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Background: Facial expressions are ubiquitous in communication. Therefore,
assessment of mimic function is essential in facial surgery, but no reference stan-
dards are currently available. This prospective study aims to create reference values
of three-dimensional landmark displacement for different sex and age groups.
Methods: Three-dimensional photographs were taken from healthy subjects in
rest, maximum closed smile, and pouting. Displacement for both exercises of peri-
oral landmarks was analyzed with MATLAB as absolute displacement and as the
ratio of mouth width. Additionally, displacement in three planes was analyzed for
each landmark. Averages were calculated for both genders in four age groups: 4-8,
8-12, 12-16, and >16 years.

Results: In total, 328 subjects were included. Oral landmarks predominantly moved
forward and backward for both exercises. Nasal landmarks predominantly moved
vertically. Growing up, oral landmark displacement decreased for smiling, whereas
nasal landmark displacement increased. For pouting, oral landmark displacement
increased while growing up, whereas nasal landmark displacement decreased.
Conclusions: The present study creates reference values for movement of perioral
structures for different sex and age groups, for two facial expressions. These data
are of great value for the assessment of mimic function and give insight into the
development of facial animation over time. (Plast Reconstr Surg Glob Open 2023;
11:4762; doi: 10.1097/GOX.0000000000004762; Published online 18 January 2023.)

“Peace begins with a smile.” A famous quote by
Mother Theresa, by which she more or less recapitulated
one of Darwin’s studies from 1872. In “The expression
of emotions in man and animals,” Darwin depicted the
importance of facial animation for social interactions.’
Animation itself is not about “the smile,” which is the end
state. But it is, as often in life, about the way to “the smile,”
or the smiling action. An individual might have a beautiful
smile on a picture, but during live interaction facial anima-
tion might have a different impact on social intercourse.
Facial expressions form a universal way of communica-
tion, which is not constrained by language.” However, the
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ability to express oneself is not just about communication.
It has a large social impact too. Reduced facial animation
has shown to impair recognition of emotional expression
by peers,” affect social interaction,"” and influence psycho-
logical well-being.*”

Obvious examples of affected function of mimic mus-
cles are patients with facial paralysis*®™ or orofacial cleft
anomalies.”!” However, altered facial expressions are also
observed in patients with dentofacial deformities,'""” or
after orthognathic surgery.''-"* Patterns in facial expres-
sion are influenced by underlying hard tissues,"” which
might explain altered facial expressions in dentofacial
deformities.''""* Orthognathic surgery, the standard pro-
cedure to correct these deformities, has fairly predict-
able results on skeletal structures.'*'®!” Nevertheless,
soft-tissue response to orthognathic surgery, especially
of the upper lip, is less predictable, as it is less relatable
to the skeletal changes.'®!"” Dental occlusion often seems
the primary focus in orthognathic surgery, because it
is needed to get a stable result. However, the aesthetic
outcome contributes considerably to patient satisfac-
tion, and should, therefore, be leading in the treatment
objectives.”

It is hypothesized that alterations in facial animation
after surgical procedures arise from tightening or slack-
ening of the muscles. Tightening occurs by enlarging the
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distance between origin and insertion, ie, lengthening of
the muscle. Slackening occurs by reducing the distance
between origin and insertion, that is, shortening of the
muscle. Lengthening a muscle results in an increase
in sarcomeres and protein synthesis, and therefore an
increased peak tension.”** One study investigated the
effects of surgical repositioning of the maxilla. Anteriorly
and/or inferiorly repositioning, and thereby lengthening
of the muscles, increased facial movement while smiling.
Likewise, superiorly and/or posteriorly repositioning,
which reduces muscle length, resulted in a decrease in
facial movement while smiling."*

There seems a need for assessment of the function of
facial mimic muscles in patients if it is susceptible that sur-
gical procedures might affect these muscles. In unilateral
surgery, the contralateral side of the face should serve as
a reference, to obtain symmetry. Yet, in bilateral facial sur-
gery, for instance a Le Fort I osteotomy, this guidance is
not provided, and surgeons must rely on their own experi-
ence to achieve pleasing results. This calls for reference
models representing large parts of the population of the
hospitals’ adherent areas. These models can improve the
assessment of clinical and aesthetic outcomes and proper
planning of surgical procedures.

For these reference models, detailed knowledge of
facial movement is required. Several studies have investi-
gated which factors influence facial animation. Previous
studies have shown that with age, the smile becomes wider
horizontally, but narrows vertically.** These studies were
two-dimensional (2D) and did not examine the forward
and backward movements. Yet, a three-dimensional (3D)
study could not find statistically significant differences in
total facial movement. In that study, all individual land-
mark displacements were combined for comparison.?

The results of previous studies concerning sexual
dimorphism in facial animation are also contradictory.
Some studies confirmed that facial movement is larger in
men than in women.*»**?7-* Others found no, or limited,
sex-related differences.”>™ It could be suggested that sex-
related differences arise from differences in facial size and
shape. Facial shape has proven to have a small, but sig-
nificant effect on the extent of facial movement.?’ Also,
a study found sex-related differences in verbal and non-
verbal expressions; however, when corrected for interchei-
lion distance, these were not significant.”

Potential age- and sex-related differences should be
taken into account when investigating facial animation.
The current study aims to create reference standards of
the maximum range of motion for different age and sex
groups. The magnitude of specific facial movements says
something about the ability to animate. For that reason,
two reproducible extreme positions of the oral soft tis-
sues were chosen as subject of the study: maximum closed
smile and pouting. Since the facial actions themselves
determine social intercourse to a great extent, we have
investigated the range of motions from neutral to maxi-
mum positions.

These data will provide the average displacement of
perioral surgical landmarks in three dimensions. Except
the fact that the results could serve as reference standards,
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Question: What are the three-dimensional dynamics of
the perioral structures in facial exercises, and how does it
change with aging?

