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Abstract

OBJECTIVES: The study aims to measure the mandibular condylar height (CH), ramus height (RH),
total height (CH+RH), asymmetry index, and condylar volume (Cvol) in individuals with different
anteroposterior and vertical skeletal discrepancies.

MATERIALS AND METHODS: The study sample consisted of 131 subjects (60 females and 71 males)
with a mean age of 35.06 + 12.79 years. Pre-existing CBCT images were divided into groups according
to the anteroposterior and vertical skeletal discrepancies. The investigator analyzed the data using
t-tests to assess the mandibular bilateral sides of the individuals and gender differences. The mean
difference between groups was determined using a one-way analysis of variance (ANOVA). The
Chi-square test was used to study the association between the asymmetry index and groups.
RESULTS: Each individual’s bilateral sides exhibited statistically significant differences in CH, RH,
and Cvol (P=0.033, P=0.039, P=0.005, respectively), but not in CH+RH (P = 0.458). There were,
however, statistically significant gender differences in CH+RH (P < 0.001). Skeletal Class Il and
hypodivergent groups revealed the highest linear and volumetric values compared to other groups. The
asymmetry index was increased in CH (P = 0.006) and Cvol (P = 0.002) in skeletal Class Il subjects.
CONCLUSIONS: Significant differences in CH, RH, and Cvol were found on the right and left sides
of the same individual. This study found increased linear and volumetric values in males, skeletal
Class Ill, and hypodivergent subjects. Class Il individuals had an increased CH and Cvol asymmetry
index. This study highlights in-depth knowledge of mandibular asymmetry, which is extremely
important to achieve an accurate diagnosis and provide the best treatment outcome.
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Introduction facial symmetry may still be perceived

as esthetically pleasing with no esthetic

chieving a balanced and

harmonious facial appearance is one
of the main objectives of orthodontic
treatment.!"! Craniofacial symmetry is
one aspect of harmony that determines
attractiveness regardless of varying cultural
norms,'? although minor variations in
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or functional significance.'*! Exactly how
to distinguish between pathological and
normal asymmetry remains a matter of
debate.™! A lack of human facial symmetry
should be addressed when it affects the
function and esthetics of an individual.!"!

Various etiological factors can cause facial
asymmetries, such as age, gender, growth
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pattern, dental occlusal changes, muscular activities, and
pathological factors.*>* Furthermore, genetic factors can
influence the development of facial asymmetries, such
as PITX2 and ACTIN3 gene mutations.""

Facial asymmetry primarily affects the lower third of the
face."l A systematic review presented a high prevalence
of mandibular asymmetry in the overall sample,
ranging from 17.43 to 72.95%.0” In addition, Gribel
et al.™ reported a prevalence of 44% of mild-to-severe
mandibular transverse discrepancy using cone-beam
computed tomography (CBCT) in 250 subjects. This
is possibly explained by the longer mandibular
growth duration compared to other craniofacial bone
structures." Variations in the mandibular ramus
height (RH) or condylar process can influence the
development of unilateral mandibular hypoplasia;
this kind of mandibular asymmetry can present dental
surgeons and orthodontists with significant challenges.!'%)

The anteroposterior relationship between the upper
and lower jawbones can also affect craniofacial
asymmetry.®l A systematic review reported a greater
prevalence of mandibular asymmetry in skeletal
Class III cases.I"” In addition, vertical growth patterns
can influence mandibular asymmetry, and a study has
reported mandibular vertical asymmetry in patients with
high-angle growth patterns.!"”!

Mandibular asymmetry can present maxillofacial
surgeons and orthodontists with significant challenges,%
in terms of diagnosis and treatment approach, yet
the assessment of mandibular asymmetry remains
inconsistent. A recent systematic review stated that
previous studies examined mandibular asymmetries
without considering vertical growth patterns.!*?l In
addition, the asymmetry index was considered in only
one study, which analyzed the prevalence of mandibular
asymmetry in sagittal skeletal malocclusions.'? To
address these weaknesses, the present study sought to
analyze the asymmetry index and mandibular vertical
asymmetry in different sagittal and vertical skeletal
patterns. Although it is recognized that investigators
have reported information about asymmetry in different
skeletal patterns in other ethnicities,!"*'”) this is the first
orthodontic paper to investigate mandibular asymmetry
in the Saudi Arabian population. In addition, mandibular
asymmetry analysis has not previously been investigated
using modern 3D segmentation analysis.!"” Therefore, the
study aims to assess mandibular condylar height (CH),
RH, total height (CH+RH), asymmetry index, and
condylar volume (Cvol) in individuals with different
anteroposterior and vertical skeletal relationships.

