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Comparison of mandibular cross-sectional =

morphology between Class | and Class I
subjects with different vertical patterns: based
on CBCT images and statistical shape analysis
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Abstract

Background: This study is aimed to (1) investigate the influence of sagittal and vertical patterns on mandibular cross-
sectional morphology and to (2) provide visualized mandibular cross-sectional morphology in different groups with
General Procrustes Analysis (GPA), canonical variance analysis (CVA) and discriminant function analysis (DFA).

Methods: 324 cone-beam computed tomography (CBCT) images were collected to analyze mandibular cross-sec-
tional morphology and were categorized into 12 groups according to sagittal and vertical pattern and gender. One-
way analysis of variance (ANOVA) was used to compare the difference among the groups. Thirty equidistant points
were marked along the contour of mandibular cross-section and GPA, CVA and DFA were applied.

Results: (1) Mandibular height in hyperdivergent groups was significantly higher than that in normodivergent and
hypodivergent groups (P <0.05). (2) Hypodivergent groups showed significantly wider upper third of mandibular
width from symphysis to molar region than that in hyperdivergent group (P<0.05), except for the premolar and molar
regions in male groups (P> 0.05). (3) Class Il hyperdivergent group showed narrowest lower third width in the molar
region, with the mean value of 12.03 mm in females and 11.98 mm in males. (4) For males and females, the ratio
between height and lower third width at symphysis was significantly higher in Class Il hyperdivergent group than that
in Class | hyperdivergent group (P<0.05).

Conclusions: (1) The influence of vertical facial patterns on mandibular cross-sectional morphology is more obvi-
ous than that of sagittal skeletal pattern. (2) Subjects with increased vertical dimension presented with a remarkable
“slimer” mandibular cross-sectional morphology at symphysis. (3) A deeper curve along the anterior contour of sym-
physis in Class Il hyperdivergent group was noted with GPA.
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orthodontic patients [1], comprehensive assessment of
mandibular cross-sectional morphology and bone limi-
tation is very important to estimate or minimize the
risks of iatrogenic damage, including dehiscence and
fenestration during the tooth movement.

CBCT images have been used in mandibular mor-
phometric studies. Swasty et al. [2] used CBCT to
investigate the mandibular cortical thickness, height
and width and determined their relationship with age.
However, majorities of studies focused on the influence
of vertical pattern on alveolar thickness of symphysis or
in molar area [3-7]. Gracco et al. [8] described mandib-
ular incisor bony support using CBCT and concluded
that long face group had slimmer symphysis than low
face group. Sadek et al. [5] investigated the relationship
between facial type and posterior alveolar thickness in
both maxilla and mandible based on CBCT images and
concluded high angle group presented thinner alveo-
lus anteriorly in the maxilla and at almost all sites in
the mandible. In a previous study, Baysal et al. found
labial alveolar bone thickness was significantly thicker
in Class I group compared to Class II group, thus the
range of lower incisor movement in high-angle Class II
patients is limited compared to average-angle Class II
patients [9]. Therefore, it is reasonable to speculate that
sagittal factors might potentially contribute to the vari-
ability of mandibular morphology. It will lead to cor-
rected interpretation of the underlying characteristics
among different facial pattern groups.

Statistical shape analysis, including general Procrustes
analysis (GPA), principle component analysis (PCA),
canonical variance analysis (CVA) and discriminant
function analysis (DFA) methods have been increasingly
used in morphometric studies [10-13]. GPA provides
a metric to minimize in order to superimpose several
shapes annotated by landmark points, which could com-
pute the mean shape [14]. CVA is a widely used method
for analyzing group structure in multivariate data and
is mathematically equivalent to a one-way multivariate
analysis of variance [15]. DFA performs a multivariate
test of differences between groups and is used to deter-
mine the minimum number of dimensions needed to
describe these differences [16]. Ahn et al. used PCA and
structural equation modeling to reveal the correlation
between facial skeletal pattern and mandibular mor-
phology and concluded that vertical facial skeletal pat-
tern was associated with the morphology of symphysis
[10], while transverse facial skeletal pattern was associ-
ated with the morphology of mandibular cross-sections
in the first molar region [11]. Zhang et al. [12] used GPA
to reveal the alveolar bone change after retraction follow-
ing premolar extraction. Bertl et al. [13] also used GPA
to compare the difference of mandibular cross-section
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morphology between patients with second premolar
agenesis and control group.

