4. Frequency distribution of the supraorbital foramen (SOF) and hypoglossal canal bridging (HGCB) in Anatolia
populations

Table 4. The frequency of supraorbital foramen in Anatolian samples

Right Left
Populations Absence Presence Absence Presence
N n % N % N % %
Asiklt 5 3 60,0 2 40,0 4 80,0 1 20,0
Ikiztepe 87 52 59,8 35 40,2 55 63,2 32 36,8
Cevizcioglu 50 36 72,0 14 28,0 36 72,0 14 28,0
Yortanh 13 9 69,2 4 30,8 10 76,9 3 23,1
Kovuklukaya 25 18 72,0 7 28,0 17 68,0 8 32,0
Andaval 28 16 57,1 12 429 20 71,4 8 28,6
Iznik 93 65 69,9 28 30,1 62 66,7 31 33,3
H.Aberkios 18 9 50,0 9 50,0 5 27,8 13 72,2
St Nicholas 17 12 70,6 5 29,4 12 70,6 5 294
Hakmehmet 13 9 69,2 4 30,8 8 61,5 5 38,5
Erzurum 39 25 64,1 14 35,9 26 66,7 13 33,3
Total 388 254 65,5 134 34,5 255 65,7 133 34,3
Right X?=,6,691, df=10 , p=,754 / Left X?= 14,591, df= 10, p=,148
Table 5. The frequency of supraorbital foramen according to sex
Right Left
Sex N Absence Presence Absence Presence
n % n % n % n %
Male 268 181 67,5 87 32,5 180 67,2 88 32,8
Female 120 73 60,8 47 39,2 75 62,5 45 37,5
Total 388 254 65,5 134 34,5 255 65,7 133 34,3

Right X?= 1,648, df=1, p=,199, exact=.122 / Left X?=,800, df=1, p=,371, exact=,218
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Table 6. The frequency of supraorbital foramen according to age
Right Left
Age N Absence Presence Absence Presence
n % n % N % N %
16-29 141 92 65,2 49 34,8 95 67,4 46 32,6
30-45 201 133 66,2 68 33,8 133 66,2 68 33,8
50+ 46 29 63,0 17 37,0 27 58,7 19 41,3
Total 388 254 65,5 134 34,5 255 65,7 133 34,3
Right X?=,166, df=2, p=,920 / Left X?=1,197, df=2, p=,550
Table 7. The frequency of supraorbital foramen according to period
Right } Left ,
Period N Absence Presence Absence Presence
n % n % n % N %
Neolithic 5 3 60,0 2 40,0 80,0 1 20,0
Bronze 87 52 59,8 35 40,2 55 63,2 32 368
Hellenistik- 63 45 714 18 28,6 46 73,0 17 27,0
Byzantine 181 120 66,3 61 33,7 116 64,1 65 359
20.Century 252 34 65,4 18 34,6 34 65,4 18 346
Total 388 254 65,5 134 34,5 255 65,7 133 343

Right X?=,2,361, df=4, p=, 670 / Left X?=2,399, df=4, p=,663

Table 8. The number, size and position of supraorbital foramen observed according to population, sex, age and period

Population

Right Left

The number of supraorbital foramen
Size of supraorbital foramen
Position of supraorbital foramen

X2=21,397, df=30 , p=,875,
X?=27,435, df=40 , p=,934
X?=14,858, df=30 , p=,991

X?= 42,863, df= 30, p=,060
X?= 61,430, df= 40, p=,016*
X?= 29,096, df= 30, p=,513

Sex

The number of supraorbital foramen
Size of supraorbital foramen
Position of supraorbital foramen

X2=2,541, df=3, p=,468
X2= 3,293, df=4, p= 510
X2=2,435, df=3 , p=,487

X2= 1,023, df= 3, p=,796
X2=,2,662, df= 4, p= 616
X2= 1,550, df= 3, p= 671

Age

The number of supraorbital foramen
Size of supraorbital foramen
Position of supraorbital foramen

