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Introduction

Mandibular symphysis (MS) is the junction where two halves of  
the mandible fused. It is part of  the mandible in which the lower 
incisors and anterior portion of  the chin are located. The suture 
of  MS ossifies at 6-9 months after birth and is known to be a 
stable structure [1]. Longitudinal study revealed that there was an 

increase in the anteroposterior dimension of  MS from age 8-17 
years old [2]. Bone resorption of  the MS takes place at the labial 
alveolar process and bone deposition occurs at the lingual side 
of  the symphysis [3, 4]. A study of  MS in growing children us-
ing Bjork superimposition found a significant lingual movement 
of  B-point when increasing age [5] Previously, the growth of  the 
mandible was known to cease at the age of  21-22 years old [6]. 
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However, study by Rofl Behrent found that even though the rate 
of  change decreases with age, changes in craniofacial skeletal 
structure does not stop at adult age [7].

Previous studies on MS were carried out using conventional linear 
and angular measurements which had limitations in defining the 
round and curved shape of  MS. Size is usually the confounder [8] 
and makes statistical interpretation problematic. It has also been 
shown that conventional cephalometric studies which are based 
on angular and linear measurement were insufficient to analyze 
shape changes of  complex craniofacial anatomical forms [9]. 
With the limitation mentioned, geometric morphometric analysis 
becomes useful.

Geometric Morphometric Analysis (GMA) has become well 
known recently due to its ability to measure the shape of  objects 
and provide a graphical representation of  statistical interpreta-
tion. It is a tool that uses cartesian landmark coordinates to study 
the shape variation of  an object. Since GMA studies the shape 
of  an object, it has the upper hand in the study of  morphological 
variation, craniofacial growth, the association between morphol-
ogy and various conditions as well as treatment outcomes. It has 
recently gained popularity in dentistry especially in the field of  
Orthodontics as it is concerned with changes of  shape and size of  
the face and its components, particularly craniofacial growth. This 
technique can be beneficial in the measurement of  all facial and 
cranium structures, as well as proportions and relations between 
anatomical components. In addition, the size of  a structure would 
not be a cofounder in statistical analysis as GMA analysis is based 
on shape coordinates after separating shape from the overall size, 
position, and orientation of  the landmark configurations [10].

The understanding of  MS morphology is important during treat-
ment planning as it provides essential information in determin-
ing the limits of  orthodontic proclination or retroclination of  the 
lower incisors. For adult patients with skeletal Class III, ortho-
dontic camouflage involves retroclination of  lower incisors. This 
natural compensation may be enhanced to achieve a class I incisor 
relationship by using smaller rectangular or round stainless-steel 
archwires to facilitate lingual tipping of  the mandibular incisors. 
Conversely, in patients with severe Class III skeletal discrepan-
cies, significant decompensation of  the lower incisors is usually 
required to facilitate orthognathic surgery. This is achieved by up-
righting or proclining the lower incisors within the thin alveolus. 
Presence of  crowding and thin biotype can further complicate 
this process by pushing the teeth beyond its bony envelope and 
result in gingival recession. Therefore, the movement of  lower in-
cisors is limited by the width of  MS. Excessive orthodontic tooth 
movement may place lower incisors outside the envelope of  MS 
or cortical plate and result in gingival recession, severe root re-
sorption and bony dehiscence [11]. Limiting lower incisor move-
ment within the MS during orthodontic treatment is thought to 
be paramount for achieving better results, stability, and periodon-
tal health [12].

This study aimed to find out whether the shape of  MS varies from 
adolescents to adults of  Class III sekeletal base and how much 
bone changes can occur in this area as age increases. To overcome 
the limitation in defining the shape of  MS, geometric morpho-
metric analysis was used to compare the shape variation of  MS in 
adolescents and adults with class III skeletal bases.

Materials and Methods

Ethical approval was obtained from the Ethics Committee of  
Medical Centre UKM (UKM PPI/111/8/JEP-2018-509). This 
was a cross-sectional study where lateral cephalometric radio-
graph (LCR) was taken on patients who seek orthodontic treat-
ment in Faculty of  Dentistry, Universiti Kebangsaan Malaysia 
(UKM) from 2010-2019. The inclusion criteria were patients aged 
11-40 years old with class III skeletal with ANB<1o, LIA <99o, 
no history of  previous orthodontic treatment and no significant 
medical history nor taking bisphosphonates. We excluded patients 
with missing lower incisors, history of  periodontitis, dental anom-
alies, syndromic and craniofacial deformities as well as poor image 
quality of  the lateral cephalograms. Finally, a total of  254 LCR 
were included in this study.

