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Background: Mandibular asymmetries are commonly seen as asymmetric traits among 

orthodontic and orthognathic patients which require bilateral mandibular assessment for diagnosis 

and treatment. An orthopantomogram can be used to measure and compare right and left sides of 

mandible. The objective of this study was to investigate the reliability of left and right sides of 

orthopantomogram for determining the linear mandibular measurements and to check whether 

these values are identical with the values of linear mandibular measurements determined from 

lateral cephalogram. Methods: Orthopantomogram and lateral cephalogram were taken from 118 

patients of age group 12–35 years from Orthodontic department, Liaquat College of Medicine & 

Dentistry and Darul Sehat Hospital, Karachi, Pakistan. Linear mandibular measurements were 

detected and compared between orthopantomograms and lateral cephalograms. Right and the left 

sides of orthopantomograms were compared for all of the linear mandibular parameters by using 

paired t-test. Independent sample t-test was performed for the comparison between 

orthopantomogram and lateral cephalogram using SPSS version 26.0. Results: Statistically 

significant differences were observed when orthopantomograms were compared with lateral 

cephalograms for mandibular body length (p=0.000) and total mandibular length (p=0.000). No 

statistically significant difference was found between orthopantomograms and lateral 

cephalograms for ramus height (p=0.226, p=0.177). Neither any significant difference was 

observed between right and left sides of an orthopantomogram. Conclusion: An 

orthopantomogram can be used to evaluate vertical mandibular measurements as reliably as a 

lateral cephalogram. However, it is required for clinicians to be vigilant when determining 

horizontal mandibular measurements from orthopantomograms as they are unpredictable. 
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INTRODUCTION 

A lateral cephalogram shows various oral and 

craniofacial structures from lateral aspect. 

Cephalometrics was introduced by Van Loon, for the 

first time in orthodontics but it came to full function 

when B. Holly Broadbent described different 

procedures in the Angle Orthodontist to achieve 

standardized head radiographs.1 By assessing 

craniofacial and dental relationships, lateral 

cephalogram helps in diagnosis, monitoring and 

treatment of various dentofacial deformities and 

growth abnormalities. However, lateral cephalogram 

fails to compare the right and left sides of the 

orofacial structures due to overlapping of the 

structures of both sides and superimposed images.2 

At the present time, the most important goal 

of orthognathic surgical procedures and orthodontic 

treatment is to create a symmetrical and harmonious 

facial appearance. Craniofacial growth and 

development being in disarray mostly leads to facial 

asymmetries that can eventually affect a person's 

social life as well as his functional well-being. 

Among orthodontic patients, mandibular 

asymmetries are the most commonly seen 

asymmetric traits which have been reported as 

dimensional variations in form, size, shape and 

volume of both sides of the mandible.3 Mandibular 

asymmetry cases include hemifacial microsomia, 

Treacher Collins syndrome, Parry-Romberg 

syndrome, Nager acrofacial dysostosis syndrome, 

branchio-oto-renal syndrome, Miller syndrome, 

unilateral condylar hyperplasia etc.4 These cases 

require precise linear mandibular measurements on 

each side of the mandible to diagnose, monitor and 

plan any type of treatment including orthognathic 

surgery or distraction osteogenesis.4 For this 

purpose, lateral cephalogram cannot be used due to 

overlapping of right and left sides of craniofacial and 

oral structures. Although postero-anterior (PA) 

cephalogram can be used in detecting craniofacial 

asymmetries but according to some studies including 



J Ayub Med Coll Abbottabad 2022;34(4 Suppl 1) 

