
REVISTA ROMÂNÅ DE STOMATOLOGIE – VOLUMUL LXI, NR. 3, AN 2015 217

ORTODONŢIE 2
SYMPHYSIS MORPHOLOGY AND DIMENSIONS IN 

DIFFERENT VERTICAL FACIAL PATTERNS 
(CBCT SCAN STUDY)
Mohamad Mahfoud, Hazem Hassan

Orthodontics and Dentofacial Orthopedic Department, Tishreen University, Lattakia, Syria

Corresponding author: 
Mohamad Mahfoud, Hazem Hassan, Tishreen University, Lattakia, Syria
E-mail: ranim92gs@hotmail.com

ABSTRACT
Mandibular symphysis (MS) morphology is a valuable diagnostic and treatment-planning tool in orthodontics. It is 
utilised as a reference measure for esthetic purposes, specifi cally in the lower part of the face, as well as to predict 
the direction of the mandibular growth rotation as the vertical growth direction. The aim of the presenting study is 
to use cone beam computed tomography (CBCT) to evaluate the MS morphology and dimensions of adults with 
different vertical facial patterns and had no previous orthodontic treatment. The study consisted of 100 subjects 
(42 males and 58 females). Mean age of subjects is 27.6 years (average age of men 29.2 years, average age of 
women 26.4 years). The CBCT images were obtained by Scanora 3D. The evaluation of the different vertical facial 
patterns was carried out according to Björk and Jarabak. Six lines, four angles and one area were used in the 
mandibular symphysis study. The study revealed varying correlations between the parameters of the mandibular 
symphysis and those of the vertical facial patterns. It was found that the convexity of the mandibular symphysis 
(B-POG-Me) and the distance from POG to the z-axis (POG-Z Axis) are highly correlated to the parameters 
evaluating the vertical facial patterns. The angle between the Gonion-Nasion line and the mandibular plane (GO2-
Angle) and the angle between the palatal and mandibular planes (B-Angle) were highly correlated to the measure-
ments used on the mandibular symphysis.

Keywords: cone beam computed tomography, CBCT, mandibular symphysis morphology, 
mandibular symphysis dimensions, vertical facial patterns

INTRODUCTION

Mandibular symphysis (MS) morphology is a 
valuable diagnostic and treatment-planning tool in 
orthodontics. It is used as a reference measure for 
esthetic purposes, specifi cally in the lower part of 
the face. The MS morphology governs the position 
of the lower incisor during orthodontic and orthog-
nathic surgery. (1-4)

It has been shown that restricting the movement 
of the lower incisor within the bone structure can 
enhance stability, periodontal health and prevents 
root resorption. (5,6)

Many factors contribute to the symphyseal 
growth and morphology. These include the func-
tional neuroskeletal balance (7), masseter muscle 
thickness (8), mandibular plane angle (4,9), over-
bite (10-12), vertical jaw relationships (13,14), in-
clination of the lower incisors (15,16), occlusal hy-

pofunction and its recovery (17), inheritance (18), 
and more.

Mandibular symphysis can also be utilized to pre-
dict the direction of the mandibular growth rotation. 
This is because the vertical growth direction has an 
indirect effect on the MS through affecting the an-
teroposterior position of the mandible (19,20).

A couple of studies assessed the MS morpholo-
gy and dimensions in Class I, II and III malocclu-
sions. However, the effects of the vertical facial 
patterns have not been specifi ed.

Cephalometric analysis is frequently used by or-
thodontists as a treatment-planning tool (21). It can 
be used to analyze the dental and skeletal relation-
ships prior to the treatment and as a method of eval-
uating the treatment progress. However, cephalo-
metric radiographs present some diagnostic 
limitations such as errors in the identifi cation of 
landmarks, errors during tracing and structure dis-
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tortion and magnifi cation of the craniofacial com-
plex as the radiograph is a two dimensional image 
of a three-dimensional structure (22). 

In order to circumvent such limitations, the use 
of medical computed tomography (CT) was intro-
duced in some dental specialties (23,24). This scan 
helped reveal the hidden structures, however, the 
quality of the resulting image was damaged by ar-
tefacts produced by the metallic brackets. The re-
duced quality in addition to the high cost and high 
radiation exposure compromised its use for orth-
odontic purposes (25,26).

