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ABSTRACT

Objective: To evaluate the condylar and ramal mandibular asymmetry in a group of patients with Class II subdivision malocclusion to identify possible 
gender differences between male and female subjects.

Materials and Methods: Mandibular asymmetry measurements (condylar, ramal, and condylar-plus-ramal asymmetry values) were performed on the 
panoramic radiographs of 80 subjects (34 male and 46 female). The study group consisted of 40 Class II subdivision patients (18 male and 22 female; 
mean age 14.53 ± 3.14 years). The control group consisted of 40 subjects with normal occlusion (16 male and 24 female; mean age 14.43 ± 3.05 years). 
The Kruskal-Wallis test was used to determine the possible statistically significant differences between the groups for condylar, ramal, and condylar-
plus-ramal asymmetry index measurements. Identified differences between groups were further analyzed using the Mann-Whitney U-test at the 95% 
confidence interval (P < .05).

Results: No gender-related difference was found for any of the asymmetry indices. Comparison of condylar, ramal, and condylar-plus-ramal 
asymmetry index values and gonial angle measurements for Class I and Class II sides in the Class II subdivision group and for right and left sides in the 
Class I group showed no statistically significant differences. However, the Class II subdivision group has longer values for condylar, ramal, and condylar-
plus-ramal height measurements and only these differences were statistically significant (P < .001). 

Conclusions: Except for condylar ramal and condylar-plus-ramal height measurements, Class II subdivision patients have symmetrical condyles 
when compared to normal occlusion samples according to Habbet's mandibular asymmetry indices.
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Unilateral Class II cases were classified as subdivision cases by Angle.1 He reported that a Class II molar relationship developed because of the distal eruption of 
the mandibular first molars in relation to normally positioned maxillary first molars.2 

Asymmetry in the face and dentition is a naturally occurring phenomenon. Before planning orthodontic treatment to correct subdivision problems, the origin of the 
asymmetry must be identified. The treatment of Class II malocclusions characterized by dentoalveolar asymmetries presents difficulties for clinicians because of the 
determination of the source of the malocclusion. A question arises as to whether subdivision malocclusions caused by dentoalveolar or skeletal deviations or any 
compromise treatment plans lead to additional complications, such as tipping of the occlusal plane, dental instability, or temporomandibular disharmonies.3 

Alavi et al4 showed that the unilateral distal positioning of the mandibular first molars was the primary contributor to an anteroposterior discrepancy in this type of 
malocclusion, but they did not define that the mandibular molar position was due to a skeletal asymmetry or a dentoalveolar asymmetry. Rose et al5 concluded that 
the mandible in Class II subdivision malocclusions did not exhibit unusual skeletal positioning or skeletal asymmetry. Only the mandibular dentition was found to be 
asymmetric, resulting in a relative distal positioning of the lower first molar on the Class II side. Janson et al6 found similar findings with Rose et al5 indicating that 
mandibles showed no unusual skeletal or positional asymmetries. In a recent study, Azevedo et al7 found results similar to those of Janson et al.6 However, in another 
study, Janson et al8 found that there was a tendency for mandibular asymmetry in subgroups of Class II subdivision subjects compared with the control group. 

Habets et al9 described a method for evaluating condylar and ramal asymmetry. This method has been used to calculate the condylar and ramal heights for 
comparing the right and left sides of the mandible for asymmetries in temporomandibular disorder (TMD) patients, Class I, Class II, and Class III malocclusions, 
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bilateral posterior crossbites, and different skeletal patterns.9–18 

A review of the literature revealed no studies that measured the condylar and ramal asymmetry of Class II subdivision patients and compared it with that of normal 
subjects using the method described by Habets et al.9 

Therefore, the objectives of this study were to determine the condylar and ramal mandibular asymmetry in a group of patients with Class II subdivision malocclusion 
and compare these data with similar measurements from a sample with normal occlusion. The intent is to identify possible gender differences between male and 
female subjects.

MATERIALS AND METHODS Return to TOC

Two groups were selected from the archives of the Erciyes University, Faculty of Dentistry and Department of Orthodontics. The present study was performed on 
orthopantomograms (OPG) of 40 normal occlusion and 40 Class II subdivision malocclusion subjects. The distributions of age and ANB in different groups for all 
subjects are shown in Table 1 .

Normal Occlusion Sample

The OPGs of the 40 adolescent control subjects (16 male and 24 female) with normal occlusion met the following criteria19: 

 

—Class I canine and molar relationship with minor or no crowding; normal growth and development; well-aligned upper and lower dental arches; 

—All teeth present except third molars; 

—Good facial symmetry determined clinically; 

—No significant medical history; 

—No history of trauma, or any previous orthodontic, prosthodontic treatment, maxillofacial or plastic surgery. 

