
Abstract. Background: Radiological cephalometry is an
important diagnostic tool for analyzing the shape and
proportions of the skull. Standardized teleradiography of the
skull in posterior-anterior (PA) projection provides
orientation data on the symmetry and vertical relations of
the skull. The comparison of individual findings with normal
values places high demands on the selection of a control
group. The aim of this study was to characterize a group to
be used as a standard for cephalometric comparisons.
Patients and Methods: PA teleradiographs of 23 healthy
young adults were analyzed. Distances from reference
measuring points to the median sagittal plane and the orbital
horizontal plane were made. All individuals showed ideal
occlusion. None of the participants had been subjected to
orthodontic therapy or craniomaxillofacial surgery. Results:
The measurement results showed a high degree of lateral
symmetry of the skeletal reference points and planes.
Comparison of the vertical reference lines confirmed the
symmetrical constitution of the facial skeleton. Conclusion:
The study group is suitable for comparison with the
cephalometric evaluations of other study groups.

Skull examinations are an essential part of anthropological
studies (1). Standardized radiological skull examination is an

essential tool for determining normal skeletal values and
deviations from the norm both in living individuals for
diagnostic and treatment purposes and in applied sciences (2,
3). Radiographic cephalometry provides data based on
standardized technical conditions and skull reference points
(4-7). However, most clinical cephalometric data are based
on profile analyses performed on lateral cephalograms (6, 8).
Applying standardized examination conditions, posterior-
anterior (PA) skull radiography enables further statements to
be made about the skull, e.g., the shape as seen from the
front, vertical relationships of bone segments, and bone
symmetry in relation to the median sagittal plane of the body
(9). Every current cephalometric examination compares its
results with normative standards (6, 7, 10). However, the
examination technique used has a considerable influence on
the examination results (7, 11-20). The basis of a meaningful
comparison of data is that the defining parameters for the
calculation of standard values are appropriately determined
and the examined material is selected as representative for
the calculation of the standard (21-23). Therefore, as a basis
for further symmetry analyses of the skull, a study group is
first analyzed, which offers physical prerequisites for
standardization of symmetry analyses.
The aim of this study was to establish cephalometric

reference values feasible for determining skull symmetry on
PA cephalograms.

Patients and Methods
Characterization of the study group. The PA skull radiographs were
examined of individuals who had voluntarily undergone
cephalography in a previous study (24, 25). The study group
consisted of 21 individuals (male: 15, females: 6; mean age=25.9
years, range=18-30 years). We chose this archival group to define
potential basic values of cephalometric parameters in a study group
of individuals who fulfilled criteria assigning idealized
cephalometric relations (2). The suitability of these cephalograms
for comparative studies of the skull relationships has already been
shown in an earlier study (26). The use of this archive material was
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based on the following criteria: i) All participants had an ideal
occlusion without ever having undergone orthodontic treatment. ii)
Individuals with facial skull trauma and developmental disorders
that could have had an impact on skull growth were excluded. iii)
The dental and orthodontic characteristics of the study group have
been analyzed in detail elsewhere (24, 25). iv) There is no medical
justification for an X-ray of the skull in young adults without the
need for diagnostic tests. The use of a historical group for defining
cephalometric standard values was justified by the fact that the X-
ray examination of a new reference group of adults would have
meant an unacceptable radiation exposure. v) Many cephalometric
analyses are intended for supporting orthodontic treatment of
children and adolescents. In this age group, variable growth effects
can influence the skeletal findings. The examination of skull X-rays
of adults is advantageous in determining cephalometric data of the
fully developed body. 

Ethics. All procedures performed in this study involving human
participants were in accordance with the ethical standards of the
institutional and/or national research committee and with the 1964
Declaration of Helsinki and its later amendments or comparable
ethical standards. Data were anonymized prior to analysis, and the
investigators studying the radiographs were blinded for diagnosis
and the identity of individuals. The investigations of anonymized
data were performed in accordance with Hamburgisches
Gesundheitsdienstgesetz (Hamburg Healthcare Act). This type of
investigation does not require the approval of the local Ethics
Committee.

Measurement. X-Ray technique: The X-ray examinations were
carried out using a Lumex® cephalostat (B. F. Wehmer Co., Inc.,
Franklin Park, IL, USA, and Siemens, Erlangen, Germany). The
object-focus distance of the cephalostat was 3.98 m. The
magnification factor of the X-ray examination was 4.7%. The X-ray

voltage was 71.5-73 kV at 56 mAs. Radiological equipment and
performance of cephalometries met the required technical standards
(27) and have been described in detail elsewhere (26).

Data registration and measurement: Anonymized personal data
were registered in Ortho Express® (Computerforum, Elmshorn,
Germany). All radiographs were scanned and processed in Dental
Vision® software (Computerforum). Dental Vision® realizes the
processing and analysis of radiographs from different sources.
The individually assigned and digitized data are merged into a
database which is controlled via a graphical user interface. A
distinctive feature of radiographs prepared for registration in
Dental Vision® is the attachment of a transparent foil measuring
5×5 cm2 onto the radiograph. The foil is imprinted with a metric
scale allowing the calibration of the length measurement on the
scanned radiographs. Angles are recorded in degrees. The
software was modified for the requirements of this study by
means of special programming. The process of digitizing the X-
ray images and the digital measurement and evaluation of the data
have been described in detail elsewhere (26).

Definition of landmarks: Definition of cephalometric landmarks and
principles of analysis are detailed elsewhere (28). All lines and
angles were defined by reference points. Line segments were
designated by the acronyms of their anatomically defined endpoints.
Angles were defined and designated by the constitutive line
segments as shown in Table I and Figures 1-3.

Determination of the main planes (Z-plane, M-plane): In this
investigation, the median sagittal reference plane (M-plane) of the
skull was constructed as being perpendicular to the center of an
anthropological horizontal plane defined by orbital wall reference
points that can be reliably found on PA cephalograms. Both
radiological reference points (Z-points) were defined as the
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Table I. Reference points of posterior-anterior cephalograms.

