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ABSTRACT

Introduction: It is universally accepted that the posteroanterior skull radiograph shows a lower degree of distor-
tion than other radiographic images, so that measurements on it are considered reliable. Objective: To determine the
percentage of distortion in the different facial regions of the postero-anterior skull radiograph. Methods: Thirty human
skulls with their jaws were divided by three horizontal and four vertical planes into fifteen quadrants; there were ten in
the skull and five in the jaw. On each of them a steel wire was placed in vertical and horizontal positions and their
length (actual measurement) was measured. Each set was X-rayed in posteroanterior projection and the length of the
wires was measured in the image (radiographic measurement). Results: It was not possible to measure in the lateral
quadrants of the skull. The horizontal measurement in the right and left lower intermediate quadrants of the skull and in
the intermediate and lateral quadrants of both sides of the mandible is not reliable; in the median quadrant of the mandi-
ble it is minimized; in the right and left upper intermediate and median quadrants of the skull and in the median of the
mandible it is magnified. Vertical measurements in all quadrants are reliable; in the right and left upper intermediate and
left upper and middle quadrants of the skull and in the right and left middle and lateral quadrants of the mandible it is
magnified; in the lower intermediate and upper and lower middle quadrants of the skull and median of the mandible it is
minimized. The least distortion for both measurements occurs in the upper median quadrant of the skull. Percentages of
distortion are reported for each quadrant. Conclusions: Distortion is present in the posteroanterior skull radiograph and
varies from one region of the face to another.
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health professionals, and it is one of the previous
steps to prescribe more complex and expensive
complementary studies, such as cone beam com-
puted tomography and magnetic resonance imag-
ingt®7.

An alternative to have greater diagnostic accu-
racy and to make the procedure more predictable
and reliable is the use of tomographic studies. Even
S0, cone beam computed tomography, universally
considered as 1:1, presents some distortion although
not significant, as evidenced by the work done by
Baena et al.®l in 2013, with the aggravating factor
that its high cost makes it unaffordable to many pa-
tients. This is why obtaining the maximum possible
information from a conventional radiograph is in-
valuable for the health professional, so different
comparative studies have been carried out between
conventional radiographs and computed tomogra-
phy®.10.11,

According to the literature review conducted
for this study, the distortion that can occur in the
various existing radiographic projections of the
skull has not been quantified or standardized for the
different facial regions. For this reason, the aim of
this study was to determine the percentage of dis-
tortion presented in the different facial regions of
the postero-anterior skull radiograph.

2. Methods

Thirty dry human skulls with their respective
mandibles, well preserved and without trauma, be-
longing to the Department of Morphology of the
Universidad del Valle in Cali, Colombia, were used.
The calvaria and the mandible were fixed to the
skull; in the edentulous skulls, an intercrestal space
of approximately 15 mm was left between the edges
of the alveolar bone crests of the maxilla and the
mandible. The calculation of this value was based
on the fact that normally, the upper central incisors
have an approximate length of 9-11 mm, the lower
central incisors 8-10 mm and that the “overbite” or
vertical overbite presents normal values between 0
and 4 mmt*2: additionally, bone resorption was in-
cluded, which can be 1-3 mm[3. Therefore, in or-
der to simulate the space that the teeth would occu-
py and maintain it in the skulls, a thick,

non-deformable foam block of the appropriate di-
mensions was placed in the intercrestal space. Sim-
ilarly, 5 mm thick soft foam blocks were placed in
the temporomandibular joints to recreate the joint
space.

To fulfill the objective of determining the dis-
tortion presented by the posteroanterior skull radio-
graph in different regions of the skull, the skull and
mandible were divided into 15 quadrants, for which
three horizontal planes and four vertical planes
were drawn, and a rectangular stainless steel wire of
different lengths and in vertical and horizontal posi-
tions was placed in each quadrant as an anatomical
and radiographic reference; a posteroanterior skull
radiograph was taken in each quadrant.