All LCR were obtained using Planmeca Romexis software (Plan-
meca ProMax 3D Classic) following these exposure parameters: 
60-90 kV, 1-14 mA, exposure time between 9-37s and a source-
midsagittal plane distance of  1.5m.  The LCR were digitally traced 
using VistaDent OC(2D) (GAC International, Inc., Bohemia, 
NY, USA). The subjects were first classified based on gonial an-
gle: high angle (>130o), average angle (120-130o) and low angle 
(<120o).13 The gonial angle were measured from the inclination 
of  the posterior border of  ramus and the inferior border of  the 
horizontal body of  the mandible [13]. The samples were further 
divided into adolescence (11-18 years old), emerging adults (>18-
24 years old) and adults (≥ 25 years old) based on the patient's age 
at the time the radiograph was taken [14].

Landmark Placement

Nine fixed landmarks were placed on MS using TPSDig2 software 
[15] to comprehensively capture the shape of  MS (Table 1, Figure 
1). As most landmarks on MS were type III landmarks, the Frank-
fort horizontal plane was used to define the precise location of  all 
landmarks. Type III landmark is defined as points along a curve 
or surface, in relation to some other more distant structure [16].

Shape Analysis and Statistical Analysis

TPSDig2 version 2.30 [15] generated x and y coordinates of  
each landmark which were then exported into Morpho J version 
1.06d (Klingenberg Lab, Manchester, UK) for shape analysis. Pro-
crustes superimposition was performed where all samples were 
translated, scaled and rotated to remove irrelevant information 
such as size, orientation and position for shape comparison. Pro-
crustes ANOVA assessed the effect of  age groups on MS vari-
ation. Canonical variate analysis (CVA) assessed the shape dif-
ferences among age groups. Multivariate regression assessed the 
correlation of  MS shape changes with increasing age. P-value was 
calculated based on 10,000 permutations. Alpha level for all statis-
tical analyses was set at 0.05.

Measurement Error

For the accuracy of  LCR tracing and landmark placement, both 
intra-examiner and inter-examiner reliability tests were carried out 
on 26 randomly selected LCR at 2 weeks apart using intraclass 
correlation coefficients test (ICC). Both intra and inter-reliability 
tests were above 0.95 and above 0.89, respectively. ICCs for land-
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mark placement on MS showed a high degree of  reliability for 
repeated measurement with 0.999 for the x coordinates and 0.987 
for the y coordinates.

Results

A total of  254 LCR (87 adolescents, 94 emerging adults and 73 
adults) with mean age of  21.78 ± 5.95 years old were included in 
this study (Table 2). All subjects presented with mean ANB and 
LIA values of  -2.44 ± 2.31 and 85.58+/-7.63, respectively.

Procrustes ANOVA

Procrustes ANOVA assessed the effect of  age groups on MS 
size and shape variation. There was a significant difference in the 
shape (p<0.0001) and centroid size (p=0.002) of  the MS with dif-
ferent age groups (Table 3).

Canonical Variate Analysis (CVA)

Canonical variate (CV) scores in high angle gonial group showed 
a gradient of  narrow to wide MS especially at B-B0 point along 
CV1, with a marked concentration of  adult MS at low CV1 scores 
(-2 to +0.5). For emerging adults, the MS was concentrated at the 

negative end of  CV1 (-2.0 to +1.0) which was similar to adults, 
but its distribution dispersed from positive to negative end of  
CV2 (-1.5 to +2.5). The distribution of  adolescents’ MS had a 
wider dispersion across CV1 (-2.0 to 3.5) with more at the posi-
tive end of  CV1. Significant shape variation observed between 
adolescence with adults (p=0.003) and emerging adults (p=0.01). 
This indicates adolescents have a wider and thicker alveolar and 
basal part of  MS compared to adults and emerging adults (Figure 
2, Table 4).