Reference point Abbreviation Definition

Antegonion, right AGR Point located at the greatest concavity of the antegonial notch of the mandible
Antegonion, left AGL Point located at the greatest concavity of the antegonial notch of the mandible
Menton Me The most caudal point of the bony chin
Juga, right JR Point located most medial and cranial at the outside of the maxillary 

tuberosity/zygomatic buttress on the right side
Juga, left JL Point located most medial and cranial at the outside of the maxillary 

tuberosity/zygomatic buttress on the left side
Mastoid process, right MaPR Caudal tip of right mastoid process
Mastoid process, left MaPL Caudal tip of left mastoid process
Zygomatic arch, right ZAR Point located most lateral on the right zygomatic arch 
Zygomatic arch, left ZAL Point located most lateral on the left zygomatic arch
Spina nasalis Sp Frontal projection of the tip of the anterior nasal spine, 

located in the middle of the skull, below the nasal concavity
Crista galli Cg A cockscomb-like protrusion of the upper edge of the perpendicular plate of the ethmoid bone
Z-point, right ZR Point on the inner side (towards the orbital) of the right zygomatico-frontal suture
Z-point, left ZL Point on the inner side (towards the orbital) of the left zygomatico-frontal suture
Orbit lateral, right OrlaR Point on the right outer lateral bony orbital boundary
Orbit lateral, left OrlaL Point on the left outer lateral bony orbital boundary.
Orbit medial, right OrmeR Point at the right inner medial bony orbital boundary
Orbit medial, left OrmeL Point at the left inner medial bony orbital boundary



medial demarcation of the orbital margin in the zygomaticofrontal
suture on each side (ZR and ZL). The connection of the reference
points defines with empirical accuracy a plane parallel to the
horizontal plane and is termed the Z-plane. The median sagittal
plane was defined by a line starting from the point ‘center of
crista galli’ and intersecting rectangularly with the Z-plane.
Distances to the median sagittal plane of skeletal reference points
were measured as distances that met the line from these points at
right angles.

Further planes: Lines between the bilateral measuring points
defined horizontal skull planes on the PA-cephalogram (Figures 2
and 3). The distances defined by bilateral points were calculated by
adding the two distances to the M-plane. Deviations of the
measuring points in the vertical dimension defined lines that cross
the extended Z-plane on one side of the body at an acute angle. The
smaller this angle, the better the parallel alignment of the planes
relative to the Z-plane in norma frontalis. The angle between the Z-
plane and the extended connecting lines of bilateral measuring
points was evenly distributed on both sides of the body.

Orbit: The ratio of the distance between the two inner orbit limits
(OrmeR-OrmeL) and the maximum orbit width (OrlaR-OrlaL) was
determined. The mean value was calculated as a percentage.

Statistical analysis. The arithmetic mean and standard deviation are
reported; statistical tests used were paired and unpaired t-test. The
significance level was set at p<0.05. All calculations were carried
out with SPSS™ (Statistical Package for the Social Sciences, IBM
Corp., Armonk, VA, USA).

Results

Error analysis of the measurements. The calculation of errors
in the determination of the measured values was carried out
according to Dahlberg (29) and Houston (30). Reliability
coefficients greater than 0.9 indicate a high level of
reproducibility of the compared measuring points of an
examination (30). The error analyses of the cephalometric
measurements prove the precision of the measurements both
in the inter-individual as well as in the intra-individual
comparison of the measured values (Tables II, III and IV).
The distances between the symmetrically defined bilateral

measuring points and the constructed interorbital reference
plane (Z-plane) are almost identical, so no statistically
significant differences in these relationships can be
demonstrated: The Z-plane is suitable as a reference plane in
analyzing symmetry of skeletal landmarks in a vertical
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Figure 1. Reference points of the skull on posterior-anterior radiograph
illustrated on a skull model, view en face. The drawing addresses the
measurement points on the three-dimensionally displayed skull surface,
which are identified on the two-dimensional summation x-ray image.
Measurement point ‘Crista galli’ is defined as an intracranial
measurement point and, therefore, is not assigned. AGR: Antegonion
right; AGL: antegonion left; Me: menton; JR: juga point on the right;
JL: juga point on the left; MaPR: caudal tip of right mastoid process;
MaPL: caudal tip of left mastoid process; ZAR: zygomatic arch, most
lateral point on the right; ZAL: zygomatic arch, most lateral point on
the left; Spina: anterior nasal spine; ZR: Z-point right; ZL: Z-point left;
OrlaR: most lateral point orbit on the right; OrlaL: most lateral point
of the orbit on the left; OrmeR: most medial point orbit on the right;
OrmeL: most medial point orbit on the left. Skull graphic from
karlwesker.de, with the permission of the manufacturer to GC.

Figure 2. Illustration of Z-plane on skull model, view en face. Inner
margin of right and left frontozygomatic suture define reference points
(ZR, ZL). The connection of both points constitutes a plane (marked 1)
crossing both orbits horizontally.



relationship. The test results also show that bilateral measuring
points did significantly differ in the distances relative to the
M-plane (intra-individual comparisons). The absolute values
of sections to Z- and M-plane show differences in size
between men and women, confirming the well-known sexual
dimorphism of skull anthropometry (p<0.05).

General symmetry. Symmetry of the defined reference points
to the median sagittal plane is evident. The presentation of
results is limited to reference points and lines mainly used
in PA cephalometric analysis (8). Table V provides an
overview of the most relevant findings.

Anterior nasal spine and menton. Of particular interest was
the analysis of the position of singular measuring points of
the midface (spina nasalis anterior) and chin (menton) in
relation to the M-plane. Both measurement points deviate
slightly from the median sagittal plane. The quantified

deviations were small. The deviations were found to be
numerically larger for the point ‘menton’ than for the ‘spina’
(nasal spine: mean±SD=0.488±0.70 mm, range=0.0-1.6 mm;
menton: mean±SD=2.07±1.93 mm, range=0.30-6.30 mm).

