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Abstract
Aim: This study aims to provide insights into the evolutionary adaptation of human, via comparing the craniofacial characteristics
of living subjects and ancient skulls from Anatolia.
Material and Methods: Cone-beam computed tomography (CBCT) generated 2D cephalometric projections of 32 ancient skulls and
well matched lateral cephalometric images of 32 patients were evaluated. Sixteen widely used cephalometric measurements were
performed. Intra-class correlation coefficients were used to examine intra-observer reliability. Mann–Whitney tests and chi-square
tests were used to compare cephalometric measurements of the groups.
Results: : The linear measurements of living subjects were smaller than the linear measurements of ancient skulls (p<0.05).
Significant differences were found between the groups in the cranial base lengths, maxillary and mandibular dimensions (p<0.05).
The maxilla and mandible were found more prognathic in ancient men and women (p<0.001).
Conclusion: Environmental factors and genetic changes lead to a reduction in the sagittal and vertical dimensions of the human
craniofacial complex. Dental practitioners should consider these evolutionary changes during the treatment planning process.
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INTRODUCTION
Craniofacial traits provide valuable insights into the
evolutionary adaptation of human being (1). They give
important clues about the ethnic and biological proximity of
prehistoric and contemporary populations. Size and shape
of craniofacial complex, or facial pattern exhibit variations
among different genera, species, races, and sub-races (14). Unlike serological characters, craniofacial traits can
be studied in both living and prehistoric samples. It also
has a high heritability; and more demonstrative than other
skeletal features (1).
Anatolian land has hosted numerous civilizations
because of its geopolitical position between Asia and
Europe, favorable climate, possibilities of agriculture
and animal husbandry, and trade routes. These

properties have made Anatolia a valuable region for
biodiversity. The human population lived in Anatolia are
known as Hittites, Phrygians, Ions, Lydians, Urartians,
Sumerians, Akkadians, Babylonians, Assyrians, Persians,
Macedonians (Hellenistic period), Romans and Turks (5).
Anatolia was subjected to intense gene flow since it is an
important passage for various human populations (6). So
comparative studies covering a large time interval in this
region will be beneficial in demonstrating the effects of
intensive gene flow on craniofacial morphology.
To our knowledge, this is the first study evaluated
the craniofacial characters of an ancient Anatolian
population. It might contribute a better understanding
of the morphological characteristics of this ancient
population and evolutionary trend over a thousand years.
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MATERIAL and METHODS
The study protocol was carried out according to
the principles of the Helsinki Declaration, including
all amendments and revisions. Collected data were
only accessible to the researchers. Patients or their
legal delegates gave their informed consent prior to
radiography, and the study was reviewed and approved
by the institutional ethical board of the university (study
number: 2017/35).
It was found to work with a total of 64 samples, 32
samples in each group with 80% power, 5% type 1 error
and an effect size of 0.63 (7) by using G * power 3.1.2
program.
For this purpose, CBCT-generated 2D cephalometric
projections of 32 ancient dry skulls (18 male, 14 female)
were used that were unearthed from Anatolia, Turkey,
and were dated approximately to the period of 800–
1,000 C.E (Common Era). Sex and age are estimated by
morphological analysis (8-10). The minimum estimated
age was 21 years, and the maximum estimated age was

61 years. Inclusion criteria for the skulls were defined as
the presence of an intact skull, the absence of evidence
of bone pathology and presence of dentition to preserve
and stabilize the intercuspal position of the jaws.
In addition to these ancient skulls, 32 age- and
gender-matched lateral cephalometric radiographs of
contemporary individuals (18 males and 14 females)
from Anatolia were included. The samples were selected
similar to the ancient skulls regard to the sagittal skeletal
relationship (11). The contemporary group was formed
similar to skeletal classification (Skeletal class 1/2/3) of
the ancient group by considering the ANB angles. Lateral
cephalometric radiographs were taken previously for
orthodontic purposes according to a strict protocol. The
mean age of male subjects was 42.8±11.35, and the mean
age of females was 38.2±9.94. The inclusion criteria
for patients were as follows: no evidence of current
orthodontic treatment, no missing permanent incisors or
first molars, no gross skeletal asymmetries, and no bone
diseases.

