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Mandibular alveolar bone thickness in untreated Class I subjects with

different vertical skeletal patterns: a cone-beam computed

tomography study

Joseph Formosaa; Min Zoub; Chun-Hsi Chungc; Normand S. Boucherd; Chenshuang Lie

ABSTRACT
Objective: To evaluate the mandibular alveolar bone thickness in untreated skeletal Class I sub-
jects with different vertical skeletal patterns.
Materials and Methods: A total of 50 preorthodontic treatment cone-beam computed tomogra-
phy (CBCT) images of a skeletal Class I Chinese population with near-normal occlusion were
selected. The buccal and lingual alveolar bone thicknesses of mandibular canines to second
molars were measured at 2 mm below the cementoenamel junction (CEJ), mid-root, and root
apex levels. Differences in the measurements were analyzed with Mann-Whitney U-test. The cor-
relation between alveolar bone thickness and the sella-nasion–mandibular plane (SN-MP) angle
was calculated using Pearson correlation coefficients and linear regression analysis.
Results: Buccal alveolar bone was thinner on all mandibular canines to first molars but thicker
on second molars in comparison with lingual alveolar bone. Buccal alveolar bone was within 1
mm at the levels of 2 mm below CEJ and mid-root for the canines and first premolars. Significant
differences were detected among subjects with different vertical patterns, with a negative correla-
tion between the SN-MP angle and alveolar thickness, especially in the canine and premolar
regions. The thinnest buccal and lingual alveolar bone were detected in the high-angle group
canine region (0.50 mm at the levels of 2 mm below CEJ and mid-root for the buccal side, 0.90
mm at the level of 2 mm below the CEJ for the lingual side).
Conclusions: To avoid periodontal complications, buccal-lingual movement of the mandibular
canines and first premolars should be limited, especially in high-angle patients. (Angle Orthod.
2023;93:683–694.)
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INTRODUCTION

The morphology and size of the mandibular alveolar
bone plays a critical role in planning orthodontic treat-
ment. The assessment of periodontal tissue dimensions
and the identification of mucogingival risks are important
prior to orthodontic treatment as they will influence the
esthetic outcome and integrity of the periodontium.1

Wennström reported that facial/labial tooth movement
could reduce the buccolingual thickness of tissue on the
facial side, decrease the keratinized gingiva on the facial
side, and reduce the facial height of the soft tissue mar-
gin.2 If teeth are moved beyond the alveolar limit, not
only will the treatment result be unstable but also peri-
odontal problems, such as bone dehiscence and gingival
recession, will follow.2,3 Recently, Allahham et al. evaluated
the cone-beam computed tomography (CBCT) images
of adult patients with mild-to-moderate crowding treated
with nonextraction clear aligner therapy and found an
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increase in alveolar bone dehiscence and fenestration
from dental arch expansion.4

Clinicians often assess alveolar bone anatomy of the
anterior teeth by either subjective palpation or analyzing
lateral cephalograms. With the broad adaption of three-
dimensional (3D) imaging in the dental field in the past
decade, several clinicians/research groups have evalu-
ated alveolar bone thickness in the mandibular incisor

region on CBCT in the past few years and have consis-
tently reported that hyperdivergent patients had a thin
symphysis and a thin alveolus in the incisor region.5,6

It is clear in the literature that there is a strong nega-
tive correlation between the vertical facial type and
mandibular bony support in the mandibular incisors.7,8

However, detailed evaluations of buccal and lingual
alveolar bone thicknesses in the mandibular posterior

Figure 1. The measurement work flow. (A) The full-cranium cone-beam computed tomography (CBCT) images of each subject were first ori-
ented to Frankfort horizontal plane (horizontal line). (B) Orthogonal (no magnification) lateral cephalometric X-ray was extracted from the
CBCT data set for cephalometric analysis. (C) Once the sagittal and vertical skeletal relationships were classified, the CBCT images were
then oriented to the anatomical mandibular plane. (D) Using Dolphin three-dimensional software, a CBCT-synthesized panoramic radiograph
was generated and used to identify specific coronal slices that represented the long axis of each tooth (E, canine; F, first premolar; G, second
premolar; H, first molar; I, second molar). (J, K) Presentation of alveolar bone thickness measurements. CEJ indicates cementoenamel
junction.
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region and their relationship with vertical skeletal pat-
terns are lacking. Thus, to provide information on the
potential limitation of mandibular dental expansion
transversely, the current study aimed to evaluate the
mandibular alveolar dimensions of the mandibular
canine to the second molar in untreated Class I skele-
tal subjects using CBCT. In addition, the relationship
between the mandibular posterior alveolar bone thick-
ness and vertical facial types was analyzed.

