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Laterality of Asymmetry in Movements of the Corners of the Mouth during

Voluntary Smile

Haruna Okamoto?; Seiji Haraguchi®; Kenji Takada°

ABSTRACT

Objectives: To examine (1) the laterality of asymmetry in movements of the right and left corners
of the mouth in space during voluntary smile and (2) the laterality of asymmetry in relation to the
difference between the right and left hemiface size and the handedness.

Materials and Methods: Participants were 155 volunteer Japanese female adults. They were
categorized into the symmetric group (n = 120) and the right-side hemiface dominant group (n =
26) according to the hemiface size. In addition, the symmetric group was categorized into the right-
handed group (n = 98) and the left-handed group (n = 22) according to the Edinburgh Handedness
Inventory. Position vectors of the right and left corners of the mouth were obtained from the three-
dimensional facial images for the rest, the maximal lip corner retraction, and the portrait smile. The
displacements of the right and left corners of the mouth for each expression and the proportions of
the subjects with the right- and left-sided laterality were compared.

Results: The left corner of the mouth showed significantly greater displacement (P < .01) than the
right in the symmetric group for the portrait smile. The left-sided laterality was found regardless of
the handedness.

Conclusions: Displacements of the right and left corners of the mouth during voluntary smile were
asymmetric, and the left-sided laterality was found. Also, the laterality of the facedness differed in
relation to the hemiface size, but was not related to the handedness. (Angle Orthod. 2010;80:223—-229.)
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INTRODUCTION

Facial expressions are classified as voluntary and
spontaneous.” Voluntary smile can be a learned
greeting or a signal of appeasement? and is known
as an expression that people can easily adopt with
high reproducibility.®* Dynamic analysis of the perioral
area during voluntary smile has been applied as a
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means of objective diagnostic assessment of facial
function in orthodontics.>®

The term “facedness” indicates greater muscular
control on one side of the face relative to the other.® In
terms of the movements of the corners of the mouth
during voluntary smile, most previous studies”'*'3
have reported the left-sided facedness with the
laterality (preference in using one side of the body
over the other). But other studies®'* found neither the
facedness™ nor the laterality.®

Although the difference in size between the right and
left hemifaces has been claimed as a cause of the
facedness during voluntary smile,’ the study by
Sackeim and Gur'® did not find any significant
correlation between the hemiface width and the hemi-
face mobility or measures of the hemiface intensity.
Moreover, the relationship between the facedness and
the handedness is also controversial.®'°

The purpose of the present study was to investigate
three-dimensionally if there is laterality of asymmetry in
displacements of the right and left corners of the mouth
during voluntary smile in humans, and if so, to
investigate if the laterality of asymmetry observed is
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Table 1. Definitions of the Tasks

OKAMOTO, HARAGUCHI, TAKADA

Task

Definition

Rest After swallowing saliva, subjects assumed a relaxed facial posture with the lips in repose and the teeth in light
contact in the habitual maximum intercuspation position. The recording was made approximately 10
seconds after commencement of the saliva swallowing.®

Maximal lip corner retraction

A grinning effort with the corners of the mouth pulled laterally and the cheeks elevated with a maximal effort

and with the teeth in the habitual maximum intercuspation position.

Portrait smile
and lower teeth together.?’

A smile for the camera which the subjects felt natural, showing as many teeth as possible, keeping the upper

explained by the difference between the right and left
hemiface size and the handedness.

MATERIALS AND METHODS

Participants were selected from 288 volunteers,
including students and faculty of the university. One
hundred fifty-five participants (mean age: 28 years 5
months; range: 18 years 0 months—53 years 6 months)
met the following selection criteria: female, over 18
years old, no congenital facial deformities including
cleft lip and palate, no facial paralysis, no history of
noticeable scars or skin disease in the neck and
dentofacial regions, no history of psychiatric disorder,
no subjectively or objectively discernible jaw dysfunc-
tion, body mass index ranging from 18.5 to 25.0,
Aesthetic Component of the Index of Orthodontic
Treatment Need ranging from 1 to 4,"” overbite ranging
between 1.0 mm and 5.0 mm; overjet ranging from
0.0 mm to 7.0 mm,*® and the soft tissue facial convexi-
ty angle ranging between —1.4 degrees and 21.6
degrees.” The range of values for the overbite,
overjet, and the facial convexity were determined on
the basis of the normative mean =2 standard
deviations of the Japanese female adults.

