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ABSTRACT 

 

BACKGROUND : Conventional radiographic techniques have intrinsic shortcomings, as it 

is a two-dimensional (2D) projection of a three-dimensional (3D) structure that results in a 

distorted, enlarged image. Technical errors due to improper patient positioning and the X ray 

apparatus also contribute to image distortions. Additionally, an acute lack of data exists 

regarding standard population norms for 3D CBCT volumes. Patients therefore may be 

unnecessarily subjected to increased radiation exposure associated with conventional imaging 

techniques.
(5)

The possibility that 3D imaging techniques like Cone Beam Computed 

Tomography (CBCT)  can supplement or replace conventional imaging modalities has not 

been examined, and the degree of agreement between the two methods has not been 

established.
 

 

OBJECTIVES :  

(i) To determine the gonial angle (GoA) measured from the tangent to the posterior border of 

the ramus and tangent  to the lower border of the mandible in adult normodivergent patients 

(ii) Compare the value of gonial angle across Cone Beam Computed Tomography (CBCT), 

lateral cephalogram (LC) and orthopantomograph (OPG) 

 

MATERIALS AND METHODS:  

The sample group comprised of 24 healthy individuals aged 15-30 years visiting the 

Department of Orthodontics and Dentofacial  Orthopedics, SDM Dental College, Dharwad, 

undertaking orthodontic treatment and  requiring pre-treatment radiographic imaging in the 
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form of lateral cephalogram, orthopantomograms, intra oral periapical radiographs and Cone 

Beam Computed Tomography images of the jaws.  

 

A written, informed consent was obtained from these individuals for their willingness to 

participate in the study. A series of imaging techniques comprising lateral cephalogram, 

orthopantomogram (OPG) and CBCT radiographic images were taken for each patient and 

evaluated to assess and compare values of  gonial angle across the different imaging 

modalities. 

 

RESULTS : The results of the current study indicated a high similarity in the quantitative 

mean value of Gonial angle . There was no statistically significant difference between the 

modalities as follows : 125.42
o 
+/- 3.45 SD  on lateral cephalogram, 125.26 

o
+/- 3.54 SD and 

125.78
o
 +/- 4.43 SD as the values of right and left gonial angles measured via OPG , and 

125.82
o
 +/- 4.18 SD  and 125.85

o
 +/- 4.59 for the right and left gonial angles as captured by 

3D imaging, CBCT. The results revealed a significant correlation between the cephalometric, 

panoramic and CBCT reconstructed image values values which concludes that CBCT is as 

reliable as predicting Gonial angle as the commonly used LC and OPG.  

CONCLUSION: A comparison of across the the two dimensional and three dimensional 

imaging modalities revealed no statistically significant differences in the quantitative value of 

the GoA as measured across the points articulare, menton and gonion.  The standard norms as 

used for the conventional techniques like LC and OPG can thus be applied to the utilisation 

of CBCT reconstructed images in diagnosis for a homogenous population. However, studies 

on a diverse population range would provide more comprehensive data. 
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Clinical Relevance : With the rising popularity of three dimensional imaging in dentistry 

and orthodontics in particular, there exists a lack of information in the proper application and 

integration of 3D imaging modalities into routine practice. This study shows that a CBCT 

reconstructed image can thus be considered as an effective resource in the measurement of 

quantitative values like gonial angle, similar to that of the earlier used LC and OPG, when 

applied to a homogenous population, using similar standard norms and the presence of an 

exisiting CBCT volume in patient data. This can thus, minimise the need for additional 

conventional cephalograms. 

 

Keywords : Gonial angle; Cone Beam Computed Tomography; Lateral cephalogram ; 

orthopantomogram; Three-dimensional radiographic imaging;mandible 
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I. INTRODUCTION 

 

Successful orthodontic treatment hinges upon meticulous treatment planning, detailed 

history taking, photographic records, dental models and radiographic images. 

Conventional diagnostic radiographic  imaging techniques include,  the LC (LC) and 

OPG (OPG) which provide valuable two dimensional data about underlying hard 

tissue relations.
(1) 

The LC, introduced in 1931, by Broadbent in the United States and Hofrath in 

Germany became an important clinical and research tool, in diagnosing underlying 

skeletal discrepancies.
(2)

 Clinicians could identify several factors including the 

forward projection of the nasion, subnasale, and gonion, which established the 

relationship of different horizontal facial levels to the skull base. Dental relationships 

could also be visualized on the LC, revealing the tilt of the occlusal plane.
(3) 

Panoramic radiography , introduced by Professor Yrjo Paatero in the year 1961  

provided  information regarding the teeth, their axial inclination and relationship with 

the surrounding structures.(2) 
It is a valuable adjunct for diagnosis and treatment 

planning as it facilitates one-time imaging of all teeth, the mandible, parts of maxilla 

including a large part of the maxillary sinus, hard palate and temporomandibular 

joints (TMJs).  Orthodontic evaluation including presence of teeth germs, 

developmental stage of the dentition and the presence of retained, supernumerary or 

impacted teeth, impacted third molars, dental age estimation can be successfully 

carried out.
(3) 
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However these imaging modalities have have intrinsic shortcomings, as it is a two-

dimensional (2D) projection of a three-dimensional (3D) structure produced by a non 

parallel beam that can result in a distorted, enlarged image 
.
 In addition, technical 

errors due to improper patient positioning and the X ray apparatus also contribute to 

image distortions.
(5) 

In the last two decades, two dimensional imaging has given way to three dimensional 

techniques including structured light, laser surface imaging, magnetic resonance 

imaging (MRI), computed tomography (CT) and Cone Cone-beam computed 

tomography (CBCT).The introduction of maxillofacial Cone Beam CT (CBCT) has 

made 3D imaging more readily available for dental applications with Digital Volume 

tomography (DVT) showing promise.
(4) 

The advantages of the Cone Beam radiographic technique over CT includes low 

radiation dose, lower cost, potentially better access, and high spatial resolution due to 

which, CBCT use is becoming increasingly widespread in Dentistry and orthodontics 

in particular for diagnosis, treatment planning and follow-up.  

CBCT works on the following principle :  An emitted energy beam passing through or 

reflected from the body is modified by the structures that it encounters. A specialized 

sensor captures the modified energy beam, which then is converted into a 3D image 

by sophisticated software. Surface models, such as dental casts or slices through the 

3D volume, which clearly display internal structures, can then be generated to 

improve diagnosis and treatment planning.
(4) 
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The mandible is often imaged using the above mentioned conventional imaging 

techniques, as it is a key anatomical structure from both functional and aesthetic 

perspectives.  One of the most important cephalometric parameters which gives an 

indication about the vertical growth pattern and symmetry of facial skeleton is the 

gonial angle. 

The Gonial angle has been defined as  “The posterior inferior angle region of the 

mandible, as well as the angle 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) 

This angle is relevant  in orthodontic research to understand the changes in the 

developmental period and is associated with the function and shape of the muscles of 

mastication. Strong masseter and anterior temporal muscle activity are typically 

characteristic of a small gonial angle.
(6) 

 Any increase or decrease in gonial angle beyond the normal values can thus be an 

indicator of the disharmony of the craniofacial skeleton. Individuals exhibiting a 

downward and backward rotation of the mandible are identified as  „high angle‟ with 

an increased gonial angle. Contrary to this, upward and forward direction of mandible 

is identified as a „low angle‟ and these patients showed a decrease in gonial angle.
(8) 

In addition to the above, the rotation of the mandible , extraction pattern in Class II 

patients, and estimation of age in forensic medicine can also be determined. It is an 

important parameter for evaluating the symmetry of the facial skeleton and the 

decision to carry out surgery in Class III skeletal base.
(7) 
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Previously, only two dimensional imaging techniques like LCs and OPGs have been 

utilised in the determination of this angular value.  

Studies have compared the accuracy of the GoA as determined by two dimensional 

imaging techniques only, as the average of a bilateral structure, that is superimposed 

in tracings.
(15)   

Hence this study, aims to measure the right and left gonial angles in normodivergent 

patients, across three dimensional and two dimensional imaging techniques to 

determine whether there exist any deviations from the measurements. 
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II.  AIMS AND OBJECTIVES : 

 

The aims and objectives of this study include : 

A. Primary Objective (s) 

 

i. To determine  the gonial angle measured from the tangent to the posterior 

border of the ramus and tangent  to the lower border of the mandible in 

adult normodivergent patients across the points articulare (Ar), gonion 

(Go) and menton (Me). 