MATERIALS AND METHODS

Patients

The protocol of this study was approved by both the
University of Pennsylvania Institutional Review Board
(protocol 851249, May 2022) and the College of Stoma-
tology, Xi’an Jiaotong University Medical Ethics Commit-
tee (approval xjkqll [2020] NO.014, August 2020). The
study was conducted in accordance with the Declaration
of Helsinki.
The sample for this retrospective study was recruited

from the pretreatment, full-volume CBCT database of
Chinese patients seeking orthodontic treatment between
2017 and 2020. The CBCT images were collected from
the Department of Orthodontics at College of Stomatol-
ogy, Xi’an Jiaotong University, which used CBCT imag-
ing as part of the routine preorthodontic records exams.
All images were taken using i-Cat (Imaging Sciences
International, Hatfield, Pa) at 120 kV, 5 mA, 14cm 3 17
cm field of view, 0.4 mm voxel, and a scan time of 8.9
seconds.9 A total of 600 hundred pretreatment, full-vol-
ume CBCT images were screened based on the inclu-
sion and exclusion criteria.
The initial screening inclusion criteria were the fol-

lowing: (1) patients 15–40 years of age; (2) permanent
dentition with the second molar fully erupted, roots
completely formed, minimal dental wear, and ,5 mm
anterior crowding or spacing per arch; (3) no missing
teeth or supernumerary teeth; (4) canines, premolars,
first or second molars all in acceptable occlusion with-
out significant buccolingual displacement or posterior
crossbite; and (5) a skeletal Class I with A point–
nasion–B point (ANB) angle between 0.7° and 4.7°
(based on Chinese cephalometric norms10–12). The
initial screening exclusion criteria were (1) craniofacial

syndromes, (2) obvious deformity of the mandible
including asymmetry, (3) previous history of craniofa-
cial trauma, (4) history of periodontal disease with sig-
nificant bone loss, or (5) a history of prior orthodontic
therapy.
After initial screening, 102 CBCT images were imported

into Dolphin 3D software (version 11.95 premium; Dol-
phin Imaging, Chatsworth, Calif) and oriented to the
Frankfort horizontal plane as previously described (Fig-
ure 1A,B).9 A second round of screening was per-
formed to exclude the images with posterior periapical
defects, posterior impacted teeth (except third molars),
or posterior teeth with root canal treatment. After the
second round of screening, patients were cataloged
into low-, normal-, and high-angle groups based on the
Chinese norm of the sella-nasion–mandibular plane
(SN-MP) angle (27.3–37.7°).10–12

CBCT Segmentation

Once vertical skeletal relationships were classified,
the CBCT images were then oriented to the anatomi-
cal mandibular plane using the left and right gonion
and right menton (Figure 1C). Using Dolphin 3D soft-
ware, an axial section of the mandibular arch that
allowed identification of the dental canals of the teeth
was obtained, and an axial curve was plotted with one
point per tooth (the mesial roots for the first and sec-
ond molars were selected) (Figure 1D). A CBCT-syn-
thesized panoramic radiograph was then used to
orient and help identify specific coronal slices (0.5 mm
in thickness) that represented the long axis of each
tooth (Figure 1E–I).

Table 2. Evaluation of the Measurement System Reliability by
Paired t-Test and ICC Analysis

P Value of

Paired t-Test

ICC (Absolute Agreement)

[95% CI]a

Canine .090 0.986 [0.978, 0.992]
First premolar .125 0.987 [0.979, 0.992]
Second premolar .213 0.985 [0.976, 0.990]
First molar .862 0.979 [0.976, 0.987]
Second molar .114 0.988 [0.981, 0.992]

a CI indicates confidence interval; ICC, interclass correlation
coefficient.

