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Abstract

M orphological features of 205 subjects with facial asymmetry were investigated by means
of postero-anterior (PA) and lateral cephalograms. Multivariate principal component
analysis was applied to classify the facial asymmetry into subdivisions. Three factors were
considered in this study. These were antero-posterior position and size of the mandible
(factor-1), facial asymmetry (factor-2) and overjet as well as the tooth axis of the lower incisor
(factor-3). Based on these three factors, facial asymmetry was further classified into eight
types. For the PA cephalogram, each group was characterized mainly by its mandibular
asymmetry, especially mandibular lateral displacement. The skeletal characteristics showed
that the ramus height was smaller, the facial width at the gonion level was larger and a
greater infero-iateral inclination of the lateral border of the ramus was found on the mandibular
displaced side than on the opposite side. The dental characteristics were of a frontal occlusal
plane ascending toward the mandibular displaced side and a lower dental midline displaced
along with a mandibular skeletal displacement, while the lower incisors tended to incline
toward the opposite side. For the lateral cephalogram, it was demonstrated that facial
asymmetry was a morphological characteristic found not only in a mandibular prognathism
but also in other various skeletal types, for instance in a mandibular retrognathism. Thus, in
patients with facial asymmetry, the treatment plan should be based on the individual skeletal

type.
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Introduction

Lateral deviation of the denture midlines and differ-
ence of the occlusal relationship in the right and left mo-~
lar are exemplified in patients with facial asymmetry. It
seems to be extremely difficult to treat such a malocclu-
sion by orthodontic means. Therefore, orthognathic sur-
gery is a popular choice especially in adult subjects with
severe facial asymmetry, in order to solve the occlusal
and esthetic problems (1). It has been reported that fa-
cial asymmetry presents not only an esthetic problem
but also functional disturbance for masticatory muscle
activity (2) or condylar path (3). A high incidence of tem-
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poromandibular disorder (TMD) in facial asymmetry
was reported (4, 5), on the other hand, it was also re-
ported that facial asymmetry was a relatively common
problem in TMD patients (6).

In this regard, it is fundamentally significant to un-
derstand the morphological features of the craniofacial
complex. Morphological studies addressing facial asym-
metry have been reported by means of radiographs, as
a PA cephalogram (7-13), a submental vertex radiograph,
(14-16) and an oblique cephalogram (17). Several stud-
iesrecommended the PA cephalogram for the analysis
of frontal asymmetries.

A single image assessment of the X-ray photographs
in these studies is not enough to understand the com-
plicated morphological features of craniofacial asymme-
try. Although three dimensional reconstruction of cranio
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facial structures by means of a computed tomography
(18, 19) is a modern method for analyzing skeletal mor-
phology, itis not in common use, due to prohibitive costs
and excessive exposure to radiation. Few studies have
examined craniofacial morphology by means of both
frontal and lateral cephalograms (20).

In this study, the craniofacial structures were inves-
tigated by means of the frontal and lateral cephalograms
in maloccluded subjects with facial asymmetry. Multi-
variate factor analysis was applied to classify the sub-
jects into subdivisions of facial asymmetry.

Materials and Methods
Sample :

The PA and lateral cephalograms of 205 malocclu-
sion cases (105 male and 100 female; mean age: 21.3
years, range: 16-47 years) attending the orthodontic de-
partment of the Kanagawa Dental College were utilized
in this study. These subjects were diagnosed as having
an obvious facial asymmetry by two orthodontists.

Cephalometric analysis

An cephalogram was taken with the patient’s head
uprighted parallel to the FH plane. After tracing the
cephalogram, the selected landmarks were digitized and
a cephalometric analysis was performed using originally
developed software. The PA cephalograms were ana-
lyzed as described in the previous studies (4-6). The
midfacial reference plane (MRP) which was used to as-
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sess facial asymmetry runs through the crista galli (CG)
and anterior nasal spine (ANS) (Fig. 1).

PA cephalometric measurements
Angular measurements (Fig. 1A)

MLD: The angle formed by the intersection of the
MRP and the line running through the ANS and men-
ton (ME) is defined as the mandibular lateral displace-
ment (MLD). The positive value indicates mandibular
lateral displacement to the left side.

MRP-P: This is a perpendicular line to the MRP. It is
utilized to assess the angle against the line through the
right and left landmark points on the bilateral structures.

FOP: The angle formed by the intersection of the
MRP-P and the line running through the occlusal sur-
face of the right and left upper second molars.

