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ABSTRACT:

Introduction: The mandibular symphysis (MS) morphology
results from the interplay of different genetic, non-genetic, vertical
jaw relationships, inclination of the lower incisors and adaptive
factors. The thickness of the alveolar process at the mandibular
symphysis can be influenced by the facial growth pattern so the
present study was designed to evaluate the (MS) dimensions in
different vertical and horizontal jaws relationships. Material and
Methods: A sample of 120 patients with age range from 11 to 13
years was divided into 6 groups according to ANB angle and SN
to MP angle (CI: ANB between 0° and 4° CIIDI ANB over 5%
CIII below 0°. Hypo-divergent: SN to Mp less than 29°. Hyper-
divergent SN to Mp more than 36°). For each patient a CT of MS
in the mid-sagittal plane was taken: (MS) widths, height and
different inclination angles were measured by the CT machine
integrated program. Results: hyper-divergent growth pattern
showed highly significant differences between Class I, Class 11D1
and Class 111 regarding perpendicular distance from ®g point to
Id-Me line and the anterior inclination angles of the symphysis
with Class 111 showed greater values than Class I and Class I1ID1
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while the middle symphysial width showed high significant
difference between Class I and (Class IID1, Class III).
Hypo-divergent growth pattern showed high significant
differences between Class I, Class IID1 and Class I1I regarding
perpendicular distance from ®g point to Id-Me line and the
anterior inclination angles of the symphysis with Class 1ID1
showed the lowest values for the inclination angles while Class I
showed the shortest distance from ®g point to Id-Me line.
Conclusion: Significant differences were found between hypo and
hyper divergent growth patterns regarding all MS dimensions
except 1d-B distance and upper symphysial width (I1d-1d1) and
Class II1 showed the greater inclination angles than Class I and
Class IID1.

INTRODUCTION

Mandibular symphysis (MS) morphology has an impact on diagnosis
and treatment planning in orthodontic patients; it serves as a reference
anatomical landmark for esthetics and beauty of the face in general and of
the lower part in particular®?

MS is morphologically divided into two regions, the dento-alveolar
and basal symphysls® The MS width contributes to the outline of the
face, particularly the profile, in addition to being a reference for the
position of the incisors by the degree of its protrusion.®

MS morphology is a complex phenotype that results from the
interplay of different genetic, non-genetic, and adaptive factors®®
Functional environment has been claimed to affect the shape and size of
MS, such that MS demonstrates an adaptive morphological response to
the bi(oé;nechanical loads experienced at various points in the masticatory
cycle”?),

It is known that the facial growth pattern influences not only the
morphology of the MS, but also the thickness of the alveolar process in
this area, and consequently, the position of the mandibular incisors. The
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wider the symphysis, the greater the possibility to tip forwards the
mandibular incisors.® Moreover, one speculates that the negative vertical
overlap is another factor influencing the symphysis morphology %

MS is an anatomical structure of the mandible in which the lower
incisors are found including the anterior portion of the chin. MS
contributes to the composition and balance of facial harmony and must be
considered  when deciding on orthodontic treatment in borderline
cases ™14 Class Il malocclusions are characterized by a retrognathic
mandible or a prognathic maxilla with variable vertical dimensions.

Excessive vertical development were emphasized in Class |l
malocclusions by numerous research groups.®>*" Schudy®® focused
on the term facial divergence and two extremes of it would be
hypo-divergence and hyper-divergence. Although various measurements
have been used to classify vertical divergence of malocclusion,
mandibular plane angle is one of the basic parameters. :6:18:19)

Bjork and Skieller ?? in their longitudinal implant studies have
described remodeling pattern of MS; apposition below the symphysis and
at its posterior surface in forward rotating mandibles and, apposition at
the anterior surface and resorption at the lower surface of the symphysis
with apposition at its inner surface in backward rotating cases

Similarly Ricketts@®V stated that symphysis morphology may be used
to predict the direction of mandibular growth. Bjérk ?? also defined the
inclination of MS is one of the seven signs for identification of the
mandibular growth. The symphysis is also characterized as a growth
zone, active in mandibular growth in width as well as in length, during
the first half of the prenatal period, and the knowledge of mandibular
growth is highly beneficial in diagnosis and treatment planning.®

Enlow noted that MS is one of the most variable areas in the entire
mandible as seen among the different basic facial types and patterns
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divided into three subgroups according to their vertical morphology
(MP-SN angle) as: Hypo-divergent (MP-SN angle <27°); Normo-divergent
(28° to 37°), and Hyper-divergent (>38°).%%