Table 1. Demographic Information of Enrolled Patients in the Current Studya

L N H

P Value of t-Test

L vs N N vs H L vs H

No. of subjects 16 (9 females, 7 males) 20 (11 females, 9 males) 14 (9 females, 5 males) – – –

Age (years) 20.3 6 2.78 24.0 6 6.77 22.2 6 6.57 .1366 .6339 .6339
ANB (degrees) 2.51 6 1.04 2.70 6 1.25 2.66 6 1.27 .8850 .9954 .9365
SN-MP (degrees) 23.9 6 2.11 33.2 6 2.89 39.9 6 2.19 , .0001**** , .0001**** , .0001****

a ANB indicates A point–nasion–B point; H, high angle; L, low angle; N, normal angle; and SN-MP, sella-nasion–mandibular plane.
**** P � .0001.
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Measurements of Alveolar Thickness

On each obtained coronal slice, the following mea-
surements were performed perpendicular to the long
axis of each tooth (Figure 1J,K):

• Distance between buccal/lingual cortex to the tooth
root surface at the level 2 mm below the cemento-
enamel junction (CEJ).

• Distance between buccal/lingual cortex to the tooth
root surface at the mid-root level.

• Distance between buccal/lingual cortex to the tooth
root surface at the root apex level.

Both the left and right sides were evaluated.

Power Analysis

The sample size was determined based on a
power analysis with a ¼ 0.05, 80% power, and a
Cohen’s d of 1.2, which represents a very large
effect size,13 to ensure an adequate sample size
(minimum of 13 samples per group) for showing sta-
tistical differences.

Statistical Analysis

In this study, one trained researcher (Dr Formosa)
made all the measurements. The intraoperator error
was obtained by repeating measurements by the
same observer (Dr Formosa) 1 week apart on 6 ran-
domly selected CBCT files. The intraclass correla-
tion coefficients (ICCs) of the measurements and
paired t-tests were calculated using the IBM SPSS
software (Statistical Package for Social Sciences
version 26.0, Chicago, Ill) to test the measurement
system reliability.
A Shapiro-Wilk normality test was performed by

GraphPad Prism (version 8.2.1; GraphPad Software,
San Diego, Calif). For demographic data compari-
son, analysis of variance was performed and fol-
lowed by an independent t-test. For the alveolar
bone thickness comparison, because some of the data
did not pass the normal distribution test, data were
presented as raw data overlapped with median 6
95% confidence interval, and the Mann-Whitney
U-test was used for statistical comparison. Pearson’s
correlation coefficient (r) calculation and linear regres-
sion analysis were also performed by GraphPad
Prism.

Figure 2. Overview of the alveolar bone thickness of mandibular
teeth. Buccal and lingual alveolar bone thickness of mandibular
canine, premolar, and molar at (A) the level 2 mm below CEJ, (B)
the level of mid-root, and (C) the level of root apex. 3, canine; 4,
first premolar; 5, second premolar; 6, first molar; 7, second molar.

 
Data are presented as raw data overlapped with median 6 95%
confidence interval. * P � .05; *** P � .001; **** P � .0001. CEJ
indicates cementoenamel junction.
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RESULTS

Patient Demographic Information

After two rounds of screening, a total of 50 CBCT
examinations composed this research (21 males and
29 females; Table 1). No statistically significant differ-
ence was detected for age or ANB angle among
groups. Because both the left and right sides of each
subject were measured, the examinations resulted in
a sample of 500 mandibular teeth distributed as fol-
lows: canine, n ¼ 100; first premolar, n ¼ 100; second
premolar, n ¼ 100; first molar, n ¼ 100; and second
molar, n ¼ 100.

Measurement System Reliability

No statistically significant difference was detected
between the original and repeated measurements of
the six randomly selected CBCT images (Table 2). In
addition, the ICCs for the repeated measurements for
each tooth ranged from 0.979 to 0.988 (Table 2), sup-
porting the high consistency and reliability of the cur-
rent CBCT-based measurement protocol.

Overall Alveolar Bone Thickness

The median buccal and lingual bone thicknesses in the
mandibular canine to second molar, and their descriptive
statistics, are presented in Figure 2 and Table 3. Overall,
at the canine, premolar, and first molar regions, the lingual
alveolar bone was thicker than the buccal alveolar bone.

For the second molars, the lingual alveolar bone was thin-
ner than the buccal alveolar bone.
When comparing different tooth locations, the

buccal alveolar bone increased gradually from the
canine to second molars. At 2 mm below the CEJ
and mid-root levels, the buccal alveolar bone was
within 1 mm for the canine and first premolar. The
lingual alveolar bone increased gradually from
the canine to the first molar and further increased to
the second molar at 2 mm below the CEJ level, but
decreased to the second molar at the mid-root and
root apex levels. The lingual alveolar bone was thin-
nest at 2 mm below the CEJ level of the canine
(1.10 mm [0.40 mm, 2.70 mm]).