X2=1,183, df=6, p=,978
X2= 3,729, df=8, p= ,881
X2=3,433, df= 8, p=,904

X2= 14,552, df= 6, p= 024"
X2=3,433, df= 8, p=,904
X2=7,189, df=6, p= 304

Period

The number of supraorbital foramen
Size of supraorbital foramen
Position of supraorbital foramen

X2=11,745, df=12 , p=,466
X2= 10,615, df= 16, p=,833
X2=4,263, df=12, p=,978

X2= 23,947, df=12, p= 021*
X2=8,925, df=16, p=,916
X2= 6,036, df=12, p=,914

*P<0,05

4. DISCUSSION
4.1 Frequency of SOF

SOF is one of the supraorbital structures that ar-
teries and nerves pass through. Hanihara and Ishida
(2001a) include this feature in the group of vessel
and nerve related variations. It has been suggested
that, like other non-metric features, genetic and envi-
ronmental factors affect the presence of this feature
(Berry and Berry, 1967; Self and Leamy, 1978; Cheve-
rud and Buikstra, 1981). This variation gives a lower
heritability value compared with hyperostotic fea-
tures identified in studies of mice (Richtsmeier and

McGrath, 1986) and macaque monkeys (Cheverud
and Buikstra, 1981; 1982). Sjovold (1984) found a rel-
atively high heritability (h? = 0.378 £ 0.83) in the
skulls of 2 to 20 family members from a total of 91
pedigrees. The observation of this feature in fetuses
(Dodo, 1979; 1980), prematurely born mature infants
(Hauser et al., 1984), and children (Cesnys, 1985) re-
fer to its genetic origin.

Among the different models that attempt to clari-
fy the genetic etiology of nonmetric skull traits, such
as SOF, Griineberg’s (1952) quasi-continuous model
has received the widest acceptance by researchers
(Hanihara et al., 2003; Rosing, 1982; Sjovold, 1984;
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Cheverud and Buikstra, 1978; Saunders, 1989). Many
non-metric characteristics such as SOF have been
used to estimate the biological distance of the people
who lived in the past (Hanihara and Isida, 2001b;
Ossenberg, 1970; Isida and Dodo, 1998; Berry and
Berry 1967; Hanihara et al., 2003; Kellock ve Persons,
1970; Corruccini, 1974; Isida and Dodo, 1993; 1997).

This study represents the most detailed work of
its kind. As shown in Table 3, previous studies on
populations of Anatolia (Keskil et al., 2003; Cirak et
al., 2014; Crrak and Cirak, 2010; Yigit et al., 2007; Oz-
er et al., 1999; Ricaut and Waelkens, 2008) have only
focused on determining SOF frequency. Findings in
this study show that in 11 ancient Anatolian popula-
tions SOF frequency varied from one population to
the other population (28-40 % on the right side, 20 to
38.5 % on the left) at a frequency of 70 % (H.
Aberkios). It is has been concluded that H. Aberkios
and Yortanli differ from other Anatolian groups
(Figure 4).

The number, size, and position of SOF in the su-
praorbital region was evaluated separately for the
right and left side in terms of population, sex, and
period (Table 6). No significant difference in the four
parameters was observed on the right side. Howev-
er, the size of SOF located on the left side was found
statistically significant (X?= 61,430, df= 40, p= ,016)
between Anatolia populations. The incidence of
three holes on the left side in the 45+ age group was
higher than other age groups. This revealed a statis-
tically significant difference (X?>= 14,552, df= 6, p=
,024). A similar situation has arisen in the compari-
son between periods. However, the identification of
three holes in one out of the 5 total individuals from
the Neolithic at Asikli Hoyuk has formed significant
differences (X?= 23,947, df= 12, p=, 021). However,
this has no statistically significant mean because of
the minimal sample size at Asikli Hoyuk.