http://www.jamc.ayubmed.edu.pk 958 

Damstra et al study,5 it is found to be unreliable in 

detection of some of the mandibular body length 

asymmetries. However, CBCT can be used to 

determine mandibular asymmetry particularly when 

chin deviation is also present but the effective dose 

of CBCT is several times higher when compared 

with that of conventional set of orthodontic 

radiographs (i.e., conventional lateral cephalograms 

and orthopantomograms).6 

The advent of orthopantomogram by 

Paatero, in 1952, allowed the clinicians to easily 

identify, locate and measure different structures of 

maxillary and mandibular region with significantly 

decreased radiation exposure.2 On an 

orthopantomogram, right and left side landmarks and 

structures can be better identified, located and 

visualized than on a lateral cephalogram because of 

no overlapping. However, some of the 

orthopantomogram’s measurements have been found 

to be unpredictable because of the variations in 

magnification factor and methodological errors.7 

According to Larheim and Svanaes, vertical 

measurements on orthopantomograms are 

predictable and accurate but they did not compare 

these measurements with cephalograms.8 Moreover, 

Ongkosuwito EM et al. in 2009 investigated the 

reliability of linear mandibular measurements by 

comparing OPGs and lateral cephalograms of human 

dried skull and found that an orthopantomogram is 

as accurate as a lateral cephalogram for all of the 

linear (vertical and horizontal) mandibular 

measurements.9 However, Kumar S.S et al. in 2017 

found that orthopantomograms can be used to 

determine only angular and vertical measurements of 

the mandible as accurately as lateral cephalograms.2 

As an orthopantomogram provides a 

bilateral view of maxillomandibular structures; 

hence, it would be prudent to detect if the 

visualization of both the sides of mandible is 

accurate and predictable. Therefore, the primary aim 

of the present study was to investigate the reliability 

of linear mandibular measurements yielded from 

right and left hemispheres of orthopantomograms 

and compare them to the values obtained from lateral 

cephalograms. The purpose of conducting this study 

was to determine if orthopantomograms can be 

routinely used for early diagnosis of mandibular 

asymmetries in orthodontic patients by measuring 

ramus height and mandibular length in routine 

clinical practice so that, further radiographic 

investigations can be performed. This would be 

helpful to the growing orthodontic patients, in whom 

progressive craniofacial asymmetries can be 

prevented and intercepted from further deterioration 

by timey diagnosis. As early detection and 

monitoring of mandibular asymmetries provide an 

opportunity to achieve maximum benefit from 

orthopedic interventions, orthodontic camouflage 

procedures or distraction osteogenesis techniques, in 

growing stage, that can prevent the patient from 

multiple aggressive orthognathic surgical procedures 

in adult life. Early non-surgical or surgical 

interventions, to correct these asymmetries, improve 

the long-term functional and esthetic treatment 

outcomes and patient satisfaction. 

MATERIAL AND METHODS 

The present cross-sectional study was conducted at 

the department of Orthodontics from July to October 

2021. The current study was approved by the ethical 

committee of the institute (Ref. No. IRB/D-

000016/21). The orthodontic records of 118 patients, 

in the form of pretreatment orthopantomogram and 

lateral cephalogram, were selected. The sample size 

was calculated using OpenEpi Software with the 

findings of Kumar SS et al.2 which reported mean 

ramus height to be 57.27±6.54 mm on lateral 

cephalogram and 60.63±6.47 mm on 

orthopantomogram. A total sample size of 118 

patients, having 95% confidence interval and 80% 

power, were selected using non-probability 

consecutive sampling technique. Before the 

initiation of the study, each participant was well 

informed about the study and even a written consent 

was obtained from them. A serial number was given 

to all subjects to protect their confidentiality. 

Patients, between ages of 12–35 years, with 

high quality pre-treatment lateral cephalograms and 

orthopantomograms taken by the same Xray 

machine in the Natural Head Position with standard 

exposure conditions and with clearly visible 

craniofacial structures on both radiographs (OPG 

and lateral cephalogram) were included in the study. 

Patients with previous history of orthodontic 

treatment, orthognathic surgery, orofacial trauma, 

facial asymmetries, craniofacial anomalies and 

syndromes were excluded from the study. 