Alveolar Bone Thickness in Subjects with Different
Vertical Patterns

When comparing the subjects with different vertical
patterns, the lowest median value of bone thickness
(Figure 3, Table 4) was observed in the buccal cortical
bone of canines 2 mm below the CEJ level (0.50 mm
[0.20 mm, 1.30 mm]) and the mid-root level (0.50 mm
[0.30 mm, 1.30 mm]) in the high-angle group. Statisti-
cally significant differences existed among different
vertical pattern groups in the canine region at all three
axial levels and the premolar region at the mid-root
and apex levels. Pearson correlation coefficient analy-
sis further revealed that statistically negative correla-
tions were detected between the SN-MP angle and
buccal alveolar bone thickness at the canine and

Table 3. Comparison of Buccal and Lingual Alveolar Bone Thickness of Mandibular Canine to Second Molara

Buccal vs
Lingual

P Value of Mann-Whitney U-Test

Alveolar Bone Thickness, Median
[Minimum, Maximum], mm Buccal Lingual

Buccal Lingual
Compared
to Canine

Compared
to First

Premolar

Compared
to Second
Premolar

Compared
to First
Molar

Compared
to Second
Molar

Compared
to Canine

Compared
to First
Premolar

Compared
to Second
Premolar

Compared
to First
Molar

Compared
to Second
Molar

Canine
2 mm below
CEJ

0.80 [0.10, 1.90] 1.10 [0.40, 2.70] , .0001**** – .7931 , .0001**** , .0001**** , .0001**** – , .0001**** , .0001**** , .0001**** , .0001****

Mid-root 0.60 [0.20, 2.90] 2.95 [1.10, 6.10] , .0001**** – , .0001**** , .0001**** , .0001**** , .0001**** – , .0001**** , .0001**** , .0001**** , .0001****
Apex 4.75 [2.30, 8.40] 5.20 [3.00, 9.20] , .0001**** – .7852 , .0001**** , .0001**** , .0001**** – , .0001**** , .0001**** , .0001**** , .0001****

First premolar
2 mm below
CEJ

0.80 [0.20, 2.00] 1.30 [0.80, 3.00] , .0001**** – – , .0001**** , .0001**** , .0001**** – – .4108 .0006*** , .0001****

Mid-root 1.00 [0.30, 2.60] 3.60 [1.70, 6.70] , .0001**** – – , .0001**** , .0001**** , .0001**** – – .0457* .0323* .6586
Apex 4.70 [2.60, 8.40] 6.10 [2.80, 9.20] , .0001**** – – , .0001**** , .0001**** , .0001**** – – .0845 , .0001**** .0103*

Second
premolar
2 mm below
CEJ

1.20 [0.40, 2.50] 1.40 [0.70, 2.50] .0039** – – – .1882 , .0001**** – – – .0106* , .0001****

Mid-root 1.80 [0.40, 4.10] 3.85 [2.10, 6.90] , .0001**** – – – , .0001**** , .0001**** – – – .9470 .0741
Apex 5.65 [2.80, 8.40] 6.20 [4.30, 10.20] .0002*** – – – , .0001**** , .0001**** – – – , .0001**** .3207

First molar
2 mm below
CEJ

1.30 [0.50, 2.10] 1.50 [0.80, 3.00] , .0001**** – – – – , .0001**** – – – – , .0001****

Mid-root 2.50 [0.70, 6.40] 3.85 [2.20, 6.30] , .0001**** – – – – , .0001**** – – – – .0412*
Apex 6.85 [1.40, 8.40] 7.80 [5.00, 10.90] , .0001**** – – – – , .0001**** – – – – , .0001****

Second molar
2 mm below
CEJ

1.80 [0.90, 4.50] 2.00 [1.10, 3.80] , .0001**** – – – – – – – – – –

Mid-root 6.80 [2.30, 11.10] 3.60 [1.70, 6.00] , .0001**** – – – – – – – – – –

Apex 10.40 [6.00, 13.70] 6.40 [3.40, 10.30] , .0001**** – – – – – – – – – –

a CEJ indicates cementoenamel junction.
* P � .05; ***P � .001; ****P � .0001.

