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Comparative Assessment of Vertical
Facial Asymmetry Using Posteroanterior
Cephalogram and Orthopantomogram

Abstract

Objective: The aim of this study was to assess and correlate the asymmetry
indices in maxillary and mandibular regions derived from posteroanterior (PA)
cephalogram and standardized digital orthopantomogram (OPG).

Material and methods: Out of 1080 patients evaluated, 31 subjects with gross
facial asymmetry were selected who required PA cephalogram for diagnosis
of facial asymmetry and a routine OPG was also taken. Asymmetry indices
were calculated from bilateral linear measurements. Distortion factor was also
calculated in horizontal and vertical directions for both the radiographs.

Results: From the evaluated parameters, Condyle had the highest asymmetry
index, while maxilla had the lowest asymmetry index. The asymmetry indices
were not statistically significantly different between the two radiographs. All
indices except corpus index were highly significantly positively correlated between
standardized digital OPG and PA cephalogram.

Conclusion: Standardized digital OPG can be used to calculate the right-left
difference for both maxilla and posterior mandible, based on asymmetry indices
derived from vertical parameters for preliminary diagnosis.
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Introduction

Perfect body asymmetry is largely a theoretical concept
that seldom exists in living organisms [1]. Asymmetry in the
craniofacial areas can be recognized as differences in the size
or relationship of the two sides of the face. This may be the
result of discrepancies either in the form of individual bones or
a malposition of one or more bones in the craniofacial complex.
The asymmetry may also be limited to the overlying soft tissues

[2].

Several sorts of radiographic measurements have been applied
for the quantification of craniofacial asymmetry including
linear distances, angles, ratios and side-to-side differences
on frontal radiographs or Posteroanterior (PA) cephalogram,
orthopantomogram (OPG), 3D imaging such as computed
tomography, MRl etc.

Posteroanterior cephalometry has been the most commonly
used means to evaluate and measure facial asymmetry since
decades. In many areas, the unavailability of 3D imaging still
makes the 2D radiographs such as PA cephalogram the basis for
diagnosing craniofacial asymmetry. All horizontal lines connecting
bilateral cranial landmarks and vertical lines perpendicular to
these horizontal lines can adequately serve as reference lines
in the analysis of vertical asymmetry from PA cephalograms, if
landmark identification error is acceptable [3].

Vertical measurements on panoramic radiograph, within
limitations are more accurate than horizontal/ transverse
and angular measurements [4]. Subject areas in the literature
suggest that OPG can be applied to evaluate vertical posterior
mandibular asymmetry [5]. Panoramic radiography is relatively
accessible and provides a bilateral view of the mandible, and
vertical measurements can be constructed [6-9]. These reports
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suggested that panoramic radiographs yield acceptable results,
are noninvasive, have a favorable cost-benefit relationship, and
expose subjects to relatively low doses of radiation [10].

Measurements on panoramic radiographs have been called into
question because of considerable methodological errors [11].
Still, some researchers feel that standardized positioning of the
head and the use of a bite block reduce most of these distortions
[7,8]. Most authors suggest that the reproducibility of vertical
and angular measurements is acceptable provided the patient’s
head is positioned properly in the equipment [4,12].

Thus, there is an indigence of a valid and reproducible method for
assessing facial asymmetry which can be of clinical value in day to
day orthodontic practice. Identifying facial asymmetry at an early
age in a growing patient can help prevent more disfigurement
to the face that would otherwise be attributed by growth as
individual approaches adolescence. As orthopantomogram is a
routine radiographic record for all orthodontic patients, ruling
out asymmetry at any stage during diagnosis and treatment
planning is helpful especially at an early age during the growth
period. Treating asymmetry at an early age is less traumatic to
the patient and easier for clinicians, with growth offering itself as
a treatment-augmenting-tool at clinician’s disposal.