 

ii. Compare the value of gonial angle across Cone Beam Computed Tomography 

(CBCT) , lateral cephalogram (LC) and orthopantomograph (OPG) images 

 

B. Secondary Objective (s): 

 

i. To assess the  right to left variation of gonial angle in individuals across OPG 

(OPG) and Cone Beam Computed Tomography (CBCT) reconstructed OPG 

images 
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III.    REVIEW OF LITERATURE 

 

 

Studies correlating the value of gonial angle as measured by lateral cephalograms and 

panoramic images have often presented contradictory results. More recently cone 

beam computed tomography has also been utilized in the measurement of this angle, 

but none so far have compared the accuracy across the three imaging modalities 

together.  

 

The earliest reports of  attempts to cephalometrically assess GoAinclude 

Mattila et. al (1977)
(10)

 conducted a study comparing the size of the GoA as 

measured on OPG images and LCs versus the value of GoA determined from dry 

human skulls . Their results revealed that the cephalometric measurements were 

within 1 degree of the OPG on both the patients and the skull, and the OPGs were 

slightly more accurate . Thus OPGs are the more appropriate choice for measurement 

of the gonial angle. This is attributed to the fact that superimposition of the structures 

occurs on a LC and  accurate determination of the GoAbecomes cumbersome. This 

problem is not encountered in orthopantomography wherein the individual right and 

GoA are easily visible for measurement. In addition, it was seen that an OPG could 

determine the size of the GoA with the same degree of accuracy as the LC.
 (10)

  

 

Fischer-Brandies et .al (1984)
(11)

 conducted a study and concluded that the  value of 

the GoA measured in the OPGs  was 2.2 degrees to 3.6 degrees smaller than in the 

lateral cephalometric radiograph. Therefore in determining the gonial angle, the 

lateral cephalometric radiograph was preferred compared to the OPG.  
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Larheim et.al (1986)
(12) 

investigated the reproducibility of mandibular 

variables(vertical, horizontal and angular) from repeated exposures of OPGs and 

assessed the accuracy of measurements derived from  OPGs of dried skulls. It was 

concluded that the GoA was equally reliable when assessed from panoramic head 

films and from dried skulls. However the  study on dried skulls included only the 

vertical variables and gonial angles because the horizontal variables did not show 

acceptable precision in the clinical study, indicating that caution was to be exercised 

when studying horizontal linear variables across mandible specimens.  

 

Niwa et.al (1990) 
(13) 

conducted a study where 100 cases were randomly selected 

from the group of Angle‟s Class III Malocclusions and the  difference in right and left 

gonial angles were measured pre and post treatment. The following results were 

obtained ; because there was no great difference between the levels of the GoA on 

OPGs, they were an  effective choice for investigation of the changes of side and 

degree.  

 

Ceylan et.al (1998)
 (14)

 conducted a study  to evaluate the measurements of the 

mandibular angles of totally edentulous patients as well as  unilaterally and 

posteriorly edentulous patients, to investigate whether the denture or non denture 

wearing status had any effect on the angles. No significant differences were found 

between the mandibular angles when comparing partially edentulous and totally 

edentulous subjects.  
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Akcam et.al (2003) 
(15)

 conducted a study to assess the diversity in applications of the  

panoramic radiograph by using it to study skeletal patterns and vertical dimensions of 

craniofacial structures. In terms of condylar measurements there was a low correlation 

however, the panoramic alternative of GoA on the left and right sides showed a high 

correlation coefficient between them (P < .001) indicating accurate measurement of 

gonial angle, in concordance with the findings of Larheim and Svanaes
(12)

 . 

 

 

Alhaija et.al (2005)
(16) 

 carried out a study to evaluate the potential of panoramic 

radiographs to measure mandibular inclination and steepness. Panoramic and lateral 

cephalometric radiographs were taken for 95 subjects  and  mandibular inclination 

from panoramic radiograph was measured using GoA formed by the tangents of the 

lower border of the mandible and the distal border of the ascending ramus and the 

condyle. 

The mean values for the GoA were 127.3 +/- 6.2 and 125.7 +/- 6.5 degrees measured 

from the panoramic and cephalometric radiographs respectively. A high correlation 

between the the measurements from both radiographs was found, indicating that a 

panoramic image was a suitable choice for the determination of the GoA in patients. 

 

Fatahi et.al (2007) 
(17 )   

in their study attempted to compare the reliability of 

cehalometric measurements across panoramic images and dry skulls. Actual 

measurements of the dried skulls were noted and compared with the cephalometric 

measurements of the mandibles from the OPG. A variety of parameters were 

measured and the highest correlation was found to be for the GoA on an OPG, while 

the length of the mandibular body showed the least amount of correlation. 
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Maxmimum correlation was observed between the OPG and values of GoA and 

ramus height.  

 

Kurt.et al (2008) 
(18)

: used OPGs to evaluate mandibular asymmetry in Class II 

subdivision malocclusion patients. This was done by evaluating the condylar-ramal 

asymmetry index, as well as the individual condylar and ramus values, along with the 

GoA. The study concluded that acceptable results can be achieved with panoramic 

radiographs.  

 

Nohadani et.al (2008)
(19)

 in their study,  analysed longitudinal, vertical ,facial and 

dentoalveolar changes using panoramic radiographs and compared the results with 

measurements on lateral cephalograms , to determine whether the radiation exposure 

could be judiciously controlled  for a patient by taking only an OPG instead of both 

OPG and a LC . Pre- and post-treatment LCs and OPGs of  (15 females and 15 males) 

orthodontically treated adolescents  were analysed . The results revealed that most 

variables exhibited larger absolute values on panoramic images compared to lateral 

cephalograms. The lowest correlations were found for the maxillary jaw base angle 

and the highest for the GoA (ML/RL; r = 0.90***).It was concluded that the  analysis 

of vertical facial and dentoalveolar parameters on OPG delivers a moderate estimation 

of the values compared to  LC. OPG however, could not be indicated for the analysis 

of individual longitudinal changes in vertical facial and dentoalveolar parameters. 

 

 Ongkosuwito et.al (2009)
(20)

 in their study established that an OPG is equally 

accurate as a LC in determining linear mandibular measurements such as condylion-

gonion, gonion-menton and condylion-menton 
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Shahabi et.al (2009)
(21)

  in their study compared the external GoA in Class I 

malocclusion patients and determined the GoA using LCs and OPGs.  Based on the 

obtained results, they concluded that panoramic radiography can be used to determine 

the GoA as accurately as a LC. 

 

Jena et.al (2011) 
(22) 

 in a study concluded that OPGs can be used for  assessment 

of vertical and angular measurements as well as evaluation of asymmetries in the 

craniofacial skeleton particularly the mandible. 

 

Zangouei et.al (2012) 
(23)  

 carried out a cross-sectional study to assess the accuracy of 

panoramic imaging in measuring the right and left gonial angles by comparison with 

evaluated cephalometric samples.    The mean value of GoAof the subjects in the 

present study in OPG and cephalometry was 127.07 ± 6.10 and 127.5 ± 6.67 degrees, 

respectively perhaps due to the genetic differences in growth patterns. The study 

concluded that there was no significant difference between the mean gonial angles in 

different genders, age groups or types of malocclusions from the two different types 

of radiographs, which was in agreement with the results reported by Altonen.
(5)  

 

 

Okşayan et.al (2012) 
(24)  

carried out a retrospective study  to measure  the GoA under 

the Angle classification by comparing the panoramic radiographs and LCs. A total of 

63 patients who had previously undergone treatment were chosen and divided into 

three subgroups of skeletal and dental Class I,II and III. A control group of 

individuals with no previous history of orthodontic treatment and Class 1 ideal 

features was chosen. 
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The results of the study showed that there were no significant differences among the 

Class I, II, and III malocclusions groups‟ values of gonial angles determined by LCs 

and panoramic radiographs. However, the result of the study showed that the GoA of 

control group was significantly different from Class I, II, and III malocclusions. The 

differences between GoA measurements in LC and panoramic radiography were 

found 0.04 in the right side and 0.02 in the left side. Variation in the two radiographic 

techniques showed no statistically significant differences indicating that a panoramic 

radiograph is successful in determining GoA as well as LC.  

 

Upadhyay.et al (2012) 
(25) 

conducted a study to  evaluate the  relationship between 

complete loss of teeth and changes in the gonial angle; as well as variation in 

GoAwith age and gender and finally, the reliability and accuracy of age and gender 

determination using GoA as a parameter lateral cephalographic images.  A total of 

185 subjects (91 males; 89 females) were included in the study and divided into five 

groups on the basis of the chronological age. Physico-forensic anthropometry and 

lateral cephalometric methods were used to record the gonial angle.It was concluded 

that there was a  decrease in the GoAwith advancing age, wuth no correlation of GoA 

with gender. Thus GoA as measured from a LC could be considered as a useful 

adjunct in forensic investigations. 

