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A preliminary study of buccal and lingual
alveolar bone thickness of posterior teeth
in patients with skeletal Class 111

malocclusion and mandibular asymmetry

Xinnong Hu, Xiaoyi Huang, and Yan Gu
Beijing, China

Introduction: The purposes of this retrospective study were to investigate the buccal and lingual alveolar bone
thickness values of the posterior teeth in patients with asymmetrical skeletal Class Il malocclusion and compare
them with patients with symmetrical skeletal Class Il and Class | malocclusion. Methods: Seventy-eight cone-
beam computed tomography scans were classified into 3 groups according to the sagittal pattern and menton
deviation: asymmetrical Class Il (n = 26), symmetrical Class Ill (n = 26), and symmetrical Class | (n = 26).
The buccal and lingual alveolar bone thickness of the first molar and premolars in the maxilla and mandible
were measured at 3, 6, and 8 mm apical to the cementoenamel junction and the apical and middle levels of
the root. Measurements were compared among the 3 groups. Results: In the asymmetrical Class Il group,
the buccal alveolar bone along the distobuccal root of the maxillary first molar on the deviated side was thinner
by 1.07 to 1.10 mm than that in the symmetrical Class | group at 6-mm, 8-mm, and middle-level planes
(P <0.001, P <0.01, and P <0.001). The buccal alveolar bone thickness along the distal and mesial roots of
the mandibular first molar on the deviated side was thinner by 1.28 to 1.85 mm, and by 0.72 to 1.21 mm,
respectively (P <0.001 and P <0.01), than that in the symmetrical Class | group at 6-mm, 8-mm, apical and
middle-level planes. Conclusions: In this preliminary study, patients with skeletal Class Il malocclusion showed
thinner buccal and lingual alveolar bone in the posterior teeth than subjects with Class | malocclusion. Particular
attention should be paid to buccal alveolar bone thickness along the distobuccal root of the maxillary and distal
root of the mandibular first molar to prevent periodontal complications in decompensation. Future studies should
involve larger sample sizes, more repeatable and comprehensive measuring and statistical methods. (Am J
Orthod Dentofacial Orthop 2022;162:66-79)

atients with severe skeletal Class 111 malocclusion
and facial asymmetry always present with remark-
able dental compensation and need orthodontic
treatment combined with orthognathic surgery to
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normalize skeletal and dental deformities and to improve
facial esthetics.'™* Previous studies have indicated that
subjects with skeletal Class 111 malocclusion often
present with proclined maxillary incisors and
retroclined mandibular incisors, accompanied by
inadequate alveolar bone support.””® For patients
with skeletal Class 111 malocclusion and mandibular
asymmetry, the compensatory inclination of posterior
teeth varied between deviated and nondeviated sides.
Maxillary posterior teeth showed buccal inclination on
the deviated side compared with patients with Class 1
malocclusion, whereas no apparent buccolingual
inclination of teeth was shown on the nondeviated
side.”'? Mandibular posterior teeth in the patients were
lingually inclined on the deviated side and buccally in-
clined on the nondeviated side compared with subjects
with skeletal Class 1 malocclusion.” '’

To achieve ideal skeletal movement and stable occlu-
sion by orthognathic surgery, adequate decompensation
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of buccolingually inclined posterior teeth in patients orthodontic or orthognathic treatment; (2) previous
with skeletal Class 111 malocclusion with and without diagnosis of periodontitis or visible alveolar bone loss
mandibular asymmetry during presurgical orthodontic via clinical and imaging examination; (3) crowding by
treatment must be performed, which is a substantial more than 3 mm in the posterior teeth area; (4) crown
challenge to the alveolar boundary of the teeth. The or large filling materials in the posterior teeth; (5) maxil-
periodontal limitation is an important consideration of lary sinus bulging into the buccal or lingual region of the
the anatomic boundary for orthodontic tooth move- root in the maxillary posterior teeth; (6) furcation of the
ment. Fenestration, dehiscence, and gingival recession mesial or distal root of the mandibular first molar; and
occur with poor periodontal support and unpredictable (7) cleft lip or palate, temporomandibular joint disease
tooth movement.”''"'* or other systemic diseases.

To evaluate the extent of posterior teeth movement CBCT images of these subjects were reoriented in
in patients with skeletal Class 111 malocclusion and software, and the distance from the hard tissue menton
mandibular asymmetry, the alveolar bone thickness of point (Me) to the midsagittal plane was defined as the
posterior teeth in the maxilla and mandible should be criterion for mandibular deviation. Two subgroups
carefully considered before presurgical orthodontic were classified: (1) asymmetrical Class 111, 26 subjects
treatment. Morphologic assessment of alveolar bone (13 males, 13 females; average age, 21.1 * 4.23 years)
around teeth could be better assessed by cone-beam with mandibular deviation =4 mm; and (2) symmetrical
computed tomography (CBCT) imaging, which provides Class 111, 26 subjects (13 males, 13 females; average age,
3-dimensional information and overcomes the disad- 20.7 * 4.85 years) with mandibular deviation <2 mm
vantages inherent to 2-dimensional imaging such as su- (Table 1).>'°
perimposition, magnification, geometric distortion, and The symmetrical Class 1 group included 26 subjects

inconsistency of head position.”'”'° with skeletal Class 1 malocclusion (13 males, 13 females;

The null hypotheses of this study included the average age, 22.3 *+ 2.92 years) who had ANB angles be-

following: (1) subjects with asymmetrical skeletal Class tween 0.7° and 4.7°, Wits appraisal values between —3.6
111 malocclusion would show no significant differences mm and 2 mm, mandibular deviation <2 mm and other
between deviated and nondeviated sides in buccal and inclusion and exclusion criteria in accordance with those
lingual alveolar bone thickness of posterior teeth, and of the Class 111 groups (Table 1).

(2) there would be no significant differences in the CBCT images were obtained at intercuspal occlusion
buccal and lingual alveolar bone thickness of posterior using the same device (NewTom AG, Marburg, Germany)
teeth when comparing asymmetrical and patients with used for the pretreatment examination. Scans were
symmetrical skeletal Class 111 malocclusion with patients completed using the following settings: field of view,
with symmetrical skeletal Class 1 malocclusion. 15 X 15 cm; 110 kV; 2.81 mA; 3.6-second exposure;

and voxel slice thickness, 0.3 mm.
MATERIAL AND METHODS Digital imaging and communications in med1qne
) ] files from each scan were uploaded and evaluated with
CBCT images of patients were collected from the Dolphin 3D Imaging software (version 11.8; Dolphin Im-

Department of Oral Maxillofacial Surgery and the aging and Management Solutions, Chatsworth, Calif).
Department of Orthodontics, Peking University School To ensure the consistent location of anatomic land-
and Hospital of Stomatology. This study was approved marks, the head position of each subject was reoriented
by the Biomedical Ethics Committee of Peking University according to the following reference planes: (1) the axial
School and Hospital of Stomatology (PKUSSIRB-

201943020).

Subjects were included and excluded in this study ac- Table I. Patient characteristics in different groups

cording to their clinical examination records, medical

and dental history, and imaging examination. Fifty- Asymmetrical  Symmetrical  Symmetrical
. . . . . Class III Class III Class I

two subjects who satisfied the following inclusion and Characteristics (n = 26) (n = 26) (n = 26)

exclusion criteria were included in the Class 111 groups. Age (y) 211 + 423 207 + 485 223 + 2.92

The inclusion criteria were as follows: (1) aged =16 ANB (°) —33+204 —46%252 24+1.13

years, (2) Mongolian, (3) skeletal Class 11 (ANB Wits (mm) —120 = 431 —13.9 =4.28 —0.9 * 2.00

angle, <0°, Wits appraisal values, =<—3.6 mm), (4) cross- M?d',br.]ar () 7.7 % 281 10063 09=0.60

. oy . . eviation (mm

bite or edge-to-edge position in anterior teeﬂ),.(S] Mp- Mp-SN () T

SN =27°, and (6) complete permanent dentition. The

exclusion criteria were as follows: (1) previous Note. Data presented as mean * standard deviation.
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Fig 1. Reorientation of the measurement plane (yellow) perpendicular to the long axis (white) of teeth:
A and B, Measurement plane perpendicular to the long axis of the maxillary first molar in the coronal
and sagittal views; C and D, Measurement plane perpendicular to the long axis of the mandibular first
molar in the coronal and sagittal views; E and F, Measurement plane perpendicular to the long axis of
the single-rooted maxillary second premolar in the coronal and sagittal views.

plane was defined as the Frankfort horizontal plane,
passing through bilateral orbitals and the right porion;
(2) the midsagittal plane, perpendicular to the axial
plane, passing through the nasion and basion; and (3)
the coronal plane, perpendicular to the above 2 planes
and passing through the basion. The Me point was
defined as the most inferior point of the skeletal sym-
physis, the relative position of which the midsagittal
plane was used to evaluate the direction of the mandib-
ular deviation. The deviated side of each patient was
defined as the side the Me point shifted toward the
midsagittal plane, and the other side was defmed as
the nondeviated side.'”"”

The long axis of the tooth was defined as follows: (1)
maxillary first molar: the line passing through the central
fossa and trifurcation; (2) mandibular first molar: the
line passing through the mesiobuccal cusp and mesial
root apex point; (3) single-rooted premolar: the line
passing through the central fossa and apex; and (4) mul-
tirooted premolar: the line passing through the central
fossa and furcation (shown in Fig 1).%2**

July 2022 e Vol 162 e Issue 1

Buccal and lingual alveolar bone thicknesses of the
maxillomandibular first molars and premolars were
measured at the following 5 planes, perpendicular to
the long axis of the tooth: (1) 3 mm apical to the cemen-
toenamel junction (CEJ), (2) 6 mm apical to the CEJ, (3) 8
mm apical to the CEJ, (4) apical level of the root, and (5)
middle level of the root.”****

Measurement planes and buccal and lingual alveolar
bone thicknesses are defined in Table 11 and shown in
Figures 2-5. Measurement of bone thickness was
evaluated on 3-dimensional sections, the axial view
shown in Figures 3-5. 1f bone defects such as
dehiscence and fenestration occurred at a certain
measurement plane, the value of alveolar bone
thickness at this level was recorded as zero.”

