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ABSTRACT 
Objective: To describe the gonial angle characteristics in class III skeletal malocclusion in Javanese ethnic. 
Material and Methods: Pretreatment lateral cephalometric radiographs of 43 Javanese ethnic patients 
were measured: upper (Go1) and lower gonial angle (Go2), anterior (AFH) and posterior face height ratio 
(PFH), maxilla-mandibular length difference, mandibular plane angle (FMA), Y axis, ramus position, ANB 
angle, posterior cranial base/ramus height and mandibular body length/anterior cranial base. The relation 
between Go1, Go2 and other variables were analysed using correlation and regression analysis. Results: 
The total gonial angle is within normal range, but Go1 is below normal and Go2 is above normal. There is 
no difference between male and female gonial angle measurements (p=0.939 and p=0.861, respectively). 
Ramus position is positively correlated to Go1 (p=0.003), while AFH (p=0.000), maxilla-mandibular length 
difference (p=0.000), FMA (p=0.000), Y axis (p=0.000), and posterior cranial base/ramus height (p=0.018) 
are positively correlated to Go2. PFH is negatively correlated to Go2 (p=0.018). Conclusion: The upper 
gonial angle is influenced by the position of mandibular ramus, while the lower gonial angle is affected by 
the posterior and anterior lower facial height and mandibular size and rotation. Javanese with class III 
malocclusion tends to have hypodivergent facial type, with more posteriorly located mandibular ramus and 
excess mandibular length. 
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Introduction 

There are many factors that cause a malocclusion, including genetic and environmental factors. Class 

III skeletal malocclusion has a tendency to be inherited in the family, so it can be inferred that there is a strong 

relationship between genetic and malocclusion. The fact that the prevalence of class III malocclusion varies 

greatly in various races is a strong evidence of the genetic influence on malocclusion. The highest prevalence is 

found in the Chinese population (19.9%), while the lowest prevalence is in the Israeli population (0.7%) [1]. 

The prevalence in African population is 4.59%, while it varies between 2% to 6% in European population [2]. 

Malaysia population has a relatively high prevalence of 16.59% [3]. The Javanese, as one of the most common 

ethnic groups in Indonesia, is included in the same Deutero Malay sub-race as the Malaysian [4], so that they 

may have the same prevalence of class III malocclusion. However, there is still no study about the prevalence 

and characteristics of class III skeletal malocclusion in Javanese population. 

Class III skeletal malocclusion in those populations have its own diverse characteristics. This will 

affect the orthodontic treatment plan that will be carried out [5], especially on growing patients. One of the 

important characteristics of malocclusion that affects facial aesthetics is the gonial angle. According to 

anthropometric standards, the normal gonial angle should be in the range of 123.5º ± 5.9º in men and 122.2º ± 

4.2º in women. The increased gonial angle is generally caused mandibular clockwise rotation in class III 

malocclusion. The changes in the gonial angle can also affect anterior and posterior facial height and are 

influenced by age, sex, and teeth [6]. Jarabak and Fizzell divided the gonial angle into upper and lower gonial 

angle [7]. 

The specific characteristics of class III skeletal malocclusion in certain ethnic groups may affect 

orthodontic treatment plan on growing patients. Several interceptive approaches are available for treating class 

III skeletal malocclusion, for example, removable functional appliances, chin cup and skeletal anchorage 

systems [8]. These treatments have their own advantages and disadvantages. The use of chin cup causes 

clockwise rotation and delayed growth of the mandible [9], while miniscrew-anchored inverted FRD causes 

distalization of mandibular dentition without increasing anterior facial height [10]. 

Therefore, this study was conducted to observe the gonial angle characteristics in class III skeletal 

malocclusion in Javanese ethnic group. The result of this study will be used to be a help when determining 

orthodontic treatment plan in Javanese patients with class III skeletal malocclusion, as their mandibular 

growth trend is known. 

 

Material and Methods 

Ethical Clearance 

This study was reviewed and approved by Ethical Review Board of Faculty of Dental Medicine 

Universitas Airlangga (No. 042/HRECC.FODM/II/2020).  

 
Sample 

Pretreatment lateral cephalometric radiographs of all Javanese ethnic group patients in orthodontic 

clinic at Universitas Airlangga Dental Hospital in 2018-2019 were analyzed. There were 494 (78.5%), 69 (11%) 

and 66 (10.5%) patients with class I, II and III skeletal malocclusions, respectively. Only 43 patients (19 men 

and 24 women, age range 18-29 years old) met the sample criteria in this study. The inclusion criteria are: 

Javanese individuals, ANB < 0º, negative overjet, and minimum 18 years old. The exclusion criteria include 

previous history of orthodontic treatment or orthognathic surgery, the presence of craniofacial deformity or 

genetic syndrome, missing teeth and supernumerary teeth. 
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Data Collection 

After patients’ consents had been obtained, their pretreatment cephalometric radiographs were 

analyzed using OrthoVision (Vatech Co., Ltd., Gyeonggi-do, South Korea) by a single examiner (an 

orthodontist). Each radiograph was examined twice with a 2-week interval. The cephalometric measurements 

are (Figure 1): 

 

 
Figure 1. Cephalometric landmarks used in this study. Go1, Go2 and RP angles are shown. 