Findings: This prospective study found that oral land-
marks predominantly moved forward and backward for
both exercises. Nasal landmarks predominantly moved
vertically. With aging, oral landmark displacement
decreased for smiling, whereas nasal landmark displace-
ment increased. For pouting, oral landmark displacement
increased with aging, whereas nasal landmark displace-
ment decreased.

Meaning: This study created reference values for move-
ment of perioral structures for different sex and age
groups, for two facial expressions.

this study proposes a new method to analyze facial
animation.

Population

Approval for this prospective study was provided by the
local ethics committee (study number 14-652). Between
December 2016 and January 2017, 3D images were cap-
tured of healthy subjects visiting the University Museum
in Utrecht, The Netherlands, with the two-pod 3dMD sys-
tem (3dMDface, 3dMD, Atlanta, Ga.). Healthy subjects,
without a history of prior facial trauma or surgery, were
included in the study. Informed consent was obtained
from all participants. Ethnicity of subjects was registered.
Study approval was provided by the local ethics commit-
tee. Each subject was captured in three different facial
poses: neutral, closed smile, and pouting. The 3dMD sys-
tem was placed in a windowless room used for daily clini-
cal 3D imaging, illuminated with 100% LED lighting. The
subjects were grouped in the age categories per 4 years.
Due to the small number of inclusions in the 16- to 20-year
group (six women and one men), it was decided to com-
bine the older groups into one adult group, older than
16 years of age. This resulted in the following age groups:
4-8, 8-12, 12-16, and 16 years and older.

Image Processing

To perform analyses on the 3D images, each indi-
vidual 3D image had to be converted into an aligned,
subject-specific template, that is, remeshed. Remeshing
and analyzing pictures were performed using the math-
ematic environment MATLAB (MATLAB R2020b, The
MathWorks, Inc., Natick, Mass.). For the remeshing pro-
cess, the following method was applied, with each step
depicted in a flowchart in Figure 1. First, the individual 3D
images were preprocessed to create a uniformly distrib-
uted mesh. Next, the following six anatomical landmarks
were manually placed on the mesh: the left and right
pupil, pronasale (pn), left and right cheilion (ch), and
pogonion (pg) (step 1). These six landmarks were used
in the Procrustes algorithm. This algorithm aligns the 3D
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Fig. 1. Flowchart of remeshing process. Summary of all steps that were executed to process the original
3D images into a subject-specific template. CPD, coherent point drift.

image with a general template with facial contours (“neu-
tral template”), without scaling the 3D image (ie, rigid,
step 2). For each group, this face template was scaled
according to the six landmarks, to account for the varia-
tion of head size between the different age groups. Also,
the 3D image was cropped based on the outer boundary
of the face template. Subjects whose forehead was not vis-
ible had to be excluded due to technical matching dif-
ficulties (step 3).

After the initial alignment and cropping of the 3D
image, the landmark-guided coherent point drift algo-
rithm was used. This algorithm deforms the general face
template towards the 3D image and is, therefore, non-
rigid. The manually placed left and right pupil, left and
right cheilion, and pronasale were used as the landmarks
to guide the coherent point drift (step 4). Finally, all 3D
images were aligned toward the neutral template with the
Procrustes algorithm using all vertices, by means of rigid



registration (step 5). This resulted in every 3D image hav-
ing the same position and rotation as the general face tem-
plate, without scaling the face, to preserve the true facial
measurements. The outcome of this remeshing process is
an aligned, subject-specific template.

Landmark Displacement Analysis

During the processing of the 3D images, each image
was placed in the same coordinate system of the tem-
plate. The x axis was defined in the horizontal direction,
with the z axis defined within the same horizontal plane
in the dorsal direction. The y axis was defined in the
vertical direction, perpendicular to the XZ-plane. For a
visualization of the XYZ-coordinate system (Fig. 2). The
displacement of three perioral landmarks from a neu-
tral pose, to both a closed smile and pouting pose, was
obtained by calculating the Euclidian distance between
each corresponding landmark. Of three perioral land-
marks, cheilion, labiale superius, and alare, the displace-
ment was calculated, as an average of the displacement
of the left and right landmark. The vector of total dis-
placement was provided in millimeters, and as a ratio,
related to the intercheilion distance of the individual.
The latter makes comparison, between individuals and
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Fig. 2. XYZ-coordinate system.

PRS Global Open © 2023

age groups, of the animation itself possible. Additionally,
displacement in three directions was analyzed. For the
horizontal movement, the displacement of landmarks on
the right side of the face (being on the negative side of
the x axis) was multiplied by —1. Therefore, lateral land-
mark displacement resulted in a positive outcome. By
doing so, the results of left and right landmarks could be
compared more easily. For the y axis, the upward move-
ment resulted in a positive outcome. For the z axis, the
forward movement resulted in a negative outcome. For
further explanation and visualization of displacement
analysis (Fig. 3). For each vector, the standard deviation
(SD) was calculated as absolute distance in all directions.
Each vector was depicted with a green-to-red color scale
corresponding to SDs between 0 and 4 mm.

Statistical Analysis

Statistical analysis was performed using GraphPad
Prism version 8.3.0 for Windows, GraphPad Software, San
Diego, Calif., www.graphpad.com. Normality was tested
using Q-Q plots. Normally distributed data were expressed
by means with 95% confidence intervals. Differences
between age groups within each gender were analyzed
using one-way ANOVA analysis of variants. Statistically
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Fig. 3. Method for analyzing displacement of landmarks. For each vector, the SD was calculated as abso-
lute distance in all directions. Each vector was depicted with a green-to-red color scale corresponding

to SDs between 0 and 4mm.

significant difference was considered at P values less than
0.05. For statistically significant differences, multiple com-
parison analyses were performed between all groups, using
Tukey’s post hoc tests.

RESULTS

Baseline Characteristics

In total, 406 healthy subjects were captured in three
different facial positions. On 138 images, the forehead
was not visible, and the corresponding patients had to
be excluded due to technical matching difficulties. The
remaining 328 subjects were divided by gender and age;
their baseline characteristics are demonstrated in Table 1.
In the total cohort, seven subjects were non-White, and all
the others were White.

