
SUMMARY
Apart from the dental and maxillofacial features, an important 

consideration in the treatment of Angle Class II division 2 malocclusions is 
facial growth, particularly if the case requires not only tooth movement but 
changing maxillo-mandibular relation as well.  The purpose of this study 
was to determine the effect of chronological age on certain skeletal features 
of Angle Class II division 2 patients. The material of the study included 
96 lateral cephalometric X-rays of patients with Angle Class II division 2 
malocclusion, ranging in age from 7 to 35 years; on each cephalometric 
imaging, 8 cephalometric measurements were performed. Statistical data 
processing included analyses of 1 variable and correlation of 2 variables.

In patients with Angle Class II division 2 malocclusion the facial 
profile was convex and did not change significantly with age, the 
anteroposterior position of the chin in the children’s group approximated 
‘normal’, while there was a tendency for mandibular retrusion among adult 
patients. Mandibular morphology changed and became more “square” 
among older patients.
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Introduction

During growth and in the period between deciduous 
and permanent dentition, the features of Angle Class II 
division 2 malocclusion exacerbate due to increasing 
incisor over-occlusion, which leads to differential growth 
between the maxilla and the mandible, and consequently, 
to maxillary protrusion1. There was a view that Angle 
Class II division 2 malocclusion exacerbates with time not 
due to a change in the growth pattern but due to increasing 
anterior rotation of the mandible, which results from the 
particular effect of the masseter muscles2.

Under conditions of normal mandibular growth 
and development, one would expect a lower incidence 
of mandibular retrusion among adults, as compared to 
minors. However, this is not so in cases of Angle Class 
II division 2 malocclusion, probably due to palatal 
inclination of maxillary incisors and increased incisor 
overjet, which result in stunting mandibular growth3. This 
finding is confirmed by observation that in these cases, 
mandibular alveolar development, as assessed by the 
S-N-B angle, was more restricted than the development of 

osseous base of the mandible, as assessed by the S-N-Pog 
angle1,4,5.

The range of views related to dental, skeletal and 
facial features of Angle Class II division 2 malocclusion 
make it necessary to further study such cases and follow 
their particular development through time, which is 
important not only for clinical orthodontists’ needs, but 
also for accurate determination of the case description. The 
aim of the study was: (a) to examine possible differences 
of skeletal cephalometric measurements among 3 age 
groups of Angle Class II division 2 malocclusion patients, 
and (b) to investigate possible correlations between 
patients’ age and those cephalometric measurements 
examined.

Subjects and Methods

Research material included 96 lateral cephalometric 
X-rays of Angle Class II division 2 malocclusion patients 
who had never had any type of orthodontic treatment. 
Their selection was based on the basis of dental occlusion 
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relations and patients’ ages, out of a total number of 174 
cases of Angle Class II division 2 malocclusion patients 
who asked for orthodontic treatment. The X-rays of 
patients selected were divided into 3 groups.

The first group, “a children group”, included 33 
X-rays. 13 patients were boys and 20 were girls. Their 
mean age was 9.5 years; the youngest was 7 and the oldest 
11 years old. Their dentition was mixed and there was 
no case of having lost a deciduous tooth early or missing 
some permanent tooth.

The second group, “an adolescent group”, included 
31 X-rays. 13 patients were boys and 18 were girls. Their 
mean age was 14 years; the youngest was 13 and the oldest 
15.5 years old. Their dentition was permanent and there 
was no tooth missing in any of the cases.

The third group, “an adults group” included 32 
X-rays. 11 patients were men and 21 women. Their mean 
age was 21 years; the youngest was 17 and the oldest 35 
years old. Their dentition was permanent and there was no 
tooth missing in any of the cases.

Cephalometric Variables
On every lateral cephalometric X-ray, 8 cephalo-

metric measurements were performed, concerning both 
sagittal and vertical dimensions of the facial skeletal 
structures. Cephalometric measurements used were the 
following (Figs. 1 and 2): (1) Facial angle (Po-Or/Na-Pog); 
(2) Facial Axis Angle (Pt-Gn/Ba-Na); (3) Mandibular 
Plane Angle (Po-Or/Go-Me); (4) Mandibular Arc Angle 
(Dc-Xi-Pm); (5) Facial Convexity (AàNa-Pog); (6) 
Mandibular Corpus Axis (XiàPm); (7) Cranial Base Length 
(BaàNa); and (8) Anterior Cranial Base Length (CCàNa).

Method Error
In order to determine the experimental method 

error for each variable used, 20 X-rays were selected at 
random. These were traced and re-measured by the same 
researcher 20 days after their initial analysis. T-test was 
used to determine method error; the significance level was 
a=0.05. No statistically significant differences were found 
for the 8 variables used in the 2 measurements performed.