Figures 1 and 2 show the horizontal planes A,
B and C and vertical planes I, I', Il and II' in which
the skull and mandible were divided (Figure 1), as
well as the radiographic images (Figure 2). The
horizontal planes divide into upper, middle and
lower craniofacial thirds, while the vertical planes
delimit the median and intermediate and right and
left lateral regions. Plane A passes through the
steepest part of the infraorbital rims, plane B passes
through the occlusal plane and extends only to the
anterior border of each ramus of the mandible, and
plane C is parallel to the inferior border of the chin.
The occlusal plane is the plane drawn between the
incisal edges of the lower incisor teeth and the tips
of the buccal cusps of the lower molars; it is not
normally a plane, however, it is considered the
midplane of the curvature of these surfacest.
Since the present work had edentulous skulls and
mandibles, but a 15 mm intercrestal space was pre-
served, and the occlusal plane was traced through
the middle of this space. In the upper third are es-
sentially the orbits, the upper part of the nasal cavi-
ty and the upper part of the skull up to its apex. The
middle third contains mainly the lower part of the
nasal cavity and most of the maxillae. The lower
third basically corresponds to the mandible with
its body and branches.
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Figure 1. Frontal view of one of the dry skulls used in the study,
showing the foam placed in the intercrestal space to simulate the
space that the teeth would occupy. Also shown are the three
horizontal and four vertical planes drawn to delimit the 15
quadrants in the skull and jaw, as well as the location of rec-
tangular stainless-steel wires of different lengths, positioned
vertically and horizontally.

Planes

Plane C

Figure 2. Postero-anterior radiograph of the skull with hori-
zontal planes A, B and C and vertical planes I, I', 1l and 11" used
to delimit the 15 quadrants into which the skull and mandible
were divided. The radiological image of the rectangular wires of
different lengths placed vertically and horizontally in each of the
15 quadrants is also shown.

Planes | and I' pass through the most medi-
al border of the right and left infraorbital foramina
respectively, and planes Il and II' pass through the
anterior border of each ramus of the mandible. The
median region located between planes | and I', the
right and left intermediate regions located between
planes | and Il and planes I' and II' respectively, and
the right and left lateral regions located laterally to
planes 1l and II' respectively, were thus delimited.
With the thirds and regions thus delimited, 15
guadrants were demarcated and numbered from 1 to
15, successively from top to bottom and from right
to left. It is pertinent to clarify that, since plane B
only extends to the anterior border of each branch
of the mandible, in the right and left lateral regions
a small horizontal plane was drawn at the level of
the inferior border of the zygomatic arch in order to
delimit middle and inferior right and left lateral
guadrants; so that quadrants 6 and 10 corresponded
to the zygomatic arch on each side and quadrants 11
and 15 covered the entire branch of the mandible
on both sides. This is because in clinical practice,
the mandibular ramus is considered as a single unit
when measurements are taken on it.

The anatomical and radiographic reference that
was placed in each quadrant to take the horizontal
and vertical measurements is a rectangular stain-
less-steel wire of 0.019 mm high x 0.025 mm
wide, but of different lengths, as shown in Figure 1.
The set of skulls and their jaws with the wires posi-
tioned, were taken to a radiological center in the
city of Cali to take the corresponding posteroanteri-
or skull radiograph, simulating that of a patient.
Bilaterallyy, a 1 cm® thick, non-deformable
foam block was placed at the level of the pterion to
support the radiographic equipment. The equipment
warheads were introduced in both external auditory
canals in order to place the skull with the Frankfort
plane! parallel to the floor and to center the mid-
line, to avoid possible rotations of the skull. A
posteroanterior radiograph was taken of each skull,
at a distance of 1.8 m from the specimen, using 20.3
cm x 25.4 cm plates, with Orthophos Plus Ceph
equipment (Dentsply Sirona, New York, USA). Due
to the absence of soft tissues, the radiographs were
taken with a tube voltage and current of 60 kV and
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9 mA respectively. To achieve a better contrast be-
tween the bone and the radiopaque material used as
a reference, two veiled radiographs were placed
inside the chassis, one in front of and one behind
the radiographic plate that was to be hit by the
X-rays. Likewise, the plate had to be passed very
quickly through the developing liquid (60 s).

