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Mandibular symphysis morphology and dimensions in different

anteroposterior jaw relationships

Susan N. Al-Khateeba; Emad F. Al Maaitahb; Elham S. Abu Alhaijac; Serene A. Badrand

ABSTRACT
Objective: To assess the morphology and dimensions of mandibular symphysis (MS) in different
anteroposterior jaw relationships and to investigate whether craniofacial parameters have any
correlation with its shape and/or dimensions.
Materials and Methods: Lateral cephalograms of subjects with Class I, Class II, and Class III
skeletal relationships were traced. Several craniofacial and MS parameters were measured. MS
parameters were compared between the three groups using analysis of variance and were
correlated with the craniofacial parameters using the Pearson correlation coefficient.
Results: Larger angle of concavity of the chin, more inclination of the alveolar bone toward the
mandibular plane, and larger MS dimensions and area (P , .001) were found with a Class III
skeletal relationship compared to Class I and Class II relationships. The Pearson correlation
coefficient between Id-Me and AFH was r 5 0.83 and between Id-Me and LAFH it was r 5 0.81.
Conclusions: The dimensions and configuration of MS in the Class III relationship were different
than those in Class I and Class II relationships; the alveolar part of MS compensated for the
skeletal relationship in the Class III pattern. MS dimensions were strongly correlated to anterior
facial dimensions. (Angle Orthod. 2014;84:304–309.)
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INTRODUCTION

Mandibular symphysis (MS) morphology has an
impact on diagnosis and treatment planning in
orthodontic patients; it serves as a reference anatom-
ical landmark for esthetics and beauty of the face in
general and of the lower part in particular.1,2 Addition-

ally, MS has been considered as one of the predictors
for the direction of mandibular growth rotation.3

MS morphology is a complex phenotype that results
from the interplay of different genetic, nongenetic, and
adaptive factors.4–6 Functional environment has been
claimed7–9 to affect the shape and size of MS, such that
MS demonstrates an adaptive morphological response
to the biomechanical loads experienced at various
points in the masticatory cycle. Other factors that may
affect the morphology and/or dimension of MS are
vertical jaw relationships10,11 and inclination of the lower
incisors.12 Inclination of the lower incisors may indirectly
affect the shape of MS during the growth period;
dentoalveolar compensation occurring during that period
as a result of anteroposterior (AP) jaw discrepancy might
be reflected in the morphology and dimension of MS.

Vertical growth direction may have an indirect effect
on the AP position of the mandible and, subsequently,
on MS. However, no studies have been carried out to
investigate the relationship between MS and AP jaw
discrepancies.

The aims of this study were to assess the
morphology and dimensions of the MS in different
AP skeletal jaw relationships, to assess if the alveolar
part of MS compensates for the skeletal relationship,
and to investigate whether different craniofacial
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parameters have any correlation with its shape and/or
dimensions.

MATERIALS AND METHODS

Three hundred and fifty-four lateral cephalograms
for adult subjects (176 females and 178 males with
mean ages of 22.3 6 2.9 years and 22.5 6 2.6 years,
respectively) were selected from the pretreatment
orthodontic records of patients attending the orthodontic
clinics at the Dental Teaching Center/Jordan University
of Science and Technology (JUST). Ethical approval to
access patients’ files was granted by the Institutional
Research Board at JUST. Lateral cephalograms were
taken for the participants in centric occlusion with lips in
repose and Frankfort Plane Horizontal according to
natural head position, using an Orthoslice 1000 C
(Marne La Vallee Cedex 2, France) with a cephalostat
at 64 KVp, 16 Ma, and 0.64 seconds’ exposure, as
recommended by the manufacturer. Individuals with a
history of orthodontic treatment, orthognathic surgery,
craniofacial anomalies, or a history of trauma to the
mandible were excluded from the study. All subjects
had a maxillary to mandibular plane angle that was
within normal limits for Jordanians (25.5u 6 5.3u).13

The radiographs were selected according to their
skeletal AP jaw relationship (Class I, Class II, or Class
III relationship). Class I skeletal relationship was
considered when ANB angle 5 3u 6 1u, Class II
skeletal relationship was considered when ANB angle

