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ABSTRACT 
Aims & Objectives: To study the relationship between mandibular central incisor inclination with the alveolar bone 

structure supporting it. Materials and Methodology: A total of 40 patients with mean age of 15.75 years with standard 

deviation of 2.67 were randomly selected from the Outpatient department of Karachi Medical & Dental College. As part of 

orthodontic treatment planning the patients were required to have lateral cephalogram investigation done which covers the 

required region of central incisors, supporting alveolar bone and mandible. The cephalometric parameters were designed and 

measured to indicate the inclination of lower central incisor and physical morphology of the adjacent alveolar bone structure. 

The statistical analysis was done using SPSS 14.0 for windows.  A correlation analysis and simple linear regression analysis 

was done between the incisal inclination and morphology of alveolar bone structure. Results: A positive relation, which was 

very significant (p<0.05), was found between the incisal inclination and the contour of the alveolar bone structure. The 

thickness of lingual alveolar bone was reduced considerably when the incisal inclination increased buccally which can result 

in bony dehiscence during tooth movement. Conclusion: The morphology of supporting alveolar bone is correlated with the 

mandibular central incisal inclination.  
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NTRODUCTION: 

The foremost important thing for a successful 

orthodontic treatment is a thorough treatment planning 

and evaluation of treatment outcomes. The site of the 

lower incisors in relation to their supporting bone is a 

significant factor in orthodontic treatment planning; 

measurement of treatment progress, as well as 

determination of treatment outcome.1The period between 

10 and 14 years of age is a stage at which corrective 

orthodontic treatment is usually practical. Therefore, the 

assessment of the changes in incisal positions occurring 

during this period could provide precious information for 

treatment planning and evaluation of post treatment 

stability.2Tooth arrangements showing central incisors 

with perfect axes are more attractive. Slight changes in 

the angulations of one or both lateral incisors do not 

influence attractiveness negatively.3 Turk’s study 

indicated that the determination of the centre of 

resistance location with consideration of alveolar bone 

support, root morphology and tooth inclination would be 

more consistent with the final treatment outcome. The 

examination of the association between the individual 

centre of resistance and the line of action of force would 

be helpful in obtaining desired tooth movement.4It is 

established that the anteroposterior thickness of the 

alveolar bone in the symphysis region determines the 

distance available for orthodontic movement of the 

incisors. The labio/lingual inclination of the central 

incisor significantly correlates with the labiolingual 

inclination of the associate alveolar bone.5Numerous 

studies have shown that if the incisor root apex is moved 

against the cortical plate of the alveolar or beyond the 

alveolar, severe root resorption and bony dehiscence may 

occur.6, 7To evaluate the accurate position of the lower 

incisor root apex within the alveolar bone is therefore 

indispensable before orthodontic treatment. The alveolar 

bone is the part of the mandible that holds the tooth 

roots, periodontal ligament, and the lamina durra that 
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envelops the periodontal space. It is also the part of the 

mandible where most pathologic conditions occur. A 

traditional cephalographic radiograph is used to measure 

the incisal inclination with the alveolar bone.  The lateral 

Cephalometric tracing is a universal way of measuring 

and analyzing dental malocclusion and anomalies before 

orthodontic treatment. Several studies investigating the 

relation of incisal inclination with the supporting alveolar 

bone morphology has been done in the past but no such 

study has been done in our setting. In our study Lateral 

Cephalometric radiograph is used for analysis and 

measurement of incisal inclination with the supporting 

alveolar bone in the mandibular symphysis area. 

 

MATERIALS AND METHODS 

Study was done in Outpatient department of Orthodontic, 

Karachi Medical & Dental College, it was a cross 

sectional descriptive study of 6 month. Forty patients 

were randomly recruited for this study. The inclusion 

criteria were mild to moderate malocclusion without 

prior orthodontic treatment and acceptable oral hygiene 

without periodontal conditions. The patients were 

required to take lateral Cephalometric radiograph 

covering the lateral mandible and skull. Lateral 

Cephalometric x-ray was done from a single X-ray Lab 

to avoid inter examiner discrepancy. 