Therefore, any variation of point B in the different skeletal patterns
would affect the involved angular measurements. Additionally, point B
has been used to measure a dento-alveolar parameter when it represents
the demarcation between dento-alveolar and skeletal structures.®®

There is an obvious correlation between mandibular growth rotation
and the MS morphology, which have been shown by several research
groups and may be used to predict the direction of mandibular
grOWth.(20’21’22’23)

Class 111 malocclusions are believed to be the result of excessive
growth of the mandible with respect to the maxilla and/or cranial base
Sugawara and Mitani ®®, but Karlsen @”) noted that mandibular skeletal
protrusion was associated with forward positioning of the mandible
relative to the anterior cranial base, and this may yield a Class IlI
relationship without involving any morphological changes of the
mandible.

Although anterior displacement of the mandible may play a part it is
unclear whether Class Il malocclusion is caused by variations in
mandibular position, mandibular size, or a combination of the two
Kerr et al 329 so the aim of the present research was to evaluate and
compare the thickness, height and inclination angle of the alveolar
process of the MS with different facial patterns and different
antero-posterior jaw relationships.

MATERIAL AND METHODS

A computerized tomography take for the MS at the mid sagittal
plane for a sample of 120 female patients, with ages ranged from 11 to 13
years. The sample was divided into 3 groups with 40 patients in each
group depending on ANB angle:
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- Classl: ANB between 0° and 4°
- Class 11 D1 ANB over 5°
- Class 11l ANB below 0°

Each group further divided into two subgroups with 20 patients in
each subgroup depending on SN to MP angle:

- Hypo-divergent: SN to Mp less than 29°
- Hyper-divergent SN to Mp more than 36° “30)

The following linear and angular MS parameters were measured by
the CT machine integrated program (Figure land 2):

1- 1d — B: from infra-dentale to supra-mentale
2- B — Pg: from subspinale to pogonion
3- Pg — Me: from pogonion to menton

4- 1d — Me: from infra-dentale to the most inferior point in the symphysis
contour in the mid line

5- Pg perpendicular to Id —Me:

6- Id — Id 1: from infra-dentale which is the most superior point of the
symphysis buccally in the mid line to a similar point lingually

7- B — B1: from supra-mentale to similar point in the lingual contour of
the symphysis

8- Pg — Pgl: from the highest point of the buccal contour of the
symphysis to the highest point on the lingual contour of the
symphysis.

9- B — B1 — Gn: angle formed by supra-mentale , supra-mentale lingual
and gnathion.

10- B — Pg — Me: angle formed by supra-mentale, pogonion and menton.

—_—T
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11- I1d — B —Pg: angle formed by infra-dentale, supra-mentale and
pogonion.

12- B — Pg — Mp: angle formed by supra-mentale, pogonion and
mandibular plane.

13- Id — B — Mp: angle formed by infra-dentale, supra-mentale and
mandibular plane.

All obtained results were statistically analyzed to evaluate and
correlate the thickness and different inclinations of the alveolar process of
the mandibular symphysis with the facial pattern and different types of
antero-posterior jaws relationships.

1 Id-B mm

2 B-Pg mm

3 Pg-Me mm

4  ld-Me mm

5 Pgl Id-Me mm

6  ld-ld1 mm

7 B-B1 mm

8 Pg-Pg1 mm

9 B-B1-Gn angle
10 B-Pg-Me angle
1 |d-B-Pg angle
12 Id-B-Mp angle

13 B-Pg-Mp angle

Figure (1): diagram showing linear and angular measurements of the mandibular
symphysis
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Figure (2): CT scan of the mandibular symphysis in the mid sagittal plane: A:Cl
hyper-divergent, B:Cl hypo-divergent, C:CIID1 hyper-divergent, D:ClID1
hypo-divergent, E:ClII hyper-divergent, F:CIlI hypo-divergent.
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RESULTS

No statistically significant differences were found between CI,
CIID1 and C 11l in both hypo & hyper divergent groups regarding the
upper symphysial width. The middle symphysial width (B-B1) showed a
highly significant difference in hyper-divergent growth between CI and
(CHID1- CIII) while in hypo-divergent growth showed a non-significant
difference between CI, CIID1 and CIIl. The lower symphysial width
(Pg-Pgl) showed the greatest value and significant difference in hypo and
hyper —divergent CIlI than Cl and CIID1.(Tablel and 2)

Regarding the distance from Pg - to Id —Me line a highly significant
difference was found in hypo-divergent growth between CI and CIID1
and in hyper-divergent growth between CIID1 and CIII. C 11l showed the
greatest distance from Pg L to Id —Me line in both hypo and hyper
divergent groups and the greatest total symphysial height (Id-Me) than CI
and CIID1. The anterior inclination angles of the symphysis (Id-B-Pg and
B-Pg-Me) showed the greatest values in CIII malocclusion with highly
significant difference between CIID1 and (CI-ClIl). (Tablel and 2).