All of the lateral cephalograms and 

orthopantomograms were obtained from the same X-

ray machine (KODAK 9000C) machine under 

standard exposure factors, as recommended by the 

manufacturer. All radiographs were standardized and 

taken by the same operator. All orthopantomograms 

and lateral cephalograms were traced on acetate 

matte tracing papers (0.003 inches thick, 8×10 

inches) by using a 2H pencil under optical 

illumination. Landmarks were located, lines were 

drawn and the required variables were measured by 

using a ruler. [Figures 1 and 2]. A single investigator 

assessed all of the linear mandibular measurements 

on orthopantomograms and lateral cephalograms. To 
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counter any missed measurement, all the parameters 

were rechecked.  

The linear dimensions shown in [Figures 1 

and 2] were measured as: Mandibular ramus height 

(Co-Go): the linear distance from condylion (Co) to 

gonion (Go) in millimeters, on both 

orthopantomogram and lateral cephalogram.9 

Mandibular body length (Go-Me): the linear distance 

from gonion (Go) to menton (Me) in millimeters, on 

both orthopantomogram and lateral cephalogram.9 

Total mandibular length (Co-Me): the linear distance 

from condylion (Co) to menton (Me) in millimeters, 

on both orthopantomogram and lateral 

cephalogram.9 

To determine the reliability of the results, 

lateral cephalograms and orthopantomograms of 25 

patients were retraced and remeasured by the same 

investigator after an interval of 4 weeks. A paired t-test 

was used to compare the two measurements. No 

significant difference was found between the 

measurements (p>0.05). The magnitude of the method 

error was calculated using the formula of Dahlberg. 

The method errors for the linear mandibular 

measurements ranged from 0.11 to 0.30 mm. 

The statistical analysis of the data was carried 

out by using SPSS software for windows (IBM; SPSS, 

version 26.0) with probability level of p≤0.05 

considered statistically significant. From 

orthopantomograms and lateral cephalograms, mean 

and standard deviation of ramus height (Co-Go), 

mandibular body length (Go-Me) and total mandibular 

length (Co-Me) were calculated. A paired t-test was 

performed to compare these linear mandibular 

measurements between right and left sides of 

orthopantomogram and an independent t-test was 

performed for comparison of these measurements 

between orthopantomogram and lateral cephalogram. 

RESULTS 

Mean values and standard deviation of right and left 

sides of orthopantomogram were determined for linear 

mandibular measurements (ramus height, mandibular 

body length and total mandibular length). Paired t-test 

was performed to compare the mean values of right and 

left sides of orthopantomogram. For all of the 

parameters, no statistically significant differences were 

detected between right and left sides of 

orthopantomogram (p=0.397 for ramus height, p=0.266 

for mandibular body length and p=0.095 for total 

mandibular length) [Table-1].  

For ramus height (Co-Go), mean and standard 

deviation values were determined from 

orthopantomograms (right and left sides) and lateral 

cephalograms. Mean values of the ramus height were 

66.19±6.26 mm, 67.19±6.37 mm and 67.28±6.14 mm 

measured using lateral cephalograms, right side of 

orthopantomograms and left side of 

orthopantomograms, respectively. Mean value of the 

ramus height of the right side of the orthopantomogram 

was then compared with the lateral cephalogram and 

the same was done for the left side of the 

orthopantomogram. p value was determined, by 

performing independent sample t-test, for ramus height 

(Co-Go) between right side of orthopantomogram and 

lateral cephalogram (p=0.226) as well as between left 

side of orthopantomogram and lateral cephalogram 

(p=0.177). No statistically significant difference was 

found between orthopantomograms and lateral 

cephalograms for ramus height (as p>0.05). 

For mandibular body length (Go-Me), mean 

and standard deviation were determined from 

orthopantomograms (right and left sides) and lateral 

cephalograms. [Table-3]. Mean values of the 

mandibular body length were 71.91±7.54 mm, 

105.85±10.63 mm and 106.01±10.83 mm measured 

using lateral cephalograms, right side of 

orthopantomograms and left side of 

orthopantomograms, respectively. Mean value of the 

mandibular body length of right side of the 

orthopantomogram was then compared with the lateral 

cephalogram and the same was done for the left side of 

the orthopantomogram. p value was detected, by 

performing independent sample t-test, for mandibular 

body length (Go-Me) between right side of 

orthopantomogram and lateral cephalogram (p=0.000) 

as well as between left side of orthopantomogram and 

lateral cephalogram (p=0.000). A statistically 

significant difference was found between 

orthopantomograms and lateral cephalograms for 

mandibular body length (as p ≤ 0.05). 