There was no significant relation found between
sex and SOF (Eroglu and Erdal, 2008; Eroglu 2008;
2010; 2011) nor any other features (Right X?= 1,648,
df=1, p=,199, exact=,122 / Left X?=,800, df= 1, p=
,371, exact= ,218). However, some researchers (Cor-
ruccini, 1974; Scarsini et al., 1980; Cesyns, 1985; Tur,
2011; Hanihara and Ishida, 2001a; Brasili-Gualandi
and Gualdi-Russo, 1989) have also noted that SOF
frequency was found higher in females than males.
According to Hauser and De Stefano (1989) signifi-
cant differences in SOF presence by sex did not
emerge in studies that used more detailed method-
ology.

A significant relationship has not generally been
observed between age and SOF. Brasili-Gualandi
and Gualdi-Russo (1989) found no correlation be-
tween age and SOF in their study on seven different
age groups. Perzonius (1979) also concluded that

non-metric traits are independent from age (groups
compared: 25-50 and 71-100). A similar conclusion
was reached by Corruccini (1974). In the present
study, a higher SOF frequency was found in 45+ age
groups (41,3 %). However, no significant difference
was identified between SOF and age.

Table 9. The frequency of unilateral and bilateral expres-
sion in Anatolia populations

Right/ Left N %
-/- 205 52,8
-/+ 49 12,6
+/- 50 12,9
+/+ 84 21,6
Total 388 100,0

Symmetry/asymmetry has been one of the pa-
rameters of nonmetric traits attracting a great deal of
attention. Although many non-metric features are
morphologically bilateral, they do not always occur
bilaterally (Ossenberg, 1981; Korey, 1980; McGrath et
al., 1984; Hallgrimsson et al., 2005; Dodo, 1974; 1987).
As it can be seen in Table 9, the occurrence of SOF
frequency varies depending on the population. The
frequency of bilateral expression of features (21.6%)
is higher than that of singularly right (12.9%) or left
side (12.6%) expression. There was no statistically
significant differences between both sides, in fact
they were quite close in frequency to each other
(Pearson Chi-Square = ,006 df= 1, P= ,940). Similar
findings have been reported by a number of re-
searchers (Molto, 1984, Birkby, 1973; Brasili-
Gualandi and Gualdi-Ruso, 1989). However, Dodo
(1974) and Perizonius (1979) found a higher frequen-
cy on the left side. It has been suggested that the ap-
pearance of non-metric traits on both sides stems
from genetic factors, (Hallgrimsson et al., 2005; Os-
senberg, 1981; Trinkaus, 1978; Korey, 1980; McGrath
et al, 1984, Brasili-Gualandi and Gualdi-Russo,
1989), while the appearance of a trait on only one
side is due to environmental factors (Trinkaus, 1978;
Korey, 1980; Ossenberg, 1981; McGrath et al., 1984,
Brasili-Gualandi and Gualdi-Russo, 1989). The uni-
lateral expression of SOF in this study can be associ-
ated with environmental factors. As can be seen in
table 9, the frequency of asymmetrical SOF occur-
rence is not high for in the Anatolian populations. In
comparison with SOF, Eroglu (2010) found a signifi-
cant difference between the frequency of hypoglos-
sal canal bridging and numbers of bridging (Pearson
Chi-Square= 16.716, df= 4, P= ,002) in HGCB. This
asymmetry in findings can be attributed to environ-
mental factors.
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4.2 Frequency Distribution of SOF and HGCB
in Anatolia and the World populations

Ossenberg et al. (2006) report frontal bone traits,
including SOF, provide excellent separation between
Jomon, Wajin, and Ainu. Hanihara and Isida (2001a)
showed that the frequency of SOF for Hokkaido Ai-
nu is comparable with Australians and Sub-Saharan
Africans. Dodo and Sawada (2010) investigated SOF
and hypoglossal canal bridging (HGCB) by using the
data of 71 cranial samples from different regions of
the world. They confirmed that two traits are effec-
tive in distinguishing between major human popula-
tions. Eroglu’s study (2010), based on frequency of
HGBC, does not find significant differences between
Anatolian populations even though it found signifi-
cant differences between populations outside Anato-
lia. In this study, the frequency distribution of the
SOF presence by population ranged from (Cirak et
al., 2014) 88.9 to 8.3% in Anatolia, calculated based
on the individual counting method. However, de-
spite such a wide frequency range, there were no
significant differences among populations. There-
fore, all data on Anatolia groups was analyzed to-
gether and compared with the world population
(Fig.3).

