The morphology of the mandibular antegonial notches and facial symmetry

The morphology of the mandibular antegonial notches and

facial symmetry

Fares Al-Sehaibany* / Omar Salem ** / Brian Preston***

Thirty randomly selected pre-treatment postero-anterior cranial radiographs of adolescent patients
attending the orthodontic department, School of Dental Medicine, State University of New York at
Buffalo comprised the sample in this study. The aims of this study were (1) to compare the depths of
the right, and the left, mandibular antegonial notches, and (2) to determine whether the morphology of
the antegonial notches bears a statistical relationship to some other transverse metrical characters of
the face. The frontal cranial radiographs of thirty patients were digitized to determine the linear, and
surface area, measurements of the right, and the left, antegonial notches as well as some transverse
dimensions of the faces. An analysis of variance showed that no statistically significant difference
existed between the measurements made by the two examiners, who digitized the radiographs. The data
were analyzed by means of the Student’s t- test. The results showed that there were statistically signifi-
cant differences (P<0.05) between the measurements of the right, and the left, mandibular antegonial
notches. The data also showed that there were highly statistically significant differences between the
corresponding bilateral facial dimensions (P<0.001). The results of this study suggest that facial sym-
metry, as measured on a frontal skull radiograph, is associated with the respective depths of the right,

and the left, mandibular antegonial notches.
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INTRODUCTION
he presence of prominent mandibular antego-
I nial notches is frequently noted in subjects with
disturbed, or arrested, mandibular condylar
growth."* In cases of unilateral condylar hypoplasia,
marked mandibular notching develops only on the
affected side."”” Bjork’s implant studies**'> show that in
a mandible with a predominantly vertical growth pat-
tern, apposition occurs below the mandibular symph-
ysis, while resorption tends to take place in the region

of the gonial angles.

Other workers report that a mandible that rotates
backwards, and downwards, during growth, usually
exhibits pronounced bone apposition beneath the
gonial angles in combination with excessive resorption
posterior to the bony symphysis.**’ Excessive vertical

* Fares Al-Sehaibany, BDS, PhD, FAAPD, Postgraduate Resident,
Department of Orthodontics, SUNY at Buffalo, School of Den-
tal Medicine.

** Omar Salem, DDS, MS, Clinical Assistant Professor, Department
of Orthodontics, SUNY at Buffalo, School of Dental Medicine.

*##% Brian Preston BDS, PhD, Professor and Chairman, Department
of Orthodontics, SUNY at Buffalo, School of Dental Medicine.

Address all correspondence to Dr. Fares Al-Sehaibany, Department
of Orthodontics, SUNY at Buffalo, School of Dental Medicine, 140
Squire Hall, 3435 Main St., Buffalo, NY 14214.

The Journal of Clinical Pediatric Dentistry

mandibular growth thus results in cranially directed
curvatures, or antegonial notches, of the inferior border
of the mandible anterior to the gonial angles.

There are indications that the growth potential of
mandibles with pronounced antegonial notching® is
reduced while, in general, mandibles with straight infe-
rior borders tend to be longer than those that have
deep notches. On average, mandibles with deep ante-
gonial notches have comparatively obtuse gonial
angles, relatively shorter mandibular rami and occlusal
planes that form more obtuse angles with the respec-
tive anterior cranial bases. The mean total anterior
facial height of subjects with straight, un-notched,
mandibular inferior borders was smaller than that of
subjects with deep antegonial notches, while the maxil-
lae of the former group were more protrusive in rela-
tion to the cranial bases than were those of the latter
group.™

Symmetry may be defined as the correspondence, in
size, form, and arrangement, of parts on opposite sides
of a plane, line or point. Conversely, the term asymme-
try implies an imbalance in the arrangement of parts.
Asymmetry of the component parts of the dentofacial
complex may be unilateral or bilateral and may occur
in the following directions: antero-posterior, supero-
inferior, and medio-lateral.”

The uniqueness of individual human features can
most probably be ascribed to the presence of clinically

Volume 26, Number 2/2002 155

ZZ0z dunr Gz uo Jasn [eydsoH @ 869|100 [ejua@ yieadeApip nereyg Aq ypd-zx.82Ebs/x6LL AR ¢ 92 PAOl/898GY/ L/SS L/Z/9Z/pd-aone/pdof/woo-ssaidus|ie uelpuaw;/:dpy wol papeojumoq



The morphology of the mandibular antegonial notches and facial symmetry

Figure 1. Postero-anterior cranial radiograph.

unimportant facial asymmetries that are present in all
faces. Craniofacial asymmetries, however, vary in the
degrees of severity and when they are significant they
may interfere with occlusal function while, at the same
time, presenting esthetic challenges during orthodontic
treatment.