Statistical analysis

The buccal and lingual alveolar bone thicknesses of
20 patients chosen randomly were remeasured by 2 au-
thors (X.2N.H and X.Y.H) with an interval of 2 weeks.
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Table Il. Definitions of measurement planes and measurements

Variables
Measurement planes
CEJ plane
3-mm, 6-mm, and 8-mm level plane
Apical level plane
Middle-level plane

Measurements
Buccal alveolar bone thickness at the
3-mm, 6-mm, and 8-mm and middle levels

Buccal alveolar bone thickness at the apical level

Description

Perpendicular to the long axis of teeth, passing both buccal and lingual CEJ

Parallel to the CEJ plane and at 3-mm, 6-mm, and 8-mm apical to the plane

Parallel to the CEJ plane and passing the root apex of the tooth

Maxillary first molar: parallel to the CEJ plane, at the middle level between the CEJ plane
and the palatal root apex

Mandibular first molar: parallel to the CEJ plane, at the middle level between the CEJ
plane and the mesial root apex

Single-root premolars: parallel to the CEJ plane, at the middle level between the CEJ
plane and the root apex

Multiple-root premolars: parallel to the CEJ plane, at the middle level between the CEJ
plane and the apex of the longer root

Distance between the most prominent point on the buccal side of the root (mesiobuccal
and distobuccal root of maxillary first molar, mesial and distal root of mandibular first
molar, root of single-rooted premolar or buccal root of multirooted premolar) and the
nearest outer buccal cortical bone edge point, measured at the 3-mm, 6-mm, and 8-
mm and middle-level planes

Distance between the apex of root (mesiobuccal and distobuccal root of maxillary first

molar, mesial and distal root of mandibular first molar, root of single-rooted premolar
or buccal root of multirooted premolar) and the nearest outer buccal cortical bone
edge point, measured at the apical level plane

Lingual alveolar bone thickness at the
3-mm, 6-mm, and 8-mm and middle levels

Distance between the most prominent point on the lingual side of the root (palatal root
of maxillary first molar, mesial and distal root of mandibular first molar, root of single-

rooted premolar or lingual root of multirooted premolar) and the nearest outer lingual
cortical bone edge point, measured at the 3-mm, 6-mm, and 8-mm and middle-level

planes
Lingual alveolar bone thickness at
the apical level

Distance between the apex of root (palatal root of maxillary first molar, mesial and distal
root of mandibular first molar, root of single-rooted premolar or lingual root of

multirooted premolar) and the nearest outer lingual cortical bone edge point,
measured at the apical level plane

Interobserver and intraobserver reliabilities were calcu-
lated to evaluate the reproducibility of measurements
(Supplementary Table 1).

The normality of the data distribution was evaluated
using the Shapiro-Wilk test and paired ¢ tests or Wil-
coxon signed-rank tests were used according to the
normality of the data distribution to compare the param-
eters between deviated and nondeviated sides in each
group with a significance level of 0.05 (Supplementary
Tables 11-V). To evaluate the differences among the
groups, the values on the deviated and nondeviated
sides in patients with asymmetrical Class 11
malocclusion were compared, respectively, with the
average value on the 2 sides in symmetrical patients
with Class 111 and symmetrical Class 1 malocclusion.
One-way analysis of variance followed by the post-hoc
Bonferroni test or Kruskal-Wallis test and further pair-
wise comparisons were used, according to the results
of tests for normality of distribution and variance in
homogeneity (Tables 111-V1).

A minimum sample size of 16 subjects was required
per group, calculated by PASS software (version 11;

American Journal of Orthodontics and Dentofacial Orthopedics

NCSS, Kaysville, Utah), with a significance level of
0.05, power of 80%, hypothesized means of 0, 0.35,
0.70, and standard deviation of 0.60 to detect differ-
ences in alveolar bone thickness among the 3 groups us-
ing 1-way analysis of variance.””? In our previous study,
we used a standard deviation of 0.60 mm because our
previous study aimed to evaluate the alveolar bone
thickness at the cervical third only, in which 3-mm level
could represent the location of the measurement plane.
In addition, we believe 0.35 mm is a suitable value for a
significant mean difference between the groups.”” Data
are presented as the means and standard deviations.

RESULTS

The intraclass correlation values ranged from 0.751
to 0.991 for interobserver reliability and from 0.771 to
0.994 for intraobserver reliability. Bland-Altman means
and 95% limits of agreement for interobserver and intra-
observer reliabilities are shown in Supplementary Table 1.

In symmetrical Class 11 and symmetrical Class 1
groups, alveolar bone thickness showed no significant

July 2022 e Vol 162 e Issue 1
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Fig 2. Location of the CEJ junction plane (yellow) of teeth parallel to the reoriented measurement
plane: A-C, CEJ plane of the maxillary first molar in the coronal, axial, and sagittal views; D-F, CEJ
plane of the mandibular first molar in the coronal, axial, and sagittal views; G-I, CEJ plane of the maxil-
lary second premolar in the coronal, axial, and sagittal views. B-CEJ, CEJ point on the buccal side;

L-CEJ, CEJ point on the lingual side.

Fig 3. Measurement of buccal and lingual alveolar bone thicknesses of the maxillary first molar at the
3-mm, 6-mm, and 8-mm levels apical to the CEJ plane: A and B, Location of the 3-mm, 6-mm, and 8-
mm levels parallel to the CEJ plane in the coronal and sagittal views; C- E, Measurement of the buccal
and lingual alveolar bone thicknesses (yellow) of the maxillary first molar shown in the axial view at the
3-mm, 6-mm, and 8-mm levels apical to the CEJ plane.

difference between the deviated and nondeviated sides
(Supplementary Tables 11-V); hence, the mean values
of the 2 sides were used for further comparison (Tables
M-V1). In the asymmetrical Class 111 group, alveolar
bone thicknesses were significantly different between
the deviated and nondeviated sides at some sites.

On the deviated side in the asymmetrical Class 111
group, the maxillary posterior teeth showed significantly
thinner buccal alveolar bone than that on the nondeviated
side at these sites; the 3-mm and 6-mm levels along the

July 2022 e Vol 162 e Issue 1

mesiobuccal root of the maxillary first molar (P <0.05
and P <0.01; Supplementary Table 11); the 6-mm and
middle levels along the distobuccal root of the maxillary
first molar (P <0.01 and P <0.05; Supplementary Table
11); and the 3-mm, 6-mm, and middle levels of the maxil-
lary second premolar (P <0.05; Supplementary Table 11).

In the asymmetrical Class 111 group, lingual
alveolar bone on the nondeviated side was thinner
by 0.23 to 0.32 mm than that on the deviated
side at these sites: the 6-mm, 8-mm, and middle

American Journal of Orthodontics and Dentofacial Orthopedics
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Fig 4. Measurement of buccal and lingual alveolar bone thicknesses of the mandibular first molar at the
3-mm, 6-mm, and 8-mm levels apical to the CEJ plane: A and B, Location of the 3-mm, 6-mm, and 8-
mm levels parallel to the CEJ plane in the coronal and sagittal views; C-E, Measurement of buccal and
lingual alveolar bone thicknesses (yellow) of the mandibular first molar shown in the axial view at the
3-mm, 6-mm, and 8-mm levels apical to the CEJ plane.

Fig 5. Measurement of buccal and lingual alveolar bone thicknesses of single-rooted maxillary premo-
lars at the apical and middle levels of the root: A and B, Location of the apical level plane (yellow) par-
allel to the CEJ plane and passing through the apex of the tooth in the coronal and sagittal views; C,
Measurement of buccal and lingual alveolar bone thicknesses (yellow) of single-rooted maxillary pre-
molars at the apical level shown in the axial view; D and E, Location of the middle-level plane (yellow)
parallel to the CEJ plane and at the middle level between the CEJ plane and root apex of the tooth in
coronal and sagittal views; F, Measurement of buccal and lingual alveolar bone thicknesses (yellow) of
a single-rooted maxillary premolar at the middle level shown in the axial view.

levels of the maxillary first molar and the 6-mm In the asymmetrical Class 111 group, the distal root of
level of the second premolar (P <0.001, the mandibular first molar and root of the second pre-
P <0.05, P <0.01, and P <0.05; Supplementary molar showed 0.21-0.31 mm thinner buccal alveolar
Table ). bone on the nondeviated side at the 3-mm level

American Journal of Orthodontics and Dentofacial Orthopedics July 2022 e Vol 162 e Issue 1



72 Hu, Huang, and Gu

Table lll. Comparison of buccal alveolar bone thickness of the maxillary posterior teeth among the 3 groups