Due to Anatolia’s geographical role as a bridge
between Asia and Europe, Anatolian populations
have been effected by constant changes and ex-
changes in gene flows due to migration events since
the Palaeolithic (Khun, 2002; Richards et al., 2000;
Ricaut and Waelkens, 2008). Anatolian populations
have displayed a relatively homogeneous morpho-
logical pattern from the Neolithic Period up to the
Bronze Age, which suggests following this historical
period a heterogenic structure came into existence
(Cappieri, 1969; 1970; 1972; Ozbek, 1994). Further,
anthropological (Krogman, 1937; Cappieri, 1969;
1970; 1972; Senyurek, 1941; Ozbek, 1994; Eroglu ve
Erdal, 2008, 2006; Eroglu, 2008; 2009; 2010; Clement
et al.,, 1974; Wittwer-Backhofen, 1986), archaeologi-
cal, and historical data (Umar, 1998, Uzuncarsil,
1981; Koprulu, 1980) indicate that Anatolia has been
subjected to migrations, invasions, and battles since
the Bronze Age.

Historical data shows that from the 11th century,
a regular genetic flow took place towards Anatolia
from Central Asia (Koprulu, 1981; Uzuncarsili, 1982).
Investigations on the morphological traits of skulls
and teeth also indicate that these traits, related to
Asians, increased after the 11t century (Erdal 1992;
Erdal and Eroglu, 2000; Eroglu ve Erdal, 2008;
Eroglu, 2012). The frequency of palatine torus, ob-
served in ancient Anatolian skeletal populations
from the early Bronze Age to the first quarter of the
20t century, (Table 1), indicates a Mongoloid gene

flow (Eroglu and Erdal, 2008). It was found that the
frequency of palatine torus was particularly high
during the Ottoman period. This data is supported
by a recent DNA study conducted on people living
in Anatolia (Di Benedetto et al., 2001). A DNA analy-
sis carried out on people from 4 cities in Anatolia
(Ankara, Antalya, Izmit, and Van) indicates the
presence of a continuous gene flow from Central
Asia to Anatolia since the 11t century AD. This
study shows that the Anatolian gene pool contains a
substantial fraction of alleles of Asian origin (Di
Benedetto et al., 2001). The most reliable estimates
suggest roughly a 30 % Central Asian admixture for
both mitochondrial and Y chromosome loci. That
figure is compatible with both a substantial immi-
gration accompanying the arrival of the Turcoman
armies and with continuous gene flow from Asia
into Anatolia, at a rate of 1 % for 40 generations (Di
Benedetto et al.,, 2001). However, it was identified
that Anatolian populations dating to 20t century
(Erzurum and Hakmehmet) show a lower frequency
of palatine torus than that found in earlier popula-
tions. This situation indicates that the gene flow into
Anatolia has continued into the 20t century; howev-
er, the direction of the migration has altered east-
wards, from Europe to Anatolia. Indeed, it is stated
that many immigrants from Romania, Bulgaria,
Greece and Yugoslavia came to Turkey and genet-
ically intermixed with the Anatolian populations in
the 20t century, especially after the establishment of
the Turkish Republic in 1923 (Umar, 1998; Kilicoglu
et al., 1988).

