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Abstract 

Background: Facial asymmetry may result from 

unequal growth or morphology of the mandibular 

condyle, ramus and body. Orthopantomography 

permits bilateral mandibular assessment, whereas 

lateral cephalometry provides information regarding 

sagittal and vertical craniofacial relationships. 

Evaluating associations between these modalities 

may improve orthodontic diagnosis. 

Aim: To assess the association between digital 

orthopantomographic measurements and lateral 

cephalometric parameters in patients evaluated for 

facial asymmetry. 

Materials and Methods: This hospital-based 

retrospective analytical study included 80 patients 

with diagnostically acceptable orthopantomograms 

and lateral cephalograms. Bilateral condylar height, 

ramus height, total ramal height, mandibular body 

length, effective mandibular length, gonial angle and 

ramus inclination were measured. Asymmetry 

indices and sagittal and vertical cephalometric 

parameters were recorded. Data were analysed using 

paired and independent-samples t-tests, Pearson’s 

correlation, intraclass correlation coefficients and 

Bland–Altman analysis. A p-value below 0.05 was 

considered statistically significant. 

Results: The mean age was 23.41 ± 4.72 years; 

56.25% were females, and clinically detectable facial 

asymmetry was present in 65.00%. Significant right-

left differences were found for condylar height (18.92 

± 3.26 vs 18.08 ± 3.14 mm; p=0.014), ramus height 

(48.76 ± 4.95 vs 47.91 ± 4.88 mm; p=0.037), total 

ramal height (67.68 ± 6.12 vs 65.99 ± 6.04 mm; 

p=0.006) and gonial angle (122.91 ± 5.84 vs 124.12 

± 5.73 degrees; p=0.021). Clinically asymmetrical 

patients showed higher condylar, ramal, total ramal, 

mandibular body and effective mandibular length 

asymmetry indices (all p<0.001). They also 

demonstrated greater ANB angle, Wits appraisal, 

mandibular plane angles, gonial angle and lower 

anterior facial height. Orthopantomographic 

asymmetry indices showed weak-to-moderate 

correlations with lateral cephalometric parameters 

(r=−0.28 to 0.52). 

Conclusion: Digital orthopantomography identified 

meaningful bilateral mandibular discrepancies, while 

lateral cephalometry demonstrated associated sagittal 

and vertical craniofacial differences. Both modalities 

provide complementary information for evaluating 

facial asymmetry and orthodontic treatment 

planning. 

Keywords: Facial asymmetry; 

Orthopantomography; Lateral cephalometry; 

Mandibular asymmetry; Digital radiography. 

 

I. Introduction 

Facial symmetry is an important component 

of balanced craniofacial form, dental function and 

facial aesthetics. Perfect bilateral symmetry is 

uncommon because minor differences normally exist 

between the two sides of the face. However, when 

these differences become clinically visible or 

structurally important, they may influence facial 

appearance, occlusion, mandibular movements and 

treatment planning. Facial asymmetry may involve 

the cranial base, maxilla, mandible, dentoalveolar 

structures or overlying soft tissues. Mandibular 

asymmetry is especially important because the 

mandible forms the lower facial outline and directly 

affects chin position, lower facial width and dental 

midline relationships.¹ Facial asymmetry may arise 

from developmental variation, disproportionate 

growth, functional mandibular displacement, trauma, 

temporomandibular joint disorders, condylar 

abnormalities or asymmetric dental eruption. Its 

clinical expression may include chin deviation, 

unequal gonial prominence, dental midline 

discrepancy, occlusal-plane cant and differences in 

lower facial height. Diagnosis therefore requires 

integration of clinical examination, standardized 
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facial photographs, dental casts and radiographic 

evaluation. Digital imaging permits quantitative 

assessment of skeletal structures and supports 

differentiation between minor physiological variation 

and clinically relevant asymmetry requiring 

orthodontic or surgical correction.² 

Orthopantomography is routinely used during 

orthodontic assessment because it provides a broad 

view of the maxilla, mandible, dentition, condyles 

and adjacent structures with a relatively low radiation 

dose. Bilateral mandibular structures can be assessed 

on the same image, allowing comparison of condylar 

height, ramus height, total ramal height, mandibular 

body length, gonial angle and ramus inclination. 

Asymmetry indices derived from right- and left-sided 

measurements provide an objective expression of 

proportional differences. Nevertheless, panoramic 

images are affected by unequal magnification, 

geometric distortion, patient rotation and positioning 

errors. Careful head alignment, calibration and 

standardized landmark identification are therefore 

essential.³ Lateral cephalometry remains a 

fundamental orthodontic imaging method for 

evaluating sagittal and vertical craniofacial 

relationships. It allows assessment of maxillary and 

mandibular position, facial-height proportions, 

mandibular plane inclination, gonial morphology and 

effective mandibular dimensions. Although bilateral 

structures are superimposed, the lateral cephalogram 

provides information regarding overall skeletal 

pattern that cannot be obtained from isolated 

panoramic measurements. Comparison of 

measurements across orthopantomograms and lateral 

cephalograms may clarify whether localized bilateral 

differences are associated with broader vertical or 

sagittal craniofacial characteristics.⁴ The transition 

from manual tracing to digital cephalometric analysis 

has improved the efficiency of landmark 

identification, measurement recording and data 

storage. Digital software enables image 

enhancement, magnification control, calibration and 

repeated measurement without physical deterioration 

of the radiograph. It also facilitates calculation of 

linear and angular parameters. However, digital 

analysis remains dependent on image quality, correct 

landmark definition and examiner experience. 