When CI hyper and hypo-divergent groups were compared
a significant difference was found between both groups regarding
all parameters except upper symphysial width, I1d-B distance and
Id - B - mp° which showed no significant difference (Table 3). A highly
significant difference was found between both groups When CIID1 hyper
and hypo-divergent groups were compared regarding Pg 1 1d Me, lower
symphysial width and the anterior inclination angles of the symphysis.
(Table 4).

Class Il hyper & hypo-divergent groups showed a highly significant
difference was found between both groups regarding B-Pg, Pg-Me and
Pg L Id Me distance and Id - B - Pg° and a significant difference
regarding the middle and lower symphysial width. (Table5).
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Table (1): Showing a comparison of linear and angular measurements of hyper-divergent Cl,
CIID1 and CIII.

Cl CIlID1 Cll cl& L&l ClIDL &
Mean + SD Mean+SD | Mean =SD ClID1 Clll

Id-B 769+106 |[11.32+1741| 752+0.73 0.498 0.592 0.716
B -Pg 1289+285 | 1412+2.04 | 13.82+1.32 0.163 0.433 0.735
Pg—Me 9.87+1.30 1052+19 | 10.52+0.98 0.317 0.275 0.998
Id—Me 29.24+49 29.80+3.74 | 29.98+2.48 0.877 0.718 0.524
PgJ- Id Me 476+1.83 447 +0.55 5.33+0.82 0.494 0.071 0.001**
Id—1d1 6.36 £0.42 6.20+£0.70 6.03+0.84 0.492 0.281 0.598
B-B1 10.19+0.54 8.99+0.85 8.94+055 0.001** 0.002** 0.893
Pg - Pgl 1355+142 | 13.23+1.17 | 1445+0.97 0.701 0.037* 0.019*
B-B1-Gn° 58.72+4.2 55.05+1.12 | 61.1+7.21 0.001** 0.386 0.001**
B - Pg -Me° 12547+7.1 |128.46+3.64 | 134.22+5.05 0.117 0.012* 0.003**
Id-B - Pg° 159.81+5.19 | 153.29+7.89 | 162.99+4.76 | 0.001** 0.209 0.005**
B - Pg mp°® 6798+11.13 | 655+1.03 | 6551+7.13 0.301 0.610 0.995
Id-B-mp° 86.50+5.70 | 92.13+9.36 | 84.67+7.24 0.078 0.558 0.065

Table (2): Showing a comparison of linear and angular measurements of hypo-divergent

Cl, CIID1 and CIII.
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C1 ClI D1 Cll
ClID1 &
Mean+SD | Mean+SD | Mean +SD clecipricreci Cll
Id-B 641+135 | 719+1.31 763+1.25 0.173 0.001** 0.432
B - Pg 1048+298 [12.01+243| 11.39+2.08 0.207 0.304 0.521
Pg - Me 884+1.2 9.01+£1.20 | 945+0.75 0.736 0.083 0.280
Id - Me 248+489 |2359+7.24| 2627+34 0.667 0.312 0.260
Pg—L I1d Me 357+1.13 | 508+0.85 | 5.69+0.93 0.001** 0.001** 0.001**
Id-Id1 6.32+0.70 | 6.59+053 | 6.43+0.55 0.334 0.608 0.504
B-B1 9.78+046 | 9.86+0.92 | 9.66+0.66 0.756 0.519 0.546
Pg - Pgl 1492+151 |1465+1.28 | 15.64+0.98 0.658 0.106 0.046*
B-B1-Gn° 5421+401 |5383+1.17| 50.17+7.0 0.796 0.033* 0.024*
B - Pg - Me°® 134.71+£7.83 | 133.1+£3.23 | 128,58 +5.32 0.581 0.011* 0.039*
Id-B - Pg° 155.28+5.26 | 133.1+4.23| 1579+49 0.001** 0.131 0.001**
B - Pg mp° 56.82+10.87 | 67.07+155| 58.2+8.35 0.001** 0.001* 0.711
Id-B-mp° 89.98+9.53 [93.77+4.39| 90.13+7.94 0.293 0.959 0.243
R
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Table (3): Showing a comparison of linear and angular measurements of hyper and
Hypo-divergent ClI