For total mandibular length (Co-Me), mean 

and standard deviation were determined for from 

orthopantomograms (right and left sides) and lateral 

cephalograms [Table-4]. Mean value of the total 

mandibular length was 114.95±9.16 mm, 144.63±11.44 

mm and 144.88±11.53 mm measured using lateral 

cephalograms, right side of orthopantomograms and 

left side of orthopantomograms, respectively. Mean 

value of the total mandibular length of right side of the 

orthopantomogram was then compared with the lateral 

cephalogram and the same was done for the left side of 

the orthopantomogram. p value was detected, by 

performing the independent sample t-test, for total 

mandibular length (Co-Me) between right side of 

orthopantomogram and lateral cephalogram (p=0.000) 

as well as between left side of orthopantomogram and 

lateral cephalogram (p=0.000). A statistically 

significant difference was found between 

orthopantomograms and lateral cephalograms for total 

mandibular length (p≤0.05). 
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Figure-1: Diagrammatic representation of lateral cephalogram displaying ramus height (Co-Go), mandibular 

body length (Go-Me) and total mandibular length (Co-Me) 
 

 
Figure-2: Diagrammatic representation of orthopantomogram displaying ramus height (Co-Go), mandibular 

body length (Go-Me) and total mandibular length (Co-Me) on both sides. 
 

Table-1: Comparison of mean and standard deviation of linear mandibular measurements between right and 

left sides of orthopantomogram by using paired t-test 
Linear Mandibular 

Measurements 
Orthopantomogram 

(Right side) 
Orthopantomogram 

(left side) 
t-value p value 

Ramus height (mm) 67.19±6.37 67.28±6.14 0.850 0.397 
Mandibular Body length (mm) 105.85±10.63 106.01±10.83 1.119 0.266 
Total mandibular length (mm) 144.63±11.44 144.88±11.53 0.168 0.095 

p is related to the comparison of left and right sides in orthopantomogram for all of the linear mandibular measurements. 

 

Table-2: Comparison of mean and standard deviation of ramus height (Co-Go) between orthopantomogram 

(right and left sides) and lateral cephalogram by using independent t-test 
Orthopantomogram (in mm) Lateral Cephalogram (in mm) t-value p value 

67.19±6.37 (Right) 66.19±6.26 1.215 0.226 

67.28±6.14 (Left) 66.19±6.26 1.353 0.177 

p is related to the comparison of ramus height (Co-Go) in orthopantomogram and lateral cephalogram. 
 

Table-3: Comparison of mean and standard deviation of mandibular body length (Go-Me) between 

orthopantomogram (right and left sides) and lateral cephalogram by using independent t-test 
Orthopantomogram (mm) Lateral Cephalogram (mm) t-value p value 

105.85±10.63 (Right) 71.91±7.54 28.268 p=0.000* 

106.01±10.83 (Left) 71.91±7.54 28.061 p=0.000* 

p is related to the comparison of mandibular body length (Go-Me) in orthopantomogram and lateral cephalogram. 
*p≤0.05 is considered to be statistically significant difference. 
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Table-4: Comparison of mean and standard deviation of total mandibular length (Co-Me) between 

orthopantomogram (right and left sides) and lateral cephalogram by using independent t-test 
Orthopantomogram (mm) Lateral Cephalogram (mm) t-value p-value 

144.63±11.44 (Right) 114.95±9.16 21.993 p=0.000* 

144.88±11.53 (Left) 114.95±9.16 22.069 p=0.000* 

p is related to the comparison of total mandibular length (Co-Me) in orthopantomogram and lateral cephalogram. 

* p≤0.05 is considered to be statistically significant difference. 