Landmark Displacement

Maximum Closed Smile

Landmark displacement results for the maximum
closed smile for each sex and age group are presented in
Table 2. The displacement of cheilion was mostly deter-
mined by the Z-component, except for the oldest male age
group, where the displacement was the most substantial

Table 1. Baseline Characteristics

Age Female Mean Age, Age Male Mean Age, Age
Group,y  (n) y (SD) Range,y (n) y (SD)  Range,y
4-8 13 6.4 (1.0) 4-7 17 6.2 (0.7) 5-7
8-12 60 9.5 (1.1)  8-11 58 9.5 (1.1) 8-11
12-16 17 128 (0.9) 12-15 22 129 (1.0) 12-15
>16 78 409 (14.0) 16-74 63 45.3(10.4) 18-75

The number of inclusions per age group and average ages. N = 328.

in the y axis. For alare, the X-component was the most
contributing for the total vector in all age and sex groups.
For crista philtri, the displacement was mostly determined
by the Z-component, except for the oldest age groups of
both sexes, where the Y-component was more contribut-
ing (Table 2). Graphs depicting the absolute displacement
and the ratio compared to the mouth width are provided
for each landmark in Figure 4.

Movement of cheilion significantly decreased at older
ages for men and women, even when corrected for the
mouth width (Fig. 4A and D). The absolute distance in
millimeters that the alare moved increased at older ages
for men and women. When corrected for mouth width,
this increase was only significant in men (Fig. 4B and E).
Absolute displacement of crista philtri was not significant
for both sexes, but when corrected for mouth width, a sig-
nificant decrease at older ages was seen (Fig. 4C and F).
Results of statistical analysis between age groups for each
gender can be found in Tables 3 and 4.

Pouting

Landmark displacement results for the pouting faces
for each sex and age group are presented in Table 5. The
most contributing component for cheilion displacement
was the Z-component in all age and sex groups. For alare
and crista philtri, this was the Y-component in all age and
sex groups (Table 5). Graphs depicting the absolute dis-
placement and the ratio compared to the mouth width are
provided for each landmark in Figure 5.

Movement of the cheilion significantly increased at
older ages for both men and women, even when corrected
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Table 2. Analysis Results for Smiling Faces

PRS Global Open © 2023

Female 4-8 Female 8-12 Female 12-16 Female > 16 Male 4-8 Male 8-12 Male 12-16 Male > 16
Smiling n=13 n =60 n=17 n="78 n=17 n=>58 n =22 n=63
Cheilion
MM  Mean 9.90 10.66 8.21 9.27 10.48 11.82 10.14 9.42
(95% (7.70-12.11) (9.78-11.53)  (6.73-9.68) (8.54-9.99)  (8.92-12.04) (10.77-12.88) (8.74-11.55) (8.70-10.14)
CI)
Ratio 24.06 24.47 17.23 18.21 26.35 27.33 21.15 17.54
(18.40-29.72) (22.23-26.72) (13.83-20.64) (16.65-19.76) (22.09- (24.53-30.12) (18.13-24.18) (16.05-19.03)
30.61)
X 5.42 5.37 4.35 4.61 5.74 6.38 5.21 4.90
(3.93-6.91) (4.79-5.95) (3.44-5.26) (4.17-5.06) (4.76-6.72)  (5.72-7.05) (4.25-6.18) (4.29-5.50)
Y 4.23 4.98 3.43 4.64 4.75 5.33 5.03 5.72
(2.76-5.70) (4.37-5.60) (2.39-4.48) (4.02-5.27) (3.77-5.73) (4.61-6.05) (3.73-6.33) (5.07-6.38)
7 6.35 7.15 5.45 5.23 6.88 7.80 6.38 3.88
(4.69-8.02) (6.45-7.84) (4.16-6.73) (4.48-5.99) (5.58-8.18) (7.02-8.58) (5.45-7.30) (3.12-4.64)
Alare
MM  Mean 2.38 2.18 2.31 291 2.25 2.56 2.41 3.14
(95%  (1.91-2.85) (1.98-2.39) (1.82-2.80) (2.56-3.27) (1.83-2.67) (2.28-2.85) (1.87-2.94) (2.84-3.44)
CI)
Ratio 5.74 4.97 4.73 5.65 5.50 5.82 5.03 7.12
(4.56-6.91) (4.47-5.47) (3.86-5.60) (4.94-6.36) (4.58-6.41) (5.19-6.46) (3.92-6.14) (6.44-7.80)
X 0.89 1.10 1.04 1.13 1.05 1.31 1.03 1.39
(0.48-1.30) (0.94-1.26) (0.74-1.34) (0.97-1.28) (0.68-1.42) (1.12-1.49) (0.75-1.31) (1.21-1.58)
Y 0.50 0.65 -0.07 -0.03 0.84 0.52 0.67 0.37
(-0.42 to (0.36-0.94) (-0.92 t0 0.78) (-0.451t0 0.38) (0.35-1.34) (0.09-0.95)  (-0.10 to 1.45) (-0.05 to 0.79)
1.43)
VA 0.81 0.37 -0.24 -0.84 0.62 0.18 0.28 -1.21
(0.15-1.46)  (0.10-0.65) (-0.81 to 0.33) (-1.30 to (0.01-1.23) (-0.17 t0 0.54) (-0.16 to 0.72) (-1.68 to
—-0.38) -0.75)
Crista philtri
MM  Mean 4.49 4.10 3.24 3.91 4.45 4.50 3.83 3.93
(95%  (3.56-5.42)  (3.72-4.48) (2.62-3.86) (3.54-4.29) (3.64-5.26) (4.01-4.98) (3.11-4.54) (3.55-4.30)
CI)
Ratio 10.71 9.38 6.72 7.63 11.03 10.36 7.99 7.23
(8.59-12.84) (8.43-10.32) (5.43-8.01) (6.87-8.39)  (9.06-13.01) (9.16-11.55) (6.45-9.53) (6.54-7.91)
X 0.63 0.72 0.52 0.57 0.79 0.75 0.59 0.57
(0.38-0.88)  (0.61-0.84) (0.35-0.70) (0.49-0.66) (0.53-1.06) (0.63-0.86) (0.37-0.80) (0.46-0.68)
Y 1.09 1.50 0.60 1.51 1.82 1.49 1.48 1.72
(-0.63 to (1.11-1.88) (-0.40 to 1.61)  (1.00-2.02) (1.15-2.48) (0.94-2.03) (0.63-2.33) (1.09-2.34)
2.81)
7 2.90 3.05 2.21 1.30 3.48 3.18 2.76 0.44
(1.83-3.98)  (2.60-3.49) (1.55-2.87) (0.69-1.91) (2.54-4.41)  (2.60-3.76) (2.08-3.43) (-0.22-1.10)