Measurements of the wires placed on the
skulls (Figure 1) and of these on the radiographs
(Figure 2) were taken with a Bulltools electronic
digital caliper (Bulltools, Maxwell, San Diego,
USA), with a resolution of 0.01 mm/0.0005", preci-
sion of £0.02 mm/0.001" and repeatability 0.01
mm/0.0005". After every fifth measurement, it was
calibrated with a KLS MARTIN compass (Karl
Leibinger Medizintechnik, Tuttlingen, Germany)
with extra-fine and straight tips. All measure-
ments, both real and radiographic, were per-
formed by the same researcher (Zufiiga) but the cut-
ting of the wires and their placement in the skulls
and jaws were performed by the other two (Pefia
and Baena). The data were recorded in a format
specially designed by the researchers for this work
and the only variable considered in the study was
the length of the wires, which was measured both in
the dry skulls and jaws (real measurement) and in
the radiological images of the wires (radiographic
measurement).

For the statistical analysis of the data, which
consists of comparing the real measurements with
the radiological measurements and obtaining the
difference between the two, an electronic spread-
sheet in Excel (Microsoft Corporation, Redmond
WA, USA) was used, designed especially for this
work by Professor Hugo Hurtado, Master in Public
Health and Biostatistics of the Universidad del Valle,
in Cali, Colombia. Taking into account that the ob-
jective of this study was to measure the concord-
ance or discordance between the real measurement
and the radiographic measurement, it was consid-
ered that the test best suited to achieve this purpose
was the concordance correlation coefficient (CCC);
likewise, the confidence interval of the concordance
correlation coefficient (ICccc) was calculated and
the mean of the differences and the radiographic
measurement versus the real measurement were

plotted. These graphs are not published in the cur-
rent text for space reasons, but can be consulted
with the principal investigator (Zufiga).

The aforementioned analysis was applied in
each of the 30 skulls to each of the vertical and
horizontal measurements in the quadrants in which
it was possible to take them. The analysis of the
results was performed based on a scale of values,
according to which CCC values close to 1 indicate
that the concordance between the two measure-
ments is maximum, i.e. the difference between them
is close to zero (0); CCC values between 0 and 0.10
are considered very low, between 0.11 and 0.39
low, between 0.40 and 0.79 moderate, between 0.80
and 0.89 high and above 0.90 very high®l. Only the
CCC values whose confidence intervals (CI) had a
lower limit equal to or greater than 0.80 were con-
sidered high or very high and the measurements
taken in the quadrants that had such values were
considered reliable. The present work was en-
dorsed by the Human Ethics Committee of the
Universidad del Valle.

3. Results

Due to the lateral position, in quadrants 1 and
5, it was not possible to determine the location of
the ends of the wires to measure their length and
they were eliminated. It was also impossible to ob-
tain the CCC in quadrants 6 and 10 because there is
a great overlapping of the anatomical structures,
which generates very radiopaque images that do not
allow to differentiate well the wires placed in them
to measure them.

The results obtained for the vertical and hori-
zontal measurements are shown in Tables 1 and 2
respectively. For reasons of space, only the results
obtained in one of the reliable quadrants are ex-
plained, quadrant 2 for the vertical measurements:
the CCC for this quadrant is 0.9634, with an
ICccc between 0.9421 and 0.9846, which indicates
that the agreement between the real and radio-
graphic measurements is very high and the mean of
the differences (8) between these measurements is
reliable, with an average value of 0.59 mm and a 95%
Cl of 0.49 mm-0.69 mm. In this quadrant the radi-
ographic measurement is higher than the real one,
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which represents a magnification percentage of
1.70%, where the upper and lower limits expressed
in percentages are 1.99% and 1.41% respectively.