Validation studies of computerized cephalometric 

applications have emphasized the need to establish 

reliability before software-generated measurements 

are used for clinical decisions or research 

comparisons.⁵ Recent developments in web-based 

and artificial-intelligence-supported systems have 

further expanded digital analysis. Automated and 

semiautomated programs may improve workflow 

consistency, but operator verification remains 

necessary when anatomical borders are indistinct or 

bilateral outlines overlap.⁶ 

 

II. Materials and Methods 
A hospital-based retrospective analytical 

study was conducted to assess the association 

between digital measurements obtained from 

orthopantomographic radiographs and lateral 

cephalometric radiographs for the evaluation of facial 

asymmetry. Previously recorded clinical information 

and digital radiographs of patients who had attended 

the orthodontic outpatient department for the 

evaluation and treatment of different dentofacial 

abnormalities were reviewed. The study was carried 

out in the Department of Orthodontics and 

Dentofacial Orthopaedics at a Genesis institute of 

dental sciences and research, ferozpur. The 

departmental clinical records, radiographic database 

and digital cephalometric analysis system were 

retrospectively screened to identify patients who had 

undergone both orthopantomographic and lateral 

cephalometric examinations as part of their routine 

orthodontic diagnostic assessment. No additional 

radiographic exposure was performed exclusively for 

the purpose of the study. All radiographs included in 

the analysis had been previously obtained according 

to standardized departmental imaging and patient-

positioning protocols. The study included the clinical 

and radiographic records of 70 Indian patients who 

had attended the orthodontic outpatient department 

for the assessment and management of different 

dentofacial abnormalities. Records were selected 

irrespective of sex, provided that craniofacial growth 

had been substantially completed and both a digital 

orthopantomogram and a lateral cephalometric 

radiograph of acceptable diagnostic quality were 

available in the departmental database. The patients’ 

demographic details, relevant clinical findings, 

presenting complaints, orthodontic diagnoses and 

available observations regarding facial asymmetry 

were retrieved from their case records. Only those 

records in which the required bilateral mandibular 

and craniofacial landmarks could be clearly 

identified were included in the final analysis. 

 

Inclusion Criteria 

The study included records of patients with 

complete permanent dentition, excluding third 

molars, and those who had completed or nearly 

completed craniofacial growth. The availability of 

both digital orthopantomographic and lateral 

cephalometric radiographs obtained as part of the 

routine orthodontic diagnostic work-up was essential 

for inclusion. The radiographs were required to show 

clearly visible bilateral mandibular structures, 

including the condyles, rami, gonial regions and 
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mandibular lower borders. Records of patients with 

clinically documented facial asymmetry, suspected 

mandibular asymmetry, skeletal malocclusion or 

orthodontic treatment requirements were considered 

eligible, provided that the anatomical landmarks 

required for digital measurements could be identified 

accurately on both radiographic modalities. 

Exclusion Criteria 

Records of patients with a documented history of 

craniofacial trauma, mandibular fracture, 

orthognathic surgery, temporomandibular joint 

surgery or any previous treatment likely to alter 

mandibular morphology were excluded. Patients with 

craniofacial syndromes, cleft lip and palate, 

congenital craniofacial deformities, active 

temporomandibular joint pathology, severe 

degenerative joint disease, mandibular tumours, 

cystic lesions or extensive osseous destruction were 

also excluded.  

 

Retrieval of Clinical Information: Clinical 

information was retrieved retrospectively from 

orthodontic case records. The documented facial 

examination had been performed with the patient 

upright and the head in the natural head position. 

Frontal and profile findings were reviewed, including 

the facial midline, nasal tip, philtrum, maxillary and 

mandibular dental midlines, and soft-tissue 

pogonion. Records of chin deviation, mandibular 

border discrepancy, unequal gonial prominence, 

occlusal-plane cant, and lower facial-width 

differences were also noted. These observations 

supported radiographic interpretation but did not 

replace digital skeletal measurements. 

 

Radiographic Equipment and Digital Software: 

All radiographs had been acquired using the Vatech 

A9 digital radiographic system, Model PHT-30 CSS, 

according to the departmental protocol. Images were 

transferred to a dedicated workstation and stored in 

Digital Imaging and Communications in Medicine 

format. Ez3D-i software, version 5.2, was used for 

visualization, calibration, and preliminary 

assessment, while EzOrtho software was used for 

landmark identification, tracing, and measurement 

recording. Each image was calibrated using the 

system-generated magnification factor, and identical 

landmark definitions and tracing procedures were 

applied throughout. 