Table 1. Sample Distribution According to Gender and Anteroposterior

Skeletal Jaw Relationship

Females Males Total

Class I 56 58 114

Class II 60 58 118

Class III 60 62 122

Total 176 178 354

Table 2. Definition of the Craniofacial and Dentoalveolar Cephalometric

Parameters

Cephalometric

Variables Definition

SNA Angle formed by intersection of Sella-Nasion and

Nasion-A point

SNB Angle formed by intersection of Sella-Nasion and

Nasion-B point

ANB Angle formed by intersection of Nasion-B point

and Nasion-A point

L1/Md Angle formed by intersection of long axis of the

most prominent mandibular incisor and man-

dibular plane

UAFH The distance from Nasion to Anterior nasal spine

LAFH The distance from Anterior nasal spine to

Menton point

TAFH The distance from Nasion to Menton

Angles were measured in (u) and distances in (mm).

Table 3. Definition of the Symphysis Points and Measured

Parameters

Mandibular Symphysis

Points and Parameters Definition

Points

Point B The most posterior point on the profile of

the mandible between the chin point

and the alveolar crest

Pogonion (Pog) The most anterior point of the mandibular

symphysis in the midline

Gnathion (Gn) The most anterior inferior point of the

mandibular symphysis in the midline

Menton (Me) The lowermost point of the mandibular

symphysis in the midline

Point B1 A point formed by the intersection between

a perpendicular line dropped from point

B to the tangent drawn on the inner

contour of mandibular symphysis at the

shortest distance from point B

Point Id The most anterior superior point of the

labial mandibular alveolar crest, situat-

ed between the lower central incisors

Angular measurements

B-B1-Gn The angle between point B, point B1, and

Gnathion; It gives an indirect reflection

of the vertical dimension of the man-

dibular symphysis.

B-Pog-Me The angle formed between point B,

Pogonion, and Menton; It reflects the

convexity of the mandibular symphysis.

Id-B-Pog The angle between point Id, point B, and

Pogonion; It reflects the concavity of

the mandibular symphysis.

Id-B/Md The angle between a line connecting Id to

Point B and the mandibular plane; It

reflects the inclination of the alveolar

part of the mandibular symphysis in

relation to the mandibular plane.

B-Pog/Md The angle between a line connecting Point

B to Pogonion and the mandibular

plane; It reflects the inclination of the

skeletal part of the mandibular symphy-

sis in relation to the mandibular plane.

Linear measurements

Id-B The linear distance from Id to point B

B-Pog The linear distance from point B to

Pogonion

Pog-Me The linear distance from Pogonion to Me

Id-Me The linear distance from Id to Me,

representing the total length of MS

Perpendicular

distance from Pog

to B-Me line

The perpendicular distance from Pogoni-

on to the line connecting point B and

Menton to represent the anterior

prominence of MS

Area, mm2 The total area confined within the outer

border of MS and bounded superiorly

by the line connecting Id and the most

superior point of the lingual mandibular

alveolar crest

MANDIBULAR SYMPHYSIS MORPHOLOGY AND DIMENSIONS 305

Angle Orthodontist, Vol 84, No 2, 2014



was .4u, and Class III skeletal relationship was consid-
ered when ANB angle was ,2u.13 The three groups had
similar age and gender distributions (Table 1).

Lateral cephalograms were traced manually in a
dark room using matt acetate tracing paper attached to
the radiographs. Points and lines were marked with a
3H pencil. When bilateral structures did not overlap,
distances were halved. The cephalometric measured
parameters are shown in Table 2.

MS was traced on each lateral cephalogram. The
configuration of MS was drawn on acetate paper using
a 3H pencil. All MS tracings were scanned into a
computer and processed through a custom-made
software program (TechExpert 1.10). When the image
of MS appeared inside a special window of the
software, it was possible to identify and digitize six
points yielding to five angular and five linear measure-
ments to describe the morphology and dimensions of
MS. The area of MS was also assessed. All of the
variables were measured by the software. The
allocated points and measured parameters are defined
in Table 3 and illustrated in Figures 1–3. Magnification
of linear distances due to scanning was compensated
for by the software.

