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Original Article

Morphological Characteristics of the Symphyseal Region in
Adult Skeletal Class III Crossbite and Openbite Malocclusions

Chooryung Judi Chunga; Sinae Jungb; Hyoung-Seon Baikc

ABSTRACT
Objective: To evaluate the relationship of the morphological characteristics of the symphyseal
region of adult Class III malocclusion to the differences in overjet and overbite.
Materials and Methods: The basal and symphyseal widths along with the alveolar and symphy-
seal heights were evaluated using data from the lateral cephalograms of Korean adult male skel-
etal Class III, divided into crossbite (n � 28) and openbite (n � 41) groups. Korean male normal
occlusion samples (n � 32) were used as controls.
Results: The width of the symphyseal region including the basal width, point B width, Id width,
symphyseal thickness, and pogonion width were similar in adult Class III crossbite and normal
occlusion groups, but significantly less in the adult Class III openbite group (P � .001). The
alveolar height was similar in the adult Class III crossbite and control groups, but significantly less
in the adult Class III openbite group (P � .05). However, the symphyseal height was similar in
all three groups.
Conclusions: An openbite, rather than a negative overjet, is the major factor influencing the
symphyseal morphology in an adult Class III malocclusion.
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INTRODUCTION

The morphology of mandibular symphysis is impor-
tant because it serves as the primary reference for the
esthetics of the facial profile and is a determinant in
planning the lower incisor position during orthodontic
and orthognathic surgery.1,2 The factors associated
with the symphyseal growth and morphology include
the functional neuroskeletal balance,3 masseter mus-
cle thickness,4 mandibular plane angle,2,5 overbite,3,6,7

lower incisor angle,8 occlusal hypofunction and its re-
covery,9 inheritance,10 and more.

During orthodontic treatment, limiting incisor move-
ment within the bone structure is believed to be es-
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sential for achieving better results, stability, and peri-
odontal health, as well as for avoiding root resorp-
tion.11,12 In particular, in the case of a severe adult skel-
etal Class III malocclusion, the proper amount of
decompensation including the labial inclination of the
lower incisors is necessary before orthognathic sur-
gery.12 On the other hand, lingual inclination of the low-
er incisors is needed for camouflage treatment. Either
way, incisor movement confined within the bone is rec-
ommended.13

The difference in overbite, such as an openbite and
normal overbite, is associated with the dimensions of
the symphysis.3,6 However, the morphological char-
acteristics of the symphysis combined with the differ-
ent force vectors loaded to the lower incisors, such as
in crossbite and Class III openbite have not been fully
evaluated. Therefore, this study focused on the mor-
phological characteristics of the symphyseal region in
adult skeletal Class III malocclusion with crossbite or
openbite and compared them with normal occlusion.

MATERIALS AND METHODS

The pretreatment digital lateral cephalograms of Ko-
rean adult male patients (over the age of 18 years)
who visited the Orthodontic Clinic of Yonsei University
between 2005 and 2006 were classified into either the
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Class III crossbite group (mean age 23.2 � 4.7 years)
or the Class III openbite group (mean age 21.3 � 3.4
years) according to the molar and incisor relationship.
The inclusion criteria of the crossbite group were: An-
gle Class III molar relationship, negative overjet and
overbite, but with incisor contact at maximum intercus-
pation including the edge-to-edge bite. The inclusion
criteria of the Class III openbite group were: Angle
Class III molar relationship, negative overjet, but with-
out any incisor contact between the central and lateral
incisors. The Class III openbite also included samples
with deep vertical incisor overlap, but without incisor
contact due to the large reverse overjet (�4 mm). After
the primary screening process, the incisor relationship
was reconfirmed using the orthodontic casts. Any pa-
tient with prior orthodontic treatment, tooth loss, ab-
normal tooth morphology, congenital disorders, or dis-
eases such as rheumatoid arthritis was excluded.

A total of 28 Class III crossbite and 41 Class III
openbite cases were collected for the study. In addi-
tion, the lateral cephalograms of Korean adult male
with normal occlusion (mean age 20.1 � 3.2, n � 32)
collected at the Craniofacial Deformity Center, Yonsei
University, were used as the control. The normal oc-
clusion criteria were: Class I molar and canine rela-
tionships, a normal range of overjet (2–4 mm) and
overbite (2–4 mm) with incisor contact, good alignment
without any missing teeth (total of 28 or more) and no
prior orthodontic treatment. The cephalograms of the
normal occlusion group were obtained from healthy
adult volunteers with informed consent according to
the World Medical Association’s Declaration of Helsin-
ki.