 

Orthopantomographic Imaging Protocol: 

Orthopantomograms had been obtained with patients 

standing upright. The Frankfort horizontal plane was 

positioned parallel to the floor, the midsagittal plane 

perpendicular to the floor, and the anterior teeth were 

placed in the bite block. Patients had been instructed 

to maintain centric occlusion, place the tongue 

against the palate, and remain still. Laser guides and 

head supports were used to minimize rotation and 

tilting. During retrospective screening, each image 

was evaluated for bilateral magnification, ramal 

symmetry, and clear visualization of the condyles, 

coronoid processes, sigmoid notches, mandibular 

angles, and lower borders. Images with marked 

distortion were excluded. 

 

Lateral Cephalometric Imaging Protocol: Lateral 

cephalograms had been obtained using the same unit 

equipped with a cephalostat. Patients were positioned 

in the natural head position with the visual axis 

parallel to the floor, teeth in maximum 

intercuspation, and lips relaxed. Ear rods were placed 

gently for stabilization. Exposure parameters were 88 

kVp, 10.0 mA, and 3.9 seconds. Standard source-to-

patient and patient-to-receptor distances were 

maintained. All images were checked for correct 

positioning, sharpness, contrast, and adequate 

visualization of the cranial base, maxilla, mandible, 

and soft-tissue profile. 

 

Digital Orthopantomographic Measurements: 

The right and left mandibular sides were measured 

separately. Landmarks included condylion, lateral 

condylar point, sigmoid notch, gonion, antegonion, 

menton, and tangential points along the posterior and 

inferior mandibular borders. Measurements 

comprised condylar height, ramus height, total ramal 

height, mandibular body length, effective mandibular 

length, gonial angle, and ramus inclination. Condylar 

height was measured from the superior condylar 

point to the selected reference line. Ramus height 

extended from the condylar reference point to 

gonion, while total ramal height represented the 

combined condylar and ramal vertical dimension. 

Mandibular body length was measured from gonion 

to menton and effective mandibular length from 

condylion to menton. Gonial angle was formed by 

tangents to the posterior ramal and inferior 

mandibular borders, while ramus inclination was 

measured relative to the selected horizontal plane. 

Assessment of Mandibular Asymmetry: Bilateral 

asymmetry was assessed for condylar height, ramus 

height, total ramal height, mandibular body length, 

and effective mandibular length. The asymmetry 

index was calculated as the absolute difference 

between right and left measurements divided by their 

sum and multiplied by 100. Higher values indicated 

greater skeletal discrepancy irrespective of direction. 

The side with the larger measurement was also 

recorded. 

Digital Lateral Cephalometric Measurements: 

Lateral cephalograms were traced using EzOrtho 
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software. Landmarks included sella, nasion, points A 

and B, anterior and posterior nasal spines, condylion, 

articulare, gonion, gnathion, menton, pogonion, and 

orbitale. When bilateral structures produced double 

contours, both outlines were traced and the midpoint 

was used. Sagittal parameters included SNA, SNB, 

ANB, Wits appraisal, mandibular body length, and 

effective mandibular length. Vertical parameters 

included the SN–mandibular plane angle, Frankfort–

mandibular plane angle, gonial angle, anterior and 

lower anterior facial heights, posterior facial height, 

posterior-to-anterior facial-height ratio, ramus 

height, facial axis, and Y-axis angle. Bilateral 

contour differences were documented as 

supplementary indicators of asymmetry. 

 

Statistical Analysis 

Data were entered into Microsoft Excel and 

analysed using IBM SPSS Statistics version 27.0. 

Continuous variables were expressed as mean ± 

standard deviation or median with interquartile range, 

while categorical variables were presented as 

frequency and percentage. Normality was assessed 

using the Shapiro–Wilk test. Right- and left-side 

measurements were compared using the paired t-test 

or Wilcoxon signed-rank test. Associations were 

evaluated using Pearson’s or Spearman’s correlation, 

as appropriate. All tests were two-tailed, and p<0.05 

was considered statistically significant. 

 

III. Results 
Demographic and Clinical Characteristics 

As shown in Table 1, the largest proportion 

of participants belonged to the 21–25-year age group, 

comprising 32 patients or 40.00% of the total sample. 

This was followed by the 16–20-year age group, 

which included 24 patients or 30.00%. A total of 18 

patients, accounting for 22.50%, were aged between 

26 and 30 years, whereas only 6 patients, 

representing 7.50%, were older than 30 years. These 

findings indicate that most patients included in the 

study were young adults, with 70.00% of the 

participants aged 25 years or younger. 

Regarding sex distribution, females were 

slightly more commonly represented than males. Of 

the 80 patients, 45 were females, accounting for 

56.25%, while 35 were males, accounting for 

43.75%. Therefore, the female-to-male ratio was 

approximately 1.29:1. Although females constituted 

a greater proportion of the study sample, both sexes 

were adequately represented. 