Asymmetrical Class 111

Variable/tooth Deviated Nondeviated Symmetrical Class III Symmetrical Class I P value Multiple comparisons
3-mm
6M 1.02 + 058  1.26 + 0.61 1.28 + 0.56 1.57 + 0.77 0.032h* D=S5;S=1;D<I"
0.496' ND=S=1
6D 162 + 066  1.64 + 0.61 2.04 + 0.73 2.26 * 0.95 0.016"* D=S5;S=1;D<I"
0.019"* ND =S;S=1;ND <1*
5 0.95 + 0.64  1.16 = 0.73 1.09 + 0.54 1.54 + 0.63 0.0021* D=S5;S<I1;D<1*
0.030"* S=ND;ND = 1;S <1*
4 0.45 * 0.41  0.46 * 0.46 0.32 + 0.32 0.64 + 0.44 0.027+* S=D;D=1;S<1*
0.036"* S=ND;ND = 1;S <1*
6-mm
6M 1.00 = 0.84  1.35 = 0.85 1.32 + 0.83 1.67 * 0.81 0.016"* D=S;S=1;D<1*
0.224! S=ND=1
6D 1.98 + 0.89  2.45 + 0.88 2.50 * 0.92 3.06 = 0.77 0.000"*  D=S;S=1;D<1"*
0.021"* ND=S;S=1;ND <1*
5 1.68 + 0.71 1.94 + 0.61 1.98 * 0.70 2.29 + 0.95 0.053¢ D=S=1
0.496' ND=S=1
4 0.95 + 0.42  0.95 * 0.52 0.93 + 0.54 1.16 + 0.47 0.161" S=D=1
0.210' S=ND=1
8-mm
6M 123 +1.13  1.26 + 0.97 1.36 * 0.87 1.74 + 0.97 0.135! D=S=1
0.200° ND=S=1
6D 185+ 1.18  2.16 + 1.04 2.38 * 1.08 2.92 * 0.90 0.002" D=S;S=1;D<1*
0.025"* ND=S;S=1;ND <1*
5 1.68 = 090  1.88 = 0.77 1.92 + 0.78 222 * 1.16 0.463" D=S=1
0.806" ND=S=1
4 0.75 * 0.54  0.82 * 0.49 0.87 *+ 0.52 0.97 + 0.63 0.358! D=S=1
0.595 ND=S=1
Apical
6M 243 +1.16 273 = 1.48 2.51 = 1.00 3.17 = 1.19 0.037"* D=S=1
0.149" S=ND =1
6D 286+ 1.12  2.83 = 1.02 3.02 + 1.04 3.63 = 0.97 0.024* D=S;S=1;D<1*
0.016"* ND =S;S=1;ND <1*
5 352+ 1.10 3.42 + 1.22 3.43 + 1.07 3.58 + 1.31 0.976" S=D=1
0.938! ND=S=1
4 157 £ 0.95  1.64 + 0.89 1.70 = 1.12 1.73 + 0.96 0.939' D=S=1
0.950" ND=S=1
Middle
6M 1.03 + 0.91 1.28 + 0.92 1.30 * 0.84 1.64 + 0.87 0.039"* D=S;S=1;D<1*
0.269° ND=S=1
6D 1.89 + 1.03  2.29 + 0.93 2.46 = 1.00 2.99 * 0.80 0.000"* D =S;S=1;D <1
0.020"* ND=S;S=1;ND <1*
5 162 =073  1.85 + 0.65 1.95 + 0.75 2.23 *+ 0.97 0.053" D=S=1
0.438! ND=S=1
4 0.88 * 0.44  0.99 * 0.48 0.95 + 0.55 1.09 + 0.58 0.342! D=S=1
0.596' S=ND =1

Note. Data are presented as mean = standard deviation. Results of P value and multiple comparisons in each measurement were divided into 2 rows.
The first row showed the result of comparison among the deviated side in asymmetrical Class 111 group, symmetrical Class 111 group, and symmetrical
Class 1 group, whereas the second one showed the result of comparison among the nondeviated side in asymmetrical Class 111 group, symmetrical
Class 111 group and symmetrical Class 1 group.

D, deviated side of asymmetrical Class 111 group; ND, nondeviated side of asymmetrical Class 111 group; S, symmetrical Class 111 group; 1, symmetrical
Class 1 group; 6M, mesiobuccal root of maxillary first molar; 6D, distobuccal root of maxillary first molar; 5, maxillary second premolar; 4, maxillary
first premolar.

f -way ANOVA; fKruskal-Wallis analysis was used to compare the values among the 3 groups; *P <0.05; **P <0.001; ***P <0.001.
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Table IV. Comparison of lingual alveolar bone thickness of the maxillary posterior teeth among the 3 groups

Variable/tooth
3-mm
6

4

Middle
6

Asymmetrical Class 11T

Deviated

0.38 £ 0.40

0.84 £ 0.42

0.59 = 0.41

1.31 £ 0.38

1.97 £ 0.47

1.49 * 0.44

1.38 £ 0.43

2.65 * 0.58

2.16 = 0.68

2.86 * 0.82

7.18 = 1.05

6.16 * 1.34

1.27 £ 0.38

2.04 = 0.45

1.59 £ 0.58

Nondeviated

0.39 = 0.44

0.73 £ 0.36

0.53 = 0.40

0.99 * 0.34

1.74 * 0.34

1.58 * 0.70

1.13 £ 0.51

2.52 * 0.75

2.52 * 0.86

2.69 * 1.10

7.17 £ 1.55

6.62 * 1.58

1.01 = 0.43

1.83 = 0.56

1.76 = 0.72

Symmetrical Class 111
0.35 £ 0.41
0.98 = 0.38

0.67 £ 0.44

1.07 = 0.43
1.86 * 0.38

1.57 £ 0.63

0.99 = 0.51
2.55 * 0.40

2.43 = 091

2.56 * 0.77
6.85 * 1.50

6.20 = 2.00

1.04 = 0.42
1.98 £ 0.48

1.72 £ 0.83

Symmetrical Class 1
0.78 £ 0.33
1.10 = 0.40

0.97 £ 0.32

1.40 = 0.44
2.30 = 0.72

2.20 * 0.64

1.84 = 0.58
3.42 = 1.04

3.41 £ 1.01

343 * 1.24
8.93 * 1.56

8.08 * 1.83

1.52 £ 0.48
2.57 = 0.71

2.52 = 0.77

P value

0.0007***
0.000"**
0.075

0.003 1
0.001+
0.000"**

0.014%*
0.0027*
0.041%*
0.002
0.000"***
0.000"*

0.000
0.000"***
0.000"
0.000"*
0.000"*
0.000

0.006*
0.008"
0.000
0.000"
0.000
0.001 "

0.001++
0.000*
0.000"*
0.000"***
0.000"
0.000"**

Multiple comparisons

S=D;D<1*

S =ND; ND <1**
D=S=1

ND =S;S=1;ND <1**
D=S;S <1*

ND =S;S <1™

S=D;D=1;S<1*
ND =S;S <1%; ND <1**
S=D;D=1;S<1*
ND =S;S = 1;ND <1**
D=S;S <1 D <1
ND =S; S <1*

S<D%D=1;5 <1"
S = ND;ND <1
S=D;D <175 <17
ND = S;S <17

D =55 <1

S =ND;ND <1°S <1

S=D;D=1;S<1™

S=ND;ND <1*
S=D;D <1"*

S = ND; ND <1**
D=S5;S <1

S =ND;ND <1%; S <1

S=D;D=1;S <1**
ND = S; S <1%

S=D;D <1 S <™
ND = S; S <1%*; ND <1**
D=5;S<1";D <1

S = ND; ND <1*

Note. Data are presented as mean = standard deviation. Results of P value and multiple comparisons in each measurement were divided into 2 rows.
The first row showed the result of comparison among the deviated side in asymmetrical Class 111 group, symmetrical Class 111 group, and symmetrical
Class 1 group, whereas the second one showed the result of comparison among the nondeviated side in asymmetrical Class 111 group, symmetrical
Class 111 group and symmetrical Class 1 group.
D, deviated side of asymmetrical Class 111 group; ND, nondeviated side of asymmetrical Class 111 group; S, symmetrical Class 111 group; 1, symmetrical
Class 1 group; 6, maxillary first molar; 5, maxillary second premolar; 4, maxillary first premolar.
f1 -way ANOVA; #Kruskal-Wallis analysis was used to compare the values among the 3 groups; *P <0.05; **P <0.001; ***P <0.001.

(P <0.01; Supplementary Table 1V) and 0.53-0.70 mm
thinner buccal alveolar bone on the deviated side at
the apical level (P <0.05 and P <0.01; Supplementary
Table 1V) compared with the findings on the other side.

On the deviated side in the asymmetrical Class 1lI
group, the lingual alveolar bone of the mandibular first
molar was 0.33-0.45 mm thinner at 3- and 6-mm along
the distal root (P <0.01, Supplementary Table V) and
0.22 mm thinner at the 3-mm level along the mesial
root (P <0.05, Supplementary Table V) than that on
the nondeviated side.

Generally, maxillomandibular posterior teeth in the
asymmetrical Class 111 group and symmetrical Class 111
group showed thinner buccal and lingual alveolar bone
thickness than those in the symmetrical Class 1 group,
and some measurements showed significant differences

(Tables M1-V1; Fig 6).

Compared with the maxillary first molars in the sym-
metrical Class 1 group, the maxillary first molar on the
deviated side in the asymmetrical Class 111 group showed
0.51-0.74 mm thinner buccal alveolar bone along the
mesiobuccal root (P <0.05, P >0.05, P >0.05, and
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Table V. Comparison of buccal alveolar bone thickness of the mandibular posterior teeth among the 3 groups

