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Symmetry of external auditive meatus.
A pilot study on human skulls

Simona Mizgiryte, Julius Vaitelis, Arunas Barkus, Linas Zaleckas, Rolandas Pletkus,
Adomas Auskalnis
SUMMARY
Objectives. To evaluate the perpendicularity of the line connecting external auditive meatus
to the midsagital plane and the palatal suture as a midsagittal symmetry reference line.
Setting and Sample Population – 62 randomly chosen human skulls from osteological collection (Vilnius University).
Material and Methods. The skulls were photographed (Nikon 40 D, Nikkor lens 50 mm)
from basal, frontobasal and frontal views. Photos were analysed with Adobe Photoshop CS5
(Adobe). The first line connected frontal points of external auditive meatus and the angle to
the midsagittal plane was measured. The second line (the palatal suture) was compared to the
median sagittal plane. Data was analysed with SPSS 17 (IBM).
Results. The mean value for the angles of the line between the external auditive meatus
and the midsagittal plane in basal views was 90.12° (SD=1.48°) and in frontobasal 90.36°
(SD=2.25°). No statistically significant differences were found between groups of age and sex.
The inter-rater agreement for evaluation of the adequacy of palatal suture with the midsagital
plane was high (Cohen's Kappa 0.702 (p<0.05)) as well as the coincidence of both lines in basal
and frontobasal views (90.3% and 85.5% respectively).
Conclusion. Considering the limits of this study the angle between external auditive meatus
and midsagital skull plane has a characteristic fluctuating asymmetry. The congruence of palatal
suture and midsagital plane is debatable.
Key words: asymmetry, palatal suture, skull.
Introduction
Contemporary dentistry uses different skull reference lines and points for aesthetical and functional
dental reconstructions, visual treatment planning
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(1-5). One of the daily used referential instrument
is a facebow. It is a calliper-like instrument used to
record the spatial relationship of the maxillary arch
to some anatomic reference point or points and then
transfer this relationship to an articulator; it orients
the dental cast in the same relationship to the opening axis (mandibular terminal hinge axis) of the
articulator and reference planes in sagittal plane (6)
(Camper's, Frankfort or Patient horizontal plane). Facebow's (earbows) terminal parts (olivas) are placed
into the external auditive meatus (lat. meatus acusticus externus), the frame is stabilised by the nasion
bar, the bite fork is connected with a tridimentional
joint and screwed (Fig.1). This position of maxilla is
transferred to articulator (Fig. 2).
Facebow includes several highly discussed problems. Firstly, one reference line it works according
to is the arbitrary mandibular hinge axis. As it is
arbitrary, it differs in every patient and transferring
it to mean values articulator can cause inaccuracies
of occlusion in dental reconstructions (7-11).
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Fig. 1. Face-bow

Fig. 2. Position of the maxillary cast in the articulator.

Secondly, there is a degree of human face softtissue (12-15) and facial skull asymmetry (16-18),
especially in the middle (tragus) and lower (gonion)
thirds of the face (19). Facial symmetry is defined as
the correspondence in size, form, and arrangement
of the facial features on opposite sides of the median
sagittal plane (20). The external auditive meatus
can be asymmetric in horizontal and frontal planes
of a skull. Facebow has equal framework parts and
standard nasion bar support, articulator also includes
only symmetrical elements. When a standard symmetric facebow is positioned in an asymmetric surrounded by soft tissue auditive meatus, the position
of maxilla is transferred with errors on the sagittal
and the long axis resulting dental midline to be not
adequate with the midsagittal plane, one side of the
dental arch longer then another and the occlusion
functionally and aesthetically not proper (21).
There are not enough studies analysing the
perpendicularity of the line connecting both the external auditive meatus to the midsagital skull plane.
Zadurska et al. (22) used computer to assess symmetry for right and left sides of the maxillary dental
arch, zygomatic arch and cranial base by comparing
angular values derived from basion. But they made no
conclusions about human skull symmetry. Rodrigues
et al. (23, 24) concluded about different distances
between condylar process to midsagittal plane at
statistically significant differences between the right
and left sides. There are also reports about the rightleft symmetry of glenoid fossa, postglenoid tubercle
and tympanum-canal but not the symmetry of their
position (25-27).
Another cast mounting system Headlines (Jensen
dental, USA) uses bipupilar line, midsagittal line,
Camper's plane and palatal suture (lat. sutura palatina
mediana) for maxillary cast mounting (20). Palatal