 

Bhullar et.al (2014)
(26)

 : conducted a study comparing the reliability of GoA 

measurement on an OPG and comparing it with that of a LC. Lateral cepahlograms 

and panoramic image s of 98 patients (44 males and 54 females) were studied .  The 

study concluded that there was no statistically significant difference between the 

values of GoA on cephalogram and OPG. Thus, panoramic radiography could be used 
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to determine GoAas accurately as a LC. It was in fact, preferable to utilize the OPG to 

measure this value as both right and left gonial angles would be easy to visualize.  

 

Araki et.al (2015)
(27)

 measured the GoA on panoramic radiography (PR) and 

analyzed the correlation between the GA on PR and lateral cephalometric radiography 

(LCR). In total, 49 PR films and LCR films from dentate young adults were 

evaluated. Orthodontists plotted four points (articulare, menton, posterior gonion, and 

lower gonion) on the PR and carefully traced them. A simultaneous experimental 

study of two dry skulls was performed to compare the GA on LCR and PR. The GA 

was slightly smaller on the PR of the dry mandible than on the LCR and tended to 

decrease continuously with magnitude toward the Frankfort horizontal plane. The GA 

on PR was not significantly smaller than that measured on LCR. The GA in PR is 

based on tomography, while the GA on LCR is a simple lateral view. Therefore, the 

GA on PR might not represent all data present on LCR. Thus, the LCR might provide 

a clearer GA angle. On PR, the form and thickness of cortical bone in the mandibular 

angle can affect the size of GA, and the inclination angle of the mandibular body 

affects the incident X-ray directly. In this study, a regular FH plane was maintained 

when performing X-ray examination, which differed from the procedure used in 

clinical studies. However, measurement of the GA on PR is complicated by the 

inclination angle of the mandibular body and the direction of the incident X-ray beam, 

and these difficulties need to be addressed. 

 

Nadkerny  et.al (2015) 
(28)

 in their study attempted to test the accuracy of GoAon a 

LC using three different mandibular planes of references namely the Gonion-Menton 

(Go-Me), Gonion –Gnathion (Go-Gn) and tangent to the lower border of the mandible 
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as described by Down‟s , Steiner‟s and Tweed‟s cephalomteric analyses respectively. 

The results concluded that of the three commonly used mandibular planes, Tweed‟s 

analysis when used, gave the more accurate value of gonial angle, additionally statin 

that LC and OPG were equally accurate in the analysis of the same measured values  

 

Kundi et. al(2016) 
(29)

 This study was undertaken to test the reliability of 

measurements of the GoA yielded from left and right hemispheres of panoramic 

radiographs as compared to the values obtained from LCs in patients with ages 

ranging between 15-25 years having class I malocclusion. No statistically significant 

difference was found when right and left side panoramic GoA measurements were 

compared. On the other hand, panoramic measurements (right and left) and lateral 

cephalometric measurements were not equal indicating that OPG was a more reliable 

diagnostic tool.  

 

Shahab et. al (2016) 
(30) 

in their cross-sectional study on 40 patients (male and 

female) studied the values of GoA in individuals aged  of 15-25 years, having Class I 

malocclusion with complete records. Mean values of gonial angles measured from 

lateral cephalometric radiograph were 125.4 +6.34 degrees and from  OPG, were 

123.8 + 6.17 and123.2 + 6.38 degrees for left and right respectively .
 

GoA measured on both right and left side of OPG were significantly different than lateral 

ceph  measurements whereas difference between gonial angles of both sides of the 

OPG was not significant. Therefore it was concluded that, GoA measured from OPG of 

the patient was significantly different than that of the LC measurement. They 

concluded that further evidence was needed to establish whether OPG was a more 

reliable tool for assessment of GoA compared to LC.  
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Bibi et.al (2017) 
(31)

  carried out a cross sectional study to ascertain the value of 

GoAon OPG and correlate it to that of the LC to determine diagnostic capability for 

the vertical growth pattern using 100 radiographs of the patients in the form of OPG 

and lateral head films. The results revealed a significant correlation between the 

cephalometric and panoramic values which concludes that panoramic radiography is 

as reliable as LC in predicting vertical facial pattern as determined by gonial angle. 

OPG can be used as an alternative to LC in determining GoA which shows its 

versatility as a diagnostic tool 

 

Kumar et.al (2017) 
(32)

 in their study attempted to justify the use  of OPG (OPG) for 

evaluating craniofacial specifications such as angular (gonial angle)  and linear 

measurements of the mandible (ramus length)  by comparing with LC. OPG and LC 

were taken from 100 patients of age group 16-35 years from Chettinad Dental College 

and Research Institute. Linear measurements (body length and ramus height) and 

angular measurement (gonial angle) were assessed both in LC and OPG. The study 

concluded that panoramic radiography can be used to determine the GoA and ramus 

height as accurately as a LC. However caution should be exercised in measuring 

horizontal measurement from OPGs. 

 

Radhakrishnan. et. al (2017)
(7) 

in their study evaluated the accuracy of GoA 

measuring across right and left sides of the OPG and the LC in adult patients with 

Class I malocclusion. In the LCs, the GoA was measured at the point of intersection 

of the ramus plane and the mandibular plane. In the panoramic radiographs, the GoA 

was measured by drawing a line tangent to the lower border of the mandible and 
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another line tangent to the distal border of the ascending ramus and the condyle on 

both sides. The evidence concluded that the GoA measurements using panoramic 

radiographs and LCs showed no statistically significant difference, indicating that 

panoramic radiography could be considered in orthodontics for measuring the 

GoAwithout any interference due to superimposed images. 

 

Rasool et.al (2017)
(33) 

conducted a  cross sectional study to establish the diagnostic 

capability of panoramic imaging in identifying individuals with a vertical facial 

pattern , by comparing its effectiveness in measuring GoA against that of a lateral 

cepahlogram. 100 samples were taken from 35 males and 65 females. The GoA was 

measured manually with the help of a protractor placed at the intersection of two 

tangents, one to the inferior border of the mandible and the other to the posterior 

ramus. A significant correlation was obtained between the two methods indicating 

that both panoramic imaging and the LC were equally accurate and the OPG in 

particular had potential as an accurate diagnostic aid in diagnosing vertical dimension 

problems in patients.  

 

Ul-Haq et.al(2018)
(34)

 conducted a study find the agreement between three methods 

of GoA determination on a cephalogram and average of GoA on an OPG, amongst 

three vertical groups. (i.e;  hyperdivergent, normodivergent and hypodivergent). As 

different  methods of evaluating mandibular plane on cephalogram have been 

described by different orthodontic analysts, i.e; Charles H. Tweed, Cecil C. Steiner 

and William B. Downs. According to Tweed mandibular plane is formed by tangent 

to the lower border of the mandible, Steiner described it as a line connecting Gonion 

(Go) to Gnathion (Gn) & Downs mentioned it as a line joining Gonion (Go) to 
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Menton (Me) . In hyperdivergent patients, GA on LC was 137.5 (Tweed‟s), 132 

(Steiner‟s) and 133.1 (Down‟s) and 131.6 on OPG. Similarly on normodivergent 

patients, GA was 132.4 (Tweed‟s), 125.3 (Steiner‟s) and 128.3 (Down‟s) and 126 on 

OPG. In Hypodivergent it was 127 (Tweed‟s) 119.5 (Steiner‟s) 122.5 (Down‟s) and 

120.2 degrees on the OPG respectively. In contrast to earlier studies, the results of this  

study concluded that the value of GA on LC differed depending on the mandibular 

plane and analysis used as reference compared to the OPG on different groups od 

divergence and hence OPG was not a reliable indicator of gonial angle.  

 

Rehman et.al (2020) 
(35)

 in a cross sectional descriptive study compared Sella-

Nasion-Mandibular Plane (SNMP) angle  on LC and gonial angles on panoramic 

radiographs among three groups of individuals categorized as hypodivergent, 

normodivergent and hyperdivergent based on the SNMP angle. The study concluded 

that GoA on panoramic radiographs (OPG) could  provide useful information about 

the facial divergence of the orthodontic patients. 