Asymmetrical Class 111

Deviated Nondeviated Symmetrical Class III Symmetrical Class 1 P value Multiple comparisons
3-mm
6M 0.55 = 0.43 0.43 = 0.43 0.58 = 0.33 1.01 = 0.52 0.002"* D=S;S<1*
0.000%** ND =S; S <1*; ND <1***
6D 0.67 = 0.49 0.36 = 0.48 0.62 + 0.42 1.22 * 0.44 0.000"*** S=D;D <1**
0.0007**  ND =S;S <1**
5 0.49 = 0.48 0.28 = 0.37 0.50 = 0.38 0.81 = 0.50 0.027"* D=S;S=1;D<1*
0.000"***  ND=S;S = 1;ND <1***
4 0.05 = 0.16 0.12 = 0.24 0.03 = 0.09 0.21 = 0.26 0.001 5 D=S;S<1*
0.009"** S=ND;ND = 1;S <1*
6-mm
6M 0.68 = 0.59 0.70 = 0.55 0.79 = 0.52 1.44 = 0.84 D=S;S<1*
ND =S;S <1*
6D 1.05 = 0.90 1.09 = 0.86 1.29 £ 0.77 2.35 = 0.97 D=S5;S <1
’ ND =S; S <1
5 0.64 = 0.48 0.53 = 0.48 0.72 = 0.45 1.16 = 0.57 0.003** D=S;S<1%D<1*
0.000"** ND =S;S = 1;ND <1**
4 0.16 = 0.28 0.14 = 0.24 0.15 = 0.19 0.38 = 0.29 0.001% ** D=S5;S<1™
0.000"***  ND =S;S <1**
8-mm
6M 1.12 £ 0.74 1.35 = 0.70 1.31 £0.73 2.04 = 1.07 0.0011# D=S5;S <1 D <1™*
0.004 " S=ND;ND <1% S <1*
6D 1.83 = 1.14 2,12 * 1.17 2,17 * 1.14 3.48 = 1.23 0.000"* D=5;S<1"™D<1**
0.000"*** ND =S; S <1"; ND <1***
5 0.67 = 0.54 0.87 = 0.51 0.86 = 0.60 1.64 = 0.76 0.000"* D=S5;S <1 D <1
0.0007*** S = ND; ND <1**
4 0.16 = 0.37 0.20 = 0.29 0.19 = 0.25 0.55 * 0.41 0.00 ! D=S5;S <1, D <1
0.0007*** S = ND; ND <1**
Apical
6M 457 = 1.18 5.03 £ 1.07 4.72 = 1.06 5.78 £ 1.30 0.002°* D=S;S<1%D<1*
0.017"* S=ND;ND = 1;S <1*
6D 5.31 %= 1.19 6.01 = 1.45 5.70 = 1.47 7.16 = 1.38 D=S5;S <1 D <1
S =ND;ND <1%, S <1**
5 3.48 = 0.71 4.01 = 0.99 3.64 £ 1.18 5.25 * 1.22 D=S;S <1
S = ND; ND <1%%; S <1%*
4 3.08 = 0.82 3.24 = 1.15 3.06 = 0.91 4.15 = 0.96 S=D;D<1**
S = ND; ND <1%; S <1
Middle
6M 0.77 = 0.61 0.81 = 0.57 0.85 = 0.54 1.49 = 0.90 D=S5;S<1%D<1*
ND =S;S <1*
6D 1.21 £ 0.89 1.23 = 0.85 1.40 £ 0.87 2.49 = 1.03 D=S5;S <1
ND =S; S <1
5 0.53 *= 0.44 0.61 = 0.42 0.69 * 0.53 1.34 = 0.72 D=S5;S <1, D <1
ND =S;S <1"; ND <1***
4 0.14 = 0.32 0.14 = 0.27 0.16 = 0.23 0.42 = 0.30 D=S;S <1, D <1

0.000"***  ND =S;S <1*; ND <1***

Note. Data are presented as mean = standard deviation. Results of P value and multiple comparisons in each measurement were divided into 2 rows.
The first row showed the result of comparison among the deviated side in asymmetrical Class 111 group, symmetrical Class 111 group, and symmetrical
Class 1 group, whereas the second one showed the result of comparison among the nondeviated side in asymmetrical Class 111 group, symmetrical
Class 111 group and symmetrical Class 1 group.

D, deviated side of asymmetrical Class 111 group; ND, nondeviated side of asymmetrical Class 111 group; S, symmetrical Class 111 group; 1, symmetrical
Class 1 group; 6M, mesial root of mandibular first molar; 6D, distal root of mandibular first molar; 5, mandibular second premolar; 4, mandibular
first premolar.

f -way ANOVA; fKruskal-Wallis analysis was used to compare the values among the 3 groups; *P <0.05; **P <0.001; ***P <0.001.
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Table VI. Comparison of lingual alveolar bone thickness of the mandibular posterior teeth among the 3 groups

Variable/tooth
3-mm
6M

6D

6-mm
6M

6D

8-mm
6M

6D

Apical
6M

6D

4

Middle
6M

6D

Asymmetrical Class 11T

Deviated

0.81 £ 0.64

1.10 = 0.78

0.91 £ 0.48

0.49 = 0.41

2.81 * 0.84

3.02 * 0.92

3.02 + 0.73

2.14 * 0.80

3.82 £ 1.01

4.25 = 0.81

4.04 = 0.83

3.01 £0.98

7.55 * 1.14

7.61 £ 1.21

6.78 * 1.27

6.16 = 1.19

3.03 £ 0.81

3.46 * 0.86

3.44 £ 0.79

2.60 * 0.79

Nondeviated

1.03 *= 0.57

1.43 = 0.85

1.04 * 0.47

0.58 = 0.34

2.74 * 0.63

3.47 £ 0.74

3.02 * 0.49

2.25 * 0.59

3.61 * 0.80

4.43 * 0.91

3.98 = 0.61

3.17 £ 0.84

7.41 £ 1.10

7.53 * 1.37

6.48 * 1.27

6.04 * 1.38

2.82 *= 0.66

3.58 £ 0.74

3.40 = 0.63

2.66 * 0.68

Symmetrical Class 111
1.02 = 0.60
1.26 = 0.65
1.01 = 0.49

0.51 £ 0.37

2.79 * 0.82
3.25 £ 0.71
2.89 * 0.75

2.06 * 0.85

3.79 = 0.95
4.33 £ 0.84
3.87 £ 0.86

3.04 = 1.14

5.79 = 1.69

2.83 = 0.82
3.31 £0.74
3.16 = 0.96

2.48 * 0.99

Symmetrical Class 1
1.65 = 0.79
1.84 £ 0.74
1.60 = 0.79

1.34 £ 0.86

3.79 £ 1.11
4.00 * 0.96
3.79 = 1.14

3.44 * 1.02

4.92 * 1.04

476 £ 1.12

8.44 * 1.23
8.28 * 1.17
6.89 * 1.14

7.05 £ 1.11

3.94 + 1.17
4.09 * 1.00
4.38 £ 1.12

3.99 * 1.05

P value

0.000
0.0011+
0.001*
0.008"**
0.005"
0.013"*
O.OOOE'MX’
0.000"***

0.000
0.000
0.000"***
0.005"*
0.006""*
0.003
0.000
0.000"*

0.001 "
0.000
0.017"*
0.055'
0.007
0.004 4
0.000"
0.000"***

0.005
0.002"
0.057*
0.059'
0.327*
0.428
0.004
0.005 "

0.000"
0.000

0.000"*

Multiple comparisons

D=5:S<1":D <1
S =ND; ND <1**
D=S;S <1 D <1*
S=ND;ND = 1;S <1*
D=S5;S <1 D <1*

S =ND; ND <1*
D=5:S <1

S = ND; ND <1

S=D;D <1™

ND =S; S <1
D=5S;S<1™;D<1™
S=ND;ND = 1;S <1*
S=D;D <1%S <1*
S=ND;ND <1%; S <1**
S=D;D <1™"

S = ND; ND <1

S=D;D<1*

ND = S; S <1™; ND <1
D=S;S=1;,D<1*
S=ND=1
S=D;D=1;S <1*

S =ND; ND <1%; S <1**
D=5S;S <1

S = ND; ND <1**

S=D;D <1%S <1*

S =ND;ND <1**
D=S=1
ND=S=1
S=D=1
S=ND =1

S=D;D=1;S<1*
S =ND; ND <1%; S <1**

S=D;D <175 <1"*
ND = ;S <17

S=D;D <15 <1™
S=ND;ND = 1;S <1*
S=D;D <175 <1"*

S =ND;ND <1 S <1**
S=D;D <1

S =ND;ND <1

Note. Data are presented as mean = standard deviation. Results of P value and multiple comparisons in each measurement were divided into 2 rows.
The first row showed the result of comparison among the deviated side in asymmetrical Class 111 group, symmetrical Class 111 group, and symmetrical
Class 1 group, whereas the second one showed the result of comparison among the nondeviated side in asymmetrical Class 111 group, symmetrical
Class 111 group and symmetrical Class 1 group.
D, deviated side of asymmetrical Class 111 group; ND, nondeviated side of asymmetrical Class 111 group; S, symmetrical Class 111 group; 1, symmetrical
Class 1 group; 6M, mesial root of mandibular first molar; 6D, distal root of mandibular first molar; 5, mandibular second premolar; 4, mandibular

first premolar.

f -way ANOVA; fKruskal-Wallis analysis was used to compare the values among the 3 groups; *P <0.05; **P <0.001; ***P <0.001.
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Fig 6. Mean (+standard deviation) distribution of buccal alveolar bone thickness along the (A) disto-
buccal root of the maxillary first molar and (B) distal root of the mandibular first molar among different
groups at the 3-mm, 6-mm, 8-mm, and apical level planes. *P <0.05; TP <0.01; P <0.001; ns, no sig-

nificant difference.

P <0.05; Table 111) and 0.77-1.10 mm thinner buccal
alveolar bone along the distobuccal root (P <0.001,
P <0.01, P <0.05, P <0.001; Table 111) at the 6-mm,
8-mm, apical, and middle-level planes, respectively.

In the asymmetrical Class 111 group, the maxillary pre-
molars showed thinner lingual alveolar bone on the
deviated side than those in the symmetrical Class 1
group, with differences of 1.75-1.92 mm and 0.77-
1.25 mm at the apical and 8-mm levels, respectively
(P <0.001 and P <0.01; Table 1V). On the nondeviated
side, it was found that the lingual alveolar bone thick-
ness of premolars at the apical plane was thinner by
1.46-1.76 mm than that in the symmetrical Class 1 group
(P <0.001 and P <0.05; Table 1V).

At the 3-mm level on the deviated side in the asym-
metrical Class 111 group, buccal alveolar bone thickness
values along the mesial and distal root of the mandibular
first molar and second and first premolars were 0.55 mm,
0.67 mm, 0.49 mm, and 0.05 mm, respectively; these
values were significantly less than those in the symmetri-
cal Class 1 group, as the average thickness values within
this group, were 1.01, 1.22, 0.81, and 0.21 mm, respec-
tively (P <0.01, P <0.001, P <0.05, and P <0.01;
Table V).