There are several diagnostic tools for measuring
mandibular asymmetry, such as panoramic,
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posterior-anterior, and submentovertex radiographs.!'®!
Currently, CBCT imaging has allowed us to overcome
the limitations of conventional radiographs by providing
high-resolution imaging of craniofacial structures
without magnification or distortion."'! Hence, this
study aims to utilize CBCT imaging to achieve the
aims discussed above. The present study highlights
the prevalence of skeletal deformities with asymmetry
which is extremely important to orthodontists to achieve
an accurate diagnosis of skeletal asymmetry that affect
the treatment time and outcomes. In addition, early
identification of individuals with potential skeletal
asymmetry will allow the implementation of orthopedic/
orthodontic approaches to solve facial disharmony.!"!

Materials and Methods

This study included CBCT records from a retrospective
screening of CBCT images at the dental department of the
Ministry of National Guard Health Affairs and the College
of Dentistry at King Saud bin Abdulaziz University for
Health Sciences, acquired between January 2017 and
April 2022. The ethical committee of the King Abdullah
International Medical Research Center (KAIMRC)
approved this study (NRC21R/207/06) on June 27 2021.
All CBCTs were taken for dental and surgical treatment
purposes, and subjects were not exposed to additional
radiation for research reasons. The exclusion criteria
included subjects who exhibited one or more of the
following: previous orthodontic treatment, previous
orthognathic surgery, temporomandibular disorder,
condylar degenerative diseases, previous trauma, cleft
lip and palate, craniofacial anomalies, CBCT images of
poor quality, and non-Saudi ethnicity. In addition, the
investigator excluded subjects under the age of 18 years
old. The study included CBCT images obtained from a
Planmeca Promax 3D Proface (Planmeca OY, Helsinki,
Finland, 2015) with a voxel size of 0.4 mm and a field of
view (20 x 19 cm). The subjects who met the inclusion
criteria and were included in this study were 131
Saudi Arabian subjects (60 females and 71 males) with
a mean age of 35.06 + 12.79.

Theinvestigator used CBCT Romexis software (version 6.1,

Planmeca OY, Helsinki, Finland) in this study. The CBCT

records were classified based on the anteroposterior

skeletal relationship of Steiner’s A point, nasion, and B

pomt (ANB) angle into three groups!!:

Skeletal Class I group was defined as having
values of the ANB angle of 1° to 4°, indicating no
anteroposterior skeletal discrepancy.

o Skeletal Class II group was defined when the ANB
angle was greater than 4°, indicating either a
protrusive maxilla or retrognathic mandible.

e Skeletal Class III group was defined when the ANB
angle was less than or equal to 0°, indicating that the
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maxilla was positioned posteriorly relative to the
mandible.

In addition, CBCT scans were classified based on
the vertical pattern according to Tweed’s Frankfort
mandibular plane (FMA) angle into three groups:

e Hyperdivergent group was defined when the FMA
angle was 30° or more, indicating an excessive vertical
growth pattern.

e Hypodivergent group was defined when the FMA
angle was 20° or less, indicating a deficient vertical
growth pattern.

e Normodivergent group (normal) was defined as
values of the FMA angle were 20° to 30°, indicating
a skeletal pattern with normal growth direction.

Linear measurements

The investigator performed CH, RH, and CH+RH
measurements as explained in the previous
literature [Figure 1].'! The most lateral point of the
condyle was marked O1, while O2 marked the most
posterior end of the mandibular ramus. The tangent
line (A-line) was drawn to connect the two points (O1,
02). Another line (B-line) was drawn from the most
superior point of the condyle (B-line) and perpendicular
to the A-line. The CH was measured from the B-line
to O1. The A-line connecting O1 and O2, meanwhile,
represents the RH. CH+RH is the distance calculated
from the B-line to the line that passes through O2 and
is perpendicular to the A-line. All linear values were
measured in millimeters.

The asymmetry index was calculated using the formula
below!?!l:

Right - left
Right + left

x 100

Asymmetry Index(%) =

Habets et al.?"! suggested that an asymmetry index of
less than 6% might be considered a technical error. If it is

B

cHy 01

crR
2

A

greater than 6%, it can be considered a true mandibular
asymmetry.