The successful orthodontic treatment of craniofacial
asymmetries requires an in-depth understanding of
facial growth and development as well as orthodontic
treatment techniques. Facial asymmetry can usually be
diagnosed radiographically by the presence of relative
discrepancies in the sizes of the facial bones.

The etiology of these size discrepancies involves
many factors, one of which is probably the presence of
different growth rates between the right and left sides
of the face."

Postero-anterior radiographic cephalograms contain
diagnostic information that is not readily available
from other sources. This information allows orthodon-
tists to evaluate the comparative widths, and transverse
positions of the maxilla and mandible. Specifically to
diagnose the presence, and the severity of facial asym-
metries relative to the midline sagittal plane.” Frontal
facial photographs and postero-anterior cephalographs
provide important diagnostic clues and they should
therefore be included in those records that are used to
evaluate facial form."

Postero-anterior radiographs have been used in
studies of craniofacial asymmetry and usually by mea-
surements made to a vertical line constructed midway
between the medial aspects of the orbits and passing
through the nasal septum.”” The relationship between
the widths of maxillary and mandibular skeletal bases
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Figure 2. Digitized image of posterio-anterior cranial radiograph.

is presumable the most critical information sought
from the postero-anterior cranial radiograph and in
this respect the Ricketts’ analysis seems to be the one
most widely used.'**'?

The aims of the present study were (1) to compare
the depth of right, and left mandibular antegonial
notches, and (2) to investigate the correlations that may
exist between the depth of the mandibular antegonial
notches and facial symmetry as seen in the transverse
dimension.

METHODS AND MATERIALS

Thirty randomly selected pre-treatment postero-ante-
rior cranial radiographs (Figure 1) of adolescent
patients attending the Orthodontic Department, School
of Dental Medicine, State University of New York at
Buffalo were digitized with the JOE32™ digitizing pro-
gram (RMO)®. None of the patients had a medical his-
tory that could affect craniofacial growth adversely, nor
were considered to have overt facial asymmetry.

All of the radiographs were subject to the same
enlargement factor, which was approximately six per-
cent. Two examiners used a standardized technique to
digitize the chosen radiographs and to identify selected
craniofacial structures. On the postero-anterior radi-
ographs a line extending through Crista galli (Cg) and
Menton (Me) represented the facial midline. Crista
galli was located at the most constricted point of the
projection of the perpendicular lamina of the ethmoid,
while the lowermost midline point of the contour of the
chin represented Menton.

A line extending from the right to the left Jugale
(J),?* a cephalometric point located on the buccal out-
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Figure 3. Enlarged image of the right manibular antegonial notch (AgR).

line of the maxillary tuberosity, was used to measure
the maxillary transverse dimension. Likewise, a line
joining the bilateral cephalometric landmarks, Gonion
(Go), located at the corresponding mandibular gonial
angles represented the mandibular transverse dimen-
sion. The inferior border of the mandible was traced on
each cephalometric radiograph and particular care was
taken in outlining the mandibular antegonial notches.

All of the measurements were performed by both of
the investigators. The results obtained by the two exam-
iners were subjected to statistical evaluation to test for
inter-operator error. Each examiner repeated the mea-
surements on ten randomly selected radiographs after
a period of at least two days had lapsed. The data
obtained in this manner were used to test for intra-
operator error. The deepest points, by inspection, on
the curvatures of the right, and left antegonial notches
were identified on the radiographs and digitized as
AgR and AgL respectively (Figures 2 and 3).

The points of intersection between perpendiculars
drawn from points AgR and AgL to the right, and left
tangential lines to the inferior borders of the mandibles
were designated R1 and L1 respectively. Subsequently
on each radiograph the right, and left dimensions
between the points AgR and R1, and AgL. and L1 were
recorded as R3 and L3 respectively (Figure 4). The
lengths of the outlines of the right, and left antegonial
notches between the limiting lines, was termed R2 and
L2 respectively.

