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Abstract

This study evaluated the alveolar bone thickness (ABT) of the mandibular incisors in Thais with different
vertical skeletal patterns. One hundred and thirty-five patients (average age 24.2 years) were divided into three
groups according to their vertical skeletal pattern (i.e. skeletal deepbite, skeletal normal bite, and skeletal openbite).
The labial and lingual ABTs of the mandibular incisors at 3 mm (cervical level) and 6 mm (mid-root level) apical to
the cemento-enamel junction (CEJ) and at the root apices (apical level) were measured from cone-beam computed
tomography images. One-way ANOVA was used to determine the differences in ABT between the groups at a 0.05
significance level. There were the differences in ABT between the three groups (p<0.001), with the greatest difference
seen between the skeletal deepbite and openbite patients. The skeletal deepbite patients had the significantly
thickest labial and lingual alveolar bones of the mandibular incisors followed by the skeletal normal bite and
skeletal openbite patients, which were also significantly different from each other, at the lingual mid-root and total
apical ABT. In conclusion, considering the alveolar bone as the boundary for tooth movement, greater movement
of the mandibular incisors in an antero-posterior direction can be performed in skeletal deepbite patients, while
skeletal openbite can undergo the least movement, mainly at the lingual mid-root and root apex levels.
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Introduction

To achieve ideal tooth movement, the alveolar must occur within the confines of the alveolar bone.
bone must adapt consistent with tooth movement, and However, the amount of tooth movement that the
cortical plate formation must equal the alveolar proper alveolar bone can adapt to is limited. According to the
resorption. Hence, successful orthodontic tooth movement Envelope of discrepancy model, which indicates the
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boundary for tooth movement," the mandibular anterior
region was the most restricted area for orthodontic tooth
movement due to its relatively narrow width. Numerous
studies found that deleterious side effects from orthodontic
treatment; such as reduced alveolar bone thickness
(ABT), bony dehiscences, and perforations of the cortical
plate, were related to excessive movement of the
mandibular incisors in the labial-lingual direction.””
Previous studies®’ measured the alveolar bone
thickness at the anterior mandible to determine the
allowable distance for tooth movement. These studies
showed a very thin layer of labial and lingual alveolar
bone in this area, especially at the upper half of root
level. In addition, bony dehiscences and fenestrations
at the mandibular incisors were frequently found in
non-orthodontic patients.8 Moreover, the severity of
alveolar bone loss after orthodontic treatment was
higher in patients who initially had thin alveolar bone.’
Vertical facial type is an anatomical factor that
associated the alveolar bone thickness in the anterior
mandible, especially at the apical level. Skeletal openbite
(hyper-divergent) patients had thinner alveolar bone
compared with skeletal normal bite (normo-divergent)
and skeletal deepbite (hypo-divergent) patients. Some
studies indicated that the ABT at the cervical to mid-root
level were not different between the three vertical

%1% However, Hoang et al,,** found a difference

facial types.
in ABT at the alveolar crest level between the three
vertical skeletal patterns. Although a skeletal openbite
is strongly associated with thin alveolar bone, a very
thin alveolus was found in every vertical skeletal pattern."
However, the association between vertical skeletal type
and ABT in a Thai population has not been evaluated.

Cone-beam computed tomography (CBCT) is
commonly used for three-dimensional structural
examination in orthodontics. The data from CBCT images
can solve some problems that are found in conventional
lateral cephalometry (a two-dimensional image) such as
structural overlapping and magnification error. The anterior

mandible is a three-dimensional structure, which consists

of four incisors. Therefore, the alveolar bone thickness
of each tooth, which could not be exactly measured
using conventional lateral cephalometry, can be examined
individually with CBCT. Moreover, the accuracy of the
dimensional measurements from CBCT images correspond
with actual structure sizes, thus clinicians and researchers
can get better qualitative and quantitative data from CBCT."

The aim of this study was to evaluate the labial
and lingual ABT of the mandibular incisors at the cervical
to apical levels between groups with different vertical

skeletal patterns using CBCT in a Thai population.