Statistical Analysis
Data processing included analyses of 1 variable and 

correlations of 2 variables. All continuous variables were 
checked using the Kolmogorov-Smirnov test. The results 
were analyzed with ANOVA and the Duncan test, whereas 
Pearson’s correlation coefficient was used to determine 
whether there was a statistically significant correlation 
between age and other quantitative variables or not. 

Results

Descriptive statistics for 8 cephalometric 
measurements used concerned both sagittal and vertical 
dimensions of facial skeletal structures are presented in 
Tables 1 to 8. ANOVA showed that there was no statistically 
significant difference in the mean values of facial angle 
(Tab. 1), facial axis angle (Tab. 2) or facial convexity (Tab. 
5) in the 3 age groups. In the adult group, the mean value 
presented statistically significant differences (p<0.01 - 
ANOVA and Duncan test) for the mandibular angle (Tab. 
3) and the mandibular arc angle (Tab. 4), when compared 
to the other 2 groups, which did not present statistically 
significant differences when compared to each other. Mean 
value differences (ANOVA and Duncan test) for mandibular 
corpus axis appeared to be statistically significant (p<0.001) 
for all 3 age groups (Tab. 6). The statistically significant 
difference appearing in cranial base length mean values 
(BaàNa - ANOVA and Duncan test) indicated that in 
minors mean value for this length was significantly reduced 
(p<0.001) when compared to the other 2 age groups, 
which showed no statistically significant difference when 
compared to each other (Tab. 7). The statistically significant 
difference appearing in cranial base length mean values 
indicated that in minors mean value for this variable was 
significantly reduced (p<0.05) when compared to the adult 
group, while in the group of adolescents, Duncan test did 
not show any statistical difference with either or both other 
groups (Tab. 8).

Figure1.  A. Facial angle (Po-Or/Na-Pog), B. Facial Axis Angle (Pt-Gn/Ba-Na),
C. Mandibular Plane Angle (Po-Or/Go-Me), D) Mandibular Arc Angle (Dc-Xi-Pm) 
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Table 1. Statistical parameters of Po-Or/Na-Pog Angle

Age group N Mean Value Standard deviation Minimum value Maximum
F = 2.960
p = 0.057

NS

7 - 11 33 86.5 2.8 81 91
13 - 15 31 87.5 3.2 80 93
17 - 35 32 88.4 3.8 79 95

Table 2. Statistical parameters of Pt-Gn/Ba-Na Angle

Age group N Mean Value Standard deviation Minimum value Maximum
F = 2.193
p = 0.117

NS

7 – 11 33 89.7 3.1 82 95
13 – 15 31 89.7 4.5 80 98
17 – 35 32 91.5 4.2 83 100

Table 3.  Statistical parameters of Po-Or/Go-Me Angle

Age group N
Mean Value

Standard deviation Minimum value Maximum

F = 5.549
p = 0.005<0.01

Sub-groups
7 – 11 33 20.9 (1) 4.2 13 30
13 – 15 31 20.8 (1) 5.6 8 32
17 – 35 32 16.8 (2) 6.9 2 30
  ANOVA (1) (2) Mean value differences appeared in 2 sub-groups (Duncan test)

Table 4.  Statistical parameters of Dc-Xi-Pm Angle

Age group N
Mean Value

Standard deviation Minimum value Maximum
F = 14.802
 
p = 0.000<0.001

Sub-groups
7 – 11 33 32.5 (1) 5.9 21 45
13 - 15 31 35.4 (1) 4.9 26 47
17 - 35 32 40.4 (2) 6.7 29 57
ANOVA (1) (2) Mean value differences appeared in 2 sub-groups (Duncan test)

Table 5.  Statistical parameters of facial convexity AàNa-Pog

Age group N Mean Value Standard deviation Minimum value Maximum
F = 0.904
p = 0.408

NS

7 – 11 33 4.1 2.3 -2 9
13 – 15 31 3,4 3,2 -2 12
17 – 35 32 3,0 3,8 -7 9

Figure 2. A. Facial Convexity (AàNa-Pog), B. Mandibular Corpus Axis (XiàPm),
C. Cranial Base Length (BaàNa), D. Anterior Cranial Base Length (CCàNa)
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Table 6.  Statistical parameters of Mandibular corpus axis XiàPm

Age group N
Mean Value

Standard deviation Minimum value Maximum

F = 24.636
p = 0.000<0.001

Sub-groups

7 – 11 33 64.3 (1) 3.6 58 73

13 – 15 31 69.1 (2) 3.5 60 75

17 – 35 32 71.9 (3) 5.7 59 88

ANOVA     (1) (2) (3) Mean value differences appeared in 3 sub-groups (Duncan test)