Subjects were asked to sit in a semidark, air-
conditioned room on a fixed chair, with a natural head
position. They were then asked to perform tasks as
provided in Table 1. The subjects were instructed
vocally for each task and asked to maintain the
expressions for about 5 seconds. After several
rehearsals, each expression was recorded once with
a three-dimensional image capturing device (®Da-
nae100 NEC Engineering Co, Tokyo, Japan). Record-
ings of each type of expression were made with a
resting interval of about 30 seconds between the
expressions. The experimenter operated the system
from a position out of the subject’s view. The device
contained two fixed CCD cameras and employed a
shutter speed of 0.6 seconds for a photographic single
frame and a focal length of 600 mm. The dimensional
accuracy of the system was 0.12 mm.

In a pilot study, five repeated data recordings were
made with an interval of 30 seconds for the rest, the
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maximal lip corner retraction, and the portrait smile for
20 randomly selected subjects. The mean deviations
of five measures for intrasubject intercommissure
distances for aforementioned tasks were 0.16 mm,
0.39 mm, and 0.32 mm, respectively. The mean devi-
ations for the two measures which were recorded with
an interval of longer than 2 weeks for each of the three
experimental tasks for the same subjects were 0.16
mm, 0.39 mm, and 0.32 mm, respectively. In addition,
the movements of the corners of the mouth became
smaller as the tasks were repeated because of fatigue.
Thus, we considered the stability and reproducibility of
the measurements were sufficient to detect statistical
significances for intergroup comparisons, and we
employed a single recording for each task.

Data Analysis

For each subject, the least squares mean plane was
created as the facial plane from the positions of four
reference feature points on the facial image at rest
(Figure 1), and we developed a facial coordinate
system (Figure 1). The definitions of the points used
for the development of the coordinate system and the
coordinate system are given in Table 2.

According to the right and left hemiface size at rest,
the samples were categorized into three subgroups
(Figure 2): the symmetric group (n = 120), in which the
soft tissue menton deviated less than 4.0 mm from the
facial midline (connecting the FHm and Se?®*) and
differences in the distances between the right- and left-
side soft tissue zygoma and soft tissue gonion from the
facial midline were less than 2.0 mm?3; the right-side
hemiface dominant group (n = 26), in which the soft
tissue menton deviated more than 4.0 mm toward the
left from the facial midline, or differences in the
distances between the right- and left-side soft tissue
zygomas and soft tissue gonions from the facial
midline exceeded 2.0 mm toward the right side; and
the left-side hemiface dominant group (n = 3), in which
the hemifaces were judged to be left-side dominant
according to the similar criteria adopted for the right-
side hemiface dominant group. The left-side hemiface
dominant group was excluded because the sample
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facial plane

Figure 1. Reference feature points and facial coordinate system
employed in the present study. ¢ indicates the origin.

size was too small for statistical analysis. Additionally,
we divided the symmetric group into the right-handed
group (n = 98) and the left-handed group (n = 22)
according to the laterality index of the Edinburgh
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stm

Figure 2. Reference feature points used to categorize subjects into
three subgroups according to the right and left hemiface size. Stm,
stz, and stg indicate the soft tissue menton, soft tissue zygoma, and
soft tissue gonion, respectively.

We defined the right and left corners of the mouth as
CMg and CM_, respectively, and identified them on the
facial images of the rest, the maximal lip corner
retraction, and the portrait smile (Figure 3), respec-
tively. In addition, 11 anatomic and geometric feature
points were identified on the facial images for each
expression (Figure 3). Conversion coefficients that
minimized the difference between the position vectors
for each corresponding feature point for the rest and

Handedness Inventory.?*

the maximal lip corner retraction, and for the rest and

Table 2. Definitions of the Measuring Points and a Facial Coordinate System

Definition

Point
FHm
Er
El
Se
FHm’
Er
EI
Se’
Element of the coordinate system
Origin (¢)
Z-axis
Y-axis
X-axis

The upper forehead on the facial midline

The tail of the right eyebrow

The tail of the left eyebrow

Serion, the deepest point located at the bottom of the nasofrontal angle
A point FHm was projected onto the facial plane

A point Er was projected onto the facial plane

A point El was projected onto the facial plane

A point Se was projected onto the facial plane

The intersection of the line connecting FHm’ and Se’ with the line connecting Er’ and EI'
A line connecting the FHm' and Se’ through the origin

A line perpendicular to the facial plane through the origin

A line perpendicular to the Y-axis and Z-axis
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Rest

Portrait Smile
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Maximal Lip Corner Pull