The aim of the current study was-

e To assess and correlate the asymmetry indices in
posteroanterior cephalogram and standardized digital
orthopantomogram as a tool for diagnosing posterior
mandibular asymmetry, and

e To compare and correlate condylar indices using Habet’s
and Kjellberg’s formulae.

Materials and Methods

Sample selection

Selection of subjects was based on clinical observation of the
gross clinically appreciable facial asymmetry.

Inclusion criteria:

e Age: 18-40 years

e Clinically appreciable facial asymmetry

e Visible chin deviation off the facial midline (>2 mm)
Exclusion criteria

e Patients, already undergoing treatment for asymmetry,
not having OPG and PA cephalogram.

e Chin deviation due to functional shift of mandible.

e Asymmetry due to Cyst, tumor, abscess etc. of hard and
soft tissues of the face and jaws.

e C(left lip and palate
e Asymmetry due to muscular hypertrophy unilaterally.

A total of 31 subjects (21 men; 10 women) were selected based
on these selection criteria.
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Imaging and evaluation of measurements

The procedure was explained to the patients regarding the
movement of the tube around the patient’s head while taking
panoramic radiograph. Patient was asked to remove the
eyeglasses, earrings, dentures, hairpins, etc. Patient can stand
erectly in the machine with anterior teeth biting on the bite
fork and dorsum of the tongue against the palate. The head
was aligned with the mid sagittal plane perpendicular to the
floor and the chin was adjusted so that the Frankfurt line stays
parallel to the floor. Lateral head stabilizers are used to ensure
that the patient’s head is within the optimum focal trough. Lasers
for midsagital plane, Frankfurt horizontal plane and vertical
canine line were used to position the head within the machinery
(Kodak 8000C, Carestream Health Inc. NY, USA). The exposure
parameters for orthopantomogram (73 kV, 12 mA, 13.9 seconds)
and PA cephalogram (90 kV, 10 mA, 1.00 seconds) were constant
for all exposures. All the radiographs were taken by a single
operator. Ethical committee of the institution approved the
research proposal. Informed consent was given to all the selected
subjects for the study regarding the need for PA cephalogram
and a routine standardized digital panoramic radiograph.

Vertical measurement of condyles, coronoid processes, ramus,
Co-Go distance and maxilla were recorded on both sides in
orthopantomogram and PA cephalograms shown in Figures 1
and 2. Schematic representations of measurements as described
by Habet’s and Kjellberg. Asymmetry index and condylar ratio
were drawn for each structure by the following formula:

right-left measurement

Asymmetry index= % 100%

right+left measurement

@) small side score
x 100 %

Kjellberg's symmetry index/condylar ratio= m
(—j large side score
RH

Statistical calculations

Data analysis was carried out on a personal computer using
the Statistical Package for Social Sciences (SPSS Inc., version
21.0, Chicago, Ill, USA) software for Windows. Descriptive
statistics were computed together (Table 1) and separately
for both males and females for age and asymmetry indices to
investigate relationship between genders (Table 2). Hence, data
for both genders were pooled for further analysis. Four weeks
after the first measurements, all measurements for determining
asymmetry indices were repeated by the same observer and
another trained observer separately, on five randomly selected
OPG and five PA cephalograms and paired t-test was used to
determine statistically significant differences for intra-observer
and inter-observer errors (Tables 3 and 4). Test for significant
differences between the asymmetry indices from both OPG and
PA cephalogram were analysed and conducted using independent
t-test (Table 5). Correlation between respective indices from
OPGs and PA cephalograms was derived and evaluated for
significance (Table 6). Level of significance for all tests was set
at <0.05.
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Points:

Or = Orbitale, the lower most point on the orbit
outline

Go = constructed point at the angle of the
mandible

Me = menton

Co = Condylion, superior most point on condylar
outline

Sn = deepest point in the sigmoid notch outline

Measurements:
1= Condylar height
2 = Coronoid height
3 = Ramal height

4 = Corpus length

5 = Co-Go length

6 = Maxillary length

Figure1 Diagrammatic representation of the OPG analysis.
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Points:

Or = Orbitale, the lower most point on the orbit outline
Go = constructed point at the angle of the mandible
Me = menton

Co = Condylion, superior most point on condylar outline
Sn = deepest point in the sigmoid notch outline
Measurements:

1= Condylar height

2 = Coronoid height

3 = Ramal height

4 = Corpus length

5 = Co-Go length

6 = Maxillary length

K Figure2 Diagrammatic representation of PA cephalogram tracing. )
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Results

The condyle asymmetry index was the highest amongst all the
observed variables (23.59 + 5.92 for OPG and 20.67 + 4.54 for
PA cephalogram). No statistically significant differences in
asymmetry indices were found between OPG and PA cephalogram
(Table 1). Mean age for male and female subjects was 21.29 +4.35
and 19.53 + 2.96 years respectively. There was no statistically
significant difference between the genders regarding the age
or indices. (p>0.05) (Table 2). To further explore the statistical
relationship of similarities between the asymmetry indices OPG
and PA cephalogram, correlation coefficients and significance of
the correlation were computed. There was positive correlation
between all indices measured from the PA cephalogram and
OPG (Table 3). Asymmetry indices for the condyle and Co-Go
distance and condylar ratio (Kjellberg) derived from OPG were
found to be statistically highly significantly correlated with those
derived from PA cephalogram (p<0.01). Intra-observer and inter-
observer errors were within 0.809 to 0.997. The magnification
and distortion factors are shown in Table 4 for right and left
sides, which showed no asymmetric enlargement or asymmetric
shortening of bilateral wire markers. Habet’s and Kjellberg’s indices
correlated significantly negatively with each other (Table 5).

Discussion

The present study was undertaken to evaluate, compare
and correlate the asymmetry indices derived from linear
measurements of mandibular posterior region on PAcephalogram
and orthopantomogram .

The patients were selected based on the gross facial asymmetry
and clinically appreciable chin deviation on clinical examination,
who required PA cephalogram for the evaluation of facial
asymmetry. The reason why we selected the subjects with >2 mm
was because, according to a criterion used previously [13,14],
chin deviation of more than 2 mm was considered asymmetric.

Since orthopantomogram is more routinely prescribed radiograph
in orthodontic practice, the shape of mandibular ramus and
condyle etc. on both sides can be grossly compared at a primary
level [15]. On the other hand, cephalometric PA projection is a
valuable tool for estimating asymmetry between right and left
structures, since they are located at equal distances from the film
and X-ray source [16].

In most cases, the presence and degree of facial asymmetry can
be diagnosed by PA cephalogram [17-19]. Since this projection
has been the conventional radiograph for evaluating the facial
asymmetryfordecades, itisinterestingtocomparethe asymmetry
derived from PA cephalogram and orthopantomogram. The
purpose of the present study was to evaluate and compare the
asymmetry indices derived from various linear measurements
from panoramic radiograph and PA cephalogram in patients
exhibiting gross facial asymmetry. The aim of the study was to
see if orthopantomogram can be routinely used to assess the
facial asymmetry as a screening aid for orthodontic patients.
This would be particularly beneficial to the growing orthodontic
patients, in whom developing asymmetry can be intercepted and
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Table 1 Comparison of different facial asymmetry indices derived from
OPG and PA cephalogram.

St Asy.mmetry N Mean Standard Min. Max. p-value
No. index error
Condyle 0.697
1. (T OPG 31 2359 5.92 0 100 NS
PA
31 20.67 4.54 1.89 100
cephalogram
Condyle 0.422
2. (Kiellberg) OPG 31 742 592 0 9938 NS
PA 31 67.8 5.23 0 97.94
cephalogram
3. Ramus OPG 31 496 1.04 0 32.03 0"\1136
PA 31 7.04 0.95 0 195
cephalogram
4.  Corpus OPG 31 518 0381 0 173 0.'\115536
PA 31 6.94 1.04 0.93 22.02
cephalogram
5. Maxilla OPG 31 472 1.02 0 2235 0"326
PA 31 453 0.96 0 21.57
cephalogram
6. Co-Go OPG 31 7.19 1.5 0 30.59 0.'355
PA 31 7.28 1.37 0 [28.14
cephalogram

NS=Non-significant

Table 2 Comparison of mean values of age and asymmetry indices
between male and female subjects.