The distribution of sagittal skeletal patterns 

showed that skeletal Class II was the most common 

pattern, observed in 30 patients or 37.50%. Skeletal 

Class I was present in 28 patients, representing 

35.00%, whereas skeletal Class III was observed in 

22 patients, accounting for 27.50%. Thus, skeletal 

Class II and Class I patterns together constituted 

72.50% of the study population, while slightly more 

than one-fourth of the participants demonstrated a 

skeletal Class III relationship. 

 

Comparison of Right- and Left-Side 

Orthopantomographic Measurements 

Table 2 presents the comparison of right- and 

left-side mandibular measurements obtained from 

orthopantomographic radiographs. The mean 

condylar height was 18.92 ± 3.26 mm on the right 

side and 18.08 ± 3.14 mm on the left side. The mean 

side-to-side difference was 0.84 mm, with the right 

condyle being higher on average. This difference was 

statistically significant, with a p-value of 0.014, 

indicating a measurable side-to-side discrepancy in 

condylar height. The mean ramus height was 48.76 ± 

4.95 mm on the right side and 47.91 ± 4.88 mm on 

the left side. The mean difference of 0.85 mm was 

statistically significant, with a p-value of 0.037. The 

mean total ramal height was 67.68 ± 6.12 mm on the 

right side and 65.99 ± 6.04 mm on the left side. The 

mean right-to-left difference was 1.69 mm, which 

was the largest linear side-to-side difference among 

the ramal measurements. This difference was 

statistically significant, with a p-value of 0.006, 

suggesting a notable bilateral discrepancy in the 

combined vertical height of the condylar and ramal 

regions. The mean mandibular body length was 74.56 

± 5.18 mm on the right side and 74.02 ± 5.11 mm on 

the left side. Although the right mandibular body was 

0.54 mm longer on average, the difference was not 

statistically significant, with a p-value of 0.198.  

 

Orthopantomographic Asymmetry According to 

Clinical Facial Asymmetry 

Table 3 compares orthopantomographic 

asymmetry measurements between patients with 

clinically detectable facial asymmetry and those 

without clinically evident asymmetry. The mean 

condylar height asymmetry index was 7.52 ± 3.08% 

in the clinically asymmetrical group and 3.94 ± 

1.69% in the clinically symmetrical group. The 

difference was highly statistically significant, with a 

p-value of less than 0.001. The mean ramus height 

asymmetry index was 4.86 ± 2.16% among clinically 

asymmetrical patients and 2.71 ± 1.24% among 

clinically symmetrical patients. This difference was 

also highly statistically significant, with a p-value of 

less than 0.001. The mean total ramal height 

asymmetry index was 4.61 ± 1.93% in the clinically 

asymmetrical group, compared with 2.58 ± 1.17% in 

the clinically symmetrical group. The difference was 

statistically significant at p<0.001. The mean right-

to-left gonial angle difference was 3.12 ± 1.44 
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degrees in the clinically asymmetrical group and 1.83 

± 0.96 degrees in the clinically symmetrical group. 

This difference was statistically significant at 

p<0.001. Similarly, the mean difference in ramus 

inclination between the right and left sides was 2.68 

± 1.29 degrees among clinically asymmetrical 

patients and 1.61 ± 0.84 degrees among clinically 

symmetrical patients, with a p-value of less than 

0.001. 

 

Lateral Cephalometric Measurements According 

to Clinical Facial Asymmetry 

Table 4 compares lateral cephalometric 

measurements between patients with and without 

clinically detectable facial asymmetry. The mean 

SNA angle was 82.06 ± 3.28 degrees in the clinically 

asymmetrical group and 81.74 ± 3.11 degrees in the 

clinically symmetrical group. The difference was 

minimal and statistically non-significant, with a p-

value of 0.674.  

The mean SNB angle was 78.12 ± 3.44 

degrees in the clinically asymmetrical group and 

79.63 ± 3.07 degrees in the clinically symmetrical 

group. Although patients with facial asymmetry 

showed a lower mean SNB angle, suggesting a 

relatively more retrusive mandibular position, the 

difference was not statistically significant at the 5% 

level, with a p-value of 0.054. The mean posterior 

facial height was 74.26 ± 6.52 mm in the clinically 

asymmetrical group and 75.48 ± 6.11 mm in the 

clinically symmetrical group. The difference was not 

statistically significant, with a p-value of 0.423. Thus, 

posterior facial height remained relatively similar 

between the groups. The mean posterior-to-anterior 

facial-height ratio was 63.64 ± 4.21% in clinically 

asymmetrical patients and 66.32 ± 4.08% in clinically 

symmetrical patients. The ratio was significantly 

lower in the asymmetrical group, with a p-value of 

0.008.  The mean facial axis angle was 86.72 ± 3.84 

degrees in the clinically asymmetrical group and 

88.93 ± 3.51 degrees in the clinically symmetrical 

group. The lower facial axis angle in the 

asymmetrical group was statistically significant, with 

a p-value of 0.015.  

 

Correlation Between Orthopantomographic and 

Lateral Cephalometric Measurements 

Table 5 presents the correlation between 

orthopantomographic asymmetry measurements and 

lateral cephalometric parameters. The condylar 

height asymmetry index demonstrated a moderate 

positive correlation with the ANB angle, with a 

correlation coefficient of r=0.46 and a p-value of less 

than 0.001. The condylar height asymmetry index 

also demonstrated a moderate positive correlation 

with the SN–mandibular plane angle, with r=0.42 and 

p<0.001.  