Cone beam computed tomography (CBCT) has 
overcome the above problems by producing a sin-
gle 3D image of the craniofacial complex combin-
ing all the conventional orthodontic images such as 
panoramic radiographs and full periapical (27). 
CBCT imparts a radiation dose that is 10 times 
lower than medical tomographs and has a superior 
spatial resolution for a lower cost (28).

STUDY OBJECTIVES

The aim of the presenting study is to use cone 
beam computed tomography (CBCT) to evaluate 
the MS morphology and dimensions of adults with 
different vertical facial patterns and had no previ-
ous orthodontic treatment.

MATERIALS AND METHODS

Subjects
The criteria for selecting the subjects are as fol-

lows:
• Age range (18-35 years).
• Subjects selected at random in terms of sex, 

type of malocclusion and growth model.
• No history of orthodontic treatment.
• No history of trauma to the dento-facial 

structures.
• Subjects must have fully erupted permanent 

dentition up to second permanent molar.
• No supernumerary teeth/missing teeth/im-

pacted teeth.
• No congenital anomalies/evident signs of 

neurological impairment and/or syndromes 
and/or dentoskeletal asymmetries and/or cra-
niofacial malformation.

The study consisted of 100 subjects (42 males 
and 58 females) who have undertaken a CBCT scan 
for purposes other than this study. Mean age of sub-
jects was 27.6 years (average age of men 29.2 
years, average age of women 26.4 years). 

CBCT study
The CBCT scans were obtained by Scanora 3D 

CBCT (Soredex, Tuusula, Finland), under the fol-
lowing conditions: voxel size of 0.25 mm (FOV 
130 × 145 mm), tube voltage of 85 kV, current of 
15 mA, and scanning time of 3.7 seconds.

The CBCT scan data was processed and refor-
matted by the OnDemand3D Application program, 
version 1.0.8.0408 (CyberMed Inc, Seoul, Korea).

Image orientation was established by three ref-
erence planes:

• The axial plane, passing through the right 
and left orbitale points as well as the right 
Porion.

• The coronal plane, passing through the left 
and right porion perpendicular to the chosen 
axial plane (29-32). (Fig. 1)

• The sagittal plane, median plane of the man-
dibular, passing through the labial cortical 
plate, mental process center, and mandibular 
ramus center, perpendicular to the chosen 
axial and coronal planes (16). (Fig. 2)

FIGURE 1. Defi nition of the axial plane and the coronal 
plane
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Mandibular symphysis study
Six anatomic landmarks and two axes were con-

sidered in the mandibular symphysis study (Table 1, 
Fig. 3).

FIGURE 2. Defi nition of the mid-sagittal plane

TABLE 1. Reference points and axis used for mandibular symphysis morphology analysis

ReferenceDefi niti onReference points and 
axis

Buccal Points

(33)By using a line parallel to FH, and move the straight edge upward unti l it fi rst touches the 
inferior border of the mandibular symphysis.ME

(33)By using a line perpendicular to FH, point B is the furthest posterior point in the 
concavity between the chin and mandibular alveolar process.B

(33)By moving the perpendicular to FH forward then back to where it fi rst touches the chin.POG
(33)In the midway between POG and Me, on the outer line of the symphysis.GN

Axis

(34)The line connecti ng
between point Me and point GoMP-Axis

(34)A line perpendicular to the mandibular plane through menton.Z-Axis
Lingual points

(34)A point on the lingual outline of the symphysis drawn from B parallel to MP-Axis.Bl
(34)A point on the lingual outline of the symphysis drawn from POG parallel to MP-Axis.POGL

FIGURE 3. Reference points and axis used for mandibular 
symphysis morphology analysis 

Measurement of symphysis on the CBCT image
The area of the mandibular symphysis, six lines, 

and four angles were considered in the mandibular 
symphysis study (Table 2, Fig. 4).

FIGURE 4. Measurements used on mandibular symphysis
1-Z; 2-B-MP; 3-POG-Z; 4-POG-MP; 5-B-BL; 6-POG-POGL;
7-Angle: B-BL-GN; 8-Angle: B-POG-ME; 9-Angle: B-POG
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Lateral cephalometric analysis
Several studies have confi rmed that CBCT-de-

rived 2-dimensional lateral cephalograms can be 
used as an alternative to traditional cephalometric 
images and that it is more accurate for most linear 
measurements (35-37).

The cephalometric evaluation of the different 
vertical facial patterns was carried out according to 
Björk and Jarabak (Table 3, Fig. 5).