 

• Upper gonial angle (Go1): the angle between point Articulare (Ar) - Gonion (Go) - Nasion (N). 

• Lower gonial angle (Go2): the angle between point N – Go – Menton (Me). 

• Anterior face height ratio (AFH): length ratio percentage of Anterior Nasal Spine (ANS) – Me and N – 

Me. 

• Posterior face height ratio (PFH): length ratio percentage of Sella Tursica (S) – Go and N – Me. 

• Maxilla-mandibular length difference (MMD): the length of Condylion (Co) – Point A minus the length 

of Co – Gnathion (Gn). 

• Mandibular plane angle (FMA): the angle between Frankfurt Horizontal (Porion (Po) – Orbita (Or)) and 

Go – Gn. 

• Y axis: the angle between Frankfurt Horizontal and S – Gn. 

• Ramus position (RP): the angle between Frankfurt Horizontal and Pterygomaxillary fissure (PTM) – Go. 

• ANB: the angle between point A – N – point B. 

• Posterior cranial base/ramus height (PCrRH): length ratio of S – Ar and Ar – Go. 

• Mandibular body length/anterior cranial base (MBACr): length ratio of Go – Me and N – S. 

 

Data Analysis 

All data were analysed using IBM SPSS version 24. All variables’ descriptive statistics were analyzed. 

All data were analysed using Shapiro-Wilk normality test and Levene’s homogeneity test. The upper and 

lower gonial angle data were then analysed with Brown-Forsythe’s confounding test to compare each Go1 and 

Go2 measurements in male and female subjects. The relation between Go1 and Go2, respectively, and other 

variables were analysed using correlation and regression analysis. 
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Results 

The average and standard deviation of each variable are shown in Table 1. The upper gonial angle is 

lower than normal, but the lower gonial angle is higher than normal. However, the total gonial angle is within 

normal range. The anterior face height ratio is within normal range, but the posterior face height ratio is below 

normal. The difference between mandibular and maxilla length is quite big. Mandibular plane angle shows that 

it is slightly higher than normal, while Y axis is within normal range. Ramus position, ANB angle and the ratio 

of posterior cranial base and ramus height is below the normal range, while the ratio of mandibular body 

length and anterior cranial base is higher than normal. 

 
Table 1. Descriptive statistics of class III malocclusion in Javanese ethnic group. 

Variables Mean SD Normal 
Upper Gonial Angle 46.5495 3.4679 53.50 ± 1.50 
Lower Gonial Angle 75.9353 6.1629 72.50 ± 2.50 
Total Gonial Angle 122.4849 7.5749 110.32 ± 123.0 
Anterior Face Height Ratio 54.8726 2.4240 55.45 ± 1.79 
Posterior Face Height Ratio 65.4040 4.9447 85.00 ± 5.50 
Maxilla-mandibular Length Difference 48.0393 5.6385 28.00 ± 3.20 
Mandibular Plane Angle 29.3614 8.3256 24.20 ± 4.60 
Y Axis 62.7128 5.5826 61.00 ± 2.80 
Ramus Position 62.6784 5.2526 73.60 ± 3.50 
ANB -4.1400 2.5233 2.40 ± 1.80 
Posterior Cranial Base/Ramus Height 0.6730 0.0887 0.72 ± 0.08 
Mandibular Body Length/Anterior Cranial Base 1.2167 0.0723 1.08 ± 0.03 

 
There is no significant difference between male and female gonial angle measurements (p>0.05) 

(Table 2). 

 
Table 2. Gonial angle measurements. 

Gonial Angle Sex Mean SD Confounding Test p-value 
Upper Gonial Angle Male 46.5016 4.1009 0.939 
 Female 46.5875 2.9659  
Lower Gonial Angle Male 75.7474 6.2691 0.861 

 Female 76.0842 6.2086  

 
As shown in Table 3, all data were normal and homogen, except mandibular plane angle (not normal, 

p<0.05). The correlation p-values are shown in Table 3. Ramus position (RP) is the only variable that 

significantly correlated to Go1. Hence, the regression formula of ramus position and Go1 correlation is: 

Go1=28.415+(0.289×RP). 