Orbit. The mean±SD value of the inner orbit distance for the
entire group was 30.04±2.32 mm (range=26.52-34.27). The
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Figure 3. Illustration of horizontal lines crossing the face and defining
horizontal lines of the skull on posterior-anterior radiographs. In addition
to Z-plane (line no. 1 in Figure 2), the reference points identify the
following lines: 2: Interorbital distance (OrmeR-OrmeL); 3: Maximum
(horizontal) width of orbits (OrlaR-OrlaL); 4: Zygomatic arch to
zygomatic arch distance, i.e., midfacial width (ZAR-ZAL); 5: Juga to juga
distance, i.e., maxillary width (JR-JL); 6: Mastoid to mastoid distance,
i.e., basal skull base width (MaPR-MaPL); 7: Antegonion to antegonion
distance (AGR-AGL). The extensions of the lines beyond the defined
points are lines which, if they are not parallel to the Z-plane, create an
acute angle with the Z-plane. Some relevant angles of these lines with the
Z-plane are listed in Table VI. Very small angles indicate a largely
parallel alignment of the measuring points to the reference plane.

Table II. Analysis of cephalometric measurement errors (angles):
Measurement of distances to the Z-Plane. For abbreviations see Table I.

Comparison Angle Dahlberg Reliability 
error coefficient 

(Houston, %)

Intraindividual ZAR-ZAL to Z-plane 0.011 99.9
JR-JL to Z-plane 0.052 99.7

ABR-AGL to Z-plane 0.112 99.9
Interindividual ZAR-ZAL to Z-plane 0.016 99.9

JR-JL to Z-plane 0.024 99.9
ABR-AGL to Z-plane 0.056 99.6

Table III. Analysis of cephalometric measurement errors (Lines):
Measurement of distances to the Z-plane. For abbreviations see Table I.

Distance Dahlberg Reliability 
error coefficient 

(Houston, %)

Intraindividual ME-Z 0.142 97.8
SP-Z 0.057 99.5
AGR-Z 0.154 97.2
AGL-Z 0.093 98.8
JR-Z 0.064 99.4
JL-Z 0.053 99.7

MaPR-Z 0.046 99.8
MaPL-Z 0.062 99.7
ZAR-Z 0.460 99.8
ZAL-Z 0.545 97.1
OrlaR-Z 0.028 99.9
OrlaL-Z 0.032 99.7
OrmeR-Z 0.075 99.5
OrmeL-Z 0.051 99.7

Interindividual ME-Z 0.247 95.0
SP-Z 0.055 99.8
AGR-Z 0.013 98.7
AGL-Z 0.069 99.7
JR-Z 0.306 89.0
JL-Z 0.285 92.4

MaPR-Z 0.024 99.9
MaPL-Z 0.058 99.8
ZAR-Z 0.261 95.5
ZAL-Z 0.202 95.7
OrlaR-Z 0.022 99.9
OrlaL-Z 0.113 99.2
OrmeR-Z 0.014 99.8
OrmeL-Z 0.026 99.9



distance was 30.25±2.43 mm for men and 29.52±2.13 for
women (p=0.53). The mean value of the outer orbital distance
for the entire group was 106.98±5.17 mm (range=95.60-
118.96; male vs. female p=0.258). The ratio of the medial
orbital distance to the lateral orbital distance was 27%.

Angles. The line between two bilateral points defines a
horizontal plane, which ideally runs parallel to the Z-plane
(Figures 1-3). However, these planes are not completely
parallel to the Z-plane. The angles of the reference planes
(ZAR-ZAL, JR-JL, AGR-AGL) to the Z-plane are extremely
acute and confirm the formation of a symmetrical facial skull
considering the limitations of biological precision and
technical limitations in radiography. The angle of three
measured reference planes to the Z-plane was shown to
increase slightly in the cranio-caudal direction (Table VI).
Comparison with data from the literature shows that

radiological measurements are in the range of known
anthropological data. On average, presented values are
slightly higher. However, correction factors were considered

in the calculation in individual studies, which explain the
differences in the results (Table VII).

Discussion

This study provides normal values for measurements of
reference points relative to the midsagittal plane on
standardized PA skull X-rays. The comparison of bilateral
distances did not achieve any statistical significance. The
very small differences of measurement values are assessed
as physiological variations (3) and do not influence the
skeletal basis of perceiving a symmetrical face. Limitations
of the technical equipment and application are to be assumed
as further factors of the small differences in the measured
values. Absolute differences in the measured values indicate
the sexual dimorphism of skull formation. The results of
measurements appear suitable to serve as a reference for
cephalometric data from other test groups that have been
generated with the same radiographic technique.

Selection criteria of the reference group. This research was
conducted to generate normal measurement values on
cephalograms that can be used to study skull symmetry in
clinical practice. For this reason, X-rays were used from
individuals who, thanks to a careful medical history, to the
best of our knowledge had no known developmental
disorders with an influence on skull growth (31). Influences
such as head trauma or surgical intervention in the head and
neck area were also excluded. An important inclusion
criterion was the ideal occlusion of the permanent teeth, as
well as the exclusion of orthodontic measures, and a
complete set of teeth including the second molars. These
dental criteria should ensure that no constitutive dental
asymmetries influenced skull reference points that are
assigned to the jaws (juga and antegonion).
Investigations of this kind present problems in

accumulation of a suitable sample size (12). Many
examinations are based on historical anthropological material
or evaluate X-ray images that were made during orthodontic
treatment. Performing cephalometric studies on living
individuals that are healthy and show ideal occlusion,
without any diagnostic prerequisite for radiological
investigation, do not meet current ethical standards.
Therefore, clinical data on healthy volunteers are rare and,
in the few cases where such collections are available, usually
numerically small. The change in the proportions of the skull
during the growth phase must be considered (10, 32-34).
Cephalometric analyses of fully grown individuals suggest
that physiological bone remodeling has no significant
influence on measurement results. An influencing factor not
to be neglected for further application of cephalometric data
is constant examination conditions for the comparability of
the measured values (12, 35).
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Table IV. Analysis of cephalometric measurement errors (Lines):
Measurement of distances to the M-plane. For abbreviations see Table I.