FMP: The angle formed by the intersection of the
MRP-P and the line connecting the right and left
antigonial notch.

OS: The angle formed by the intersection of MRP-P
and the line passing through the most superior points
on the orbital contour.

ZYG: The angle formed by the intersection of the
MRP-P and the line connecting the right and left center
points on the contour of the zygomatic arch (ZYG). The
positive value of the FOP, FMP, OS and Zyg indicates
that these planes ascend toward the left side.

FRI: The intersection between the contour of the
mastoid process and the lateral border of the ramus was
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Fig. 1: Frontal measurements

A; Angular measurements in PA cephalogram
1,MLD 2,FOP 3,FMP 4, OS 5, Zyg 6, FRI-D 7, L1-Axis



Classification of Facial Asymmetry

defined as ARE. The inclination of the line from the ARE
tangent to the lateral contour of the gonion against the
MRP was measured as the frontal ramus inclination
(FRI). The right and left difference of this angle was de-
fined as FRI-D. The positive value of FRI-D indicates
that a greater superior-lateral inclination of the ramus is
present on the left side than that on the right side.

L1-Axis: A line from the contact point of the lower
central incisors to the mid point between their bilateral
- root apices was drawn. The angle formed by the inter-
section of this line and the MRP was defined as the L1-
Axis. A positive angle reveals that the lower central
incisor is inclined toward the left side.

Linear measurements (Fig. 1B)

Linear measurements were made in a horizontal di-
rection from the bilateral landmarks perpendicular to
the MRP to indicate facial width. Skeletal asymmetry
was evaluated as the difference between the measure-
ments of the right and left sides. The landmark points
were as follows:

CW-D: The cranial point was established by the in-
tersection of the line connecting the bilateral OS points
and the lateral contour of the cranium.

ZYG-D: Zyg was the middle point on the right and
left lateral zygomatic arch.

UC-D: UC was the buccal cervical point on the up-
per posterior second molar.

GO-D: Go was the most lateral point on the gonion.
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A positive value indicates that the facial width on the
left side was larger than that on the right side.

U1-Mid: Ul was the contact point of the upper cen-
tral incisors.

L1-Mid: L1 was the contact point of the lower cen-
tral incisors.

Mid-D: The transverse distance between the upper
and lower midline is defined as Mid-D. In this calcula-
tion, Ul-Mid was subtracted from L1-Mid. A positive
value indicates that the lower midline displaces to the
left side against the upper midline.

Lateral cephalometric measurements
Angular measurements (Fig. 2A)

Mandibular plane angle (MP): The angle formed by
the intersection of the mandibular plane and FH plane.

Facial Axis (FX): The angle formed by the intersec-
tion of the Ba-Na plane and Pt-Gna plane.

Gonial angle (Go-A): The angle formed by the inter-
section of the mandibular plane and the posterior bor-
der of the ramus.

Ramus inclination (Ram-I): The angle formed by the
intersection of the FH plane and the posterior border of
the ramus.

Palatal plane angle (PP-A): The angle established by
the intersection of the FH plane and palatal plane. A
positive value was given when the plane inclined down-
ward and forward in relation to the FH plane.

Upper occlusal plane angle (UOP): The upper oc-

6

Fig. 1: Frontal measurements

B; Linear measurements in PA cephalogram
1,CW 2, Zyg 3,UC 4, Go 5, Ul-Mid 6, L1-Mid
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clusal plane is the line running through the occlusal sur-
face of the upper first molar and the upper central in-
cisal edge. The angle between the FH plane and upper
occlusal plane is defined as UOP.

Lower occlusal plane angle (LOP): The lower occlusal
plane is the line running through the occlusal surface of
the lower first molar and the lower central incisal edge.
The angle between the FH plane and the lower occlusal
plane is defined as LOP. A positive value was given
when the upper occlusal plane and lower occlusal plane
incline downward and forward in relation to the FH
plane.

U1-FH: The posterior-inferior angle formed by the
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long axis of the upper central incisor and the FH plane
was measured.

L1-MP: The angle formed by the long axis of the lower
central incisor and the mandibular plane.

Saddle angle (Sad-A): The angle formed by passing
a line through the nasion (Na) and sella turcica (S) and
the line through S and articular points (Ar).

FMIA: The angle formed by the long axis of the lower
central incisor and the FH plane.

Linear measurements (Fig. 2 B)
Maxillary length (Max-L): The distance from the Ptm
to A point projected to the FH plane.