Error of method
All measurements were performed by one re-

searcher using the CBCT software, duplicate trac-
ings of all landmarks were repeated independently 
a month later by the second researcher to test for 

TABLE 2. Defi nitions of measurements used on mandibular symphysis
Mandibular 
Symphysis
Parameters

Defi niti on Figure number Reference

 Linear measurements (mm) 
B-Z Axis The symphysis thickness at point B. i.e. distance from B to the z-axis. 1 (34)

B-MP Axis The symphysis height at point B. i.e. distance from B to MP axis. 2 (34)
POG-Z Axis The symphysis thickness at point POG. i.e. distance from POG to the z-axis. 3 N/A

POG-MP Axis The symphysis height at point POG. i.e. distance from POG to MP axis. 4 N/A
B-BL The symphysis thickness at point B. i.e. distance from B to the BL. 5 (34)

POG-POGL The symphysis thickness at point POG i.e distance from POG to the POGL. 6 (34)
Angular measurements (degrees)

B-BL-GN The angle between point B, point BL, and Gn. It gives an indirect refl ecti on of the 
height of the mandibular symphysis. 7 (20)

B-POG-ME The angle formed between point B,
POG and Me. It refl ects the convexity of the mandibular symphysis. 8 (20)

B-POG-MP Axis
The angle between a line connecti ng point B to point POG and the mandibular 
plane. It refl ects the inclinati on of the buccal skeletal part of the mandibular 

symphysis in relati on to the mandibular plane.
9 (20)

BL-POGL-MP 
Axis

The angle between a line connecti ng point BL to point POGL and the mandibular 
plane. It refl ects the inclinati on of the lingual skeletal part of the mandibular 

symphysis in relati on to the mandibular plane.
10 N/A

Area measurement (mm2)

MS Basal bone cross-secti onal area (area outlined by mandibular symphysis surface 
and line parallel to MP through B) (20,34)

TABLE 3. Defi nitions of measurements used on lateral cephalometric
Cephalometric parameters Defi niti on Reference

Angular measurements (degrees)
N-S-AR Saddle angle: an angle between anterior and posterior cranial base (13,19,38-41)

S-AR-GO Arti cular angle: an angle between posterior cranial base and mandibular ramus (13,19,38-41)
AR-GO-ME Gonial angle: an angle between mandibular ramus and mandibular body (13,19,38-41)
Bjork’s sum sum of angles Saddle angle (S), Arti cular angle (Ar), and Gonial angle (Go) (13,19,38-41)

SN-MP an angle between the anterior cranial base and mandibular plane (13,19,38-41)
SPP-MP B angle: an angle between the palatal plane and mandibular plane (13,19,38-41)

AR-GO-N Upper Gonial angle (Go1): an angle between Mandibular ramus and Gonion-Nasion line (42-45)
N-GO-ME Lower Gonial angle (Go2): an angle between Gonion - Nasion line and Mandibular plane (42-45)

Y angle Growth axis angle: an angle between anterior cranial base and sella – gnathion line (42-45)
Linear measurements (mm)

S-GO Posterior facial height: A linear distance from Sella to Gonion (42-45)
N-ME Anterior facial height: A linear distance from Nasion to Menton (42-45)

Rati o
FHR Jarabak rati o: the proporti on between the posterior and the anterior facial height (42-45)

FIGURE 5. Measurements used on cephalometric images
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the reliability. The data collected were examined 
using paired t-tests. Linear measurements were ac-
curate to the nearest 0.01 mm, angular measure-
ments were accurate to the nearest 0.01 degrees, 
and the measurement of the mandibular symphysis 
area was accurate to the nearest 0.01 mm2. The t-
test performed on the two sets of data did not show 
a signifi cant difference.

Statistical method
The ANOVA test was carried out to determine 

the presence of statistically signifi cant differences 
between the three groups of an independent vari-
able on the continuous dependent variable. The 
Pearson correlation coeffi cient (r) was used to ex-
amine the strength and direction of the linear rela-
tionship between two continuous variables. P-value 
less than or equal to 0.05 was considered statisti-
cally signifi cant. All statistical analyses were per-
formed using Stata v.6.

RESULTS

The table above shows that the variables relat-
ing to the width of the MS, Such as B-Z axis, POG- 
Z axis, B-BL and POG-POGL presented an inverse 
correlation to the vertical facial patterns. Where the 
lowest values of the above parameters were ob-
served in the vertical growth subjects. On the other 
hand, a positive correlation was established be-
tween the variables relating to the length of the MS, 
such as B-MP axis and POG-MP axis, with the ver-
tical facial patterns. Where the highest values of the 
above parameters were observed in the vertical 
growth subjects.