Figure 3 shows the percentages of distortion pre-
sented in each of the quadrants for the vertical and
horizontal measurements.

Table 1. Vertical measurement by quadrant for postero-anterior skull radiographs

Square Confidence interval Limits of difference Concept
Superior Medium Lower Superior Medium Lower
2 0.9846 0.963 0.9421 1.99 1.70 141 Reliable
3 0.9982 0.993 0.9884 0.75 -0.48 -1.72 Reliable
4 0.9880 0.972 0.9565 1.54 1.36 1.17 Reliable
7 0.9936 0.977 0.9618 0.40 -0.92 -2.24 Reliable
8 0.9965 0.987 0.9782 -0.12 -1.58 -3.04 Reliable
9 0.9951 0.981 0.9685 -0.07 -1.20 -2.34 Reliable
11 0.9930 0.979 0.9669 4.85 3.48 2.11 Reliable
12 0.9943 0.983 0.9730 251 0.35 -1.82 Reliable
13 0.9965 0.987 0.9786 1.54 -0.10 -1.75 Reliable
14 0.9933 0.982 0.9726 2.69 0.84 -1.02 Reliable
15 0.9876 0.964 0.9411 5.12 3.47 181 Reliable
* Negative values indicate minimization, others magnification.
Table 2. Horizontal measurement per quadrant for postero-anterior skull radiography

Confidence interval Limits of difference Concept

Superior Medium Lower Superio Medium Lower
2 0.9858 0.9646 0.9433 1.17 0.98 0.79 Reliable
3 0.9960 0.9898 0.9836 3.01 251 2.02 Reliable
4 0.9830 0.9599 0.9368 1.40 1.21 1.01 Reliable
7 0.1724 0.1012 0.0301 -58.33 - -73.42 No
8 0.9901 0.9696 0.9491 1.84 1.36 0.87 Reliable
9 0.1219 0.0535 -0.0149 -59.43 - -78.96 No
11 0.0860 0.0513 0.0166 -58.70 - -68.03 No
12 0.5717 0.4161 0.2604 -26.10 - -35.57 No
13 0.9939 0.9805 0.9671 -2.80 -4.50 -6.21 Reliable
14 0.5844 0.4318 0.2792 -27.95 - -37.74 No
15 0.0611 0.0294 -0.0022 -55.01 - -67.07 No
* Negative values indicate minimization, others magnification.

quadrants.

Planes 1 I o

8
MV D.48% MV 1,36%
MH 2.51 % MH 1.21 %

MV 1.70 %

Plane A —§

Plane B

MV 3.48 % X o % MV 3.47 %

a
MH 4.50 %

Plane C

Figure 3. Scheme made based on the data in tables 1 and 2,
showing the percentage of distortion present in each of the 15

Note: The vertical measurements (MV) in quadrants 3, 7, 8, 8, 9
and 13 are of minimization and in the others are of magnification.
The horizontal measurement in quadrant 13 is of minimization
and in the others is of magnification.

4. Discussion

Given that in quadrants 7, 9, 11, 12, 14 and 15
the CCC for horizontal measurements is less than
0.80, indicating that the agreement in them is null,
low or moderate, and that the mean of the differ-
ences between real and radiographic measurements
(6) is not reliable, it is advisable not to take refer-
ence measurements in these quadrants. Horizontal
measurements in paramedian quadrants 7, 9, 12 and
14 and lateral quadrants 1, 5, 6, 10, 11 and 15 are
also unreliable. This may be due to the variable di-
rection with which the X-rays emitted by the source
contact the bony structures of the skull. In struc-
tures such as the maxillomolar pillar, the region of
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the tuberosity of the maxilla or the body of the
mandible, where initially a posterior curve is gener-
ated and then, from the mandibular angle, it turns
upwards to form the ramus, the direction in which
the rays strike them is not always perpendicular and
in some parts they do so tangentially, with varying
degrees of angulation, greatly affecting the hori-
zontal measurement. The same does not occur with
the vertical measurement, since all the wire is on
the same plane and the rays strike in a similar way
along the whole length of it; this is why in the ver-
tical measurements taken in all the quadrants con-
sidered, the CCC is higher than 0.90, which indi-
cates that the concordance is very high and the
Mean Difference between the radiographic and real
measurements (d) is reliable, with a confidence in-
terval of 95%.