Fig. 2: Lateral measurements

A; Angular measurements in lateral cephalogram
1, MP 2,FX 3,Go-A 4,Ram-I 5, PP-A 6, UOP
7,LOP 8,U1-FH 9, L1-MP 10, FMIA 11, Sad-A

B; Linear measurements in lateral cephalogram

1, Max-L 2, Mand-L 3, Ram-H 4, U6-PTV 5,
AFH 6, TFH 7, ACBL 8, PCBL 9, 0B 10, O]
11, A-McN 12, Pog-McN 13, Ul-McN 14, L1-
McN




Classification of Facial Asymmetry

Mandibular length (Mand-L): The distance from the
intersection of the FH plane and the posterior border of
the ramus to gnathion.

Ramus-height (Ram-H): The distance from the inter-
section of the FH plane and the posterior border of the
ramus until it meets with the mandibular plane.

U6-PTV: The distance from the distal proximal sur-
face of the upper first molar to the PT vertical line.

Anterior facial height (AFH): The distance between
the ANS and the ME.

Total facial height (TFH): The distance between Na
and Me.

Anterior cranial basal length (ACBL): The distance
from Na to S.

Posterior cranial basal length (PCBL): The distance
from S to Ar.

Overijet (OJ): The horizontal distance between the
upper and lower incisal edge projected into FH plane
and defined as O].

Overbite (OB): The vertical distance between the up-
per and lower incisal edge projected into the perpen-
dicular plane of FH and defined as OB.

Na perpendicular to A (A-McN): The distance from
point A to the line drawn from the nasion perpendicu-
lar to the FH plane (McN).

Na perpendicular to Pog (Pog-McN): The distance
from the pogonion to the McN.

A-Pog-D: The horizontal distance projected to the FH
plane between A to the pogonion is defined as A-Pog -
D.

UI-McN: The distance from the upper central incisal
edge to the McNN.

L1-McN: The distance from the lower incisal edge to
the McN.

Data analysis

In order to classify the 205 subjects as having facial
asymmetry, the above mentioned forty variables were
utilized for the following data analysis. Fig. 3 represents
the flow of the data analysis. The first step was to re-
duce the number of variables into a few compound vari-
ables by means of a principal component analysis. In
the second step, the subjects were classified into eight
types from the obtained principal component scores.

In these types, all variables in PA and lateral cepha-
lometric measurements were tested by means of a one-
way ANOVA. The mean value and standard deviations
were calculated for each variable. These variables were
also standardized into a z score and their mean values
were calculated. All analyses were performed with an
SPSS statistical package (SPSS 7.5] for Windows).

Results
Principal component analysis
The principal component analysis was applied in

PA and Lateral cephalometric analysis

v

14 PA measurements

40 variables
26 Lateral measurements

\

Principal component analysis (SPSS) '

v

Classification of samples by positive and negative
of the principal component scores

l

205 samples were classified into 8types

Fig. 3: Flow diagram of data analysis

order to reduce the number of variables into a few com-
pound variables. Eleven components with 1.0 or a large
eigenvalue were obtained (Table 1). Three components
with the largest eigenvalues were selected for the classi-
fication of the facial asymmetry subjects. Their cumula-
tive proportions were 46.0%. Table 2 represents the
principal component loading in these components. For
factor-1, Pog-McN, A-Pog-D, L1-McN, UOP, Mand-L,
LOP, MP, Ram-H and Ram-I were listed as a principal
component loading over 0.6. Therefore, factor-1 was in-
terpreted as a factor indicating the antero-posterior po-
sition, rotation and size of the mandible in lateral
projection. For factor-2, Go-D, MLD, UC-D, FMP, L1-
Mid and FRI-D showed a high level of principal compo-
nent loading. Therefore, factor-2 was interpreted as the
factor indicating midfacial and mandibular asymmetry.
For factor-3, L1-MP, OJ and Go-A revealed more than
0.6 of principal component loading. Factor-3 was then
interpreted as the factor indicating the overbite and the
tooth axis of the lower incisor in lateral projection.

Classification of samples

The samples were classified into two types based on
the positive or negative value of the principal compo-
nent scores in the three components, and finally eight
types were obtained by a combination (Table 3).