suture is visible in good impressions and dental casts
so it may be as a reference line for mounting. But
there is very little data about the adequacy of the
secondary palatal suture with the midsagital skull
plane. De Araujo et al. (28) agreed that maxillary
and mandibular dental midlines, palatal suture on the
casts and median sagittal plane on the radiographs are
almost coincident. Ferrario et al. (29) calculated the
deviation of the palatal suture from the midline in the
investigation of effect of ethnicity and age on palatal
size and shape, but did not present conclusions about
this measurement.
In scientific literature exist alternative reference
planes for cast mounting, as an alternative for times
proven cast mounting planes. Wong et al. (42) presented a voxel-based median plane, with which was
helped to maintain postoperative mandibular deviation and occlusion plane.
The aim of this study is to assess if the line connecting the external auditive meatus is perpendicular
to midsagittal line and the palatal suture can be used
as a midsagital basal reference line.
The null hypotheses are: The line between
external auditive meatus is not perpendicular
to skull midsagittal line. The palatal suture (lat.
sutura palatina mediana) is not adequate with the
midsagittal plane.
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MATERIAL AND METHODS
62 human skulls (26 female and 36 male) were
randomly taken from osteological collection of the
Department of Anatomy, Histology and Anthropology (Vilnius University, Medicine faculty). All the
skulls belonged to one archaeological sample from
Alytus (Lithuania). Sex of individuals was estimated
according to pelvic bones of skeletons.
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Fig. 3. Frontal view
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Fig. 4. Frontobasal view

Fig. 5. Basal view

Skulls inclusion criteria were:
1. Age above 20 years (age determination was
approved according to the ossification of the
skull sutures);
2. Skulls without distortions;
3. Clearly visible external auditive meatus (lat.
meatus acusticus externus), palatal suture
(lat. sutura palatina mediana), craniometrical landmarks:
a. Basion – The most inferior point on the
anterior margin of foramen magnum, at
base of clivus in frontal view or midsagittal point on the anterior margin of the
foramen magnum in basal view;
b. Prosthion – The most inferior point
of maxilla between central incisors in
frontal view or the most ventral point of
maxilla in basal view;
c. Nasion – Midsagittal point at junction
of frontal and nasal bones at nasofrontal
suture.
The skulls were placed in a skull holder in a stable position. Camera (Nikon 40 D and 50 mm Nikkor
lens) was positioned on a tripod (90° in a surface) in
a fixed location. The standard angles of taking photos
were chosen as follows:
1. 90 degrees to the frontal view of the skull
(Fig. 3);
2. 45 degrees to the basal – frontal view of the
skull (Fig. 4);
3. 90 degrees to the basal view of the skull
(Fig. 5).
Analysis of the images continued with Adobe
Photoshop CS5 measurement tool (Adobe, USA).
The line was drawn over a region of petrous part
of temporal bone connecting the frontal points of
both external auditive meatus and the angle to the

midsagittal plane (Fig. 6) was measured in basal and
frontobasal skull views (further – The angle). Another
line extending from palatal suture in frontal and distal
directions was evaluated for the adequacy with the
median sagittal skull plane in basal and frontobasal
images.
Two independent observers analysed the photos.
Statistical analysis was performed by SPSS 17
(IBM) included descriptive statistics, Kolmogorov–
Smirnov test, t-test and ANOVA.
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RESULTS
There were 62 skulls (26 female and 36 male) in
4 age groups (Table 1).
Inter-observer agreement of two researchers for
quantitative data was evaluated with Pearson Correlation: ranging R from 0.94 to 0.95 in different
pictures measurements (meaning a strong relationship) (Fig. 7).
The distribution of the angles was normal (Kolmogorov–Smirnov test, p>0.05).
The mean value for angle in basal views was
90.12° (SD=1.48°) and in frontobasal 90.36°
(SD=2.25°). The mean value for angle difference from
right angle in basal views was -0.12° (SD=1.48°) (Fig.
8) and in frontobasal views -0.36° (SD=2.25°). The
Table 1. Distribution according the age and sex
Age,
years
20-30
30-40
40-50
>50
All