Linear and angular Hyper-divergent CI Hypo-divergent C1 b value
measurements Mean £ SD Mean = SD

Id-B 7.69 +1.06 6.41+1.35 0.691

B - Pg 12.89 +2.85 10.48 £ 2.98 0.035*

Pg - Me 9.87 £1.30 88412 0.032*

Id - Me 29.24+49 24.8 £4.89 0.021*
Pg-l1d Me 476 +1.83 357+1.13 0.029*
Id - 1d1 6.36 £0.42 6.32£0.70 0.841
B-Bl 10.19 £ 0.54 9.78 £ 0.46 0.031*

Pg - Pgl 1355+1.42 1492 +1.51 0.012*

B-Bl-Gn° 58.72+4.2 54.21 +4.01 0.028*

B - Pg - Me° 12547 +£7.1 134.71 +7.83 0.011*

Id-B-Pg° 159.81 £5.19 155.28 £ 5.26 0.027*

B - Pg mp° 67.98 £11.13 56.82 + 10.87 0.010*
Id - B - mp° 86.50 £5.70 89.98 £ 9.53 0.253

Table (4): Showing a comparison of linear and angular measurements of hyper and
Hypo-divergent CIIID1.
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Linear and angular Hyper-divergent CIID1 Hypo-divergent Cll D1 P value
measurements Mean + SD Mean + SD

Id-B 11.32+17.41 7.19+131 0.249

B - Pg 1412 +2.04 12.01 +2.43 0.024*

Pg - Me 1052+1.9 9.01+1.20 0.044*

Id - Me 29.80£3.74 23.59+7.24 0.015*
Pg-L1d Me 4.47+0.55 5.28 £0.85 0.005**

Id - Id1 6.20 £0.70 6.59 £ 0.53 0.164
B-Bl 8.99 +0.85 9.86 +0.92 0.022*
Pg - Pgl 13.23+1.17 14.65+1.28 0.008**
B-Bl-Gn° 55.05+1.12 53.83+1.17 0.014*
B - Pg - Me° 128.46 + 3.64 133.1+£3.23 0.004**
Id-B-Pg° 153.29 £ 7.89 133.1+4.23 0.001**
B - Pg mp° 65.5+1.03 67.07 £ 1.55 0.003**

Id - B - mp® 92.13+£9.36 93.77 £4.39 0.627

—

38



Egyptian
Orthodontic Journal

Table (5): Showing a comparison of linear and angular measurements of hyper and
Hypo-divergent CIII.

Lirrﬁ:;ir;g rﬁgggar Hyper-divergent ClII Hypo-divergent CllII b value
Mean + SD Mean + SD
Id-B 7.52+0.73 7.63+1.25 0.977
B-Pg 13.82+£1.32 11.39 +£2.08 0.009**
Pg - Me 10.52 £ 0.98 9.45+0.75 0.009**
Id — Me 29.98 +2.48 26.27 £34 0.017*
Pg-l 1d Me 3.33+£0.82 4.49 +0.93 0.009**
Id - Id1 6.03 £ 0.84 6.43 £ 0.55 0.166
B-Bl1 8.94 £ 0.55 9.66 = 0.66 0.019*
Pg - Pgl 14.45 £ 0.97 15.64 £0.98 0.014*
B-Bl-Gn° 61.1+7.21 50.17x£7.0 0.002**
B - Pg - Me® 134.22 £5.05 128.58 +5.32 0.027*
Id-B-Pg° 162.99 £ 4.76 1579+49 0.031**
B - Pg mp® 65.51 +7.13 68.2 + 8.35 0.384
Id - B - mp® 84.67£7.24 90.13+7.94 0.142
DISCUSSION

The MS morphology is an important factor in evaluation of
diagnosis and treatment planning. A wider symphysis may be more
compatible with more protrusion of the incisor. ?®

The sample age in the present study ranged from 11 to 13 year which
may present a bias in the study. An attempt was made to overcome the
bias of different stages of puberty with the evaluation of skeletal

maturation stages of the subjects using hand-wrist radiographs which
were matched in all groups.G?
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This study was conducted on 120 females sample and the male not
included because Buschang et al®? stated that sexual dimorphism in
mandibular size favouring males could be temporarily confounded in
early years by the earlier growth spurt of females, given that male
proportions are larger than their female counterparts. 34

Dento-alveolar compensation is usually a good camouflage for the
underlying antero-posterior skeletal discrepancy.®>%®) 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®” Accordingly, the present research
looked at some of the characteristics of MS in the three AP relationships .