MANDIBULAR ALVEOLAR BONE IN CLASS I SUBJECTS 687

Angle Orthodontist, Vol 93, No 6, 2023



Figure 3. Buccal alveolar bone thickness of mandibular teeth. Buccal alveolar bone thickness of (A–C) canine, (D–F) first premolar, (G–I) sec-
ond premolar, (J–L) first molar, and (M–O) second molar. Data are presented as raw data overlapped with median 6 95% confidence interval.
* P � .05; ** P � .01; **** P � .0001. CEJ indicates cementoenamel junction; H, high angle; L, low angle; N, normal angle; and N.S., not sta-
tistically significant.
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premolar regions and the mid-root level of the first
molar region (Figure 4).
The thinnest lingual cortical bone (Figure 5, Table

5) was found at 2 mm below the CEJ level of the
canines in the high-angle group (0.90 mm [0.50 mm,
1.40 mm]). Statistically significant differences existed
among different vertical pattern groups in the canine
region at all three axial levels and the first premolar
region at the mid-root and apex levels. Pearson
correlation coefficient analysis further revealed that
statistically negative correlations were detected
between the SN-MP angle and lingual alveolar bone
thickness at the canine and first premolar regions
(Figure 6).

DISCUSSION

The current study demonstrated that, overall, the
canine to first molar teeth are located more toward
the buccal side of the alveolar ridge and the second
molar is located more toward the lingual side of
the alveolar ridge. This was consistent with the
mandibular anatomic structure, with a deep lingual
concavity in the mandible under the second molar14

and an oblique ridge on the buccal of the second
molar.15

The data showed that the canine region had the
thinnest buccal alveolar bone, especially in high-
angle subjects. It is worth noting that the buccal
alveolar bone thickness at 2 mm below the CEJ and
mid-root levels of the canines were all within 0.9 mm

for all three vertical pattern groups. Thus, maintain-
ing mandibular intercanine width should be one
of the key treatment objectives while planning
orthodontic treatment, especially for patients with a
high-angle skeletal pattern. This is consistent with
previous publications that stated that the lower
intercanine width has been considered to be almost
unalterable.16,17

In addition, thin buccal alveolar bone in the range
of 1.2 mm was also detected at 2 mm below the
CEJ and mid-root levels of the first premolar region.
When focusing on the high-angle group, the buccal
alveolar bone of the first premolar region was lim-
ited to 0.8 mm. Thus, excessive dental expansion
should also be avoided in the mandibular first pre-
molar region.
There were several limitations of the current study

that should be taken into consideration when inter-
preting the clinical relevance of the data. First, 3D
imaging provides significant advantages over con-
ventional two-dimensional radiographs in the evalua-
tion of bony morphology and size. Timock et al.
reported that CBCT can quantitatively assess buccal
bone thickness and height with high precision and
accuracy.18 However, a key factor influencing in vivo
spatial resolution (the minimum distance needed to
distinguish between two objects) is partial volume
averaging,6,19,20 and thin bone is especially suscepti-
ble to it.19,21 In this study, a thin layer of alveolar
bone with a thickness near or below the voxel size

Table 4. Buccal Alveolar Bone Thickness of Mandibular Canine to Second Molara

Buccal Alveolar Bone Thickness, Median

[Minimum, Maximum], mm P Value of Mann-Whitney U-Test

L N H L vs N N vs H L vs H

Canine
2 mm below CEJ 0.90 [0.20, 1.40] 0.90 [0.10, 1.90] 0.50 [0.20, 1.30] .5286 .0054** .0163*
Mid-root 0.85 [0.30, 2.90] 0.60 [0.20, 1.70] 0.50 [0.30, 1.30] .0118* .3011 .0014**
Apex 5.45 [3.30, 8.40] 4.75 [2.30, 6.50] 3.80 [2.30, 6.70] .0038** .0336* , .0001****

First premolar
2 mm below CEJ 0.65 [0.20, 2.00] 1.00 [0.20, 1.70] 0.80 [0.20, 1.80] .2395 .2232 .7192
Mid-root 1.25 [0.40, 3.60] 1.05 [0.30, 3.00] 0.65 [0.30, 2.10] .6618 .0029** .0046**
Apex 5.20 [3.30, 7.30] 4.70 [2.60, 8.40] 4.15 [2.70, 5.30] .1058 .0125* , .0001****