Measurement Error

Forty scanned MS were randomly selected to
determine measurement error in this study. Digitizing
and measurements of the selected scans were
repeated for a second time by the same examiner
(Dr Al-Khateeb) after a 1-month interval. The method

error was calculated using Dahlberg’s double determi-
nation formula.14 The Houston coefficient of reliability
was also calculated.15

Houston’s coefficient of reliability was above 92%.
The values of Dahlberg error ranged between 0.38u (B-
B1-Gn angle) and 0.78u (B-Pog-Me angle) for angular
measurements and measured 0.27 mm for the linear
measurements.

Statistical Analysis

Means and standard deviations for the cephalomet-
ric parameters and those describing MS were calcu-
lated for all of the variables using the Statistical
Package for the Social Science (SPSS version 19,
Chicago, Ill).

General linear model analysis was employed to
investigate differences between the measured MS
parameters in the three AP groups. Differences
between males and females for the total sample were
assessed using the t-test for two independent sam-
ples. The Pearson correlation coefficient was calculat-
ed to assess the relationship between the MS
parameters on one hand and craniofacial and dento-
alveolar parameters on the other hand. The results of
the test were considered to be significant at P , .05.

RESULTS

Different configurations of MS were noticed within
the different AP jaw relationships (Figure 4).

Differences Between MS Parameters According to
AP Skeletal Relationship

Means, standard deviations, and mean differences
of all measured MS parameters for the three AP
groups are shown in Table 4. The angle B-B1-Gn
(vertical dimension of MS) was significantly smaller in

Figure 1. Cephalometric points identified on the mandibular

symphysis.

Figure 2. Angular parameters measured on the mandibular symphysis.

Figure 3. Linear parameters measured on the mandibular symphysis.
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Class II than in Class I (P , .05) and Class III (P ,

.001) skeletal relationships.
The MS concavity angle (Id-B-Pog) was significantly

larger in Class III than in Class I and Class II skeletal
relationships (P , .001), while the angle of MS
convexity showed no significant difference between
the three groups.

Inclination of the alveolar part of MS toward the
mandibular plane (Id-B/MP) was significantly more
(indicated by a smaller angle) in the Class III group
than in the other two groups (P , .001). Inclination of
the skeletal part (B-Pog/MP) of MS, however, showed
no significant difference among the three groups.

The distances from Id to point B and from point B to
Pogonion were significantly larger in the Class III (P ,

.01) than in the Class II group. Total length of MS (Id-
Me) was larger in the Class III group than in the other
two groups (P , .05).

Perpendicular distance from Pog to B-Me line was
significantly smaller in the Class II than in the Class I
(P , .05) and Class III (P , .01) groups. MS area in
the Class III group was significantly larger than in the
Class I and Class II groups (P , .01).

Differences Between MS Parameters According
to Gender

MS measured parameters for males and females,
with the differences between them, are shown in
Table 5.

Males had a larger B-B1-Gn angle (P , .001) than
females, indicating a larger vertical dimension of MS.
All linear measurements (except Pog-Me distance)
and the area of MS in males were larger than those in
females (P , .05 to P , .001).

Correlation Between Craniofacial and
Dentoalveolar Parameters and MS Morphology

A correlation ranging from weak to strong (r 5 0.30
to r 5 0.83) was found between craniofacial and
dentoalveolar parameters on one hand and the MS
parameters on the other hand (Table 6). All Pearson
correlation coefficient (r) values were significant at P ,

.001.

DISCUSSION

Dentoalveolar compensation is usually a good
camouflage for the underlying AP skeletal discrepan-
cy.16,17 Changes in the inclination of the lower incisors
to compensate for the skeletal discrepancy in different
AP relationships might cause surface remodeling of
MS, affecting its morphology.18 Accordingly, this study
looked at some of the characteristics of MS in the three
AP relationships and investigated the craniofacial and
dentoalveolar parameters that might have any corre-
lation with the morphology of MS.