As shown in Table 4, one-way ANOVA was applied
in order to confirm which variable contributed to the
classification of the eight types of facial asymmetry
sample. A significant difference between groups (p<0.01)
was shown except for the Sad-A and PCBL. The mean
values of standardized variables (z score) in the eight
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Tabel 1: Cumulative proportion of total variance in Table 4: One-way ANOVA
principal component analysis variable F value Sig
Component Cumulative proportion of total variance Frontal Skeletal ~ MLD ) 331
Factor-1 20.5% PMpe 0 22
Go-D (mm) 349
Factor-2 35.2% .
. ERI-D ) 192 =
Factor-3 46.0% CWD (omm) 56 *
Factor-4 54:.30/0 Zyg-D (mm) 5.6 ok
Factor-5 61.4% 0S ¢) 43
Factor-6 66.2% Zyg ) 7.1 ¥
Factor-7 70‘8:/ ° Dental  FOP ) 160
Factor-8 74.2% uen (onm) g w
Factor-9 77 2% . -
Factor-10 80.0% Mid D fmon) 178
. Ul-Mid (mm) 6.6
Factor-11 82.6% L1-Mid (o) oig  *
L1-Axis ) 114 *
Lateral Skeletal ~A-Pog-D (mm) 304 ¥
Tabel 2: Principal component loadings in A-McN (mm) 58
three factors Pog-McN  (mm) 300
MP ) 273
Factor-1 Factor-2 Factor-3 EX “) ie
Pog-McN -0.80  Go-D 0.81 L1-MP 0.83 Go-A ) 120
A-Pog-D 0.77 MLD 0.75 O] 0.67 Ram-I ) 11.8 =
L1-McN 077 UC-D 069 Go-A -0.60 PP-A ) 52
uor 0.69 FMP 069 FMIA -054 Max-L (mm) 117 =
Mand-L.  -0.66 L1-Mid 0.68 Mand-L  (mm) 195  **
LOP 0.65 FRI-D -0.66 Ram-H (mm) 157
MP 0.64 AFH (mm) 22 %
Ram-H -0.64 TFH (mm) 25 #
Ram-I 0.63 ACBL (mm) 3.8
U6-PTV -0.60 PCBL (mm) 20 ns
FMIA -0.59 Sad-A ) 15 ns
Listed are only variables with over 0.6 of principal Dental 9] (mm) 162
component loading. OB (mm) 57 %
Ul-FH ) 152

Ul-McN (mmy) 143
L1-McN (mm) 181

Table 3: The classification system of 205 cases by FMIA ¢) 193  #

respective positive or negative principal L1-MP ) 301

component scores uor ) 167  *

LOP ) 155

Type Factor-1 Factor-2 Factor-3 U6-PTV (mm) 123

1 - - - *P<0.05 *P<0.01

2 - - +
3 - + -
4 - + +
5 + - -
6 + - +
7 + + -
8 + + +
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Table 5: The means values of standardized variables in eight types of facial asymmetry

