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Purpose: The determination of an acceptable occlusal plane is essential for the
development of esthetic prosthodontic restorations. However, since most faces are not
symmetric, a method was developed for measuring facial angular asymmetry, ie, the
divergence from the vertical or horizontal of the line joining the midpoint of the
intercanthal line and the philtrum of the lip, the interpupillary line, the intermeatal line,
the lip commissure line, and the intercuspid line. Materials and Methods: Standardized
frontal images (mouth closed, smiling, and biting on a wooden spatula) of 100 subjects
were taken using a digital camera. These images were downloaded into a computer, and
the angles between the various facial lines and the horizontal were measured. The
subjects were grouped by sex, age, and history of trauma and orthodontic treatment.
Results: No statistically significant differences were found between the mean values for
each group. Conclusion: Asymmetry of the face can be measured using digital camera
imaging and computer analysis. A range of facial asymmetries that can influence the
choice of occlusal plane during prosthodontic treatment exists. Thus, the use of an
occlusal plane parallel to the ala tragus and interpupillary lines, as often advocated by
prosthodontists, may result in less than ideal esthetics in the final restoration.
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Anumber of studies on facial asymmetry have been
reported,'~'2 each with defined materials and
methods to meet specific objectives. Some studies have
attempted to explain the etiology of the asymmetries or
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to identify a zone of acceptability for normal asymmetry
of the face. Clinical treatment has been improved by
the application of results from these studies.

Biologic structures in vertebrates develop accord-
ing to a general symmetric pattern, but during growth
and development the 2 halves partially modify their
basic design, and various degrees of asymmetry de-
velop in different organs and features. Structural
asymmetry can be further modified by function,
trauma, or disease.'32! There are always asymmetries
of the human face, even in those who have been
judged to be “beautiful.”?223 The challenge for the
prosthodontist is to determine which reference plane
can be used as a guide for alignment of the maxillary
anterior teeth in cases that require their replacement
or extensive restoration.

This study used an inexpensive and standardized
digital photographic technique to measure angular
asymmetries of the human face; the results may be ap-
plicable to clinical practice.
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Materials and Methods

One hundred subjects were recruited randomly from
among dental students and staff at the Royal Dental
Hospital of Melbourne. The mean age of the subjects
was 33.6 years (standard deviation [SD] 12.6, range
19 to 67). There were 38 men and 62 women; 71 sub-
jects were Caucasian and 29 were Asian. There was
a history of orthodontic treatment and/or trauma to
the face in 32 of the 100 subjects. All subjects could
be categorized as having a normal appearance, with-
out obvious deformities.

The objectives and methods of obtaining the pho-
tographs for the project were explained to each sub-
ject, and each read and signed a consent form prior
to joining the program. The project was approved by
the Human Ethics Committee of the Royal Dental
Hospital of Melbourne.

Photographic Technique

This project used a Kodak Digital Science DC50
camera (Eastman Kodak), which stores photographic
images digitally for later transfer to a computer. The
33 motorized zoom lens has an autofocus range in
normal mode of 29 in (737 mm) to infinity. The cam-
era’s 1 Mb of internal memory allows the storage of
7 images with a resolution of 756 3 504 pixels, which
is sufficient for computer analysis.

A small rectangular mirror was attached to the top
of the camera such that the lower border of the mir-
ror was horizontal. In the middle area on top of the
camera, a bubble gauge spirit level was attached. The
camera was placed on a standard adjustable tripod
mount. The tripod arms and adjustable plates were
set so that the camera was horizontal.

Each subject was asked to stand on footprints drawn
on the floor 1,500 mm in front of the camera and to look
straight ahead. The camera was adjusted up or down
vertically without tilting, depending on the subject’s
height, until the subject saw his or her interpupillary line
level with the lower border of the mirror attached to the
top of the camera. This ensured that the level of each
subject’s eyes was constant in relation to the lens and
the camera flash. A Hanau Spring-Bow facebow (Tele-
dyne Water Pik) fitted with pointers in the outer aspect
of the ear rods was inserted into the subject’s external
auditory meati (Figs 1 to 3). A plumb line hanging be-
side the subject acted as the vertical reference line.