Class III subjects showed less anterior concavity of
the MS and a greater inclination of the alveolar part of
the MS toward the mandibular plane than did Class I
and Class II subjects. This finding was in agreement
with the results reported by Yamada et al.12 Retrocli-
nation of lower incisors in Class III skeletal relationship
is a frequent finding to compensate for the skeletal
discrepancy.19–21 It has been suggested that retrocli-
nation of the lower incisors would lead to surface
remodeling of the outer surface of the dentoalveolar

Figure 4. Different configuration of the mandibular symphysis.

Table 4. Mean and Standard Deviation (SD) for the Mandibular Symphysis Measured Parameters in the Different Anteroposterior Skeletal Jaw

Relationships and the Differences Between Thema

Mandibular Symphysis

Parameters

Class I,

Mean 6 SD

Class II,

Mean 6 SD

Class III,

Mean 6 SD

Difference

Class I to Class II

Difference Class

I to Class III

Difference Class

II to Class III

B-B1-Gn 63.21 6 6.08 61.15 6 5.93 64.44 6 6.55 2.06* 21.23 (NS) 23.27***

Id-B-Pog 147.73 6 7.08 147.30 6 7.77 152.18 6 8.52 0.43 (NS) 24.45*** 24.88***

B-Pog-Me 124.52 6 7.22 127.29 6 8.99 126.66 6 10.85 22.77 (NS) 22.14 (NS) 0.63 (NS)

Id-B/Md 110.16 6 8.52 111.94 6 7.82 104.76 6 7.93 21.77 (NS) 5.40 *** 7.18***

B-Pog/Md 67.77 6 6.77 68.74 6 8.41 66.91 6 6.51 20.97 (NS) 0.86 (NS) 1.83 (NS)

Id-B 10.72 6 0.24 10.29 6 0.25 11.40 6 0.25 0.43 (NS) 20.68 (NS) 21.11**

B-Pog 14.35 6 0.31 13.65 6 0.30 15.13 6 0.31 0.70 (NS) 0.78 (NS) 21.48**

Pog-Me 10.41 6 0.19 10.43 6 0.18 10.71 6 0.18 20.02 (NS) 20.30 (NS) 20.28 (NS)

Id-Me 32.78 6 0.39 32.73 6 0.34 33.98 6 0.37 0.05 (NS) 21.20* 21.25*

Perpendicular distance from

Pog to B-Me line 2.59 6 0.16 2.14 6 0.17 2.84 6 0.17 0.45* 0.25 (NS) 0.70**

Area 36.7 6 6.32 36.60 6 7.33 39.02 6 5.61 0.10 (NS) 22.23** 22.42**

a NS indicates no significant difference.

* The mean difference is significant at the 0.05 level; ** The mean difference is significant at the 0.01 level; *** The mean difference is

significant at the 0.001 level.
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part of MS to follow the inclination of the lower central
incisors, leading to its retroclination as well.12,18 Such
retroclination of the alveolar part of the symphysis would
result in less concavity of the anterior contour of MS.

The convexity of the contour of the skeletal part of
MS was evaluated by angular and linear parameters:
the angle B-Pog-Me and the Perpendicular distance
from Pog to B-Me line, respectively. Although the
angular measurement was smaller in the Class III
group than in the Class II group, the differences
between groups did not reach a significant level. The
linear measurement, however, was significantly larger
in the Class III group than in the Class I group, while
the Class II group showed the smallest distance. This
finding demonstrates an increase in chin prominence
in Class III skeletal relationship compared to Class I
and Class II relationships. The general increase in
mandibular size in Class III discrepancy could be one
explanation for that.22

The linear distances and angular measurement that
expressed the vertical dimension of MS and the area of
MS were largest in the Class III group compared to the
Class I and Class II groups. Several studies22–24 reported
a larger mandible in the Class III relationship, including
its symphysis, than in the other AP relationships.

When evaluating the morphology and dimension of
MS according to gender, males exhibited larger MS
area and longer dimensions than females. Sexual

dimorphism has been reported25 between males and
females with regard to different aspects of the
craniofacial complex.