Distance Dahlberg Reliability 
error coefficient 

(Houston, %)

Intraindividual ME-M 0.108 97.2
Sp-M 0.007 99.9
AGR-M 0.038 99.8
AGL-M 0.089 99.3
JR-M 0.002 99.8
JL-M 0.107 98.3

MaPR-M 0.198 98.5
MaPL-M 0.165 98.2
ZAR-M 0.068 99.3
ZAL-M 0.106 99.1
OrlaR-M 0.148 95.1
OrlaL-M 0.150 96.8
OrmeR-M 0.221 93.5
OrmeL-M 0.082 97.8

Interindividual ME-M 0.070 99.6
Sp-M 0.042 99.5
AGR-M 0.181 98.4
AGL-M 0.360 93.3
JR-M 0.217 96.6
JL-M 0.030 99.8

MaPR-M 0.339 95.1
MaPL-M 0.270 94.4
ZAR-M 0.139 97.5
ZAL-M 0.222 94.5
OrlaR-M 0.153 99.1
OrlaL-M 0.246 90.0
OrmeR-M 0.104 97.8
OrmeL-M 0.147 94.5



Symmetry. Absolute bilateral symmetry of the facial skull
should be viewed as an ideal which, in a mathematical sense,
is not adequately achieved in individuals (12, 36). In fact, skull
asymmetries can be detected even in embryos and newborns
(37). The skeleton plays an important part in the assessment of
a symmetrical face. However, soft-tissue asymmetries can
overlie an almost ideal skeletal symmetry and, conversely,
existing skeletal asymmetries can be compensated for by the
soft tissues (15). Definitions of facial asymmetry are variable.
Some define asymmetry as any statistical deviation of the side
difference from zero (11, 38), others identify asymmetries of
the readings of a study population within statistically defined
ranges (12, 32). Likewise, specifying the limit of perceptible
facial symmetry as any difference with values greater than 2
mm in the sides of identical, bilateral measuring points (39)
cannot be taken as an absolute value because the size of the
skull is not considered (22, 37). Definitions of facial
asymmetry are thus arbitrary (37). Some authors assume that
mean lateral differences of 1-2 mm may not influence clinical

decision-making (40). Changes in the position of individual
compartments of the face seem to be more important for the
visual assessment of asymmetry than others (15).
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Table V. Side comparison of some reference group’s cephalometric reference points (paired t-tests).

Measurement No. of Side Mean±SD, Difference of Min, Max, p-Value
individuals mm means, mm mm mm

Zygomatic To Z-plane 21 Both 28.37±3.65                  -                      22.62            35.95 -
arch 21 Left 28.62±4.08              0.682                  22.97            37.74 0.395

Right 28.13±3.66                                         20.66            34.16
To M-plane 21 Both 68.37±2.35                  -                      63.73            72.02 -

21 Left 68.02±2.52             −0.721                 57.84            72.19 0.396
Right 68.74±3.46                                         63.24            74.83

Distance between 21 Total 136.77±4.73                 -                    127.44          144.16 -
measurement points

Mastoid To Z-plane 21 Both 52.53±7.01                  -                      40.98            68.16 -
process 21 Left 52.90±7.33              0.636                  40.56            69.41 0.278

Right 52.17±7.10                                         41.39            66.91
To M-plane 21 Both 56.89±2.67                  -                      52.96            61.96 -

21 Left 56.23±3.29              −1.32                  50.08            63.38 0.293
Right 57.56±4.40                                         51.85            66.81

Distance between 21 Total 111.35±5.24                 -                    103.77          121.85 -
measurement points

Juga To Z-plane 21 Both 57.09±3.61                  -                      50.70            63.31 -
21 Left 57.14±3.93               0.95                   50.08            64.17 0.764

Right 57.04±3.42                                         51.17            62.44
To M-plane 21 Both 34.75±1.54                  -                      32.34            38.16 -

21 Left 34.37±1.87              0.777                  31.20            37.53 0.104
Right 35.15±1.75                                         31.92            39.14

Distance between 21 Total 69.54±3.08                  -                      64.67            76.35 -
measurement points

Antegonion To Z-plane 21 Both 98.39±5.75                  -                      85.03          107.25 -
21 Left 98,31±6.19             −0.167                 84.20          107.00 0.749

Right 98.47±5.55                                         85.81          107.54
To M-plane 21 Both 46.02±2.94                  -                      42.11             53.93 -

21 Left 46.00±4.11             −0.049                 37.68            57.19 0.960
Right 46.05±3.20                                         41.94            53.96

Distance between 21 Total 92.08±5.86                  -                      84.23          107.87 -
measurement points

Table VI. Angle of three planes of the facial skeleton relative to the
horizontal plane (Z-plane). Each angle is defined by intersection of the
respective plane and the Z-plane.

Angle Number Mean±SD, ˚ Min, ˚ Max, °
error coefficient 

(Houston, %)

Zygomatic 21 0.85±0.59 0.01 2.17
arch-plane 
and Z-plane
Juga-plane 21 0.88±0.71 0.06 2.48
and Z-plane
Antegonion-plane 21 1.09±0.93 0.14 3.55
and Z-plane



The determination of ‘invariable’ reference points has
played a major role in the controversy about evidence for
and the extent of asymmetry of the facial skull and the
assessment of whether cephalometry is a suitable tool for
examining skull symmetry (41, 42). In the quality assessment
of skull examination, the competence of the examiner in
determining the reference points is important. Repeating the
measurement leads to more precise determinations of the
measuring points. The agreement of the measured values is
generally higher in the intra-individual than in the inter-
individual comparison (31). Changing the examination
equipment requires corresponding calibrations of landmarks
(43). Some authors have rated the two-dimensional
representation of the skull as a technique that is based on an
impermissible reduction in the representation of skeletal
relationships and therefore judged the findings derived from
it to be of very limited use. It was claimed the deficiencies
of two-dimensional skull measurements can be rectified by
three-dimensional visualization of the skull and
measurements on reconstructed bone surfaces. However,
three-dimensional cephalometry also makes demands on the
definition of landmarks and the reproducibility of the
measured value (16-18, 44). Comparisons between two-
dimensional and three-dimensional cephalometry [cone beam
computed tomography (CBCT)] relate predominantly to data
generated by plain radiographs in lateral projection (18). A
recent review on studies evaluating the accuracy of
measuring symmetry of bilateral bone landmarks using
CBCT and PA cephalometry showed there to be no
differences between the two examination techniques (20).

Reliability of the cephalometric median sagittal plane to
determine left/right skull symmetry. Cephalometry is an
established and valued tool in skull analysis used for almost
100 years (1-5). The discussion about the methodological
limits of the radiological procedure has been going on for
almost as long (1-5, 16-18, 20, 45). However, the discussion

about potential individual and systematic errors in
radiography of skulls does not contradict the successful
clinical application of the technology in orthodontic planning
and monitoring the treatment of dental, dentoalveolar and
skeletal deformities (6, 7). Defining reference points of a
skull radiograph is of particular importance for measurement
accuracy. The determination of the reference plane is of
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Table VII. Overview of selected study reports presenting cephalometric measurement values. 