As mentioned above, previous studies could not depict
different region of mandible, illustrate the morphology
change and provide a whole picture of dynamic change
of mandibular cross-sectional contour from symphysis
to molar region. Therefore, the aim of this retrospective
study includes: (1) to investigate the influence of sagit-
tal and vertical patterns on mandibular cross-sectional
morphology; (2) to provide visualized mandibular cross-
sectional morphology in different groups with GPA, CVA
and DFA.

Methods

Three hundred and twenty-four CBCT images in this
study were collected in Department of Oral and Maxil-
lofacial Radiology, Peking University School and Hospi-
tal of Stomatology from May, 2014 to June, 2020, with
mean age of 22.13 +2.78 years. The range of age is 18.00
to 25.83 years in males and 18.25 to 25.92 in females. This
project was approved by Biomedical Ethics Committee
of Peking University School and Hospital of Stomatology
and the ethical number is PKUSSIRB-201951178.

Inclusion and exclusion criteria
Inclusion and exclusion criteria were listed in Table 1.
The angle between mandibular plane (Gonion, Go-
Gnathion, Gn) and Nasion-Sella line was defined as man-
dibular plane angle (MP). Hyperdivergent subjects were
defined as MP>37.7°, while normodivergent subjects
were defined as 27.3°<MP <37.7°, and hypodivergent
subjects were defined as MP <27.3° [4]. Skeletal Class
I subjects were defined as 0.7° < ANB<4.7° and skeletal
Class II subjects as ANB >4.7° and SNB <76.2° [17, 18].
The information of the subjects in each group was
listed in Table 2. A minimum sample size of 14 subjects
were required per group to achieve a significant analy-
sis with significance level of 0.01 and statistical power
of 90% by PASS software (Version 11, NCSS, Kaysvile,
Utah) using symphysis height measurement in pilot study
[19, 20].

CBCT

All scans were taken by NewTom Scanner (NewTom
AG, Marburg, Germany). Field of View was 15 x 15 cm,
acquisition time was 3.6 s with a voxel size of 0.3 mm and
exposure was set at 110 kVp and 2.03 mAs. CBCT images
were saved as digital imaging and communications in
medicine (DICOM) format and reconstructed in Dolphin
3D Imaging software (Version 11.8, Dolphin Imaging and
Management Solutions, Chatsworth, Calif).
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Table 1 Inclusion and exclusion criteria of subjects
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Inclusion criteria

Exclusion criteria

Mongolian

Skeletal Class | or Class Il

18.0-25.9 years old

Permanent dentition

No head injury or other oral-maxillofacial diseases

No congenitally missing, extracted or supernumerary teeth
No orthodontic or orthognathic treatment

No endodontic or periodontal diseases

No systematic diseases

Skeletal Class Il malocclusion
Severe crowding

Asymmetry in facial appearance
History of dental injuries

Table 2 Information of subjects in each group

N Female Male

(Mean age +SD)
Class | Class I Total Class | Class Il Total

Hyperdivergent 33 35 68 22 24 46
(2141+263) (21.75+£2.85) (2216 +£3.06) (22.04+2.40)

Normodivergent 37 31 68 30 27 57
(2256 +2.46) (22.1412.86) (21.04+263) (21.054245)

Hypodivergent 32 15 47 24 14 38
(22.74+1.89) (23.11£297) (23.57+£3.998) (23.04+2.25)