 

DISCUSSION 

This study was conducted to investigate the reliability 

and possible applicability of orthopantomograms for 

determining the linear mandibular measurements by 

comparing with lateral cephalograms. The purpose of 

the present study was to determine if 

orthopantomograms can be used as a reliable 

screening tool for bilateral mandibular assessment of 

orthodontic patients for early diagnosis of mandibular 

asymmetries in routine clinical practice. The 

comparison of gonial angle measurements between 

orthopantomogram and lateral cephalogram has been 

focused by almost all of the previous studies10–13 but 

only a few studies were reported to compare linear 

mandibular measurements. However, the reliability of 

the vertical and horizontal measurements obtained 

from orthopantomograms has always been debated 

upon in literature. 

In the present study, the mean values of the 

ramus height, mandibular body length and total 

mandibular length on the right side of the 

orthopantomogram was compared with the lateral 

cephalogram and the same was done for the left side 

of the orthopantomogram. There was no statistically 

significant difference between orthopantomograms 

and lateral cephalograms for vertical parameter of 

mandible such as ramus height (Co-Go) (p=0.226, 

p=0.177). However, significant differences were 

found when orthopantomograms were compared with 

lateral cephalograms for horizontal mandibular 

measurements such as mandibular body length (Go-

Me) (p=0.000) and total mandibular length (Co-Me) 

(p=0.000). The mean values of the right and the left 

sides of orthopantomogram were also compared for 

all the parameters but they also did not show any 

statistically significant difference. The findings of this 

study are in agreement with those of Kumar SS et al.,2 

who compared only two linear mandibular 

measurements (ramus height and body length) 

between orthopantomogram and lateral cephalogram 

and reported no statistically significant differences for 

the ramus height (p=0.756, p=0.839). They concluded 

that an orthopantomogram can be used to determine 

the vertical mandibular measurement (ramus height) 

as accurately as a lateral cephalogram but it is advised 

to be more cautious when determining the horizontal 

mandibular measurement (mandibular body length) 

from orthopantomograms (p=0.021, p=0.012).  

Fatahi and Babouei14 also assessed the precision of 

orthopantomograms and compared the mandibular 

dimensions obtained from dry skulls, 

orthopantomograms and lateral cephalograms. They 

concluded that orthopantomograms and lateral 

cephalograms correlated highly significantly for 

ramus height, whereas the least correlation was found 

for mandibular body length. In the study performed 

by Juma A et al.,15 it is concluded that a detailed and 

accurate information for sagittal analysis (p=0.201) 

and vertical analysis (p=0.194) of the facial skeletal 

patterns can be obtained by orthopantomograms 

which can be considered a frequently used screening 

tool in clinical practice for diagnosis of facial 

skeleton. Moreover, Tronje et al.16 evaluated the 

reliability of linear measurements on 

orthopantomogram and found that vertical 

measurements on orthopantomograms are relatively 

more predictable and accurate as compared to the 

horizontal measurements and may be used if the 

patient’s head is in proper position. Kurt et al.,17 

evaluated the mandibular asymmetry in molar Class II 

subdivision malocclusion subjects (by detecting 

condylar, ramal and condylar-plus-ramal asymmetry 

index values) on orthopantomograms and concluded 

that sufficiently accurate results can be attained with 

orthopantomograms. However, according to Akcam et 

al.,18 with the help of orthopantomograms, acceptably 

accurate results can be attained for vertical 

craniofacial dimensions but they are not reliable 

enough to provide trusted information as compared to 

lateral cephalograms because their predictability 

percentages have been found to be very low. 

Kambylafkas et al.,19 in his study, also suggested that 

vertical posterior mandibular asymmetry can be 

assessed by orthopantomograms by determining the 

total ramal height, but the risk of underdiagnosis can 

still be present. In studies conducted by Habets et 

al.,20,21 vertical mandibular symmetry was evaluated 

by measuring condylar and ramus height on 

orthopantomograms and it is found that vertical 

mandibular parameters can be assessed by 

orthopantomograms as they provide bilateral 

assessment of mandible. 