 

Table 7.  Statistical parameters of cranial base length BaàNa

Age group N
Mean Value

Standard deviation Minimum value Maximum

F = 9.361
p = 0.000<0.001

Sub-groups

7 – 11 33 107.4 (1) 4.2 100 115

13 – 15 31 110.9 (2) 6.0 102 128

17 – 35 32 113.4 (2) 6.5 100 127

ANOVA (1) (2) Mean value differences appeared in 2 sub-groups (Duncan test)

 

Table 8.  Statistical parameters of anterior cranial base length CCàNa

Age group N
Mean Value

Standard deviation Minimum value Maximum

F = 4.5782
p = 0.013<0.05

Sub-groups

7 - 11 33 59.7 (1) 2.7 55 69

13 - 15 31 61.3 61.3 3.6 52 70

17 - 35 32 62.4 (2) 4.4 53 70

ANOVA (1) (2) Mean value differences appeared in 2 sub-groups (Duncan test)

Investigation into the presence of a statistically 
significant correlation between all patients’ age (when 
considered as a continuous variable) and the variables 
measured (measurements performed) used a Pearson’s 
correlation coefficient. This coefficient was calculated 
between the age and every variable for the total number of 
patients examined. From the results presented in table 9, 
the following may be concluded: skeletal variables that 
presented a pronounced positive correlation (p<0.001) and 
increased with age were: mandibular arc angle (Dc-Xi-Pm, 
r=0.535, N=96), mandibular corpus axis (XiàPm, r=0.552, 
N=96) and cranial base length (BaàNa, r=0.355, N=96). A 
pronounced negative correlation of 1% (p<0.01) was found 
for the mandibular base angle (Po-Or/Go-Me, r = -0.280,  
N = 96), which reduced with age. A positive correlation 
of 5% significance level (p<0.05) was found for facial angle 
(Po-Or/Na-Pog, r = 0.255 N = 96), which increased with age.

Table 9.  Correlation of variables with age

Variables N r p
Po-Or/Na-Pog 96 0.255 0.012  <  0.05
Po-Or/Go-Me 96 -0.280 0.006  <  0.01
Dc-Xi-Pm 96 0.535 0.000  <  0.001
Xi Ò Pm 96 0.552 0.000  <  0.001
Ba Ò Na 96 0.355 0.000  <  0.001
CC Ò Na 96 0.247 0.015  <  0.05

Discussion

Cephalometry is the main means for describing and 
assessing craniofacial growth. Similarly to all types of 
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X-ray imaging, cephalometric X-rays should also be 
restricted to those absolutely necessary and performed 
only for diagnostic purposes6. Therefore, when too 
many X-ray examinations are performed on the same 
person for research purposes, this is criticized due to the 
increased radiation the person is exposed to, which is 
unacceptable7. This ethical reasoning has meant fewer 
X-ray examinations for research purposes, which resulted 
in avoiding longitudinal growth assessment and repeated 
X-ray imaging of the same person.  

This paper aimed at studying Angle Class II division 
2 malocclusion cases and determining the improvement 
or exacerbation of facial skeletal structure relationships 
at various ages. Due to ethical considerations mentioned 
above, the material of the study comprised initial lateral 
cephalometric X-rays of cases with Angle Class II 
division 2 malocclusion who asked for treatment; these 
patients ranged in age from 7 to 35 years.

Initially, 8 cephalometric measurements were 
performed to determine Angle Class II division 2 
malocclusion in 3 patient groups - a children’s group, an 
adolescents’ group and an adults’ group - and differences 
were later identified among these 3 groups. Furthermore, 
it was investigated whether these measurements are 
affected by age in all the patients examined. 

Facial angle, which determines chin position along 
the anterior-posterior axis, was used to assess the position 
of the mandible along the sagittal axis. Facial angle 
(Po-Or/Na-Pog) showed no significant increase in the 
adolescents’ and adults’ groups, although it was found to 
increase with patient’s age. Facial angle increase with age 
was attributed mainly to the significant increase of the 
length of the mandibular corpus axis. Values found for 
the facial angle indicate a “normal” mandibular position 
of the mandible in children. On the contrary, there is a 
tendency for slight mandibular retrusion among adults8, 
which seems to agree with similar findings by numerous 
authors9-12. Besides, the difference in mandibular position 
between children and adult patients tends to support the 
view that Angle Class II division 2 malocclusion is not 
a primary skeletal syndrome, but a deformation, which 
numerous authors attribute mainly to the pronounced 
palatal inclination of maxillary central incisors, which 
results in stunting mandibular growth3,13-15.