Materials and Methods

The study protocol was approved by the Ethics
Committee of the Faculty of Dentistry, Chulalongkorn
University (HREC-DCU 2018-041). One hundred and thirty-five
patients at the Faculty of Dentistry, Chulalongkorn University
(65 males and 70 females; age 24.17 + 5.04 years) whose
CBCT images were acquired from August 2013 to April 2018
for maxillary impacted or embedded teeth localization and
implant placement treatment planning, were selected
using the following inclusion criteria: 1. age 18-30 years-old,
2. no previous orthodontic treatment, 3. full permanent
dentition of the mandibular arch without severe rotation
or more than 3 mm of mandibular incisor crowding, 4.
without oral pathology or periodontal disease of the
mandibular arch, and 5. the landmarks used in the study
were clearly visible on the CBCT image. The sample size
was calculated based on a previous study'™ at a 0.05
significance level and 80 % power using program G*
power version 3.1.9.2. This calculation indicated that 28
patients were required per group.

The CBCT images were obtained using a 3DX
Accuitomo 170 machine (J. Morita, Kyoto, Japan) with
90 kVp, 5 mA, and 17.5 sec scanning time. The field of
view of the CBCT images was 8 x 8 cm with a 0.165 mm
voxel size. The patients were divided to three groups
(45 patients/group) based on vertical skeletal pattern
(skeletal deepbite: 22 males, 23 females, skeletal normal

bite: 22 males, 23 females, and skeletal openbite: 21 males,
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24 females). The Thai norms for the palatal plane-
mandibular plane (PP-MP) angle'” were used to categorize
the patients (skeletal deepbite < 21°, skeletal normal
bite = 21°-29°, and skeletal openbite > 29°) (Fig. 1).
Furthermore, the Wits appraisal analysis was used to identify
the sagittal maxillo-mandibular relationship (Fig. 2).'®
Infinitt proprietary software v.2 (Infinitt Co.,
Seoul, Republic of Korea) was used for examining and
measuring the CBCT images by a single operator who
had been trained and supervised by a board certified
oral and maxillofacial radiologist. A 1 mm slice thickness
was used for bone thickness measurement. The sagittal
slice was set along the long axis of each tooth and
aligned perpendicular to the alveolar ridge curvature.
The labial and lingual ABTs of the four mandibular incisors
were measured perpendicular to the long axis of each
tooth from the root surface to the external limit of the
mandibular labial and lingual cortical bones at 3 mm

(cervical level) and 6 mm (mid-root level) apical to the

cemento-enamel junction (CEJ) and at the root apices
(apical level) (Fig. 3).

One month after the first measurement, 20 %
of the patients were randomly selected. The same
operator measured all variables to determine Intra-rater
reliability.

Statistical analysis was performed using SPSS
v.22.00 (SPSS Inc., Chicago, IL, USA). The significance
level was set at 0.05. The Kolomgorov-Smirnov test
verified the normal distribution of all variables. The ABTs
of the same patient were compared between the left
and right teeth and between the central and lateral
incisors using the independent t-test. The difference
between the male and female patients’ variables were
analyzed using the independent t-test. One-way ANOVA
and Tukey’s post-hoc test were performed to determine
the differences in the ABTs of the mandibular incisors

between the three vertical skeletal pattern groups.

Figure 1 PP-MP angle measurement in a sagittal maximum intensity projection view of the CBCT image.

(A) skeletal deepbite patient, (B) skeletal normal bite patient, and (C) skeletal openbite patient.

® B point

Figure 2 Wits appraisal analysis, the distance between projecting point A and B in perpendicular lines along the functional occlusal plane, in

a sagittal maximum intensity projection view of the CBCT images.
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Labial apical + lingual apical

Lingual

Figure 3 (A-C) The multiplanar reconstruction used to measure the ABT of the mandibular incisors. (D) Anteroposterior cross-section of the

mandibular incisors. Bone thickness was measured perpendicular to the long axis of the tooth.

Anintra—class correlation coefficient (ICC) of 0.87-0.97
was found, indicating excellent intra-rater reliability. There
were no the significant differences between the ABTs
of the left and right teeth and between male and female
patients; thus, the data were combined for further
statistical analysis. However, the ABT measurements
between the central and lateral mandibular incisors were
significantly different. Consequently, the measurements
of the central and lateral incisors were analyzed separately.

