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Abstract

Aims: The aim of the present study is to compare the measurement of gonial angles and vertical ramal length (both right and
left) from OPG with the gonial angle and vertical ramal length measured from lateral cephalograms in a mixed Indian Population
with Class I, IT & III malocclusion.

Settings and Design: The retrospective cross-sectional diagnostic study was conducted after obtaining due approval from the
institutional ethical committee.

Methods and Material: Gonial angle and ramal length was measured from 57 OPG and lateral cephalogram of orthodontic
patients (26 females and 31 males). The patients were a heterogeneous group comprising of individuals from pan India.

Statistical analysis used: The analyses of descriptive statistics, reliability, analysis of variance and correlation was conducted
with SPSS 20.0, IBM. The means based on malocclusion classes were compared using one-way analysis of variance (ANOVA)
followed by comparison of correlation values using Pearson correlation. Gender differences were also compared using T-test. Post
Hoc analysis could not be carried out due no statistically significant difference found through ANOVA.

Results: There was no statistical difference in the measurements of gonial angle made from OPG as compared to the same
measurements made from a lateral cephalogram.

Conclusions: In addition to the conventional method of measuring the gonial angle and ramal length, OPG may also be used for
their accurate measurement.
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Introduction
However, superimposed images on a lateral cephalogram adversely

affect reliability of measurements of the gonial angle and are of
utmost importance while planning orthognathic surgery [7]. The
right and left gonial angles can be measured individually without
superimposition in an OPG; hence the measurement may be more
accurate than lateral cephalometry [2].

Diagnosis, formulation, and execution of treatment plan are
the steps involved in successful management of malocclusions.
Diagnosis defines the problem and lays the foundation for the
treatment objectives. Treatment plan is execution of the treatment
objectives. Proper determination and treatment planning are
dependent on information obtained from clinical examination,

study models, and the applicable radiographs. Lateral cephalograms
and Orthopantomograms (OPG) are important radiographic tools
for treatment planning and are regularly used for orthodontic
patients. OPGs may be utilized for assessing the supporting bone,
screening for cysts, neoplasms, ankylosed teeth, eruption path of
teeth and asymmetry of mandible and supernumerary or missing
teeth [1,2]. The angle formed by the junction of the posterior
and lower borders of the mandible is called the gonial angle. The
radiographic gonial angle measurements aid in ascertaining growth
patterns of facial skeleton, mandibular rotation, facial asymmetry,
age estimation in forensic odontology, decisions on extractions in
Class II and orthognathic surgery in Class III skeletal base [3-6].
Lateral cephalograms are usually used for measuring this angle.

Aim

The aim of the present study is to compare the measurement
of gonial angles and vertical ramal length (both right and left) from
OPG with the gonial angle and vertical ramal length measured from
lateral cephalograms in a mixed Indian Population with Class I, II
and III malocclusion.

Materials and Methods

The retrospective cross-sectional diagnostic
conducted after obtaining due approval from the institutional
ethical committee. Data was mined from 57 orthodontic patients

study was

(26 females and 31 males). Good quality radiographs from the
departmental archives of the Orthodontic Department of a tertiary
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care Government Dental Institution providing care at no cost to the
patients were used. Records of patients in permanent dentition upto
atleast second permanent molar were included. Records of subjects
with a history of craniofacial syndromes or tooth extraction and
those in mixed dentition were excluded from the study. The patients
were a heterogeneous group comprising of individuals from pan
India. All radiographs were examined according to the standard
radiographic procedures. OPGs and cephalometric radiographs
were acquired with a New Tom (Verona, Italy) radiographic unit,
using a standardized technique. Gonial angles were recorded in
OPG by drawing a tangent to the lower border of the mandible and
a tangent to the distal border of the ramus and condyle on both
sides. In lateral cephalograms, the mean of gonial angles in the
superimposed projections was calculated. The lines were traced
on tracing paper using 0.5 mm 2H pencil led. A protractor with 1°
accuracy was used to measure the angles. All measurements were
made by two senior orthodontists. The data obtained were inserted
in an Excel spreadsheet for further analysis.

