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Spatial Relationships between the Mandibular Central Incisor and
Associated Alveolar Bone in Adults with Mandibular Prognathism

Chiaki Yamadaa; Noriyuki Kitaib; Naoya Kakimotoc; Shumei Murakamid; Souhei Furukawae;
Kenji Takadaf

ABSTRACT
Objective: To examine if there was any correlation between the labio-lingual inclinations of the
mandibular central incisor and the associated alveolar bone, and to investigate the labio-lingual
position of the mandibular central incisor root apex in the associated cancellous bone in adults
with untreated mandibular prognathism.
Materials and Methods: High-resolution computed tomography images of the mandible were
recorded in 20 adult patients with mandibular prognathism. The labio-lingual inclinations of a
central incisor and its associated alveolar bone, the thickness of the associated cancellous bone,
and the distance from the central incisor root apex to the inner contour of both the labial and
lingual cortical plates were measured. Correlations and differences between the measured vari-
ables were tested for statistical significance.
Results: The labio-lingual inclination of the central incisor significantly correlated with the labio-
lingual inclination of the associated alveolar bone, the thickness of cancellous bone, and the
distance from the central incisor root apex to the inner contour of the lingual cortical bone. The
distance from the central incisor root apex to the inner contour of the labial cortical plate of bone
was significantly smaller than that to the lingual cortical plate.
Conclusions: In adults with untreated mandibular prognathism, when the mandibular central in-
cisor was more lingually inclined, the associated alveolar bone was also more lingually inclined
and thinner. The mandibular central incisor root apex was closer to the inner contour of the labial
cortical bone than to the lingual cortical bone.
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INTRODUCTION

Mandibular prognathism, a gross skeletal deformity
of the craniofacial area, is frequently seen in the Jap-
anese population.1 As reported in previous studies,
some of these patients have lingually inclined mandib-
ular incisors.2–4 For patients with a skeletal Class III
jaw base relationship and lingually inclined mandibular
incisors, there are two treatment options. One is or-
thodontic treatment combined with orthognathic sur-
gery to correct the skeletal discrepancy, and the other
is orthodontic camouflage of the skeletal discrepancy.
In surgical orthodontic treatment, a frequent objective
of presurgical orthodontic treatment is to tip the lin-
gually inclined mandibular incisors labially to facilitate
a more favorable postsurgical result.3 In orthodontic
camouflage of the skeletal discrepancy, more lingual
tipping of the mandibular incisors is required.5

The antero-posterior thickness of the alveolar bone
in the incisor region has been reported to be thin in
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Table 1. Cephalometric Measurements (N � 20)

Variable Mean � SD Minimum Maximum
Normative Mean � SD
(Japanese Male Adult)

Normative Mean � SD
(Japanese Female Adult)

S-N, (mm) 71.7 � 3.9 69.5 79.4 72.2 � 3.3 67.9 � 3.7
SNA, (�) 80.8 � 3.9 75.7 88.2 81.5 � 3.3 80.8 � 3.6
SNB, (�) 82.8 � 4.6 75.0 90.6 78.2 � 4.0 77.9 � 4.5
ANB, (�) �2.0 � 2.4 �7.9 0.7 3.2 � 2.4 2.8 � 2.4
Mp to FH, (�) 31.7 � 5.2 21.9 38.2 28.0 � 6.1 30.5 � 3.6
FMIA, (�) 65.6 � 10.1 44.6 83.3 56.7 � 7.8 56.0 � 8.1
IMPA, (�) 82.7 � 10.0 66.0 97.2 95.2 � 6.2 93.4 � 6.8

mandibular prognathism,2–4 and the distance available
for orthodontic movement of the incisor seems to be
small. Given that the incisor root apex is frequently
close to the cortical bone surface, considerable
amount of orthodontic changes in mandibular incisor
inclination may not be advisable. It has been shown
that if the incisor root apex is moved against the cor-
tical plate of the alveolus or beyond the alveolus, se-
vere root resorption and/or bony dehiscence may oc-
cur.6,7 It is important, therefore, to evaluate the precise
position of the mandibular incisor root apex within the
associated alveolar bone before the orthodontic treat-
ment.

The purposes of the present study in adult patients
with untreated mandibular prognathism were (1) to in-
vestigate whether the associated alveolar bone in-
clines more lingually with lingual inclination of the man-
dibular central incisor, (2) to investigate whether the
cancellous bone of the associated alveolar bone be-
comes thinner when the mandibular central incisor in-
clines more lingually, and (3) to investigate where the
mandibular central incisor root apex is located in the
cancellous bone of the associated alveolar bone.