Volumetric measurements

The investigator (N. A.) utilized the manual segmentation
tool to measure Cvol on the sagittal view of the CBCT
image using Romexis software (version 6.1, Planmeca
OY, Helsinki, Finland). First, the sagittal slice of
the CBCT image was adjusted to include the region
of interest (ROI), which is the mandibular condyle
measured from the deepest point of the sigmoid notch
parallel to the Frankfort plane. Then, the number of slices
in the sagittal view was adjusted using the viewport
settings on the top-right corner of the cross-section
slice to include nine slices of 1.2 mm thickness with a
spacing of 5.0 mm between slices. After that, the manual
segmentation tool was selected to define and mark the
boundaries of the ROI on each slice. The inferior limit
was the line parallel to the Frankfort plane that passes
through the deepest point of the sigmoid notch. The
superior limit was marked manually to include the
boundaries of the mandibular condyle. The anterior and
posterior limits were marked manually to involve the
outline of the mandibular condyle. Finally, the volume
of ROI was composed automatically in the Romex
software after combining all the defined outlines from
each slice.”” The unit used to measure Cvol was cubic
centimeters [Figure 2].

Statistical analysis

The present study utilized the Number Cruncher
Statistical (NCSS) Software (version 2021) (NCSS LLC
company, Kaysville, Utah, USA) and the Power Analysis
and Sample Size statistical software (version 15) (NCSS
LLC company, Kaysville, Utah, USA) for sample size
calculations, based on the effect size reported by Mendoza
et al."® Based on that calculation, a minimum sample size of
19 subjects from each skeletal sagittal group was necessary
to obtain a type I error of 5% and 90% power. In addition,

Figure 1: Definitions of linear landmarks (CH, RH, and CH+RH) on CBCT, sagittal view, and schematic drawing. Landmarks: O1: the most lateral point of the condyle,
02: the most posterior end of the mandibular ramus. (A) line: a tangent line connecting O1 and O2. (B) line: a line drawn from the most superior point of the condyle and
perpendicular to the A-line. Abbreviations: CH: mandibular condylar height; RH: ramus height, total height (CH+RH)
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65



Alhazmi: Mandibular asymmetry in different skeletal patterns

a minimum sample size of 26 subjects per skeletal vertical
group was adequate to get a type I error of 5% and 90%
power. Data analysis was done using SAS (SAS Institute
Inc., Cary, North Carolina, USA) statistical software. The
paired t-test was used to assess the differences between
the bilateral sides of the subjects. Independent t-tests were
utilized to assess gender discrepancies regarding linear
and volumetric measurements. ANOVA was performed
to determine the CH, RH, CH+RH, and Cvol mean values
between the independent skeletal groups. Following
that, a post-hoc analysis was utilized for individual
differentiation. The differences in the asymmetry index
were assessed using ANOVA. The prevalence of an
asymmetry index of more than 6% was estimated by
performing the Chi-square analysis.

A logistic regression test was conducted to analyze
the relationship between the asymmetry index and
different cut-off points (1%, 3%, 6%, and 10%) according
to gender, anteroposterior, and vertical skeletal
patterns. The significance level in the study is set at
5% (P-value < 0.05).

CBCT radiographs of 20 subjects were randomly
selected, retraced, and re-digitized eight weeks after
the initial analysis by the same examiner (N.A.). The
Intraclass Correlation Coefficient (ICC) was calculated
to assess intra-examiner reliability.

Results

Histograms revealed that the data were distributed
homogeneously, and therefore, parametric tests were
used in this study. Paired t-tests demonstrated a
statistically significant difference in the means of CH,

RH, and Cvol measurements between the mandibular
bilateral sides of the same individual. The means of the
CH+RH measurements on the bilateral sides showed
no significant differences, however [Table 1 and
Supplemental Figure 1].

Table 2 shows the linear and volumetric values
concerning gender, sagittal, and vertical skeletal patterns.
This reveals a statistically significant difference in
CH+RH between genders, with male subjects having
higher CH+RH values than female subjects (P < 0.001).
It is also evident that the skeletal Class III group had
significantly increased CH, RH, and CH+RH values
compared to other groups. The Cvol means were
not statistically significantly different between the
skeletal Classes, however [Supplemental Figure 2].
RH and CH+RH means were significantly higher in
the hypodivergent group, followed by the normal and
hyperdivergent groups. Conversely, CH and Cvol means
were significantly lower in the hyperdivergent group
compared to the normal group (P = 0.009 and 0.029,
respectively) [Supplemental Figure 3].