Total 102 81 183 76 65 141

Measurements Class I and Class II patients. Procrustes distance and

Inferior border of bilateral orbits and bilateral inferior
and posterior border of mandible were overlapped to
make sure the proper head position to reestablish cepha-
lograms [21, 22]. Mandible was reoriented in order that
mandibular plane was parallel to the horizontal (Fig. 1a)
[2, 23]. Then mandibular cross-sections between cen-
tral incisors, lateral incisor and canine, first and second
premolars, first and second molars from left and right
sides were obtained and saved as JPEG files (Fig. 1b, c).
Thirty points were set along the mandibular outer cortex
equidistantly (Fig. 1d) using tps Utility program (Version
1.78, Rohlf, EJ., Department of Ecology and Evolution,
State University of New York at Stony Brook) and tps-
Dig2 (Version 2.31). The buccal and lingual alveolar ridge
points were both set as fixed points and 28 in-between
landmarks were set as semi-landmarks using R studio
(Version 1.3.1056) and they were able to slide along the
curves until the TPS bending energy between the speci-
men and the Procrustes mean shape was minimal [12,
24]. GPA, CVA and DFA were conducted to depict the
contour of mandibular cross-sections using Morpho]
(Version 1.07a, Faculty of Life Sciences, University of
Manchester, Manchester, UK) and R studio. CVA was
conducted at symphysis and molar region among dif-
ferent sagittal groups and DFA was conducted between

Mahalanobis distance were calculated while P values
were calculated from permutation tests and 10,000 and
1000 permutation rounds were carried out for CVA and
DFA, respectively [25]. All measurements were listed in
Table 3.

Statistical analysis

Q-Q plot and Kolmogorov—Smirnov test in each group
were carried out to ensure the variables met normal dis-
tribution and could be analyzed using parametric analy-
sis. Paired-t test was used to compare the measurements
between left and right sides and if no significant differ-
ence was found, an average value was used in further
comparison. One-way analysis of variance (ANOVA) and
Bonferroni post hoc test were used to compare the differ-
ence of measurements among different groups. ANOVA
was also used to compared the difference of age among
12 groups. Statistical analysis was performed with IBM
SPSS Statistics software (Version 20; IBM Corporation,
NY, USA. SPSS, Inc., an IBM Company). Significance
level was defined as P<0.05.

Twenty CBCT images were chosen randomly and
measured by two orthodontists (Chen HT and Hu XN)
with 3 months interval to test inter- and intra-observer
reliability. No significant difference of bilateral sides was
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Fig. 1 Measurements with Dolphin software and tpsDig2. a Overlapped inferior border of bilateral orbits and inferior and posterior border of
mandible and reorientation of mandible in order to make mandibular plane parallel to horizontal. b Cross-section of mandible between central
incisors, lateral incisor and canine, first and second premolars, first and second molars from left and right sides. ¢ Measurements of mandibular
cross-section. d Thirty landmarks along the outer cortex

Table 3 Definitions of measurements

Measurement Abbreviation Definition

Mandibular height H The longest distance between midpoint of alveolar crest and inferior border of mandible

Upper third of mandibular width W-U1/3 Distance between buccal/labial and lingual outer cortex in upper third of mandible,
which is vertical to mandibular height mentioned above

Lower third of mandibular width W-L1/3 Distance between buccal/labial and lingual outer cortex in lower third of mandible,

which is vertical to mandibular height mentioned above
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found with paired-sample ¢-test, thus an average value of
bilateral sides was used in the following comparisons.

Results

No statistical difference of age was found among 12
groups. Gender difference was noted in majority of meas-
urements in this study; therefore, females and males were
analyzed separately in the following comparisons. Inter-
examiner and intra-examiner coefficient correlation val-
ues were within acceptable range (Supplemental Table).

Comparison of mandibular cross-sectional morphology
from symphysis to molar region in different groups
Measurements of cross-sectional morphology for each
group were shown in Table 4 and Table 5.

Table 4 Comparison of mandibular morphology in
females.

Table 5 Comparison of mandibular morphology in
males.

Mandibular height

In Class I and Class II hyperdivergent and normodiver-
gent groups, mandibular height decreased from sym-
physis to molar region, and significant lowest height was
noted in the molar region (P<0.05). But no significant
difference was found for mandibular height from symph-
ysis to molar region in all subjects in Class II hypodiver-
gent group and females in Class I hypodivergent group.

Upper third of mandibular width

Upper third of mandibular width increased significantly
from the canine region to the molar region with the wid-
est width in the molar region (P<0.05). But no significant
difference was noted from symphysis to the premolar
region in Class II hypodivergent group.

Lower third of mandibular width

Generally, lower third of mandibular width decreased
from symphysis to the canine region, and increased from
the premolar region to the molar region in all groups,
while the average value of lower third of mandibu-
lar width at symphysis was similar to that in the molar
region, so as to the width in the canine region compared
with that in the premolar region (P> 0.05).