The resulting information will increase our under-
standing of the morphology of the alveolar bone in the
mandibular central incisor region as well as provide a
basis for the formulation of treatment plans for adults
with mandibular prognathism.

MATERIALS AND METHODS

Subjects

Twenty Japanese adults (10 men and 10 women;
mean age, 23 years 0 months; range, 18 years 7
months to 42 years 3 months) seeking orthodontic
treatment because of mandibular prognathism and
malocclusion participated in this study. Each was
cephalometrically diagnosed as having a skeletal
Class III jaw base relationship based on the ANB an-
gle (mean, �1.0�; range, �7.9� to �0.7�). ANB angles
were smaller than the Japanese normative mean8 mi-
nus 1 standard deviation for healthy adults. Means
and ranges of several cephalometric variables are
shown in Table 1. The subjects had good general and

dental health, complete or nearly complete dentition,
and no history of temporomandibular joint disorders.
The subjects gave consent to participate after receiv-
ing a full explanation of the aim and design of the
study. The study was approved by the Ethical Com-
mittee of the Osaka University Graduate School of
Dentistry.

Recording Method

Computed tomography (CT) images of the mandible
were recorded for each subject using a multidetector
CT scanner (Light Speed QX/I; General Electric Com-
pany, Milwaukee, Wis). Scanning planes were parallel
to the occlusal plane, and the scanning ranged from
the most superior point of the mandibular condyle to
menton. Slice thickness was 1.25 mm with no slice
gap. The CT images were reconstructed so that their
effective slice thickness would be 0.5 mm. The field of
view was 15 cm, and the number of matrices was 512
to provide one pixel size of 0.29 mm.

Data Analyses

CT image data were transferred to a workstation
(Advantage Workstation 3.1; General Electric Com-
pany) and a graphics computer (O2 workstation; Sili-
con Graphics, Inc, Mountainview, Calif). From the CT
data set, craniofacial skeletal structures were seg-
mented on the basis of a threshold of the CT value,
which was determined as 160 Hounsfield units. Vol-
ume renderings of the CT data sets were carried out.
The volume-rendered images sectioned in the axial,
coronal, and sagittal directions were visualized, and
several anatomical landmarks were determined visu-
ally using a software package (Analyze; Biomedical
Imaging Resource, Mayo Clinic and Foundation,
Rochester, MN, USA, Table 2).

Mandibular incisor and alveolar bone variables in
the left central incisor region were defined as follows:

The central incisor midsagittal plane for determining
the length of each tooth root was defined as a plane
through the points central incisor edge, central in-
cisor root apex, and central incisor basal tubercle.
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Table 2. Definitions of Dento-mandibular Landmarks

Landmark Definition

Central incisor edge Mesio-distal midpoint of the edge of the mandibular central incisor
Central incisor root apex Apex of the mandibular central incisor root
Central incisor basal tubercle Most superior point of the basal tubercle of the mandibular central incisor
Center of rotation Center of the hypothetical rotation of the mandibular central incisor; a midpoint of the embedded

portion of the root.
Labial cortical plate Inner contour of the cortical plate at the labial border of the mandibular symphysis
Mental process center Center point of the mental process
Mandibular ramus center Midpoint between bilateral most medio-inferior points of the open site of the mandibular foramen

Figure 1. (1-1) Definition of the central incisor mid-sagittal plane.
(1-2) Definition of the alveolar bone sagittal plane through the center
of rotation (ASP).

Figure 2. The landmarks on the alveolar bone sagittal plane through
the center of rotation (ASP ).

The center of rotation was defined as a midpoint of the
embedded portion of the root9,10 (Figure 1-1).

Alveolar bone sagittal plane through the center of ro-
tation (ASP) was defined as a plane that was par-
allel to a plane through the labial cortical plate, men-

tal process center, and mandibular ramus center
(Figure 1-2).

The landmarks on the ASP are shown in Figure 2.
Points A and B were defined as the most antero-su-

perior point and the most postero-superior point of
the mandibular alveolar bone, respectively.

Points C, D, E, and F were defined on the trajectory
of the hypothetical tipping movement of the mandib-
ular central incisor root around the center of rotation.