Setting the built-in flash to the “always on” mode
ensured that its reflection could be detected in the
subjects’ pupils in every image because they were
asked to look straight toward the camera. As the pa-
tients” eyes were focused at the same level, the out-
ermost convexity of the eyeball reflected the flash.
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Three frontal view images were taken for each
subject: (1) mouth closed, (2) smiling, and (3) biting
on a disposable wooden spatula passing as a straight
edge between the maxillary canines. The three color
images were downloaded from the digital camera into
a computer. (Either Macintosh or IBM-type comput-
ers can be used.) Each image was then converted to
gray scale and saved onto the computer’s hard disk.

Angles

Using Corel DRAW, version 4.00 (Corel), the 3 gray-
scale images from each subject were analyzed and
landmark points were located. The position of each
landmark was digitized on the computer as a set of pixel
coordinates (x, y). On each image, the upper and lower
points of the plumb line were identified and digitized,
and a line was drawn between them. A line at a right
angle to this was taken as the true horizontal, and this
was used as the reference against which the angles of
the facial lines were calculated on the computer.

The following facial lines were drawn on the 3 im-
ages and their angles calculated.

¢ Image 1 (mouth closed)
Interpupillary line (IP): line joining the reflec-
tion points of the camera’s flash on the pupils
of the subject’s eyes.
Intermeatal line (IM): line joining the tips of the
pointers on the ear rods of the Hanau facebow.
Commissure line, closed (CC): line joining the
angles of the mouth with the mouth closed.
Facial midline (FM): line joining the midpoint
of the line between the inner canthi of the eyes
and the center of the philtrum of the upper lip
(Fig 1).

¢ Image 2 (smiling)
Interpupillary line (IP)
Intermeatal line (IM)
Commissure line, smiling (CS): line joining the
angles of the mouth while smiling (Fig 2).

* Image 3 (biting on wooden spatula)
Interpupillary line (IP)
Intermeatal line (IM)
Intercuspid line (IC): line joining the right and
left sides of the wooden spatula in contact with
the tips of the maxillary canines (Fig 3).

All measured angles were entered into the computer
using a spreadsheet (Microsoft Excel). Correlations be-
tween the various angles were studied, and pairs of
different angles were plotted on a scatter plot to de-
termine whether there was any relation between the
2 variables. The Student’s ¢ test and analysis of vari-
ance (ANOVA) (2-tailed) were also calculated.
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Plumb line

Fig1 Closed-mouth image shows construction lines used for
angular measurements. /P = interpupillary line; /ICa = intercan-
thal line; IM = intermeatal line; FM = facial midline; CC = com-
missure line (closed).

Fig 2 (above right) Smiling image shows construction lines. IP
=interpupillary line; IM = intermeatal line; CS = commissure line
(smiling).

Fig 3 (right) Image with subject biting on a wooden spatula
shows construction lines. /P = interpupillary line; IM = inter-
meatal line; /C = intercuspid line.

Reproducibility of Measurements

A test was performed to verify the accuracy of the
image taken from the digital camera. The digital cam-
era was set up perpendicular to a card on which a
known angle had been drawn, and images were ac-
quired. After downloading the images from the cam-
era to the hard disk of the computer, measurements
were made using CorelDRAW. The angles obtained
from the computer matched those drawn on the card
to within £ 0.1 degree.