Table 1. Definitions of the cephalometric landmarks used in the present study
Cephalometric
landmarks

Abbreviations

Nasion

N

Most anterior point of the frontonasal suture in sagittal view

Sella

S

Center of the pituitary fossa

Basion

Ba

Most anterior point of the foramen magnum

Articulare

Ar

The intersection between the posterior contour of the mandible and inferior border of cranial
base

A point

A

Point of maximum concavity in the midline of the alveolar process of the maxilla in the sagittal
view.

B point

B

Point of maximum concavity in the midline of the alveolar process of the mandible in sagittal
view.

Anterior Nasal Spine

ANS

The most anterior midpoint of the anterior nasal spine of the maxilla

Posterior Nasal Spine

PNS

The most posterior midpoint of the posterior nasal spine of the palatine bone

Menton

Me

Most inferior point of the mandibular symphysis in the sagittal view.

Gnathion

Gn

The most anteroinferior point on the mental symphysis

Pogonion

Pog

The most anterior midsagittal point along the convexity of the chin of the mandibular body in the
sagittal view.

Condylion

Co

Most superior point of the mandibular condyle (viewed sagittally and anteroposteriorly)

Porion

Po

Most superior point of the external acoustic meatus

Orbitale

Or

Most inferior point of the infraorbital rim

Gonion

Go

The deepest point of the curvature of the angle of the mandible between the inferior border of
corpus and posterior border of the ramus of mandible in sagittal view.

Definitions
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CBCT Imaging
CBCT images were taken with Planmeca Promax 3D Max
CBCT (Planmeca Oy, Helsinki, Finland) according to a
strictly standardized scanning protocol. The exposure
parameter settings included: 96kVp, 12mA, 23x16 cm
FOV. The exposure time was 18 seconds, and a 360° turn
was selected. CBCT images were exported in DICOM file
format with a 512 x 512 matrix and imported to Romexis®
software (Romexis 3.2, Planmeca, Helsinki, Finland) to
generate virtual cephalometrics (12).
Cephalometric analysis
Fifteen cephalometric landmarks (Table 1) were selected.
Then 16 widely used measurements selected from
Steiner, Bjork, Downs, and Ricketts analysis (8 linear and
8 angular) were performed by using Romexis® software
(Romexis 3.2, Planmeca, Helsinki, Finland). To determine
intra-observer variability, the observer performed the
analysis twice with an interval of 2 weeks.
Statistical Analysis
The SPSS 21 software program (IBM Corp, Armonk NY,

10504, USA) was used to perform the statistical analysis.
Intra-observer reliability was assessed by calculating
intra-class correlation coefficients (ICC) and their 95%
confidence intervals. ICC results were considered low in
the range of 0.26–0.49, moderate in the range of 0.50–
0.69, high in the range of 0.70–0.89, and very high in the
range of 0.90–1.00. Reliability results were moderate to
very high with ICC values ranging from 0.69 to 0.98.
Mann–Whitney U and chi-square tests were used to
compare the groups. A p-value less than 0.05 was
considered statistically significant.

RESULTS
In general, there were significant differences between the
linear measurements of the groups in both cranial and
facial structures (p<0.001) (Table 2-3).
Anterior and posterior cranial bases were significantly
shorter in the modern group (p<0.001), whereas cranial
base angle and saddle angle were similar in both groups
(p<0.05).