Displacement of landmarks from neutral to smiling position as absolute displacement in millimeters (mm), as a ratio compared to the intercheilion distance, and
as absolute displacement in three directions on the XYZ-coordinate system in mm. Results are expressed as means with 95% Cls.
CI, confidence interval.

Table 3. Statistical Analysis of Results for Absolute Landmark Displacement of Smiling Faces

Women Cheilion Alare Crista Philtri Men Cheilion Alare Crista Philtri
ANOVA 0.0206*  0.0061*  0.1295 ANOVA 0.0019*  0.0027% 0.1728
Tukey’s Tukey’s

Female 4-8 versus Female 8-12 0.8764 0.9536 0.8414 Male 4-8 versus Male 8-12 0.4768 0.7338 0.9996
Female 4-8 versus Female 12-16 0.4991 0.9985 0.1305 Male 4-8 versus Male 12-16 0.9895 0.9711 0.6515
Female 4-8 versus Female > 16 0.9158 0.4805 0.5982 Male 4-8 versus Male > 16 0.6593 0.0205*%  0.6549
Female 8-12 versus Female 12-16  0.0363*  0.9831 0.187 Male 8-12 versus Male 12-16  0.1971 0.9433 0.3741
Female 8-12 versus Female > 16 0.0687 0.0042*%  0.8968 Male 8-12 versus Male > 16 0.0008*  0.0264* 0.2344
Female 12-16 versus Female > 16 0.6243 0.2654 0.3712 Male 12-16 versus Male > 16 0.8242 0.0435*%  0.9952
Statistical analysis between age groups for both genders for the smiling faces. The ANOVA and the Tukey’s post hoc test were performed.

*Statistically significant (P< 0.05).

Table 4. Statistical Analysis of Results for Landmark Displacement Ratios of Smiling Faces

Women Cheilion  Alare  Crista Philtri Men Cheilion Alare Crista Philtri
ANOVA <0.0001%  0.2971  0.0004* ANOVA <0.0001*  0.0015* <0.0001%*
Tukey’s Tukey’s

Female 4-8 versus Female 8-12 0.9981 0.7569 0.576 Male 4-8 versus Male 8-12 0.9738 0.9647 0.9102
Female 4-8 versus Female 12-16 0.0838 0.7064  0.0097* Male 4-8 versus Male 12-16 0.2139 0.937 0.056
Female 4-8 versus Female > 16 0.061 0.9995 0.0157* Male 4-8 versus Male > 16 0.0008*  0.0848 0.0013*
Female 8-12 versus Female 12-16 0.0047%  0.9865 0.0269* Male 8-12 versus Male 12-16 0.0176*  0.5806 0.055
Female 8-12 versus Female > 16 <0.0001* 0.4042 0.0177* Male 8-12 versus Male > 16 <0.0001%  0.0247* <0.0001*
Female 12-16 versus Female > 16 0.966 0.5327  0.7529 Male 12-16 versus Male > 16 0.295 0.0049* 0.8392

Statistical analysis between age groups for both genders for the smiling faces. The ANOVA and the Tukey’s post hoc test were performed.
*Statistically significant (P< 0.05).
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Fig. 4. Landmark displacement. A-C, EDs of displacement for cheilion, alare, and crista philtri for smiling faces. Absolute displacement
in millimeters (mm), with 95% Cls for each sex and age group. D-F, Ratios of displacement for cheilion, alare, and crista philtri for smiling
faces. Displacement as a percentage of the mouth width, with 95% ClI for each sex and age group. Cl, confidence interval; ED, Euclidean

distance. *Statistically significant difference (P < 0.05).

Table 6. Statistical Analysis of Results for Absolute Landmark Displacement of Pouting Faces

Women Cheilion  Alare Crista Philtri Men Cheilion Alare Crista Philtri
ANOVA <0.0001%  0.0547 <0.0001%* ANOVA <0.0001*  <0.0001* <0.0001%*
Tukey’s Tukey’s

Female 4-8 versus Female 8-12 0.7546 0.2083 0.275 Male 4-8 versus Male 8-12 0.998 >0.9999 >0.9999
Female 4-8 versus Female 12-16 0.4762 0.053 0.6217 Male 4-8 versus Male 12-16 0.9424 0.8365 0.9999
Female 4-8 versus Female > 16 <0.0001*  0.5037 <0.0001* Male 4-8 versus Male > 16 <0.0001* 0.0065* 0.0006%*
Female 8-12 versus Female 12-16 0.8413 0.5834 0.9802 Male 8-12 versus Male 12-16 0.7914 0.6922 0.9995
Female 8-12 versus Female > 16 <0.0001* 0.7184 <0.0001%* Male 8-12 versus Male > 16 <0.0001*  <0.0001* <0.0001*
Female 12-16 versus Female > 16 <0.0001*  0.2001 0.0021* Male 12-16 versus Male > 16 <0.0001*  <0.0001*  <0.0001*

Statistical analysis between age groups for both genders for the pouting faces. The ANOVA and the Tukey’s post hoc test were performed.