Another test was performed prior to the actual data
collection to verify the reproducibility of the system
used in this project. Ten sets of three images were
taken of the same subject in the three different posi-
tions: mouth closed, smiling, and biting on a wooden
spatula. Six lines were drawn, and angular measure-
ments were performed on each of the closed-mouth
images. Four lines were drawn, and the angles be-
tween them were measured from each of the smiling
and wooden spatula images. Each measurement was
repeated three times on each image.
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Plumb line

Plumb line

From the 10 closed-mouth images, 180 lines were
drawn and measured. The magnitude of error was 0.1
degree or 0 for 84% of the measurements (151 of
180). Furthermore, 95% of the measurements (171 of
180) exhibited 0.2 degree or less difference. From the
10 smiling images, the error was 0.1 degree or O for
81% of the measurements (97 of 120) and 0.2 degree
or less for 93% of the measurements (112 of 120).
From the 10 biting on a wooden spatula images, the
error was 0.1 degree or 0 for 85% of the measure-
ments (102 of 120) and 0.2 degree or less for 95% of
the measurements (114 of 120).

One factor that limited the accuracy of measure-
ments was the resolution of the monitor. Although
the image can be magnified to check the accuracy
of a landmark, and one or both ends of a line can be
changed and the resulting new angle can be remea-
sured, a landmark misplaced by only one pixel can
introduce an error in the measurement of 0.2 degree.
Despite this, 94% of the reproducibility measure-
ments (132 of 140) were accurate to within one
pixel.
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Table 1 Angular Measurements (Degrees) from 3
Images from Each Subject (n = 100)
Image Mean SD Range
Mouth closed
IP -0.3 1.1 -3.7t02.3
M 0.3 1.2 -3.21t03.8
CcC 0.2 1.8 -3.6106.1
FM 89.6 1.9 83.51094.5
Smiling
IP -0.3 1.1 -3.0t02.8
IM 0.2 1.2 -2.6t03.9
CS -0.2 1.9 -5.4107.0
Biting spatula
IP -0.3 1.1 -3.2103.1
IM 0.2 1.3 —-2.8t03.4
IC —0.1 1.9 -5.2t05.2

IP = interpupillary line against horizontal; IM = intermeatal line against
horizontal; CC = commissure line (closed) against horizontal; FM = fa-
cial midline against horizontal; CS = commissure line (smiling) against
horizontal; IC = intercuspid line against horizontal.

Results
Total Population

The means, standard deviations, and ranges of the
data of angular measurements from the 3 images of
each of the 100 subjects are reported in Table 1.
Positive angles are those diverging counterclockwise
from the horizontal. Negative angles are those di-
verging clockwise from the horizontal. For the facial
midline, angles greater than 90 degrees diverge coun-
terclockwise from the vertical. Angles less than 90 de-
grees diverge clockwise from the vertical.

The mean intermeatal line (IM) value in Fig 1is 0.1
degree different from the mean IM values in Figs 2
and 3. To put the data together in one figure, the av-
erage of the 3 mean IMs was calculated, with 0.2 de-
gree being the average of these values for the 3 im-
ages. Figure 4 is a diagram representing the human
face. The lines drawn inside the diagram are the
mean values of the angles from the 3 images of each
subject against the horizontal plane.

Male and Female Subjects
There was no significant difference between the

mean values of the data of angular measurements for
the male and female groups (P> 0.4).
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IP=-0.3
ICa
IM=0.2
-

FM = 89.6
CC=0.2

_— IC=-0.1

— CS=-0.2

Fig4 Mean values of the angles formed by the various con-
struction lines against the horizontal plane (n = 100 subjects).
IP = interpupillary line; ICa = intercanthal line; IM = intermeatal
line; FM = facial midline; CC = commissure line (closed); IC =
intercuspid line; CS = commissure line (smiling). (Note: angles
have been exaggerated for the sake of clarity.)

Age Groups

When dividing the subjects into 3 age groups (19 to
24 years old, n =32; 25 to 35 years old, n = 33; and
36+ years old, n = 35), there was no significant dif-
ference between the mean values of the data of an-
gular measurements for the 3 age groups (P> 0.1).