 

Kaya et.al (2020)
(36)

 attempted to determine whether there was a  difference between 

the GoA values measured on digital LCs and OPGs using a software Total Ceph. On  

examining the digital lateral cephalograms and orthopantomograms of 51 patients (9 

males, 42 females) receiving orthodontic treatment, it was found that there was no 

difference between the values of GA between the digital LCs and OPGs. Thus, 

concluding that digital OPGs were as reliable as the digital lateral cephalograms for 

measuring Gonial angles using software. 
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Srii et.al (2021) 
(37)

 in a descriptive cross sectional study attempted to measure the 

GoA using OPG and LC based on age, gender, ethnicity, and skeletal malocclusion in 

a tertiary care hospital. The values of the mean GoA obtained from the LC were 

higher followed by panoramic left and panoramic right radiographs. The mean 

difference observed between panoramic right, and left was (-1.13), and between 

panoramic right and LC was (-1.66). The least mean difference was observed between 

left panoramic radiograph and LC (-0.53). Based on these observations the 

determination of GoA from right panoramic radiograph remains questionable. The 

study concluded that  the GoA measurements of the left side of the mandible could be 

considered to be reliable. However, studies involving a  larger sample size may be 

required to validate this. 

 

Firdous et.al(2021)
(38) 

 in a study to establish the reliability of the OPG, in 

measurement of GoA, collected panoramic images and LCs from 90 subjects. The 

GoA was measured across both techniques, namely the angle between the intersection 

of two planes, i.e; plane of the ramus of the mandible and body of the mandible for an 

OPG and point of intersection of the plane tangential to the lower border of the 

mandible and another line tangent to the distal border of the ascending ramus and the 

condyle in the LCs. The difference in gonial angle between the two techniques among 

males and females was found to be significant (p<0.05). Thus it was concluded that 

panoramic radiography was more suitable than LC in acquiring the GoA. 

 

Jabbar.et al (2022) 
(39)

  conducted a study to evaluate the reliability of LC compared 

to OPG in determining the value of GoA in different types of malocclusion groups 

(Sagittal skeletal class I, II, III). The study concluded that the LC and OPG are both 
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reliable in measuring GA. There were found to be no statistically significant 

differences in the mean values of GoA measurements from lateral cephalograms and 

OPG radiographs, and so OPG is also a suitable alternative for LC for GA 

measurement. In addition, it was there were no statistically significant differences 

found in mean GA between skeletal sagittal class I, class II, class III malocclusions in 

corroboration with the study by Radhakrishnan.et al in 2017.
(7) 

 

Thus there exists a potential in the amalgamation of two dimensional techniques with 

three dimensional imaging in obtaining accurate linear and angular radiographic 

measurements, which would contribute to more effective diagnosis and treatment 

planning. However, a learning curve exists in the operator‟s skill and familiarity with 

identification and interpretation of 3D landmarks in imaging. This crevice in 

information could be supplemented by further studies on larger sample sizes for better 

understanding.  
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     IV.      MATERIALS AND METHODS 

 

Accurate cephalometric analysis of radiographic images is an essential factor in 

orthodontic diagnosis. Anatomical and derived landmarks are studied and measured 

from these radiographic images to formulate a treatment plan.
(1) 

One such important derived landmark is the gonion, obtained by bisecting the angle 

formed by lines tangent to the posterior border of the ramus and inferior border of the 

mandible or mandibular plane. The GoA is also referred to as the mandibular angle, 

formed by these two above mentioned tangents.
(40) 

The gonial angle embodies a key role in forensic science, particularly in age 

estimation in extreme conditions where the individual under study,may have been 

subjected to mass destruction, mutilation etc. An accurate cephalometric measurement 

of the GoA is sufficient to provide information regarding the growth pattern of an 

individual and mandibular rotation. 

The population can be broadly divided into hyperdivergent or high angle cases with 

an increased GoA, and downward and backward rotation of the mandible, followed by 

hypodivergent or low angle individuals, with a decreased value of gonial angle, and 

an upward and forward rotation of the mandible.  Hence, information provided by 

GoA is important in determining treatment objectives in orthodontic and surgical 

cases. 
(8) 

The earliest reports of assessment of GoA were anthropometric studies carried out by 

Altonen, Mattila and co-workers who measured the GoA in on LC, OPG and dried 

human mandibles.
(10) 
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Since the introduction of radiographic cephalometry more authors have utilised 

various techniques for better visualisation and measurement of angular and linear 

values. 

In the present study, the GoA was calculated from the intersection of two planes, i.e; 

plane of the ramus of the mandible and body of the mandible, considering the Go-Me 

as specified by the Down‟s analysis given by William .B. Downs.
(41) 

 

Source of data : 

A cross- sectional  study comprising of 24 healthy individuals was carried out in the 

Department of Orthodontics and Dentofacial Orthopaedics, at the Sri Dharmasthala 

Manjunatheshwara (SDM) College of Dental Sciences and Hospital, Dharwad, 

Karnataka, India. An ethical clearance was acquired for the study from the 

Institutional Review Board. (Annexure II).  Patients reporting to the department were 

recruited in the study after obtaining an informed consent in writing from each of 

them. (Annexure III) 

 

 

Study design : 

Cross sectional 
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Sample selection 

 The sample selection was based on the following inclusion and exclusion criteria: 

.  Inclusion criteria : 

 

1. Individuals aged 15-30 years with Skeletal class I relationship 

2. Individuals with no gross asymmetry and minimum tooth rotations 

3. Individuals having no history of any craniofacial anomalies 

4. Dentate individuals with minimum loss of teeth due to caries,extractions etc 

5. Individuals displaying normodivergent growth pattern (according to Down‟s 

analysis value of 25
o 
+/- 5

o)
 

 

  Exclusion criteria : 

 

1. Individuals displaying mandibular skeletal asymmetry 

2. History of trauma, mandibular or facial surgery 

3. Medical syndromes affecting the facial skeleton 

4. Any individual suffering from temporomandibular joint disorders or condylar 

abnormalities 

 

 

Sample Size Calculation 

b. Single Mean - Paired t-test  

Mean in Gonial angle in the first method = 118.99 
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Mean in Gonial angle in second method = 115.60 

Standard deviation in Gonial angle in first method = 4.62=S1 

Standard deviation Gonial angle in second method = 5.93=S2 

Effect size = -0.756398104265402 

Power of the study : 90 percent where „n‟ is the sample size 

 

24 samples were taken  

 

 

Formula :  
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Where, Z1-= Z-value for  level (1.96 at 5%  error or 95% confidence) 

Z1- = Z-value for  level (1.282 at 10%  error or 90% power) 

 

Procedure :  

Twenty four individuals  who reported to the Department of Orthodontics at Sri 

Dharamasthala Manjunatheswara College of Dental Sciences and Research hospital, 

were subjected to conventional and three dimensional radiographic techniques like 
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LC, OPGs and cone beam computed tomography as dictated by their line of 

orthodontic treatment.  

The lateral cephalograms and panoramic images of the patients were obtained using 

the Carestream Dental 9600 imaging system Version 8.018 with the imaging 

parameters 80 kV, 10.0 mA, 10 seconds exposure time and 73 kV, 8.0 mA, 12.3 

seconds exposure time respectively.  

 

CBCT images of the mandible were obtained using the parameters, 120 kV, 5 mA, 12 

seconds with an FOV of 16x10 on the same imaging system. These were obtained by 

the same technician using the same device for all the patients in the natural head 

position. All radiographs were viewed and evaluated, and only high quality 

radiographs were included in the study. 

The LC and OPG images were directly available in a digital format on opening the 

Carestream 9600 software installed on a desktop. This particular software allowed for 

free measurement of specific linear and angular values of anatomical points according 

to various cephalometric analyses,including that of the gonial angle. 

On both radiographs, lines tangential to the mandibular lower border (mandibular 

plane) and those tangential to the posterior border of the ramus and condyle (ramal 

plane) were visualised and used as a reference to mark the following points, articulare 

,gonion and menton on the digital images. 

The points articulare, (point at the junction of the posterior border of the ramus and 

inferior border of the cranial base (occipital bone), gonion (point on the curvature of 

the angle of the mandible located by bisecting the angle formed by lines tangent to the 

posterior ramus and inferior border of mandible) and menton (lowest point on the 



 

- 28 - 
 

symphyseal shadow of the mandible seen on a LC) were marked after using the cursor 

to select the Angle Measuring Tool provided in the left hand panel of the software. 