Digital optical images of the right and left antegonial
notches were produced with a Nikon® stereomicro-
scope at 2x magnification. The depth (R3 and L3) of the
right, and left notches were measured and the surface
area of each notch was also determined with the Image-
Pro program®. The surface area of each antegonial
notch was limited mesially and distally by the lines R4
and RS, and L4 and L5 for the right and left sides
respectively. The mesial and distal limiting lines were
on either side of, 2mm away from and parallel to, the
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Figure 4. Linear and surface area outline of the right mandibular
antegonial notch (AgR).

AgR-R1 and AgL-L1 lines. The surface area measured
is the shaded area shown in Figure 4.

The transverse facial measurements that were
recorded on the digitized postero-anterior radiographs
included the transverse width of the maxilla, the linear
measurements from the right and left Jugale to the
facial midline, the transverse mandibular width and the
linear distances from the right and left Gonion to the
facial midline. Linear and surface area measurements
of the right, and left mandibular antegonial notches
(Ag), and the facial linear measurements of the right
and left sides were compared to each other. Descriptive
statistics were obtained and statistical comparisons
were performed by the mean of Student’s t-test.

RESULTS

An analysis of variance did not disclose statistically sig-
nificant (p<0.01) intra-, or inter-operator, differences in
the measurements made by the two examiners. The
intraclass correlation coefficient indicated that the reli-
ability of the measurements made in this study were
high (r=0.99). Statistical examination of the results of
this study pointed to the presence of an asymmetry
between the right and left mandibular antegonial
notches (p<0.05) in this sample.

Accordingly, the mean dimensions of the right mandibu-
lar antegonial notches were greater than the corresponding
mean dimensions recorded for the left antegonial notches.
This statement is true for both the linear as well as the sur-
face area measurements (Tables 1 A, B and Figure 5).

Statistical analysis of the data disclosed the presence
of an association between the mean values of the dimen-
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Tables 1 A, B. Linear and surface area measurements in mm. of right
and left mandibular antegonial notches (AgR and Agl). A, linear
measurements of AgR, and AgL, B, surface area measurements of
AgR, and AgL.

Table 1 A.
mean = sd p-value
Linear measurements of AgR 1.37 £ 0.58
0.006
Linear measurements of AgL 1.07 = 0.61
Table 1 B.
mean = sd p-value
Surface area measurements of AgR 5.25 +2.26
0.006
Surface area measurements of AgL 412 +2.35

sions of the antegonial notches and the mean values of
the metrical characters used to study facial symmetry rel-
ative to the facial midline. The mean values of the left lin-
ear facial measurements, J and Go to the facial midline,
were greater than the mean values recorded for the same
respective measurements on the right side of the faces in
this sample. Statistical analysis showed that there were a
highly significant negative association (P<0.001) between
the dimensions of antegonial notches and those dimen-
sions used in this study to measure facial symmetry
(Tables 2 A, B and Figure 6).

DISCUSSION
Mandibular morphology is closely associated with the
prognosis of a successful outcome to orthodontic treat-
ment. In growing orthodontic patients, the shape of the
mandible has a direct bearing on the specific treatment
modality chosen, and also on the resultant facial aes-
thetic appearance. The seemingly infinite variation in
human facial form can most likely be attributed to a
subtle interplay between three linear dimensions. Even
though the face is three-dimensional, most orthodontic
diagnoses are still performed in only two dimensions as
visualized on a lateral cephalometric radiograph.

Systems that provide volumetric assessments of cra-
nial form are becoming more practical, but the costs
involved, and the lack of ready availability, require
orthodontists to look elsewhere for information to aug-
ment the insight gained solely from lateral cephalomet-
ric radiographs.

Radiographs showing the transverse features of the
skull give additional insight into cranial morphology over

158 The Journal of Clinical Pediatric Dentistry

MBS U NHTHHVES P T

#gR AgL AR AgL
L i Fia| (1]

Ag Right|AgR), Ag LefiAgL]

Figure 5. Linear (Li) and surface area (Sa) measurements in mm. of
the right and left mandibualr antegonial notches (AgR and AgL).

that gained from a lateral skull radiograph. Despite the
fact that frontal cephalometric radiographs have an
important role to play in orthodontic diagnosis they are
not held to be inherent to the standard of care in ortho-
dontics. The antegonial notch is considered an important
mandibular feature and it is frequently mentioned in lat-
eral cephalometric radiographic studies of the face." The
present study looks at the mandibular antegonial notches
as seen in postero-anterior radiographs.