Parameters tested Mean p-value Sig.
values
Males Females
(n=21) (n=10)
Age (years) 2129 19.53  0.165 NS
Condyle Index OPG 27.6 15.17 0.334 NS
(Habet’s formula) | PA cephalogram = 23.34  15.07  0.404 NS
Condylar ratio OPG 71.09 80.71 0.457 NS
(Kiellberg's | b\ cephalogram | 65.02 | 73.63 | 0.451 | NS
formula)
Ramus Index OPG 5.64 3.53 0.353 NS
(Habet’s formula) @ PA cephalogram 6.86 4.57 0.788 | NS
Corpus Index OPG 5.55 4.39 0.509 NS
(Habet’s formula) | PA cephalogram 7.8 5.12 0.231 NS
Maxilla Index OPG 4.98 4.16 0.717 NS
(Habet’s formula) @ PA cephalogram 4.56 4.48 0.969 NS
Co-Go Index OPG 8.49 4.46 0.214 NS
(Habet’s formula) @ PA cephalogram 7.97 5.85 0.48 NS

NS=non-significant (p>0.05)

prevented from further worsening and also in cases of subclinical
asymmetry which may be masked by soft tissues or otherwise.

Linear measurements from both the radiographs contain
distortion and magnification in different regions of the imaged
areas, more so in case of panoramic radiographs. Hence, it would
have been unreasonable to compare the linear measurements

This Article is Available in: www.jbiomeds.com



Table 3 Pearson correlation coefficient of asymmetry indices derived
from OPG and PA cephalogram and their significance levels.

Parameters Mean value Si
tested values P B
Males Females
(n=21) (n=10)
Age (years) 21.29 19.53 0.165 NS
Condyle Index OPG 27.6 15.17 0.334 NS
[eloEts PA cephalogram 2334 1507  0.404 NS
formula)
Condylar ratio OPG 71.09 80.71 0.457 NS
Tl PA cephalogram | 65.02 73.63 0.451 NS
formula)

Ramus Index OPG 5.64 3.53 0.353 NS
(Habet's | o\ cephalogram | 6.86 | 457 | 0788 | NS
formula)

Corpus Index OPG 5.55 4.39 0.509 NS
LRl PA cephalogram = 7.8 512 0231 NS
formula)

Maxilla Index OPG 4.98 4.16 0.717 NS
URelbeEs PA cephalogram 456  4.48 0969 NS
formula)

Co-Go Index OPG 8.49 4.46 0.214 NS
[elbtts PA cephalogram 7.97 5.85 0.48 NS
formula)

*- p<0.05 (statistically significant correlation)
**_p<0.0001 (highly statistically significant correlation)

Table 4 Pearson correlation coefficient of asymmetry indices derived
from OPG and PA cephalogram and their significance levels.

Sr. Asymmetry index Correlation Significance
No. Y i coefficient (2-tailed)
1. Condyle (Habet's OPG 31 0894  0.000**
formula)
PA 31
cephalogram
2. Condyleratio OPG 31 0709 0.000**
(Kjellberg’s formula)
PA 31
cephalogram
3. Co-Go distance OPG 31 0.857 0.000**
(Habet’s formula)

from both the radiographs. Some authors [20,21] have suggested
the use of ratiooverthelineardimensions especiallyinradiographs
where chances of inherent errors like distortion, magnification
either due to projection geometry or due to patient positioning,
shadows the accuracy in determining the right left differences or
asymmetry. With respect to panoramic radiographs, Van Eslande
[20] stated that by using the ratio, condylar height asymmetries
can be identified. According to Kjellberg [21], the ratio is not
affected by positioning error, distortion, or magnification in
panoramic images. Hence, asymmetry index was used to quantify
asymmetry in the present study.

