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Abstract

Objectives: The purpose of this study was to develop a procedure for quantifying the buccal alveolar
bone thickness surrounding each tooth prior to orthodontic treatment in 3D, using CBCT.
Methods: This retrospective cross-sectional study was carried out on 18 Singaporean Chinese patients. A
total of 18 CBCT scans met the inclusion criteria, resulting in a sample size of 85 teeth, using two kinds
of CBCT scanners. All CBCT data were stored in DICOM format. Buccal Alveolar bone thickness was
measured after defining the boundaries of each individual tooth and surrounding alveolar bone using
Kruskal-Wallis, Mann-Whitney U-test, and linear regression for statistical analysis.
Results: There was statistical significant difference in buccal bone thickness between incisor versus
premolar, incisor versus molar, canine versus premolar, Canine and premolar versus molar. However,
the difference between incisors and canines and between central and lateral incisors was not significant.
There was also no statistical significant difference in the buccal bone thickness between maxillary and
mandibular incisors, between maxillary and mandibular central incisors, and between maxillary and
mandibular lateral incisors, neither between maxillary and mandibular canines.
Conclusions: The thickness of buccal bone is lowest in the incisor and canine reigns with no statistically
significant difference between canines and incisors. The thickness of the alveolar bone in premolar
region is significantly greater than incisor and canine regions but lesser than molar region. No
statistically significant differences were found regarding buccal bone thickness between maxillary and
mandibular incisors and canines.
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Introduction
Orthodontic diagnosis requires a thorough examination of the
supporting periodontium [1]. Bone volume and bone thickness
as well as dehiscences, fenestrations, and other intra-bony
defects should be included for the orthodontic diagnosis and
treatment plans [2]. The thickness of the alveolar bone defines
the boundaries of the orthodontic movement and taxing these
limits may cause undesirable effects on the periodontal tissues.
The most critical orthodontic movement includes dental arch
expansion and buccal-lingual movement of maxillary and
mandibular incisors [3-5]. Such mechanics can move the teeth
away from the alveolar bone envelope, causing bone
dehiscences, fenestrations, and gingival recession, depending
on the pre-treatment amount (depth and height) and
morphology of the alveolar bone relative to tooth root

dimensions, angulation, and spatial position, as well as on the
amount of tooth movement [3,5].

Mini-implants have gained considerable popularity due to their
low cost, effectiveness, clinical management, and stability
[6,7]. Lee et al. conducted a study to quantify the buccal bone
thickness and peri-radicular space in the tooth-bearing area to
provide practical guidelines for mini-implant placement using
Cone-Beam Computed Tomography (CBCT) [8]. Among the
factors related to mini-implant stability, bone density and
cortical bone thickness appear to be critical for successful
placement. Thin cortical bone has been reported to be a
possible cause for failure of orthodontic mini-implants [9-11].
Moreover, bone thickness is thought to be a major factor for
stability because primary retention is achieved by mechanical
interdigitation rather than bone to mini-implant contact at an
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early stage of healing [11-13]. Therefore, support from cortical
bone is essential for initial stability of mini-implants [14,15].

Identifying dehiscences before treatment is of paramount
importance due to its effects on treatment plan decision.
However, this requires a surgical flap procedure or a Computed
Tomography (CT) image. Significant risks from flap surgery
are possible including recession, soft tissue dehiscence, and
tissue necrosis [16,17]. CT’s had a very high dose of radiation,
incurring large expense to the practitioner as well as patient,
and is not practical for dentistry [18]. A newer technology
CBCT has the potential to identify these periodontal defects
without most of the cost and radiation issues associated with
CTs [19,20].

Despite many reports in the literature on the various uses of
CBCT, studies on its accuracy and image quality for assessing
bone morphology have been limited. Instead, most studies used
radiographic phantoms, which do not accurately represent
some anatomic structures such as tooth sockets and alveolar
bone margins [21,22]. Other studies have used human dry
skulls for this purpose [19,20,23]. Vandenberghe et al.
investigated periodontal bone architecture using conventional
intraoral radiography and three-dimensional (3D) CBCT
images. The conclusions of this study were that traditional
radiography images provided more bone details, but CBCT
provided a better morphologic description of the alveolus and
periodontal defects. Intraoral radiography scored significantly
better for contrast, bone quality, and delineation of lamina
dura, while CBCT was superior for assessing crater defects and
furcation involvements [24]. In a follow up study, CBCT scans
with 0.4 mm thick cross-sections demonstrated more accurate
values, indicating enhanced assessment of periodontal bone
loss [25]. CBCT’s offer tooth and bone assessment without
obstruction from overlying structures [26]. They also have a
reduced radiation dosage and cost compared to CT [19,27].

