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Purpose: This article describes construction of the average face and its application in the clinical
environment.

Subjects and Methods: A total of 72 children, mean age 11.8 years, were selected for the study.
Laser-scanned images of the subjects were obtained under a reproducible and controlled environment
with 2 Minolta Vivid 900 (Minolta, Osaka, Japan) optical laser-scanning devices assembled as a stereo pair.
A set of left and right scanned images was taken for each subject and each scan took an average of 2.5
seconds. These scanned images were processed and merged to form a composite 3-dimensional soft
tissue reproduction of the subjects using commercially-available reverse modeling software. The differ-
ences in facial morphology were measured using shell deviation color maps. The average face was used
to compare differences between male and female groups and 3 subjects with craniofacial anomalies.

Results: The difference between the average male and female face was 0.460 = 0.353 mm. The areas
of greatest deviation were at the zygomatic area and lower jaw line, with the males being more
prominent. The results of the surface deviation between the subjects with craniofacial anomalies were

significant.

Conclusions: The construction of the average face provides an interesting perspective into measuring
changes in groups of patients and also acts as a useful template for the comparison of craniofacial

anomalies.
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Orthodontists have been interested in craniofacial mor-
phology for over a century. Evidence suggests that the
different types of orthodontic treatment performed on
patients alter the facial balance and soft tissue contours
of the face (for example: dentofacial orthopedics, ex-
traction treatment, and orthognathic surgery).

The traditional methods of assessing facial and skel-
etal change have been landmark-based linear measure-

ments, either by direct anthropometrics,' radio-
graphic assessments, or, in recent times,
3-dimensional imaging.>> One area that developed
from radiographic assessments was the construction
of facial templates from lateral cephalograms. The
lateral cephalograms of groups of normal cohorts
were taken in the various growth studies,*> and tem-
plates were used for diagnostic® and predictive pur-
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poses’ to give clinicians an opportunity to identify
craniofacial anomalies and to predict the future facial
changes for groups of patients. These methods were
successful in a time when technology constrained the
types of analysis available (eg, evaluating the hard
tissue in 2 dimensions).

There seems to be a paradigm shift in recent
times”® for clinicians to work from the external soft
tissues “inwards” as these features are pertinent and
pleasing to the human eye. The advancement in 3-di-
mensional technology has allowed the capture of fa-
cial morphology in an efficient and noninvasive way
without the risks of radiation exposure.

This article describes the use of a previously vali-
dated laser-scanning device® and its use in the con-
struction of the average facial profile for a growth
study cohort of 11-year-old children for application in
clinical orthodontics.

Subjects and Methods
SUBJECTS

There were 72 children with normal facial features
selected from a growth study cohort of 95 children to
represent the average face. The sample was made up
of 42 boys and 30 girls with a mean age of 11.8 years.
All children received no previous orthodontic treat-
ment.

Approval for the study was obtained from the Di-
rectors of Education, head teachers, school commit-
tees, and the relevant ethics committee. In addition,
positive written consent was obtained for the child to
be included in the study.

THREE-DIMENSIONAL IMAGING SYSTEM

The laser-scanning system consisting of 2 high-res-
olution Minolta Vivid VI900 3D cameras (Minolta,
Osaka, Japan), with a reported manufacturing accu-
racy of 0.3 mm, operating as a stereo pair, was used.
The technical setup has been previously reported.”'?
Information was transferred to a reverse modeling
software package, Rapidform 2004 PP2 - RF4 (INUS
Technology Inc, Seoul, Korea) for analysis. This soft-
ware provides 9 different 3-dimensional work activi-
ties and together allows high quality polygon meshes,
accurate freeform Non-Uniform Rationale B-Spline
(NURBS) surfaces and geometrically perfect solid
models to be created. RF4 generates data as absolute
mean shell deviations, standard deviations of the er-
rors during shell overlaps, maximum and minimum
range maps, histogram plots, and finally, color maps.

DATA CAPTURE TECHNIQUE

A custom-made portable studio facilitated standard-
ized light conditions. The studio was sufficiently com-
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pact to fit into a corner of a classroom or medical
room without difficulty and house all the necessary
equipment. Natural head posture (NHP) was adopted
for this study as this has been shown to be clinically
reproducible.''? The technique for positioning the
patient and image capture has been validated and
described elsewhere.'?

STATISTICAL ANALYSIS

Within RF4, a shell-to-shell deviation map was com-
puted and automatically produced. The results in-
clude the maximum and minimum range of shell
deviations, the average distance between the 2 shells,
and the standard deviation. This function was used to
statistically analyze the mean shell deviations and
standard deviations for left and right premerged scans
in the boy and girl groups. The RF4 features described
were also used to measure differences in the shells of
whole faces.