Moreover, a positive correlation was observed 
between the convexity parameter (B-POG-Me) 
with the vertical facial patters. Where the highest 
values were observed in the vertical growth sub-
jects. A positive correlation was also established 
between the inclination parameter (B-POG-MP 
axis) with the vertical facial patterns. Where the 
highest values were observed in the vertical growth 
subjects

Furthermore, a statistically signifi cant relation-
ship between B-BL (mm2) and the vertical growth 
patterns was noted; these values were 231.90, 
216.34 and 197.13 in normal, horizontal and verti-
cal growth patterns respectively. Interestingly, there 
was no statistically signifi cant relationship between 
B-BL-GN, and BL-POGL-MP axis with the growth 
patterns.

Separate analyses were conducted for females 
(Table 5) and males (Table 6). It can be noted that 
the overall results are similar for both sexes.

A statistically signifi cant inversed correlation 
was observed between B-Z axis, POG-Z axis, 
B-BL, and POG-POGL and growth patterns.

In addition, a statistically signifi cant positive 
correlation between B-MP axis, POG-MP axis, B-
POG-Me, and B-POG-MP axis and growth Pat-
terns.

Moreover, a statistically signifi cant relationship 
between B-BL (mm2) and growth pattern was ob-
served; this variable was larger in the normal 
growth sample.

However, a statistically signifi cant relationship 
between B-BL-GN, and BL-POGL-MP axis and 
growth patterns was not shown.

Mandibular symphysis
 parametersVerti cal Facial Patt ern

HorizontalNormalVerti cal
N364717

MeanSDMeanSDMeanSDp value
B-Z axis-1.761.83-3.031.22-3.831.28<0.0001

B-MP axis17.411.7418.981.2720.252.390.0002
POG-Z axis3.770.932.160.801.120.68<0.0001

POG-MP axis8.361.229.151.1610.200.84<0.0001
B-BL8.551.727.491.686.641.150.0017

POG-POGL15.012.2613.561.7812.102.410.0009
B-BL-GN47.076.1247.945.650.335.200.0925

B-POG-Me126.359.60136.965.95147.3410.38<0.0001
B-POG-MP axis60.607.2763.882.7865.667.530.0388

BL-POGL-MP axis84.168.8984.507.5985.938.160.2279
B-BL (mm2)216.3417.43231.9018.30197.1316.580.0037

TABLE 4. The relationship between the mandibular symphysis parameters and vertical facial patterns in the 
general’s sample
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TABLE 5. The relationship between the mandibular symphysis parameters and vertical facial patterns in the 
female’s sample

Mandibular symphysis
 parameters

Verti cal Facial Patt ern

HorizontalNormalVerti cal

N173110
MeanSDMeanSDMeanSDp value

B-Z axis-1.450.74-2.701.19-3.150.250.0001

B-MP axis17.081.9819.071.5120.340.650.045

POG-Z axis3.580.482.210.881.120.91<0.0001
POG-MP axis8.001.399.200.8410.050.70<0.0001

B-BL8.072.087.641.816.691.490.0179
POG-POGL14.131.8912.972.1811.743.130.0121

B-BL-GN48.756.9848.425.4649.304.690.06751

B-POG-ME128.087.63139.855.92149.959.03<0.0001

B-POG-MP axis63.133.0465.702.0866.983.680.0019
BL-POGL-MP axis84.757.1185.138.7885.937.830.2405

B-BL (mm2)197.0617.38210.5118.19191.0415.260.0276

TABLE 6. The relationship between the mandibular symphysis parameters and vertical facial patterns in the 
male’s sample