Table 3 shows the asymmetry index for linear and
volumetric values regarding gender, anteroposterior,
and vertical skeletal patterns. This study found a
statistically significant difference in CH between
genders (P = 0.016). Skeletal Class II had an increased
CH and Cvol asymmetry index compared to Class I
and Class III. The overall asymmetry index ranged
from 12.1% to 64%. The highest prevalence of
asymmetry was in respect to Cvol (64.1%), followed by
CH (62.6%), RH (20.5%), and CH+RH (12.1%). The only
statistically significant association, however, was found
between CH asymmetry and anteroposterior skeletal

Figure 2: Demonstration of condylar volume manual segmentation

Table 1: Linear and volumetric measurements of the right and left sides of the same individual

95% CI n Right side Left side Mean difference Paired T-test (P)
Linear CH (mm) 131.00 7.21 7.59 -0.3831 P=0.033*
measurements RH (mm) 131.00 40.54 39.91 0.6335 P=0.039*

CH+RH (mm) 131.00 47.76 47.50 0.2538 P=0.458
Volumetric Cvol (cm?) 131.00 1.11 1.00 0.0709 P=0.005**
measurements

Cl=confidence interval. *P<0.05. **P<0.01
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Table 2: Linear and volumetric measurements according to gender, sagittal, and vertical skeletal patterns

Total n=131 Variables/ n Linear measurements (95% Cl mean) Volumetric measurements (95% Cl mean)
statistical CH (mm) RH (mm) CH + RH (mm) Cvol (cm?)
tests

Gender Female 60.00 7.15 38.17 44.76 0.97
Male 71.00 7.58 42.69 50.28 1.16
Student 0.232 0.132 <0.001** 0.811
ttest P

Skeletal Class | 52.00 7.45 41.08 48.53 1.08

sagittal Class Il 57.00 6.89 38.77 44.97 1.00

pattern Class IlI 22.00 8.30 42.05 50.36 1.15
ANOVA P=0.006* P=0.005" P=0.001** P=0.149
P
Post-hoc P=0.005 P=0.026" P=0.012*

Class Il vs. 11l Class | vs. Il Class | vs. Il
P=0.014* P=0.003*
Class Il vs. llI Class Il vs. 11l

Skeletal Normal 64.00 7.72 39.46 47.19 1.10

vertical Hyper 35.00 6.60 38.79 45.39 0.91

pattern Hypo 32.00 7.42 43.22 49.42 1.12
ANOVA P=0.012* P<0.0001 P=0.046* P=0.012*
P
Post-hoc P=0.009* P=0.0004 ** P=0.036* P=0.029*

normal vs. hyper

normal vs. hypo

P=0.0002**

hyper vs. hypo

normal vs. hypo

normal vs. hyper

Cl=confidence interval. *P<0.05. **P<0.01

Table 3: Asymmetric index for the linear and volumetric values according to gender, sagittal, and vertical

skeletal patterns

Total Variables/ n Linear measurements (95% Cl mean) Volumetric measurements (95% CI mean)
n=131 :z:;sﬁcal CH (mm) RH (mm) CH + RH (mm) Cvol (cm?)
Gender Female 60.00 12.52 3.52 3.04 12.67
Male 71.00 11.27 3.53 3.61 11.03
t-test P P=0.016" P=0.22 P=0.424 P=0.142
Skeletal  Class | 52.00 13.13 3.34 3.33 8.51
sagittal  Class Il 57.00 13.27 3.60 3.28 15.82
pattern  giass Il 22.00 5.70 3.73 3.30 9.87
ANOVA P=0.006" P=0.835 P=0.995 P=0.002*
P
Post-hoc P=0.010" P=0.002*
Class | vs. Class lll Class | vs. Il
P=0.007"
Class Il vs. Class Ill
Skeletal Normal 64.00 10.35 3.46 3.13 11.83
vertical Hyper 35.00 13.57 4.26 4.04 14.12
pattern  yyhg 32.00 13.37 2.87 2.84 9.69
ANOVA P=0.217 P=0.133 P=0.131 P=0.287
P
Post-hoc

Cl=confidence interval. *P<0.05

pattern (P = 0.005) [Supplemental Table 1]. Regarding
CH asymmetry, 69.2% of individuals were Class I, 68.4%
were Class II, and 31.8% were Class I subjects.