(Fig 1) 

Once the above three points were marked, the numerical value was automatically 

displayed both diagrammatically in red on the image as well as on the display panel to 

the right hand panel of the window. This was done for the LC as well as both right 

and left sides of the OPG images. This process was repeated multiple times by the 

evaluator to avoid any inaccuracies in measurement. (Fig 2) 

For the CBCT image, the Curved Slicing option was chosen for the viewing of the 

image. This was followed by an OPG reconstruction of the CBCT data using the 

temporal arch reconstruction tool. The slice obtained was of 1.1um thickness, 

magnification 0.3mm, showing the mandible in an axial section, and a clear 

visualisation of the above three points. The Angle measuring tool was selected and the 

points „Ar‟ ,‟Go‟ and „Me‟ were marked by the evaluators. (Fig 3). Once this was 

done, the CS9600 software displayed the angular measurement between the three 

marked points in the display panel to the right of the screen. (Fig 4) .The process was 

repeated for the right and left sides of the image for all 24 samples till all values were 

obtained.  

 

Statistical Analysis : The statistical analysis was carried out using Statistical Package 

for Social Sciences (SPSS Inc., Chicago, IL, USA; version 15.0 for Windows). As the 

data for angles were quantitative data, these were estimated using mean and standard 

deviation.Cohen‟s weighted Kappa test was used to measure the degree of agreement 

of the varying imaging modalities. 
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V.         COLOUR PLATES 

 

 

 

Fig. 1. Lateral Cephalographic image showing Gonial angle (in red) measured as 

angle between tangent to posterior border mandible and tangent to lower border of 

mandible across points Ar, Go, Me. Measurement done using Angle measuring tool 

in Carestream 9600 imaging software v8.018 
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Fig 2. OPG showing GoA(in red) measured as angle between tangent to posterior 

border mandible and tangent to lower border of mandible across points Ar, Go, 

Me. Measurement done using Angle measuring tool in Carestream 9600 imaging 

software v8.018 
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Fig 3 CBCT mandible showing right and left gonial angles (in red) measured across 

posterior border of ramus and lower border of mandible through points Ar,Go,Me 

bilaterally. 
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Fig. 4 . Angular value 

displayed in degrees on the 

right hand panel of CS9600 

viewing software on measuring 

across the determined points 
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VI. RESULTS 

 

The results of the study have been presented in the following format : 

I. Table of the raw data (Master Chart) 

II. Table of the results 

 

Table I : Raw data (Master Chart) :  Value of gonial angle (in degrees) as 

measured on  

Note: Values expressed in degree 

Sl.No Lateral Cephalogram 

(2D)  

OPG (Right) 

2D 

OPG (Left) 

 2D 

CBCT (Right) 

3D 

CBCT (Left) 

3D 

1 122.90 122.20 131.50 122.20 132.00 

2 130.50 131.00 130.40 131.20 130.20 

3 125.20 127.00 127.50 127.20 127.80 

4 121.60 116.80 122.80 116.20 122.30 

5 124.20 126.30 123.80 126.00 123.20 

6 126.80 123.70 117.80 123.40 117.10 

7 118.60 116.90 118.40 116.60 119.00 

8 123.60 122.90 125.40 122.40 125.00 

9 125.50 127.20 125.90 127.00 125.80 

10 125.70 127.60 128.20 127.30 128.00 

11 129.40 128.40 124.20 128.20 124.00 

12 126.40 120.60 116.90 120.20 116.80 

13 128.70 124.35 133.40 129.50 133.20 

14 129.00 125.02 125.30 130.60 125.00 

15 132.70 126.58 125.60 130.40 130.50 

16 124.60 126.60 125.40 126.30 124.90 

17 121.90 124.20 123.50 124.00 123.40 

18 123.20 125.30 128.50 125.00 128.90 

19 126.30 127.50 130.20 127.30 130.00 

20 122.40 126.80 131.90 126.60 131.50 

21 124.50 128.40 127.40 128.00 127.20 

22 127.20 128.25 128.40 130.00 128.40 

23 119.70 123.40 119.70 123.00 119.60 

24 129.40 129.35 126.70 131.00 126.60 
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I. Table of  Results :  

 

Table 2: Comparison of Gonial angle between method of CBCT (Right) and 

CBCT (Left) with LC(2D) by dependent t test 

Methods Mean SD Mean 

Diff. 

SD 

Diff. 

% of 

diff. 

t-value p-value 

CBCT (Right)-3D 125.8

2 

4.18      

LC-2D 125.4

2 

3.45 0.40 2.69 0.03 0.7285 0.4737 

CBCT (Left)-3D 125.8

5 

4.59      

LC-2D 125.4

2 

3.45 0.43 4.66 0.03 0.4560 0.6527 

  

A dependent t-test was done to compare the quantitative values between the lateral 

cephalogram and CBCT images (both right and left). The values of GoA on LC were 

125.42
o 

+/- 3.45 SD, similar to the values on CBCT which were 125.82
o
 +/- 4.18 SD 

for the right and 125.85
o
 +/- 4.59 for the left gonial angles respectively. Thus the 

values displayed similarity between lateral cephalogram and CBCT as well as 

between that of CBCT (right) and CBCT (left). The difference in mean across the LC 

and CBCT was not statistically significant (p<0.4737) and (p<0.6527) respectively.  
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Figure 2.1: Comparison of Gonial angle between method of CBCT (Right) and 

CBCT (Left) with LC-(2D) 

 

 

A bar graph was also plotted and displayed the level of similarity in values across the 

two imaging modalities displaying mean value of GoA as 125.8 
o
(between LC and 

CBCT) as well as the individual right and left imaging of the CBCT.  
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Table 3 : Comparison of Gonial angle between method of CBCT (Right) with 

OPG (Right)-2D by dependent t test 

Methods Mean SD Mean 

Diff. 

SD 

Diff. 

% of 

diff. 

t-value p-value 

CBCT (Right)-3D 125.8

2 

4.18      

OPG (Right)-2D 125.2

6 

3.54 0.55 1.78 0.04 1.5220 0.1416 

 A dependent t-test comparing the right sides of OPG and CBCT images was done. 

The mean value of GoA was found to be 125.82+/- SD 4.18 on CBCT (right) versus 

125.26+/- 3.54 on OPG right respectively. The difference in mean value of GoA 

across the two imaging techniques did not show a statistically significant value (p< 

0.1416) 

 

Figure 3.1: Comparison of Gonial angle between method of CBCT (Right) with 

OPG (Right)-2D 
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A bar graph of the two techniques displays the similarity in values across the imaging 

CBCT and OPG imaging techniques.  

 

Table 4: Comparison of Gonial angle between method of CBCT (Left) with OPG 

(Left)-2D by dependent t test 

Methods Mean SD Mean 

Diff. 

SD 

Diff. 

% of 

diff. 

t-value p-value 

CBCT (Left)-3D 125.7

8 

4.43      

OPG (Left)-2D 125.8

5 

4.59 -0.07 1.08 -0.05 -

0.3025 

0.7650 

  

The values of mean GoA across CBCT (left) and OPG (left) were 125.78
o
+/- 4.43 SD 

and 125.85
o
+/- 4.59 SD showing similarity in their values. This was supplemented by 

the difference in mean between the two methods, which, additionally were also 

statistically insignificant. (p<0.7650) 

 

Figure 4.1: Comparison of gonial angle between method of CBCT (Left) with 

OPG (Left)-2D 
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The above bar graph corroborates the findings of comparable mean values of gonial 

angle between the lateral cephalogram and CBCT techniques. 
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Table 5: Comparison of Gonial angle between methods of LC-(2D), OPG 

(Right)-2D and OPG (Left)-2D by dependent t test 

Methods Mean SD Mean 

Diff. 

SD 

Diff. 