Digital cephalograms were taken at the dental hos-
pital, College of Dentistry, Yonsei University, using
Cranex3� (Soredex, Helsinki, Finland) and converted
as a 12-bit DICOM (Digital Imaging and Communica-
tions in Medicine) file. The detection of the cephalo-
metric landmarks was conducted directly on the
screen-displayed digital image with a mouse-con-
trolled cursor in connection with the computerized pro-
gram using V-Ceph software (CyberMed Inc, Seoul,
Korea) for cephalometric analysis by two experienced
orthodontists.

Additional landmarks and measurements were
based on previous reports in order to allow a more
comprehensive study of the mandibular structure.8,14

The symphyseal landmarks are described in Figure 1.
The cephalometric data of the control, Class III

crossbite, and Class III openbite groups were exam-
ined by analysis of variance (ANOVA) using statistical
software (Statview, Cary, NC). The results are pre-
sented as a mean � SD. P � .05 was considered
significant.

Duplicate tracings of all 32 landmarks on 15 ran-

domly chosen cephalograms were done at a 2-month
interval by the same examiner. The systemic error was
evaluated with a paired t test at P � .05. No signifi-
cance was noted in the measurements of the first and
the second evaluation.

RESULTS

Cephalometric Characteristics of the
Three Groups

Table 1 provides a summary of the skeletal and den-
tal characteristics of the control, Class III crossbite,
and Class III openbite groups. The skeletal features of
the Class III crossbite group in the anterior-posterior
dimension were similar to those of the skeletal Class
III openbite group, with a larger SNB, gonial angle, and
mandibular body length compared with the control
group (P � .05). The skeletal Class III openbite group
showed higher values for vertical dimension measure-
ments such as the gonial angle, mandibular plane an-
gle, and facial height ratio than the control and Class
III crossbite groups (P � .05).

The Width of the Symphysis Is Narrower in
Class III Openbite

The basal width, point B width, and Id width were
similar in the control and Class III crossbite groups.
However, the basal width, pogonion width, and Id
widths were all significantly lower in the Class III open-
bite group than in the control and Class III crossbite
groups (P � .05; Figure 2A; Table 2).

The width parameters distant from the teeth also in-
dicated a similar pattern. While the symphyseal thick-
ness and pogonion width were similar in the control
and the Class III crossbite groups, they were signifi-
cantly lower in the Class III openbite group (P � .01;
Figure 2B; Table 2).

The Height of the Alveolar Bone Was Lower in
the Class III Openbite

The alveolar height was similar in the control and
the Class III crossbite groups. However, it was signif-
icantly lower in the Class III openbite group (P �
.0001; Figure 2B; Table 2). The symphyseal height
was similar in all three groups. The total height of the
symphyseal region was similar in the control and Class
III crossbite groups, but was significantly lower in the
Class III openbite group (P � .05; Figure 3; Table 2).

DISCUSSION

The mandibular bone is strongly influenced by the
masticatory function.15–18 In particular, the maxillofacial
region contains essentially membranous bone and is
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Figure 1. Landmarks and measurements of the symphyseal region. Conventional mandibular landmarks: Me, menton; Pg, pogonion; B,
supramentale; Id, infradentale; Idl, lingual point infradentale. Landmarks based on Suri et al14: PAP, posterior alveolar point, most posteroinferior
midplaned point on the anterior border of the ascending ramus; Inf Go, inferior gonion, midplaned point on the lower border of the mandible
where the convexity at Go merges with the concavity of the antegonial notch; RBS, ramus body syncline, the point of intersection of a line
drawn from Inf Go to PAP with the cortical outline of the midplaned mandibular nerve; Bl, lingual point B, the point of intersection of a line
drawn from RBS to B, with the lingual contour of symphysis; saj, symphysis-alveolar junction, the midpoint of a line drawn from Bl to B; Pgl,
lingual point pogonion, the highest point on the lingual contour of the symphysis, located by the greatest perpendicular distance from a line
drawn from the saj to Me; malv, (midpoint of anterior alveolus), midpoint of a line drawn from Idl to Id. Landmark base on Nojima et al8: B�,
point on the lingual outline of the symphysis drawn from B perpendicular to a line connecting malv to Me. Mandibular measurements: alveolar
height, length of a line drawn from malv to saj; symphyseal height, length of a line drawn from saj to Me; symphyseal thickness, the sum of
the lengths of the perpendiculars dropped from Pg and Pgl to a line drawn from saj to Me; basal width, length of a line drawn from Bl to B.