Mandibular symphysis
 parameters

Verti cal Facial Patt ern

HorizontalNormalVerti cal

N19167

MeanSDMeanSDMeanSDp value

B-Z axis-2.042.42-3.671.02-4.791.390.0029

B-MP axis17.711.4718.801.8720.121.84<0.0001

POG-Z axis3.941.202.060.611.110.11<0.0001

POG-MP axis8.690.989.060.6910.421.310.0001

B-BL8.981.217.190.116.581.450.001

POG-POGL15.801.3014.711.2012.610.48<0.0001

B-BL-GN45.565.9347.015.0951.83.890.0018

B-POG-Me124.8111.06131.3710.69143.625.34<0.0001

B-POG-MP axis58.339.3560.353.6763.779.190.0235

BL-POGL-MP axis83.6310.1983.274.4385.845.560.1302

B-BL (mm2)233.5916.25273.3418.60205.8214.75<0.0001

A
Male

S-AngleAR-AngleGO1-
Angle

GO2-
Angle

GO-
Angle

SUM 
BjorkY-AngleB-AngleNS/MP-

AngleS-GON-MEFHR 
Rati o

B-Z Axis0.63▲▲0.07▲-0.07▼-0.64▼▼-0.52▼▼-0.27▼0.07▲-0.57▼▼-0.28▼-0.28▼-0.49▼0.15▲
B-MP Axis-0.08▼0.14▲-0.31▼0.39▲0.10▲0.29▲0.47▲0.40▲0.29▲0.52▲▲0.67▲▲-0.02▼
POG-Z Axis0.20▲-0.08▼0.37▲-0.70▼▼-0.30▼-0.43▼-0.41▼-0.64▼▼-0.42▼-0.45▼-0.67▼▼0.12▲

POG-MP 
Axis0.66▲▲-0.39▼-0.14▼0.52▲▲0.30▲0.32▲0.34▲0.44▲0.32▲0.40▲0.54▲▲-0.04▼

B-BL0.16▲0.03▲-0.11▼-0.49▼-0.43▼-0.49▼-0.46▼-0.53▼▼-0.49▼-0.09▼-0.40▼0.34▲
POG-POGL-0.46▼0.63▲▲-0.44▼-0.46▼-0.62▼▼-0.33▼-0.09▼-0.43▼-0.33▼0.08▲-0.09▼0.23▲

B-BL-GN0.000.21▲-0.21▼0.15▲-0.02▼0.27▲0.59▲▲0.24▲0.27▲0.29▲0.42▲-0.08▼
B-POG-ME0.20▲0.18▲-0.53▼▼0.42▲-0.02▼0.35▲0.67▲▲0.42▲0.34▲0.49▲0.61▲▲-0.01▼
B-POG/MP 

Axis0.27▲0.36▲-0.51▼▼-0.11▼-0.39▼0.09▲0.59▲▲-0.03▼0.08▲0.27▲0.25▲0.10▲

BL-POGL/
MP Axis-0.20▼-0.52▼▼0.49▲0.09▲0.37▲-0.30▼-0.79▼▼-0.05▼-0.30▼0.00-0.14▼0.19▲

B-BL-Area-0.10▼0.26▲-0.50▼▼0.28▲-0.10▼0.15▲0.36▲0.24▲0.14▲0.61▲▲0.68▲▲0.11▲

TABLE 7. Results of the Pearson’s correlation between the measurements used on mandibular symphysis and the 
parameters of vertical facial patterns in the male’s sample

▲: Positi ve weak strength of correlati on; ▲▲: Positi ve Moderate strength of correlati on 

▼: Negati ve weak strength of correlati on; ▼▼: Negati ve Moderate strength of correlati on
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The results were similar between male’s and fe-
male’s samples, except for the relationship between 
B-BL-GN and vertical facial patterns in the male’s 
sample.

Data in Table 7 show that the correlations in the 
males sample was generally uneven between posi-
tive weak correlation and negative weak correla-
tion with the exception of:

• B-Z Axis showed a moderate positive corre-
lation to the S-Angle and moderate negative 
correlations to GO2-Angle, GO-Angle and 
B-Angle. 

• B-MP Axis showed a moderate positive cor-
relation to S-GO and N-ME

• POG-Z Axis showed a moderate negative cor-
relation to GO2-Angle, B-Angle and N-ME.

• POG-MP Axis showed a moderate positive 
correlation with the S-Angle, GO2-Angle, 
and N-ME.

• B-BL showed a moderate negative correla-
tion with the B-Angle.

• POG-POGL showed a moderate positive cor-
relation to AR-Angle and a moderate nega-
tive correlation to GO-Angle.

• B-BL-GN showed a moderate positive cor-
relation to the Y-Angle.

• B-POG-ME showed a moderate negative 
correlation to (GO1-Angle) and moderate 
positive correlations to Y-Angle and N-ME.

• B-POG/MP Axis showed a moderate nega-
tive correlation to GO1-Angle and a moder-
ate positive correlation to Y-Angle.