The ramus height asymmetry index showed 

a positive correlation with the Frankfort–mandibular 

plane angle, with a correlation coefficient of r=0.39 

and a p-value of less than 0.001. This association 

indicates that greater ramal height discrepancy was 

related to increased divergence of the mandibular 

plane relative to the Frankfort horizontal plane. The 

right-to-left ramus inclination difference 

demonstrated a positive correlation with the Y-axis 

angle, with r=0.35 and a p-value of 0.001. Overall, all 

the evaluated correlations were statistically 

significant. The correlation coefficients ranged from 

−0.28 to 0.52, indicating weak-to-moderate 

relationships between orthopantomographic 

asymmetry indices and lateral cephalometric 

measurements.  

 

Table 1. Demographic and clinical characteristics of the study population 

Variable Category Number (n) Percentage (%) 

Age group 16–20 years 24 30.00  
21–25 years 32 40.00  
26–30 years 18 22.50  
>30 years 6 7.50 

Sex Male 35 43.75  
Female 45 56.25 

Sagittal skeletal pattern Skeletal Class I 28 35.00  
Skeletal Class II 30 37.50  
Skeletal Class III 22 27.50 

Clinically detectable facial asymmetry Present 52 65.00  
Absent 28 35.00 

Direction of chin deviation Right side 23 28.75  
Left side 19 23.75  
No evident deviation 38 47.50 

Dental midline discrepancy Present 47 58.75  
Absent 33 41.25 
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Unequal gonial prominence Present 36 45.00  
Absent 44 55.00 

Occlusal-plane cant Present 29 36.25  
Absent 51 63.75 

 

Table 2. Comparison of right- and left-side orthopantomographic mandibular measurements 

Orthopantomographic parameter Right side, mean 

± SD 

Left side, mean ± SD Mean 

difference 

p-value 

Condylar height (mm) 18.92 ± 3.26 18.08 ± 3.14 0.84 0.014* 

Ramus height (mm) 48.76 ± 4.95 47.91 ± 4.88 0.85 0.037* 

Total ramal height (mm) 67.68 ± 6.12 65.99 ± 6.04 1.69 0.006* 

Mandibular body length (mm) 74.56 ± 5.18 74.02 ± 5.11 0.54 0.198 

Effective mandibular length (mm) 113.24 ± 7.06 112.17 ± 6.94 1.07 0.062 

Gonial angle (degrees) 122.91 ± 5.84 124.12 ± 5.73 −1.21 0.021* 

Ramus inclination (degrees) 75.84 ± 4.67 75.29 ± 4.54 0.55 0.187 

*Paired-samples t-test; p<0.05 was considered statistically significant. 

 

Table 3. Comparison of orthopantomographic asymmetry measurements according to clinical facial 

asymmetry 

Orthopantomographic 

asymmetry parameter 

Clinically asymmetrical 

group (n=52), mean ± SD 

Clinically symmetrical 

group (n=28), mean ± SD 

p-value 

Condylar height asymmetry 

index (%) 

7.52 ± 3.08 3.94 ± 1.69 <0.001* 

Ramus height asymmetry 

index (%) 

4.86 ± 2.16 2.71 ± 1.24 <0.001* 

Total ramal height asymmetry 

index (%) 

4.61 ± 1.93 2.58 ± 1.17 <0.001* 

Mandibular body length 

asymmetry index (%) 

3.42 ± 1.49 2.19 ± 1.04 <0.001* 

Effective mandibular length 

asymmetry index (%) 

3.05 ± 1.31 1.98 ± 0.88 <0.001* 

Right–left gonial angle 

difference (degrees) 

3.12 ± 1.44 1.83 ± 0.96 <0.001* 

Right–left ramus inclination 

difference (degrees) 

2.68 ± 1.29 1.61 ± 0.84 <0.001* 

*Independent-samples t-test; p<0.05 was considered statistically significant. 

 

Table 4. Comparison of lateral cephalometric measurements according to clinical facial asymmetry 

Lateral cephalometric 

parameter 

Clinically asymmetrical 

group (n=52), mean ± SD 

Clinically symmetrical 

group (n=28), mean ± SD 

p-value 

SNA angle (degrees) 82.06 ± 3.28 81.74 ± 3.11 0.674 

SNB angle (degrees) 78.12 ± 3.44 79.63 ± 3.07 0.054 

ANB angle (degrees) 3.94 ± 2.11 2.11 ± 1.82 <0.001* 

Wits appraisal (mm) 1.86 ± 2.72 0.42 ± 2.35 0.022* 

SN–mandibular plane angle 

(degrees) 

35.74 ± 5.92 31.88 ± 5.04 0.005* 

Frankfort–mandibular plane angle 

(degrees) 