In the average gonial angle group, adults have a significantly nar-
rower alveolar and basal part of  MS compared to emerging adults 
(p=0.007) and adolescents (p< 0.0001). Adults’ MS was concen-
trated at the positive end of  CV1 (-1 to +3) and mid-range of  
CV2 (-1.5 to 1.5) indicating a narrower and more constricted alve-
olar part, elongated and slim basal part of  the MS. Both emerging 
adults and adolescents’ scatter points were mainly concentrated at 
the middle to negative end of  CV1 (-3.0 to 2.0) and CV2 (-2.0 to 
3.0) showing a wider, and bulbous MS compared to adults. Nev-
ertheless, no significant shape variation observed between adoles-
cents and emerging adults (p>0.05) (Figure 3, Table 4).

In low gonial angle group, the gradient of  shape change along 
the CV1 is very minimal where the basal part is very similar from 
positive end to negative end. The alveolar and basal part of  MS 

Table 1. Description of  landmarks on mandibular symphysis.

No Type of  landmark Name Description
1 Type II Labial alveolar crest The highest point of  the labial alveolar crest

2 Type III B-point The deepest point on the curved profile of  the mandible between the 
chin and alveolar crest

3 Type III Pogonion The most anterior point on the bony chin
4 Type III Menton The most inferior point of  the MS in the midline
5 Type III Gnathion The most anterior and inferior point on the bony chin
6 Type III The most posterior point of  bony chin
7 Type III The most posterior and inferior point on the bony chin
8 Type III Bo-point Lingual to B-point with the reference to long axis of  lower incisor

9 Type II Lingual alveolar 
crest The highest point of  the lingual alveolar crest

Table 2. Demographic information.

Variables
Age groups

Total
N=254Adolescence 

(n=87)
Emerging Adulthood 

(n=94)
Adulthood 

(n=73)
Age (Mean+/-SD) 15.79± 1.96 21.57±1.58 29.18 ± 4.22

Gonial 
angle, n 

(%)

High 32(42.7) 24(32.0) 19(25.3) 75
Average 41(35.3) 42(36.2) 33(28.4) 116

low 14(22.2) 28(44.4) 21(33.3) 63

Table 3. The centroid size and shape.

Effect SS MS df F P
Shape 0.060 0.002 28 3.110 <0.0001*╪

Centroid size 2.664 1.332 2 6.210 0.002*╪

SS, Sum of  squares, MS, Mean squares, df, degree of  freedom and F, Goodall’s F statistics, *p< 0.05 , ╪Procrustes Anova performed.
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are rounder, bulbous and shorter in all age groups compared to 
high and average gonial angle groups. Adolescents’ MS was con-
centrated at the positive end of  CV2 (-1.0 to +2.5) with wider MS 
compared to emerging adults and adults. Nevertheless, there was 
no significant shape variation between all age groups (p>0.05) 
(Figure 4, Table 4).

Multivariate regression showed that only 4.12% of  the time we 
can be confident that the shape of  the MS at adolescence will be 
similar to the shape observed at adulthood.

Discussion

We aim to investigate the shape variation of  MSamong Class III 
skeletal pattern in adolescents, emerging adults and adults. MS 
morphology is known to be influenced by facial type. Short face 
or forward growth of  mandible has wider MS while long face or 
backward growth of  mandible exhibits elongated and thin MS 
[17, 18]. Our samples were analyzed based on its gonial angle to 
reduce the effect of  confounding factors. In addition, it is a stable 
landmark to define the divergence of  mandible [17] as it is part 
of  the mandible and not influenced by other facial structures or 
landmarks.

The result of  this study clearly showed that the MS shape in ado-
lescents differed significantly from adults. This may be contribut-
ed by growth of  craniofacial bones which does not stop after ado-
lescence. This is in agreement with other studies where growth 
of  craniofacial bone continues in to the third or fourth decades 
[7, 19], and bone remodelling is a continuous process throughout 
life [3, 4] This bone remodelling activity can produce differential 
changes in both size and shape of  the bone.

Our study showed that in all the gonial angle groups, adolescents 
generally had a wider alveolar part, especially at the B-point area 
and more rounded and bulbous basal part of  MS than adults. This 
is because adolescents experience continuous growth of  mandible 
and MS especially during puberty. Mandibular growth accelerated 
significantly during adolescence. This finding is in agreement with 
Karlsen A T [20] who stated that the sagittal distance between B-
point and pogonion increased from 6 to 15 years old. In addition, 
Rosentein 2 found that the overall AP dimension of  MS increased 
from 8-17 years old.