Vertical measurements on orthopantomogram are relatively
more reliable [22-24] and may be used if patient positioning is
accurate [4,25] Mawani et al. [26] reported greater magnification

© Under License of Creative Commons Attribution 3.0 License
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in horizontal dimension than in vertical dimension in assessing
the condylar shape on digital panoramic images of dry skulls.
According to Larheim et al. [4], horizontal measurements have
been reported to be unreliable because of the variation in
magnification factor.

According to Graber, the magnification of orthopantomogram is
uniform and should not materially affect the diagnostic decision
[27]. The magnification errors were reduced by accurate and
reproducible patient positioning. Besides all these precautions,
all the radiographs were taken by a single operator to reduce the
inconsistency in patient positioning. Magnification factor was
further checked by evaluating the distortion factor in vertical and
horizontal plane by using stainless steel wire on a dry skull. The
distortion factors are shown in Table 7. For both right and left
sides which showed no asymmetric enlargement or asymmetric
shortening of the bilateral wire markers. The magnification factor
was derived from dividing the radiographic length of the wire
marker by the actual length of the wire marker. The distortion

Table 5 Intra-observer error with paired t-test results and correlation
coefficients.

Sr. Asymmetry . Correlation - Sig.
No. index Radiverart coefficient (2-tailed)
1, Condyle OPG 0986  0.002 1.224 0.288
(Habet’s)
PA
0.994 0.006 -1.399 0.256
cephalogram
5, | Condyle OPG 0.999 0 -1114 0328
(Kjellberg)
PA 0.999 0 2.643 0.057
cephalogram
Co-Go
3. . OPG 0.998 0 1011 0.369
distance
, PA
(Habet's) 0.992 0.001 -0.738 0.514
cephalogram
Overall OPG 0.972 0 -2.047 0.05
PA 0.971 0 1.149 0.262
cephalogram

Table 6 Inter-observer errors with paired t-test results and correlation
coefficients.

Sr. Asymmetry | Correlation _, Sig.
No. index LECIEL coefficient Sig. ! (2-tailed)
q, | Gl OPG 0.986 0.002 1.224 0.288
(Habet’s)
PA
0.994 0.006 -1.399 0.256
cephalogram
o, Condyle OPG 0.999 0 -1114 0328
(Kjellberg)
i 0.999 0 2.643  0.057
cephalogram
3 | CoGo OPG 0998 0 1011 0.369
distance
, PA
(Habet's) 0.992 0.001 -0.738 0.514
cephalogram
Overall OPG 0.972 0 -2.047 0.05
i 0.971 0 1.149 0.262
cephalogram




factor was lower (Table 7) than the distortion factor mentioned
by the manufacturer (1.27 for OPG and 1.14 for PA cephalogram)
for both orthopantomogram and PA cephalogram. This is in
accordance with the previous studies [5,28]. Although there was
some distortion affecting the absolute linear dimensions, the
asymmetry indices being a ratio did not get influenced because
there was no asymmetric distortion of the wire makers placed
bilaterally in our investigation. Thus, correction factors to account
for projective errors in panoramic images or PA cephalograms
were not required. This was further checked on the patients
being radiographed by stainless steel markers of the same length
attached on the side of the face on ramus and body regions. Two
radiographs exhibiting asymmetric distortion were excluded
from the study.

The patients’ names were masked on the radiographs and
were coded. Thus, operator’s bias was reduced by blinding the
investigator who traced the radiographs and evaluated asymmetry.

Our indices were relatively higher than other similar studied
[29-34] with respect to condyle or Co-Go distance. This may
be attributed to the sample characteristics. Our sample being
constituted of gross facial asymmetry was expected to give
higher values of asymmetry indices.

Table 3 shows no statistically significant difference between
orthopantomogram and PA cephalogram for all the indices
measured.

