Lateral Facial Asymmetry -

Methods of Assessment
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The subject of the symmetry or lack
of symmetry of the human face is of
considerable interest, particularly in the
field of orthodontics. In 1907 Angle?
said, “The study of orthodontia is in-
dissolubly connected with that of art as
related to the human face” and
Berendt* considered that “Aesthetic
problems are . . . of decisive impor-
tance in orthodontics”. In spite of this.
Cheney?® stated, “With few exceptions,
no attention has been given to the in-
fluence of asymmetries in the produc-
tion of malocclusion or to the signifi-
cance of these variations upon treat-
ment procedures”. This neglect may be
due to the assumption that “malocclu-
sion affects the face in the sagittal
plane more than it does in the trans-
verse plane”.*”> However, active mea-
sures are taken to correct those cases
which show the “centre line dishar-
mony” between the maxillary and the
mandibular central incisors.?®

Stanton® considered that the adop-
tion, more generally, of the mathemat-
ical approach for the study of malecclu-
sion may reveal the true deforming
forces at work on the human denture,

The present study concerns factors
which play a part in the development
of “normal” lateral facial asymmetry;
its aim is to contribute to the under-
standing of the mechanisms of facial
growth which are of fundamental im-
portance in the theory and practice of
orthodontics. It is based on data re-
lating to lateral facial asymmetry ob-
tained from 1029 subjects—772 Aus-
tralians (of European stock) and 257
Polynesians.

The first paper®® reported an associa-
tion between the lateral position of the
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nose and handedness. The present one
outlines some aspects of this subject,
discusses methods which have been
used to assess this condition, and de-
scribes a concept of lateral facial asym-
metry and a method of assessment both
of which are thought to be new. In
addition, changes and fluctuations in
asymmetry associated with increase in
age are reported.

CONCEPTS OF
LATERAL FaciaL ASYMMETRY

The classical concept of symmetry
of the human face is that depicted by
Leonardo da Vinci*! and by Albrecht
Durer’s drawings of 1507-8.#2 These
depict the face as bisected by a vertical
line running through the center of the
nose, the lips and the chin; the pupils
of the eyes are equidistant from this
line, and a line drawn through them
is at right angles to the vertical line.
This concept is still illustrated in most,
but not all,*® anatomical illustrations.

From a survey of the medical and
dental literature on this subject it would
appear that some authors regarded such
absolute symmetry as the normal con-
dition***’ so that “One side mirrors
the other”.”” Simon** considered that
“bilateral symmetry is a most manifest
morphological characteristic of the body
and especially of the head”. The ma-
jority of the contributors to this subject
recognized that minor degrees of facial
asymmetry are common; others felt
that they are universally present. Lie-
breich® considered that asymmetry of
the skull and face is a constant and
characteristic feature of the human
species. Mills®® said that “asymmetry of
structure and of function is a basic con-



Vol. 38, No. 1

dition of the human body in its present
stage of evolution”. Schwarz** also re-
garded asymmetry as normal, as did
Thompson®* who stated that this “nor-
mal asymmetry is not very evident,
whereas the abnormal asymmetry is
quite obvious”. According to Ward and
Lerner®® “Marked asymmetry is pro-
bably much more common than a re-
view of the literature would indicate”
and Fischer'” said that “Facial asym-
metry is a natural phenomenon and
there is nothing abnormal about it”.
Asymmetry of the face is no new phe-
nomenon, and where rigid symmetry is
seen in the portraits of primitive peoples
it is due to convention.®®

In studies of asymmetry of the facial
structures the main emphasis has been
on asymmetry of the maxillary bones
themselves and particularly on the
shape of the dental arch and palate. 8%
89,5057 Facial asymmetry is possible in
all three planes of the body;* it may
be muscular, skeletal, or functional, per-
haps disclosed only on movement.®*°

The present investigation is limited
to study of lateral asymmetry of the face
observed from the frontal aspect. In
this case the face is asymmetrical if,
when it is in the condition of repose,
one or more of the facial features which
occur bilaterally are farther from the
median line of the face than is the cor-
responding feature on the other side, or
if the center of each unpaired facial
feature does not lie on that line. There-
fore it is of fundamental importance to
define the median line.