% of 

diff. 

t-value p-value 

LC-2D 125.4

2 

3.45      

OPG (Right)-2D 125.2

6 

3.54 0.15 3.10 0.01 0.2400 0.8125 

LC-2D 125.4

2 

3.45      

OPG (Left)-2D 125.7

8 

4.43 -0.37 4.78 -0.03 -

0.3757 

0.7106 

OPG (Right)-2D 125.2

6 

3.54      

OPG (Left)-2D 125.7

8 

4.43 -0.52 3.90 -0.04 -

0.6517 

0.5210 

  

The mean values of GoA across the conventional methods was lateral cephalogram 

125.42
o
+/- 3.45 SD, comparable to the mean GoA of OPG (right) 125.26 

o
+/- 3.54 SD 

and OPG (left) 125.78
o
 +/- 4.43 SD respectively. In addition, the p values among the 

techniques were also statistically insignificant (p<0.8125,p<0.7106 and p<0.5210 

respectively). 
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Figure 5.1: Comparison of Gonial angle between methods of LC-(2D), OPG 

(Right)-2D and OPG (Left)-2D 

 

The bar graph displaying the mean value of GoA is in agreement with the findings of 

the above table, displaying similar mean across the LC and OPG imaging techniques 
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Table 6: Correlations among five methods in assessment of Gonial angle by Karl 

Pearson’s correlation coefficient  

Methods with 

Gonial Angle 

Summary LC-2D OPG 

(Right)-

2D 

OPG 

(Left)-

2D 

CBCT 

(Right)-

3D 

CBCT 

(Left)-

3D 

LC-2D r-value 1.0000     

 p-value ---     

OPG (Right)-2D r-value 0.6061 1.0000    

 p-value 0.0020* ---    

OPG (Left)-2D r-value 0.2831 0.5401 1.0000   

 p-value 0.1800 0.0060* ---   

CBCT (Right)-

3D 

r-value 0.7673 0.9069 0.5825 1.0000  

  p-value 0.0001* 0.0001* 0.0030* ---  

CBCT (Left)-3D r-value 0.3562 0.5263 0.9719 0.6030 1.0000 

 p-value 0.0880 0.0080* 0.0001* 0.0020* --- 

*p<0.05 

In corroboration with the findings tabulated in Table 1,2,3,4 and 5, Table 6 shows a 

significantly high level of correlation between the values of GoA measured by LC and 

OPG (right), OPG (right and left) , OPG (right) with CBCT (right) and OPG (left) 

with CBCT (left) 
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VII. DISCUSSION 

 

The term “gonion,” derives its origins from the Greek word „γωνία’, meaning an 

angle. It is an anthropometric term and cab be used to define  “the lowest, most 

posterior, most lateral point of an angle.  The Gonial angle (also called the mandibular 

angle or the angle of the jaw) is  thus the angle at which the lower border of the 

mandibular body meets the posterior border of the ramus. This term has diverse 

representations in literature.
(40) 

 

According to Brodie , it is  used to refer to the posterior inferior angle region of the 

mandible while Broca defines it as the angle 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.  The gonial angle describes the 

shape and the form of the mandible and provides valuable information in predicting 

the growth pattern of an individual. In addition, it plays an important role in deciding 

the extraction pattern in class II patients, as  well as confirming the decision to 

undergo surgery for patients with class  III skeletal base patients. A valuable adjunct 

in forensic medicine, the gonial angle and its morphological characteristics help in the 

diagnosis of facial asymmetries.
(40) 

 

The aim of this study was to compare the value of GoA across conventional two 

dimensional imaging techniques like the commonly used lateral cephalogram and 

OPG, versus the newer three dimensional radiographic technique, CBCT. Some 

disagreement exists, regarding the accuracy of the GoA which may tend to vary 
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depending upon the mandibular plane of reference being used. Three of the most 

commonly constructed mandibular planes are: 

 Down‟s: line connecting Gonion(Go) and Menton(Mn) given by W .B. Downs;
(41)

 

 
  
Steiner‟s: line connecting Gonion(Go) and Gnathion(Gn) given by 

Cecil.C.Steiner;
(42)

 

 Tweed‟s: tangent to the lower border of the mandible advocated by Charles 

Tweed.
(43)

 

 In order to rule out discrepancies on account of varying reference planes, all 

cephalometric measurements of individuals in the current study were made in 

considering the Go-Me plane as described by the Down‟s analysis. This was 

maintained across all three imaging techniques of LC, OPG and CBCT.  
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STUDY DESIGN 

 

 

The current study was a cross-sectional, comparative study to determine the 

quantitative angular value of gonial angle as determined by tangents drawn from the 

posterior border of the mandible and the inferior border of the mandible in accordance 

with Down‟s analysis. 

This method of measurement was carried out by the evaluator in a uniform manner 

across the three different techniques of LC, OPG and the newer method of CBCT . 

The present study sample consisted  of 24 individuals in the age group of 15-30 years  

(12 females and 11 males with a mean age of  20.54 years) , who displayed 

normodivergent growth pattern (FMPA 20+/- 5 
o
) and presented with  Skeletal Class I 

bases. Each patient was subjected to LC, OPG and CBCT  imaging as dictated by the 

needs of orthodontic treatment.  

 

 

Principle:  

Previously various studies have compared the efficacy of radiographic imaging 

techniques in reporting, angular and linear measurements of skeletal discrepancies. 

Among these measurements, often included is the Gonial angle which is usually 

captured using conventional radiographic techniques. While these exhibit a certain 

level of accuracy, studies comparing these modalities and newer 3D imaging 

techniques in their  ability to accurately visualise the skeletal structures, are few to 

none. Both the lateral cephalogram and panoramic image, tend to succumb to innate 
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errors of image distortion, primarily due to the presentation of the mandibular rami 

and condyles as superimposed structures.Whereas, the orthopantomogram,  allows for 

easy visualisation of each individual side of the gonial angle vis-a vis the mandible, 

without the interference or magnification of surrounding structures. This loss of 

quality in the radiographic image is reported to be due the interaction of a non parallel 

beam with a three dimensional structure and its representation in a 2D format 
(44)

 This 

setback, however minor has spurred on an increase, in the development of  3D 

imaging,  in for its ability to capture and display the “anatomical truth” of the imaged 

structures at a comparatively lesser radiation exposure. CBCT in particular is gaining 

momentum as a valuable diagnostic adjunct in the field of dentistry and orthodontics 

in particular. This maybe helpful in an era where a caveat in information, in regards to 

3D imaging might inadvertently subject patients, to unnecessary radiation exposure, 

by obtaining multiple conventional cephalograms
.(45) 
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INTERPRETATION OF RESULTS 

 

Due to a lack of information, regarding the use of standard norms for CBCT imaging  

in measuring linear and angular cephalometric values,
(45)

 the present study was 

conducted to compare and contrast the values of  gonial angle and their individual 

right to left variations, using reference planes as applied to conventional 2D imaging. 

The study group comprised of 24 individuals with no visible facial asymmetry, 

craniofacial syndromes or history of trauma and exhibiting a normodivergent  growth 

pattern. The value of GoA was acquired across the three radiographic imaging 

modalities , namely, the lateral cephalogram and orthopantomogram and the CBCT 

and assessed for reliability. 

As the gonial angle is a quantitative value, expressed in, the readings were expressed 

in the form of  „Mean‟ and „Standard Deviation‟ or „SD‟.  

The statistical analysis by the dependent t-test displayed no statistically significant 

results in the mean values of GA across the three different imaging procedures.( 

Table 1,2,3,4,5 ). In corroboration with these findings, Karl Pearson‟s correlation 

coefficient showed a significantly positive correlation (p<0.05) between LC and OPG, 

OPG (right) and OPG (left) and CBCT (right) and CBCT (left) to each other 

respectively. (Table 6)   
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Table 2 : Comparison of Gonial angle between method of CBCT (Right) and 

CBCT (Left) with LC(2D) by dependent t test 

 

Figure 2.1 : Graphical representation of statistically insignificant Mean and SD 

between LC, CBCT (right) and CBCT (left) on using dependent t-test 

 

A dependent t-test was done to compare the quantitative values of gonial angle 

between the lateral cephalogram and CBCT images (both right and left). The values 

of GoA on LC were 125.42
o 

+/- 3.45 SD, and that of CBCT was 125.82
o
 +/- 4.18 SD 

for the right and 125.85
o
 +/- 4.59 for the left gonial angles respectively. Thus, there 

was no statistically significant difference in mean between the value of gonial angle 

as measured by LC and CBCT. This was demonstrated by p values (p<0.4737) and 

(p<0.6527) respectively.  

A bar graph supplemented the above findings in the form of a pictorial representation 

of the data. Thus, the cephalometric measurements were equally reliable across the 

two imaging modalities (LC and CBCT). In addition, there was also a similarity in 

readings between CBCT right and left sides respectively.   

 

 

 

 

 

 

 



 

- 50 - 
 

 

Table 3 : Comparison of Gonial angle between method of CBCT (Right) with 

OPG (Right)-2D by dependent t test 

Fig 3.1 : Bar graph demonstrating Mean and SD between 2D (OPG –right) and 

3D (CBCT-right) imaging techniques. 

 

A repeated measures or dependent t-test was conducted again between the values of  

the right gonial angle as captured on OPG and CBCT.  The mean value of GoA was 

found to be 125.82
o
+/- SD 4.18 on CBCT (right) versus 125.26

o
+/- 3.54 on OPG right 

respectively. The difference in mean value of GoA across the two imaging techniques 

did not show a statistically significant value (p< 0.1416).  

This finding was supplemented the bar graph which was plotted to reveal a high 

positive correlation between the two modalities and the negligible differences in their 

mean value.  