There are several variables that significantly correlated to Go2, which are anterior and posterior face 

height ratio, maxilla-mandibular length difference, mandibular plane angle, Y axis, and posterior cranial 

base/ramus height. These variables correlate in a positive manner with Go2, except posterior face height ratio. 

The linear regression formula for each variable are:  

• Go2=2.076+(1.346×AFH) 

• Go2=137.230-(0.937×PFH) 

• Go2=43.417+(0.677×EMM) 

• Go2=56.759+(0.653×FMA) 

• Go2=29.931+(0.734×Yaxis) 

• Go2=59.173+(24.906×PCrRH) 
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Table 3. The significance (p) values of normality and homogeneity test. 
Variables p-values Correlation p-values 

 Normality Homogeneity Go1 Go2 
Upper Gonial Angle 0.169 0.136   
Lower Gonial Angle 0.339 0.953   
Anterior Face Height Ratio 0.484 0.846 0.971 0.000a 
Posterior Face Height Ratio 0.737 0.544 0.111 0.000a 
Maxilla-mandibular Length Difference 0.921 0.680 0.584 0.00 a 
Mandibular Plane Angle 0.015b 0.635 0.500c 0.000a c 
Y Axis 0.632 0.304 0.203 0.000a 
Ramus Position 0.943 0.219 0.003a 0.299 
ANB 0.123 0.413 0.994 0.314 
Posterior Cranial Base/Ramus Height 0.879 0.332 0.504 0.018a 
Mandibular Body Length/Anterior Cranial Base 0.812 0.064 0.084 0.686 

aSignificant Correlation; bData Not Normal; cUsing Spearman’s Rho Correlation. 
 

Discussion 

Craniofacial bone remodelling and displacement during growth in class III skeletal malocclusion are 

highly dependent on biological processes that are influenced by various balancing factors, such as muscular 

tone and tooth position. Craniofacial growth in class III skeletal malocclusion is largely determined by genetic 

factors, spontaneous structural changes, or adaptation to environmental changes that cause musculoskeletal 

imbalances [11]. Bjork suggested that the condyle is the center of mandibular growth and plays an important 

role in determining mandibular length. Chin position is also determined by the direction of condylar growth 

[12]. 

There are various types of class III skeletal malocclusion, including normal maxilla and mandibular 

overgrowth (true mandibular prognathism); overgrowth of both maxilla and mandible but the mandible grows 

more excessively; and maxillary hypoplasia and normal mandible. The dominant facial type of class III skeletal 

malocclusion among Asian population is the second type (overgrowth of both jaws but mandible grows more 

excessively). This data may affect the treatment plan when orthognathic surgery is chosen as therapy. The 

surgery will have to be performed on both jaws so that it will not cause bimaxillary protrusion [5]. 

The gonial angle is the confluence between mandibular plane and the tangent line along the outer 

border of mandibular ramus. This angle is influenced by age, sex, thickness of ramus bone cortex, condylar 

growth, and the strength of mandibular masticatory muscles [13]. The gonial angle has an important role in 

determining facial aesthetics. Orthodontists often use gonial angle as an indicator of mandibular growth 

pattern and rotation, as it also significantly correlates to facial height. Patients with mandibular downward and 

backward rotation accompanied by an increase in gonial angle are classified as “high angle”, while upward and 

forward mandibular rotation with decreasing gonial angle are categorized as “low angle” [14]. 

Apart from cephalometric radiographs, gonial angle can also be observed through panoramic 

radiographs. Both radiograph projections can detect gonial angles accurately [15]. In this study, pretreatment 

cephalometric radiographs are used as they have been routinely used in Universitas Airlangga Dental Hospital 

to observe their diagnosis of malocclusion further before any orthodontic treatment is conducted.  

In this study, there is no significant difference between male and female gonial angles. This result is in 

line with a study conducted by Park et al. [15] and Radhakrishnan et al. [16]. However, other studies state 

that the gonial angle in women is greater than men [17,18]. Other research by Larrazabal-Moron and 

Sanchis-Gimeno [19] in Mediterranian Caucasian population shows that the gonial angle in 16-21 years old 

male is significantly higher than female in the same age range, but there is no significant difference in the older 

age group, which is 21-31 years old. 
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It is observed that in Javanese population, class III malocclusion patients tend to have smaller upper 

gonial angle and greater lower gonial angle compared to normal range. Even so, the total gonial angle is 

within the normal range. Based on the correlation and regression analysis results, Go1 is influenced by ramus 

position. The more posterior the ramus is, the smaller the Go1 measurement. On the contrary, the mean of 

Go2 is slightly above the normal range, which is caused by excess mandibular length and clockwise rotation of 

mandible. These Go1 and Go2 results are in line with the results of previous study on class III malocclusions 

of Javanese population, but the total gonial angle in the previous study is greater than normal range [20]. 