Table 1. Dental and Skeletal Characteristics of the Control, Class III Crossbite, and Class III Openbite Groups (Mean � SD)a

Measurements

Control (n � 32)

Mean SD

Crossbite (n � 28)

Mean SD P

Openbite (n � 41)

Mean SD P

Age 20.1 3.2 23.2 4.7 21.3 3.4
SNA 82.6 2.7 81.3 3.8 80.1 3.6 a
SNB 80.0 3.0 84.3 3.6 a 83.8 4.8 a
ANB difference 2.5 2.1 �3.0 1.9 a �3.7 3.0 a
Saddle angle 125.4 3.7 122.8 7.0 122.4 4.9 a
Articular angle 147.8 6.3 146.6 8.9 145.1 5.1
Gonial angle 118.1 7.1 121.5 6.5 a 128.8 6.1 a,b
Anterior cranial base length, mm 74.3 3.1 73.1 3.4 73.1 3.8
Posterior cranial base length, mm 40.2 3.1 40.0 3.7 39.2 2.9
Ramal height (mm) 59.7 6.4 60.7 5.4 59.2 5.9
Mandibular body length, mm 83.6 5.3 87.1 4.2 a 87.9 5.3 a
FH to Mn.plane angle 22.4 5.2 22.6 5.4 27.8 5.3 a,b
Posterior facial height (PFH), mm 96.1 7.5 96.3 6.8 94.1 6.1
Anterior facial height (AFH), mm 138.6 6.0 139.9 6.9 145.5 6.0 a,b
Facial height ratio 0.7 0.0 0.7 0.0 0.6 0.0 a,b
U1 to SN 108.2 5.9 111.1 6.8 109.6 6.3
IMPA 97.2 7.3 87.5 7.0 a 81.8 7.3 a,b
Interincisal angle 123.3 8.5 130.4 7.9 a 132.3 8.9 a

a a indicates statistical significance from the control; b indicates statistical significance between the crossbite and openbite with P � .05.
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Figure 2. The symphyseal thickness is thinner in Class III openbite.
Basal width, point B width, and Id width (A) along with the symphy-
seal thickness and pogonion width (B) were similar in the control
and crossbite groups, while all the measured parameters were sig-
nificantly lower in the Class III openbite. The data are expressed as
mean � SD. Statistical significance compared to the control with *P
� .05 and **P � .0001.

Figure 3. The alveolar height is lower in the Class III openbite. Al-
though the alveolar height and total height was significantly lower in
the Class III openbite than in the control and crossbite groups, the
symphyseal height was similar in all three groups. The data are ex-
pressed as mean � SD. Statistical significance compared to the
control with *P � .05.

Table 2. Symphyseal Dimension of the Control, Class III Crossbite, and Class III Openbite Groups (Mean � SD)a

Measurements

Control (n � 32)

Mean SD

Crossbite (n � 28)

Mean SD P

Openbite (n � 41)

Mean SD P

Basal width (B-Bl) 9.58 1.85 8.88 1.84 .21 6.74 1.64 ** �.0001
Point B width (B-B’) 9.76 1.77 9.08 1.94 .25 6.98 1.93 ** �.0001
Id width (Id-Idl) 6.98 0.76 6.71 0.94 .47 5.83 1.20 ** �.0001
Symphyseal thickness (sum) 16.35 1.32 15.82 1.48 .29 14.22 1.45 ** �.0001
Pogonion width (Pog-Pgl) 16.29 1.47 15.79 1.58 .71 14.38 1.49 ** �.0001
Alveolar height (malv-Saj) 12.45 2.08 10.88 2.87 .06 10.12 4.01 * �.05
Symphyseal height (Saj-Me) 25.48 1.83 25.39 1.93 .68 25.06 2.49 .42
Total height (malv-Me) 36.93 2.78 35.52 2.52 .22 34.78 3.49 * �.05

* P � .05; ** P � .0001.