Given that in quadrant 13 the horizontal meas-
urement is minimized, while in quadrants 2, 3, 4
and 8 it is magnified and that the vertical measure-
ment in quadrants 3, 7, 8, 9 and 13 is minimized
and in quadrants 2, 4, 11, 12, 14 and 15 it is magni-
fied, it is possible to affirm that in the posteroante-
rior skull radiographs the ratio of the real versus the
radiographic measurements is not 1:1 in all the ex-
tension of the plate, as is generally accepted.
Therefore, it is evident that distortion exists and,
even if it is not significant in some quadrants, there
is not a single quadrant in which it is not present.
Although the distortion in the quadrants is variable,
when comparing those on the right side with the
corresponding ones on the left side, for example,
guadrant 2 with quadrant 4, quadrant 7 with quad-
rant 9, quadrant 12 with quadrant 14, etc., it is evi-
dent that the distortion, whether due to magnifica-
tion or minimization, is similar and this supports the
use of this radiograph to evaluate facial asymme-
tries. The greatest distortion in the horizontal meas-
urements was in quadrant 13 (4.50% of minimiza-
tion), while in the vertical measurements it was in
guadrants 11 and 15 (3.48% and 3.47% of magnifi-
cation, respectively).

Performing measurements in quadrants of high
or very high reliability, taking into account the per-
centage of magnification or minimization, can be
very useful, such as those taken in the aditus of the

orbit, frontal region, frontomalar pillar, supraorbital,
infraorbital and mental foramina, ethmoidal and
maxillary sinuses, pyriform opening of the nasal
cavity and nasal conchae, among others. In this re-
gard, Ghorai et al.l*®! were able to determine the sex
of the skulls using radiographs with the Caldwell
projection technique to measure the opening or ad-
itus of the orbits and the distance between the me-
dial wall of the orbits.

It should be emphasized that improper posi-
tioning of the patient, especially when the head is
rotated, generates extreme alterations in the size and
shape of the anatomical structures, producing
greater distortion in each quadrant*”18l, In this re-
gard, Damastra et al.l’®1 compared postero-anterior
skull radiographs with cone beam computed to-
mography to detect mandibular asymmetries, and
found that the tomographic images were more reli-
able and accurate; therefore, it is inferred that if
surgical correction is required, it would not be ad-
visable to use only postero-anterior skull radiog-
raphy for its planning.

Standardizing the distortion for each quadrant
of the skull and jaw is very important to ensure that
the images of postero-anterior skull radiographs are
used in a more reliable and safe way, and that
treatments can be planned in a more predictable
way and with less possibility of error. To date, no
published work has been found that reports in detail
the percentage of distortion, either magnification or
minimization, that is present in the different regions
of the skull and mandible, with data for vertical and
horizontal measurements, as the present work does.
Since the highest percentage of distortion occurs in
the lateral quadrants of the skull, it is recommended
to use a more precise radiological method when
working in these regions, such as cone beam com-
puted tomography. Finally, it is advisable to divide
the skull and mandible into the quadrants postulated
in this study and apply the necessary corrections to
the horizontal and vertical measurements taken in
them, taking into account the percentages of magni-
fication or minimization provided by this study.

5. Conclusions

The postero-anterior skull radiograph is not a
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1:1 image because distortion was present in all faci-
al regions, which varied for vertical and horizontal
measurements, being more reliable those of the
central and paramedian regions of the upper third of
the skull. On the other hand, the percentage of dis-
tortion for vertical and horizontal measurements is
relatively small and is similar in the corresponding
guadrants of each side of the skull.
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