28.81 ± 4.86 25.02 ± 4.31 0.001* 

Gonial angle (degrees) 126.63 ± 5.21 122.89 ± 4.74 0.003* 

Anterior facial height (mm) 116.72 ± 7.34 113.84 ± 6.89 0.092 

Lower anterior facial height (mm) 68.11 ± 5.46 64.28 ± 5.02 0.004* 

Posterior facial height (mm) 74.26 ± 6.52 75.48 ± 6.11 0.423 

Posterior/anterior facial-height 

ratio (%) 

63.64 ± 4.21 66.32 ± 4.08 0.008* 

Facial axis angle (degrees) 86.72 ± 3.84 88.93 ± 3.51 0.015* 
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Y-axis angle (degrees) 62.84 ± 4.17 60.61 ± 3.92 0.024* 

*Independent-samples t-test; p<0.05 was considered statistically significant. 

Table 5. Correlation between orthopantomographic asymmetry measurements and lateral cephalometric 

parameters 

Orthopantomographic measurement Lateral cephalometric 

parameter 

Correlation 

coefficient (r) 

p-value 

Condylar height asymmetry index ANB angle 0.46 <0.001* 

Condylar height asymmetry index SN–mandibular plane angle 0.42 <0.001* 

Ramus height asymmetry index Frankfort–mandibular plane 

angle 

0.39 <0.001* 

Total ramal height asymmetry index Gonial angle 0.44 <0.001* 

Mandibular body length asymmetry 

index 

Lower anterior facial height 0.31 0.005* 

Effective mandibular length asymmetry 

index 

Facial axis angle −0.28 0.012* 

Right–left gonial angle difference Cephalometric gonial angle 0.52 <0.001* 

Right–left ramus inclination difference Y-axis angle 0.35 0.001* 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

  

Figure 1. Figure 2. 

  

Figure 3. Figure 4. 
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IV. Discussion 
 

The present retrospective study evaluated 80 

orthodontic patients with a mean age of 23.41 ± 4.72 

years, of whom 70.00% were aged 25 years or 

younger. Females represented 56.25% of the sample 

and males represented 43.75%. Clinically detectable 

facial asymmetry was found in 65.00% of patients. 

Pinto-Wong et al. (2024), in an analysis of 210 adult 

panoramic radiographs, reported mandibular 

asymmetry in 39.50%, condylar asymmetry in 

81.40% and ramus asymmetry in 48.60% of 

individuals. They found no significant influence of 

age or sex on the occurrence of these asymmetries. 

The 65.00% prevalence of clinically detectable 

asymmetry in the present study was higher than their 

reported prevalence of general mandibular 

asymmetry but lower than their radiographic 

prevalence of condylar asymmetry. This difference 

may be explained by the selection of orthodontic 

patients with dentofacial abnormalities in the present 

study and by the use of a sensitive radiographic 

threshold of greater than 3.00% in the study by Pinto-

Wong et al. Their results also indicate that 

radiographic asymmetry, particularly at the condylar 

level, may be present without being sufficiently 

severe to produce obvious clinical asymmetry. The 

predominance of females in the present sample 

should be interpreted as a feature of the records 

available for analysis rather than evidence of a sex-

related predisposition because a formal comparison 

of asymmetry according to sex was not performed.⁷ 

Skeletal Class II was the most frequent 

sagittal pattern in the present study, accounting for 

37.50% of patients, followed by skeletal Class I in 

35.00% and skeletal Class III in 27.50%. Dental 

midline discrepancy was observed in 58.75%, chin 

deviation in 52.50%, unequal gonial prominence in 

45.00% and occlusal-plane cant in 36.25%. These 

findings indicate that facial asymmetry was 

expressed through a combination of skeletal, dental 

and soft-tissue manifestations rather than through a 

single clinical feature. Sezgin et al. (2007) evaluated 

panoramic radiographs of 189 individuals, including 

104 females and 85 males aged 11–15 years, and 

found that occlusion type significantly affected the 

condylar asymmetry index. Condylar asymmetry in 

Class II division 1 malocclusion differed 

significantly from Class II division 2, Class III and 

normal occlusion groups, although no significant sex-

related difference was found. The predominance of 

skeletal Class II in the present study is broadly 

consistent with their observation that certain Class II 

patterns may be associated with greater condylar 

asymmetry. However, the present study classified 

patients according to skeletal Classes I, II and III and 

did not subdivide Class II malocclusion into divisions 

1 and 2. Therefore, the current findings demonstrate 

the coexistence of sagittal skeletal discrepancy and 

facial asymmetry but do not establish that skeletal 

Class II independently caused the observed 

asymmetry.⁸ 

Significant right-to-left differences were 

found in several orthopantomographic 

measurements. The mean condylar height was 18.92 

± 3.26 mm on the right side and 18.08 ± 3.14 mm on 

the left side, producing a mean difference of 0.84 mm 

(p=0.014). Ramus height was also greater on the right 

side, measuring 48.76 ± 4.95 mm compared with 

47.91 ± 4.88 mm on the left side (p=0.037). Total 

ramal height demonstrated the largest significant 

linear difference, with values of 67.68 ± 6.12 mm on 

the right and 65.99 ± 6.04 mm on the left (p=0.006). 

