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Lower incisor dentoalveolar compensation and 
symphysis dimensions in class II and class III patients
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ABSTRACT

Aim: The aim was to study and compare lower incisor dentoalveolar compensation and mandibular symphysis morphology 
of patients with Class II and Class III malocclusion. Materials and Methods: Lower incisor inclination (incisor mandibular 
plane angle [IMPA]), as well as buccal (LA) and lingual (LP) cortex depth, and mandibular symphysis height (LH) were 
measured in 60 lateral cephalometric X-rays of adult patients without prior orthodontic treatment. The subjects were divided 
into three groups based on antero-posterior skeletal malocclusions - Class I (control group), Class II and Class III groups. 
Results: IMPA and symphysis dimensions showed significant differences between the sagittal malocclusion groups. In 
Class III subjects, the lower incisor apex was closer to the buccal cortex, therefore, value of LA was decreased and LH was 
increased. In Class II subjects, the lower incisor apex was near to the lingual cortex, there value of LP was reduced and 
LH increased. Conclusion: Narrow alveolus was observed in Class II and III subjects compared to the Class I subjects. 
Natural compensation elongates the symphysis and influences the lower incisor position. Thus limiting the pre-surgical 
decompensation and increasing the risk of damage to periodontal tissues.
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INTRODUCTION

It has been known for a long time that different incisor 
relationships exist in similar facial types. This is often 
an important factor in determining the prognosis of 
orthodontic treatment.[1,2] Any alteration or adjustment 
of one part of the dentofacial complex will require a like 
adjustment by another part of the complex.

Holdaway (1956), was the first one who discussed a 
compensatory mechanism for an acceptable facial 
balance related to the skeletal Class II apical base. This 
relation is achieved by the relative tipping of the upper 

and lower incisors.[1] Goldsman (1959), suggested that 
a compensatory or balancing property exists within 
the dentofacial complex, which preserves the overall 
harmony and proportions of the facial pattern.[4] 
Jacobson (1974), concluded that the dentoalveolar 
compensation helps to camouflage the antero-posterior 
and vertical basal bone discrepancies in an attempt to 
establish normal incisor relationship.[4]

When either basal bone, whether maxilla or mandible, 
deviates from its expected growth pattern, the 
dimensions of the alveolus are altered to camouflage the 
antero-posterior and vertical basal bone discrepancies. 
The anatomic limits set by the cortical plates of 
the alveolus at the incisor apex may be regarded as 
“orthodontic walls.”[9] The question arises, as to which 
patients can successfully be treated with orthodontic 
therapy alone and which patients will also require 
orthognathic surgery. Apart from esthetics, the 
orthodontist must also consider whether sufficient 
orthodontic tooth movement can be accomplished to 
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correct the malocclusion with minimal iatrogenic tissue 
loss. It is imperative in treatment planning to consider 
the orthodontic walls as a limit to repositioning teeth, 
as well as a danger zone for unfavorable sequel such as 
bone loss, alveolar dehiscence, gingival recession, dental 
mobility and other negative effects. It is the occurrence 
of this unfavorable sequel that defines the borderline 
case as “orthodontic” or “surgical-orthodontic.”[7,9,17]

The aim of our present study was to carry out a simple, 
visualized treatment objective with cephalometric 
X-rays to compare the lower incisor dentoalveolar 
compensation and the symphysis morphology in 
Class II and Class III malocclusion patients. This 
will help us to determine if sufficient alveolar bone is 
present for safe movement of incisors to correct antero-
posterior skeletal discrepancies.

MATERIALS AND METHOD

Inclusion Criteria

A total of 60 lateral cephalometric X-rays were collected.
•	 20	X-rays	each	from	Class	I,	II	and	III	malocclusion	

subjects who reported to the Department of 
Orthodontics, M A Rangoonwala Dental College 
for treatment. The subjects selected were adult 
non-growing patients, with vertical growth pattern 
between 18 and 35 years of age with complete 
dentition who had not received prior orthodontic 
treatment.

CLASS I, CLASS II AND III SUBJECTS

ANB angle was used in sagittal classification of 
malocclusions.

Class I (control group) - ANB = 2° ± 2°, with ideal 
overjet and overbite.