The mean shell deviations for left and right scans
were tested for normality, and differences between
the groups measured were analyzed using the Stu-
dent’s ¢ test (SPSS 12.0.1; SPSS, Chicago, IL). P values
< .05 were considered significant.

AVERAGING PROCESS

The average face for a male and female subject at
11.8 years was constructed from the facial meshes of
42 boys and 30 girls. This in-house sub-routine was
created from tools available within RF4 and provided
the platform for the construction of the average faces.
These steps may be summarized as follows:

Prealignment of images by determining the principle
axis of rotation (based on computing the tensor of
inertia of each 3-dimensional image).

Manual positioning, when necessary, to improve the
previous stage.

Best-fit alignment using the in-built algorithm in RF4.

Averaging of co-ordinates of the images normally to a
facial template.

Point cloud is triangulated to obtain an average face.

Areas with small holes are filled in.

Color texture is applied.

Standard deviation shells were created.

The averaging process may be represented mathe-
matically as follows:

Each face is considered to be a function Z = f (X,
Y), where k& represents the number of the faces and X,
Y, Z represent Cartesian co-ordinates. Therefore, £,
can be defined in tabular form as [f, (X,, Y)l,i=0,
oo, Mj=0,...., N
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3-DIMENSIONAL AVERAGE FACE CONSTRUCTION

FIGURE 1. The average face when a transparent fexiure is applied. One sfandard deviation in the positive and negative directions’ shells has also

been included to depict the range of the averages.

Kau et al. 3-Dimensional Average Face Construction. J Oral Maxillofac Surg 2000.

7 = tk(X,, Y))
k=1,...,K (number of faces)
. @D
i=0,...,M
j=0,...,N

The mathematical formula for the average face may
be defined as:

1
7y = 7(2 zy @

The output of the averaging algorithm gives a point
cloud reading of (X|, Y; and Zij). Once this is com-
pleted the point cloud is triangulated to obtain an
average facial surface.

Standard deviation faces were created after the av-
erage point Z cayeragey Was created and were calcu-
lated based on the formulas below. These faces can be

illustrated diagrammatically (Fig 1).

1 &y
Zqz/e+ 15D _ Zq.ve Z‘"’e
7 o Kjl (2w -z) 3
K
=10 _ gae _ S (ze-z) @
-1 K=1

Following the averaging process, each average face
is further improved by removing possible mesh de-

fects and by filling in small holes, using the inbuilt
tools within Rapidform 2004. Each average face is
given a colored surface texture.

CLINICAL EVALUATION

The average faces, for boys and girls, were evalu-
ated to determine facial differences between gender
groups. Furthermore, gender-specific averages for
males and females were overlaid individually for sub-
jects presenting with craniofacial anomalies using the
iterative closest point algorithm. In this study, 1 sub-
ject in each of the following categories was present-
ed:

A female, aged 11.8 years, with a unilateral right cleft
lip and palate (Subject BO).

A male, aged 11.9 years, with Binders Syndrome (Sub-
ject OW).

A male, aged 11.9 years, with significant left-sided
asymmetry (Subject SW).

Results

There were 72 normal subjects and 3 with cranio-
facial anomalies analyzed and compared. The mean
ages for the normal subjects were 11.8 years and the
rest were 11.9 years of age.
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FIGURE 2. Differences in facial morphlogy between males and females. The colored areas depict positive facial differences. The zygomatic and

lower mandibular areas show difference.

Kau et al. 3-Dimensional Average Face Construction. J Oral Maxillofac Surg 2000.

RELIABILITY VALUES AND COMPARISONS OF
AVERAGE FACES

The mean shell deviation values for the left and
right scans for males and females were 0.324 *= 0.124
mm and 0.308 = 0.706 mm, respectively. Each of
these data sets were tested for normality and found to
be normally distributed. Paired ¢ tests showed that
there was no statistical difference between the 2
groups of subjects, indicating that the subject groups
were comparable.

The difference between the average male and fe-
male face was 0.460 = 0.353 mm. The areas of great-
est deviation were at the zygomatic area and lower
jaw line. These areas were more prominent in boys

(Fig 2).

CLINICAL EVALUATION OF THE SEX-SPECIFIC
AVERAGE FACE WITH SUBJECTS WITH
CRANIOFACIAL ANOMALIES

The mean difference between Subject BO and the
average female face was 1.886 = 2.147 mm; 60.1% of
the deviation between the faces was in the region of
the cleft site. The volume of the defect was 3.79 X
104 ul.

The mean difference between Subject OW and the
average male face was 2.412 * 2.617 ul; 63.7% of
deviation of the between the faces was in the region
of the mid face.

The mean difference between Subject SW and the
average male face was 1.412 = 1.715 mm; 45.5% of
the deviation between the faces was in the region of
the asymmetric mandible. The volume of the defect
was 2.76 X 10,4 ulL.