Type 1 Type 2 Type 3 Type 4 Type 5 Type 6 Type 7 Type 8
number 21 32 26 29 24 23 24 26
Lateral Skeletal Variables
A-Pog-D -1.02 -0.08 -1.14 -0.22 0.31 1.12 0.28 0.77
A-McN 0.01 0.36 0.17 0.53 -0.77 -0.11 -0.54 0.09
Pog-McN 0.92 0.22 1.09 0.42 -0.59 -1.05 -0.48 -0.65
MP -0.07 -0.68 -0.50 -0.83 1.30 0.63 0.63 -0.01
EX 0.22 0.21 0.27 0.29 -0.26 -0.92 -0.08 0.09
GO_A 0.55 -0.79 0.30 -0.37 0.90 -0.11 0.37 -0.45
Ram_I -0.73 0.26 -0.87 -0.39 0.22 0.77 0.18 0.53
PP_A -0.20 -0.41 -0.34 -0.34 0.77 0.20 0.36 0.17
Max_L -0.25 0.33 0.15 0.64 -1.10 -0.24 -0.43 0.55
Mand_L 0.68 -0.14 1.11 0.30 -0.31 -1.15 -0.07 -0.46
Ram_H 0.13 0.38 0.82 0.63 -0.83 -0.90 -0.34 -0.22
AFH 0.08 -0.30 0.06 -0.25 0.39 -0.06 0.46 -0.20
TFH 0.20 -0.21 0.27 -0.19 0.36 -0.44 0.32 -0.21
ACBL -0.10 0.06 0.21 0.57 -0.59 -0.44 -0.10 0.19
PCBL -0.26 0.22 0.35 0.07 -0.43 -0.30 0.03 0.15
Sad_A -0.22 -0.02 -0.26 0.14 -0.29 0.31 -0.02 0.32
Lateral Dental Variables
(@] -0.82 0.35 -0.87 0.06 -0.34 1.07 -0.15 0.53
OB -0.21 0.06 -0.11 0.15 -0.82 0.40 -0.25 0.65
Ul_FH 0.35 0.48 0.37 0.82 -0.95 -0.22 -0.59 -0.53
Ul _McN 0.22 0.58 0.20 0.72 -1.06 -0.13 -0.74 -0.11
L1_McN 0.73 0.29 0.74 0.61 -0.75 -0.81 -0.56 -0.44
FMIA 0.94 -0.13 1.10 -0.10 0.03 -0.88 -0.13 -0.72
L1_MP -0.93 0.62 -0.79 0.70 -0.97 047 -0.31 0.75
uor -0.17 -0.68 -0.49 -0.72 091 0.51 0.57 0.46
LOP -0.23 -0.54 -0.56 -0.59 1.12 0.44 0.61 0.09
U6_PTV 0.25 0.24 0.41 0.88 -0.78 -0.77 -0.36 -0.16
Frontal Skeletal Variables
MLD -0.82 -1.09 0.45 0.27 -0.38 -0.25 1.09 0.82
FMP -0.98 -0.86 0.02 0.27 -0.21 -0.06 0.87 0.98
Go-D -0.93 -1.07 0.56 0.45 -0.45 -0.27 0.88 0.86
FRI-D 091 0.87 -0.22 -0.30 023 0.15 -0.82 -0.85
Zyg-D -0.32 -0.66 0.42 0.27 -0.34 -0.12 0.42 0.38
CW-D -0.25 -0.84 0.52 0.29 -0.23 -0.31 0.52 0.40
0Ss -0.55 0.04 -0.50 0.41 -0.05 -0.06 -0.05 0.59
Zyg -0.92 -0.25 -0.30 0.46 0.00 -0.04 0.20 0.68
Frontal Dental Variables
FOP -0.97 -0.69 -0.15 041 -0.20 -0.04 0.69 091
UC-D -0.97 -0.81 0.54 0.44 -0.52 -0.22 0.95 0.55
Mid-D -0.24 -0.82 0.94 -0.08 -0.08 -0.58 1.03 -0.01
Ul-Mid -0.74 -0.17 -0.19 0.32 -0.53 0.15 0.34 0.69
L1-Mid -0.67 -0.87 0.78 0.11 -0.39 -0.47 1.17 0.40
L1-Axis -0.62 -0.79 -0.16 0.34 -0.30 0.27 0.63 0.72

groups are referred to Table 5. Table 6 represents the
mean value and standard deviation of the variables in
eight types of facial asymmetry, and the skeletal and

left and right side respectively. In all six types, FMP,
Go-D, FOP and L1-Mid were positively related to the
MLD, whereas the FRI-D and L1-Axis were negatively

dental patterns in the frontal projection are represented
as radar charts in Fig. 4. Although the eight types of fa-
cial asymmetry were demonstrated by their morphologi-
cal features in the PA and lateral cephalograms, some
common results were recognized in these radar charts.

In all types except type 5 and 6, facial asymmetry
was characterized by mandibular asymmetry. Address-
ing to the MLD, four types (Type 3, 4, 7, 8) showed posi-
tive values and two types (Type 1, 2) showed a negative
value, indicating mandibular lateral displacement to the

related to the MLD.

These results suggest that in a facial asymmetry ac-
companied with a mandibular lateral displacement, skel-
etal characteristics reveal that the ramus height is
smaller, the facial width at gonion level is larger and the
lateral border of the ramus more infero-laterally inclines
on the mandibular displaced side compared with the
opposite side. As for dental characteristics, the frontal
occlusal plane ascends toward the mandibular displaced
side and the lower dental midline is displaced along with
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Tahle 6: The means and standard deviations of all measurement variables
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Fig. 4: Radar charts of mean value of PA cephalometric variables in eight types of facial asymmetry
The thick and thin solid lines indicate the mean values in eight types of facial asymmetry and their zero level respectively.

mandibular skeletal displacement. The lateral displace-
ment of the lower dental midline seems to decrease due
to the inclination of the lower incisors toward the oppo-
site side of the mandibular displacement.

Midfacial asymmetry was also found in each type of
facial asymmetry and was not remarkable unlike the
mandibular asymmetry. In the types (Type 1, 2) with
mandibular lateral displacement to the right and the
types (Type 5, 6) without mandibular skeletal asymme-
try, CW-D and Zyg-D are negative, indicating that the
midfacial width on the right side is larger than that on
the left side. On the other hand, four types (Type 3, 4,7,
8) with mandibular lateral displacement to the left do
not reveal obvious midfacial asymmetry.