Table 2. Comparison of the groups according to the cranial base measurements

Cranial base angle

Saddle angle

Anterior cranial base length

Posterior cranial base length

Ancient
Median (min-max)

Modern
Median (min-max)

p

Males

136.2 (88.8-199.3)

130.5 (113-150)

>0.05

Females

134.2 (77.5-140.5)

129.5 (113-138)

>0.05

Males

115.7 (104.7-134.6)

122 (108-133)

>0.05

Females

125.9 (100.9-137.3)

121 (108-133)

>0.05

Males

96.1 (68.8-136.5)

68 (55-88)

<0.001

Females

91.3 (77.9-103.6)

66.5 (59-75)

<0.001

Males

51.6 (39.9-86.4)

35 (26-42)

<0.001

Females

47.1 (38.4-82.1)

36.5 (25-52)

<0.001

(N-S-Ba) (°)

(N-S-Ar) (°)

(N-S) (mm)

(S-Ar) (mm)

The maxilla and mandible were found more prognathic
in ancient men and women (p<0.001). Facial convexity
values of the ancient group were slightly higher than the
modern, however, it was not significant enough to make
a statistical difference (p>0.05). When the dimensional
measurements of maxilla and mandible are evaluated
(effective maxillary and mandibular lengths, ramus height,
mandibular body length), it was seen that the modern
group has significantly smaller jaws (p<0.001).
Regarding vertical dimensions, it was found that the

modern group has significantly shorter anterior lower
facial height (ANS-Me) than the ancient group. The angle
between the anterior cranial base and the lower edge of
the mandible (S-N/Go-Me), which provides information
about the vertical dimension of the face, was smaller in
the modern group (p<0.001).
The measurements affecting the facial proportions like
the ratio of posterior facial height to anterior facial height,
and the palatal plane angles were similar for both groups
(p>0.05).
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Table 3. Comparison of the groups according to the facial skeleton measurements

Sagittal position of the maxilla (Steiner)

Sagittal position of the mandible (Steiner)

Sagittal position of the jaws relative to each other (Steiner)

Facial convexity (Rickets)

Maxillary length (McNamara)

Mandibular length (McNamara)

Ramus height (Bjork)

Mandibular body length (Bjork)

Lower anterior face height (McNamara)

The angle between the anterior cranial base and the lower
edge of the mandible (Rickets)

Palatal plane/FH angle (Rickets)

The proportion of posterior face height to anterior face
height

Ancient
Median (min;max)

Modern
Median (min;max)

p

Males

87.6 (73.1;91.1)

82 (70;89)

<0.05

Females

83.9 (79.4;89.9)

82 (74;86)

<0.05

Males

84.4 (64.6;94.5)

78 (68;87)

<0.05

Females

83.5 (74.5;94.6)

79 (69;91)

<0.05

Males

3.7 (-16.5;8.5)

4 (-3;7)

>0.05

Females

5 (-4;12.1)

3 (-1;8)

>0.05

Males

3.1 (-25.6;11.4)

2 (-12;6)

>0.05

Females

3.1 (-14;14.2)

1 (-5;9)

>0.05

Males

119.6(104.1;137)

81 (76;90)

<0.001

Females

112.7(106.3;128.1)

80 (71;90)

<0.001

Males

156.5 (140.9;195.3)

112.5 (102;136)

<0.001

Females

144.8 (134.6;165.4)

110.5 (103;126)

<0.001

Males

72.2 (53.1;83.5)

47.5 (38;62)

<0.001

Females

67.6 (52.1;76.7)

47.5 (40;55)

<0.001

Males

100.4 (94.5;109.4)

65 (60;79)

<0.001

Females

97.2 (82.8;111.3)

65 (58;72)

<0.001

Males

87.5 (58.6;107.1)

71 (50;87)

<0.001

Females

83 (50.4;108.1)

70.5 (63;98)

<0.05

Males

105.3 (87.9;138.8)

98.5 (78;105)

<0.001

Females

106.9 (101.3;135)

99.5 (93;121)

<0.001

Males

2.3 (-9;14.4)