Facial Trauma and/or Orthodontic Treatment

When comparing the data of angular measurements
between the groups of subjects with and without a
history of facial trauma and/or orthodontic treatment,
the correlation coefficients between the mean values
in both groups were low and there was no significant
difference between the mean values of the data for
the 2 groups (P> 0.1).

Analysis of Results

The interpupillary line (IP) was horizontal in 16% of
all subjects, tilted clockwise in 50%, and tilted coun-
terclockwise in 34%. The IC was horizontal in 18%,
tilted clockwise in 47%, and tilted counterclockwise
in 35%.

The mean IP angle (-0.3 degree), mean commis-
sure line (smiling) (CS) angle (0.2 degree), mean in-
tercuspid line (IC) angle (0.1 degree), and mean
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facial midline (FM) angle (89.6 degrees) were all
clockwise, while the mean IM (0.3 degree) was coun-
terclockwise.

The Pearson’s correlation coefficients between IP
and IC and between IM and IC were low (r < 0.4).
Hence, the tilts of the IP, IM, and IC were not de-
pendent on each other and could therefore not be
used to predict each other.

Comparing male and female subjects, the mean IP
of both groups tilted clockwise (-0.3 degree). In fe-
male subjects the mean IC, CC, and CS also tilted
clockwise and were nearly parallel to the mean IP,
but the mean IM tilted slightly counterclockwise (0.1
to 0.2 degree). In males, the mean IC and IM tilted
counterclockwise and were approximately parallel
(0.4 degree). The mean CC tilted further counter-
clockwise (0.7 degree), but the mean CS was almost
horizontal. However, there was no statistically sig-
nificant difference between the data from the 2
groups.

Comparing the 3 age groups, there seems to be a
general trend for most of the facial angles to progress
from clockwise toward 0 or counterclockwise with in-
creasing age, but again, the differences were not sta-
tistically significant.

The data for subjects with and without a history of
facial trauma and/or orthodontic treatment show the
IC in the unaffected group to be almost parallel to the
IP, while in the affected group it was closest in an-
gulation to the CS. The differences are small and not
statistically significant, but there may be some indi-
cation that the IC line in the second group had been
adjusted by surgical or orthodontic treatment toward
parallelism with the CS line.

Considering ranges rather than means, all of the
measured angles showed a distribution over several
degrees. For example, although the IC line angulation
showed a normal distribution, in only 18 subjects was
itcloseto O (—0.25 to 0.25 degree). In 73 subjects the
angle was within the range from -2 to 2 degrees, in
11 subjects it was negative (clockwise) by more than
2 degrees, and in 16 subjects it was positive (coun-
terclockwise) by more than 2 degrees. The most ex-
treme values were more than 5 degrees in each di-
rection. An angle of 5 degrees means that the canine
tip on one side of the mouth is approximately 2.6 mm
lower than on the other side.

Using the IM line rather than the horizontal as the
reference against which the angles of the other lines
are measured gave the results shown in Table 2.
Relative to the IM, the mean IP,,,, CC,,,, FM,,,, CS\,,
IC,,,, and H,,, values were all clockwise, with mean
angles of -0.6, -0.1, -0.7, -0.4, -0.3, and -0.2 de-
gree, respectively.
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Table 2 Angular Measurements (Degrees) Against
Intermeatal Line from 3 Images from Each Subject
(n=100)

Image Mean SD Range
Mouth closed
IR -0.6 1.2 -3.5t02.5
CCy 0.1 1.7 —4.0t0 4.2
FM 89.3 1.8 84.21094.8
H -0.3 1.2 -3.8103.2
Smiling
1Py -0.6 1.0 -3.6t02.4
CSpy -0.4 1.6 -4.6104.2
H -0.2 1.2 -39t02.6
Biting spatula
1Py -0.5 1.0 -3.3t024
IC\ -0.3 1.9 —-4.5t05.2
H -0.2 1.3 -3.4t02.8

IP,, = interpupillary line against intermeatal line; CC,,, = commissure
line (closed) against intermeatal line; FM,,, = facial midline against in-
termeatal line; H,,, = horizontal against intermeatal line; CSW| =com-

missure line (smiling) against intermeatal line; IC,, = intercuspid line

against intermeatal line.