Figure 3. The measurement points were the right and left corners of the mouth (CMg and CM,). In addition, 11 feature points were used to
minimize the effects of spontaneous head movement during the recording session in each subject. (1) FHm. (2) Er. (3) El. (4) Se. (5) Pronasale.
(6) The internal point /5 of the distance from FHm to Se. (7) The internal point /5 of the distance from FHm to Se. (8) The point vertically aligned
with point 7 and horizontally aligned with the right pupil. (9) The point vertically aligned with point 7 and horizontally aligned with the left pupil. (10)
The point vertically aligned with FHm and horizontally aligned with the right endocanthion. (11) The point vertically aligned with FHm and

horizontally placed in tandem with the left endocanthion.

the portrait smile were obtained for each subject for
each task according to the least square method. The
position vectors of CMr and CM_ for the maximal lip
corner retraction and for the portrait smile were
transformed into position vectors in the facial coordi-
nate system, created on the facial image at rest, using
the obtained conversion coefficient to eliminate possi-
ble effects of spontaneous head movement during the
recording session.

Position vector lengths from CMg and CM_ for the
rest to CMr and CM_ for the maximal lip corner
retraction and for the portrait smile were defined as
IACMRgIl and IACM_|. Absolute values of the position
vector components from CMg and CM__ for the rest to
CMg and CM, for the maximal lip corner retraction and
for the portrait smile were defined as IAxl, IAyl, and
|Azl, respectively. According to the difference between
IACMRg| and IACM_|, the results were categorized as
follows: the no-laterality, in which the difference
between |IACMgl and IACM_| was less than 2 mm;
the right-laterality, in which IACMgl was at least 2 mm
greater than IACM_|; the left-laterality, in which |[ACM, |
was at least 2 mm greater than IACMgl. Measure-
ments were made using a three-dimensional registra-
tion software (3D-Rugle, Medic Engineering Co, Kyoto,
Japan) in the present study. All feature points were
visually identified on the monitor (Diamondcrysta
RDTI74LM-H, Mitsubishi Electronic Corp, Tokyo,
Japan) by the same examiner.

Statistical Analyses

Student t-test was employed for comparisons
between CMgr and CM_ for the symmetric group and
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the right-side hemiface dominant group for IAxI, 1Ayl,
and |Azl. Fisher's exact test was employed for
comparisons between proportions of the right-laterality
and the left-laterality for each symmetric group and the
right-side hemiface dominant group. The proportions
of the right-laterality and the left-laterality were also
compared for the right-handed group and the left-
handed group. Statistical analyses were made using a
software program.®® P values less than 0.05 were
assigned as significant. For multiple comparisons, the
significance levels were adjusted to P < .017 with
Bonferroni correction for three comparisons.

RESULTS

For the maximal lip corner retraction, significant
difference was not seen between CMg and CM, for
any of |Axl, IAyl, and |Azl in the symmetric group or the
right-side hemiface dominant group (Table 3). For the
portrait smile, CM_ exhibited significantly greater [AxI
and |Ayl than CMg in the symmetric group (P = .0040
and P = .0008, respectively), meanwhile, significant
difference was not seen for |Az| [Table 4]).

For the portrait smile, the proportion of the left-
laterality was significantly higher than that with the
right-laterality (84.1% vs 15.9%, P = .0001) in the
symmetric group (Table 5). Significant difference was
not seen in the proportion of the right-laterality and the
left-laterality in the right-side hemiface dominant group
(right-laterality and left-laterality were both 50.0%;
Table 5).

In addition, for the portrait smile, the proportion of
the subjects with the left-laterality was significantly
greater than the proportion of the subjects with the
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Table 3. Comparisons of Displacements Between CMg and CM, for the Symmetric Group and the Right-Side Hemiface Dominant Group

Computed for the Maximal Lip Corner Retraction

Displacement, mm?

CMg CM_
Subject Group Position Vector Component  Mean SD Mean SD P value*
Symmetric group (n = 120) [AXI 418 2.88 4.81 3.08 NS
|Ayl 7.61 3.08 8.49 3.29 NS
|Az| 4.16 2.51 4.67 2.63 NS
Right-side hemiface dominant group (n = 26) [AX| 4.90 3.59 4.83 3.83 NS
[Ayl 7.57 2.25 8.24 2.39 NS
|Az| 411 1.88 4.37 2.33 NS

a CMg indicates right corner of the mouth; CM, left corner of the mouth.
* Student ttest; ** significantly different at the level of P < .017 with the Bonferroni correction for three comparisons. NS indicates not

significant; SD, standard deviation.

right-laterality both for the right-handed and the left-
handed, respectively (82.4% vs 17.6%, P = .0023, and
90.0% vs 10.0%, P = .0485, respectively; Table 6).