Measurement (mean±SD), mm

Authors/Year (Reference) Country No. Age, years AGL-AGR JL-JR ZAL-ZAR Remarks

Cortella et al., 1997 (23) USA 22 18 79.1±4.1 59.1±2.7 - Values corrected 
for radiographic 
enlargement

Al-Azemi et al., 2012 (22) Kuwait 159 13-14 82.4±5.39 62.7±4.88 125.8±7.43 Values corrected 
for radiographic 
enlargement

Athanasiou et al., 1992 (33) Austria 588 6-15 82.8±5.1 61.8±3.49 -
Uysal and Sari, 2005 (21) Turkey 46 Adult 90.2±7.36 61.3±4.85 128.4±7.25
Hesby et al., 2006 (34) USA 36 26.4 83.04±4.42 61.57±3.92 -
This study Germany 21 18-30 92.08±5.86 69.54±3.08 136.77±4.73

Figure 4. Bilaterians have an axis of symmetry to which individual limbs
are arranged in mirror symmetry (top figure). In the case of object
symmetry (lower figure), the plane of symmetry is part of the mirrored
object. In this geometric constellation, the skull is like a unit within
which a plane of symmetry is defined. However, defined bilateral parts
of the skull having no intersection with the symmetry axis can be
interpreted as mirror images of each other, for example the pinna or
orbit. Illustration from Klingenberg et al. (44), slightly modified. 



fundamental importance for the measurement process (6, 7).
The assumption of object symmetry applies to skull
measurement, i.e. the mirror image-like organization of the
skull is oriented towards a fictitious plane that lies within the
object and must be constructed (46). This reference plane is
usually referred to as the median sagittal on the en face skull
view (Figure 4). Single measuring points in the median
region of the body are used to define the median sagittal
plane. Asymmetry is rated by quantifying differences
between bilateral measurement points from the constructed
plane. If this reference plane is the yardstick for assessing
symmetry, the optimized approximation of the defining
measuring points of the median sagittal plane to the true
center of the skull becomes the essential step in determining
the validity of the measured values. Several studies have
shown that the farther chosen center points deviate from the
ideal of the median sagittal plane, the farther caudally these
points were chosen. Therefore, numerous authors have
advocated measurement points that can be identified in the
upper third of the skull (12, 14). The radiographic
measurement point ‘crista galli’ is of particular importance
as a central/median reference point (10, 13, 14). To obtain a
valid second measuring point on PA radiographs that defines
a median vertical line, the right-angled intersection of the
connection between crista galli and the Z-plane was chosen
in this study. The Z-plane (OrlaR-OrlaL) is a reliable
horizontal plane of the skull X-ray in PA projection (6, 7).
This cranial line is generally recognized to constitute an
intrinsic reference line for which distances and angles can be
measured with a precision sufficient for biological systems.
The median sagittal plane (M-plane) is defined as a midline
perpendicular to the orbital plane (Z-plane) running through
its rectangular intersection with Z-plane and crista galli. The
M-plane can reliably determine asymmetries of more caudal
sections of the skull (5, 6). In addition, a symmetry plane of
the skull base is far better suited to detecting asymmetries of
the facial skull than those that are defined within the midface
because skull symmetry decreases in the cranio-caudal
direction (5, 6).
The test results presented here show that the unilateral

skeletal point below the nose [anterior nasal spine (ANS),
synonym: spina] is by no means stable in the center line but
rather deviates from it measurably. Deviations of ANS from
the median sagittal plane are relevant for determining
maxillary developmental disorders, e.g., patients with cleft
lip and palate.
With the development of cross-sectional radiological

examination techniques, namely CT and CBCT,
cephalometric analyses based on the three-dimensional
representation of the skull have become possible (43).
However, these examination techniques are associated with
a higher level of radiation exposure and their application so
far has been reserved for specific diagnostics and scientific

questions. Furthermore, even in three-dimensional
cephalometry, the accuracy of the reproduction of a
measuring point remains a quality in need of improvement
(47), including the definition of a median sagittal plane to
determine skull symmetry (16, 48).

Positioning errors. The construction of vertical lines on PA
cephalograms is influenced by positioning errors (49).
However, in earlier studies it was shown that most vertical
lines accurately represent quantitative values for determining
true transverse symmetry. Only the connecting lines crista
galli–ANS and nasion–ANS were unsuitable for assessing
facial asymmetry (49). In this study, the variability of ANS
in relation to the median sagittal was considered and,
therefore, was not used as a measuring point to define a
reference plane but rather as a variable in relation to the
constructed median sagittal (vide supra). However, these
distances were very small in the reference group. The
influence of the skull symmetry on PA radiographs through
positioning errors of the skull is apparently less with
horizontal incorrect posture. There was an excellent
agreement between true asymmetries and measured vertical
asymmetries for all horizontal lines (49).

Analysis of measurement errors. All quantitative
measurements are based on the application of instrumental
technology and are therefore defined by the respective
technology. An examination technique is used for as long as
it meets the requirements. There is a high level of problem
awareness of the artificial representation of anatomical
conditions on cephalograms and influencing factors of
incorrect measurements (41, 42, 45, 50).
A recently published study on identification of landmark

errors in two-dimensional cephalometry describes high rates
of agreement between measured values in an intra- and inter-
observer comparison. Larger differences were only found for
the definition of the crista galli measuring point, especially
in the rate of the inter-examiner agreement. These
differences were assessed to be insignificant if the measuring
point is used for transverse analyses because the standard
deviation of the measuring point determination was small in
the X-axis (31). The crista galli reference point was used in
the present study to determine the mid-sagittal line. The
reproducibility of the location accuracy of the measuring
point was very high.