Discussion

In this study, a natural head posture was used. Cooke
and Wei?* found that natural head posture radi-
ographic reproducibility was better using a mirror, and
no statistically significant differences were detected
between natural head posture recordings taken with
or without ear posts. Solow and Tallgren?> also re-
ported better reproducibility on images of subjects
using a mirror. Cooke and Wei?* further reported bet-
ter reproducibility with same-day repeat radiographs
than with those taken 3 to 6 months later. In the pres-
ent project, subjects were asked to stand on footprints
in front of the digital camera and look straight forward
without any head holder or head support. It took less
than a minute to acquire the 3 images.

It was sometimes difficult to locate the center of the
pupil on the image of the subject by inspection be-
cause the upper eyelid was superimposed on part of
the pupil area, especially when the subject was smil-
ing, and both of the eyelids tended to close. This pro-
ject used the flash reflection from the pupil area,
which was seen as a clear white area on the center
of the pupil. This made it easier for the investigator
to locate the center of the pupil even though the eye-
lids overlapped part of the pupil. However, there
might still have been an error in this technique be-
cause the flash may not always be reflected from the
center of the pupil. It was found on review that 91%
(273 of 300) of all of the images in this project pro-
vided flash reflection from the center of the pupil, and
the remaining images were within 2 pixels of center.

When casts have been mounted on an articulator by
means of a facebow, the IM line is represented by the
horizontal of the articulator as it rests on the laboratory
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bench. The angulation of other facial lines and of the
horizon to the IM line is therefore of clinical impor-
tance, for it is the facial features and the horizon that
influence the clinician’s judgment in determining the
correct alignment for the maxillary anterior teeth. The
dental technician needs to be informed of the direc-
tion and magnitude by which this alignment varies
from the IM line, ie, from the horizontal of the articu-
lator. One method of communicating this informa-
tion is by use of the Clinometer (Teledyne Water Pik),
which records the chosen angle against the IM line.2°

Although not statistically significant, the fact that the
means of all facial lines and the horizontal were clock-
wise in relation to the IM line suggests that there may
be a systematic, rather than random, asymmetry in the
human head. Expressed in another way, it appears that
the external auditory meatus on the left side tends to
be at a higher level than on the right. There is some
support in the experimental literature for this sugges-
tion. Woo,%” in a study of 800 ancient Egyptian skulls,
found the right side to be on average significantly
larger than the left. The difference was particularly
marked in the vertical measurement of the parietal
bone, which would have the effect of placing the ex-
ternal auditory meatus lower on the right. Ito et al,?8
in a study using the Clinometer on 200 subjects, found
the mean angle of the IP line against the IM line to be
0.72 degree clockwise. If this trend is confirmed by fu-
ture studies, it would have practical implications in
prosthodontics. When working casts are mounted on
an articulator by means of a facebow, the correct an-
gulation for esthetic placement or restoration of the
maxillary anterior teeth can be expected, on average,
to be slightly clockwise to the axes of the articulator.
If this angulation is ignored by the clinician and tech-
nician, and anterior restorations are set to the articu-
lator horizontal axis, the restorations will appear ac-
ceptable on the articulator, but will sometimes show
an unesthetic angulation when in the patient’s mouth.

Conclusion

This study demonstrates how angular asymmetry of
the face can be measured by using a digital camera
and computer analysis. While individuals can show
considerable variation, the mean angulation of the in-
terpupillary line, the intercanthal line, both of the
commissure lines, the occlusal plane, and the facial
midline are not influenced by sex, age, or history of
facial trauma and/or orthodontic treatment.

The angulation of the facial lines studied can vary
from the true horizontal or vertical, or from each
other, by up to several degrees in normal subjects.
Although not confirmed statistically, there appears to
be a systematic bias to these variations.
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