The aim of this study was to develop a methodology for
quantifying alveolar bone thickness in 3D. Furthermore,
evaluation of the buccal alveolar bone thickness of each tooth
type was conducted prior to orthodontic treatment through
CBCT. Since the alveolar bone boundaries may limit or dictate
the potential tooth movement, this study is crucial because the
identification of alveolar bone thickness before orthodontic
treatment is instrumental for the clinician to make more precise
diagnosis and treatment plans. We hypnotized that prior to
orthodontic tooth movement all teeth housed within the
alveolar trough have complete bone cover of the teeth roots on
the buccal side.

Materials and Methods

Sample and data acquisition
This retrospective cross-sectional study was carried out on 18
Singaporean-Chinese patients (10 males and 8 females) with
age ranges from 11 to 45 y. CBCT scans were taken at our
medical center prior to orthodontic treatment. A total of 18
CBCT scans met the inclusion criteria, resulting in a sample

size of 85 permanent teeth. Two kinds of CBCT scanners were
used in this experiment: (1) 3D exam 2nd Generation, KaVo,
Biberach, Germany; (2) Pax-Reve3D, Vatech, Canonsburg, PA,
USA. All CT data saved as digital imaging and
communications in medicine (DICOM) files.

Measurement procedures
Step 1: Segment each tooth from surrounding alveolar bone
(our region of interest) in axial plane by cutting from
mesiodistal edges of crown parallel to the long axis of the tooth
(Figure 1).

Figure 1. Segmenting each tooth from surrounding alveolar bone.

Step 2: Segment the alveolar bone from the alveolar crest to
the tooth apex (Figure 2), which is already gotten in step 1.
Define the surface of the tooth as “ST”. Define the surface of
the alveolar bone as “SA”.

Step 3: Find the iso-surface points of two surfaces “ST” and
“SA”. For each point sampled from “SA”, we can find the
corresponding nearest neighbour point in surface “ST”, which
can serve as the distance from that point of alveolar bone to the
corresponding point of the tooth. These distances are the
alveolar bone thickness.

Step 4: Visualize these distances (buccal bone thickness) in a
color map (Figure 3).

For a meaningful comparison of the bone thickness
measurements, we continued to make: (i) intra-arch
comparisons of bone thickness measurements between teeth
type, i.e., incisors vs. canines, and so forth for each tooth type
(incisors vs. canine’s vs. premolars vs. molars) within each
arch; (ii) inter-arch comparisons of incisors and canines. We
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did not compare left vs. right sides, as this comparison is not
clinically meaningful.

Figure 2. Segmenting the alveolar bone.

Figure 3. Visualization of bone thickness in a color map.

Statistical analysis
Kruskal-Wallis test has been used to evaluate whether there are
any differences in the buccal bone thickness among the type of
tooth. Mann-Whitney U test has been further carried out to
evaluate the pairwise differences. Mann-Whitney U test is a
nonparametric test of the null hypothesis that it is equally
likely that a randomly selected value from one sample will be
less than or greater than a randomly selected value from a
second sample. Kruskal-Wallis test is a non-parametric method
for testing whether samples originate from the same

distribution. It is used for comparing two or more independent
samples of equal or different sample sizes. Kruskal-Wallis test
extends the Mann-Whitney U test when there are more than
two groups.

Linear regression has been used to assess whether there are any
differences in the buccal bone thickness among the type of
tooth in order to account for the effect of the site (maxilla/
mandible). To evaluate the differences in the number of points
that is less than 0.l mm among the type of tooth, negative
binomial regression has been utilized with and without
accounting for the effect of the site (maxilla/mandible). Mann-
Whitney U test has also been carried out to assess the
differences in the buccal bone thickness between: 1) Lateral
and central incisors; 2) Mandibular and maxillary incisors; 3)
Mandibular and maxillary central incisors; 4) Mandibular and
maxillary lateral incisors; 5) between mandibular and
maxillary canines. For any multiple pairwise comparisons,
Bonferroni correction technique has been applied. The
Bonferroni correction is one of several methods used to
counteract the problem of multiple comparisons. For all
analyses, statistically significant level was set at 0.5. All the
analyses performed using Statistical Package for the Social
Sciences (SPSS) software (SPSS Inc., Version 19 and Chicago,
IL).