However, no significant difference width from the
canine to the molar region was noted in males in Class I
hypodivergent and Class II normodivergent groups and
females in Class II hypodivergent group.

Ratio between height and width

Generally, the ratio between mandibular height and
upper third width decreased from symphysis to the
molar region in all groups. However, the ratio between
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mandibular height and lower third width was the biggest
in the canine region in Class I or Class II normodiver-
gent and hyperdivergent groups. But in Class I or Class
II hypodivergent group, the ratio between height and
lower third width was the biggest in the premolar region
(Table 6).

In males and females, the ratio between height and
upper/lower third width was the biggest in hyperdiver-
gent groups in all regions (P<0.05, Table 6). Addition-
ally, for males and females, the ratio between height and
lower third width at symphysis was significantly higher in
Class II hyperdivergent group than that in Class I hyper-
divergent group (P<0.05, Table 6).

Table 6 Comparison of ratio between mandibular
height and width in different groups.

Ratio between upper 1/3 and lower 1/3 of mandibular width
Both in males and females, the ratio between upper 1/3
width and lower 1/3 width increased from the symphy-
sis to the molar region in all different groups. The aver-
age value of the ratio in Class I hyperdivergent group was
significantly lower than that in Class II hyperdivergent
group (P<0.05, Table 7).

Table 7 Comparison of ratio between upper 1/3 and
lower 1/3 of mandibular width.

Sagittal influence on mandibular cross-sectional
morphology

Mandibular height

No significant difference was noted in mandibular height
from symphysis to the premolar region when compared
Class I with Class II groups with similar vertical dimen-
sions, except for normodivergent females in symphysis
and molar region, with the higher average value in Class
II group (P<0.05).

Upper third of mandibular width

When compared Class I with Class II groups, no signifi-
cant difference was noted in upper third width in hyper-
divergent, normodivergent or hypodivergent group.

Lower third of mandibular width

In females, no significant difference was noted in lower
third of mandibular width when compared between Class
I and Class II groups with similar vertical dimensions,
except for that in the symphysis, with significantly wider
lower third width in Class I hyperdivergent group than
that in Class II hyperdivergent group (P<0.05).

However, in males, Class I normodivergent and hyper-
divergent groups showed significantly wider lower third
width in symphysis and the molar region than that in
Class II normodivergent and hyperdivergent groups
(P<0.05).
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Table 6 Comparison of ratio between mandibular height and width in different groups

Gender Ratio Class|| Class|| Class|| Class |l Class i Class Il Comparison
normo- hyper- hypo- normo- hyper- hypo-
divergent divergent  divergent divergent divergent divergent
Male TTHATW-U1/3 4374£093 491£101  380+£060 4324073 511£096  380+£098  2L<2H*** 1L<T1H*
TMTH/TTW-L1/3  243£0.31 267+£037 2334+037 2634027 3.06+0.55 249+0.51 2L <2H**, TH < 2H**, 2A < 2H**
23H/23W-U1/3 386+£079  435+082 346+045 3.86+069 4424095 3444090 2L <2H* TL<1H**
23H/23W-L1/3  3.08+£0.50 348+£059 282+044 321£047 3.75+£0.84 297£062 2L <2H*, TL<TH**, 2A<2H*
45H/45W-U1/3  2.82+£046  3.06+042 260+035 2834043 3.07+£051 271+£053 1L<1H*
45H/45W-L1/3 2964044  327+£062 2924046 3.12+047 362+£1.00 320£063  2A<2H*
67H/67 W-U1/3  195+£0.28 201+£0.27 195+£023 200+£0.25 2.04+0.26 196027 NS
67H/67 W-L1/3 2254£033  228+034 2324028 246+035 255+038  238+029 NS
Female  11H/11W-U1/3 4.0840.71 4944101 343+£074 4294089 542+£1.11 324£047  2L<2A% 2L <2H*¥ TL<TA*,
TL<TH* TA<TH*,
QA< 2H**
TTH/1TW-L1/3 238+£0.33 264+£0.35 216£032 2594043 297+043 215£029 2L <2A% 2L <2H¥** 1L < TH***,
TH < 2H*, 2A <2H**
23H/23W-U1/3 3.83+061 457+£093 332+059 3.79+0.66 493+£1.07 2994414 2L <2H*** TL<TH*** TA<TH*Y,
2A < 2H**
23H/23W-L1/3  3.00+£041 343+£040 2754£047 3024038 3.60+0.62 26142040  2L<2H*** TL<TH*** TA<TH,
2A<2H**
45H/45W-U1/3  2.86+0.37 320043 254+036 2.86+0.93 323+0.56 2394032 2L <2A% 2L <2H**¥ TL< TH**X,
2A <2H*
45H/45W-L1/3  2.884+0.39 3.08+£045 282+£046 2934041 3.06£042 2.70£043 NS
67H/67 W-U1/3  1.82+0.21 1954023 180+£020 1.8840.19 1924036 176016 NS
67H/67 W-L1/3  2.13£0.23 219+£028  215£027 2214020 2.26£0.28 2124£020 NS