more susceptible to environmental factors such as the
stimulating influence of muscles and extrafunctional
forces.4,19 During the power stroke of mastication, the
middle and lower third of the labial aspect of the sym-
physis is predominantly sheared dorsoventrally, twist-
ed and bent16 according to the magnitude and position
of the bite force.15,17 Therefore, it was hypothesized
that, due to the difference in bite force direction of the

mandibular incisors, the morphological characteristics
of the mandibular symphysis can vary between the
normal overjet/overbite and crossbite, and a negative
overjet but with a positive overbite. The difference in
the Class III openbite was also evaluated because the
overbite is reported to be one of the major factors in-
fluencing the symphyseal dimension. The width and
height of the mandibular symphysis was only signifi-
cantly lower in the Class III openbite group indicating
that overbite rather than the overjet was the major in-
fluencing factor.

Earlier studies on the morphology of the symphyseal
region in adult Japanese samples based on the diver-
gence of the mandibular plane angle reported that the
alveolar bone thickness negatively correlated with the
mandibular plane angle, while the symphyseal thick-
ness distant from the incisors near the base of the
mandible was rather stable.2,8 However, our results
clearly indicate a decrease in thickness not only in the
alveolar bone region, but also in the symphyseal thick-
ness in the case of the Class III openbite. This sug-
gests that the basal bone of the symphyseal region
can also show an adaptive alteration to achieve a
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functional neuroskeletal balance in the craniofacial
complex due to the absence of an incisor contact.3,4,6,9

Patients with a vertical growth pattern, openbite, and
high mandibular plane angle were reported to have a
similar8 or larger vertical dimension of the symphy-
sis.2,6 However, these results were rather conflicting.
The alveolar height and total height of the symphyseal
region were lower in the Class III openbite in our study.
The bone actively responds to loading or mechanical
stimulation and undergoes remodeling.20–24 In the case
of a long bone, the amount of bone formation is lower
during unloading while the amount of bone resorption
is higher resulting in a decrease in the total bone
mass.24–26 In the maxillofacial region, the absence of
incisor contact can induce compensatory tooth erup-
tion along with the elongation of the alveolar bone,
which causes an increase in the alveolar height, par-
ticularly in growing adolescents as previously report-
ed.9,27–30

In contrast, in the cases of tooth loss, infraocclusion
due to ankylosis or denture wear, vertical height and
bone volume of the alveolar bone may also decrease
in the long term.31–35 Therefore, the net result of the
bone dimension in response to a prolonged openbite
is quite difficult to define. Compared with many studies
on the morphological characteristics of openbite mal-
occlusion in adolescents, this study mainly focused on
adult samples. The compensatory lengthening of the
lower anterior alveolar height was reported to be lim-
ited.30 Therefore, it is possible that the persistence of
the openbite and the loss of incisor contact/function in
the long term, as our adult samples might have caused
a decrease in the vertical dimension of the alveolar
bone region.

Differing from the symphyseal width, the symphy-
seal height was similar in the Class III openbite group
and control. The attachment of the geniohyoid and ge-
nioglossus muscle at the basal level of the symphy-
seal area with muscle activation during oral function
might have influenced this result. Parafunctional habits
including the tongue, have also been reported to be
associated with the compensatory mechanism of a
high angle malocclusion.28 However, this limited study
did not include evaluation parameters for the tongue
or the soft tissue.

Recently, occlusal hypofunction was shown to sup-
press alveolar and jaw bone formation while its recov-
ery induced an enhancement in bone formation. This
suggests the positive influence of occlusal function on
alveolar and jaw bone formation during the growth pe-
riod.9 Clinically, early treatment for a skeletal Class III
malocclusion is quite controversial due to the unpre-
dictable growth of the mandible. It would be interesting
to determine if early intervention during the growth pe-
riod to recover or to maintain the overbite would at

least enhance the thickness of the symphysis in the
long term, even though it may not be sufficient to fully
compensate for the anterior-posterior discrepancy.

CONCLUSIONS

• The width of the symphyseal region is similar in adult
Class III crossbite and normal occlusion groups, but
significantly lower in the adult Class III openbite
group.

• The alveolar height is similar in the adult Class III
crossbite and control groups, but significantly lower
in the adult Class III openbite group. However, the
symphyseal height was similar in all three groups.

• This suggests that unloading due to the openbite,
rather than a negative overjet, is the major factor
influencing the symphyseal morphology in an adult
Class III malocclusion.
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