Habib et al. (2022) similarly reported a significantly 

greater condylar height on the right side than on the 

left side, with mean values of 8.14 ± 2.40 mm and 

  
Figure 5. Figure 6. 
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7.25 ± 2.30 mm, respectively (p<0.001). Their right 

and left gonial angles were 124.60 ± 8.20 degrees and 

123.60 ± 7.70 degrees, respectively (p=0.010), while 

total condylar-plus-ramal height did not differ 

significantly between the sides. Thus, both studies 

identified significant bilateral condylar differences 

and a tendency towards larger vertical dimensions on 

the right side. In contrast, the present study found a 

significantly larger gonial angle on the left side, 

measuring 124.12 ± 5.73 degrees compared with 

122.91 ± 5.84 degrees on the right (p=0.021). 

Variations in age, ethnicity, skeletal pattern, 

landmark identification and minor positioning 

differences during panoramic acquisition may 

explain the inconsistent direction of gonial-angle 

asymmetry between the two studies.⁹ 

The orthopantomographic asymmetry 

indices clearly differentiated patients with clinically 

detectable facial asymmetry from those without 

evident asymmetry. The condylar height asymmetry 

index was 7.52 ± 3.08% in the clinically 

asymmetrical group and 3.94 ± 1.69% in the 

clinically symmetrical group (p<0.001). Similarly, 

the ramus height asymmetry index was 4.86 ± 2.16% 

versus 2.71 ± 1.24%, while the total ramal height 

asymmetry index was 4.61 ± 1.93% versus 2.58 ± 

1.17%; both differences were significant at p<0.001. 

Tortarolo et al. (2022) compared 33 children with 

unilateral posterior crossbite with 33 age- and sex-

matched controls. They reported a condylar 

asymmetry index of 10.70 ± 9.00% in the crossbite 

group compared with 4.20 ± 3.30% in the control 

group (p<0.001). Their ramus asymmetry index in the 

crossbite group was only 1.90 ± 2.30% and did not 

demonstrate a significant between-group difference. 

The control-group condylar index of 4.20% reported 

by Tortarolo et al. was close to the 3.94% observed 

in the clinically symmetrical group of the present 

study. However, their crossbite group demonstrated a 

greater and more variable condylar asymmetry than 

the present clinically asymmetrical group. This may 

reflect the specific functional mandibular 

displacement associated with unilateral posterior 

crossbite, whereas the present study included a 

broader range of dentofacial abnormalities.¹⁰ 

Condylar asymmetry was the most 

pronounced orthopantomographic discrepancy in the 

present investigation. In addition to the condylar 

index of 7.52 ± 3.08% in clinically asymmetrical 

patients, significant differences were observed in 

mandibular body length asymmetry, with indices of 

3.42 ± 1.49% and 2.19 ± 1.04% in the asymmetrical 

and symmetrical groups, respectively. Effective 

mandibular length asymmetry was 3.05 ± 1.31% 

versus 1.98 ± 0.88%, the bilateral gonial-angle 

difference was 3.12 ± 1.44 degrees versus 1.83 ± 0.96 

degrees, and the bilateral ramus-inclination 

difference was 2.68 ± 1.29 degrees versus 1.61 ± 0.84 

degrees. All differences had p-values below 0.001. 

Hlatcu et al. (2023) evaluated 214 patients, including 

134 females and 80 males with a mean age of 9.50 ± 

2.00 years, and likewise found that the highest 

asymmetry values occurred at the condylar level. 

They reported a significant difference in the condylar 

asymmetry index between males and females 

(p=0.023) and a significant difference related to 

unilateral posterior crossbite (p=0.010), while ramal 

and combined condyle-plus-ramus indices showed 

no significant sex-related differences. Their 

observation that condylar asymmetry was more 

pronounced than ramal asymmetry agrees with the 

pattern identified in the present study. Nevertheless, 

the current investigation additionally demonstrated 

that body length, effective mandibular length, gonial 

angle and ramus inclination were significantly more 

asymmetric in patients with clinically detectable 

facial asymmetry, indicating that clinically evident 

asymmetry may involve several mandibular 

components simultaneously.¹¹ 

The lateral cephalometric findings showed 

that clinically detectable facial asymmetry was 

associated with both sagittal jaw discrepancy and a 

more vertical facial pattern. The ANB angle was 

significantly greater in asymmetrical patients than in 

symmetrical patients, with values of 3.94 ± 2.11 

degrees and 2.11 ± 1.82 degrees, respectively 

(p<0.001), while Wits appraisal was 1.86 ± 2.72 mm 

and 0.42 ± 2.35 mm, respectively (p=0.022). The 

SNA angle was similar between the groups (82.06 ± 

3.28 versus 81.74 ± 3.11 degrees; p=0.674), whereas 

the SNB angle tended to be lower in the asymmetrical 

group (78.12 ± 3.44 versus 79.63 ± 3.07 degrees; 