For the dental characteristics, the UC:D relates posi-
tively to the MLD, indicating that the upper molar width
is larger on the mandibular displaced side than that on
the opposite side.

The eight types of facial asymmetry which were clas-
sified, were demonstrated to be their own characteristic
morphology in each PA and lateral cephalogram. These
characteristics were compared to normal craniofacial
morphology in ninety-three subjects with normal occlu-
sion. Fig. 5 shows the summary of the results of the fron-
tal and lateral profilograms. The PA and lateral
profilograms with facial asymmetry were superimposed
onto those of the normal, utilizing the MRP at the CG
and FH at the nasion, respectively.

Type 1: [Frontal] A mild lateral displacement of the
mandible to the right side. The mid-facial width was
small on the opposite side of the mandibular displace-
ment (CW-D, Zyg-D). [Lateral] Mandibular pfognathism
(Pog-McN) with the counter clockwise rotation (Ram-I)
was found. Dental characteristics were shown to be an-
terior crossbite (OJ) accompanied by lingual inclination
of the lower incisor (L1-MP, FMIA) which were found
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Typel

Type2

Type3

Type4

Type 5

Type 6

Type 7

Type 8

Fig. 5: Frontal and lateral profilograms in eight types of facial asymmetry
The types of facial asymmetry (solid line) were compared with normal control (dotted line).
PA and lateral profilograms were superimposed between facial asymmetry and normal, utilizing MRP at CG and FH at

nasion respectively.

to be the typical characteristics in skeletal mandibular
prognathism.

Type 2: [Frontal] Mild lateral displacement of the
mandible to the right side. Both the right and left gonions
were displaced along with the mandibular displacement
and the right ramus inclined supero-medially. The
midfacial width was small on the opposite side of the
mandibular displacement. The lower midline was dis-
placed to the side of the mandibular displacement with
the inclination of the lower incisor to the opposite side.
[Lateral] Mandibular prognathism and labial inclination
of the upper incisor were found.

Type 3: [Frontal] Lateral displacement of the man-
dible to the left side without obvious midfacial asym-
metry. The right ramus was displaced miedially along
with mandibular displacement. The frontal occlusal
plane was flat and the lower denture midline displaced
to the left side. [Lateral] A skeletal mandibular prog-
nathism was found with the skeletal and dental charac-
teristics similar to Type 1. ,

Type 4: [Frontal] A mild lateral displacement of the
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mandible to the left side without obvious midfacial
asymmetry. No midline discrepancy was found between
the upper and lower arch. [Lateral] Labial inclination of
the upper incisor and a counter clockwise rotation of
the ramus were found, resulting in a bimaxillary pro--
trusion.

Type 5: [Frontal] The midfacial width was larger on
the right side with no obvious dental asymmetry and
mandibular skeletal asymmetry. [Lateral] A posteriorly
dislocated maxilla and mandible was found because of
a small maxilla accompanied by mandibular clockwise
rotation. Dental characteristic showed a steep occlusal
plane.

Type 6: [Frontal] The midfacial width was larger on
the right side with no obvious mandibular skeletal asym-
metry. [Lateral] The facial size was generally small
(ACBL, PCBL, AFH and TFH) accompanied by clock-
wise rotation of the mandible.

Type 7: [Frontal] Severe mandibular lateral displace-
ment to the left side was documented without midfacial
asymmetry. The lower denture midline had also shifted
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to the left along with skeletal displacement and this con-
dition seemed to be partly masked by the inclination of
the lower incisor to the side opposite to that of the man-
dibular displacement. [Lateral] Both maxilla and man-
dible were displaced posteriorly with the mandible
rotated in a clockwise direction. The occlusal plane was
relatively steep.

Type 8: [Frontal] Severe mandibular lateral displace-
ment to the left side was documented without midfacial
asymmetry. Both upper and lower denture midlines had
shifted to the mandibular displaced side, but this was
more dominant in the latter. [Lateral] Mandibular retru-
sion was documented with a clockwise rotation. Large
overjet and overbite were found with labial inclination
of the lower incisor.

Discussion

To evaluate facial asymmetry in the PA cephalogram,
a reference plane is a fundamental matter that should
be considered. Generally, facial asymmetry is recognized
by means of making a vertical line between the eyes con-
nected to the nasal line. In PA cephalometric analysis
performed by Sassouni (9), a descending line drawn from
the crista galli perpendicular to a line running through
the bilateral latero-orbita point was used and is referred
to as a midfacial reference plane. However, it is possible
for asymmetries to occur not only in the mandible but
also in the mid face or cranial part, thus, reference planes
which make use of bilateral points are not reliable. In
this study, a line connecting the crista galli and the an-
terior nasal spine was used as midfacial reference plane.