Second premolar
2 mm below CEJ 1.15 [0.50, 2.50] 1.30 [0.40, 2.40] 1.25 [0.40, 1.70] .0926 .3518 .2938
Mid-root 2.55 [0.80, 4.10] 1.85 [0.40, 4.00] 1.30 [0.40, 2.20] .0077** .0021** , .0001****
Apex 6.15 [2.80, 8.40] 5.70 [3.20, 8.40] 5.20 [2.90, 6.70] .2720 .0220* .0001****

First molar
2 mm below CEJ 1.20 [0.50, 2.10] 1.35 [0.80, 2.00] 1.30 [0.90, 1.80] .1824 .3371 .5159
Mid-root 3.20 [0.70, 5.50] 2.50 [1.20, 6.40] 1.90 [1.00, 3.60] .0735 .0451* , .0001****
Apex 7.30 [1.40, 8.50] 7.10 [3.80, 9.40] 6.45 [4.60, 8.70] .7119 .1033 .0324*

Second Molar
2 mm below CEJ 1.90 [0.90, 4.50] 1.75 [0.90, 2.70] 1.60 [1.30, 3.40] .1610 .8107 .2231
Mid-root 7.40 [2.90, 9.60] 6.55 [2.30, 11.10] 6.55 [4.00, 10.30] .0492* .8648 .0217*
Apex 10.60 [6.50, 11.60] 10.40 [6.00, 13.70] 9.60 [7.30, 13.10] .8741 .5173 .0855

a CEJ indicates cementoenamel junction; H, high angle; L, low angle; and N, normal angle.
* P � .05; **P � .01; ****P � .0001.
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Figure 4. The correlation between sella-nasion–mandibular plane (SN-MP) angle and buccal alveolar bone thickness of mandibular teeth.
The correlation between SN-MP angle and buccal alveolar bone thickness of (A–C) canine, (D–F) first premolar, (G–I) second premolar, (J–L)
first molar, and (M–O) second molar. The middle straight line represents the linear regression between two parameters. The two curved
dashed lines above and below the straight line represent the 95% confidence interval of the regression analysis. The lines are marked in black
if the P value of correlation analysis is less than .05. The lines are marked in gray if the P value of correlation analysis is larger than .05. For
the location where a statistically significant correlation was detected, the equation of linear regression analysis is presented: X indicates SN-
MP angle in degrees and Y indicates buccal alveolar bone thickness in millimeters. CEJ indicates cementoenamel junction; SN-MP, sella-
nasion–mandibular plane.
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Figure 5. Lingual alveolar bone thickness of mandibular teeth. Lingual alveolar bone thickness of (A–C) canine, (D–F) first premolar, (G–I)
second premolar, (J–L) first molar, and (M–O) second molar. Data are presented as raw data overlapped with median 6 95% confidence
interval. * P � .05; ** P � .01; *** P � .001; **** P � .0001. CEJ indicates cementoenamel junction; H, high angle; L, low angle; N, normal
angle; and N.S., not statistically significant.
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(0.4 mm) can become indistinguishable from the
adjacent periodontal ligament and not considered
bone when making the alveolar bone thickness mea-
surements.21,22 Thus, the current study may have
underestimated the alveolar bone thickness.
Second, as the primary goal of the current project

was to evaluate the potential alveolar bone bound-
ary in the mandibular posterior region for patients
who needed comprehensive orthodontic treatment,
patients who had a full permanent dentition (except
the third molars) with second molars fully erupted
and in occlusion and who were ready to start ortho-
dontic treatment were chosen, which led to the age
range selection in our study design. According to the
recent publication by Hardin et al., craniofacial
growth can continue up to 24 years of age in some
individuals.23 Thus, the alveolar bone morphology of
the subjects younger than 24 years of age may con-
tinue to change during late growth, and pooling the
patients at different ages together may have over-
looked the influence of late craniofacial growth on
the alveolar bone thickness, although there is con-
troversy regarding the association of alveolar bone
thickness with age.24 In the current study, patients
of varying age ranges were relatively evenly distrib-
uted among the three groups. However, future stud-
ies evaluating alveolar bone thickness differences
among different age groups, as well as the differ-
ences in treatment responses on the alveolar bone
thickness change from a similar amount of dental

expansion on patients in different age groups, would
hold great clinical significance.
Third, the current study did not compare the sex-

based differences and only included Asian subjects. It
has been reported that sex is one of the factors that can
potentially affect alveolar bone thickness.24 Thus, further
studies should evaluate the correlation between skeletal
vertical pattern and alveolar bone thickness in males and
females.