*Statistically significant (P< 0.05).

for mouth width (Fig. 5A and D). In women, absolute
movement of the alare did not change significantly, but
when corrected for mouth width, a significant decrease
at older ages was seen. In men, significant age-related dif-
ferences were seen in both the absolute movement and
the ratio, with an increase in movement in the oldest age
group (Fig. 5B and E). The movement of crista philtri
showed a significant age-related increase in both genders
(Fig. 5C and F). Results of statistical analysis between age
groups for each gender can be found in Tables 6 and 7.

In the present study, the average vectors of movement
of different facial landmarks were analyzed for differ-
ent sex and age groups. For smiling faces, a decrease in
movement was seen at older ages for the oral landmarks,
whereas nasal landmarks showed an increase in move-
ment. For pouting faces, the opposite was seen. Growing
up resulted in an increase in oral landmark movement,
whereas nasal landmark movement decreased. Oral land-
marks predominantly moved forward and backward for
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Table 7. Statistical Analysis of Results for Landmark Displacement Ratios of Pouting Faces

‘Women Cheilion Alare Crista Philtri Men Cheilion Alare Crista Philtri
ANOVA <0.0001%  0.0017%  0.0244* ANOVA <0.0001*  0.0059* 0.0346%*
Tukey’s Tukey’s

Female 4-8 versus Female 8-12 0.9509 0.0497%  0.5792 Male 4-8 versus Male 8-12 0.5871 0.8929  0.7832
Female 4-8 versus Female 12-16 0.9918 0.0017%  >0.9999 Male 4-8 versus Male 12-16 0.7222 0.1558 0.3641
Female 4-8 versus Female > 16 0.0001*  0.0049* 0.1393 Male 4-8 versus Male > 16 0.0104*  0.9157 0.9668
Female 8-12 versus Female 12-16  0.9967 0.1677 0.4354 Male 8-12 versus Male 12-16  >0.9999 0.2184  0.7093
Female 8-12 versus Female > 16 <0.0001%  0.581 0.4446 Male 8-12 versus Male > 16 <0.0001* 0.1739  0.1507
Female 12-16 versus Female > 16  <0.0001*  0.56 0.0629 Male 12-16 versus Male > 16 <0.0001*  0.0038*  0.0448*

Statistical analysis between age groups for both genders for the pouting faces. The ANOVA and the Tukey’s post hoc test were performed.

* Statistically significant (P< 0.05).
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Fig. 5. Landmark displacement. A-C, EDs of displacement for cheilion, alare, and crista philtri for pouting faces. Absolute displacement in
millimeters (mm), with 95% confidence intervals (95% Cls) for each sex and age group. D-F, Ratios of displacement for cheilion, alare, and
crista philtri for pouting faces. Displacement as a percentage of the mouth width, with 95% Cl for each sex and age group. Cl, confidence
interval; ED, Euclidean distance. *Statistically significant difference (P < 0.05).

both exercises, except the crista philtri when pouting,
which moved mostly vertically. Nasal landmarks predomi-
nantly moved vertically. This implies that what we see in
frontal view as horizontal widening of the oral commis-
sure, predominantly is dorsal retraction.

A possible explanation for the increase of movement
in oral landmarks with growing up for pouting might
be the facial shape of young children. In young chil-
dren, with voluminous cheeks, the neutral face already
shows a bit of pouting. Therefore, the displacement from

neutral to pouting might be less substantial. This could
also explain the decrease in movement with growing up
for smiling, which was more significant when corrected
for mouth width. Another explanation for the difference
with the older ages is the wide age range within this group
since all subjects above the age of 16 years were combined.
Therefore, the age group older than 16 years also included
older subjects. Our assumption is that movement changes
with aging, due to sagging of the skin.”? From this point
of view, it would be interesting to see if individuals that
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had face lifting procedures would express more animation
than peers.

Several studies examined facial dynamics and the
influence of sex and age. However, a comparison between
these studies and the current study is difficult to draw.
Dissimilarities with those studies include that some were
2D,**' some only examined subjects older than 20 years,”*-
*I'and none of them provided vectors of movement.”"
Only in two studies, the same expressions as in the current
study were researched: the closed smile and pouting.*”
All other studies examined different facial exercises.**
To the best of our knowledge, the present study is the first
to provide reference standards of landmark displacement
in three directions for facial exercises for different young
age groups.

For facial paralysis, a variety of scoring systems have been
proposed to evaluate facial regions and facial expressions.
However, all of them have some limitations.” For example,
the widely used House-Brackman scale (HBS) lacks valid-
ity because of its subjective nature.” Or the Burres-Fisch
Scale, which was developed as an objective competitor to
the HBS but analyzes only the static face on 2D photo-
graphs.” Certain automated computer systems have been
developed.”™ Computer-based facial motion analysis is
potentially the optimal modality to quantitatively assess
facial function. It could allow for a fully objective, reproduc-
ible, and standardized scale, without bias and human error.
However, these systems make 2D measurements, and ampli-
tude of movement measured in 2D is underestimated by up
to 43%.% The Facial Reanimation Measurement System pro-
posed by Tomat and Manktelow” attempts to provide a 3D
scoring system, by photographing patients from different
angles. Yet, they still used 2D photographs for analysis. Most
importantly, the disadvantage in all of these scoring systems
is that they are lacking data on younger participants. Also,
because no ratios of measurements are provided, it is diffi-
cult to have an individualized reference, which is regardless
of the size and shape of the head.

There is a divergence between the type of facial expres-
sions of the current study and previous studies.”*" The
current study uses the closed smile and pouting position
as referential facial expressions. The maximum closed
smile and pouting position were chosen, because these
are two extreme positions of the mouth. Since the main
objective of this study was to provide reference material,
two extreme positions of the mouth would serve well. This
selection was also based on the reproducibility of these
expressions. Several studies concluded that the maximum
closed smile (posed smile), and pouting are the most
reproducible facial exercises."~** Consequently, the open
maximum smile, although it often has a wider range of
motion, was not used in the present study.