For the classification of facial asymmetries, though
eleven principal components were extracted, three ma-
jor components were selected because the contribution
rate of each component was over ten percent. Factor-1,
factor-2, and factor-3 indicate the antero-posterior posi-
tion and size of the mandible, facial asymmetry, overjet
and tooth axis of the lower incisor, respectively. Since
the sample was collected as one with an obvious facial
asymmetry, it was considered to be reasonable that fac-
tor-1 would reflect facial asymmetry. Clinically, most
facial asymmetry shows a molar relationship of Angle’s
Class II or IIT unilaterally. Thus, most cases of asymme-
try may contain a skeletal problem in the lateral projec-
tion, either mandibular prognathism or retrognathism.
This seems to be the reason why the factor interpreting
the characteristics in the lateral cephalogram is factor-1.

In this study, the facial asymmetry sample was clas-
sified into eight types. As for the midfacial asymmetry,
Type 1 and 2 showed mandibular lateral displacement
to the right side while Type 5 and 6 showed no obvious
mandibular displacement, the left midfacial width was
smaller than the right one (CW-D, Zyg-D) and no obvi-
ous vertical deviation was found on the mid face (OS,
Zyg). Kondo reported on facial asymmetry in Japanese

with normal occlusion and stated that the cranial width
on the right side was larger than on the left side (21). In
previous studies by Hylander in which the load around
the temporomandibular joint was examined using mon-
keys, it was reported that the load varied rhythmically
during mastication and was remarkably different be-
tween on the working side and on the non working side
(22, 23). It was reported that facial asymmetry exhibited
not only a morphological problem but also asymmetri-
cal function for the masticatory muscle activity (2) and
the mandibular movement (3). Therefore an asymme-
try in oral function may induce a right and and left dif-
ference in the functional load, consequently the
craniofacial skeleton might be distorted.

Midfacial asymmetry was considered not so remark-
able as mandibular asymmetry. Our preliminary study
on facial asymmetry in a general population suggests
that facial asymmetry during growth worsen due to
mandibular lateral displacement. This is not the result
of midfacial asymmetry and this is in agreement with
the present study.

Mandibular lateral displacement was considered to
be an essential skeletal problem in facial asymmetry. The
mandible was displaced to the left side in four types
(Type 3, 4,7, 8), to the right side in two types (Type 1, 2)
and no displacement was found in the remaining two
types (Type 5, 6). The value of MLD ranged from -10.04
degrees to 13.66 degrees with a mean value of 1.70 de-
grees. Therefore, the samples used in this study reveal a
predominant left mandibular displacement. In previous
studies done in a Japanese population, it was reported
that a mandibular deviation to the left side was more
prevalent than that to the right side (24, 25). On the other
hand, in a Caucasian sample, it was shown that a right
sided mandibular displacement was more common (17,
26, 27). Global investigation seems to be necessary to
clarify whether race difference relates to the direction of
mandibular displacement.

Six types of facial asymmetry show mandibular dis-
placement. Except for Type 5 and Type 6, some com-
mon findings relating to the skeletal characteristics were
recognized. In facial asymmetry accompanied with a
mandibular lateral displacement, the skeletal character-
istics reveal that the ramus height was shorter (FMP),
facial width at the gonion level (Go-D) was larger and
the ramus was inclined more supero-medially (FRI-D)
on the mandibular displaced side than on the opposite
side.

In most types of mandibular lateral displacement,
several common dental characteristics were shown. The
lower denture midline (L1-Mid) deviated toward the
ipsilateral side of the mandibular lateral displacement.
The frontal occlusal plane (FOP) ascended toward the
mandibular displaced side, indicating that the upper
molar height is shorter on the mandibular displaced side
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than the opposite side. The upper arch width at the molar
level (UC-D) was larger on the mandibular displaced
side than that of the opposite side. These findings were
confirmed in a study by means of three-dimensional
measurement of cast models on an articulator (28). Inui
et al. investigated molar relationships in cases with fa-
cial asymmetry (6). It was concluded that lower molars
occlude more distally against the upper molar on the
mandibular displaced side than on the opposite side. It
was also suggested that the dental characteristics dem-
onstrated in a facial asymmetry are not due to dental
dislocation on the alveolar bone but mainly due to skel-
etal mandibular displacement.