• BL-POGL/MP Axis showed moderate nega-
tive correlations to AR-Angle and Y-Angle.

• B-BL-Area showed a moderate negative cor-
relation to GO1-Angle and moderate positive 
correlations to S-GO and N-ME.

Table 8 generally noted that the correlations for 
the sample of females was uneven between a posi-
tive weak correlation and a negative weak correla-
tion with the exception of:

• B-Z Axis presented a moderate positive cor-
relation to the FHR Ratio.

• POG-Z Axis showed a strong negative cor-
relation to the GO2-Angle, SUM Bjork and 
NS/MP-Angle, a strong positive correlation 
to the FHR Ratio, a moderate negative cor-
relation to the GO-Angle and B-Angle, and a 
moderate positive correlation to S-GO.

• POG-MP Axis indicated a moderate positive 
correlation to the GO2-Angle, SUM Bjork, 
B-Angle and NS/MP-Angle 

• B-POG-ME showed a moderate positive cor-
relation to the GO2-Angle, GO-Angle, Y-
Angle and B-Angle, a strong positive corre-
lation to SUM Bjork and NS/MP-Angle, a 
moderate negative correlation to S-GO, and a 
strong negative correlation to FHR Ratio.

Data from Table 9 showed fl uctuating trends 
(weak positive and weak negative) for all samples 
with the exception for:

• B-Z Axis showed a moderate negative cor-
relation to GO2-Angle

TABLE 8. Results of the Pearson’s correlation between the measurements used on mandibular symphysis and the 
parameters of vertical facial patterns in the female’s sample

B
Female

S-AngleAR-
Angle

GO1-
AngleGO2-AngleGO-AngleSUM BjorkY-AngleB-AngleNS/MP-

AngleS-GON-MEFHR Rati o

B-Z Axis0.08▲-0.24▼0.10▲-0.40▼-0.18▼-0.44▼-0.14▼-0.23▼-0.44▼0.32▲-0.38▼0.53▲▲
B-MP Axis0.000.38▲-0.37▼0.05▲-0.24▼0.15▲0.20▲0.27▲0.14▲0.02▲0.31▲-0.14▼
POG-Z Axis-0.04▼-0.14▼-0.06▼-0.82▼▼▼-0.55▼▼-0.86▼▼▼-0.49▼-0.53▼▼-0.87▼▼▼0.65▲▲-0.41▼0.86▲▲▲

POG-MP Axis0.33▲-0.18▼0.18▲0.58▲▲0.49▲0.63▲▲0.44▲0.57▲▲0.64▲▲-0.47▼0.25▲-0.58▼▼
B-BL0.13▲-0.25▼0.19▲-0.20▼0.02▲-0.18▼-0.07▼-0.48▼-0.17▼-0.04▼-0.40▼0.16▲

POG-POGL0.09▲0.07▲-0.11▼-0.24▼-0.23▼-0.13▼-0.05▼-0.49▼-0.14▼0.06▲-0.04▼0.06▲
B-BL-GN-0.14▼0.27▲-0.27▼-0.08▼-0.25▼-0.09▼0.02▲0.25▲-0.10▼0.23▲0.21▲0.13▲

B-POG-ME0.15▲0.09▲0.07▲0.75▲▲0.52▲▲0.83▲▲▲0.55▲▲0.58▲▲0.84▲▲▲-0.65▼▼0.33▲-0.80▼▼▼
B-POG/MP 

Axis-0.05▼0.25▲-0.20▼0.18▲-0.03▼0.21▲0.34▲0.26▲0.22▲-0.05▼0.12▲-0.10▼

BL-POGL/MP 
Axis0.01▲-0.31▼0.27▲-0.13▼0.12▲-0.21▼-0.24▼0.03▲-0.21▼0.02▲-0.33▼0.20▲

B-BL-Area0.18▲0.13▲-0.15▼-0.09▼-0.16▼0.08▲0.13▲-0.28▼0.07▲-0.13▼-0.02▼-0.13▼

▲: Positi ve weak strength of correlati on; ▲▲: Positi ve Moderate strength of correlati on; 
▲▲▲: Positi ve Strong strength of correlati on
▼: Negati ve weak strength of correlati on; ▼▼: Negati ve Moderate strength of correlati on; 
▼▼▼: Negati ve Strong strength of correlati on
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• B-MP Axis showed a moderate positive cor-
relation to N-ME 

• POG-Z Axis showed a strong negative cor-
relation to GO2-Angle, moderate negative 
correlations to GO-Angle, SUM Bjork, B-
Angle and NS/MP-Angle and a moderate 
positive correlation to the FHR ratio.