Tur MEpIaN LINE oF THE FAcCE

Hemley** said that “The median
plane divides the body into halves, a
right and a left half. The median line
is the periphery of the median plane”.
It would appear that the median line of
the face is considered, by the authors
of most papers on this subject, to be
the periphery of that part of the median
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plane which may be visualized as emerg-
ing through the “central” facial fea-
tures and which is an extension of the
median plane of the skull.

Owing to the lack of comment on the
median plane as it is related to the
face, mention will be made of obser-
vations made regarding a closely related
matter—the median plane of the skull.
Tildesley,*® Buxton and Morant,® Sol-
las,*® and Ray*® have pointed out diffi-
culties which arise in investigations in-
volving the use of this plane, and Jack-
son® considered that to determine the
median sagittal plane of the skull “is
not easy, if at all possible.”

Most papers mentioning the median
plane ignore the difficulty of establish-
ing its position. Buxton and Morant
said that the median sagittal plane has
generally been presumed without being
defined. Cheney' said that it passes
through nasion and the anterior nasal
spine. It would appear that this plane
is usually considered to bisect all the
central anatomical features, However,
investigation will readily show that such
a plane, probably without exception,
cannot be described through these “cen-
tral” features. Therefore the term
“plane” is merely an approximation
which is convenient for descriptive pur-
poses, in fact Simon*® termed the sagit-
tal plane a “more or less bent surface.”

Even the three central anatomical
landmarks which are being used in this
study rarely lie on a straight line when
viewed from in front of the subject.
These landmarks are subnasale defined
by Howells?® as: “The apex of the
angle formed by the lower border of
the nasal septum and the surface of the
upper lip, or the junction between these
two” and prosthion defined by Gos-
man?! as “the lowest point of the inter-
maxillary suture, upon the alveolar mar-
gin, between the two first incisors”. In
the living, prosthion is the lowest point
of the soft gum between the upper
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central incisors in the median plane and
is therefore a slight distance below the
bony prosthion. The third landmark
used is pogonion which Wood-]Jones®?
defined as “The most prominent point
in the middle line of the anterior sur-
face of the chin”.

Ferris®® said that the median line
of the face was determined by using a
French curve. It is clear, therefore,
that the median line, based on this
almost universally-used concept, is mere-
ly an approximately straight line
drawn through the centers of those
anatomical features which are situated
in the vicinity of the center of the face.
It can be seen that Adler’s* criticism
of Grunberg’s work applies to this con-
cept also: “that the symmetry axis it-
self is determined by relying upon for-
mations of the symmetrical position
which is to be examined”. As a line
drawn in this manner would be unsatis-
factory for the study which is in pro-
gress, another and, it is thought, a new
method of defining the median line of
the face has been adopted and will be
discussed later in this paper.

Tue RECOGNITION AND ASSESSMENT
oF LaTeraL FaciaL AsYMMETRY

Campbell® said this subject can be
studied by the use of the eye of the ob-
server, the roentgenograph, or mechani-
cal methods. To these three may be
added a fourth method—the use of
photographic techniques.

Direct observation

Herzberg®™ said that “Probably the
best means for developing the ability
to appraise faces is to look at them
critically and repeatedly”. Direct ob-
servation was used by Moore and
Hughes ** who observed their patients
in the dental chair. Vassal®® placed his
subjects in the recumbent position and
made use of a mirror to increase the
acuracy of his observations, Campbell®
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asserted that “It is not popularly ap-
preciated how accurate is the eye when
it is used as a measuring instrument’”
and Sved®® was of the opinion that
“an ocular examination may often be
more accurate than an apparently ac-
curate scientific method”.

Radiographic techniques

According to Krogman?® “Roent-
genographic cephalometry is the natural
heritor of craniometry, and it has gone
far ahead, as it should.” Such studies
are based on the methods of Broadbent®
although the cephalostatic apparatus
has varied.?¢* 'With few exceptions?¥#°
these investigations have been confined
to the aspects portrayed in the lateral
films.