Certainly, orthodontists are frequently called upon
to treat dentitions that display decided dental, skeletal
or dentoskeletal asymmetry."” Cranio-facial asymme-
tries exist in all degrees of severity and other than in
the mildest forms. They may interfere with normal cra-
nial function, while at the same time presenting some
challenging esthetic problems. Ideally a craniofacial
complex should have identical right, and left halves that
would include perfectly symmetrical dental arches. The
results of this study showed that in this sample there
were dimensional differences between the right, and
the left, mean measurements that describe the basic
shapes of the mandibular antegonial notches. The find-
ings of this study revealed that the right mandibular
antegonial notches were on average deeper than the
counterparts on the left sides. The observed differences
were not confined to the depths of the notches, but also
to the surface areas and to the other metrical characters
used to define these structures.

The ultimate shape of a fully-grown mandible is the
result of genetic determinants that express themselves
under the influence of the functional environment.
The relatively complex shape of the mandible reflects
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Tables 2 A, B. Linear measurements in mm. of A, Right, and left
Jugale (JR and JL) to the facial midline. B, Right and Left Gonion
(GoR and Gol) to the facial midline.

Table 2 A.
mean * sd p-value
JR - Facial midline 30.43 (2.36
0.0002
JL - Facial midline 32.38 (2.02
Table 2 B.
mean * sd p-value
GoR - Facial midline 44.62 (3.39
0.0001
GolL - Facial midline 46.83 (3.58

the multiplicity of functions. The antegonial notch lies
at the junction of the body, and the ramus, of the
mandible and in this strategic position the shape is
probably a good indicator of how the mandible grew,
or perhaps more importantly, will grow. Thus, it has
been said that if the inferior border of the mandible is
relatively flat it grows forwards and, that when the
antegonial notches are deep the mandible grows
downwards.*

On the basis of present knowledge, it is difficult to
make definite correlations between specific mandibu-
lar shapes and any particular deviations in oral func-
tion. At least some studies indicate that when the
growth of the mandibular condyle fails to contribute
to the lowering of the mandible, the masseter and
medial pterygoid, by the continued growth, cause, the
bone in the region of the angle to grow downward,
producing antegonial notching. In other words,
resorption that normally occurs below the gonial
angle does not occur. Rather, a relative tension is gen-
erated between the angle and the muscle sling, in
which it is suspended, such that bone deposition
occurs in the area under the angle posterior to the
notch."® When the underdevelopment of the mandible
and the soft tissue environment are equal in degree,
the antegonial notch does not form.® Animal studies
show that the presence of the superficial masseter
and, or the medial pterygoid muscle are necessary for
the development of the angular process of the
mandible."”

It is not clear how asymmetric growth of the
mandible may relate to the growth of the face in gen-
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Figure 6. Linear measurements of right, left Jugale (JR and JL) to
facial midline, and right, left Gonion (GoR and Gol) to facial midline.

eral.” There are some indications that if the antegonial
notches, in any one mandible, are of different sizes, then
the mandible will develop some degree of asymmetry.'”
The present pilot study was undertaken to gain some
basic insight into the relationship, if any exists, between
mandibular, and facial, asymmetry.

The study indicates that in a group of orthodontic
patients who, by visual inspection, have acceptable
facial symmetry there were in most of the subjects
some variation in the sizes and shapes of the bilateral
antegonial notches. The study also indicates that in this
group of individuals there was a statistically significant
(p<0.001) relationship between the sizes of the antego-
nial notches and the basic symmetry of the respective
faces. Although growth in maxillary width is probably
completed prior to the completion in the growth of the
mandible," it was decided to use bilateral maxillary and
mandibular measurements to determine facial symme-
try in this study. Future studies will use more sophisti-
cated measures of facial symmetry to explore the exis-
tence of possible relationships between the transverse
dimensions of the mandible and the maxilla.

The results of this study suggest that right, and left
facial symmetry are associated with the depth of the
right, and left mandibular antegonial notches. Many
reasons have been put forward for the shapes of indi-
vidual antegonial notches."* It remains to be seen if
these possible factors can operate on the individual
sides of the mandible. If so, it could be useful to know
if there is a relationship between the bilateral shapes of
the mandible and the shapes of the corresponding sides
of the rest of the face.
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CONCLUSIONS

The present study revealed the presence of an asymme-
try in the shapes, and sizes of the right and left mandibu-
lar antegonial notches. In this sample the mean depth
and surface area of the right mandibular antegonial
notches were shown to be greater than those recorded
on the left side. The results of this study further suggest
that on the side were the mandibular antegonial notches
are greater the face appeared to be narrower.
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