Points C and F were defined as the most anterior point
and the most posterior point of the mandibular al-
veolar bone, respectively.

Points D and E were defined as the inner contour of
the anterior cortical plate and the inner contour of
the posterior cortical plate, respectively.

Points L1 and L1a were defined as a midpoint of the
incisor edge and a root apex, respectively, projected
to the ASP after the transverse inclination of the
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Figure 3. Angular variables.

Figure 4. Linear variables.

central incisor was corrected upright so that it would
be parallel to the ASP.

The lower mandibular line (LML) was defined as a
midline of right and left tangent lines to the lower
border of mandibular angles and the mandibular
symphysis,11 which was projected to the ASP.

The following variables were measured (Figures 3
and 4):

Central incisor angle: angle between the line L1-L1a
and the LML.

Labial alveolar bone angle: angle between the line
A-C and the LML.

Lingual alveolar bone angle: angle between the line
B-F and the LML.

L1a-D: the arc between the points L1a and D.
L1a-E: the arc between the points L1a and E.
Alveolar cancellous bone thickness (D-E): the arc be-

tween the points D and E.
Root apex position ratio: the ratio of L1a-D to the al-

veolar cancellous bone thickness.

Statistical Analyses

Differences in all variables between men and wom-
en were tested using the Mann-Whitney test. Spear-
man rank correlation coefficients were calculated be-
tween the central incisor angle and the labial alveolar
bone angle, between the central incisor angle and the
lingual alveolar bone angle, between the central inci-
sor angle and the alveolar cancellous bone thickness,
between the central incisor angle and the L1a-D, and
between the central incisor angle and the L1a-E. The
difference between the L1a-D and the L1a-E was test-
ed using the Wilcoxon signed rank test. The P � .05
level of significance was chosen for all tests. Analyses
were performed using statistical software (Stat View
5.0; Abacus Concepts, Inc, Cary, NC).

Measurement Reproducibility

All variables were measured twice by one of the au-
thors (C.Y.), with a minimum interval of 1 day. The
coefficient of variation (CV) for three repeated mea-
surements in 10 subjects was calculated for each var-
iable. CVs for the two repeated measures for each var-
iable ranged from 0.0% to 6.7% for the linear mea-
surements and from 0.1% to 3.3% for the angular
measurements.

RESULTS

The mean, standard deviation, minimum, and max-
imum for all variables are shown in Table 3. No sig-
nificant difference was found between men and wom-
en for any variable. Therefore, combined male and fe-
male data were used for subsequent analyses. Spear-
man rank correlation coefficients between angular and
linear variables are shown in Figure 5. Significant pos-
itive correlations were found between the central inci-
sor angle and the labial alveolar bone angle, between
the central incisor angle and the lingual alveolar bone
angle, between the central incisor angle and the al-
veolar cancellous bone thickness, and between the
central incisor angle and the L1a-E. A significant cor-
relation was not found between the central incisor an-
gle and the L1a-D.

The value of L1a-D was significantly smaller than
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Table 3. Definitions of Dento-mandibular Landmarks

Variable

Male (n � 10)

Mean � SD Min Max

Female (n � 10)

Mean � SD Min Max

Combined (N � 20)

Mean � SD Min Max

Angular variables, (�)

Labial alveolar bone angle 86.9 � 11.5 71.4 106.9 87.4 � 6.4 77.7 98.4 87.1 � 9.0 71.4 106.9
Lingual alveolar bone angle 91.8 � 20.2 71.4 126.9 89.9 � 13.9 69.9 113.4 90.9 � 16.9 69.9 126.9
Central incisor angle 80.5 � 12.7 63.8 97.6 80.5 � 6.4 73.1 92.3 80.5 � 9.8 63.8 97.6

Linear variables, (mm)

L1a-D 0.8 � 0.7 0 1.9 0.8 � 0.5 0 1.6 0.8 � 0.6 0 1.9
L1a-E 2.5 � 1.5 0.6 4.7 1.7 � 1.0 0.5 3.6 2.1 � 1.3 0.5 4.7
Alveolar cancellous bone thickness (D-E) 3.3 � 2.1 1.1 6.5 2.5 � 1.3 0.5 4.4 2.9 � 1.7 0.5 6.5

Ratio

Root apex position 0.3 � 0.2 0 0.5 0.3 � 0.2 0 0.6 0.3 � 0.2 0.0 0.6

Figure 5. Correlations between angular and linear variables. The regression lines and Spearman rank correlation coefficients are shown.

the value of L1a-E (P � .001). The value of the root
apex position ratio was hardly greater than 0.5.