Error Assessment

To assess the reproducibility of measurements, fifteen OPGs and
lateral cephalograms were randomly selected and re-traced after
two weeks of the initial tracings. There was no difference in any
measurement more than 0.5°. The intraclass correlation coefficient
was found to be >0.90, thus indicating a high level of reproducibility
of both measurements [3-8].

Statistical Analysis

The analyses of descriptive statistics, reliability, analysis of
variance and correlation was conducted with SPSS 20.0, IBM. The

means based on malocclusion classes were compared using one-
way analysis of variance (ANOVA) followed by comparison of
correlation values using Pearson correlation. Gender differences
were also compared using t-test. Post Hoc analysis could not be
carried out due no statistically significant difference found through
ANOVA.

Results

The study group comprised of 57 subjects (31 males, 26
females). The group comprised of patients from 13 years to 26
year. The average age of the entire study group was 16 years. The
average age of the males was 15.25 and 16.88 for the females. There
were 17 subjects of Class I, 33 of Class Il and 07 of Class IIL

Gonial Angle

Onthebasis of malocclusion, the mean of gonial angles measured
from the lateral cephalograms were (a) Class I: 126.76°+6.54°, (b)
Class 11: 127.57°+7.57° and (c) Class 111:129.42°+9.58°. The mean of
the average of right and left gonial angles measured from OPG were
(a) Class I: 126.27°+7.42°, (b) Class 11:126.26°+7.38°and (c) Class
III: 134.78°+10.66° (Table 1). While no significant difference was
found between the classes of cephalometric gonial angle (p=0.735),
a significant statistical difference has been observed among the
malocclusion classes of average gonial angle of OPG (p=0.33) (Table
2). This may be due to variances found in class III of gonial angles
of OPG (Table 3 & Table 4). An independent sample t-test was
conducted to analyse difference, if any to measure the gonial angle
by both the methods for all Classes of malocclusion separately. It
revealed no statistically significant difference (Table 5).

Table 1: Mean, standard deviation and standard error of OPG and cephalometric gonial angle values and ramal length in subjects

distributed based on malocclusion.

95% Confidence Interval for Mean
N Mean | Std. Deviation | Std. Error Minimum | Maximum
Lower Bound Upper Bound
CLI 17 | 126.76 6.543 1.59 123.4 130.13 114 138
Cephalometric Gonial CLIl | 33| 127.55 7.571 1.32 124.89 130.26 114 144
angle CLIII 7 129.48 9.59 3.62 120.56 138.3 110 142
Total | 57 | 127.56 7.45 0.99 125.58 129.54 110 144
CLI 17 | 53.06 3.93 0.95 51.03 55.079 48 61
Cephalometric Ramal CLIl | 33| 51.88 4.97 0.87 50.12 53.64 43 63
length cLur | 7 53.26 10.21 3.86 43.84 62.73 40 73
Total | 57 52.4 5.48 0.73 50.95 53.86 40 73
CLI 17 | 125.15 8.67 2.1 120.7 129.62 109 138.8
CLII 33 126.4 7.85 1.36 123.62 129.18 103 140.5
OPG Gonial Angle - Right
CLIIl | 7 | 135.28 11.22 4.23 124.91 145.66 123 152
Total | 57 | 127.12 8.94 1.18 124.75 129.49 103 152
CLI 17 | 127.34 7.48 1.81 123.49 131.19 117 144
CLII 33 | 126.14 7.45 1.3 123.5 128.78 100 137
OPG Gonial Angle - Left
CLII | 7 | 134.29 10.24 3.87 124.82 143.75 122.4 148
Total | 57 | 127.5 8.11 1.07 125.35 129.65 100 148
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CLI |17 | 126.28 7.42 1.8 122.46 130.1 115.05 137.5
CLII | 33| 126.27 7.39 1.29 123.65 128.89 101.5 138.5
OPG Gonial angle average
CL IIT 7 134.79 10.67 4.03 12492 144.66 122.7 150
Total | 57 | 127.32 8.19 1.09 125.14 129.49 101.5 150
CLI | 17 | 48.39 7.65 1.85 44.46 52.3 35.5 60
CLII | 33| 4791 6.4 1.11 45.64 50.18 38.2 65
OPG Ramal Length - Right
cLimr | 7 48.56 10.3 3.89 39.03 58.09 39.8 66.3
Total | 57 | 48.13 7.18 0.95 46.23 50.04 35.5 66.3
CLI | 17 | 47.74 7.2 1.74 44.05 51.45 34.1 58
CLII | 33| 48.03 5.92 1.03 45.93 50.13 36.2 63
OPG Ramal Length-Left
cLimr | 7 48.64 10.38 3.92 39.05 58.24 389 65.9
Total | 57 | 48.02 6.815 0.9 46.21 49.83 34.1 65.9
CLI | 17 | 48.07 7.4 1.79 44.26 51.87 34.8 59
OPG Ramal Length CLIl | 33| 4797 6.04 1.05 45.83 50.11 37.3 64
Average CLII | 7 48.6 10.31 39 39.07 58.13 39.35 66.1
Total | 57 | 48.08 6.92 0.92 46.24 4991 34.8 66.1