The descriptive analysis of the patients is shown
in Table 1. There were no significant differences in age or
sagittal skeletal relationship between the three groups.

The results indicated that at the labial bone,
the mean ABT at the cervical to mid-root level was less
than 1 mm (Table 2).

There were no significant differences between
the mean cervical ABT of the central or lateral incisors
between three groups. At the mid-root level of the

central incisors, the ABT in the skeletal deepbite group

(0.61 + 0.24 mm.) was significantly higher compared
with the skeletal openbite group (0.46 + 0.21 mm.). The
apical alveolar bone of all groups was the thickest area
of the labial plate and the mean skeletal deepbite
group’s ABT was significantly higher compared with the
other groups (Table 2).

The lingual alveolar bone was the thinnest at
the cervical level and tended to become thicker from the
cervical to apical level in every group (Table 3). The mean
ABTs in the skeletal deepbite group were significantly
higher than those of the other groups, except for the
skeletal normal bite group at the lingual cervical ABT
of the central incisors and the lingual apical ABT of the
central and lateral incisors. The skeletal openbite
group’s alveolar bone was the significantly thinnest at
all levels, however there was no significant difference
in lingual cervical ABT between the skeletal openbite

and normal bite groups (Table 3).
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When the labial and lingual apical ABTs were
combined as total apical ABT, the difference between
the three groups was significant (Table 4). The skeletal
deepbite group demonstrated the thickest total apical

alveolar bone (central incisor = 9.06 + 1.37 mm. and

lateral incisor = 9.37 + 1.22 mm.) followed by the skeletal
8.07 + 1.56 mm. and

lateral incisor = 8.29 + 1.53 mm.) and skeletal openbite

normal bite (central incisor =

(central incisor = 6.77 + 1.47 mm. and lateral incisor =

7.24 + 1.69 mm.) groups.

Table 1 Means and standard deviations of age, vertical skeletal pattern, and antero-posterior skeletal pattern.

Measurement Overall Deepbite Normal bite Openbite
Age (year) 24.17 + 5.04 2382 +4.78 25.27 £ 5.49 2342 + 4.74
PP-MP angle (°) 25.40 = 7.10 17.43 + 3.09 25.48 + 1.20 33.30 + 3.37
Wits appraisal(mm.) -1.45 + 4.43 -1.32 + 4.10 -1.42 + 4.37 -1.31+ 4.89

Values were presented as mean + standard deviation.

PP-MP angle, Angle formed between palatal plane and mandibular plane.

Mean values of age and Wits appraisal were not statistically significant different.

Table 2 Comparison of the labial alveolar bone thickness between the three vertical skeletal patterns and the multiple

comparison test results.

Deepbite Normal bite Openbite ANOVA Tukey’s tests
Measurements (mm.)
(D) (N) (0) p-value Significantly different groups

Central incisor

Labial-cervical (1) 0.86 + 0.34 0.79 + 0.34 0.75 + 0.35 NS -

Labial-mid root (2) 0.61 +0.24 0.52 + 0.24 0.46 + 0.21 0.012 Dvs O

Labial-apical (3) 4.03 + 1.21 3.48 + 1.12 3.11 +0.79 < 0.001 DvsN,DvsO
ANOVA P-value < 0.001 < 0.001 < 0.001

Tukey'’s tests 1vs3 1vs3 1vs3

Statiscally different groups 2vs3 2vs3 2vs3
Lateral incisor

Labial-cervical (1) 0.92 + 0.36 0.85 + 0.42 0.74 + 0.34 NS -

Labial-mid root (2) 0.44 + 0.26 0.37 £ 0.17 0.34 + 0.16 NS -

Labial-apical (3) 4.39 + 1.17 371 +1.13 3.39 + 0.89 < 0.001 DvsN,DvsO
ANOVA P-value < 0.001 < 0.001 < 0.001

Tukey'’s tests 1vs3 1vs3 1vs3

Statiscally different groups 2vs3 2vs3 2vs3

Values were presented as mean + standard deviation.
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Table 3 Comparison of the lingual alveolar bone thickness between the three vertical skeletal patterns and the multiple

comparison test results.