 

Figure 1-The land marks and reference lines used in the 

Lateral Cephalometric measurement L0: the plane 

through point Go and point Me; L1: a line through the 

midpoint of the incisor edge and the root apex; L2: a line 

through the most postero-superior point and the most 

posterior point of the mandibular alveolar bone; L3: a 

line through the most antero-superior point and the most 

posterior point of the mandibular alveolar bone. Arc1 

and Arc2: the arc length between the root apex and 

lingual/ buccal wall of alveolar bone.  

The following landmarks and reference lines were 

designated to indicate mandibular incisal positioning and 

its relation with the surrounding alveolar bone (Figure 

1)5 

Centre of rotation (R): This was defined as the midpoint 

of the incisor root position embedded in alveolar bone. 

Line L0: a line through the point Me and tangent to the 

most superior point in inferior border of the mandibular 

body. L0 was constructed to serve as a reference plane. 

Line L1: a line through the tip of incisal edge and the 

root apex of the lower central incisor. L1 was constructed 

to indicate the inclination of mandibular central incisor. 

Line L2: a line tangent to the most superior- posterior 

point of the lingual surface of the mandibular alveolar 

bone. L2 was used to indicate the morphological contour 

of alveolar bone in lingual side. 

Line L3: a line tangent to the most superior- posterior 

point of the labial surface of the mandibular alveolar 

bone. L3 was used to indicate the morphological contour 

of alveolar bone in labial side. 

Arc1 and Arc2: a circle was formed with point R and the 

distance between R and the root apex as diameter. Arc1 

was the circle fragment between T and the circle in 

setting with lingual surface of alveolar bone. Arc2 was 

the circle fragment between T and the circle insetting 

with the labial surface of alveolar bone. Arc1 and Arc2 

were constructed to indicate the morphological relation 

between incisal root and alveolar bone. 

DATA ANALYSIS 

For all statistical analysis SPSS 14.0 for windows was 

used. The level of significance was set at P<0.05. 

Additionally, Pearson correlation analysis, i.e. central 

incisor angle versus lingual alveolar  

bone angle, central incisor angle versus labial alveolar 

bone angle, central incisor angle versus Arc1, central 

incisor angle versus Arc2, was performed. To reduce 

measurement error, one month after the first 

measurements, ten cases were randomly selected and 

measured again by the same examiner. 

Results: 

Descriptive analysis are shown  in table I 
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 L1-
L0/° 

L2-
L0/

° 

L3-
L0/

° 

Arc1
/m
m 

Arc2
/m
m 

Mean 95.1
8 

10
4.6 

92.
65 5 5.6 

Std. 
Devia

tion 

5.83 5.4
5 

5.5
2 

0.67 0.74 

Mini
mum 85 95 83 4 4 
Maxi
mum 105 

11
3 

10
1 6 7 

 

Table 1 Descriptive analysis of lower incisor inclination 

and  its relation to alveolar bone morphology (n=40) 

 Pearson 
Correlation 

P-Value 

L1-L0/L2-
L0 

0.951 0.000** 

L1-L0/L3-
L0 

0.995 0.000** 

L1-L0/Arc1 -0.470 0.001* 
L1-L0/Arc2 0.508 0.011* 
Arc1/Arc2 0.678 0.000** 

Table II 

- Correlation coefficients analysis for the 
lower incisor inclination and its relationship to 
surrounding alveolar bone. 
 

 

 

 

DISCUSSION: 

The anteroposterior position of the mandibular incisors 

affects the fullness of the lips. Not only it plays an 

important purposeful role in overbite stability, an ideal 

incisor inclination contributes to an attractive facial 

aesthetics.1, 13For reasons of both function and esthetics, 

it is therefore important to evaluate incisor inclinations 

before, during, and after orthodontic treatment. Many 

cephalometric goals for post treatment positions of the 

mandibular incisors have been advocated. Tweed stated 

that the mandibular incisors should create an angle from 

85° to 95° with the mandible plane if the mandible plane 

to the Frankfort plane angle falls in the 22° to 29° 

range.12 Some clinicians, however, have used Steiner 

chevrons to assess favorable positioning of the incisors. 