Mandibular corpus axis length (Xi àPm) appeared 
significantly increased in adults as compared to that 
of children and adolescents. Furthermore, all patients 
examined showed significant differences since this length 
increased with patient age.

Skeletal facial convexity was found increased in all 
3 groups examined. Furthermore, it was not significantly 
different in all the groups and showed no negative 
correlation with age, although it appeared decreased in the 
adolescents’ and adults’ groups. Skeletal facial convexity 
development is caused by the significant increase found 
in mandibular corpus axis length and cranial base length 

with age, in particular, the increased anterior cranial base 
length. Cranial base length (BaàNa) presented significant 
increase among adolescents and adults as compared to the 
children’s group, while the difference between adolescents 
and adults was not significant. On the contrary, cranial 
base length showed a particularly significant positive 
correlation with age, which was expected.

Anterior cranial base (CCàNa) was found to be 
significantly longer among the adults’ group as compared 
to that of the children, while it was not different in the 
adolescents’ group when compared to the other 2 groups. 
Similar to “normal” individuals, all patients examined 
showed positive correlation of anterior cranial base length 
with age.

The face, in all 3 groups of patients examined, 
showed a “normal” direction of increase, since mean 
values of facial angle (Pt-Gn/Ba-Na) in minors and 
adolescents showed no difference from what was 
proposed as “normal”8,16,17. Facial angle did not show 
significant differences among all groups examined, nor 
any correlation with age. Brezniak et al18 used Downs’ 
axis and Ricketts’ facial axis, and found that Angle Class 
II division 2 malocclusion patients presented a more 
horizontal type of increase in comparison to “normal” 
individuals.

Mandibular angle (Po-Or/Go-Me) and mandibular 
arc angle (Dc-Xi-Pm) mean values measured support 
the view that patients with Angle Class II division 2 
malocclusion tend to have a “strong” and “square” 
mandible with a “strong” muscular system, a small 
mandibular angle and a large mandibular arc angle12,18,19.

Mandibular angle mean values in children and 
adolescents showed no differences, while in the group 
of adult patients this angle was significantly lower than 
in the other 2 groups. In all the patients examined, the 
mandibular angle presented a statistically significant 
difference, since it reduced with age. The reduction of 
mandibular angle with age might be due to the anterior 
mandibular rotation during its growth11,20,21, a fact which 
mainly appears in cases with insufficient incisor support20. 

Mandibular arc angle increases with normal growth 
as a result of increased adaptive changes occurring 
in the mandible8. In the children’s and adolescents’ 
groups, it showed no significant difference, while it was 
significantly increased in adult patients in comparison 
to the other 2 groups. In all the patients examined, 
mandibular arc angle showed particularly significant 
differences with growth since it increased with age. 

Assessment of findings of this research has led to the 
conclusion that in patients with Angle Class II division 
2 malocclusion facial profile was convex and did not 
significantly change with age, while anteroposterior 
position of the mandible showed significant differences in 
the 3 groups examined: in the children’s group it might be 
considered “normal”, while among adolescent and adult 
patients it showed a tendency for retrusion. Mandibular 
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corpus axis presented significant differences in length, 
since it grew with age. As for mandibular morphology, 
this was found to significantly change with age and 
become more “square” in older patients. The direction of 
facial growth was found to be within normal range and 
showed no difference at the various ages.  

In patients with Angle Class II division 2 
malocclusion, who are still growing, exacerbation of the 
anteroposterior position and morphology of the mandible 
need to be taken into consideration so that necessary 
mechanisms may be activated in good time to inhibit the 
stunting of mandibular growth in the anteroposterior and 
vertical directions. This view is compatible with most 
clinicians’ views, which support that, when a patient who 
is still growing is developing an Angle Class II division 2 
malocclusion, this would not be corrected by mandibular 
growth without any intervention15,22,25.

Conclusions

The cephalometric study and assessment of findings 
of this study suggest that: 
1)  Anteroposterior chin position in children 

approximated “normal”, while adult patients showed a 
tendency for retrusion; 

2)  Facial profile was convex and showed no significant 
differences among the groups of children, adolescents 
and adults and no change with age;    

3) Mandibular morphology was found to vary 
significantly at various ages: it changed and became 
more “square” with age;  

4)  During orthodontic treatment of patients with Angle 
Class II division 2 malocclusion, it is necessary to 
consider and activate in time those mechanisms 
that inhibit the stunting of mandibular growth in the 
anteroposterior and vertical dimensions.
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