Table 2: ANOVA comparing cephalometric gonial angle, OPG gonial angle right, OPG gonial angle left, OPG gonial angle total,
cephalometric ramal length, OPG ramal length right, OPG ramal length left and OPG ramal length average.

F Sig.

Cephalometric Gonial Angle 0.31 0.74
Cephalometric Ramal Length 0.36 0.73
OPG Gonial Angle Right 3.78 0.03
OPG Gonial Angle Left 3.14 0.05
OPG Gonial Angle Average 3.63 0.03
OPG Ramal Length Right 0.04 0.96
OPG Ramal Length Left 0.04 0.96
OPG Ramal Length Average 0.02 0.98

Table 3: Gender Based Mean, Standard Deviation and Standard Error of Gonial Angle and Ramal Length.

Gender N Mean Std. Deviation Std. Error Mean
Female 26 126.89 7.65 1.5
Celaphalometric Gonial Angle

Male 31 128.13 7.35 1.32

Female 26 51.85 4.66 0.91
Cephalometric Ramal Length

Male 31 52.87 6.13 1.1

Female 26 125.27 10.05 1.97
OPG Gonial Angle right

Male 31 128.65 7.73 1.39

Female 26 125.7 8.98 1.76
OPG Gonial Angle Left

Male 31 129.01 7.11 1.28

Female 26 125.5 9.24 1.81
OPG Gonial Angle Average

Male 31 128.84 6.98 1.25

Female 26 47.55 6.95 1.36
OPG Ramal Length Right

Male 31 48.62 7.44 1.34

Female 26 47.23 6.81 1.34
OPG Ramal Length Left

Male 31 48.68 6.86 1.23

Female 26 47.39 6.8 1.33
OPG Ramal Length Average
Male 31 48.65 7.08 1.27
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Table 4: Correlations of Gonial angle - Cephalometric, OPG Gonial angle (right, left & average).