1A: Class | normodivergent group; 1L: Class | hypodivergent group; 1H: Class | hyperdivergent group;
2A: Class Il normodivergent group; 2L: Class Il hypodivergent group; 2H: Class Il hyperdivergent group
" P<0.05; **P<0.01; ***P<0.001; NS: Not significant

Table 7 Comparison of ratio between upper 1/3 and lower 1/3 of mandibular width

Gender  Ratio Class | Class| Class| Class I Class Il Class I Comparison
normodivergent hyperdivergent hypodivergent normodivergent hyperdivergent hypodivergent
Male 11 0.5740.08 0.554+0.07 0.6240.07 0.6240.09 0.60+0.08 0.67+0.06 2L>2H*
23 0.81+0.09 0.81+0.11 0.82+0.09 0.85+0.13 086+0.14 0.88+0.06 NS
45 1.06£0.14 1.08£0.22 112£0.12 1.11£0.13 1.19£0.31 1.19+0.11 NS
67 1.16+0.10 1.13£0.09 1.194£0.07 1.23£0.11 1.25+0.09 1.21£0.03 2H> TH**
Comparison 11 <23 <45%** 11 <23 <45%%* 11 <23 <45%%* 11 <23 <45%%* 11 <23 <45%* 11 <23 <45%%*
45<67** 45=67 45=67 45<67% 45=67 45=67
Female 11 0.5940.06 0.5540.07 0.6440.08 0.6140.07 0.5640.08 0.6740.08 21> 2H**,
TL> TH***
23 0.79+0.08 0.76£0.09 0.86+£0.09 0.81+0.08 0.7440.10 0.8840.09 2L > 2H*,
TL>TH*
45 1.01£0.12 0.97+£0.15 1.12£0.14 1.03£0.16 0.96+0.11 1.13£0.08 2L>2H% 1L>1H*
67 1.18£0.10 113£0.10 120£0.12 1.18£0.10 1.18£0.09 1.21£0.09 NS
Comparison 11<23<45<67*** 11<23<45<67***  11<23<45%* 11<23<45<67%  11<23<45<67%*  11<23<45%%*
45<67* 45=67

1A: Class | normodivergent group; 1L: Class | hypodivergent group; TH: Class | hyperdivergent group;

2A: Class Il normodivergent group; 2L: Class Il hypodivergent group; 2H: Class Il hyperdivergent group
" P<0.05, **P<0.01, ***P<0.001; NS: Not significant
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Vertical influence on mandibular cross-sectional
morphology

Mandibular height

From symphysis to the premolar region, mandibular
height in hyperdivergent groups was significantly higher
than that in normodivergent and hypodivergent groups
(P<0.05), except for the molar region.

Upper third of mandibular width

Subjects in hypodivergent groups showed significantly
wider upper third of mandibular width from symphysis
to the molar region than that in hyperdivergent group
(P<0.05), except for the premolar and molar regions
when compared different male groups (P> 0.05).

Lower third of mandibular width

Generally, males and females in hypodivergent groups
showed wider lower third width than that in normodi-
vergent and hyperdivergent groups at symphysis and the
canine region. Additionally, males and females in Class
II hyperdivergent group showed narrowest lower third
width in the molar region when compared with other
groups.