In the asymmetrical Class 111 group, the buccal alve-
olar bone thickness of the mandibular first molar on
the deviated side was thinner by 1.28-1.85 mm and
0.72-1.21 mm along with the distal and mesial roots
than that in the symmetrical Class group 1 at the 6-
mm, 8-mm, apical and middle-level planes, respectively
(P <0.001 and P <0.01; Table V).

On the nondeviated side in the asymmetrical Class 111
group, the buccal alveolar bone thickness along the
distal root of the mandibular first molar was 1.15-1.36
mm thinner at the 8-mm and apical levels and 1.26
mm thinner at the 6-mm and middle levels than the

July 2022 e Vol 162 e Issue 1

values observed in the symmetrical Class 1 group
(P <0.05 and P <0.001; Table V).

On the deviated side in the asymmetrical Class 1II
group, the lingual alveolar bone was 1.36, 0.99, and
0.89 mm thinner than the lingual alveolar bone in the
symmetrical Class 1 group along the first premolar at
the 8-mm level and along the mesial root of the first
molar at the 8-mm and apical levels, respectively
(P <0.001, P <0.01, and P <0.05; Table V1).

On the nondeviated side in the asymmetrical Class 111
group, the lingual alveolar bone thickness of the
mandibular first molar and premolars was thinner by
0.41-0.76 mm at the 3-mm level (P <0.01, P >0.05,
P <0.05, and P <0.001; Table V1) and by 0.51-1.33
mm at the 6-mm and middle levels than the lingual alve-
olar bone in the symmetrical Class 1 group (P <0.05
except the distal root of the first molar; Table VI).

DISCUSSION

Mandibular asymmetry occurs more frequently in pa-
tients with severe skeletal Class 111 malocclusion, which
leads to different posterior teeth inclinations for dental
compensation on deviated and nondeviated sides.”'®
On the deviated side, the buccal inclination of maxillary
posterior teeth and lingual inclination of mandibular
posterior teeth are noted, whereas on the nondeviated
side, opposite compensation of posterior teeth is found.
Decompensation of posterior teeth inclination should be
performed during presurgical orthodontic treatment for
patients who need orthognathic surgery. The alveolar
bone limitation is an important consideration for ortho-
dontists and orthognathic surgeons when diagnosing
and planning treatments. To decompensate the poste-
rior teeth in patients with asymmetrical skeletal Class
11T malocclusion, especially on the deviated side, the
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lingual inclination of maxillary posterior teeth and apical third and the middle third of the distobuccal
buccal inclination of mandibular posterior teeth should root of the maxillary first molar.
be performed. In addition, adjusting the mandibular first According to Ahn et al,” mandibular first molars, sec-
molar on the nondeviated side so that it is upright in the ond and first premolars on the deviated side in asymmet-
lingual plane should also be considered.”'” rical skeletal Class 111 patients should be buccally upright
Some studies have indicated that skeletal Class 111 pa- for dental decompensation at approximately 4.5°, 7.0°,
tients have thinner labial and lingual alveolar bone in the and 9.1°, respectively. Buccal alveolar bone limitation of
anterior teeth than skeletal Class 1 subjects.””® Our study mandibular posterior teeth on the deviated side in patients
aimed to use CBCT images to investigate alveolar bone with asymmetrical skeletal Class 111 malocclusion was a
thickness along with the roots of the maxillary and great challenge to orthodontists when uprighting the
mandibular posterior teeth at different levels in teeth in the buccal plane on the deviated side during pre-
skeletal Class 111 patients with and without mandibular surgical orthodontic treatment planning.”® In our study,
asymmetry. at the 3-mm level on the deviated side in the asymmetrical
On the deviated side, the lingual inclination of the (Class 111 group, buccal alveolar bone thickness along with
maxillary posterior teeth was required during presurgical the mesial and distal roots of the mandibular first molar
orthodontic treatment in orthognathic patients with and second and first premolars was significantly thinner
asymmetrical skeletal Class 111 malocclusion to achieve than that in the symmetrical Class 1 group (P <0.01,
the normal buccolingual inclination of teeth shown in P <0.001, P <0.05, and P <0.01; Table V). On the devi-
subjects with Class 1 malocclusion.”'®*? According to ated side in asymmetrical skeletal Class 111 patients, it is
our previous study, maxillary posterior teeth on the devi- also worth noting that the buccal alveolar bone thickness
ated side in patients with asymmetrical skeletal Class 111 along the distal root of the mandibular first molar was
malocclusion needed an average lingual inclination of much thinner than that in skeletal Class 1 subjects, with
8.3°,7.8°, and 7.3° for dental decompensation, whereas a difference of 1.28-1.30 mm at the 6-mm and middle-
in Ahn’s study, lingual inclinations of 8.5°, 8.6°, and level planes (P <0.001; Table V). The above results indi-
6.6° were required for the first molar, second premolar, cated that fenestration, dehiscence, and gingival recession
and first premolar, respectively.”** Therefore, special might occur at the sites mentioned above when uprighting
attention should be paid to the limitation of the buccal lingually inclined mandibular posterior teeth on the devi-
alveolar boundary along with the roots of maxillary pos- ated side for decompensation in patients with asymmet-
terior teeth when setting them upright. Pressure on the rical skeletal Class 111 malocclusion.
buccal alveolar bone was mainly concentrated at the api- To make the findings more visible, comparisons of
cal third of the root when maxillary posterior teeth were buccal alveolar bone thickness along the distobuccal
upright to the lingual plane, which may result in a root of the maxillary first molar and distal root of the
greater periodontal risk of fenestration.” According to mandibular first molar among the 3 groups are shown
the results of our study, maxillary posterior teeth on in Figure 6, in which the most significant differences
the deviated side in patients with asymmetrical Class 111 were found. As is shown in Figure 6, buccal alveolar
malocclusion showed thinner buccal alveolar bone bone thickness along the distal root of mandibular first
than that in subjects with skeletal Class 1 malocclusion molar increased from the cervical to apical part of the
at all measured levels. On the deviated side in subjects root. Similarly, buccal alveolar bone thickness along
with asymmetrical skeletal Class 111 malocclusion, it is the distobuccal root of the maxillary first molar was thin-
worth noting that the buccal alveolar bone along the nest at the 3-mm level and was thickest at the apical
distobuccal root of the maxillary first molar was 0.77- level plane, whereas the values at the 8-mm level were
1.07 mm thinner at the 8-mm and apical level planes less than that at the 6-mm level plane, in both subjects
(P <0.01 and P <0.05; Table 111) and 1.08-1.10 mm with skeletal Class 111 and Class 1 malocclusion. The dif-
thinner at the 6-mm and middle-level planes ferences could be explained from the morphologic
(P <0.001; Table 111) than that in subjects with skeletal aspect. From the cervical part to the apex of the root,
(Class 1 malocclusion. Previous studies defined the 6 the thickness of the alveolar bone around the root
mm and 8 mm apical regions to the CEJ plane as the changed unevenly, which was influenced by the outer
middle and apical third of the root, respectively.””’ surface morphology of the root and cortical bone.
Therefore, we suggest that when uprighting the maxil- According to the studies by Ahn and Tyan, mandib-
lary first molar on the deviated side, the buccal alveolar ular first molars on the nondeviated side were more
bone thickness should be carefully considered at the buccally inclined in asymmetrical skeletal Class 111
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patients than in skeletal Class 1 subjects.”'” In our study, The sample size is inadequate for some measure-
on the nondeviated side in asymmetrical Class 111 pa- ments regarding the standard deviations (mm) of an
tients, buccal alveolar bone along the distal root of the alveolar bone thickness of the maxillomandibular first
mandibular first molar at the 6-mm, 8-mm, middle, molar and premolars in skeletal Class 1 subjects in Sen-
and apical level planes was on average 1.15-1.36 mm dyk’s study.” We also did not discuss sex differences in
thinner than that in Class 1 subjects, which suggested a this preliminary study. In addition, to avoid the chance
weak boundary of buccal alveolar bone to support of encountering type 1 error because of the repeated
concentrated pressure when lingually uprighting the measurements, an adjusted P value might be recom-
mandibular first molar on the nondeviated side for mended in this study. Therefore, we must emphasize
dental decompensation (P <0.05; Table V). that more comprehensive statistical methods and larger
The lingual alveolar bone is always abundant in maxil- sample sizes are necessary for future studies to draw
lary and mandibular posterior teeth. However, it is worth more accurate conclusions.
noting that at the 3-mm level on the nondeviated side in Morphologic tendencies were presented in this pre-
patients with asymmetrical skeletal Class 111 malocclusion, liminary study to show alveolar bone thicknesses in skel-
lingual alveolar bone thickness along the roots of etal Class 1 subjects with and without mandibular
mandibular first molars and premolars was thinner by asymmetry and skeletal Class 1 subjects. Differences in
0.41-0.76 mm than that in patients with symmetrical alveolar bone thickness could be found in some mea-
Class 1 malocclusion (Table V1), suggesting that caution surements between the deviated and nondeviated sides
should be taken, especially on the nondeviated side, in asymmetrical skeletal Class 111 subjects and among
when lingually uprighting mandibular posterior teeth. the 3 groups. To better generalize the result to the pop-
The alveolar bone limitation is essential when making ulation, longitudinal studies should be involved with a
diagnoses and planning treatments. Transverse discrep- larger sample size to improve the accuracy of evaluating
ancies and compensatory buccolingual inclinations of alveolar bone morphology in subjects with asymmetrical
posterior teeth are frequently present in patients with se- skeletal Class 111 malocclusion.