• B-BL showed a moderate negative correla-
tion to B-Angle.

• POG-POGL showed a moderate negative 
correlation to the B-Angle.

• B-POG-ME showed moderate positive cor-
reation to the GO2-Angle, SUM Bjork, Y-
Angle, B-Angle and NS/MP-Angle, and a 
moderate negative correlation to the FHR 
ratio.

DISCUSSION

The results of the study were in agreement with 
Handelman (5) and Beckmann (46) who reported 
that hyperdivergent patients present a thinner man-
dibular symphysis and a thinner alveolar ridge in 
the anterior region of the mandible, compared to 
the other facial patterns. This was illustrated by the 
statistically signifi cant inverse relationship be-
tween the (B-Z axis, POG-Z axis, B-BL, and POG-
POGL) and the vertical growth patterns.

On the other hand, a statistically signifi cant in-
verse correlation between the POG-Z axis with the 
NS/MP-Angle was observed. This was in agree-
ment with the earlier study on the morphology of 
the symphyseal region in adult Japanese samples, 
which was based on the divergence of the mandibu-
lar plane angle and reported that the alveolar bone 

thickness was negatively correlated to the mandib-
ular plane angle (4,15). 

More recently, cone-beam computed tomogra-
phy (CBCT) studies of untreated individuals have 
supported the claims that the total thickness of the 
mandibular symphysis is greater in short-face sub-
jects as opposed to their long-face counterparts 
(47,48). Our result was in a good agreement with 
these studies, where a statistically signifi cant in-
versed relationship was observed between the 
B-BL, and the POG-POGL with the vertical growth 
patterns.

Distance from point B to z-axis, distance from 
point B to point BL, and distance from point POG 
to point POGL were studied by Endo (34) and no 
signifi cant differences in the mandibular thickness-
es between the groups were established. This study 
did not agree with their fi ndings considering that 
teeth loss leads to counter-clockwise rotation of the 
mandibular, which in turn increases the thickness 
of the mandibular symphysis.

The angle B-BL-GN was studied by Al-Khateeb 
(20) who compared it with anterior-posterior skel-
etal relationship and noted that the angle B-BL-GN 
was signifi cantly smaller in Class II than in Class I 
and III skeletal relationships. In the current study, a 
statistically signifi cant relationship was not ob-
served between B-BL-GN and the vertical growth 
patterns, except for the males group.

Patients with a vertical growth pattern, open 
bite, and high mandibular plane angle have larger 
vertical dimension of the symphysis (1,4,11). This 
is in agreement with the study fi nding where a sta-
tistically signifi cant positive relationship between 
the B-MP axis and POG-MP axis and the vertical 
growth patterns was observed.

TABLE 9. Results of the Pearson’s correlation between the measurements used on mandibular symphysis and the 
parameters of vertical facial patterns in the general’s sample

C
General

S-AngleAR-
Angle

GO1-
AngleGO2-AngleGO-AngleSUM 

BjorkY-AngleB-AngleNS/MP-
AngleS-GON-MEFHR Rati o

B-Z Axis0.28▲-0.12▼0.03▲-0.51▼▼-0.34▼-0.36▼-0.07▼-0.38▼-0.36▼0.07▲-0.38▼0.37▲
B-MP Axis0.04▲0.16▲-0.29▼0.12▲-0.11▼0.08▲0.24▲0.18▲0.08▲0.36▲0.56▲▲0.02▲
POG-Z Axis0.15▲-0.20▼0.07▲-0.81▼▼▼-0.52▼▼-0.76▼▼-0.48▼-0.65▼▼-0.76▼▼0.36▲-0.34▼0.68▲▲

POG-MP Axis0.41▲-0.26▼0.07▲0.47▲0.38▲0.44▲0.38▲0.42▲0.45▲-0.05▼0.39▲-0.34▼
B-BL0.24▲-0.21▼0.07▲-0.43▼-0.25▼-0.38▼-0.24▼-0.58▼▼-0.38▼0.15▲-0.23▼0.33▲

POG-POGL0.19▲0.02▲-0.15▼-0.47▼-0.43▼-0.37▼-0.15▼-0.61▼▼-0.37▼0.37▲0.16▲0.31▲
B-BL-GN-0.13▼0.26▲-0.24▼0.07▲-0.11▼0.08▲0.22▲0.27▲0.08▲0.15▲0.26▲0.00