Our results showed that adults in high and average gonial angle 

groups had significantly narrower MS, especially at the B-point 
and basal area compared to adolescents. The basal part is also oval 
shaped. This finding is supported by the study by S. Lee et al [19] 
where he found a continuous decrease in thickness of  the alveolar 
bone in adults above 20 years of  age. Previous study also found 
that different remodelling patterns were observed in different ar-
eas of  MS where bone resorption of  the MS mostly takes place at 
the labial alveolar process and the mental spine which also explain 
the narrowing of  the B-point. Meanwhile, bone deposition occurs 
at the lingual side of  the symphysis in both alveolar process and 
basal component in adolescents (<18 years old) and solely in the 
alveolar process in adults (>18 years old) [4] which correlate with 
the narrowing of  basal part in adults. In addition, the narrower 
MS in adults could also be explained by the slowing rate of  bony 
turnover after reaching its peak at the age of  15-20 in women and 
later in men. This suggests that as age increased, there is a rapid 
decline in biochemical measures of  bone remodelling and there 
is a predominance of  bone resorption over bone formation [21].

We observed that the pattern of  MS shape changes from adoles-
cents to adults varied according to its vertical facial proportion. 
In the high gonial angle group, both adults and emerging adults 
have significantly narrower MS compared to adolescents. In the 
average gonial angle group, only the adults had significantly nar-
rower MS, but the adolescents and emerging adults had similar 
shaped MS. However, it is interesting to note that in low gonial 
angle group, there were less distinctive MS shape differences be-
tween age groups. MS appeared to be rounded, bulbous and wider 
even in adults. This is in agreement with Swasty et al [22]. Who 
found that the cortical plate was significantly thicker on the lin-
gual surface of  the symphyseal region in subjects with low facial 
type. In addition, B-point area remodels differently between high 
and low angle groups where greater bony deposition occurs in 
the low angle whereas greater bone resorption occurs in the high 
angle group [20]. Long face has also been associated with and a 
resorptive nature at B-point area [20], lower biting force magni-
tude, reduced masticatory muscle size [23, 24], resulting in thinner 
MS [12].

Additionally, ageing appears to have an influence on skeletal mus-
cle as well as its underlying bony structures, due to systemic and 
hormonal changes in the body [25]. Significant reduction in the 
cross-sectional area of  the masseter and medial pterygoid muscles 
were observed with increasing age, from 20 to 90 years old [26]. 
Thus, we postulate that as age increases, high gonial angle patients 

Table 4. Pairwise comparisons of  mandibular shape.

Group Age group Age group P

High
Adolescents

Emerging adults 0.0110*╪

Adults 0.0031*╪

Emerging adults Adults 0.7315╪

Aver-
age

Adolescents
Emerging adults 0.0631╪

Adults <0.0001*╪

Emerging adults Adults 0.0072*╪

Low
Adolescents

Emerging adults 0.0953╪

Adults 0.3341╪

Emerging adults Adults 0.0089*╪

* P<0.05, ╪Canonical Variate Analysis was performed.
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with lesser bite force and muscular activity have a distinctively 
narrower MS from adolescence to adulthood. In contrast, those 
with low gonial angle may have maintained or slightly reduced MS 
dimensions due to the occlusal and masticatory forces.

Clinically, orthodontist has more room to procline or retrocline 
the mandibular incisors during orthodontic treatment in ado-
lescents. Orthodontists must also be careful when moving teeth 
in adults with high and average gonial angle group as there is a 
higher risk of  moving the root outside the bone which can lead 
to gingival recession, root resorption and bone fenestration. De-
compensation of  lower incisors prior to orthognathic surgery can 
be hazardous in the presence of  thin biotype and crowding. This 
study also provides essential information for genioplasty, block 
bone grafting and implant procedures. More bone volume can be 
obtained from low gonial angle patients; however, cautions must 
be taken to prevent injury to the lower incisors as low gonial angle 
patients as they tend to have shorter MS. Caution should also be 
practiced in aged patients with high gonial angle as the alveolar 
part of  MS is narrower. Nevertheless this pilot study concentrated 
on Class III skeletal base, hence  comparison of  MS in Class I, 
Class II and Class III skeletal base will be incorporated in future 
studies.

Conclusion

There is a noticeable pattern of  shape changes in MS between-
adolescents, emerging adults, and adults.

Adults in high and average gonial angle groups had significantly 
narrower MS especially at the B-point and basal area compared 
to adolescents. Low gonial angle exhibited similar shape of  MS 
across 3 age groups.

Mandibular symphysis shape changes are associated with increas-
ing age.
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