vere skeletal Class 111 malocclusion. Therefore, traditional
arch expansion or even surgically assisted rapid maxillary CONCLUSIONS
expansion may also lead to an unpredictable buccal

inclination of posterior teeth.’””' Individualized multi- 1. The null hypotheses were rejected. Significant dif-
disciplinary treatment, including alveolar bone distrac- ferences in buccal and lingual alveolar bone thick-
tion osteogenesis and corticotomy-assisted hard or nesses of maxillomandibular posterior teeth were
soft tissue augmentation, is necessary to reduce or elim- shown between the deviated and nondeviated sides
inate serious periodontal risk. in subjects with asymmetrical skeletal Class 111
This study had some limitations. Systematic errors malocclusion. The buccal and lingual alveolar
were present in some lingual measurements at the 3- bone thicknesses of maxillary and mandibular pos-
mm level and some buccal measurements at the apical terior teeth in patients with skeletal Class 111 maloc-
level according to the intraclass correlation values and clusion with and without mandibular asymmetry
Bland-Altman results because of anatomic characteris- were significantly thinner than subjects with skeletal
tics and measurement divergences. Most lingual mea- Class I malocclusion in some measured planes.
surements at the 3-mm level in the maxilla were <1 2. Particular attention should be paid to the buccal
mm, some of which could not be measured and were re- alveolar bone thickness along the distobuccal root
corded as 0. Small changes in these scattered measure- of the maxillary and distal root of the mandibular
ments could result in relatively significant differences. first molar on the deviated side in subjects with
In addition, morphologic differences of root apexes asymmetrical skeletal Class 11 malocclusion to pre-
could lead to variations at the same site. The above sit- vent periodontal complications in decompensation.
uations indicated the difficulty of measurements at spe- 3. To improve the reliability of the conclusions, longi-
cific sites and the necessity of defining repeatable tudinal studies should involve larger sample sizes,
measuring methods. more repeatable and comprehensive measuring
The menton deviation in this study was measured in and statistical methods.

CBCT images taken at the intercuspal occlusion. If the
subjects with asymmetrical Class 111 malocclusion have AUTHOR CREDIT STATEMENT
a lateral functional shift from centric relation to a centric
occlusion, the severity of mandibular asymmetry should
be reassessed.
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Supplementary Table I. Bland-Altman means and 95% limits of agreement (LOA) for interobserver and intraob-
server reliabilities

Interobserver Intraobserver
Deviated Nondeviated Deviated Nondeviated
Variable/tooth Mean 950 LOA Mean 950 LOA Mean 950 LOA Mean 950 LOA
Maxillary first molar
MB3 —0.05 —0.71 to 0.61 —0.06 —0.60 to 0.47 0.13 —0.65 to 0.91 0.06 —0.27 to 0.39
DB3 0.08 —0.89to 1.05 —0.16 —1.26 to 0.94 0.09 —0.55 to 0.74 0.04 —1.12 to 1.20
L3 0.03 —0.53 to 0.60 0.01 —0.60 to 0.62 —0.03 —0.51t0 0.46 —0.05 —0.58 to 0.48
MB6 0.02 —0.48t0 0.52 —0.06 —0.54 t0 0.42 0.004 —0.41t00.42 —0.03 —0.28 t0 0.22
DB6 —0.01 —0.36t0 0.34 —0.07 —1.07 to 0.93 0.01 —0.32t00.33 —0.08 —1.05 to 0.89
L6 —0.05 —0.651t00.56 —0.05 —0.48 t0 0.37 —0.03 —0.41 to 0.36 0.01 —0.29 to 0.31
MB8 —0.002 —0.37t0 0.36 —0.05 —0.57 to 0.48 0.02 —0.31t00.34 —0.04 —0.41 to 0.34
DB8 0.05 —0.60 to 0.71  —0.10 —1.61to 1.41 —0.01 —0.40t0 0.39 —0.21 —1.33t0 0.91
L8 0.01 —0.58 to 0.60 —0.09 —0.65 to 0.47 0.004 —0.31to00.31 0.01 —0.36 to 0.39
MBa —0.40 —1.63t00.83 —0.27 —1.361t00.82 —0.14 —1.00to 0.72 —0.05 —0.69 to 0.59
DBa —0.26 —1.05t00.53 —0.43 —1.86t00.99 —0.02 —0.64 to 0.61 —0.17 —1.23 to 0.89
La —0.18 —1.17 t0 0.81 —0.11 —0.99t0 0.77 —0.10 —1.09 to 0.89 0.10 —0.58 t0 0.77
MBm —0.05 —0.44t00.34 —0.03 —0.63t00.56 —0.003 —-0.371t00.36 —0.02 —0.43 to 0.39
DBm —0.06 —0.72 t0 0.61  —0.07 —1.26to 1.11  —0.09 —0.53(0.36) —0.10 —1.23 to 1.03
Lm —0.07 —0.50 to 0.35 —0.03 —0.59t0 0.53 —0.02 —0.41 to 0.37 0.03 —0.32 to 0.38
Maxillary second premolar
B3 —0.01 —0.45 to 0.42 0.08 —0.41t0 0.57 —0.04 —0.44 to 0.37 0.06 —0.33 to 0.46
13 0.05 —0.40 to 0.49 0.12 —0.40 to 0.65 0.06 —0.59 to 0.71 0.08 —0.33 to 0.49
B6 —0.0005 —0.39t00.39 0.02 —0.47 to 0.52 —0.002 —-0.23t00.23 —0.02 —0.31 to 0.26
L6 0.04 —0.43 to 0.50 0.04 —0.28 t0 0.35 —0.08 —0.47 to 0.32 0.01 —0.28 t0 0.31
B8 —0.02 —0.30 to 0.27 —0.06 —0.52t00.39 —0.03 —0.33t00.26 —0.01 —0.35t0 0.33
18 0.004 —0.52t0 0.53 —0.06 —0.82t0 0.71 —0.09 —0.52 to 0.33 0.03 —0.32 t0 0.38
Ba —0.05 —0.61 to 0.51 —0.24 —1.61to 1.12 —0.04 —0.47 t0 0.40 —0.27 —1.20 to 0.66
La —0.04 —1.00t0 0.92 —0.30 —2.55to 1.94 0.11 —0.65t00.87 —0.10 —1.86 to 1.67
Bm —0.07 —0.37 to 0.23 0.01 —0.59 to 0.61 —0.07 —0.30t0 0.17 —0.05 —0.28 t0 0.18
Lm 0.01 —0.44 to 0.45 0.01 —0.55 to 0.57 0.004 —0.29 to 0.30 0.06 —0.30 to 0.43
Maxillary first premolar
B3 0.04 —0.58 to 0.66 0.01 —0.52 to 0.53 0.04 —0.49 to 0.57 0.003 —0.71to0 0.71
L3 0.01 —0.65 to 0.67 0.12 —0.60 to 0.85 —0.005 —0.31t00.30 —0.04 —0.53 to 0.45
B6 0.002 —0.27 t0 0.28 0.02 —0.49 to 0.54 0.04 —0.29 to 0.37 0.03 —0.29 to 0.36
L6 0.09 —0.50 to 0.69 0.06 —0.47 to 0.58 0.05 —0.58 t0 0.68 —0.02 —0.33 to 0.29
B8 —0.05 —0.54t0 0.45 —0.08 —0.52 to 0.36 0.01 —0.38 to 0.40 0.02 —0.31 to 0.35
L8 0.08 —0.25 to 0.40 0.02 —0.52 to 0.55 0.03 —0.45t0 0.50 —0.01 —0.59 to 0.56
Ba —0.20 —1.59t0 1.19 —0.35 —1.67 t0 0.96 —0.06 —0.88t0 0.77 —0.33 —1.27 t0 0.62
La —0.24 —1.70to 1.22 —0.001 —1.47 to 1.47 —0.26 —1.61to 1.09 —0.04 —1.01 to 0.93
Bm —0.07 —0.42 t0 0.28 —0.03 —0.38t00.32 —0.02 —0.34 to 0.30 0.02 —0.29 to 0.34
Lm 0.04 —0.51 to 0.59 0.01 —0.36 to 0.37 0.03 —0.50 to 0.56 0.02 —0.22 to 0.27
Mandibular first molar
MB3 —0.03 —0.44t0 0.38 —0.04 —0.48 to 0.40 —0.03 —0.37 to 0.30 0.03 —0.25 to 0.30
ML3 —0.31 —1.00t0o 0.38 —0.17 —1.26t0 0.92 —0.08 —0.51t0 0.36 —0.06 —0.93 to 0.80
DB3 —0.04 —0.54t00.45 —0.11 —0.77 to 0.56  —0.07 —0.39t00.26 —0.05 —0.47 to 0.36
DL3 —0.36 —1.11t0 0.38 —0.24 —1.33t00.86 —0.08 —0.62t00.46 —0.10 —0.82 t0 0.62
MB6 —0.05 —0.55t00.44 —0.02 —0.24 t0 0.20 —0.01 —0.37 to 0.34 0.04 —0.29 to 0.37
ML6 —0.20 —0.89t0 0.50 —0.16 —1.10 to 0.78 0.02 —0.35t00.39 —0.003 —0.50 to 0.50
DB6 —0.06 —0.48 t0 0.36 —0.07 —0.49 t0o 0.35 —0.06 —0.42t0 0.29 —0.07 —0.49 to 0.35
DL6 —0.18 —0.90to 0.53 —0.16 —0.97 to 0.66 —0.002 —-0.381t00.38 —0.08 —0.52 to 0.37
MB8 0.04 —0.35t00.43 —0.08 —0.43 t0 0.27 0.03 —0.30t0 0.35 —0.02 —0.37 t0 0.33
ML8 0.002 —0.61 to 0.61 —0.10 —1.01 to 0.82 0.10 —0.28t0 0.49 —0.07 —0.62 to 0.48
DB8 —0.04 —0.62 t0 0.53 —0.05 —0.88t0 0.78 —0.02 —0.38t0 0.35 —0.07 —0.57 to 0.43
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Supplementary Table I. Continued