6 (-6;16)

>0.05

Females

-2.1 (-8.1;7.8)

1 (-7;13)

>0.05

Males

70.1 (54.9;99.9)

67.5 (54;78)

>0.05

Females

70.7 (60.3;88.4)

68 (55;79)

>0.05

SNA (°)

SNB (°)

ANB (°)

(N-Pog)-A (mm)

Co-A (mm)

Co-Gn (mm)

Co-Go (mm)

Go-Me (mm)

ANS-Me (mm)

S-N/Go-Me (°)

Po-Or/ANS-PNS (°)

S-Go/N-Me (°)
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DISCUSSION
Cranial base
Many comparative craniometric studies (1, 4, 7, 13) have
shown that cranial base angle is an indicator of genetic
homogeneity, and it has remained unchanged for centuries
within populations. In the current study it was found that
although the demographic structure of the region changed
considerably throughout a thousand years, the cranial
base angle remained intact. So the findings of the present
study strengthen the argument that the cranial base angle
can be considered as a reliable norm within populations.
Cranial base length is another important parameter that
affects other facial structures. Studies have reported that
short anterior cranial bases are implicated as a factor
in maxillary retrusion (14-16). It has been reported in a
mice study that bone formation in the sphenoethmoidal
synchondrosis on the anterior cranial base has significant
effects on maxillary growth and maxillary morphology
(17). In parallel with these reports, decreases in the
anterior cranial base length observed in the modern series
were accompanied by a maxillary reduction (Effective
maxillary length and SNA were considerably lower in the
modern group). However, the results of this study are
not sufficient to explain this argument entirely because
the results of this study do not provide any clarity about
whether the maxillary length decreases occur as a result of
a reduction in the anterior cranial base, or if the structures
in the craniofacial complex have a tendency to decrease
in general.
Facial Skeleton
The findings of the present study showed that modern
people have more retrognathic and smaller jaws,
despite having similar facial convexity angles with the
ancient people. These findings are consistent with
many comparative studies (4, 10, 11). The possible
reasons for these results may be attributable to genetic
factors (hybridization, natural selection, and genetic
drift) or environmental factors or a combination of both.
Environmental effects include 1) posterior displacement
of the maxilla in order to reduce the upper airway
due to increased air pollution and allergens in recent
centuries, 2) volumetric reduction of the jaws due to the
reduced masticatory function (5). Also the decreases in
linear measurements can occur as a result of different
environmental stress levels leading to developmental
retardations (18). However, it is still unclear to what extent
the environmental factor is responsible for these changes
because it is not yet possible to determine how much of
the changes are caused by genetic differences.
It was emphasized that, in ancient and modern skull series,
skeletal structures that constitute the profile were similar
regarding position and shape but different in size (1, 7).
The authors speculated that the differences in these linear
measurements could be attributed to age differences
between the groups. In the present study, on the other
hand, we compared two groups that were well-matched
regarding age and sex. So the results of the present study

showed that there is a maxillary and mandibular reduction
in modern humans in sagittal and vertical dimensions
and it cannot be attributed to age variation. This notion
is consistent with the literature (2, 19) indicating that the
facial skeleton has diminished in size over centuries. And
this secular trend, including the jaws, may be responsible
for the increase in the incidence of crowding, impacted or
congenitally missing teeth in modern populations (20-22).
When the results are evaluated in terms of dental
practice, the secular shrinkage of the jaws brings to
mind the concept of shortened arches. It usually caused
by orthodontic extraction treatments or some other
prosthodontic reasons. And this concept seems to be an
applicable treatment modality due to the consistency of
the results with this evolutionary trend of the jaws.

CONCLUSION
Environmental factors and genetic changes lead to a
reduction in the sagittal and vertical dimensions of the
human craniofacial complex. The shrinkage is more
prominent in linear measurements. Dental practitioners
should consider these evolutionary changes during the
treatment process.
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