Ricketts determines the ideal incisal position by the tips 

of the mandibular incisors to the A- pogonion line.13 

Steiner and Calif first suggested the concept of ideal or 

standard inclinations for upper and lower incisors.14 Over 

the subsequent years, some studies have established a 

remarkable uniformity for incisor inclinations in 

Caucasian populations, with mean values derived from 

15 studies found to be 109° for the inclination of the 

upper incisors to the maxillary plane and 93° for the 

inclination of the lower incisors to the mandibular 

plane.15 Along with the position on the palatal surface 

against which the lower incisors bite, the angle between 

the lower incisors and the palatal surface of the upper 

incisors is an imperative factor for determining overbite 

stability. Because the outline of alveolar bone 

surrounding the lower incisors, together with the 

mandibular symphysis in sagittal dimension is of the 

substantial shape with irregular curvatures, it is difficult 

to accurately describe, either mathematically or 

geometrically, the morphology of alveolar bone. 

Consequently, its relation with the positioning of lower 

incisors is difficult to determine. In this study, attempts 

were made to resolve this quandary. The lines tangent to 

either the most posterior or most anterior points in the 

outlines of the alveolar bone were constructed to 

reproduce the physical contour, and the segmental arc 

was measured to specify the thickness of the alveolar 

bone surrounding the lower central incisor     (Figure 1). 

This quantitative assessment of physical morphology of 

alveolar bone made it possible to examine the correlative 

relation between the position of the lower incisor and 

morphology of alveolar bone.  

It is important to note that the incisor angulations and 

tooth-size discrepancies can affect not only the anterior 

incisor relationship but also the buccal segment 

relationships.17-18 Evaluation of incisor angulations and 

tooth-size harmony should be performed when the 

anterior and posterior occlusions do not occlude 

satisfactorily. Incorrect incisor angulations may be a 

significant contributor to the presence of a poor buccal 

segment and anterior relationship.19 Inadequate 

consideration of upper and lower incisor angulations and 

tooth-size discrepancies could compromise anterior and 

buccal segment relation- ships during the finishing stages 

of orthodontic treatment.2 Sangcharearn suggested that 
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skeletal Class Ⅱ cases may have relatively upright upper 

incisors and proclined lower incisors.20 A near normal 

occlusion could therefore be observed despite an 

underlying mild skeletal base discrepancy. When the 

skeletal base discrepancy becomes more severe, natural 

dentoalveolar compensation is insufficient to overcome 

the greater discrepancy between the maxillary and 

mandibular skeletal bases. Natural dentoalveolar 

compensation in Class Ⅱ division 1 malocclusions may 

be normal to upright upper incisors and proclined lower 

incisors for the overjet to appear less severe. The 

proclination of the lower incisors increases the lower 

arch length, which could create problems with 

coordination between the upper and lower arches. In 

addition, it could also result in an inability to achieve an 

adequate overjet and overbite, or it may restrict adequate 

retraction of the upper incisors to close extraction 

spaces.20 

In the present study, the labial/lingual inclination of the 

lower central incisor was correlated with the contour of 

the adjacent mandibular alveolar bone in both the labial 

and lingual regions. The linear regression analysis 

indicated that the adjacent alveolar bone contour 

correlated with the lower central incisor (Figure 3), 

suggesting that the morphology of alveolar bone seems 

to be affected by the tooth inclination. Another important 

and interesting phenomenon in this study was the 

distance between the incisor root apex to the 

labial/lingual wall of the alveolar bone. The correlation 

and regression analysis suggested a correlation between 

these two variables indicated by Arc1 and Arc2 (Table 

2). Judging from these findings, one may come to a 

hypothesis that when the lower incisor tends to be more 

proclined, the lingual alveolar bone becomes thinner. 

This suggests that one should recognize the boundary 

limit for tooth movement during orthodontic treatment. 

When the lower incisors are to be proclined, a pre-

treatment evaluation of the physical relation- ship 

between the incisor inclination and the adjacent alveolar 

bone could provide information about the limits of 

incisor movement, thus avoiding the root resorption 

caused by excessive incisal retraction. 

Conclusions: 

We conclude that there is significant correlation between 

the inclination of the lower central incisor and its 

associated alveolar bone shape. The thickness of 

supporting alveolar bone is critical in orthodontic 

treatment. The morphology of the alveolar crest in the 

lower central incisor may be affected by the incisor 

inclination. The lower central incisor root apex was 

closer to the lingual alveolar crest when it was buccal-

inclined. The lower incisor position is important and 

should be considered in the orthodontic treatment plan. 
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