Strengths of the present study include the correction
for size of the mouth. Since the extent of movement can
be influenced by the size of the mouth,” the current study
investigated the movement as an absolute displacement,
as well as a ratio of the intercheilion distance. Another
strength is the use of 3D photography. The fact that oral
landmarks predominantly move forward and backward
has not been pointed out before. This might be due to
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the fact that previous studies were often in 2D, therefore
only examining horizontal and vertical movement.”*
Additionally, 3D imaging has proven to be more reliable
than 2D imaging.” This underlines the importance of
using 3D imaging in examining facial animation.

A limitation of this study is the unbalanced age distri-
bution of inclusions. No subject selection took place in
this study, to avoid bias. Therefore, the study population
should accurately depict the heterogeneous make-up
of Dutch inhabitants. The downside of this was that the
male group 16-20 years of age, for instance, consisted of
only one subject. It was, therefore, decided to combine
all subjects older than 16 years of age into one group.
Future research could aim to include more subjects in
groups with a smaller age range, especially for the group
older than 16 years. This might provide more insight
into the age-dependent changes, which were found in
the present study.

To improve the outcome of facial animation after facial
surgery, surgeons should not only be aware of reference
standards for normal facial dynamics. Also, detailed ana-
tomical knowledge is ubiquitous, and might be obtained
from anatomical atlases." A focus for future research
could be the correlation between the anatomy of facial
musculature and facial dynamics. A study by Zabojova et
al” researched the lengths and vectors of mimic muscles
of the upper lip in cadavers and compared them to the
dynamics of the smile. Since their study results were in
2D, it is difficult to compare these results with the vectors
of the current study. Also, since variability exists, it would
be of great interest to research the correlation between
facial muscle anatomy and facial movement in the same
individual. With those data, surgery can be personal-
ized, precisely changing the location of facial muscles to
improve the outcome of facial dynamics.

The present study introduces a new method of analyz-
ing facial animation. It creates reference values for move-
ment of the perioral structures for different sex and age
groups, for two facial expressions. Values of absolute dis-
placement, relative displacement, and direction in three
planes were researched. These data are of great value in
the assessment of mimic impairment, planning and evalu-
ation of facial surgery, and giving an insight into the devel-
opment of facial animation in children.

Hilde Schutte, MD

Department of Maxillofacial Surgery

University Medical Center Utrecht
Huispostnummer G05.222

Postbus 85500, 3508 GA Utrecht, The Netherlands
E-mail: hilde.n.schutte@gmail.com

We wish to thank Fieke M. Rosenberg and acknowledge the
great amount of work she put into the acquisition of data for this
research project.

1. Darwin C. The Expression of Emotions in Man and Animals. London:
John Murray; 1872.


mailto:hilde.n.schutte@gmail.com

Schutte et al

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22,

Facial Dynamics

. Cowen AS, Keltner D, Schroff F, et al. Sixteen facial expressions

occur in similar contexts worldwide. Nature 2021;589:251-257.

. Oberman LM, Winkielman P, Ramachandran VERSUS Face to

face: blocking facial mimicry can selectively impair recognition
of emotional expressions. Soc Neurosci 2007;2:167-178.

. Cross T, Sheard CE, Garrud P, et al. Impact of facial

paralysis on patients with acoustic neuroma. Laryngoscope
2000;110:1539-1542.

. Buck R. Social and emotional functions in facial expression

and communication: the readout hypothesis. Biol Psychol.
1994;38:95-115.

. Kiese-Himmel C, Laskawi R, Wrede S. Psychosoziale Probleme

und Krankheitsverarbeitung von Patienten mit Defektheilung
nach Fazialisparese [Psychosocial problems and coping with
illness by patients with defective healing after facial paralysis].
HNO 1993;41:261-267.

. Brooker J, Burney S, Fletcher J, et al. A qualitative exploration

of quality of life among individuals diagnosed with an acoustic
neuroma. Br | Health Psychol. 2009;14:563-578.

. Rubin LR. The anatomy of smile: its importance in the treatment

of facial paralysis. Plast Reconstr Surg. 1974;53:384-387.

. Al Rudainy D, Ju X, Mehendale F, et al. The effect of facial

expression on facial symmetry in surgically managed unilateral
cleft lip and palate patients (UCLP). J Plast Reconstr Aesthet Surg.
2019;72:273-280.

Lee D, Tanikawa C, Yamashiro T. Impairment in facial expres-
sion generation in patients with repaired unilateral cleft lip:
effects of the physical properties of facial soft tissues. PLoS One.
2021;16:€0249961.

Nooreyazdan M, Trotman CA, Faraway |]. Modeling facial move-
ment: II. A dynamic analysis of differences caused by orthogna-
thic surgery. | Oral Maxillofac Surg. 2004;62:1380-1386.

Trotman CA, Faraway JJ. Modeling facial movement: 1. A
dynamic analysis of differences based on skeletal characteristics.
] Oral Maxillofac Surg. 2004;62:1372-1379.

Al-Hiyali A, Ayoub A, Ju X, et al. The impact of orthogna-
thic surgery on facial expressions. | Oral Maxillofac Surg.
2015;73:2380-2390.

Johns FR, Johnson PC, Buckley M], et al. Changes in facial
movement after maxillary osteotomies. | Oral Maxillofac Surg.
1997;55:1044-8; discussion 1048.

Grover N, Kapoor DN, Verma S, et al. Smile analysis in different
facial patterns and its correlation with underlying hard tissues.
Prog Orthod. 2015;16:28.

Proffit WR, Turvey TA, Phillips C. The hierarchy of stability and
predictability in orthognathic surgery with rigid fixation: an
update and extension. Head & face medicine 2007;3:21.

Busby BR, Bailey L], Proffit WR, et al. Long-term stability of surgi-
cal class III treatment: a study of 5-year postsurgical results. Int |
Adult Orthodon Orthognath Surg. 2002;17:159-170.