Interobserver Intraobserver
Deviated Nondeviated Deviated Nondeviated
Variable/tooth Mean 9500 LOA Mean 9500 LOA Mean 9500 LOA Mean 9500 LOA
DL8 —0.03 —0.65 to 0.60 —0.04 —0.80to 0.71 —0.01 —0.45 to 0.43 0.01 —0.53 to 0.54
MBa 0.20 —1.351t0 1.74 0.11 —1.45to0 1.67 0.09 —0.41t0 0.58 —0.02 —0.56 to 0.53
MLa —0.23 —1.85t0 1.39 —0.12 —1.52to 1.27 —0.03 —0.65t0 0.59 —0.03 —0.53 to 0.47
DBa 0.04 —0.52t00.59 —0.07 —0.83 t0 0.70 0.06 —-0.23t00.35 —0.15 —0.77 t0 0.48
DLa —0.05 —0.54 to 0.43 0.18 —0.78 to 1.14  —0.09 —0.44 to 0.27 —0.13 —2.94 to 2.67
MBm —0.05 —0.541t00.43 —0.05 —0.56 to 0.46 0.01 —0.27 to 0.29 0.04 —0.37 to 0.44
MLm 0.06 —0.67 to 0.78 —0.07 —0.76 to 0.62 0.06 —0.36 to 0.48 —0.01 —0.39 to 0.37
DBm 0.02 —0.521t00.55 —0.004 —0.63 to 0.63 0.02 —0.48 to 0.52 0.01 —0.47 t0 0.49
DLm —0.08 —0.68 to 0.52 —0.06 —0.79 to 0.67 0.01 —0.39to 0.42 —0.01 —0.69 to 0.68
Mandibular second premolar
B3 —0.001 —0.72t0 0.72 —0.002 —0.45to0.45 —0.05 —0.46 to 0.36 0.01 —0.43 to 0.45
L3 0.06 —0.651t00.76 —0.04 —0.59 to 0.51  —0.03 —0.73t0 0.68 —0.04 —0.48 to 0.41
B6 —0.04 —0.37 to 0.30 0.06 —0.38t0 0.49 —0.02 —0.45 to 0.41 0.03 —0.42 to 0.49
L6 —0.01 —0.57 t0 0.56  —0.02 —0.59t0 0.55 —0.08 —0.45 to 0.29 0.01 —0.57 to 0.59
B8 0.05 —0.35t0 0.45 —0.04 —0.50 to 0.41 0.07 —0.34 to 0.47 —0.03 —0.37 to 0.32
L8 0.004 —0.38t00.38 —0.11 —0.54t00.33 —0.08 —0.51t00.36 —0.06 —0.52 to 0.40
Ba 0.12 —0.57 to 0.81 —0.25 —0.95 to 0.46 0.04 —0.48 to 0.57 —0.20 —0.85 to 0.46
La —0.16 —0.56 to 0.23 —0.04 —0.92 to 0.84 —0.06 —0.35to 0.23 0.12 —0.59 to 0.83
Bm —0.05 —0.41 to 0.31 0.01 —0.45 to 0.47 —0.05 —0.34 to 0.24 0.01 —0.39 to 0.41
Lm 0.01 —0.53t00.55 —0.01 —0.64 t0 0.62 0.01 —0.39t0 0.42 —0.02 —0.46 t0 0.42
Mandibular first premolar
B3 —0.05 —0.30 to 0.20 —-0.03 —0.33t0 0.28 —0.07 —0.47 to 0.33 —0.06 —0.42 to 0.29
13 —0.16 —0.87 to 0.54 —0.15 —0.48 t0o 0.18 —0.19 —1.08 to 0.70 —0.11 —0.57 to 0.35
B6 —0.05 —0.28t0 0.19 —0.01 —0.28t0 0.26 —0.04 —0.24t0 0.17 —0.04 —0.22 to 0.15
L6 —0.04 —0.411t00.33 —0.24 —1.00 to 0.53 —0.04 —0.49to 0.41 —0.08 —0.63 to 0.48
B8 —0.07 —0.41t00.26 —0.11 —0.38t0 0.17 —0.06 —0.38 to 0.27 —0.06 —0.30 to 0.19
18 —0.03 —0.57 to 0.52 —0.06 —0.61to 0.48 —0.05 —0.49 to 0.40 —0.07 —0.59 to 0.45
Ba 0.04 —0.67 to 0.76 0.04 —0.58 to 0.66 0.05 —0.52 to 0.63 0.04 —0.39 to 0.47
La —0.05 —0.57 t0 0.46 —0.18 —0.71t0 0.36 —0.08 —0.88t0 0.71 —0.12 —0.88 t0 0.63
Bm 0.06 —1.25t0 1.37 —0.02 —0.38 t0 0.34 0.13 —1.14t0 1.39 —0.05 —0.24 10 0.14
Lm —0.19 —1.48to 1.10 —0.11 —1.08t0 0.86 —0.18 —1.46to 1.10 —0.07 —0.62 to 0.48

MB, mesiobuccal root of maxillary first molar/buccal side of the mesial root of mandibular first molar; DB, distobuccal root of maxillary first molar/
buccal side of distal root of mandibular first molar; L, lingual side of the tooth; B, buccal side of the tooth; ML, lingual side of mesial root of
mandibular first molar; DL, lingual side of distal root of mandibular first molar.

3, 3-mm level apical to CEJ; 6, 6-mm level apical to CEJ; 8, 8-mm level apical to CEJ; a, apical level of tooth; m, middle level of tooth.
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Supplementary Table Il. Comparison of the buccal alveolar bone thickness of the maxillary posterior teeth between

the deviated and nondeviated sides in each group

Asymmetrical Class 111 Symmetrical Class IIT Symmetrical Class I

Variable/tooth Deviated Nondeviated P value Deviated Nondeviated P value Deviated Nondeviated P value

3-mm
6M 1.02+ 058 1.26 =0.61 0.020 122 *+0.60 1.35*0.68 0.527° 1.61 =077 152+ 0.86 0.365
6D 1.62 = 0.66 1.64 = 0.61 0.881° 1.89 = 0.82 2.18+0.84 0.086° 235=* 101 217 =1.04 0.235'
5 0.95*0.64 1.16 =0.73 0.041"* 1.15+0.52 1.04+0.66 0.3100 159 *=0.60 1.49 =0.79 0.411'
4 0.45 = 0.41 0.46 = 0.46 0.924 031 =041 033*+035 07700 0.65=*052 0.63 %047 0.794'
6-mm
6M 1.00 = 0.84 135+ 0.85 0005 138+ 0.87 1.26=+084 01420 1.64+0.81 170+ 091 0.929°
6D 1.98 £ 0.89 245+ 0.88 0.006"* 2.41*+0.86 259+ 106 0.143° 3.03*0.79 3.10*+0.86 0.600'
5 1.68 = 0.71 1.94+0.61 0016" 199 +0.65 198+ 084 0909 231*+096 228 1.07 0.802
4 0.95*0.42 0.95*0.52 0.953 093 =0.56 0.94*+0.58 0915 1.10*051 1.22*0.55 0.219'
8-mm
6M 123 =113  1.26 =0.97 0.871 141089 132090 0304 172098 177 =1.12 0.765'
6D 1.85+ 1.18  2.16 = 1.04 0.159" 228+ 1.06 248=*1.15 00517 291+094 293*098 0829
5 1.68 =090 1.88 = 0.77 0.158 192081 192+0.86 0989 229+ 1.15 214+ 131 0.354'
4 0.75 = 0.54 0.82 = 0.49 0.507 093 =055 0.82*+0.60 0.2917 097 =067 098 *0.67 0.897
Apical
6M 243+ 1.16 273 * 1.48 0.213 247 £1.19 255%099 06337 324+127 311%129 0909
6D 2.86 = 1.12  2.83 = 1.02 0.916 293+ 1.05 3.11*120 028 3.69*1.14 357 *098 0.496'
5 352* 1.10 3.42 %122 0725 354+ 1.12 333%x1.16 0.1797 373150 3.42=* 145 0.247
4 1.57 £ 0.95 1.64 = 0.89 0.685' 179 £ 1.09 1.61 =124 0.171" 1.80* 1.09 1.66=0.96 0.361
Middle
6M 1.03 £ 091 1.28 £0.92 0.082 132+0.88 127 +0.88 0.633 1.60=*087 1.68*0.97 0.620"
6D 1.89 = 1.03 229 +0.93 00207 239 +099 254+ 1.07 01217 298+079 3.00+090 0.830°
5 1.62*0.73 1.85*0.65 0.037"* 1.92+0.68 1.97+0.88 0.654 223092 223+ 1.13 0.997

0.88 = 0.44 0.99 * 0.48 0.285' 0.97 + 0.58 0.93 + 0.58  0.592 1.06 * 0.61 113 £0.63 0.416'

Note. Data are presented as mean * standard deviation.

D, deviated side; ND, nondeviated side; 6M, mesiobuccal root of maxillary first molar; 6D, distobuccal root of maxillary first molar; 5, maxillary
second premolar; 4, maxillary first premolar.