However, Ongkosuwito EM et al.,9 

investigated the accuracy of linear mandibular 

measurements by comparing orthopantomograms and 

lateral cephalograms of human dried skull and found 

that an orthopantomogram is as accurate as a lateral 
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cephalogram for all of the vertical and horizontal 

mandibular measurements. In another study 

conducted by Nohadani and Ruf,22 it is concluded that 

orthopantomograms cannot be used as a reliable 

assessment tool for evaluating vertical facial and 

dentoalveolar parameters even though they produced 

an adequate approximation to the situation portrayed 

on lateral cephalograms, which is contrary to the 

findings of the present study. 

The results of our study showed that 

orthopantomogram can not be reliably used for 

horizontal mandibular measurements as statistically 

significant differences were found for mandibular 

body length (p=0.000) and total mandibular length 

(p=0.000) between orthopantomogram and lateral 

cephalogram. These results are in accordance with the 

findings of Larheim et al.8 who concluded that 

horizontal measurements on orthopantomograms are 

found to be imprecise and unpredictable because of 

the variations in magnification factor. Moreover, 

Mawani et al.23, while evaluating the condylar shape 

on digital orthopantomograms of dry skull, also found 

greater variations in the magnification in horizontal 

measurements than in vertical measurements. In 

another study, Abdinian et al.24 revealed that the 

vertical measurements on orthopantomograms are 

found to be more accurate than the horizontal ones. 

He reported that the difference in magnification factor 

can be seen between vertical and horizontal 

dimensions on orthopantomograms in various regions 

of the jaws. Arora H et al.25 stated that vertical, 

anterior horizontal and anterior oblique measurements 

are reliable on orthopantomograms because of the 

minimum magnification. However, Posterior 

horizontal and horizontal measurements crossing the 

midline are highly inaccurate because they showed 

increased magnification. He concluded that 

magnification factor value given by the manufacturers 

varies in different anatomical locations and in similar 

location with different position and hence should not 

be relied upon. Gomez et al.26 also found in his study 

that the vertical magnification variations are less than 

those of horizontal magnifications. 

The findings of the current study confirm the 

improvement in clinical versatility of 

orthopantomograms. As orthopantomogram is a 

routine radiographic record for all orthodontic 

patients, it can also be used as a preliminary screening 

tool for early detection of vertical mandibular 

asymmetries and to determine the need for further 

detailed radiographic investigations. Prompt diagnosis 

of mandibular asymmetry, by orthopantomogram 

analysis, offers an opportunity to prevent the 

progressive craniofacial asymmetries from further 

deterioration and to provide timely intervention which 

results in improved functional and esthetic treatment 

outcomes. In the present study, linear mandibular 

measurements of orthopantomograms were compared 

to the values obtained from lateral cephalograms.  

However, limitations of this study include errors in 

identification of landmarks and tracing of structures 

on lateral cephalogram. In future studies, the 

reliability of conventional orthopantomograms can be 

verified by comparing them with cone beam 

computed tomography (CBCT) three-dimensional 

data which is the current gold standard for the 

accurate diagnosis. If found accurate, orthodontists 

can be assured that they can use the conventional 

orthopantomograms as a preliminary assessing tool 

for mandibular asymmetries. 

CONCLUSION 

An orthopantomogram is as reliable as a lateral 

cephalogram only for vertical mandibular measurements 

while horizontal mandibular measurements on 

orthopantomograms are significantly different when 

compared with lateral cephalograms. 

Orthopantomogram being an easier screening tool for 

bilateral mandibular assessment of orthodontic patients, 

it can be a better choice for measuring and comparing 

vertical mandibular measurements especially for early 

detection of mandibular asymmetries. However, 

vigilance is advised to the clinicians when predicting 

horizontal measurements from orthopantomograms as 

these measurements are found to be unreliable and 

unpredictable because of the nonlinear variations in the 

magnification at different object depths on 

orthopantomograms. 
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