In a case report for class Il division 1 with mandibu-
lar asymmetry, similar occlusal characteristics for the
asymmetry of upper arch width and canted frontal oc-
clusal plane were found, and it was suggested that dur-
ing growth the correction of such dental asymmetry
could still cause the face to become symmetrical (29). In
a study using animals, McNamara (30) reported that ex-
cessive growth of the condyle was found after applying
a metal splint designated to displace the condyle anteri-
orly in the glenoid fossa, accompanied with muscular
adaptation. This result suggests that the condylar dis-
placement induces adaptive bone growth in TMJ. Owen
(16) stated that it was not uncommon to see either ante-
rior or posterior condylar displacement or both on pa-
tients with a horizontal dental problem exemplified by
a posterior crossbite.

In this study, the frontal occlusal plane was an es-
sential factor in the mandibular lateral displacement.
Since the inclination of the frontal occlusal plane was
due to the reduced occlusal height of the upper molar
on the mandibular displaced side or an increased height
of the upper molar on the opposite side, it is possible
that the vertical problem contributes to condylar dis-
placement in the mandibular fossa. The difference in the
vertical height of the right and left upper molar may
create an occlusal fulecrum on the higher posterior mo-
lar. In model studies reproducing such a situation, it was
demonstrated that the bite force brings a distractive load
against the TMJ on the fulcrum side and a compressive
force against the TMJ on the opposite side (31, 32). There-
fore, during the growth period, it is hypothesized that a
continuous tilting of the frontal occlusal plane induces
condylar displacement in the fossa thus loading the TM]
asymmetrically, thereby leads to asymmetrical condy-
lar growth.

The cant of the frontal mandibular plane (FMP)
shows a strong relationship with the FOP and MLD, in-
dicating that the vertical growth of the ramus is exces-
sive on the descending side of the frontal occlusal plane
or suppressed on the ascending side. Therefore, this sup-
ports the above mentioned hypothesis that the devia-
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tion of the mandibular posture is accompanied by a
change in the frontal occlusal plane.

The correction of dental asymmetries can also be car-
ried out by means of orthognathic surgery. When
orthognathic surgery is performed, the mandible is fixed
into a normal occlusal relationship against the maxil-
lary arch. If the transverse location of maxillary arch is
not corrected symmetrically in pre-surgical orthodontic
treatment, the mandible will be fixed into an asymmet-
ric position after surgery. If the correction of canted fron-
tal occlusal plane is not achieved, lateral deviation of
the chin point (skeletal midline) will remain despite of
the correction of denture midline. It is strongly suggested
that in the treatment of a facial asymmetry, careful as-
sessment of both dental and skeletal asymmetries should
be considered.

With regards to the denture midline, four of the eight
types of facial asymmetries showed a small upper mid-
line deviation (U1-Mid) to the mandibular displaced side
(less than 1.6 mm). While the lower midline (L1-Mid)
showed a greater deviation along with a degree of man-
dibular lateral displacement. This result suggests that
lateral deviation of the lower denture midline is not due
to displacement of the lower incisor, but rather to skel-
etal lateral displacement of the mandible. On the other
hand, in most types with mandibular lateral displace-
ment, the lower incisor tends to incline toward the op-
posite side of the mandibular displacement (L1-Axis),
and this contributes to a reduced displacement of the
lower denture midline toward the ipsilateral side of the
skeletal displacement. Clinically, these results indicate
that skeletal mandibular displacement should be con-
sidered even if lateral displacement of the lower mid-
line is not so remarkable.

Facial asymmetry with regard to lateral skeletal mor-
phology was divided into four types. These are skeletal
mandibular prognathism (Type 1, 3), upper protrusion
(large OJ) with clockwise rotation of the mandible (Type
6, 8), both maxillary and mandibular retrognathism with
large anterior facial height (Type 5, 7) and bimaxillary
protrusion (Type 2, 4). Facial asymmetry is easily recog-
nized in patients with a mandibular prognathism. There-
fore, most treatment of facial asymmetry, including
orthognathic surgery, has been done only in these cases.
Several studies have also reported on the same occuxr-
rence (33-35). In this study, it was demonstrated that a
facial asymmetry was a morphological characteristic not
only found in mandibular prognathism but also in a
variety of skeletal types, for instance in mandibular
retrognathism. In patients with facial asymmetry, it is
important to make a comprehensive treatment plan de-
pending on their own skeletal type.
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