Mechanical methods

Mechanical devices which have been
used to assess the dimensions of the
mouth and face may be divided into
three groups: those which have been
used to measure the maxillary arch and
the palate,'®?223 those which are suit-
able for the study of skulls,®5" and
those which have been designed for
use on the living subject. Gnathostatic
casts prepared with the aid of the
“gnathostat” demonstrate the relation-
ship between the head and jaws and
the teeth*” but are of little interest in
the present connection; nor are the
“Maxillator” of Salzmann** and the
“Facial Orthometer” of Elsasser,'? as
both were designed to measure the la-
teral aspects of the face. One instrument
which can be used to measure the face
is the “Prosopometer”.® Fischer'® used a
cubical steel framework called a “Ceph-
alophore”, which is fitted with ear rods
which are “guided into the ears until an
equal reading is obtained on the grad-
uated right and left scale. The head
is automatically positioned in the center
of the front face of the cephalophore,
and any slight deviation of the median
line can be corrected by means of the
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vertical wire of the cephalophore,” pre-
sumably by adjusting the position of
the head so that this wire bisects, as
closely as can be judged, the central
anatomical features.

Photographic techniques

The use of orientated photographs
for the study of the face was advocated
by Herzberg.?® Gavan, Washburn and
Lewis?? stated that “If selected anatomi-
cal points are marked on the individual,
many measurements can be taken as
accurately on the photograph as on the
individual himself”. Ferris,’® Jackson,*
Weinberger®® and Felisati’* are among
those who have used a method of
making, from each negative, two posi-
tives, one the mirror image of the other.
“Both positives were cut in the median
line and both right or left halves re-

- united by photomontage”.** This is a
striking way of demonstrating the pres-
ence of asymmetry.

Comments on methods

Each of the methods that have just
been mentioned incorporates undesir-
able features. From what has been said
previously it will be seen that the pro-
cess of cutting photographs in the
median line is a subjective procedure
and can be, at best, only approximately
correct. A slight degree of rotation of
the head round its vertical axis is very
difficult to detect in a view-finder or
even in a photograph. Such a movement
will produce little change in outline
in those parts of the photograph which
record the lateral aspects of the face,
but it will produce a considerable al-
teration in the position on the photo-
graph of such features as the nose and
chin.

The “Prosopometer” has been criti-
cised on mechanical grounds; Frie]'®
considered that its accuracy is very
doubtful. In addition, it shares with
the cephalometer and with devices used
to produce orientated photographs the
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errors which occur when ear rods are
inserted into the external meati with
the aim of establishing fixed points from
which to determine the transverse axis
of the skull.

The use of the meati for this purpose
may be criticised because of their struc-
ture, because they may not lie at the
same vertical level, and because one
may be more anterior than is the other.
The process of using the axes of the ear
rods to designate the positions of the
centers of the meati is of doubtful ac-
curacy because there may be differences
in the thickness of the two meati and in
the compressibility of the soft tissue
lining them.'® Also, because the ends
of the rods may not fill the meati, it
1s possible for the subject to produce a
slight rotation or tilting of the head.
With apparatus incorporating ear rods,
the standard method is to adjust these
so that an equal reading is obtained on
the graduated scales of both rods. It is
then assumed that the head is situated
centrally in the apparatus. This will
be so if the observer has decided to con-
sider that the bisection of the line join-
ing the tips of the ear rods will deter-
mine one point on the median plane of
the skull. If this is not the case, the head
will be centrally placed only if those
parts of the wall of each meati which
prevent the end of each rod from pene-
trating more deeply, when under the
compression produced by the ear rods,
are equidistant from the median plane
of the skull (as defined by the observ-
er). If this condition is not fulfilled,
even if the meati are symmetrically
placed in regard to their anteroposterior
positions, the median plane of the ap-
paratus will not coincide with that me-
dian plane of the skull, and those ana-
tomical features which lie on it will not
be recorded in the center of the photo-
graphic or radiographic negative as
judged by the positions of the ear rods.
In the case of bilateral bony features,
in addition to this error, the displace-
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ment of the image on the film due to
the divergent course of the rays from
the radiographic apparatus will not be
the same on each side. A similar effect
is seen when two bilateral features are
not the same distance from the film.