Cephalometric OPG
Gonial | Ramal | Gonial Angle Gonial Gonial Angle Ramal Ramal Ramal Length
Angle | Length Right Angle Left Average Length Right | Length Left Average
Pearson 1 -331% 393%x A35% 429%* -439% - 409%* 429
Cephalometric Correlation
Gonial Angle Sig
& 0.012 0.003 0.001 0.001 0.001 0.002 0.001
(2-tailed)
Pearson | 554 1 -376% -335* -372%* 408%* 369 393%
Cephalometric | Correlation
Ramal Length Sig
& 0.012 0.004 0.011 0.004 0.002 0.005 0.003
(2-tailed)
Pearson | ggou | 37ge 1 843% 964%* -0.253 -0.179 0219
OPG Gonial Correlation
Angle Right Sig.
(2-taileq) | 0003 | 0004 0 0 0.058 0.183 0.102
Pearson | jaou | 335+ 843%* 1 956+ -387%+ -350%* -373%
OPG Gonial Correlation
Angle Left Sig.
(2-taileq) | 0001 | 0011 0 0 0.003 0.008 0.004
Pearson | pogu | | 3ypm 964+ 956%+ 1 -328* -270* -303*
OPG Gonial Correlation
Angle Average i
& 8 Sig. 0.001 | 0.004 0 0 0.013 0.043 0.022
(2-tailed)
Pearson 1 agu | 408+ -0.253 -387%* -328* 1 957+* 990
OPG Ramal Correlation
Length Right ;
Sig. 0.001 | 0.002 0.058 0.003 0.013 0 0
(2-tailed)
Pearson - gu | 360w -0.179 -350%* -270% 957 1 989**
OPG Ramal Correlation
Length Left Sig
& 0.002 | 0.005 0.183 0.008 0.043 0 0
(2-tailed)
Pearson 1 gu | 393+ -0.219 -373%* -303* 990 989** 1
OPG Ramal Correlation
Length Average ;
Sig. 0.001 | 0.003 0.102 0.004 0.022 0 0
(2-tailed)

N=57
Correlation is significant at 0.05 level (2-tailed).
Correlation is significant at 0.01 level (2-tailed).

Table 5: Mean differences of cephalometric and OPG gonial angle, cephalometric ramal length, OPG gonial angle and average ramal
length average across malocclusion classes.

Method Malocclusion Type F Sig

Iand II 0.06 0.79

Cephalometric Gonial angle IT and I1I 0.02 0.88
Iand III 0 0.99

land II 0.55 0.46

Cephalometric Ramal length Il and 111 3.37 0.07
I and III 3.94 0.06

Iand II 0.32 0.57

OPG Gonial angle average Il and 111 1.85 0.18
Iand III 1.15 0.29
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OPG Ramal length average

land II 2.76 0.1
[I'and III 6.83 0.01
Iand III 2.28 0.14

Ramal Length

On the basis of malocclusion, the mean of vertical ramal
length measured from the lateral cephalograms were (a) Class I:
53.05mm+3.62mm, (b) Class II: 51.87mm+4.96mm, (c) Class III:
53.28mm+10.20mm respectively. The mean of the average of right
and left vertical ramal length measured from OPG were (a) Class
I: 48.06mm+7.40mm, (b) Class II: 47.96mm+6.03mm and (c) Class
I1I: 48.60mm+10.30mm (Table 1).

No statistically significant difference was found between
vertical ramal length measured by lateral cephalogram (p=0.70) and
OPG (p=0.97) for all Class of malocclusion. However, a statistically
significant difference was found between the means of Class II and
Class III for the average vertical ramal length measured from OPG
(p=0.01 (Table 4).

Gender

A t-Test was conducted for comparison of means of gonial
angles and vertical ramal length on the basis of gender. The gonial
angle measured from lateral cephalogram in females was 126.88°
whereas in males it was 128.12°. Vertical ramal length measured
from lateral cephalogram was 51.84mm in females and 52.87mm
in males. The average vertical ramal length in females measured
form OPG was 47.39mm and 48.65mm in males (Table 3). There
was no statistically significant difference in gonial angles, and
vertical ramal length values measured from lateral cephalogram
(p=0.53) and OPG (p=0.49) found with respect to gender. Pearson
correlation was also applied to examine the correlation between
gonial angle and ramal length measured from cephalogram and
OPG. A moderate to high correlation has been found on both
methods of radiographs (Table 5).