Page 9 of 16

Visualized mandibular morphology by GPA, CVA and DFA

Geometric morphometric measurement by GPA

from symphysis to molar region

The coordinates from all the patients in each group were

calculated to get the mean shape using GPA. The result

of GPA of each group was shown in Figs. 2, 3, 4 and 5.

Procrustes distance of each group was shown in Table 8.
Table 8 Procrustes distance in each group.

CVA and DFA of symphysis and molar region

The results of DFA of symphysis and molar region in
Class I and Class II were shown in Figs. 6 and 8. The
results of CVA of symphysis and molar region among
different vertical dimensions were listed in Figs. 7 and
9. Procrustes and Mahalanobis distance and the P value
were listed in Table 9. CV1 is the direction with the
most obvious morphological difference, while CV2 is the
direction with the second most obvious morphological
difference after removal of CV1. The dot in CV means
the negative axis, and the end of the bar in CV means the
positive axis.

In symphysis, main difference between Class I and
Class II patients was noted along the anterior contour of
symphysis. Class II subjects showed deeper curve along
the anterior contour of symphysis (Fig. 6). CV1 in CVA

o8 s g 0 s ¥ 7 g
I-hypo-F I-norm-F I-hyper-F
II-hypo-F II-norm-F II-hyper-F

II-hypo-M II-norm-M II-hyper-M

Fig. 2 GPA of symphysis. I: Class I; II: Class Il; M: male; F: female; hypo: hypodivergent; hyper: hyperdivergent; norm: normodivergent
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of symphysis among different vertical patterns accounted
for 77.44% of total variance, which showed hyperdiver-
gent group had a narrower and higher symphysis and
hypodivergent group had a wider and shorter symphy-
sis, while little difference was found in CV2 (Fig. 7). The
results of geometric morphometric measurement were in
consistent with linear measurement mentioned above.

In molar region, Class II group showed a slightly narrower
cross-section in the lower third than Class I group (Fig. 8).

Discussion

The influence of vertical facial pattern on mandibular
cross-sectional morphology using linear measurement
Our results agreed with the previous studies that ver-
tical facial pattern was the major factor to influence
mandibular cross-sectional morphology, with signifi-
cantly increased mandibular height in hyperdivergent
groups [4, 23]. Growth pattern and aging factor might
contribute to such difference, and increased mandibu-
lar height in anterior region also compensated for man-
dibular clockwise rotation in hyperdivergent subjects
[23]. Based on present study, upper third of mandibular
width in symphysis and canine region was significantly

narrower in Class I and Class II hyperdivergent groups,
which was consistent with the previous studies, Swasty
et al. [4], Sadek et al. [5] and Klinge et al. [23] found
hyperdivergent group had significantly narrower man-
dibular cross-section compared to normodivergent and
hypodivergent groups, especially in anterior region.
Sadek et al. [5] found hyperdivergent subjects showed
narrower mandible in almost all sites. Thus, the clini-
cal interpretation of these findings indicates that tip-
ping movement of mandibular incisors in skeletal Class
II hyperdivergent subjects to compromise the retrusive
mandible needs to be carried out carefully. Configura-
tion of symphysis should be considered when making
treatment plan for hyperdivergent subjects.