Rosenberg A, Muradin MS, van der Bilt A. Nasolabial esthetics
after Le Fort I osteotomy and V-Y closure: a statistical evaluation.
Int | Adult Orthodon Orthognath Surg. 2002;17:29-39.

Suckiel JM, Kohn MW. Soft-tissue changes related to the sur-
gical management of mandibular prognathism. Am ] Orthod.
1978;73:676-680.

Janzen EK. A balanced smile: A most important treatment objec-
tive. Am J Orthod. 1977;72:359-372.

Gossman MR, Sahrmann SA, Rose SJ. Review of length-associated
changes in muscle: experimental evidence and clinical implica-
tions. Phys Ther. 1982;62:1799-1808.

Redfern M. Chapter six: functional muscle: effects on electro-
myographic output. In: Soderberg GL. Selected Topics in Surface
EMG for Use in the Occupational Setting: Expert Perspectives. Ohio: US
Department of Health and Human Services; 1992:121-142.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32,

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44.

45.

Houstis O, Kiliaridis S. Gender and age differences in facial
expressions. Fur [ Orthod. 2009;31:459-466.

Chetan P, Tandon P, Singh GK, et al. Dynamics of a smile in dif-
ferent age groups. Angle Orthod. 2013;83:90-96.

Desai S, Upadhyay M, Nanda R. Dynamic smile analysis: changes
with age. Am | Orthod Dentofacial Orthop. 2009;136:310.e1-310.
el0.

Sforza C, Mapelli A, Galante D, et al. The effect of age and sex on
facial mimicry: a three-dimensional study in healthy adults. Int |
Oral Maxillofac Surg. 2010;39:990-999.

Pucciarelli V, Gibelli D, Barni L, et al. Assessing normal smil-
ing function through 3D-3D surfaces registration: an innovative
method for the assessment of facial mimicry. Aesthetic Plast Surg.
2018;42:456-463.

Jandova M, Urbanova P. Sexual dimorphism in human facial
expressions by 3D surface processing. Homo. 2018;69:98-109.
Weeden JC, Trotman CA, Faraway JJ. Three dimensional analysis
of facial movement in normal adults: influence of sex and facial
shape. Angle Orthod. 2001;71:132-140.

Sforza C, Galante D, Shirai YF, et al. A three-dimensional study
of facial mimicry in healthy young adults. J Craniomaxillofac Surg.
2010;38:409-415.

Sidequersky FV, Mapelli A, Annoni I, et al. Three-dimensional
motion analysis of facial movement during verbal and nonverbal
expressions in healthy subjects. Clin Anat. 2016;29:991-997.
Coleman SR, Grover R. The anatomy of the aging face: volume
loss and changes in 3-dimensional topography. Aesthet Surg J.
2006;26:54-S9.

Niziol R, Henry FP, Leckenby ]I, et al. Is there an ideal outcome
scoring system for facial reanimation surgery? A review of cur-
rent methods and suggestions for future publications. | Plast
Reconstr Aesthet Surg. 2015;68:447—456.

House JW, Brackmann DE. Facial nerve grading system.
Otolaryngol Head Neck Surg. 1985;93:146-147.

Burres S, Fisch U. The comparison of facial grading systems. Arch
Otolaryngol Head Neck Surg. 1986;112:755-758.

Wachtman GS, Cohn JF, VanSwearingen JM, et al. Automated
tracking of facial features in patients with facial neuromuscular
dysfunction. Plast Reconstr Surg. 2001;107:1124-1133.

Isono M, Murata K, Tanaka H, et al. An objective evaluation
method for facial mimic motion. Otolaryngol Head Neck Surg.
1996;114:27-31.

Guarin DL, Yunusova Y, Taati B, et al. Toward an automatic sys-
tem for computer-aided assessment in facial palsy. Facial Plast
Surg Aesthet Med 2020;22:42-49.

Ghoddousi H, Edler R, Haers P, et al. Comparison of three
methods of facial measurement. Int | Oral Maxillofac Surg.
2007;36:250-258.

Tomat LR, Manktelow RT. Evaluation of a new measurement
tool for facial paralysis reconstruction. Plast Reconstr Surg.
2005;115:696-704.

Trotman CA, Faraway JJ, Essick GK. Three-dimensional nasola-
bial displacement during movement in repaired cleft lip and pal-
ate patients. Plast Reconstr Surg. 2000;105:1273-1283.

Johnston DJ, Millett DT, Ayoub AF, et al. Are facial expressions
reproducible? Cleft Palate Craniofac J. 2003;40:291-296.
Miyakawa T, Morinushi T, Yamasaki Y. Reproducibility of a method
for analysis of morphological changes in perioral soft tissue in
children using video cameras. | Oral Rehabil. 2006;33:202-208.
Schutte H, Muradin MSM, Seubring K, et al. Identification of the
peri-oral mimic muscles on cadaver slices and 3 and 7 Tesla MRI
scans. Plast Reconstr Surg Glob Open. 2022;10:e4113.

Zabojova J, Thrikutam N, Tolley P, et al. Relational anatomy of
the mimetic muscles and its implications on free functional mus-
cle inset in facial reanimation. Ann Plast Surg. 2018;81:203-207.