Logistic regression results for multivariate analysis
are presented in Table 4. The investigator analyzed
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the prevalence of subjects with asymmetry at different
cut-off points. An association was found between RH
asymmetry (cut-off 3%) and a Class III pattern (odds
ratio = 29.00 and 95% CI = 2.736, 307.448). In addition,
Cvol asymmetry (cut-off 3%) was associated with
hypodivergent patterns (odds ratio = 4.79 and 95%
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Table 4: Percentage of individuals with asymmetric
index (cut-off points >1%, >3%, >6%, >10%)

Linear measurements Volumetric
measurements
Asymmetry % CH (%) RH (%) CH + RH (%) Cvol (%)
Cut-off 1% 89.39 78.03 81.81 91.67
Cut-off 3% 80.30 49.24*a 43.94 78.78*b
Cut-off 6% 62.12 20.45 12.12 63.64
Cut-off 10% 46.21 1.52 3.79 42.42

Percentage of individuals with asymmetry (asymmetry index with cut-off points
>1%, >3%, >6%, >10%). *a Associated with logistic regression by forward
Selection to Class Ill. (OR=29.007; P=0.005). *b Associated with logistic
regression by forward Selection to hypodivergent. Pattern (OR=4.79; P=0.036)

CI=1.106,20.784; Table 4). Based on ICC guidelines, the
present study showed good to excellent reliability./” The
values were between 0.75 and above 0.9.

Discussion

Understanding mandibular asymmetry is essential if
orthodontists are to offer proper diagnosis and treatment
planning. Mandibular asymmetry compromises facial
esthetics and can affect craniofacial function.*! For
example, a cohort study reported a high prevalence
of temporomandibular disorder in subjects with
mandibular asymmetry. The present study’s findings
clearly show the assessment of the mandibular CH, RH,
CH+RH, asymmetry index, and Cvol in adult subjects
who presented with different anteroposterior and
vertical skeletal relationships.

The study included subjects 18 years of age and older
to eliminate the growth factor that could influence the
skeletal dimensions.”? Any subjects with previous
orthodontic or surgical procedures were excluded
since those procedures might change the maxillary and
mandibular positions. Moreover, this study focused on
subjects of the same race and ethnicity with the same
genetic backgrounds.

To allow for reliable comparisons between studies, the
subjects in this paper were classified according to their
sagittal skeletal and vertical patterns.'>%”1 Like previous
studies, Steiner’s ANB angle was used to determine the
anteroposterior skeletal classificats”*! In addition, the
vertical skeletal pattern was classified based on Tweed’s
FMA angle,™ which is consistent with Nakawaki ef al.’s
study.! Moreover, the Cvol segmentation technique
has proven to be a reliable and accurate method,™! as
is the assessment of vertical mandibular asymmetry
according to Habets et al.’s?' method.” Although Habets
et al? measured mandibular posterior asymmetry on a
panoramic radiograph, a study found that CBCT images
were slightly more reliable for measuring the asymmetry
index than panoramic radiographs due to the higher
image quality produced by the CBCT.F! Accordingly,
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CBCT is considered the gold standard in detecting
mandibular asymmetry.®! In addition, Habets et al.l?!
suggested a 6% cutoff to detect mandibular asymmetry,
which was supported by Sadat-Khonsari et al.’s study.*?
Hence, the present study utilized the asymmetry index
according to Habets et al.’s method on CBCT images
using a 6% cutoff point to detect asymmetry.

Interestingly, although statistically significant differences
were observed in CH and RH between the right and
left sides of the same individual, there was no parallel
significant difference in the CH+RH measurements,
suggesting that the combination of CH+RH might act as
a compensatory factor to reduce the level of CH and RH
asymmetry in individuals. In agreement with the results of
this study, Celik et al.'™ reported a slight difference in CH
between both sides. Other studies, however, have reported
no significant difference between the right and left sides
of the same individual."**! In regards to Cvol, the current
study reported significant differences in Cvol between
the right and left sides, a finding that concurs with the
results of a study by Shetty et al.®* On the other hand,
other studies have reported different findings.'>'*! The
lack of consensus in these results could be explained by
the different ethnicities of the various studied populations.