Measurements (mm.) Deepbite Normal bite Openbite ANOVA Tukey’s tests
(D) (N) (0) p-value Significantly different groups

Central incisor

Lingual-cervical (1) 0.81 +0.33 0.74 + 0.32 0.65 + 0.25 0.046 DvsO

Lingual-mid root (2) 1.53 + 0.67 1.21 £ 0.52 0.89 + 0.49 < 0.001 DvsN,DvsO,NvsO

Lingual-apical (3) 5.03 + 1.29 4.60 + 1.14 3.67 + 1.31 < 0.001 Dvs O, NvsO
ANOVA P-value < 0.001 < 0.001 < 0.001

Tukey'’s tests 1vs 23 1vs3 1vs3

Statiscally different groups 2vs3 2vs3 2vs3
Lateral incisor

Labial-cervical (1) 1.04 + 0.35 0.82 + 0.36 0.75 + 0.34 < 0.001 DvsN,DvsO

Labial-mid root (2) 2.05+0.71 1.47 + 0.57 1.11 + 0.65 < 0.001 DvsN,DvsO,NvsO

Labial-apical (3) 4.99 + 1.30 4.58 + 1.06 3.84 + 1.39 < 0.001 DvsO,NvsO
ANOVA P-value < 0.001 < 0.001 < 0.001

Tukey'’s tests 1vs 23 1vs 23 1vs3

Statiscally different groups 2vs3 2vs3 2vs3

Values were presented as mean + standard deviation.

Table 4 Comparison of the total apical alveolar bone thickness between the three vertical skeletal patterns and the multiple

comparison test results.

Deepbite Normal bite Openbite ANOVA Tukey’s tests
Measurements (mm.)
(D) (N) (0) p-value Significantly different groups
Central incisor
total apical 9.06 + 1.37 8.07 + 1.56 6.77 + 1.47 < 0.001 DvsN,DvsO,Nvs O
Lateral incisor
total apical 9.37 +1.22 8.29 + 1.53 7.24 + 1.69 < 0.001 DvsN,DvsO,Nvs O

Values were presented as mean + standard deviation.

Discussion

The present study evaluated the ABT of the
mandibular incisors between different vertical skeletal
pattern groups. However, there are other factors related
to alveolar bone thickness. A previous study” reported
that ABT decreases as people age. Moreover, the amount

of crowding impacts ABT, patients with mild crowding

had thicker alveolar bone compared with those with severe
crowding.”’ Hence, the subjects in our study were 18-30
years-old, and had only mild crowding (0-3 mm).

The small field of view (FOV) of the CBCT images
(8x8 cm) used in this study did not cover the cranial

base region to reduce the radiation dose to the patient.
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Therefore, the palatal plane-mandibular plane (PP-MP)
angle was used to identify the patients’ vertical skeletal
pattern rather than the Sella to Nasion-mandibular plane
(SN-MP) angle. Petchdachai ' reported a high correspondence
between the PP-MP angle and other parameters, e.g. the
Frankfurt horizontal plane and SN-MP angle, which are
commonly used to identified the vertical skeletal pattern.

Although the absence of some anatomical
landmarks that are used for cephalometric analysis is a
disadvantage of using small FOV CBCT images, the small
voxel size was an advantage in our study. The small
FOV CBCT images provided higher spatial resolution and
more clearly display the image details. Because our study
investigated the ABT of the mandibular incisors, which
is very thin, the small voxel size (0.165 mm) allowed for
more accurate measurement compared with a larger size.
However objects smaller than the voxel size cannot be
identified on CBCT images because of partial volume effect.
Therefore, alveolar bone that was thinner than 0.165 mm
could not be detected using CBCT. For instance, some teeth
that were actually covered by very thin alveolar bone were
misdiagnosed as a bony dehiscence or fenestration by CBCT?!
This limitation of CBCT analysis should be considered when it
is used to estimate alveolar bone thickness.