p=0.054). Vertically, the asymmetrical group had 

significantly greater SN–mandibular plane, 

Frankfort–mandibular plane and gonial angles, 

measuring 35.74 ± 5.92, 28.81 ± 4.86 and 126.63 ± 

5.21 degrees, respectively, compared with 31.88 ± 

5.04, 25.02 ± 4.31 and 122.89 ± 4.74 degrees in the 

symmetrical group. Rehman et al. (2020) evaluated 

91 orthodontic patients and reported mean panoramic 

gonial angles of 119.77 ± 6.05 degrees in 

hypodivergent patients, 123.66 ± 5.50 degrees in 

normodivergent patients and 127.36 ± 7.52 degrees 

in hyperdivergent patients, with a significant overall 

difference (p=0.001). Their findings support the 

present observation that a larger gonial angle 

accompanies increased mandibular plane divergence. 

The significantly greater lower anterior facial height, 

higher Y-axis angle, lower facial-axis angle and 

reduced posterior-to-anterior facial-height ratio in the 

present asymmetrical group further indicate a 
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predominantly downward and backward mandibular 

growth tendency.¹² 

The significant gonial-angle findings also 

demonstrate the complementary diagnostic roles of 

orthopantomography and lateral cephalometry. On 

orthopantomography, the mean right and left gonial 

angles were 122.91 ± 5.84 degrees and 124.12 ± 5.73 

degrees, respectively, with a significant bilateral 

difference of 1.21 degrees (p=0.021). On lateral 

cephalometry, the clinically asymmetrical group had 

a mean gonial angle of 126.63 ± 5.21 degrees 

compared with 122.89 ± 4.74 degrees in the 

symmetrical group (p=0.003). Zangouei-Booshehri 

et al. (2012) compared 80 panoramic radiographs 

with 80 lateral cephalograms and reported mean 

gonial angles of 127.07 ± 6.10 degrees on panoramic 

radiographs and 127.50 ± 6.67 degrees on lateral 

cephalograms. They found no significant difference 

between the two modalities or between the right and 

left sides (p=0.180). Their mean values were slightly 

higher than the overall side-specific panoramic 

values in the present study but were close to the 

lateral cephalometric value of the clinically 

asymmetrical group. Unlike their general paediatric 

sample, the present sample contained a high 

proportion of patients with clinically detectable 

asymmetry, which may explain the significant 

bilateral panoramic difference. Moreover, the two 

radiographic methods should not be regarded as 

interchangeable for every parameter: 

orthopantomography permits separate evaluation of 

the right and left gonial regions, whereas lateral 

cephalometry better demonstrates the relationship of 

the gonial angle to sagittal and vertical craniofacial 

planes.¹³ 

The correlation analysis confirmed 

statistically significant relationships between 

orthopantomographic asymmetry and lateral 

cephalometric morphology. Condylar height 

asymmetry correlated positively with the ANB angle 

(r=0.46, p<0.001) and SN–mandibular plane angle 

(r=0.42, p<0.001). Ramus height asymmetry 

correlated with the Frankfort–mandibular plane angle 

(r=0.39, p<0.001), while total ramal height 

asymmetry correlated with the cephalometric gonial 

angle (r=0.44, p<0.001). Mandibular body length 

asymmetry showed a positive correlation with lower 

anterior facial height (r=0.31, p=0.005), and effective 

mandibular length asymmetry showed an inverse 

correlation with the facial-axis angle (r=−0.28, 

p=0.012). The strongest association was between the 

bilateral panoramic gonial-angle difference and the 

cephalometric gonial angle (r=0.52, p<0.001). 

Stăncioiu et al. (2025), in a study of 128 patients, 

reported stronger correlations when identical 

measurements were compared directly between the 

two modalities. Ramus height on lateral 

cephalograms correlated with right and left 

panoramic ramus heights at rₛ=0.901 and rₛ=0.844, 

respectively, while the lateral cephalometric gonial 

angle correlated with right and left panoramic gonial 

angles at rₛ=0.946 and rₛ=0.858; all p-values were 

below 0.001. The comparatively lower coefficients in 

the present study were expected because asymmetry 

indices were correlated with different sagittal and 

vertical craniofacial variables rather than with 

identical measurements. Collectively, these findings 

indicate that orthopantomography can provide useful 

preliminary information about bilateral mandibular 

asymmetry, but it should complement rather than 

replace lateral cephalometric analysis, particularly 

when precise sagittal and vertical treatment planning 

is required.¹⁴ 

 

V. Conclusion 
Digital orthopantomographic measurements 

demonstrated significant bilateral differences in 

condylar height, ramus height, total ramal height and 

gonial angle. Patients with clinically detectable facial 

asymmetry showed significantly greater mandibular 

asymmetry indices and more pronounced sagittal and 

vertical cephalometric discrepancies. The significant 

correlations between orthopantomographic and 

lateral cephalometric parameters indicate that both 

modalities provide complementary diagnostic 

information. Orthopantomography may be useful for 

preliminary assessment of mandibular asymmetry, 

while lateral cephalometry remains important for 

comprehensive craniofacial evaluation and 

orthodontic treatment planning. 
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