While the linear measurements increased in males
compared to females, this paper showed no significant
differences between genders except for the considerable
increase in CH+RH values in males compared to females.
In contrast, Mendoza et al.l'¥ reported significant
differences in all linear measurements. The strong
sexual dimorphism in mandibular ramus measurements
can be explained by the different growth rates, growth
durations, and masticatory forces exerted between
males and females.’>*% Moreover, these data revealed
significant differences in the CH asymmetry index
between genders, whereas Saglam et al.’} reported
significant differences in the total asymmetry index.
On the contrary, other studies revealed no significant
differences between genders.!*$4!

Similar to the previous studies, this study reported
increased linear measurements in skeletal Class III
subjects compared to other Classes.!'>'® The explanation
for this could be the prolonged active mandibular growth
and vertical facial growth beyond the growth spurt in
skeletal Class III individuals.*! Class Il showed greater
CH and Cvol asymmetry compared to other Classes
in regard to the asymmetry index. In agreement with
the study results, Mendoza et al.l'! found higher Cvol
asymmetry in the Class II group. On the other hand,
other authors have reported no significant differences
between the skeletal Classes.**” The disagreement could
be attributed to the different genetic backgrounds and
ethnicities of the populations in these studies.
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As for the vertical skeletal patterns, hypodivergent
subjects showed significant increases in RH, CH+RH,
and Cvol compared to the other vertical patterns. The
study results agree with previous findings.**? In
addition, the results demonstrated reduced RH in the
hyperdivergent group, which agrees with the findings
of Lemes et al.’s study.!'”! In contrast, other studies
reported no significant differences between vertical
skeletal groups, with increased values in hyperdivergent
subjects.'>'l Moreover, the results of the present study
revealed that all vertical skeletal patterns exhibited
increased CH and Cvol asymmetry indexes beyond 6%,
however.

The prevalence of CH and Cvol asymmetry was high,
a finding that agrees with Mendoza et al.’s!"® study.
In addition, a large majority of the CH asymmetry
was found in Class I, followed by Class II and
Class III groups. Although Mendoza et al.'® found
no association between the prevalence of asymmetry
and skeletal patterns, a relatively high prevalence
of CH asymmetry was found in Class III (80.4%),
Class II (71.70%), and Class I (68.98%) in the present
study. The disagreement in findings could be due to
different ethnic backgrounds.

Limitations of this study involve the absence of dental
malocclusion and crossbite evaluation, which could
contribute to mandibular asymmetry. Knowledge of
the prevalence of mandibular asymmetry in different
skeletal patterns is crucial to allow clinicians to minimize
the risk of developing asymmetry and to plan patients’
treatment appropriately.

Conclusions

® The results demonstrate significant differences in
CH, RH, and Cvol on the mandibular bilateral sides
of the same individual. In contrast, the values for
total CH+RH revealed no significant difference
between the mandibular bilateral sides of the same
individual, suggesting that total CH+RH might act
as a compensatory factor to reduce the level of CH
and RH asymmetry.

* The present study reported increased linear and
volumetric measurement values in males, skeletal
Class III, and hypodivergent subjects.
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Supplemental Table 1: Percentage of individuals with an asymmetric index of more than 6% according to
gender, sagittal, and vertical patterns

n Linear measurements (95% CI) Volumetric measurements (95% Cl)
CH (%) RH (%) CH + RH (%) Cvol (%)
Gender Female 60.00 60.00 21.70 15.00 66.70
Male 71.00 64.80 19.40 9.70 62.00
Chi-square P 0.573 0.753 0.355 0.577
Skeletal Class | 52.00 69.20 21.20 11.50 55.80
sagittal Class Il 57.00 68.40 20.70 12.10 73.70
pattern Class Il 22.00 31.80 18.20 13.60 59.10
Chi-square P 0.005* 0.957 0.968 0.13
Skeletal Normal 64.00 59.40 20.30 7.80 68.80
vertical Hyper 35.00 62.90 22.90 22.90 65.70
pattern Hypo 32.00 68.80 18.20 9.10 53.10
Chi-square P 0.67 0.891 0.075 0.314
Total 131.00 62.60 20.50 12.10 64.10
Cl=confidence interval. *P<0.05
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Supplemental Figure 1: Scatterplots showing the linear (CH, RH, and CH+RH) and volumetric (Cvol) according to side
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Supplemental Figure 2: Diffograms demonstrating the significant differences in linear and volumetric measurements between the sagittal skeletal Classes
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Supplemental Figure 3:

Diffograms illustrating the significant differences in linear and volumetric measurements between hyperdivergent (hyper), hypodivergent (hypo), and

normodivergent (normal) skeletal patterns