Male
N
4
8
15
9
36

%
11.1
22.2
41.7
25.0
100.0

Female
N
%
8
30.8
5
19.2
6
23.1
7
26.9
26
100.0

Total
N
12
13
21
16
62

%
19.4
20.9
33.9
25.8
100.0
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mean value for
absolute angle
difference in basal views was
1.17° (SD=0.9°)
(Fig. 9) and in
frontobasal
views 1.69°
(SD=1.5°).
There was
no statistically significant
di ffe re nce of
means in the age
and sex groups
Fig. 6. Measurements of the angles in (Table 2, 3).
basal views
Analysing
the adequacy of palatal suture to the median sagittal
plane in basal and frontobasal images followed 4
evaluation groups: suture is adequate with the midsagittal plane, it is likely to be adequate, it is parallel
and it is not adequate to the midsagittal plane (Table
3) (this assessment was suggested by the authors).

Inter-rater Kohen's Kappa Coefficient was 0.702
(p<0.05) meaning a high inter-rater agreement for
qualitative data (Table 4).
DISCUSSION
This study has several limitations, which must
be taken into consideration.
Firstly, the methodology of photographing the
skulls is not accurate because of possible changes
in skull placement tridimentionally. Using computerized methods (22) or skull-adapting positioning
devices (32) are more specific. Method of taking
photos was chosen this time because of easy technical accessibility and opportunities of evaluation
for the pilot study. Furher study should be made
measuring the angles more precisely in computer
tomograms (33-36).
Secondly, the photos were taken of XVIIth century dry human skulls, which may have been damaged
during excavation or storage, despite no external signs
of injury were visible. Furthermore, dry skulls, which
had the biggest values of asymmetry, were noticed to

Table 2. Descriptive statistics for measured angles in basal and frontobasal views for genders
View

Gender N

Basal

Female
Male
Total
Fronto- Female
basal Male
Total

26
36
62
26
36
62

Mean SD

Min

Max

90.32
89.98
90.12
90.61
90.18
90.36

88.10
86.19
86.90
87.30
84.10
84.10

93.40
93.90
93.90
93.70
95.20
95.20

1.48
1.49
1.48
1.60
2.62
2.25

Measurements in degrees, °
Abs.
SD
Min Max
Angle
Difference
1.23
0.84 0.10 3.40
1.13
0.95 0.00 3.90
1.17
0.90 0.00 3.90
1.32
1.06 0.10 3.70
1.96
1.72 0.00 5.90
1.69
1.50 0.00 5.90

Angle
Difference
0.32
-0.02
0.12
0.61
0.18
0.36

SD

Min

Max

1.48
1.49
1.48
1.60
2.62
2.25

-1.90
-3.10
-3.10
-2.70
-5.90
-5.90

3.40
3.90
3.90
3.70
5.20
5.20

SD

Min

Max

1.41
1.57
1.33
1.74
1.48
1.61
2.31
2.58
2.29
2.25

-2.22
-1.80
-2.20
-3.10
-3.10
-2.30
-2.70
-5.90
-4.30
-5.90

2.70
3.90
3.10
3.40
3.90
2.20
5.20
4.10
5.00
5.20

Table 3. Descriptive statistics for measured angles in basal and frontobasal views for all age groups
View