Several factors were thought to affect the shape and
size of MS, such as genetic factors and ethnicity,5,6

inclination of the lower incisors,12,18,26 and facial type.27

In this study a strong correlation was found between the
total and lower anterior facial heights on the one hand
and the total length of MS on the other hand. This strong
correlation may be related to the dentoalveolar com-
pensation in the vertical dimension. As the lower face
height increases, upper and lower anterior teeth may
continue their eruption in an attempt to maintain a
positive overbite, bringing their alveolar bony support
with them, resulting in an increase in total MS length.1,27

There was a weak but significant correlation
between the lower incisor inclination and MS inclina-
tion. Other studies12,19 reported a stronger correlation
between these two parameters. In those studies,
however, different reference points and lines were
used to express the inclination of MS. The reference
line for the inclination of the alveolar part of MS in this
study passed through point B. Therefore, any variation
of this point in the different skeletal patterns would
affect the involved angular measurements. Additional-
ly, point B has been used to measure a dentoalveolar
parameter when it represents the demarcation be-
tween dentoalveolar and skeletal structures.28

Table 5. Mean and Standard Deviation (SD) for the Mandibular Symphysis Measured Parameters in Males and Females and the Differences

Between Thema

Mandibular Symphysis Parameters Males, Mean 6 SD Females, Mean 6 SD Difference

B-B1-Gn 64.08 6 6.47 61.76 6 5.91 22.32***

Id-B-Pog 148.43 6 7.36 149.83 6 8.75 21.40 (NS)

B-Pog-Me 126.10 6 13.16 126.23 6 10.70 20.13 (NS)

Id-B/Md 112.35 6 8.90 111.11 6 9.39 1.24 (NS)

B-Pog/Md 58.17 6 6.87 57.54 6 7.70 0.63 (NS)

Id-B 11.53 6 2.70 10.38 6 2.73 1.15*

B-Pog 15.37 6 3.47 13.42 6 2.91 1.95***

Pog-Me 10.55 6 2.22 10.50 6 1.76 0.05 (NS)

Id-Me 34.04 6 4.31 31.57 6 3.86 2.47***

Perpendicular distance from Pog to

B-Me line 2.73 6 1.86 2.35 6 1.76 0.38*

Area 39.96 6 6.36 34.94 6 5.63 5.02***

a NS indicates no significant difference.

* The mean difference is significant at the 0.05 level; *** The mean difference is significant at the 0.001 level.

Table 6. Pearson Correlation Coefficient (r) Between Some of the Craniofacial (CF) and Dentoalveolar (DA) Parameters on One Hand and the

Mandibular Symphysis (MS) Parameters on the Other Hand in the Total Samplea

CF MS and DA Id-B B-Pog Pog-Me Id-Me

Inclination of

Skeletal Part of MS

Inclination of DA

Part of MS

SNB – – 0.33 – – –

AFH 0.48 0.60 0.42 0.83 – –

UAFH 0.30 0.42 0.38 0.59 – –

LAFH 0.49 0.59 0.36 0.81 – –

LI/Md – – – – 0.38 0.30

a All r values were significant at the 0.001 level.
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Although the differences between the different AP
relationships in terms of chin morphology and dimen-
sions were relatively small on a clinical level, with large
standard deviations, they can still be of some
importance to the clinician. They can be used in
combination with the other cephalometric findings and
mandibular growth predictors29 to identify the general
pattern of the skeletal relationship, which may aid in
diagnosis and prediction of the size and/or direction of
mandibular growth, especially in skeletal Class III
patients. These findings reflect the importance of
carrying out a thorough analysis for each patient as a
separate entity, taking into consideration her/his
craniofacial composition and jaw and chin morphology
for the purposes of diagnosis and treatment planning.

CONCLUSIONS

N The Class III skeletal jaw relationship exhibited a
less concave anterior contour of MS, an increase in
its vertical dimension, and more inclination of the
alveolar part toward the mandibular plane than did
the other AP relationships, reflecting compensation
for the skeletal pattern of the jaws.

N Larger dimensions and area of MS were found in
Class III than in Class I and Class II relationships.

N A strong correlation was found between anterior
facial height and MS length.

N A weak but significant correlation was found between
the inclination of the lower incisors and the alveolar
part of MS.
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