On the other hand, the frequency of metopism
observed in the same populations where the fre-
quency of palatine torus was detected, have shown
similarity with Europeans (Eroglu, 2008). According
to the results of the study on hypoglossal canal
bridging, Anatolian populations lie within the range
of variation for Caucasoid (Eroglu, 2010), in con-
cordance with the metopism results. The material
represented in this study from three of the Anatolia
populations shows a frequency of shovel shaped
teeth at 23.7%, found in a high proportion of Asians,
(Eroglu, 2012), and a frequency of carabelli at 53.3%,
occurring widely in European populations (Eroglu,
2009). These results suggest migration from Asia to
Anatolia, however, they also show a stronger genetic
correlation to Europeans. Ricaut and Wilkens (2008)
found a low biological affinity between the Sagalas-
sos (Southwestern Turkey) population and popula-
tions from Central Asia. Seguchi et al. (2010) studied
Turkish population substructure and history by ex-
amining craniofacial diversity through several tem-
poral periods framed within a population genetic
model. According to this study, if the region of Ana-
tolia has been used as a migratory corridor by peo-
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ples spanning disparate geographic areas (Balkans,
Central Asia, and East Asia), then due to these mi-
gration events and inherent genetic admixture,
gradual craniofacial change is more expected. But
their results indicate minimal Turkic-Central Asian
genetic influence on Anatolian population structure.

Similarly, most genetic studies on people living
in Turkey suggest that Anatolian populations are
closer to the European populations than Central
Asian populations (Comas et al., 1996; Calafell et al.,
1996; Cinnioglu et al., 2004; Rolf et al., 1999; Berkman
et al., 2008; Richards et al., 2000; Gonzalez-Perez et
al., 2010). Comas et al. (1996) analyzed the hypervar-
iable segment I control sequence in mitochondrial
DNA (mtDNA) on 45 unrelated individuals from
Anatolia. This study suggests a demographic expan-
sion occurring in the Middle East, spreading through
Turkey into Europe. After initial expansion, high
levels of migration (gene flow) during the Neolithic
age must have contributed to a homogenization of
the genetic landscape of the Europe. Calafell et al.
(1996) find similar results in their study of thirty
Bulgarians and twenty-nine Turks. Cinnioglu et al.
(2004) find, in their analysis of biallelic polymor-
phisms for Turkish Y chromosomes, that major hap-
logroups (combination of linked alleles at linked loci
that share a common ancestral mutation) were
shared with the European and Middle Eastern popu-
lations (94.1%), with only minor sharing of central
Asian (3.4%), Indian (1.5%), and African (1%) hap-
logroups. Their findings suggest several patterns
correlating to latitude expansion into Europe, gene
flow into Europe, and affinity to geographically
close Caucasoid groups. They also find detectable,
yet weak (<9%), signals of paternal gene flow from
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Central Asia. King et al. (2008) found similar results.
Another study based on analyses of six STR loci in
88 Y-chromosomes from Turkey suggests only a 10%
contribution (Rolf et al., 1999). Using Alu insertion
polymorphisms, Berkman et al. (2008) find a similar
central Asian genetic contribution to Anatolia, esti-
mating ~13% admixture. Gonzalez-Perez et al. (2010)
analyze the relationships between human groups in
15 Mediterranean populations, including Turkey.
They use the variation of 18 Alu polymorphisms and
3 linked STRs. Researchers find a close relationship
between Turkey and Greece. MtDNA studies on
populations in the Europe and the Middle East find
similar results (Richards et al., 2000).

5. CONCLUSION

According to present findings among the Ancient
Anatolian populations no significant differences in
data obtained from SOF were identified. In contrast,
after Anatolian series were pooled, differences be-
tween Anatolian and other world populations were
recognized. As shown in Fig. 3, the results of SOF
and HGCB frequency show that Anatolia popula-
tions are more similar to West Eurasian and ancient
northeast African populations than to Central and
East Eurasian populations. The results of SOF and
HGCB frequencies are in concordance with findings
in anthropological and genetic studies on Anatolia
populations. As in Dodo and Sawada’s (2010) find-
ings, this study found SOF and HGCB incidences
effective in the separation of major population
groups but ineffective in comparing chronologically
and geographically proximate local populations.
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