Class II - Class II Div 1 subjects were selected.

ANB = 4-8°

Class	 III	 -	ANB	=	≤	−1°	with	edge-to-edge	 incisor	
relation.

Vertical Facial Type

Tweed’s mandibular plane angle was used to select 
patients with vertical growth pattern. Patients with, 
Frankfort	mandibular	angle	≥28°	were	used	for	the	study.

Exclusion Criteria

Patients who had received prior orthodontic treatment 
or maxillofacial surgery, patients who were syndromic 
or had root resorptions, missing teeth or erosions.

Cephalometric Measurements

All the lateral cephalometric X-rays were recorded 
from the same digital center in order to eliminate 
magnification errors. The same examiner performed 
all tracings by hand, on lead acetate paper using a fine-
point pencil (0.5 mm).

Lower Incisor Position [Figure 1]

The incisor mandibular plane angle (IMPA) was 
obtained from the angle between the long axis of the 
lower incisor and the mandibular plane (control group).

Symphysis Dimensions [Figure 2]

The dimensions of the mandibular symphysis were 
quantified following the Handelman’s criteria, Angle 
Orthod. 1999 (control group).

LP: Bone posterior (lingual) to mandibular incisor apex. 
Apex of the mandibular central incisor to the limit of 
the lingual cortex, along a plane parallel to the occlusal 
plane, drawn through the apex.

LA: Bone anterior (labial) to mandibular incisor apex. 
Apex of the mandibular central incisor to the limit of 
the labial cortex, along a plane parallel to the occlusal 
plane, drawn through the apex.

Figure 1: The incisor mandibular plane angle was obtained from the 
angle between the long axis of the lower incisor and the mandibular 
plane (Control Group)
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LH: Bone inferior to mandibular incisor apex. The 
shortest distance from the apex of the mandibular 
incisor to the lowest point of the mandibular symphysis 
that is transacted by a line perpendicular to the occlusal 
plane.

The following dimensions were measured for the 
Class II and Class III subjects and were compared with 
the control group, i.e., Class I subjects.

Statistical Analysis

Differences between the lower incisor position and 
symphysis dimensions were evaluated with an analysis 
of variance.

Simple regression analysis was used to determine the 
correlation coefficients between the mandibular plane, 
incisor position, and symphysis dimensions.

RESULTS

Table 1 and Graph 1, outlines the comparison of IMPA 
among the three study groups. It shows that the IMPA is 
increased in class II subjects and decreased in Class III 
subjects. 

Table 2, compares the symphyseal dimensions among 
the three groups. And the results were summarized as 
follows. 

Class II Subjects [Figure 3]

In Class II subjects, with proclined incisor, the apex 
nears the lingual cortex.

Component 1: IMPA and LA, the greater the 
proclination of the incisor, greater the amount of 
bone between the apex and the buccal cortex of the 
symphysis. As the value of IMPA decreases, the value 
of LA decreases.

Component 2: IMPA and LP, with an increase in IMPA 
value, the LP value decreased.

Component 3: LH, this variable determines the 
extrusion of the incisor. LH is increased in Class II 
patients as compared to the Class I subjects.

Class III Subjects [Figure 4]

In Class III subjects, with a retrolined incisor, the apex 
nears the buccal cortex.

Figure 2: The dimensions of mandibular symphysis were quantified 
following the Handelman’s criteria. (Angle Orthod. 1996) (Control 
Group)

Figure 3: In Class II subjects, with proclined incisor, the apex nears 
the lingual cortex

Figure 4: In Class III subjects, with a retrolined incisor, the apex nears 
the buccal cortex
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Component 1: IMPA and LA, greater the retroclination 
of the incisor, lesser the amount of bone between the 
apex and the buccal cortex of the symphysis.

Component 2: IMPA and LP, with a decrease of IMPA, 
the LP value increased.

Component 3: LH was increased in Class III patients 
as compared to Class I subjects.

DISCUSSION

In the present study, a comparison between Class I, Class II 
and Class III sample group was done in order to evaluate 
the dentoalveolar compensation of the lower incisor and 
the concomitant changes in the mandibular symphysis.