Class II Subdivision Sample

The OPGs of the 40 subjects (18 male and 22 female) with Class II subdivision malocclusion were selected from patient records and met the following criteria7: 

 

—A complete Class I molar relationship on one side of the dental arch with a full Class II relationship on the other side; 

—No previous orthodontic treatment; 

—No lateral mandibular shift during closure, as determined by clinical examination; 

—No history of facial trauma or medical conditions that could have altered the growth of the apical bases; 

—The absence of any severely malaligned or blocked out teeth. 

Intraoral photographs and plaster models were used to classify the patients according to their malocclusion. These subjects were also evaluated with clinical 
histories and examinations. These were selected in clinical evaluations by three examiners.

Since OPGs are routinely used as a screening procedure in this clinic, all subjects had films available for review. These radiographs were exposed with 
Orthopantomography OP100 (Tuusula, Finland) which had been standardized previously. All were taken in standard manner by the same operator. The subjects were 
positioned with the lips in rest position and the head oriented to the Frankfort horizontal plane.7 

All the films were traced and measured by the same author (YS). The outline of the condyle, the ascending ramus, and corpus of both sides were traced on acetate 
paper. On the tracing paper, A-line was drawn between the most lateral points of the condylar image (O1) and of the ascending ramus image (O2) (Figure 1 ). To the 

A-line (the ramus tangent) from the most superior point of the condylar image, a perpendicular B-line was drawn. The vertical distance from B-line on the “ramus 
tangent”  to the O1 projected on the ramus tangent was measured. This distance was called the condylar height (CH). The distance between the O1 and O2 was called 

the ramus height (RH). A C-line was constructed as a tangent on corpus mandible of each side, and the angle between A-line and C-line was measured as the gonial 
angle (Figure 1 ). To measure the condylar, ramal, and condylar-plus-ramal asymmetry, the following formula was used: 

Statistical Analysis

Four weeks after the first measurements, 20 randomly selected OPGs were remeasured. A paired-samples t-test was applied to the measurements. The difference 
between the first and second measurements of the 20 radiograms was insignificant. Correlation analysis yielded the highest r value, 0.995, for right gonial angle 
measurement and the lowest r value, 0.878, for left condylar height measurements. The method error was calculated by using Dahlberg's formula. Values ranged from 
0.399 to 0.974 and were within acceptable limits.



All statistical analyses were performed using the SPSS software package (Statistical Package for Social Sciences for Windows, version 10.1, SPSS Inc, Chicago, 
Ill). Descriptive statistics were computed. The Kruskal-Wallis test was used to determine the possible statistically significant differences between the groups for 
condylar, ramal, and condylar-plus-ramal asymmetry index measurements. Identified differences between groups were further analyzed using the Mann-Whitney U-test 
at the 95% confidence interval (P < .05).
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According to the Mann-Whitney U-test, no gender-related difference was found for any vertical height, for the gonial angle, and for any of the asymmetry indices in 
intragroup comparisons. Therefore, data for both genders were pooled.

Comparison of condylar, ramal, and condylar-plus-ramal measurements and gonial angle for Class I and Class II sides in the Class II subdivision group and for right 
and left sides in the Class I group did not show any statistically significant differences (Table 2 ).

Descriptive statistics (mean, standard deviation, minimum, and maximum) and statistical comparisons of variables between normal occlusion and Class II 
subdivision groups are shown in Table 3 . The statistical analysis showed that asymmetry measurements were affected by the investigated occlusion type. 
Condylar, ramal, and condylar-plus-ramal height measurements showed statistically significant differences (P < .001) between groups. However, gonial angle and 
index measurements did not show any statistically significant differences.

DISCUSSION Return to TOC

OPG has been used for the assessment of side-to-side height differences and the measurement of condylar, ramal, and total heights to define side-to-side 
asymmetries.9–18 Bilateral views of the mandible can be obtained with OPG, and vertical measurements can be achieved.20 The use of panoramic radiographs to 
evaluate side-to-side differences is questionable, but a number of studies have been made that supported the use of the panoramic technique.9,10,21 These reports 
suggested that acceptable results can be achieved with panoramic radiographs which are noninvasive, have a favorable cost-benefit relationship, and expose subjects 
to relatively low doses of radiation.22 

Studies23–24 have shown the posteroanterior cephalometric (PA) film to have some limitations of methodology and reliability. The submental vertex (SMV) view has 
been suggested25–26 as a better alternative for the cephalometric assessment of asymmetry. However, the SMV is capable of significant distortion,23,27 especially in 
the analysis of mandibular asymmetry, since the mandible is positioned farthest from the film plane. While still useful in comparative research studies of asymmetry, 
both PA and SMV roentgenograms may have limited value in orthodontic diagnosis and treatment planning for the individual.28 In a recent study, Kambylafkas et al22 
showed that OPGs could be used to assess vertical posterior mandibular asymmetries.