Comparison of radiographs and photography. The symmetry
of the face is assessed visually by the observer, i.e., the
surface of the face is assessed and not the skeleton.
However, the skeleton determines the orientation of the soft
tissue. On the other hand, asymmetries can occur both in the
soft tissue and in the skeleton. Only the combination of the
two components creates the respective face and any

in vivo 35: 2227-2237 (2021)

2234



deviations from the estimated symmetry (38). Analog
measuring points are used in anthropological studies that are
based on the physical examination of the subject. Direct
measurements on the face or on photographs of faces use the
point ‘subnasale’ to determine the midline. However, it has
been shown that this measuring point can deviate
considerably from the median sagittal. A current application
of photographic analysis of faces to define symmetry is a
recent study (19) aligning the midline at the point subnasale
and the center between the eyes and eyebrows. The study
was based on measurements and recommendations published
by Grimmons and Kappeyne (9). The investigation
confirmed the laterality of the face with a statistically non-
significant dominance of the right side. Interestingly, parallel
to the photographic documentation, the investigators made
PA-cephalograms of the same individuals and checked these
X-ray images for deviations in the symmetry of the facial
skull. The center line was determined as the line from the
center of the Z-plane through the ANS. The laterality of the
face was the same in both examination techniques. However,
it is very likely that a fixed point that is variable in relation
to the base of the skull, such as the ANS, influences the
determination of facial symmetry (38). In fact, the position
of the nose plays a crucial role in three-dimensional
perception of facial asymmetry (15). Interestingly, in this
study, symmetry assessments agreed based on the soft tissue
and bone measurement point. However, the question remains
unanswered as to whether the caudal skeletal measuring
point specifies a deviation from the median center line. The
asymmetry inherent in the measurement process potentially
increases the farther inferiorly the landmark which is used to
construct the mid-line perpendicular to the horizontal plane
is placed. In this way, significant lateral deviations of the
skeleton can also be caused by the definition of the (most
caudal) reference plane, e.g., menton (51).

Evaluation of some individual reference points as indicators
of skull symmetry. Zygoma: Current research shows a
remarkable degree of skeletal symmetry for the three-
dimensional configuration of the zygomatic bone on CBCT
images. The measured deviations of individually mirrored
zygomatic bones are on average 0.9 mm [CBCT, (52)] or
even less [CT, (53)]. These deviations are considered
acceptable, for example, for the design of orbital/zygomatic
bone substitutes (52). The results confirm earlier assessments
of craniofacial asymmetry using plain radiography and
CBCT on skulls of anthropological collections. Other authors
detected numerous asymmetries with quantitatively very low
values and judged these deviations to be clinically
insignificant (47). The comparison of our own study results
with published data shows that a carefully defined control
group provides the basis for further cephalometric studies
applying this examination technique (Table VII).

Juga: The juga measuring point can be determined very
easily and reproducibly and its identification is obviously
largely independent of radiological technology (40).
Analyzing J-J distance as a skull landmark, two studies
revealed no statistical differences between PA radiography
and three-dimensional skull radiography (CBCT vs. PA
cephalometry) (20). In the study of Kilic et al. (54), facial
symmetry of the control group was also demonstrated for the
measurement point ‘jugular process’.

Antegonial notch: The side comparison of the antegonion
measuring points on PA cephalograms are suitable for
revealing surgically relevant asymmetries of the mandible,
e.g., occurring in some patients with class III malocclusion
(54, 55). Interestingly, the distances of antegonion to the
median sagittal plane did not statistically significantly differ
from the control group of that study (54). 

Conclusion

Radiographic cephalometry of the skull in posterior-anterior
projection is a diagnostic standard in many human sciences.
The establishment of standards is defined by the respective
instrument and research material. The cephalometric results of
the study group are suitable for comparisons in further studies.

Conflicts of Interest
All Authors state that there are no conflicts of interest regarding the
publication of this study.

Authors’ Contributions
REF and HAS conceptualized the study. GC, REF, HTS and HAS
analyzed the radiographs. All Authors contributed to the article and
approved the article in its final version for publication.

Acknowledgements
The Authors would like to thank K. Wesker for providing the
graphic used for illustrating cephalometric reference points on the
surface of the skull.

References
1 Woo T: On the asymmetry of the human skull. Biometrika 22(3-

4): 324-352, 2017. DOI: 10.1093/biomet/22.3-4.324
2 Segner D and Hasund A: Individualisierte Kephalometrie, Fourth

Edition. HansaDont, Hamburg, 2003. 
3 Cohen MM Jr: Perspectives on craniofacial asymmetry. I. The

biology of asymmetry. Int J Oral Maxillofac Surg 24(1 Pt 1): 2-
7, 1995. PMID: 7782635. DOI: 10.1016/s0901-5027(05)80848-3

4 Hofrath H: Die Bedeutung der Röntgenfern- und
Abstandsaufnahme für die Diagnostik der Kieferanomalien.
Fortschr Kieferorthop 1: 232-258, 1931.

Friedrich et al: Skull Symmetry on PA Cephalograms

2235



5 Broadbent BH: A new x-ray technique and its application to
orthodontia. Angle Orthod 1: 45-66, 1931.

6 Graber LW, Vanarsdall RL, Vig KWL and Huang GJ:
Orthodontics. Current principles and techniques. Sixth Edition.
Elsevier, Oxford, 2016.

7 Kula K and Ghoneima A (eds): Cephalometry in Orthodontics:
2D and 3D, Batavia, IL, Quintessence Publishing, 2018.

8 Tenti FV: Cephalometric analysis as a tool for treatment
planning and evaluation. Eur J Orthod 3(4): 241-245, 1981.
PMID: 6945994. DOI: 10.1093/ejo/3.4.241

9 Grummons DC and Kappeyne van de Coppello MA: A frontal
asymmetry analysis. J Clin Orthod 21(7): 448-465, 1987. PMID:
3476493.

10 Krogman WM and Sassouni V: Syllabus in roentgenographic
cephalometry. Philadelphia Center for the Research of Child
Growth. Philadelphia, 1957.