Handelman evaluated Class I, II, and III skeletal 
malocclusion. A decrease in the alveolar width was noted 

in all patients with malocclusions and long facial patterns 
and in Class III patients with normal faces. However, 
when dividing the subjects into nine subgroups, the 
sample sizes were small and heterogeneous.[9] Outside 
of Handelman’s study, there are a few other studies that 
had explored the relationship between the alveolar bone 
and the behavior of the incisors as related to vertical and 
sagittal skeletal patterns.[10-13]

Many studies have earlier reported that mandibular 
prognathism or skeletal Class III malocclusion 
is characterized by compensatory inclinations of 
the maxillary and mandibular incisors for skeletal 
imbalances between the jaws.[19,23] Lee et al., evaluated 
the alveolar bone loss around lower incisors incurred 
during surgical orthodontic treatment in individuals 
with mandibular prognathism and concluded that 
excessive forward movement of lower incisors during 
pre-surgical orthodontic treatment could cause alveolar 
bone loss.[14]

In prior related publications, Class III subjects were 
evaluated separately, but the comparison among 
Class II and Class III subjects with Class I subjects 
were not done.

In previous studies, statistical analyses sought 
differences between different malocclusion types 
but did not concurrently evaluate to what extent the 
symphysis dimensions were related to variations in the 
position of the incisor and the skeletal pattern.

Clinical Significance

At times, the skeletal discrepancy is large and beyond the 
“envelope of discrepancy” for orthodontic treatment. At 
times, this discrepancy is small but the thinness of the 
alveolar housing will not accommodate even modest 

Graph 1: The comparison of angular measurement across three study 
groups (box-plot), in Class III subjects, incisor mandibular plane angle 
(IMPA) values were reduced and in Class II subjects IMPA values 
were increased

Table 1: The comparison of angular measurement (IMPA) across three study groups
Parameter Class I (n=20) 

control
Class II 
(n=20)

Class III 
(n=20)

P values (inter group comparison)
Class I versus Class II Class I versus Class III Class II versus Class III

IMPA (Deg) 91.1±2.1 106.5±2.2 83.6±1.3 0.001 0.001 0.001

Values are mean±standard deviation. P values by one-way analysis of variance (ANOVA) with Bonferroni’s correction for multiple group comparisons. P<0.05 is 
considered to be statistically significant. IMPA: Incisor mandibular plane angle

Table 2: The comparison of symphyseal dimensions across three study groups
Parameters Class I (n=20) 

control
Class II 
(n=20)

Class III 
(n=20)

P values (inter group comparison)
Class I versus Class II Class I versus Class III Class II versus Class III

LH (mm) 19.3±0.3 22.9±0.6 22.2±0.3 0.001 0.001 0.001
LP (mm) 3.3±0.3 2.2±0.2 4.6±0.3 0.001 0.001 0.001
LA (mm) 3.9±0.2 4.9±0.2 2.8±0.2 0.001 0.001 0.001

Values are mean±standard deviation. P values by one-way analysis of variance (ANOVA) with Bonferroni’s correction for multiple group comparisons. P<0.05 is 
considered to be statistically significant
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movements. This is more frequently observed in the 
lower incisor. The dimensions of the alveolus guide us 
to determine how far the incisor can be translated in 
order to achieve the necessary correction. The incisors 
may be moved beyond their “envelope of discrepancy,” 
resulting in bone loss, dehiscence, periodontal damage 
and other iatrogenic effects. Therefore, an assessment 
of the symphysis dimension helps to translate the tooth 
within the limit of the alveolar walls.

Limitations

Various researchers are currently studying how the 
morphology of the alveolar bone is affected by lower 
incisor proclination through three-dimensional (3D) 
cone-beam computed tomography.[15,24] There is no 
doubt that our results will have to be compared in the 
future with data obtained from 3D imaging.

CONCLUSIONS

1. Cephalometric measurements were established for 
Class I, Class II and Class III subjects for the width 
of the bone lingual and buccal to the incisor apices

2. In Class III groups, extruded and retroclined incisor 
is often found, which causes LA to decrease, LP and 
LH to increase

3. In Class II groups, extruded and proclined incisor is 
often found, which causes LP to decrease, LA and 
LH to increase.
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