Rotation of the head around its verti-
cal axis, as in those asymmetrical con-
ditions of the skull in which one of the
meati is situated more anteriorly than
the other, will cause the images on the
film to be displaced laterally. The mag-
nitude of this error will increase the
more ‘“central” are the anatomical fea-
tures, the farther they are from the in-
termeatal line in an anterior or a pos-
terior direction, and the greater the
angular rotation of the head.

Tilting the head to one side, as would
occur in the condition, which is fre-
quently seen, in which the meati are a
different vertical levels, will produce
little change in the distance from the
median line of those anatomical fea-
tures which are situated approximately
at the level of the meati; but the devia-
tion from this line will become greater
the farther upwards or downwards the
anatomical point is from the inter-
meatal line. Vertical or horizontal rota-
tions, such as these, are of little impor-
tance when the lateral aspects of the
skull are considered; however, errors
of considerable magnitude may be pro-
duced by them when assessing lateral
facial asymmetry,

Radiographs may show differential
distortion and magnification due to di-
vergence of the rays and aberrations of

the image due to techniques used. These
points need no comment. Frontal ceph-
alometry, used in assessing lateral asym-
metries, produces a more confused im-
age than does profile cephalometry as
there is much more superimposition of
bones.®

Attempts to develop an objective me-
thod for measuring lateral facial asym-
metry must depend on establishing fixed
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bases from which measurements can be
taken. Goldstein®® pointed out that,
when making anthropometric observa-
tions in the living, and especially on the
face, the overlying tissues make precise
location of landmarks a more or less un-
certain procedure. Kherumian?®? said
that it is necessary to prescribe a system
of exact landmarks which will permit
searching analysis of human morpholo-
gical characters, as much for the skele-
ton as for the soft parts, Such a system
of “morphologic points” does not exist.
Hrdlicka® stated that “Whatever point
for prospective measurements may be
chosen by orthodontists or any other
research workers will surely differ, and
that often materially, in different indi-
viduals, at different ages, and even on
the two sides of the head or face of the
same individual. Here is a natural limi-
tation to our efforts, with which it is
well to be acquainted fully, and for
which a discount must be made in our
procedures”.

A New CoNcerT AND METHOD OF
MEASUREMENT OF LATERAL FaciaL
ASYMMETRY

In this study use is made of a con-
cept of lateral facial asymmetry and a
method of assessment, both of which are
thought to be new.

Concept

In all the methods which have been
mentioned the median line of the face is
estimated either by bisecting the inter-
meatal dimension on the assumption
that the meati are symmetrically placed,
or by a process of judgment from the
position of the central anatomical fea-
tures. However, it is felt that the lateral
extremities of the face should be used,
for the middle is equidistant from the
extremities.

When the lateral asymmetry of the
facial skeleton is being studied, measure-
ments must be read from its lateral ex-



Vol. 38, No. 1

Fig. 1

tremities. These are the zygions, as the
zygion is “the most lateral point upon
the zygomatic arch as determined by
measurement”.®? Growth in the bizygo-
matic dimension of the skull is slow and
takes place at a steady rate.>®

The concept that the medial line is
equidistant from the zygions may be
applied to measurements from cepha-
lometric radiographs, but when either
directly viewing the subject, as in this
study, or when studying photographs,
appraisals must be made by observing
the positions of the skin areas over the
zygions. In this study the method of
direct observation was used; the Poly-
nesian observations were made in locali-
ties where electric power was not avail-

able.

Method

The subject is seated, the head being
steadied by means of a headrest. The
observer stands in front of the subject
and places the ulnar borders of his
hands on the face, one just behind each
of the zygions, screening the ears. The
hands are pressed inwards and back-
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wards, drawing taut the tissues over the
zygions. The observer moves his head,
several times, slightly to the left and
then to the right so that the position
of the skin surface over each zygion can
be appraised. The following construc-
tion (Fig. 1) is visualized—a straight
median line bisecting, and perpendicu-
lar to the straight line joining the cen-
ters of the skin areas over the zygions.
The anatomical points subnasale and
pogonion are considered to indicate, re-
spectively, the position of the nose and
the chin. The relation of each of these
points to this median line is assessed
and given one of the following arbi-
trary values: 0 when no asymmetry
is detected, 1 when the deviation is
considered to be slight, 2 when moder-
ate, and 3 when it is marked.