The sample was divided into hyper and hypo-divergent according to
SN to Mp because previous studies showed that, individuals with
a vertical growth pattern have a longer and narrower symphysis; in those
with horizontal growth it is shorter and wider. 839

In accordance with our results regarding the MS height Elcin E and
Fidan A 2012 “9 found that the MS height was greater in the hyper-
divergent group than in the hypo-divergent groups but was not
statistically significant. MS width was higher in the hypo-divergent group
than in the hyper-divergent group

Our study was based on both sagittal and vertical jaw relationship
measurements taken directly from CT of the MS in the midline and came
in accordance with Swasty et al.®¥ as they showed similar finding for
heights of the MS in their CBCT study and demonstrated longer MS in
long faces compared with subjects with average and short faces

Swasty et al.®¥ also stated that short face group had wider MS
compared with those of long- and average face groups and revealed that
the widths of the MS are similar and statistically insignificant for all
groups on the other hand the present study only upper and middle MS
widths showed no significant difference between CI,CII and CIII in both
hypo and hyper divergent groups. Similar results were obtained from
CBCT supported the claims that the total thickness of the MS is greater in
short-face subjects as opposed to their long-face counterparts 1)
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According to Bjork,®® in high-angle cases, the pronounced
apposition below the MS and the anterior part of the mandible produces
an anterior rounding which coincide with the findings of the present
study. Similar findings with our results were found by Ulas Oz and
Meliha Riibendiiz 2013“? where no significant differences for the
measurement of upper (ld-1d1) and middle (B-B1) width of the MS,
however the lower MS width measurement (Pg-Pgl) was statistically
shorter in hyper-divergent Class Il subjects compared with all other
groups.

The decrease in lower alveolar symphysis width may be related to
mentalis muscle hyperactivity, and such relationship is more obvious in
patients with Class 11 skeletal pattern than class I, these findings came in
accordance with Pichaya 2014“® who reported similar findings.

An association was found between the symphysial inclination and
vertical dimension. The MS was inclined more forward according to
mandibular base in all Class Il subjects than control. The angle between
mandibular plane and the symphysis, were greater in all Class Il groups
compared with Class | group also it has been reported that a greater
inclination of the MS is associated with an anterior growth direction
and a smaller inclination is often consistent with hyper-divergent
patterns.(?44)

Also, the results of the study were in agreement with Handelman?
and Beckmann®® who reported that hyper-divergent patients present
a thinner MS and a thinner alveolar ridge in the anterior region of the
mandible, compared to the other facial patterns.

In the present study, the MS in hypo-divergent facial type was found
to be associated with short height and large depth, these results are
consistent with the findings of Aki et al ®® and RickettsY who found
a thick MS to be associated with an anterior growth direction.
Sassouni®® and Bjork®? have found a tendency toward backward
mandibular rotation to be associated with the pronounced apposition
below the MS with more overall concavity of the lower mandibular
border.
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The linear distances and angular measurements that expressed the
vertical dimension of MS and the area of MS were largest in the Class Il
group compared to the Class | and Class Il groups; these findings came in
accordance with several studies who reported a larger mandible in the
Class 1114749

The convexity of the contour of the skeletal part of MS was
evaluated by angular and linear parameters. The angle B-Pg-Me and the
perpendicular distance from Pg to 1d-Me line, respectively. Although the
angular measurement was smaller in the Class Il hypo-divergent group
than in the Class Il hypo-divergent group with significant difference
between both groups; these findings came partially in accordance with
Mouakeh 2001*7 who reported no significant difference between both
groups.

In accordance with Molina 2013G% the vertical facial pattern is
a significant factor in MS morphology, so short-faced Class Il patients
have a widened alveolar bone. However, for long-faced Class 11, natural
compensation elongates the symphysis. Similarly with our results Susan
et al 201469 reported that Class 111 subjects showed greater inclination
of the alveolar part of the MS relative to the mandibular plane than did
Class I and Class Il subjects.

In the present study, the higher difference in the inclination of the
MS in Class Il when compared with Class | and Clas Il may be
attributed to compensatory inclinations of the mandibular incisors in
mandibular prognathism for skeletal imbalances between the jaws. This
inclination had a considerable effect on the inclination of the MS
a similar conclusions was reported by many earlier studies®?

In contrast with our results Nu” Molina- et al 2013®% reported
insignificant differences with regard to the MS dimensions between the
Class I and Class Il samples and within the Class Il this contradiction
may be due to difference in methodology and sample size.

CONCLUSIONS

A significant difference was found between MS dimensions and different
antero-posterior and vertical growth pattern of the face. Hyper-divergent
growth has a longer and narrower MS than hypo-divergent growth.
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