Discussion and Clinical Applications

This article describes the technique required to
construct an average face from a cohort of 11.8-year-
old children. In addition, the average face was used as
a template from which subjects with craniofacial
anomalies could be compared to those with normal
facial morphology.

Three-dimensional average faces have been de-
scribed previously in the literature. Hutton et al built
dense surface models from 421 facial scans of subjects
aged 1 to 80 years old.'? In their study, the faces were
aligned based arbitrarily on 10 surface landmarks be-
fore a hybrid combination of iterative closest point
and active shape-fitting algorithms were applied. The
final dense surface model was used to assist in the
diagnosis of Noonan’s Syndrome.">

Average faces have also been described by Israil
and Moss.'® They used average faces to compare
treatment changes among extraction versus nonex-
traction'® cohorts and also cross-sectional growth
changes among children.!” However, the process of
averaging faces was not mentioned.

The average face constructed in this study repre-
sents the true variation in facial morphology in a
cohort of children. This method does not rely on
mathematical manipulation to construct an average
surface mesh and is age and gender specific. In the
cases where averages were compared to subjects
with craniofacial anomalies, a number of interesting
findings may be presented.

In the case of BO, who presents with a right uni-
lateral cleft lip and palate, the 3-dimensional severity
of the defect corresponds well with the location of
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3-DIMENSIONAL AVERAGE FACE CONSTRUCTION

FIGURE 3. Subject BO. A, The shell deviation map indicating the differences between the average face shell and the subject. The black areas
indicate the areas of reproducibility and the colored areas the shellHo-shell deviation present. The defect is asymmetrical in shape and corresponds
well to the clinical problem. B, Soft fissue surface shell of the patient. C, The volumetric and shape analysis of the defect.

Kau et al. 3-Dimensional Average Face Construction. J Oral Maxillofac Surg 20006.

the anomaly (ie, the right side). One interesting ob-
servation noted is the asymmetric shape defect and
the potential complications that clinicians would
need to address during treatment. For example, any
form of treatment to advance the maxilla would re-
quire an asymmetric rotational component, to com-
pensate for the greater defect on the right side (Fig 3).
In addition, all treatment would need to produce a
soft tissue movement equivalent to 8 mm in an ante-
rior direction.

Subject OW presents with Binder’s Syndrome, a
form of mid-facial dysplasia. The comparison of his
facial scan to the average face shows up the defi-
ciency well (Fig 4). This deficiency relates not only to
the maxilla but the whole of the mid-facial complex.
Some methods to treat this condition have focused on
protracting the maxillary complex with face mask
therapy. The facial differences in this case, however,
illustrate that not only the maxilla is deficient, but the
nasal bridge and mid-facial complex. This will cer-
tainly require a Le Fort II procedure and increases the
morbidity and risks of the treatment.

Finally, in the case of SW, the subject presents with
left-sided asymmetry (Fig 5). The diagnostic applica-
tion of the 3-dimensional facial scan may help the
clinician determine if surgery should be performed or
whether a hybrid functional appliance should be at-

tempted as the child continues to grow. The obvious
choice in this case is that surgery will be required in
the future. The facial scans and deviation maps are
also an excellent means for the clinician to commu-
nicate information to the parent, and help to explain
the challenges in treatment.

No discussion is complete without pointing out
the limitations of the study, and these relate to the
sample size of the patients with craniofacial anom-
alies. Although the current facial meshes of the
sample fit very well, a larger sample is required to
determine if the average face can be used success-
fully.

There is a tremendous potential for the method
described above to be applied to different samples
based on age, gender, and facial condition. Three-
dimensional laser-based imaging is an efficient and
noninvasive method to capture facial morphology.
Further research will need to be carried out to opti-
mize the use of these average facial meshes.

The following conclusions may be drawn from this
study:

The average face, specific to age and gender, can be
efficiently and effectively created from a sample of
3-dimensional faces.
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FIGURE 4. Subject OW. A, The average male face and the subject presented as a transparent surface texture. Note that the difference lies only
in the mid-facial region and corresponds very well with the clinical presentation. B, The shellto-shell deviation map showing the distribution of the
size of the defect.

Kau et al. 3-Dimensional Average Face Construction. J Oral Maxillofac Surg 20006.

FIGURE 5. Subject SW. A, 3D facial scan showing the leftsided asymmetry. B, Color deviation map showing the extent of the asymmetry and
the direction it seems to be pointed as shown by the concentration of red areas.

Kau et al. 3-Dimensional Average Face Construction. J Oral Maxillofac Surg 20006.



1092

The average face may be used to compare differ-

ences in facial morphologies for different gender
groups.

The average face may be used to compare differences

in facial morphologies in patients with craniofacial
anomalies.
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