11


https://doi.org/10.1038/s41586-020-3037-7
https://doi.org/10.1038/s41586-020-3037-7
https://doi.org/10.1080/17470910701391943
https://doi.org/10.1080/17470910701391943
https://doi.org/10.1080/17470910701391943
https://doi.org/10.1097/00005537-200009000-00024
https://doi.org/10.1097/00005537-200009000-00024
https://doi.org/10.1097/00005537-200009000-00024
https://doi.org/10.1016/0301-0511(94)90032-9
https://doi.org/10.1016/0301-0511(94)90032-9
https://doi.org/10.1016/0301-0511(94)90032-9
https://doi.org/10.1348/135910708X372527
https://doi.org/10.1348/135910708X372527
https://doi.org/10.1348/135910708X372527
https://doi.org/10.1097/00006534-197404000-00002
https://doi.org/10.1097/00006534-197404000-00002
https://doi.org/10.1016/j.bjps.2018.10.004
https://doi.org/10.1016/j.bjps.2018.10.004
https://doi.org/10.1016/j.bjps.2018.10.004
https://doi.org/10.1016/j.bjps.2018.10.004
https://doi.org/10.1371/journal.pone.0249961
https://doi.org/10.1371/journal.pone.0249961
https://doi.org/10.1371/journal.pone.0249961
https://doi.org/10.1371/journal.pone.0249961
https://doi.org/10.1016/j.joms.2004.03.015
https://doi.org/10.1016/j.joms.2004.03.015
https://doi.org/10.1016/j.joms.2004.03.015
https://doi.org/10.1016/j.joms.2004.03.014
https://doi.org/10.1016/j.joms.2004.03.014
https://doi.org/10.1016/j.joms.2004.03.014
https://doi.org/10.1016/j.joms.2015.05.008
https://doi.org/10.1016/j.joms.2015.05.008
https://doi.org/10.1016/j.joms.2015.05.008
https://doi.org/10.1016/s0278-2391(97)90275-5
https://doi.org/10.1016/s0278-2391(97)90275-5
https://doi.org/10.1016/s0278-2391(97)90275-5
https://doi.org/10.1186/s40510-015-0099-4
https://doi.org/10.1186/s40510-015-0099-4
https://doi.org/10.1186/s40510-015-0099-4
https://doi.org/10.1186/1746-160X-3-21
https://doi.org/10.1186/1746-160X-3-21
https://doi.org/10.1186/1746-160X-3-21
https://doi.org/10.1016/0002-9416(77)90349-9
https://doi.org/10.1016/0002-9416(77)90349-9
https://doi.org/10.1093/ptj/62.12.1799
https://doi.org/10.1093/ptj/62.12.1799
https://doi.org/10.1093/ptj/62.12.1799
https://doi.org/10.1093/ejo/cjp019
https://doi.org/10.1093/ejo/cjp019
https://doi.org/10.2319/040112-268.1
https://doi.org/10.2319/040112-268.1
https://doi.org/10.1016/j.ajodo.2009.01.021
https://doi.org/10.1016/j.ajodo.2009.01.021
https://doi.org/10.1016/j.ajodo.2009.01.021
https://doi.org/10.1016/j.ijom.2010.05.011
https://doi.org/10.1016/j.ijom.2010.05.011
https://doi.org/10.1016/j.ijom.2010.05.011
https://doi.org/10.1007/s00266-017-1028-3
https://doi.org/10.1007/s00266-017-1028-3
https://doi.org/10.1007/s00266-017-1028-3
https://doi.org/10.1007/s00266-017-1028-3
https://doi.org/10.1016/j.jchb.2018.06.002
https://doi.org/10.1016/j.jchb.2018.06.002
https://doi.org/10.1043/0003-3219(2001)071<0132:TDAOFM>2.0.CO;2
https://doi.org/10.1043/0003-3219(2001)071<0132:TDAOFM>2.0.CO;2
https://doi.org/10.1043/0003-3219(2001)071<0132:TDAOFM>2.0.CO;2
https://doi.org/10.1016/j.jcms.2009.10.018
https://doi.org/10.1016/j.jcms.2009.10.018
https://doi.org/10.1016/j.jcms.2009.10.018
https://doi.org/10.1002/ca.22790
https://doi.org/10.1002/ca.22790
https://doi.org/10.1002/ca.22790
https://doi.org/10.1016/j.asj.2005.09.012
https://doi.org/10.1016/j.asj.2005.09.012
https://doi.org/10.1016/j.asj.2005.09.012
https://doi.org/10.1016/j.bjps.2014.12.015
https://doi.org/10.1016/j.bjps.2014.12.015
https://doi.org/10.1016/j.bjps.2014.12.015
https://doi.org/10.1016/j.bjps.2014.12.015
https://doi.org/10.1177/019459988509300202
https://doi.org/10.1177/019459988509300202
https://doi.org/10.1001/archotol.1986.03780070067015
https://doi.org/10.1001/archotol.1986.03780070067015
https://doi.org/10.1097/00006534-200104150-00005
https://doi.org/10.1097/00006534-200104150-00005
https://doi.org/10.1097/00006534-200104150-00005
https://doi.org/10.1016/S0194-59989670279-6
https://doi.org/10.1016/S0194-59989670279-6
https://doi.org/10.1016/S0194-59989670279-6
https://doi.org/10.1089/fpsam.2019.29000.gua
https://doi.org/10.1089/fpsam.2019.29000.gua
https://doi.org/10.1089/fpsam.2019.29000.gua
https://doi.org/10.1016/j.ijom.2006.10.001
https://doi.org/10.1016/j.ijom.2006.10.001
https://doi.org/10.1016/j.ijom.2006.10.001
https://doi.org/10.1097/01.prs.0000152431.55774.7e
https://doi.org/10.1097/01.prs.0000152431.55774.7e
https://doi.org/10.1097/01.prs.0000152431.55774.7e
https://doi.org/10.1097/00006534-200004040-00003
https://doi.org/10.1097/00006534-200004040-00003
https://doi.org/10.1097/00006534-200004040-00003
https://doi.org/10.1597/1545-1569_2003_040_0291_afer_2.0.co_2
https://doi.org/10.1597/1545-1569_2003_040_0291_afer_2.0.co_2
https://doi.org/10.1111/j.1365-2842.2005.01548.x
https://doi.org/10.1111/j.1365-2842.2005.01548.x
https://doi.org/10.1111/j.1365-2842.2005.01548.x
https://doi.org/10.1097/GOX.0000000000004113
https://doi.org/10.1097/GOX.0000000000004113
https://doi.org/10.1097/GOX.0000000000004113
https://doi.org/10.1097/SAP.0000000000001507
https://doi.org/10.1097/SAP.0000000000001507
https://doi.org/10.1097/SAP.0000000000001507