The two techniques showed a significant positive correlation .Thus the readings of 

GoA obtained were equally accurate across the two techniques.  
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Table 4 :  Comparison of Gonial angle between method of CBCT (Left) with 

OPG (Left)-2D by dependent t test 

 

Figure 4.1 : Bar graph /pictorial representation of statistically insignificant 

values in Gonial angle between the OPG (left) and CBCT (left) 

 

Statistical test of repeated measures was carried out within the study sample. The 

values of mean GoA across CBCT (left) and OPG (left) were 125.78
o
+/- 4.43 SD and 

125.85
o
+/- 4.59 respectively. Thus a high level of agreement was displayed between 

the value of left  gonial angle as measured using OPG and CBCT. The difference in 

error was negligible at -0.05% 

The high level of reliability between the methods is strengthened by the similarity in 

mean values and the statistically insignificant p value (p<0.7650).  
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Table 5 : Table 5: Comparison of Gonial angle between methods of LC-(2D), 

OPG (Right)-2D and OPG (Left)-2D by dependent t test 

 

Figure 5.1 : Table 5: Bar graph/pictorial  description of Gonial angle  between 

methods of LC-(2D), OPG (Right)-2D and OPG (Left)-2D by dependent t test 

 

Similarly, statistical test of repeated measures within the same study group was 

conducted across both conventional modalities.  The mean values of GoA across the 

conventional methods for lateral cephalogram  was 125.42
o
+/- 3.45 SD, comparable 

to the mean GoA of OPG (right) 125.26 
o
+/- 3.54 SD and OPG (left) 125.78

o
 +/- 4.43 

SD respectively. In addition, the p values among the techniques were also statistically 

insignificant (p<0.8125,p<0.7106 and p<0.5210 respectively). This corroborated the 

findings that there was an evident reliability and reproducibility among the values 

across the techniques. In addition, the percentage error was a minimal -0.01%, -0.03% 

and -0.04%  in LC and OPG (right and left) respectively  
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Table 6: Correlations among five methods in assessment of Gonial angle by Karl 

Pearson’s correlation coefficient  

 

*p<0.05 

In corroboration with the findings tabulated in Table 1,2,3,4 and 5, Table 6 shows a 

significantly high level of correlation between the values of GoA measured by LC and 

OPG (right), OPG (right and left) , OPG (right) with CBCT (right) and OPG (left) 

with CBCT (left). This summarises the findings as, a high level of agreement between 

the values across the different imaging techniques. Supplemented by the p value of  

0.0020 between LC and OPG (right) , p - 0.0060 between OPG  right and left sides 

respectively, p-).0001 between CBCT (right) and LC, CBCT and OPG respectively. 

In addition, p value was 0.0003 between CBCT (right ) and OPG. CBCT (left) did not 

show a high correlation with LC in comparison, but rather with OPG (right) 0.0008, 

OPG (left) ).0001 and CBCT (right) 0.0002. 
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COMPARISON WITH OTHER STUDIES 

 

1. Kaya et.al 
(36)

, in their study evaluated the differences between that of gonial 

angle when measured on digitally acquired lateral cephlograms, versus digital 

panoramic images. The sample size included 54 patients of which, only 9 were 

male and 42 were female, with a mean age of 19.51±4.92 years. The digital 

images were imported directly into the software (TotalCeph version 1.2.0). The 

reference planes were delineated by drawing tangents to the posterior and inferior 

border of the mandible. Anatomic landmarks were marked using a digital ruler. 

The software automatically displayed the value of the angle. The mean values of 

the GoAngs were 123.71°±6.88° and 123.30°±6.47° for digital Lat Cephs and 

OPGs, respectively. There was no statistically significant difference between the 

values (p<0.001). The mean values of the right and left gonial angles on the 

digital OPGs were 123.25°±7.04° and 123.44°±6.54°, respectively. The difference 

between these measured angles was also not statistically significant (p=0.73).  In 

our study, digital images of lateral cephalogram and panoramic images were 

considered across a similar age group of 20.54 years, with 13 females and 11 

males. In a similar manner, the digital images were obtained using the Carestream 

9600 software and viewed. Tangents were drawn to the mandible inferiorly and to 

the posterior border. In our study, the „Angle measuring tool‟ was utilized, which 

automatically displayed the value of the gonial angle once clicked. In accordance 

with the findings of Kaya and co-workers, in our study, the mean values of gonial 

in our study was 125.42
o
+/- 3.45 SD, comparable to the mean GoA of OPG (right) 

125.26 
o
+/- 3.54 SD and OPG (left) 125.78

o
 +/- 4.43 SD respectively. In addition, 
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the p values among the techniques were also statistically insignificant 

(p<0.8125,p<0.7106 and p<0.5210 respectively). Indicating equal accuracy and 

reliability among the methods of lateral cephalogram and orthopantomogram for 

determining the value of gonial angle.  

 

2. In a study by Kumar et.al
(45) 

measurements were compared from synthesized 

cone-beam computed tomography (CBCT) lateral cephalograms by incorporating 

using orthogonal and perspective projections against conventional cephalometric 

radiographs. The imaging for 31 patinets was done using CBCT and conventional 

cephalometry. The measurement of 12 linear and 5 angular values was done on 

the synthesized cephalometric images. It was found that, other than the MP angle 

(p<0.0001) the angular measurements were not different across any of the 

techniques. The similar finding was established of the linear measurements. The 

findings are in accordance with our study wherein the digital lateral cephalogram, 

panoramic images were compared with the CBCT reconstructed panoramic image 

in the measurement of the gonial angle. There was a high level of agreement 

across the three techniques according to Karl pearson‟s correlation co-efficient. 

The difference in mean for Gonial angle was found to be statistically insignificant 

(p<0.7856) indicating equal accuracy and reliability across the three techniques. 

 

3. In a study by Hariharan et.al
(46) 

the reliability of cephalometric assessment was 

evaluated between lateral cephalograms and CBCT images. Thirty patients were 

included in their study, after informed consent had been obtained from them. The 

study group was subject to radiographic imaging via 2D and 3D imaging software 

.Once the 3D image had been updated in the software in the form of DICOM files, 

onto the OnDemand3D software, the measurements were carried out.  The highest 
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standard deviations for the angle measurements were present for the S-Ar-Go and 

Ba-SN angular measurements. Thus indicating that  a half skull CBCT  reliable 

angle measurements.  In a similar study  by Liedke et.al , it was found that CBCT 

half skull had a good reliability similar to the cephalograms. . It was found that the 

measurements involving the mid-sagittal plane were more accurate in CBCT when 

compared to the digital cephalograms. These findings were in corroboration with 

our study wherein a significant level of correlation was found between the 2D 

lateral cephalogram image as well the OPG image and both in relation to the 

CBCT image. 
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LIMITATIONS OF THE STUDY 

 

1. The current study extends its effect to a homogenous population of patients with 

no prior history of orthodontic treatment, exhibiting Skeletal Class I bases and 

normodivergent growth pattern. A larger study sample considering a diverse 

population of differing growth patterns and malocclusions would provide more 

comprehensive results.  

 

2. While conventional radiographic imaging techniques do not require much 

expertise, a learning curve exists for the operator in using, manipulating and 

viewing images through a sophisticated 3D radiographic and imaging software. 

An inexperienced operator may report several errors and add to confusion in 

interpretation by overestimation or underestimation of values. 

 

3. The prescription of a CBCT image is still a cause for dispute, due to its inherent 

radiation exposure. Despite the high resolution images obtained, its use should be 

justified by the ALARA principles, and thus its application to all cases in 

orthodontics as a blanket approach cannot be advised.  

 

4. This study uses one of the commercially available radiographic image viewing 

softwares ,the Carestream 9600 v8.018, for generating and measuring re-

constructed panoramic images from CBCTs. Additional studies with a more 

diverse range of measuring tools across reconstructed images would be beneficial. 

 

5. The steepness of the gonial angle tends to undergo a change with age. This may act as 

a confounding factor when estimating the value across a large range of age groups.  
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CLINICAL IMPLICATIONS 

 

1. The study offers information regarding the possibility of incorporation of 3D 

imaging into regular diagnostic procedure and treatment planning alongside 

photographs, dental models, etc 

 

2. Quantitative values like angular measurements, in degrees can be measured using 

the CBCT reconstructed image with equal predictability as the cephalogram and 

panoramic radiograph .  

 

3. A CBCT image reconstruction can be utilized in place of an additional 

conventional cephalogram, when the data volume is already available, thus 

reducing the need for additional x-ray examination expense, thereby decreasing 

the chance of additional radiation exposure.  