The present study found differences in mandibular
incisors” ABT between vertical skeletal pattern patients.
Skeletal deepbite patients presented the thickest alveolar
bone and skeletal openbite patients had the thinnest

112 the difference

alveolus. Similar to previous studies
in ABT between vertical skeletal relationships was found
at the root apex, particularly for total apical ABT.
Although the previous studies'”"* indicated that
the thickness of the alveolar plates at the cervical to
mid-root level was not different between vertical skeletal
patterns, our study did find differences in ABT at these
levels between the three groups. We found that, at the
mid-root level of lingual alveolar bone, the skeletal
openbite patients’ ABT was the thinnest followed by
the skeletal normal bite and skeletal deepbite patients.
Additionally, at the cervical level, the skeletal openbite
patients’ lingual alveolar bone was significantly thinner

compared with the skeletal deepbite patients at the

central incisor and was significantly thinner than that of
the skeletal deepbite and normal bite patients at the
lateral incisor. These findings were similar to those of
Hoang et al.,” The very thin bony support of the skeletal
openbite patients might be a consequence of dentoalveolar
compensation, because the teeth and alveolar bone
over-erupted to maintain the overbite for the increased
vertical skeletal dimension.”

Although the differences in ABT at the cervical
to mid-root level were significant, our results indicated
that the labial plate at the cervical to mid-root level
and lingual plate at the cervical level were very thin
(0.5-1 mm) in every vertical skeletal relationship. These

872 Therefore,

results confirmed those of previous studies.
clinicians should consider the labial alveolar bone
thickness at the cervical to mid-root level and lingual alveolar
bone at cervical level as less than 1 mm in all patients.

A previous study indicated that the alveolar
bone was thicker going from the cervical to apical level.”
The present study found a the similar pattern for the
lingual alveolar bone. However, there was no significant
difference in labial ABT between the cervical and mid-root
level. Prior studies of postnatal growth of the mandibular

% revealed that the lingual cortex of the

symphyseal area
anterior mandible, including the dentoalveolar process,
underwent periosteal bone deposition during growth,
whereas the labial side of the anterior mandible above
the protuding chin experienced highly variable periosteal
bone resorption, especially at the upper half root level.
The difference in the bone remodeling between the
labial and lingual cortex might explain why the lingual
alveolar bone was thicker going from the cervical to
apical level, however, the labial cervical ABT was not
significantly different from the labial mid-root ABT.
Thin initial ABT is associated with negative
consequences after orthodontic treatment.”>"” To prevent
deleterious effects such as alveolar bone loss, bony
dehiscence, or fenestration, the pre-treatment alveolar
bone thickness of the mandibular incisors should be
considered as the boundary of orthodontic tooth movement,
particularly in skeletal openbite patients. The type and

amount of tooth movement should be initially planned
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based on the amount of ABT. For instance, when requiring
lingual tooth movement, bodily tooth movement or controlled
tipping should be selected instead of un-controlled tipping
that might move the root apex penetrate the labial plate
surface while the crown is moving lingually. Similarly, labial
tooth movement should be performed using controlled
tipping with a rotation center at the root apex instead of
bodily tooth movement. Importantly, clinicians should use
a low force for orthodontic tooth movement and carefully
monitor the existing labial and lingual alveolar bone of
the mandibular incisors throughout the treatment period.

If excessive tooth movement of the mandibular
incisors beyond the boundary of the alveolar housing
is desired, orthognathic surgery might be an appropriate
treatment option.” Corticotomy-assisted orthodontic
treatment is another option for increasing the amount
of mandibular incisor tooth movement. A clinical study
reported that after tooth movement was completed,
the alveolar bone reduction was less in patients treated
with corticotomy alone or combined with bone grafting.

Studies have shown that the sagittal skeletal
relationship was also related to the mandibular incisor’s
alveolar bone dimensions.'®** Due to the limited sample size,
evaluating the effect of the sagittal skeletal relationship
on ABT could not be included in this study. To expand
our understanding of the influence of skeletal relationships
on ABT of the mandibular incisors ABT, a future CBCT
study using a larger sample size should investigate the
differences in ABT in patients with all vertical and sagittal

skeletal pattern combinations.

Conclusion

There were the differences in mandibular incisor
ABT at various areas between the three vertical skeletal
patterns. Skeletal deepbite patients had the thickest
alveolar bone and those with skeletal openbite had the
thinnest, particularly at the lingual mid-root and total
apical levels. Thus, skeletal deepbite patients can tolerate
more antero-posterior tooth movement in the mandibular
incisor area. In contrast, skeletal openbite patients can
tolerate limited movement of the mandibular incisor

in antero-posterior direction, mainly at root apex level.
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