11 Mulick JF: An investigation of craniofacial asymmetry using the
serial twin-study method. Am J Orthod 51: 112-129, 1965.
PMID: 14232060. DOI: 10.1016/0002-9416(65)90165-x

12 Letzer GM and Kronman JH: A posteroanterior cephalometric
evaluation of craniofacial asymmetry. Angle Orthod 37(3): 205-
211, 1967. PMID: 19919216. DOI: 10.1043/0003-
3219(1967)037<0205:APCEOC>2.0.CO;2

13 Vig PS and Hewitt AB: Asymmetry of the human facial skeleton.
Angle Orthod 45(2): 125-129, 1975. PMID: 1054939. DOI:
10.1043/0003-3219(1975)045<0125:AOTHFS>2.0.CO;2

14 Peck S, Peck L and Kataja M: Skeletal asymmetry in esthetically
pleasing faces. Angle Orthod 61(1): 43-48, 1991. PMID:
2012321. DOI: 10.1043/0003-3219(1991)061<0043:SAIEPF>
2.0.CO;2

15 Meyer-Marcotty P, Stellzig-Eisenhauer A, Bareis U, Hartmann J
and Kochel J: Three-dimensional perception of facial
asymmetry. Eur J Orthod 33(6): 647-653, 2011. PMID:
21355063. DOI: 10.1093/ejo/cjq146

16 Damstra J, Fourie Z, De Wit M and Ren Y: A three-dimensional
comparison of a morphometric and conventional cephalometric
midsagittal planes for craniofacial asymmetry. Clin Oral Investig
16(1): 285-294, 2012. PMID: 21271348. DOI: 10.1007/s00784-
011-0512-4

17 Pittayapat P, Limchaichana-Bolstad N, Willems G and Jacobs R:
Three-dimensional cephalometric analysis in orthodontics: a
systematic review. Orthod Craniofac Res 17(2): 69-91, 2014.
PMID: 24373559. DOI: 10.1111/ocr.12034

18 Lisboa Cde O, Masterson D, da Motta AF and Motta AT:
Reliability and reproducibility of three-dimensional
cephalometric landmarks using CBCT: a systematic review. J
Appl Oral Sci 23(2): 112-119, 2015. PMID: 26018303. DOI:
10.1590/1678-775720140336

19 Reddy MR, Bogavilli SR, Raghavendra V, Polina VS, Basha
SZ and Preetham R: Prevalence of facial asymmetry in
Tirupati population: A posteroanterior cephalometric and
photographic study. J Int Soc Prev Community Dent 6(Suppl
3): S205-S212, 2016. PMID: 28217538. DOI: 10.4103/2231-
0762.197194

20 Yousefi F, Rafiei E, Mahdian M, Mollabashi V, Saboonchi SS
and Hosseini SM: Comparison efficiency of posteroanterior
cephalometry and cone-beam computed tomography in detecting
craniofacial asymmetry: a systematic review. Contemp Clin Dent
10(2): 358-371, 2019. PMID: 32308303. DOI: 10.4103/
ccd.ccd_397_18

21 Uysal T and Sari Z: Posteroanterior cephalometric norms in
Turkish adults. Am J Orthod Dentofacial Orthop 127(3): 324-
332, 2005. PMID: 15775947. DOI: 10.1016/j.ajodo.
2003.11.028

22 Al-Azemi R and Årtun J: Posteroanterior cephalometric norms
for an adolescent Kuwaiti population. Eur J Orthod 34(3): 312-
317, 2012. PMID: 21402735. DOI: 10.1093/ejo/cjr007

23 Cortella S, Shofer FS and Ghafari J: Transverse development of
the jaws: norms for the posteroanterior cephalometric analysis.
Am J Orthod Dentofacial Orthop 112(5): 519-522, 1997. PMID:
9387839. DOI: 10.1016/s0889-5406(97)70079-9

24 Ibe D: Kephalometrisches Kontrollmaterial: Idealokklusion. Teil
1: Fehleranalyse. Kieferorthop Mittlg 7: 31-40, 1993.

25 Ibe D: Kephalometrisches Kontrollmaterial: Idealokklusion. Teil
II: Statistische Analyse. Kieferorthop Mittlg 9: 61-68, 1995. 

26 Friedrich RE, Lehmann JM, Rother J, Christ G, Zu Eulenburg
C, Scheuer HT and Scheuer HA: A lateral cephalometry study
of patients with neurofibromatosis type 1. J Craniomaxillofac
Surg 45(6): 809-820, 2017. PMID: 28365079. DOI: 10.1016/
j.jcms.2017.02.011

27 Axelsson S, Kjaer I, Bjørnland T and Storhaug K: Longitudinal
cephalometric standards for the neurocranium in Norwegians
from 6 to 21 years of age. Eur J Orthod 25(2): 185-198, 2003.
PMID: 12737217. DOI: 10.1093/ejo/25.2.185

28 Hasund A: Clinical cephalometry for the Bergen-technique.
Bergen, Norway, University of Bergen, Dental Institute, 1974.

29 Dahlberg G: Statistical Methods for Medical and Biological
Students. Interscience Publications, New York, 1940.

30 Houston WJ: The analysis of errors in orthodontic
measurements. Am J Orthod 83(5): 382-390, 1983. PMID:
6573846. DOI: 10.1016/0002-9416(83)90322-6

31 Ulkur F, Ozdemir F, Germec-Cakan D and Kaspar EC:
Landmark errors on posteroanterior cephalograms. Am J Orthod
Dentofacial Orthop 150(2): 324-331, 2016. PMID: 27476366.
DOI: 10.1016/j.ajodo.2016.01.016

32 Melnik AK: A cephalometric study of mandibular asymmetry in
a longitudinally followed sample of growing children. Am J
Orthod Dentofacial Orthop 101(4): 355-366, 1992. PMID:
1558065. DOI: 10.1016/S0889-5406(05)80329-4

33 Athanasiou AE, Droschl H and Bosch C: Data and patterns of
transverse dentofacial structure of 6- to 15-year-old children: a
posteroanterior cephalometric study. Am J Orthod Dentofacial
Orthop 101(5): 465-471, 1992. PMID: 1590296. DOI: 10.1016/
0889-5406(92)70121-P

34 Hesby RM, Marshall SD, Dawson DV, Southard KA, Casko JS,
Franciscus RG and Southard TE: Transverse skeletal and
dentoalveolar changes during growth. Am J Orthod Dentofacial
Orthop 130(6): 721-731, 2006. PMID: 17169734. DOI:
10.1016/j.ajodo.2005.03.026

35 van Vlijmen OJ, Maal TJ, Bergé SJ, Bronkhorst EM, Katsaros
C and Kuijpers-Jagtman AM: A comparison between two-
dimensional and three-dimensional cephalometry on frontal
radiographs and on cone beam computed tomography scans of
human skulls. Eur J Oral Sci 117(3): 300-305, 2009. PMID:
19583759. DOI: 10.1111/j.1600-0722.2009.00633.x

36 Grummons D and Ricketts RM: Frontal cephalometrics:
practical applications, part 2. World J Orthod 5(2): 99-119, 2004.
PMID: 15615129.