TPaired t test or *Wilcoxon signed-rank test was used to compare the values on the deviated and nondeviated sides in each group; *P <0.05;
**P <0.01.
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Supplementary Table lll. Comparison of the lingual alveolar bone thickness of the maxillary posterior teeth between

the deviated and nondeviated sides in each group

Asymmetrical Class 111 Symmetrical Class IIT Symmetrical Class 1

Variable/tooth Deviated Nondeviated P value Deviated Nondeviated P value Deviated Nondeviated P value
3-mm

6 0.38 £ 0.40 0.39 * 0.44 0.934' 0.39 £ 0.46 0.31*0.45 0.246° 079=*=0.39 076 = 0.41 0.620"

5 0.84 =042 073 =036 0.263 0.97 = 0.47 098 =037 0960 1.15*=056 1.05=*0.40 0.355

4 0.59 * 0.41 0.53 = 0.40 0.537' 0.68 £ 052 0.65*0.45 0.774' 094 *=0.38 099 = 0.33 0.364'
6-mm

6 131 £0.38 0.99 =034 0.000"* 1.11 =0.48 1.03 +0.48 0316 1.44+047 137 +050 0.354"

5 1.97 = 0.47 1.74 =034 0033 189+ 046 1.83+040 04817 242+093 2.18*+0.68 0073

4 1.49 + 0.44 1.58 £ 0.70 0.480' 1.63 £0.76 1.51 £0.62 0.675' 2.13*0.66 227 *0.75 0.200°
8-mm

6 138 £0.43 1.13*051 0.039"* 107 =0.55 0.90=*0.61 0.1617 186=0.63 183 =061 0.742

5 2.65* 058 252+ 074 0395 2.60 =043 249 052 0.2917 345+ 129 340+ 1.02 0.732F

4 2.16 = 0.68 2.52 * 0.86 0.057' 249 = 1.11 238+089 0.751" 3.35*098 3.48=*1.15 0.790°
Apical

6 286+ 082 269+ 1.10 0411 2.69 =098 244 +077 0.144 330+ 138 3.55=* 127 0.194'

5 7.18 £1.05 7.17 =155 0.969 6.61 =151 7.09=* 177 0087 913+ 144 873*212 0.283

4 6.16 + 1.34  6.62 * 1.58  0.136 6.25+2.06 6.14*215 0.929° 8.07 +200 8.09* 235 0.960'
Middle

6 127 £ 038 1.01 043 0.005 1.09 = 0.43 1.00* 0.48 0.164 157 +0.50 1.46 + 053 0.129'

5 2.04 + 045 1.83 056 0.080 1.98 =053 197 =051 0.897° 267 =096 247 =067 0245

4 1.59 = 0.58 1.76 = 0.72 0.231 1.76 = 0.89 1.67 £ 0.87 0.620° 243 +0.89 2.60*0.80 0.112'

Note. Data are presented as mean * standard deviation.

D, deviated side; ND, nondeviated side; 6, maxillary first molar; 5, maxillary second premolar; 4, maxillary first premolar.

TPaired t test or *Wilcoxon signed-rank test was used to compare the values on the deviated and nondeviated sides in each group; *P <0.05
**P <0.01; **P <0.001.
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Supplementary Table IV. Comparison of the buccal alveolar bone thickness of the mandibular posterior teeth

between the deviated and nondeviated sides in each group

Asymmetrical Class 111 Symmetrical Class IIT Symmetrical Class I

Variable/tooth Deviated Nondeviated P value Deviated Nondeviated P value Deviated Nondeviated P value

3-mm
6M 0.55 = 0.43 0.43 = 0.43  0.220' 0.55 =031 0.61 =0.40 0.317° 1.00=* 054 1.01*0.52 0.784'
6D 0.67 = 0.49 0.36 = 0.48 0.009"** 0.58 =0.43 0.67 =0.52 0.326 1.21*=0.44 123 *0.55 0.787'
5 0.49 = 0.48 0.28 = 0.37 0.009"** 0.48 =042 0.52+0.39 0483 0.85=051 0.77 =0.52 0.052'
4 0.05*0.16 0.12*0.24 0.326' 0.05*0.15 0.02*0.07 0273 0.17 =025 0.24*032 0.177
6-mm
6M 0.68 = 0.59 0.70 = 0.55 0.914 0.77 = 0.52 0.81 =0.61 0.705' 1.40=* 081 1.49*0.92 0.293
6D 1.05*+0.90 1.09 = 0.86 0.877' 129 =075 130090 0.9200 233*088 237*1.16 0.820'
5 0.64 = 0.48 0.53 = 0.48 0.198 0.76 = 0.55 0.69 = 0.47 0.480" 1.11 £0.64 1.22 =0.57 0.243
4 0.16 = 0.28 0.14 = 0.24  0.683' 0.19 =023 0.11+0.20 0.055° 035=*033 0.41*0.31 0.238
8-mm
6M 112074 135%0.70 0.174' 128 072 134+0.82 05517 199*096 209=* 125 0.413'
6D 1.83 = 1.14 212+ 1.17  0.2527 226+ 120 207 =125 0283 347+108 350=*150 0857
5 0.67 = 0.54 0.87 = 0.51 0.066' 0.89 = 0.71 0.83+0.63 0.575 1.54*077 1.75*0.83 0.057'
4 0.16 =037 0.20 =0.29 0.279° 020 =033 0.17 =0.26 0.638° 051 =045 0.60* 044 0.171
Apical
6M 457 =118 5.03 = 1.07 0.097' 476 =107 469+ 123 07020 583*120 573* 148 0.443
6D 531+ 1.19 601+ 1.45 0011 578+ 148 562+ 1.64 0.461 721*+138 7.11 %157 0615
5 3.48 =071 4.01 =099 0007 3.60* 123 3.68*=1.29 0.626 512*=129 538=* 124 0.067
4 3.08+0.82 3.24* 1.15 0.409' 3.07 * 1.06 3.06 =0.86 0.920° 4.10* 1.02 4.20=*0.96 0.330
Middle
6M 0.77 = 0.61 0.81 =0.57 0.759! 0.84 + 051 087 =0.64 0725 1.46=*0.81 151 *+1.03 0.511
6D 1.21£0.89 1.23+0.85 0517 142 +088 138099 0774 246+093 252* 122 0.676
5 0.53 = 0.44 0.61 = 0.42 0.409' 0.69 = 0.54 0.70 = 0.58 0.808" 1.25*0.78 1.44 =0.75 0.062'

0.14 =032 0.14*0.27 0.767' 0.19 £ 0.27 0.13+0.25 0272° 037035 048 *+032 0.074'

Note. Data are presented as mean * standard deviation.

D, deviated side; ND, nondeviated side; 6M, mesial root of mandibular first molar; 6D, distal root of mandibular first molar; 5, mandibular second
premolar; 4, mandibular first premolar.

TPaired ¢ test or *Wilcoxon signed-rank test was used to compare the values on the deviated and nondeviated sides in each group;; *P <0.05;
**P <0.01.
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Supplementary Table V. Comparison of the lingual alveolar bone thickness of the mandibular posterior teeth be-

tween the deviated and nondeviated sides in each group

Asymmetrical Class 111 Symmetrical Class IIT Symmetrical Class I

Variable/tooth Deviated Nondeviated P value Deviated Nondeviated P value Deviated Nondeviated P value

3-mm
6M 0.81 = 0.64 1.03 *0.57 0.046"* 0.92*+0.61 1.13+0.76 0.278° 157 =0.87 173 =079 0.128
6D 1.10 = 0.78 1.43 =0.85 0.005" 1.16 +0.74 137 £0.72 0367' 1.78*+0.84 1.89 +0.77 0.424'
5 0.91 = 0.48 1.04 = 0.47 0.205' 0.97 = 0.56 1.04 =0.54 0.479" 154*081 1.66* 0.86 0.286'
4 0.49 = 0.41 0.58 = 0.34 0.245' 0.51 =0.43 0.52*+042 0859 140*083 127 %100 0312
6-mm
6M 2.81 £0.84 274*063 0.563 2.79 £ 0.88 279*086 09817 373+1.12 385=*1.17 0320
6D 3.02+092 3.47 =074 0.005"* 3.16 =0.76 3.34*+0.78 0.155' 3.93 = 1.02 4.08 = 0.97 0.125'
5 3.02 =073 3.02*0.49 0.993 2.90 078 2.88=*085 09017 378+1.13 380=* 128 0928
4 2.14 £ 0.80 2.25=*0.59 0.377' 201 £091 2.11*092 04377 3.48+093 339=*1.18 0454
8-mm
6M 3.82+ 1.01 3.61 =080 0.156 373+ 1.01 3.86=099 0308 477+130 485=* 124 0557
6D 425+ 081 443 =091 0.198 425+ 094 441*+091 03197 481 =111 504*107 0.083
5 404 +0.83 3.98 +0.61 0.707' 3.87 = 1.03 3.87 +0.92 0.999° 484+ 1.14 468+ 1.25 0.338
4 3.01 =098 3.17 =0.84 0.375' 2.97 £ 1.18 3.12% 124 0345 433+1.06 440=* 123 0588
Apical
6M 755+ 1.14 7.41 = 1.10 0.498 7.28 £ 125 7.46=* 145 03317 833+128 854=*129 0.160
6D 7.61 = 1.21 7.53 * 1.37  0.730 748 137 7.5+ 1.15 0.167' 8.17 +123 839 * 1.22 0.145
5 6.78 = 1.27 6.48 = 1.27 0.060' 638 = 1.56 6.40=* 137 09157 699+ 1.15 678 = 1.33 0.300
4 6.16 * 1.19  6.04 = 1.38  0.500 573+ 170 585=* 178 0.485 7.06+ 1.08 7.03 = 132 0.881
Middle
6M 3.03 =081 2.82*0.66 0.112/ 2.88 *0.85 278*0.85 0274 385*120 403=*123 0.171
6D 3.46 = 0.86 3.58 = 0.74 0.413' 320+ 081 3.42*+079 0066 399+ 1.04 4.19* 1.03 0.076'
5 3.44 =079 3.40 = 0.63 0.750! 3.1+ 1.04 3.21+098 0466 443 *1.14 433*126 0.560

2.60 + 0.79 2.66 + 0.68 0.701' 2.41 = 1.08 256+ 1.03 0.2417 396 *0.97 4.02=* 124 0.702'

Note. Data are presented as mean * standard deviation.

D, deviated side; ND, nondeviated side; 6M, mesial root of mandibular first molar; 6D, distal root of mandibular first molar; 5, mandibular second
premolar; 4, mandibular first premolar.

TPaired t test or *Wilcoxon signed-rank test was used to compare the values on the deviated and nondeviated sides in each group; *P <0.05;
**P <0.01.
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