Results
Since the buccal bone thickness was irregularly excessive in
one of the molar specimens (18.02 mm), it was excluded from
the statistical analysis. Descriptive statistics are presented in
Tables 1 and 2. The Kruskal Wallis test showed that there was
a significant difference between the teeth type (p<0.05).
Pairwise comparisons using the Mann-Whitney U test showed
significant differences between incisors versus premolars
(p<0.001), incisors versus molars (p<0.001), canines versus
premolars (p=0.001), canines versus molars (p<0.001), and
premolars versus molars (p=0.042). However, there were no
significant difference between incisors and canines (p=1.0) and
between central and lateral incisors (p=0.635).

Table 1. Descriptive statistics for buccal bone thicknesses.

Tooth type Number Median Minimum Maximum

Incisor 32 0.89 0.24 3.67

Central incisor 18 0.89 0.38 1.91

Lateral incisor 14 0.81 0.24 3.67

Canine 13 0.82 0.42 1.9

Premolar 24 2.04 0.31 5.57

Molar 16 3.55 1.6 12.72

Table 2. Descriptive statistics for buccal bone thicknesses in maxilla
and mandible.

Tooth type Number Median Minimum Maximum
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Maxilla 

Incisors 25 0.89 0.24 3.67

Central incisor 14 0.89 0.38 1.91

Lateral incisor 11 0.97 0.24 3.67

Canine 11 0.66 0.42 1.25

Premolar 18 1.94 0.31 5.57

Molar 13 2.78 1.6 12.72

Mandible 

Incisors 7 0.89 0.48 1.85

Central incisor 4 0.95 0.82 1.85

Lateral incisor 3 0.52 0.48 1.1

Canine 2 1.08 0.91 1.25

Premolar 6 2.12 1.38 4.04

Molar 3 6.15 3.21 8.61

Linear regression showed that while there were statistical
significant differences in the buccal bone thickness among the
type of the tooth (p<0.001) even after accounting for the effect
of the site (mandible/maxilla). It was found that there were
significant differences in the buccal bone thickness between
incisors and molars (p<0.001), between canines and molars
(p<0.001), and between premolars and molars (p<0.001). It
was also found that there was statistical significant difference
in the number of points that is less than 0.l mm among the type
of tooth with and without accounting for the effect of the site
(mandible/maxilla). Incisor and canine were found to have
higher number of points that is less than 0.1 mm compared
with premolar, respectively (Univariate test: incisor versus
premolar: relative risk (RR) (95% Confidence Interval)=18.76
(3.05 to 115.28), canine versus premolar: (RR) (95%
Confidence Interval)=36.01 (3.59 to 361.22); Multivariate:
incisor versus premolar: Adjusted RR (95% Confidence
Interval)=13.49 (1.96 to 92.75), canine versus premolar:
Adjusted RR (95% Confidence Interval)=30.92 (3.09 to
309.27). However, cautious has to be practiced in the
interpretation of the results since the confidence interval is
wide.

There were no statistical significant differences in the buccal
bone thickness between maxillary and mandibular incisors
(p=0.945), between maxillary and mandibular central incisors
(p=0.366), and between lateral incisors (p=0.815). In addition,
no statistical significant difference was found in the buccal
bone thickness between the upper and lower canines
(p=0.323).

Discussion
Understanding the alveolar bone morphology using the images
derived from a CBCT has been of great interest in the dental
community and comparing CBCT images to traditional.

Intraoral radiography, it was found that CBCT had better
potential to represent the alveolus, especially detecting the 3D
volume of intrabony defects. CT permits the dental
professional to visualize what the conventional radiographs
never showed the thickness and level of the labial/buccal and
lingual alveolar bone.

Previously to the introduction of CT, the visualization of the
labial/buccal and lingual bone plates was not possible due to
image superimposition of conventional radiographs and due to
gingival covering in clinical analysis [24,25]. The detection of
dehiscences through traditional radiography or direct
evaluation is nearly impossible.

However, due to the high definition and sensitivity, helical and
CBCT images can show bone dehiscences and fenestrations
[3,26,28-30]. Before the introduction of CT, efforts to define
tooth movement effects on the buccal and lingual bone plates
were concentrated on animal experiments, and on studies with
conventional radiographs [31-33]. Currently, there are few CT
studies on the alveolar bone morphology before orthodontic
treatment [30-32]. However, their measurement limited to
mandibular cortical bone, mandibular central incisors or
maxillary incisors [30-32]. A few CT studies are also available
on the consequences of tooth movement on the alveolar bone
[34-37].