Discussion

The gonial angle is an indicator of the mandibular form and
shape and hence an important diagnostic parameter in planning
treatment, especially in planning therapeutic extractions for
orthodontic treatment and orthognathic surgery. The present study
aimed at assessing the reliability of OPG in measuring the right and
the left gonial angles by comparing the measured angles with the
gonial angles determined using lateral cephalograms in patients
with different types of malocclusion (Class [, II &III), to view the
feasibility of enhanced application of OPG as a diagnostic tool in
orthodontic practice. Gonial angle is formed by a tangent to the
lower border of the mandible and a tangent touching the posterior
border of the ramus at two points, one at the condyle and one at
the angle region [8]. The present study used the above method to
measure the gonial angle in both OPG and lateral cephalogram.
In the present study There was no significant difference between
the various Classes of malocclusion of gonial angle measured from

lateral cephalogram (p=0.735). A significant statistical difference
was observed among the various Class of malocclusion of the mean
of the average of right and left gonial angles measured from OPG
(p=0.33). This may be due to variances along with found in Class
I1I of gonial angles of OPG (Table 1), also number of Class III cases
was relatively small. However, there was no statistically significant
difference was found between both the methods i.e., lateral
cephalogram and OPG for all malocclusion classes.

The results of the present study were in similar to the other
studies [7,9-11]. Though none of the earlier studies have compared
all three Class of malocclusion in the same study. Mattila et al. [2]
measured gonial angle using OPG and lateral cephalograms, followed
by comparing with values found using dry skulls. They concluded
that the measurements made using the OPG were more accurate.
Hence OPG can be considered reliable for measuring the gonial
angle, particularly in cases where the outlines of asymmetry or
when the two sides are not clearly visible on a lateral cephalogram,
as the right and the left gonial angles can be accurately visualized
in OPG. A comparison of gonial angle of Class I patients using OPG
and lateral cephalograms by Shahabi et al. [12] concluded that
OPG could be used for determining the gonial angle as accurately
as a lateral cephalogram. This was similar to the present study
which used a study sample comprising of Class |, Il and III patients.
However, the present study was in variance with a study by Araki
et al. [13] which compared the gonial angles measured using 49
OPG with the gonial angle estimated using lateral cephalometric
radiographs taken from 2 dry mandibles and found that the gonial
angle measurements were slightly smaller on the OPG than on the
lateral cephalometric radiographs. The present study found no
statistically significant gender difference in the gonial angle. Similar
results were obtained by Dutra et al. [14].

Other studies [15-17] reported gonial angle of females was
larger, which may be attributed to the impact of masticatory
forces. Angles are not correctly reproduced in lateral cephalograms
unless the angle plane is parallel to the film [18]. The gonial angle
measured in a lateral cephalogram is geometrically an intermediate
angle between the right and the left gonial angle. Arithmetically, it
is the mean. Any distortion of the right and the left gonial angles is
reflected in this angle. Angular values from OPG are more reliable,
as the angular values in the posterior and the lateral aspects of the
mandible are not influenced by the image distortion inherent to
panoramic radiography [19], whereas Fischer-Brandies et al. [20]
preferred only lateral cephalograms for determining the gonial
angle. In the present study there was no significant difference
found in the mean vertical ramal length between cephalogram
and OPG as well as among the right and left gonial angles of OPG
and thus post hoc analysis was not carried out (Table 2). This was
in consonance with other similar studies [21-23]. However, the
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present study was unique as the study group comprised a record
of Class I, I and III patients. Additionally, vertical ramal length was
also measured among classes. While no statistically significant
difference was found for both cephalometric (p=0.70) and OPG
ramal length (p=0.97) for all malocclusion classes, a statistically
significant difference was found between the means of Class II and
I1I for the average ramal length of OPG (p=0.01). Kambylafkas et al.
[24] in their study suggest that though OPG may be used to evaluate
total ramal length, but there will be some underdiagnosis. Tronje
et al. [25] concluded using a mathematical model that a properly
oriented patient OPG can be used for vertical measurements.

Conclusion

In addition to the conventional method of measuring the gonial
angle and vertical ramal length, OPG may also be used for accurately
determining the gonial angle and vertical ramal length, as there are
no significant differences in the measured values of gonial angle on
lateral cephalogram and OPG. OPG has the advantage of easier and
more accurate determination of both right and left gonial angles and
vertical ramal length with mathematical average unlike arbitrary
construction of overlapped anatomical structures as in a lateral
cephalogram. Thus, the present study substantiates the possibility

of enhancing the diagnostic utility of OPG in orthodontics.
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