 

4. Accurate images can be obtained at a lesser or comparable radiation exposure 

when utilizing a 3D radiograph instead of a 2D. 

 

5. Orthodontic treatment necessitates accurate documentation of the treatment 

process over a long span of time. Physical copies of lateral cephalograms and 

OPGS ted to suffer from degradation over time. Digitization of data through 

CBCT images would allow for better preservation of images for future reference 

 

6. As gonial angle is a factor in affecting the choice of surgery, the digitized image 

of the mandible would allow for easier access as well as lend itself to surgical 

simulation of treatment procedures for better patient and operator 

understanding,through soft tissue reconstruction of the desired regipn 
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7. Additional data could be extracted from a full volume CBCT image with a one 

time exposure, rather than multiple conventional cephalograms. Knowledge 

regarding presence of cysts, bony defects, and proximity of vital structures to 

bony landmarks which may undergo changes during the course of treatment can 

also be visualized along with the basic diagnostic needs for which the CBCT may 

have been advised. 

 

8. Conventional cephalograms suffer from inherent errors in magnification and 

distortion, in addition to errors in positioning in the cephalostat by the patient. 

These errors are can be resolved in Cone Beam CT as it allows the operator to re-

structure the volume for to combat errors like patient head position in the 

cephalostat.  

 

9. This is the first of several small steps to a gradual digitisation of the orthodontic 

workplace via digital records, planning and execution. 
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SCOPE FOR FUTURE STUDIES 

 

1. Patient-oriented orthodontic treatment is the need of the hour. Thus there 

exists a requisite to streamline the process of orthodontic treatment with 

sophisticated, accurate, and easily accessible radiographic images to 

supplement high quality photographic records and models.  

 

2. Further research on a diverse population sample would allow for better clarity 

in the quantitative and qualitative measurements that can be obtained from the 

3D CBCT compared to the conventional cephalograms. 

 

3. Statistically in-significant difference between the values of one of the angle 

measurements of synthesized projections compared with conventional lateral 

views requires further investigation. Although these differences were minute,  

they could be clinically relevant 

 

4. Detailed studies are required to establish the degree of agreement, between the 

above mentioned techniques and to what extent they exhibit reliable 

measurements. 

 

5. There is a need to standardize the position of the patient when imaging for a 

CBCT as most units do not allow for a natural head posture comfortably. A 

reference line such as the Sella-Nasion or Frankfort Horizontal plane could be 

added to future studies for standardization of imaging protocol. 
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CONCLUSION  
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CONCLUSION 

  

1. An estimation of an angular value, such as Gonial angle, using a CBCT image is 

as reliable as using a  cephalogram or a panoramic image. Thus, synthesized 

cephalometric images from CBCT can be incorporated into routine dental practice 

and orthodontic diagnosis within reasonable means. 

2. Standard population norms as for conventional imaging techniques can be 

extended to 3D imaging for a homogenous population.  

3. An accurate analysis of the skeletal, as well as soft tissue structures can be done , 

to visualise the “anatomic truth” of a structure via Cone Beam CT imaging. 

4. In cases of readily available CBCT volumes, reconstructed images may be 

derived, reducing the need for additional radiographic images. 

5. High resolution images of skeletal discrepancies can be visualised at a lesser 

radiation dosage than conventional techniques 

6. There is reduced chance of imaging errors due to image magnification of artefacts, 

by using the Cone Beam technique. 

7. This is because the present study shows, that Gonial angle was found to equally 

reliable and predictable when measured using a LC, OPG, or a CBCT. The 

difference in mean was found to be statistically insignificant across all three 

mediums. 

8. A high level of agreement (p<0.005) was established between the cephalogram, 

panoramic image and CBCT according to Karl Pearson‟s coefficient. 

9. Further studies on a diverse population would provide more comprehensive dat 
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SUMMARY 
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SUMMARY 

 

Cephalometry is an indispensable tool in orthodontics, both in diagnosis and treatment 

planning. In conjunction with an elaborate patient history, photographs and dental 

study models, conventional cephalometric techniques like the lateral cephalogram and 

orthopantomogram are used to evaluate the extent of skeletal disturbances in the 

population. With the rising trend in sophisticated technology and imaging software, 

the need of the hour is an amalgamation of existing and newer techniques to provide 

better patient care. 

 

Since, the possibility that 3D imaging techniques like CBCT can supplement or 

replace conventional imaging modalities has not been examined, and the degree of 

agreement between the two methods has not been established. Additionally, standard 

population norms have not been available for 3D imaging techniques , indicating that 

patients may inadvertently be subjected to further radiation exposure through 

traditional lateral cephalograms and panoramic radiograph. Thus, this study attempts 

to obtain information regarding the agreement of measurements across the 3D CBCT 

images and conventional lateral cephalograms.  

 

There exists a learning curve for the dental practitioner to familiarize himself with the 

accurate identification of 3D landmarks on a suitable viewing software and interpret 

them correctly. However, as the present study shows, there exists a high level of 

agreement between the conventional and 3D imaging modalities in the aspect of an 

angular quantitative value such as gonial angle, in a homogenous population with no 
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gross asymmetries. Further studies on diverse populations using a wider range of 

parameters would provide valuable information.  

There exists a vast potential in the digitization of the orthodontic workplace and it 

begins with the initial steps of impression taking, photographic records and of course 

digital imaging. 

 

A suitable single full volume CBCT may provide the necessary information to 

proceed and plan orthodontic treatment whether it be growth modification, 

camouflage or surgical intervention. This single source of data may erase the need for 

multiple radiographic exposures which are usually advised during the course of 

orthodontic treatment. 

 

Further research is needed to determine the extent of application of the CBCT images 

in orthodontics, but the current study shows a significantly high level of correlation 

between the values of gonial angle across the three imaging modalities. This may be 

the initial steps to pave the way for a seamless transition from the 2D imaging 

procedures to 3D imaging.  
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INFORMED CONSENT 

 

I hereby authorize Dr. Apurba Gupta to perform clinical/ laboratory/ other 

applicable investigations/ procedures upon me, with regard to the proposed 

scientific research, “COMPARISON OF CONVENTIONAL IMAGING 

TECHNIQUES VERSUS CONE BEAM COMPUTED TOMOGRAPHY 

(CBCT) IN MEASUREMENT OF GONIAL ANGLE IN 

NORMODIVERGENT ADULTS ” undertaken by her. 

I have been informed about: 

 The identity of the research team members & their responsibilities. 

 The aims and methods of the proposed research. 

 The purpose of the proposed research is:  To compare the measurement of 

gonial angle using conventional imaging techniques like Lateral cephalogram 

and Orthopantomograph (OPG) against 3D imaging techniques like Cone 

Beam computed Tomography (CBCT) and identify any variations in the left to 

right measurements of the same. 

 The fact that there may be no tangible benefits to myself after having 

undergone an oral examination and provided my radiographic sample. 

 The benefits of this research adding to the existing scientific knowledge in this 

field that might reasonably be expected as an outcome of the proposed 

research without having a direct benefit to me. 

 Any foreseeable extent of information on possible current and future uses of 

the data generated from the proposed research is likely to be used for 

secondary purposes or would be shared with others, maintaining 

confidentiality. 
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If any unforeseen condition should arise during the course of the research, 

calling for judgment or for procedures in addition to or different from those 

now contemplated, I further request and authorize the investigator(s) to do 

whatever may be deemed advisable. 

Further, I have been informed of methods of treatment for my orthodontic 

condition, if any required. 

I consent to photographs of my oral and facial structures and their publication 

for educational and scientific purposes. 

I have volunteered with the freedom to participate and to withdraw from the 

proposed research at any time without penalty or loss of benefits. 

I further understand that the proposed research may have no direct tangible 

benefits to me and the results of the research may/ will further scientific 

knowledge for the betterment of the general population. 

I have not travelled interstate or abroad, or come in contact with a person who 

may have been positive for COVID – 19 virus. I have no history of cough, sore 

throat or breathlessness in the last 2 weeks and in case any of the above 

sysmptoms arise within 2 weeks of sample collection, I will duly get myself 

tested for the same.  

I certify that I have had an opportunity to read and fully understand the 

terms and words within the above informed consent and explanation 

referred to or made, before I signed.  

Note: If I do not understand the English language, this informed consent 

was made aware to me in the language of my choice. 
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Name and Signature of Principal Investigator (PI):  Dr. Apurba Gupta 

 

Name and Signature of Volunteer/Patient:   

        

Name and Signature of Witness: 