CONCLUSIONS

• Buccolingual movement of the mandibular teeth,
especially in the canine and first premolar regions,
should be limited in order to confine teeth within the
dimensions of the alveolus.

• There is a statistically significant negative correla-
tion between a vertical facial pattern (SN-MP angle)
and mandibular posterior buccal and lingual alveolar
thickness. Clinical caution should be taken when
treating high-angle patients.
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Table 5. Lingual Alveolar Bone Thickness of Mandibular Canine to Second Molara

Lingual Alveolar Bone Thickness, Median

[Minimum, Maximum], mm P Value of Mann-Whitney U-Test

L N H L vs N N vs H L vs H

Canine
2 mm below CEJ 1.35 [0.90, 2.70] 1.05 [0.40, 1.70] 0.90 [0.50, 1.40] , .0001**** .0628 , .0001****
Mid-root 3.75 [1.10, 5.20] 2.95 [1.30, 6.10] 2.30 [1.50, 3.50] .0002*** .0058** , .0001****
Apex 5.35 [3.00, 8.50] 5.45 [3.00, 9.20] 4.90 [3.30, 6.70] .6099 .0049** .0484*

First premolar
2 mm below CEJ 1.40 [0.90, 3.00] 1.30 [0.80, 2.00] 1.30 [0.90, 2.00] .0144* .9033 .0344*
Mid-root 4.50 [2.40, 6.70] 3.60 [1.70, 6.40] 3.10 [1.80, 5.30] , .0001**** .1426 , .0001****
Apex 6.30 [4.40, 9.20] 6.15 [4.20, 8.60] 5.50 [3.80, 7.60] .1702 .0548 .0012**

Second premolar
2 mm below CEJ 1.45 [1.00, 2.50] 1.30 [0.70, 2.40] 1.25 [0.90, 2.00] .1576 .6196 .0545
Mid-root 4.45 [3.00, 6.80] 3.85 [2.10, 6.90] 3.55 [2.40, 6.00] .0221* .2079 .0001****
Apex 6.50 [4.60, 9.30] 6.50 [4.30, 10.20] 5.85 [4.40, 9.20] .8370 .0718 .0287*

First molar
2 mm below CEJ 1.60 [0.90, 3.00] 1.40 [1.00, 2.20] 1.40 [0.80, 2.60] .4512 .3144 .1191
Mid-root 4.40 [2.80, 5.60] 3.80 [2.20, 6.30] 3.40 [2.60, 5.40] .0164* .0880 .0006***
Apex 8.05 [5.00, 10.50] 7.85 [5.50, 10.90] 7.35 [5.80, 9.20] .4966 .0606 .0232*

Second molar
2 mm below CEJ 1.90 [1.30, 2.80] 2.10 [1.30, 3.40] 2.20 [1.10, 3.80] .2270 .2507 .0130*
Mid-root 3.50 [2.70, 5.10] 3.75 [1.70, 5.40] 3.60 [2.00, 6.00] .3911 .8404 .3275
Apex 6.30 [3.90, 10.30] 6.80 [3.80, 10.20] 6.45 [3.40, 10.00] .0279* .4292 .2364

a CEJ indicates cementoenamel junction; H, high angle; L, low angle; and N, normal angle.
* P � .05; **P � .01; ***P � .001; ****P � .0001.
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Figure 6. The correlation between SN-MP angle and lingual alveolar bone thickness of mandibular teeth. The correlation between SN-
MP angle and lingual alveolar bone thickness of (A–C) canine, (D–F) first premolar, (G–I) second premolar, (J–L) first molar, and (M–O)
second molar. The middle straight line represents the linear regression between two parameters. The two curved dashed lines above
and below the straight line represent the 95% confidence interval of the regression analysis. The lines are marked in black if the P value
of correlation analysis is less than .05. The lines are marked in gray if the P value of correlation analysis is larger than .05. For the loca-
tion where a statistically significant correlation was detected, the equation of linear regression analysis is presented: X indicates SN-MP
angle in degrees and Y indicates lingual alveolar bone thickness in millimeters. CEJ indicates cementoenamel junction; SN-MP, sella-
nasion–mandibular plane.
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