B-POG-ME0.05▲0.18▲-0.12▼0.65▲▲0.37▲0.69▲▲0.59▲▲0.57▲▲0.69▲▲-0.28▼0.33▲-0.58▼▼
B-POG/MP Axis0.020▲0.30▲-0.30▼0.08▲-0.15▼0.18▲0.42▲0.16▲0.18▲0.03▲0.14▲-0.07▼

BL-POGL/MP Axis-0.13▼-0.30▼0.32▲0.07▲0.27▲-0.11▼-0.35▼0.12▲-0.11▼-0.12▼-0.30▼0.07▲
B-BL-Area0.25▲-0.01▼-0.22▼-0.18▼-0.28▼-0.17▼0.06▲-0.31▼-0.17▼0.48▲0.48▲0.21▲

▲: Positi ve weak strength of correlati on; ▲▲: Positi ve Moderate strength of correlati on
▼: Negati ve weak strength of correlati on; ▼▼: Negati ve Moderate strength of correlati on; ▼▼▼: Negati ve Strong strength of correlati on
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Inclination of the buccal skeletal part (B-POG/
MP Axis) of the MS, and the convexity of the man-
dibular symphysis (B-POG-ME) were also studied 
by Al-Khateeb (20). Their study involved a com-
parison of these parameters with the anterior-poste-
rior skeletal relationship. They reported that they 
had no signifi cant difference among Class I, Class 
II, and Class III skeletal relationships. In this study, 
however, a statistically signifi cant positive correla-
tion between the convexity of the mandibular sym-
physis (B-POG-ME) and the inclination of the buc-
cal skeletal part of the mandibular symphysis in 
relation to the mandibular plane (B-POG/MP Axis) 
to the vertical growth patterns was observed.

In the present study, the MS area (area outlined 
by MS surface and the line parallel to MP through 
B) was studied and a statistically signifi cant rela-
tionship with the vertical growth patterns was ob-
served. The MS area was larger in the normal 
growth sample. This was in disagreement with 
Endo (34) as they studied the MS cross-sectional 
area (area outlined by MS surface and line between 
Id and LId) and noticed that hypodontia groups had 
a signifi cantly smaller MS area than those without 
hypodontia, considering that tooth loss leads to 
counter-clockwise rotation of the mandibular.

On the other hand, the total area confi ned 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 was studied 
by Al-Khateeb (20). They reported that the MS area 
in Class III groups was meaningfully larger than 
those in Class I and Class II. This was in disagree-
ment with the study fi ndings where the MS area in 
normal growth subjects was signifi cantly larger 
than those in the vertical and horizontal groups. 

Evaluating the correlation between the morphol-
ogy and dimension of MS and the vertical facial 
patterns according to gender, the overall results 
were similar for both males and females.

Swasty (48) reported that males have a longer 
mandibular cross-sectional area. In addition, Al-
Khateeb (20) found that males had a larger B-B1-
GN angle than females. However, It is important to 
note that this study did not compare between males 
and females in terms of numerical values of the pa-
rameters; the study focused on relating the males 
and females with the growth patterns separately.

CONCLUSION

The convexity of the mandibular symphysis (B-
POG-Me) showed the largest correlation to the pa-
rameters evaluating the vertical facial patterns. It 
increased as those parameters increased, except for 
the S-GO distance and FHR ratio, where it in-
creased as the parameters increased.

The distance from POG to the z-axis (POG-Z 
Axis) was highly correlated to the parameters eval-
uating the vertical facial patterns. It increased as 
the parameters increased, except for the S-GO dis-
tance and FHR ratio where it increased as the pa-
rameters increased.

The distance from POG to MP axis (POG-MP 
Axis) showed a large correlation to the parameters 
evaluating the vertical facial patterns. It increased 
as the parameters increased, except for the FHR 
Ratio where it increased as the parameter decreased.

When the parameters evaluating the vertical fa-
cial patterns increased, the point B moved closer to 
the Z-axis and moved away from the Y-axis. 

The angle between the palatal plane and the 
mandibular plane (B-Angle) showed the largest 
correlation to the measurements used on the man-
dibular symphysis.

The angle between Gonion - Nasion line and 
Mandibular plane (GO2-Angle) showed a large 
correlation to the measurements used on the man-
dibular symphysis.
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