Objections to this method are that it
produces only a ranking assessment
(this is sufficient for the present pur-
pose) and that it is subjective. How-
ever, as has been seen, the usual meth-
ods of assessing lateral asymmetry have
serious, though often unrecognised, limi-
tations. As Krogman?®® said, in research
“Perfection may be the goal, but ade-
quacy is the most useful standard.” An
essential requirement for an adequate
method is that appraisals made at dif-
ferent times on the same subject should
be sufficiently consistent.

Consistency of results

To test this matter two observations
were made, between three and six
months apart, of the position of the nose
and of the chin in each of 182 Aus-
tralians and 101 Polynesians and each
pair of initial and subsequent results was
compared. In the former group, in 103
cases the result obtained for the position
of the subnasale was the same on both
occasions, the difference between the
mean values of the first and second sets
of observations being 0.04. .Similar re-
sults were obtained for other readings;
the numbers of identical results and the
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TABLE I

RELATIVE LATERAL ASYMMETRY OF THE NOSE AT DIFFERENT
AGES IN EUROPEANS AND POLYNESIANS

Age in N. Relative Deviation Sum of Relative Means
Years 0 1 2 3 Deviation Value
X No. Subjects
Europeans
3-5 71 41 18 12 0 42 0.59
6-8 135 62 37 32 4 113 0.84
9-11 132 43 45 38 6 139 1.05
12-14 120 36 40 33 11 139 1.16
15-17 71 18 25 22 6 87 1.23
18-20 37 11 14 5 vl 45 1.22
21-23 27 7 8 8 4 36 1.33
24-26 21 5 7 6 3 28 1.33
27-29 17 3 6 5 3 25 1.47
30- 141 31 53 26 31 198 1.40
Polynesians

3-5 18 8 8 2 0 12 0.67
6-8 66 25 20 19 2 64 0.97
9-11 45 1 19 11 8 65 1.44
12-14 42 6 13 16 7 66 1.57
15-17 52 8 17 19 8 9 1.52
18-20 14 1 7 3 3 22 1.57
21-29 7 1 2 2 2 12 1.71
30- 13 2 3 5 3 22 1.69

differences between the means of the
first and second readings were: pogon-
ion, 119, 0.01; prosthion, 129, 0.12. In
the 101 Polynesians, subnasale, 57, 0.06;
pogonion, 63, 0.06; prosthion, 70, 0.11.
In none of these six comparisons was
the difference between the mean values
statistically significant, so that lack of
consistency in these observations was
not demonstrated.

It is clear that the observer could
have shown a consistent bias, However,
even if a gross bias existed so that those
positions which were only slightly to the
right were recorded as markedly to the
right, and so on, as the statistical
method used is that of regression, the
conclusions drawn from these observa-
tions would not be affected.

CHANGES AND FLUCTUATIONS wiTH
INCREASE IN AGE
Material

All the 1029 subjects examined had
some natural teeth and were without a
history of fracture of facial bones. The
772 Australians (330 males and 442
females) were consecutive patients pre-
senting for routine dental examination
in a private practice in Melbourne, The
257 Polynesians (128 males and 129 fe-
males) lived on the island of Raro-
tonga, South Pacific, and comprised all
the children attending a primary school,
all the secondary school pupils aged 15
years or more, and consecutive adults
who attended for dental examination,

Results
The results are set out in Tables 1
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TABLE II
RELATIVE LATERAL ASYMMETRY OF THE CHIN AT DIFFERENT
AGES IN EUROPEANS AND POLYNESIANS

Age in N. Relative Deviation Sum of Relative Means
Years 0 1 2 3 Deviation Value
X No. Subjects
Europeans
3-56 71 20 20 31 0 82 1.15
6-8 135 24 40 71 0 182 1.35
9-11 132 13 32 85 2 208 1.58
12-14 120 16 39 61 4 173 1.44
15-17 71 15 17 36 3 98 1.38
18-20 37 4 i 20 6 65 1.76
21-23 27 3 5 15 4 47 1.74
24-26 21 4 4 8 5 35 1.67
27-29 17 4 2 7 4 28 1.65
30- 141 20 25 90 6 223 1.58
Polynesians