The reproducibility of vertical and angular measurements on OPG is acceptable if the patient's head is positioned properly in the equipment.17,29,30 Habets et al10 
concluded that the headholder must be fixed well to the orthopantomograph, and the head has to be well centered in the headholder of the orthopantomograph when a 
clinical orthopantomograph is to be evaluated. In this study, all the films were taken in ideal conditions and inadequate or poor quality films were excluded. 

Studies of the etiology of condylar asymmetries in which gender differences have been investigated also revealed no statistically significant differences.9,15 In this 
study, no gender related statistically significant differences were found between compared sides and investigated groups. These findings support the studies of Habets 
et al,9 Kiki et al17 and Sezgin et al18 that used the same method described in the present study. 

Condylar, ramal, and condylar-plus-ramal height values were higher in the Class II subdivision group than the normal occlusion group, and the differences were 
statistically significant (P < .001). In the literature,9,17,18 all investigations were carried out on only condylar, ramal, and condylar-plus-ramal asymmetry index, and 
there is no study that evaluated the posterior vertical heights with the method used in this study, so that our findings could not be compared. However, the 
measurements done in different studies regarding the ramus length showed that vertical measurements in ramus have higher values in Class II subdivision patients 
compared with normal occlusion patients.6,7 

The method described by Habets et al9 has been used for evaluating condylar and ramal asymmetries in TMD patients and in different malocclusions.9–18 Habets et 
al10 found that asymmetry index values greater than 3% must be taken into consideration as vertical asymmetries because of technical errors during film exposure. In 
this study, in Class II subdivision and control groups, condylar asymmetry indexes were found above 3% (11.56 ± 10.75% and 7.57 ± 8.39%, respectively) indicating 
asymmetry, but the difference was statistically insignificant.

Other studies evaluating condylar asymmetry with this method in different malocclusions and in TMD patients also found asymmetry values greater than 3% both in 
study and control groups.12–16 These high values indicating asymmetry both in experimental and control groups can be attributed to shape, angular and positional 
differences between right and left condyles without any pathology or without any related malocclusion.31 Cohlmia et al32 found that left condyle was positioned more 
anteriorly than the right condyle and Yale31 showed the shape and angular differences of condyles. On the other hand, Kambylafkas et al22 stated in a recent study 
that condylar height was unreliable when determining asymmetry from the panoramic radiograph because of the small dimension of the measurement and operator 
error in tracing and identifying landmarks.

Gonial angle, ramal index, and condylar-plus-ramal index measurements used for evaluating posterior vertical dimensions of the mandible were found similar 
between the two groups and any differences were statistically insignificant. The findings of our study support the other studies that concluded the mandible in Class II 
subdivision malocclusions does not exhibit unusual skeletal positioning or skeletal asymmetry.4–7 In the present study, no dentoalveolar measurements were done, 
but the absence of any vertical asymmetry in the vertical posterior heights of the mandible supports the idea that the contributing factor of asymmetrical 
anteroposterior molar relationship on the Class II side is mainly dentoalveolar. Azevedo et al7 compared the degree of skeletal asymmetry between subjects with 
Class II subdivision malocclusion and subjects with normal occlusion. They reported that the main component of the Class II subdivision is dentoalveolar, primarily 
distal positioning of the first mandibular molar on the Class II side and secondarily mesial positioning of the maxillary molar on the same side even though the patients 
had apparent facial asymmetry.

In the absence of moderate to severe skeletal asymmetries in Class II subdivision patients, dentoalvoelar treatment approaches must be taken into consideration. 
Janson et al33 suggested three premolar asymmetric extraction treatments in Class II subdivision patients. This treatment protocol can yield to shorter treatment time 
than four premolar extractions and tends to correct midline deviations due to asymmetric molar relationship with minimum incisor retraction more successfully.3 In the 
existence of moderate to severe skeletal asymmetries, ie, hemifacial microsomia patients, more diagnosis is needed for understanding the source of the problem. 



Dental compensation treatment options can be evaluated in the correction of Class II subdivision patients if no skeletal asymmetry exists. 

CONCLUSIONS Return to TOC

● Ramal index, condylar-plus-ramal index, and gonial angle measurements representing posterior vertical mandibular heights were similar between the two 
groups.

● Condylar asymmetry index values in the Class II subdivision group and the normal occlusion group were not statistically significantly different. This indicates 
that the mandibles in Class II subdivision malocclusions do not exhibit unusual skeletal positioning or skeletal asymmetry. 
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Figure 1. Measuring method according to Habets et al.9  
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