In 2008, a high accuracy of CBCT for quantitative analyses of
the level of buccal and lingual bone plates was demonstrated
[21,30]. The results of our study showed that buccal/labial
bone thickness can be accurately measured pre-orthodontics
using CBCT. For a meaningful comparison of the bone
thickness measurements, we have made intra-arch comparisons
of bone thickness measurements between teeth type, i.e.
incisors vs. canines vs. premolars vs. molars. The results of
present study indicated that the thickness of buccal bone is
lowest in the incisor and canine regions with no statistically
significant difference between canine and incisor groups,
which can be explained by the greater volume of the permanent
canine’s root. The thickness of the alveolar bone in premolar
region is significantly greater than incisors and canine region
but lesser than molar region thus the thickest buccal bone is
associated with molar area.

Studies on animals showed that the labial movement of the
incisors, even using light forces, produces an increase in the
distance between buccal alveolar crest and Cement-Enamel
Junction (CEJ) [31,32]. Interestingly, studies conducted on
human maxillary bones extracted during autopsy presented
similar conclusions [38,39]. Based on our survey this can be
due to the thin buccal bone at the incisor region.

In the permanent dentition, both the maxillary rapid expansion,
and the slow maxillary expansion, might cause buccal bone
dehiscences in the posterior teeth, mainly in patients with an
initial thin buccal bone plate [28,34,40]. Maxillary first
premolars showed more critical bone dehiscences than the first
molars during RME, which also can be explained by the results
of present study due to the thinner buccal bone at premolar
region compare to molar area [34].
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Lee et al. performed a study to quantify the buccal bone
thickness and peri-radicular space in the tooth-bearing area to
provide practical guidelines for mini-implant placement [8].
CTs of 30 maxillae and mandibles were taken from non-
orthodontic Korean adults with normal occlusion. Both
mesiodistal inter-radicular distance and buccal bone thickness
over the narrowest inter-radicular space (safety depth) were
measured at 2, 4, 6, and 8 mm from the CEJ, respectively.
Their result showed that the overall bone thickness overlying
the buccal surface of each root was greater in the posterior area
compared with the anterior region, which is in agreement to
our finding. They found that mean thickness of the incisors and
the first premolar was less than 1 mm, even at 8 mm level, in
both the maxilla and the mandible. However, in our study, the
mean thickness for incisors and canines was less than 1mm but
for premolar mean thickness was more than 2 mm. In addition,
they used medical CT in their study which has its own
limitation compare to CBCT due to high cost and high
radiation dose. They have also done measurements of bone
thickness at only 4 vertical levels for maxilla and mandible.
However, in our measurement method after defining the
surface of the alveolar bone as “SA” and tooth surface as
“ST”.We found the corresponding nearest neighbor point in
“ST” for each point sampled from “SA”.

In this study, we also measured the number of point with the
bone thickness less than 0.1 mm for each tooth and we found
there is a statistically significant difference between teeth type
except for canine and incisors. Higher number of point<0.1
mm of bone thickness belonged to incisor and canine groups,
premolars region shows less point<0.1 mm compared to former
group. There were no points<0.1 mm for molars.

CT has revealed that incisor protrusion or retraction represent
the movements that have the greatest risk of causing bone
dehiscences [28,34]. Thus, we decided to make intra-arch
comparison for incisors and canines which are critical areas
and more prone to dehiscence and fenestration owing to the
thin buccal bone. In this investigation, no statistically
significant differences were found regarding buccal bone
thickness between maxillary and mandibular incisors and
canines. It is somehow difficult to compare the results of
present study with others because to our knowledge, there was
not any similar study compared the buccal bone thickness
between different tooth types using CBCT.

The limitations of this study also need to be addressed; firstly,
these data might not be directly applied to Caucasian patients,
since they were obtained from Chinese or Singaporean-
Chinese subjects. Secondly, since it has been shown that buccal
cortical bone thickness can vary on the vertical pattern and, we
did not consider the vertical facial patterns in our study, further
study may be needed to evaluate and validate the outcomes
[41]. Thirdly, although the high accuracy of CBCT for
quantitative analyses of the level of buccal and lingual bone
plates was demonstrated, limitations in CBCT such as CBCT
3D reconstructions show a small frequency of false-positive
results and a high frequency of false-negative results for bone
dehiscences, which can affect the accuracy of our result

[21,29,30,35]. For obtaining a good spatial resolution, the Field
of View (FOV) and the voxel dimension should be both the
smallest possible [42].

Conclusion
Within the limitations of the current study, the results showed
that the thickness of buccal bone is the lowest in the incisor
and canine reigns with no significant difference between
canine and incisor groups. The thickness of the alveolar bone
in premolar region is significantly greater than incisor and
canine regions, but lesser than molar region, so the thickest
buccal bone is associated with molar area. No significant
differences were found regarding buccal bone thickness
between maxillary and mandibular incisors and canines. Based
on the limitations of the current study, the authors suggest
conducting further studies to evaluate and validate the present
results.
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