Another study conducted by Rodriguez-Cardenas et al. gives different results, where the total gonial angle in 

class III malocclusion is greater than normal, with a normal Go1 and greater Go2 [10]. The total gonial angle 

in class III malocclusion of female Japanese and Caucasian also shows greater than normal results [21], with 

an average value greater than that of the Javanese population in the study by Ardani et al. [20]. 

Another study on class II skeletal malocclusion of Javanese ethnic group also shows that the mean of 

Go1 is smaller than normal, while Go2 is greater than the normal range. In that study, it is concluded that the 

great value of Go2 is caused by clockwise rotation of mandible [22]. However, this result gives rise to the 

suspicion that the normal gonial angle in Javanese population is different from that of the Caucasian. 

The ratio of anterior lower face height in this study is within the normal range. This result is different 

from that of Syrian population, where class III malocclusion patients tend to have increased anterior lower 

facial height [23]. The ratio of posterior facial height/anterior facial height is also lower than normal, which 

indicates that the Javanese tend to have hypodivergent facial type. Another study states that class III 

malocclusion patients tend to have hyperdivergent facial type due to the increase of lower anterior facial height 

and the reduction of posterior facial height [10]. 

Although the mandibular plane angle is slightly larger than the normal range, Y axis angle, which 

also indicates the direction of mandibular growth, is within the normal range. This result indicates that there is 

slight clockwise rotation of mandible. This is consistent with a study of Syrian population [23]. Compared to 

other Asian populations, the steepest angle of mandibular plane angle is found in the Japanese population, 

while the Chinese and Korean have a less steep mandibular plane angle [21]. 

The average length difference of maxilla and mandible is far above the normal range, which indicates 

that there is excess mandibular length with or without the presence of maxillary retrusion. In this study, pure 

linear distance measurements were not used to reduce the probability of error in scale. Therefore, ratio of 

linear distance is used, such as the ratio of anterior and posterior facial height, and the ratio of posterior cranial 

base length and ramus height. The ratio of posterior cranial base and ramus height is lower than normal, which 

is due to the relatively large ramus height and/or shorter posterior cranial base length. 

The ratio of mandibular length and anterior cranial base is greater than normal. This may be caused 

by excess mandibular length and the shorter anterior cranial base length. This is consistent with a study 

conducted by Mouakeh [23], which states that the Asian population tend to have maxillary growth deficiency 

which is related to shorter anterior cranial base. On the other hand, mandibular prognathism is an important 

component of class III skeletal malocclusion in European-American [23]. In this case, the Javanese population 

have the combination of both. 

The position of mandibular ramus is much smaller than normal. This means that the ramus is located 

more posterior than that of class I skeletal type. A more posterior ramus should be advantageous in class III 

patients to compensate excess mandibular growth and improve the facial profile [23]. However, the length of 

mandible in class III malocclusion in the Javanese population is much longer than normal, so mandibular 
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prognathism persists. This result is different from Ricketts’ hypothesis about class III growth patterns, which 

states that the ramus position is usually located more forward than normal [24]. 

As the Javanese with class III malocclusion tends to have hypodivergent facial type, with more 

posteriorly located mandibular ramus and excess mandibular length, it can be inferred that clockwise 

mandibular rotation can be done in treating Javanese class III patients in the growing age. The use of chin cap 

may be advantageous, as it tends to cause downward-backward rotation of mandible and the increase of 

anterior facial height [25]. 

The drawback of this study is that the normal cephalometric value of Javanese population is not 

available for some cephalometric analysis. Besides, the number of samples is relatively small because it is quite 

difficult to find adults with class III skeletal malocclusion who have not undergone any orthodontic or surgical 

treatment. In addition, most studies only examine the total gonial angle without separating it into more 

detailed upper and lower gonial angle, so that it is not yet possible to compare the Go1 and Go2 of Javanese 

ethnic group to those of other ethnic groups. As this is the result of this study is population-based, it may be 

difficult to apply to all patients. However, this study can still be helpful when there is no previous history of 

craniofacial growth pattern of a patient. 

 

Conclusion 

The gonial angle in class III malocclusion in Javanese population is within the normal range. 

However, the upper gonial angle is below the normal range and the lower gonial angle is higher than normal. 

The upper gonial angle is influenced by the position of mandibular ramus, while the lower gonial angle is 

affected by the posterior and anterior lower facial height, and mandibular size and rotation. Javanese with class 

III malocclusion tends to have hypodivergent facial type, with more posteriorly located mandibular ramus and 

excess mandibular length. 
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