37 Rossi M, Ribeiro E and Smith R: Craniofacial asymmetry in
development: an anatomical study. Angle Orthod 73(4): 381-385,

in vivo 35: 2227-2237 (2021)

2236



2003. PMID: 12940558. DOI: 10.1043/0003-3219(2003)073
<0381:CAIDAA>2.0.CO;2

38 Rogers W: The influence of asymmetry of the muscles of
mastication upon the bones of the face. The Anatomical Record
131(4): 617-632, 1958. DOI: 10.1002/ar.1091310402

39 Farkas LG and Cheung G: Facial asymmetry in healthy North
American Caucasians. An anthropometrical study. Angle Orthod
51(1): 70-77, 1981. PMID: 6939355. DOI: 10.1043/0003-
3219(1981)051<0070:FAIHNA>2.0.CO;2

40 Tai B, Goonewardene MS, Murray K, Koong B and Islam SM:
The reliability of using postero-anterior cephalometry and cone-
beam CT to determine transverse dimensions in clinical practice.
Aust Orthod J 30(2): 132-142, 2014. PMID: 25549515.

41 Baumrind S and Frantz RC: The reliability of head film
measurements. 1. Landmark identification. Am J Orthod 60(2): 111-
127, 1971. PMID: 5283996. DOI: 10.1016/0002-9416(71)90028-5

42 Baumrind S and Frantz RC: The reliability of head film
measurements. 2. Conventional angular and linear measures. Am
J Orthod 60(5): 505-517, 1971. PMID: 5286677. DOI:
10.1016/0002-9416(71)90116-3

43 Sanders DA, Chandhoke TK, Uribe FA, Rigali PH and Nanda
R: Quantification of skeletal asymmetries in normal adolescents:
cone-beam computed tomography analysis. Prog Orthod 15(1):
26, 2014. PMID: 24935152. DOI: 10.1186/s40510-014-0026-0

44 Periago DR, Scarfe WC, Moshiri M, Scheetz JP, Silveira AM
and Farman AG: Linear accuracy and reliability of cone beam
CT derived 3-dimensional images constructed using an
orthodontic volumetric rendering program. Angle Orthod 78(3):
387-395, 2008. PMID: 18416632. DOI: 10.2319/122106-52.1

45 Leonardi R, Annunziata A and Caltabiano M: Landmark
identification error in posteroanterior cephalometric radiography.
A systematic review. Angle Orthod 78(4): 761-765, 2008. PMID:
18302479. DOI: 10.2319/0003-3219(2008)078[0761:LIEIPC]2.
0.CO;2

46 Klingenberg CP, Barluenga M and Meyer A: Shape analysis of
symmetric structures: quantifying variation among individuals
and asymmetry. Evolution 56(10): 1909-1920, 2002. PMID:
12449478. DOI: 10.1111/j.0014-3820.2002.tb00117.x

47 de Moraes ME, Hollender LG, Chen CS, Moraes LC and
Balducci I: Evaluating craniofacial asymmetry with digital
cephalometric images and cone-beam computed tomography.
Am J Orthod Dentofacial Orthop 139(6): e523-e531, 2011.
PMID: 21640864. DOI: 10.1016/j.ajodo.2010.10.020

48 Gateno J, Xia JJ and Teichgraeber JF: New 3-dimensional
cephalometric analysis for orthognathic surgery. J Oral
Maxillofac Surg 69(3): 606-622, 2011. PMID: 21257250. DOI:
10.1016/j.joms.2010.09.010

49 Trpkova B, Prasad NG, Lam EW, Raboud D, Glover KE and
Major PW: Assessment of facial asymmetries from
posteroanterior cephalograms: validity of reference lines. Am J
Orthod Dentofacial Orthop 123(5): 512-520, 2003. PMID:
12750669. DOI: 10.1067/mod.2003.S0889540602570347

50 Miller PA, Savara BS and Singh IJ: Analysis of errors in
cephalometric measurement of three-dimensional distances on
the maxilla. Angle Orthod 36(2): 169-175, 1966. PMID:
5218677. DOI: 10.1043/0003-3219(1966)036<0169:
AOEICM>2.0.CO;2

51 Preston B, Al-Sehaibany F and Salem O: The morphology of the
mandibular antegonial notches and facial symmetry. J Clin
Pediatr Dent 26(2): 155-160, 2002. PMID: 11874007. DOI:
10.17796/jcpd.26.2.av4179x75q3287k2

52 Ho JPTF, Schreurs R, Aydi S, Rezai R, Maal TJJ, van Wijk AJ,
Beenen LFM, Dubois L, Milstein DMJ and Becking AG: Natural
variation of the zygomaticomaxillary complex symmetry in
normal individuals. J Craniomaxillofac Surg 45(12): 1927-1933,
2017. PMID: 29046241. DOI: 10.1016/j.jcms.2017.09.017

53 Belcastro A, Willing R, Jenkyn T, Johnson M, Galil K and
Yazdani A: A three-dimensional analysis of zygomatic symmetry
in normal, uninjured faces. J Craniofac Surg 27(2): 504-508,
2016. PMID: 26967083. DOI: 10.1097/SCS.0000000000002210

54 Preston B, Al-Sehaibany F and Salem O: The morphology of the
mandibular antegonial notches and facial symmetry. J Clin
Pediatr Dent 26(2): 155-160, 2002. PMID: 11874007. DOI:
10.17796/jcpd.26.2.av4179x75q3287k2

55 Kilic N, Kilic SC and Catal G: Facial asymmetry in subjects
with class III malocclusion. Aust Orthod J 25(2): 158-162, 2009.
PMID: 20043552.

Received April 25, 2021
Revised May 17, 2021
Accepted May 18, 2021

Friedrich et al: Skull Symmetry on PA Cephalograms

2237