Basal

Age

20-30
30-40
40-50
>50
Total
Fronto- 20-30
basal 30-40
40-50
>50
Total

N

12
13
21
16
62
12
13
21
16
62

Mean SD

Min

Max

90.26
90.37
90.02
89.96
90.12
90.16
90.68
90.10
90.58
90.36

87.80
88.20
87.80
86.90
86.90
87.70
87.30
84.10
85.70
84.10

92.70
93.90
93.10
93.40
93.90
92.20
95.20
94.10
95.00
95.20

1.41
1.57
1.33
1.74
1.48
1.61
2.31
2.58
2.29
2.25

Measurements in degrees, °
Abs.
SD
Min Max
Angle
Difference
1.04
0.94 0.10 2.70
1.23
0.98 0.00 3.90
1.04
0.80 0.10 3.10
1.40
0.97 0.10 3.40
1.17
0.90 0.00 3.90
1.39
0.71 0.20 2.30
1.72
1.63 0.10 5.20
1.88
1.71 0.00 5.90
1.66
1.64 0.10 5.00
1.69
1.50 0.00 5.90
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Angle
Difference
0.26
0.37
0.02
-0.04
0.12
0.16
0.68
0.10
0.58
0.36
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Fig. 7. Inter-observer correlation

Fig. 8. Distributions of angle differences in basal views

have other skull asymmetries (e.g. different length of
zygomatic arch), that may hint about plagiocephaly.
The prevalence of plagiocephaly is reported to be
from 3.3% (in children) (39) to 1% (in teenagers)
(37), but rising after „Back to sleep campaign“ in
1992 (38, 40, 41). The prevalence of asymmetry in
contemporary skulls may be even higher.
Thirdly, finding the reference points on dry skulls
in the images is not always simple because of similar
colours or over covering anatomical sights. The main
points of midsagittal plane were always visible but
the problem appeared in exactly locating the edge of
external auditive meatus and finding the most frontal
point, because meatus is not a point, but an area in
the image. The inter-rated agreement (Cohen's Kappa
0.702, p<0.05) and Pearson correlation coefficient
(0.95, p<0.05) were high, supporting the precision
of measuring under the limits of the study.
Facebow's terminal parts (olivas) are positioned
into the external auditive meatus and rest on the soft
tissues of the head, which do not exactly correspond
the underlying hard tissues. Soft tissues may equalize the asymmetry of the external auditive meatus or
enhance the present bony asymmetry.
There are no studies yet analysing the symmetry
of external auditive meatus in horizontal plane to the
midsagittal plane. The mean of these angle differences
Table 4. Distribution according the age and sex
Basal
N
%
73
58.9
23
18.5

Adequate
Likely
adequate
Parallel
16
Not adequate 12

106

12.9
9.7

90.3

Frontobasal
N
%
%
35
28.2
46
37.1
85.5

9.7

25
18

%

20.2
14.5

14.5

Fig. 9. Distributions of absolute angle differences in basal views

in basal views are 90.12° (SD=1.48°) with normal
data distribution indicating a fluctuating asymmetry
in human skulls. Only two studies by Rodrigues et al.
(23, 24) analysed this kind of symmetry measuring the
angles and distances between condyles and median
sagittal plane. They found difference between left and
right sides' distances only in Angle class II division
1. Condyles are parts of the mandible and can not be
accurately compared to the symmetry of the external
auditive meatus.
The results of adequacy of palatal suture (lat.
sutura palatina mediana) to the midsagital plane do
not disagree with the results of de Araujo et al. (28).
They found that maxillary and mandibular dental
midlines, palatal suture on the casts and median
sagittal plane on the radiographs were almost coincident. Analysing the images in this study revealed
the possible forms of this suture (starting from incisal
canal and extending to posterior nasal spine): straight,
forms of „S“ or „C“ letters, wide or narrow suture.
In about 90% measured cases the ends of the line or
the biggest parts of the suture could be coincident
with the midsagittal plane, but the evaluation was
not easy. De Araujo et al. analysed 20 individuals
with normal occlusion in average 22.4 years old and
our study did not regard normal occlusion and had a
wider range of age groups.
Further investigation on clinical significance of
these asymmetries in restorative dentistry and orthodontics is needed.
CONCLUSIONS
Considering the limits of this study the angle
between external auditive meatus and midsagital
skull plane has a characteristic fluctuating asymmetry.
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The congruence of suture palatina mediana and
midsagital plane is debatable.
CLINICAL RELEVANCE
Using facebow for every patient's mouth rehabilitation should be evaluated carefully because of
a possible errors occuring due to asymmetry of the
human skulls. Alternative using of palatal suture as

S. Mizgiryte et al.
one of the reference lines needs more precise measurements on computer tomograms.
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