3-5 18 11 4 3 0 10 0.56
6-8 66 24 31 11 0 53 0.80
9-11 45 11 13 18 3 58 1.29
12-14 42 10 16 13 3 51 1.21
15-17 52 17 20 14 1 51 0.98
18-20 14 2 5 5 2 21 1.50
21-29 7 2 2 2 1 9 1.29
30- 13 5 1 7 0 15 1.15

and 2 and depicted in Figures 2 and 3.
At each age in each racial group, the
male and the female results were com-
bined as they were not significantly dif-
ferent. The data are grouped in three-
year age groups, except that only one
mean value is given for the small sam-
ple of seven Polynesians aged 21-29
years. The mean asymmetry of the sub-
jects who were 30 years of age or more
(whose ages were known only approxi-
mately) are plotted at their mean ages,
estimated to be 40 years in both racial
groups.

DiscussionN

The increase in the mean lateral posi-
tion of the nose with increase in age is
shown in Figure 2. The curves of the
two racial groups are of similar form
but the method is not considered to be
sufficiently precise to justify a compari-
son between the levels of the curves.

Polynesians

1.5 b

Austratians

Relative Deviation of 'Nose' to Right or Left

| SO TN U S Y N S N N |
0 35 9-11  15-17 21-23 27-29 40

0.0—L

Age in Years

Fig. 2 Association between age and the
mean degree of lateral asymmetry of the
nose in Australians and Polynesians,

The difference in the colour of the
skin of the two races may have modi-
fied the assessments of the observer, In
both racial groups the mean values for
the adults, aged 30 years or more, are
not significantly lower than those of the
preceding age group. The increase in
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Fig. 3 Association between age and the
mean degree of lateral asymmetry of the
chin in Australians and Polynesians.

the degree of lateral asymmetry of the
nose with age supports the contention
that normal facial asymmetry is pro-
duced mainly by postnatal factors. If
any pathological conditions which pro-
duce lateral asymmetry occurred in
these subjects, it is unlikely that they
were sufficiently prevalent to distort the
mean values more than slightly. As lat-
eral asymmetry of the nose is uncommon
in young children, even a moderate de-
gree of asymmetry in a child should be
investigated.

Figure 3 depicts the mean lateral
position of the chin at each age. The
bimodal shapes of the curves of the twe
racial groups were unexpected and are
in marked contrast to the form of those
in Figure 2. The fluctuations could not
have been due to the observer develop-
ing a bias during some examination
periods for the subjects were not ex-
amined in age groups. These curves are
considered to indicate the correct form
as most of the points are based on sub-
stantial numbers of observations and as
this bimodal shape is found in both
sexes in each racial group.

Many observers have emphasized the
plasticity of the craniofacial structures,
that the form of the bone is controlled
by the magnitude and direction of the
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forces it has to bear and that the full
development of the ramus of the man-
dible appears to depend on adequate
function.’® Some contend that the
length and width of the body of the
mandible are not increased by func-
tional stress.®* Cases of marked mandib-
ular asymmetry have been attributed to
muscle imbalance, a recent one to a
very slight weakness of the facial mus-
cles on the left side and apparent com-
plete absence of the sternomastoid.’
Preliminary data suggest that, in some
subjects, there is a change in laterality of
biting force between early and late
childhood. If such a change occurs it
may, in part, explain the fluctuations in
the mean degree of asymmetry of the
chin (Fig. 3), but the etiology of these
changes and fluctuations rejuires fur-
ther investigation.

SUMMARY

Published views regarding lateral
facial asymmetry, its normality, occur-
rence, and assessment are considered
and the term “median line of the face”
is discussed. A new concept and method
of assessing lateral facial asymmetry is
described. Observations made of three
anatomical points, in each of two racial
groups, showed that consistent results
are obtainable by this new method.

Using this technique the position of
the nose and of the chin has been in-
vestigated in 1029 subjects, 772 Aus-
tralians of European stock, and 257
Polynesians.

In both racial groups similar results
were obtained: the mean lateral posi-
tion of the nose increased with age, but
the curves showing the mean position of
the chin are of a bimodal shape with
marked fluctuations at certain ages.
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