The influence of sagittal facial pattern on mandibular
cross-sectional morphology using linear measurement
Sagittal facial pattern was found to have little influ-
ence on the mandibular cross-sectional morphology,
especially when linear measurements were conducted,
which was in accordance with the former studies [4,
5, 23]. However, it was interesting to find that when
the measurement of ratio between height and width
was performed and compared among the different
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Table 8 Procrustes distance in each group
Region Gender Group Class | Class Il Class | Class | Class I
hypodivergent hypodivergent normodivergent hyperdivergent normodivergent
Symphysis Male Class Il hypodivergent  0.0382
Class I normodivergent  0.0336*
Class | hyperdivergent ~ 0.0700*** 0.0411**
Class Il normodivergent 0.0369* 0.0346**
Class Il hyperdivergent 0.07771%** 0.0363* 0.0503***
Female  Class Il hypodivergent  0.0282
Class I normodivergent  0.0490***
Class I hyperdivergent  0.0942*** 0.0470%**
Class Il normodivergent 0.0623** 0.0253
Class Il hyperdivergent 0.1324%* 0.0312** 0.0744%**
Canine region Male Class Il hypodivergent  0.0246
Class I normodivergent — 0.0264*
Class I hyperdivergent  0.0575%** 0.0397%**
Class Il normodivergent 0.0361** 0.0241*
Class Il hyperdivergent 0.0575%** 0.0299** 0.0395%**
Female  Class Il hypodivergent  0.0263
Class I normodivergent  0.0515***
Class I hyperdivergent  0.0924*** 0.0423%**
Class Il normodivergent 0.0547%%* 0.0135
Class Il hyperdivergent 0.1177%* 0.0222* 0.0650%**
Premolar region  Male Class Il hypodivergent  0.0324*
Class I normodivergent — 0.0285**
Class I hyperdivergent ~ 0.0435%** 0.0301**
Class Il normodivergent 0.0317* 0.0219
Class Il hyperdivergent 0.0452** 0.0265 0.0323**
Female  Class Il hypodivergent — 0.0287
Class I normodivergent — 0.0414%***
Class I hyperdivergent  0.0701*** 0.0307%**
Class I normodivergent 0.0519*** 0.0124
Class Il hyperdivergent 0.0932%** 00113 0.0429***
Molar region Male Class Il hypodivergent ~ 0.0192
Class I normodivergent  0.0117
Class I hyperdivergent ~ 0.0151 0.0131
Class I normodivergent 0.0248 0.0268*
Class Il hyperdivergent 0.0420%* 0.0366** 0.0253*
Female  Class Il hypodivergent ~ 0.0189
Class I normodivergent  0.0124
Class I hyperdivergent ~ 0.0298%** 0.0262%**
Class I normodivergent 0.0292* 0.0184*
Class Il hyperdivergent 0.0352%* 0.0125 0.0160

" P<0.05, **P<0.01, **P<0.001

groups, sagittal skeletal pattern did influence the man-
dibular cross-sectional shape. It was suggested that
the subjects in Class II hyperdivergent group showed
significantly increased ratio of mandibular height to
lower third width than that in Class I hyperdivergent
group (P<0.05, Table 6), indicating a much “slimer”

symphysis in Class II hyperdivergent subjects. The ratio
between upper third and lower third mandibular width
increased form symphysis the molar region in differ-
ent groups, indicating an eventually narrower tendency
towards the bottom of mandibular cross-section from
anterior to posterior segment.



Chen et al. BMC Oral Health (2021) 21:238

Page 13 of 16

-5
¢’ w
et *- 25
‘ o
&2
&2 o’ 20
&25 -
¢ —e LZ,‘ 151
- (]
.:‘ —l ' ;")_
':: —‘H C 101
o —e°
@20 —e'0 5
e'9 -
o0 o'’ 0
o7 13 8 6
04'3\15;\“
line represent the positive axis

Fig. 6 DFA of symphysis between Class | and Class II. The dots on the left figure represent the negative axis on the right figure, and the ends of the

[N
ke
-
o

-2 0
Discriminant Scores

&
g oy .
- I ot 0 - P Hyperdivergent
( ..‘f' L o ’ - n " r t
o . 27 .’ 20 ~ P « Hypodivergent
. - ', " .
ol LS 02 N e o . B
- 5 £ o~ : . ." Y08 o .
ol A o »° 2 10 . ‘...’: A% o - .
o Net 024 r g A X S L .
A = g S . . S .?- 2 ® o
P e o2 P 5 004 “e vty TS A
8 o g sy X I .o'.-.&'- .
.- = @ L S e : oL TS a o *® '. ‘e o %
o —~ © B aole. Myga. S THIZES. o
; 1 ; i - By B8 .
el —e 020 ° . o N . . .
Lo e e 201, = . = RS .
Q' w2 8 o . : &
TP o o' 30+ -
T ¢ o'f 15014 30 20 40 00 10 20 30 40
Cvl Cv2 Canonical variate 1
Fig. 7 CVA of symphysis among different vertical dimensions. Variance of CV1 and CV2 accounted for 77.44% and 22.56% of total variance,
respectively