There was a statistically significant (positive) correlation between
the asymmetry indices of condyle (Habet’s and Kjellberg’s),
ramus, Co-Go, and maxilla, measured from the PA cephalogram
and orthopantomogram. These asymmetry indices were derived
from vertical linear measurements, hence were more accurate on
orthopantomogram as has been shown by various studies [5-8],
while asymmetry indices of mandibular corpus was not found to
be significantly correlated between orthopantomogram and PA
cephalogram. That might be because of the fact that horizontal
parameters are not that accurate on orthopantomogram when
asymmetry indices are calculated and compared.

Correlation between linear measurements from digital

Table 7 Magnification /distortion factors for wire markers on dry skull.

Distortion factor

Right side Left side
Vertical wire Horizontal wire | Vertical wire Horizontal wire
marker marker marker marker
PA OPG PA OPG PA OPG PA OPG
1.04 1.16 0.2 1.02 1.04 1.16 0.2 1.02

Table 8 Comparison of Habet’s and Kjellberg’s method for assessing
condylar asymmetry.

Habets’ Kjellberg’s

a:?:r‘:::ter method method '()t_‘;::s Correlation Significance
YMMERY (5) (%)

0P 2359 742 0000* -098  0.000*
PA 20.67 67.8 0.000* -0.907 0.000*

cephalogram

*- p<0.0001 (statistically highly significant)
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orthopantomogram and direct anatomic measurements was
investigated by Turp et al. [35]. Low correlation was found for
condylar height, ramus and Co-Go distance in their study. In
contrast, we investigated the asymmetry indices derived from
the same linear measurements from digital orthopantomogram
and PA cephalogram and found high correlation between two
radiographs for all three measurements.

To the best of our knowledge, there is no study in the literature
till date that attempted to evaluate the asymmetry indices in
the PA cephalogram and compare them with the panoramic
radiograph. However, attempt has been made to compare
the PA cephalogram to CBCT images of dry asymmetric skulls
by Damstra et al. [36]. We found highly significant correlation
between Co-Go and maxilla between orthopantomogram and
PA cephalogram. Damstra et al. [36] also found highly significant
correlation for linear measurement of Co-Go and maxilla (Or-U6)
between CBCT and PA cephalogram.

Condylar ratio (Kjellberg’s) and asymmetry index (Habet’s) in the
present study showed highly significant correlation between PA
cephalogram and orthopantomogram, whereas Kambylafkas [17]
found poor correlation of condylar height index between digital
orthopantomogram and laminograph. However, the correlation
was highly significant with respect to the total ramal height,
similar to present study (Table 8).

In another study, the condylar asymmetry index was also found
to have low correlation when digital orthopantomogram and
direct anatomic measurements were compared [37], however
high correlation was found for the Co-Go distance/total ramal
height asymmetry index in this study, which is in accordance with
our study.

Further studies are needed to verify the accuracy and reliability
of conventional panoramic radiographs by comparing them with
the three-dimensional data which is the current gold standard
for the accurate diagnosis. If found accurate, in specific regions,
practitioners can be confident that they can use the conventional
panoramic image to assess that specific area and that they are
not disillusioned by the image distortion or magnification. Early
detection of skeletal asymmetry in the growing patients gives an
opportunity for interceptive therapy that can improve the long
term treatment outcomes. Moreover, 2D images are more easily
shared among the practitioners with greater ease than the 3D
data which require special software to be viewed and patient is
spared from more radiation exposure of tomography.

Conclusions

e Condyle, ramus, Co-Go distance, and maxilla
asymmetryindices and condylar ratio derived from vertical
measurements correlated highly significantly between
OPG and PA cephalogram.

e Habet’s asymmetry index and Kjellberg’s condylar ratio
correlated significantly negatively with each other.

e Thus, asymmetry indices can be calculated from OPG
in vertical dimension for mandibular posterior regions.
However, clinician should be aware of the distortion of a
radiographic machine before evaluation of measurements.

This Article is Available in: www.jbiomeds.com
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