DISCUSSION

Several investigators6,12,13 have examined the mor-
phology of the alveolar bone in the mandibular incisor
region using conventional cephalometric radiographs.
It is almost impossible, however, to examine the labio-

lingual inclination and thickness of the alveolar bone
in the mandibular incisor region using cephalometric
radiographs. This is because the radiographic images
of the labial and lingual surfaces of the alveolar bone
in the mandibular incisor region are projected images
of the most anterior and the most posterior parts of the
alveolar bone, respectively, and do not correspond
specifically to the incisor region. Cephalometric radio-
graphs have another disadvantage in that images of
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all structures in three-dimensional space overlap each
other concurrently with substantial geometric magnifi-
cation error because of the divergent nature of the
x-ray beam.

Using high-resolution CT scanning enables us to ex-
amine the shape and the size of alveolar bones with-
out the disadvantages of conventional radio-
graphs.14–18 Although high-resolution CT is an indis-
pensable modality for investigating the morphological
characteristics of the mandibular alveolar bone, sur-
prisingly very few CT studies19,20 have been published
on the quantitative relationship between the morphol-
ogy of the mandibular alveolar bone and the inclination
of the incisor. The present study is a first effort to ex-
amine the labio-lingual inclinations of the alveolar
bone surface on the labial and lingual aspects in the
mandibular central incisor region projected to the man-
dibular mid-sagittal plane using high-resolution CT.

The labio-lingual inclination of the mandibular cen-
tral incisor showed significant positive correlations with
the labio-lingual inclinations of the associated mandib-
ular alveolar bone on the labial and lingual aspects in
subjects examined in the present study. The findings
indicate that when the mandibular central incisor is
more lingually inclined, the associated alveolar bone
is also more lingually inclined. Judging from these re-
sults, the shape of the alveolar bone seems to corre-
spond to the incisor inclination. These findings are
consistent with previous reports that documented that
subjects with mandibular condylar growth in the sag-
ittal direction showed backward rotation of the man-
dibular symphysis concurrent with backward eruption
of the anterior teeth.21

The labio-lingual inclination of the mandibular cen-
tral incisor correlated with the associated cancellous
bone thickness. The labio-lingual inclination of the
mandibular central incisor also correlated with the dis-
tance between the central incisor root apex and the
inner contour of the posterior cortical plate. Judging
from these results, when the mandibular central incisor
was lingually inclined, the associated cancellous bone
was thinner. The thin cancellous bone was character-
ized by the small distance between the central incisor
root apex and the inner contour of the posterior cortical
plate. Therefore, we must pay attention to the bound-
ary limit for tooth movement in presurgical orthodontic
treatment for subjects with lingual inclination of the
mandibular central incisor and the thin cancellous
bone. A previous report in which the alveolar bone
thickness was evaluated documented that a narrow
alveolus is frequently seen around the mandibular in-
cisors in subjects with a high mandibular plane angle
and in subjects with Class III malocclusion.6

In the present study, the mandibular central incisor
root apex was closer to the inner contour of the labial

cortical bone than the lingual cortical bone. The max-
imum value of the distance from the root apex to the
inner contour of the lingual cortical bone was 4.7 mm
and to the labial cortical bone was 1.9 mm. The slight
labial tipping of the mandibular central incisors may be
acceptable because the tipping movement makes the
root apex close to the center of the alveolar bone.
However, lingual tipping of the incisor may cause prob-
lems because the incisor root apex is very close to or
attaches directly to the inner contour of the labial cor-
tical bone. In such patients, the present results sug-
gest that lingual tipping of the incisor for orthodontic
camouflage is not a reasonable treatment alternative.

CONCLUSIONS

• In adults with mandibular prognathism, when the
mandibular central incisor is more lingually inclined,
the associated alveolar bone would also be more
lingually inclined.

• The associated cancellous bone was thinner when
the mandibular central incisor was lingually inclined.

• The mandibular central incisor root apex was closer
to the inner contour of the labial cortical bone than
to the lingual cortical bone.

• The morphology of the alveolar bone in the central
incisor region may be associated with the inclination
of the central incisor.

• To diagnose the central incisor position in consid-
eration of the boundary limit of the alveolar bone, it
is important to evaluate the morphology and size of
the alveolar bone.
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