The influence of vertical and sagittal facial pattern

on mandibular cross-sectional morphology using

statistical shape analysis

Statistical shape analysis has been used on the mandibu-
lar morphology study for several years. Apart from Ahn
et al. [10, 11], Gomez et al. [26] used PCA to investigate
the relationship between facial pattern and symphysis
morphology and found the symphysis morphology was
associated with vertical dimension and genders. They

also demonstrated that combination of sagittal and verti-
cal dimension was more significant using PCA compared
to sagittal or vertical dimension alone with Pearson's
correlation test. In the present study, GPA gave us a more
visualized mandibular cross-sectional morphology in dif-
ferent groups (Figs. 2, 3, 4, 5), which was in consistency
with the results of the comparisons with linear meas-
urement. However, more detailed characteristics could
be illustrated in figures and provided a supplemental
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Table 9 Procrustes and Mahalonobis distance in CVA in symphysis and molar region

Class I vs Class Il Hyperdivergent vs Normodivergent vs Hyperdivergent

normodivergent hypodivergent vs hypodivergent
Symphysis
Procrustes distance 0.03%** 0.05%** 0.04*** 0.09%**
Mahalanobis distance 1.68*** 1.75%%% 1.66%** 2.57%%%
Molar region
Procrustes distance 0.027%** 0.02%** 0.01 0.03%**
Mahalanobis distance 1.23%%% 1.15%% 1.15%% 1.65%%*

***P<0.001

information to the results obtained from traditional lin-
ear measurements. The most remarkable features for
symphysis were a deep curve along the anterior contour

of symphysis in Class II compared with that in Class I
group, and more convex along the posterior contour of
symphysis in hypodivergent groups (Figs. 2, 6, 7). These
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characteristics, when together with the buccally inclined
lower incisor during the compromised orthodontic treat-
ment for the subjects with skeletal Class II and retru-
sive mandible, will result in a deeper mentolabial sulcus.
In the molar region, flatter surface was noted along the
anterior contour of mandibular cross-section in hyperdi-
vergent groups (Figs. 5, 9).

The clinical implications and prospect of the study
Mandibular morphology could be influenced by genetic
factors, function of stomatognathic system, skeletal pat-
terns and attachment of masticatory muscle to mandible
[4, 27, 28]. Understanding of mandibular cross-sectional
morphology could assist in making treatment plan,
reduce the probability of iatrogenic damage to root and
periodontal tissue during tooth movement in orthodon-
tic treatment [4, 5, 8, 11, 29].

It has been proved that leveling in lower arch in hypo-
divergent patients occurs through buccal movement of
anterior teeth [30]. Such buccal inclination could also
occur in the aligning of anterior teeth without premolar
extraction or dental compensation for Class II patients,
which could present high risks of dehiscence and fenes-
tration in anterior segments of mandible [31]. Prediction
of the probability of periodontal damage at mandibular
incisor region plays an important role in making treat-
ment plan. Cook et al. [32] found the periodontal biotype
was significantly related to labial plate thickness. There-
fore, assessment of mandibular morphology is essential
to avoid iatrogenic damage.

The present study focused on the comparisons of cross-
sectional mandibular morphology between Class I and
Class II young adults. The influence of growth and aging
on mandibular morphology is still unclear and should be
investigated in the further study. Besides, cross-sectional
mandibular morphology of skeletal Class III patients also
needs to be explored, and a longitudinal study before
and after orthodontic treatment is also needed, which
could explore the influence of tooth moving on the
alveolar bone thickness, including buccal inclination of
mandibular anterior teeth while aligning or leveling the
lower arch, lingual inclination of mandibular anterior
teeth while decompensation in skeletal Class II patients
with mandible retrusion before orthognathic surgery,
or retraction of anterior teeth after extraction of four
premolars.

Conclusions
1. The influence of vertical facial patterns on mandibu-

lar cross-sectional morphology is more obvious than
that of sagittal skeletal pattern.
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2. Subjects with increased vertical dimension presented
with a remarkable “slimer” mandibular cross-sec-
tional morphology at symphysis

3. A deeper curve along the anterior contour of symph-
ysis in Class II hyperdivergent group was noted with
GPA.
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