DISCUSSION

Numerous studies®*28 have reported that the right-
hemiface tends to be wider than the left. The size
difference between the right and left hemiface is
suggested as one possible cause of the asymmetric
displacements of the right and left corners of the mouth
during voluntary smile.

A previous study'® that examined the effect of the
hemiface size on the hemiface mobility has reported
that if the two hemifaces differed in size, the expression
on the wider side could appear diluted and be perceived
as less expressive. The other study by Sackeim and
Gur'® however, did not find any significant correlation
between the hemiface size and the hemiface mobility or
measures of the hemiface intensity of expression. In the
present study, as for the portrait smile, the left corner of
the mouth demonstrated greater displacement than the
right in subjects whose faces were judged to be
symmetric. Meanwhile, the right and left corners of the

mouth did not differ in displacement in subjects whose
faces were judged to be right dominant. This suggests
that the difference in the hemiface size is likely to cause
the difference in displacement of the right and left
corners of the mouth. We need to consider the
difference between the right and left hemiface size
when evaluating the displacements of the corners of the
mouth during voluntary smile.

In contrast to the portrait smile, the task of retracting
the lip corners with a maximum effort did not show any
asymmetry in the displacement distances in space
between the right and left corners of the mouth. A
previous study® has reported the different association
between the electromyographic (EMG) activities record-
ed from the zygomatic and orbicularis oculi muscles and
the regional cerebral blood flow for the natural smile and
the voluntary smile. The observed difference may be
explained by possible difference in neuronal controls
between the portrait smile, which is assumed as a
conditioned voluntary smile to simulate the imaginary
“natural” smile, and the maximal lip corner retraction,
which simulated a border retracting movements of the lip
corners with maximum voluntary efforts.

Table 4. Comparisons of Displacements Between CMg and CM, for the Symmetric Group and the Right-Side Hemiface Dominant Group

Computed for the Portrait Smile

Displacement, mm?

CMR C'\/IL
Subject Group Position Vector Component Mean SD Mean SD P value*
Symmetric group (n = 120) |AXI 3.78 1.91 4.55 2.13 **
[Ayl 5.13 1.92 6.04 2.21 >
|Az| 5.19 2.75 5.49 3.14 NS
Right-side hemiface dominant group (n = 26) |AXI 5.50 2.96 4.86 3.13 NS
Ayl 7.81 2.94 8.01 3.19 NS
|AZ] 4.26 2.32 4.77 2.44 NS

2 CMR indicates right corner of the mouth; CML, left corner of the mouth.
* Student t-test; ** significantly different at the level of P < .017 with the Bonferroni correction for three comparisons. NS indicates not

significant; SD, standard deviation.
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Table 5. Proportions of the Right-Laterality and the Left-Laterality Within the Symmetric Group (n = 44) and the Right-Side Hemiface Dominant

Group (n = 6)

Right-Laterality (%) Left-Laterality (%) P value*
Symmetric group 15.9 84.1 >
Right-side hemiface dominant group 50.0 50.0 NS

* Fisher’s exact test; ** significantly different at the level of P < .05. NS indicates not significant.

The results of the present study, suggesting the left-
sided laterality in the displacements of the corners of
the mouth for the portrait smile, ie, the artificial smile
the subjects were asked to perform in a manner they
felt natural, were congruent with those of previous
studies''~'3* that employed conventional two-dimen-
sional frontal facial photographs. Regarding volun-
tary smile, motor command is thought to arise from
the primary motor area and end in the contralateral
motor facial nucleus in the lower third of the face.®
The ipsilateral motor cortex receives an inhibitory
signal from the other side of the motor cortex and
asymmetric recruitment of neuronal activity at the
cortical level through the uncrossed corticospinal
tract has also been reported.®* The asymmetric
response of the motor cortex during ipsilateral
movement probably represents the asymmetry of
the summation of the ipsilateral innervation and
transcallosal inhibitory control.®>® It can, therefore,
be speculated that the asymmetries of neuronal
activity in the motor cortices might be a possible
explanation of the asymmetry and laterality in the
facial motor output to the lower one third of the face
determined in the present study.

The handedness is known to be correlated with
footedness.®* The basal ganglia motor circuit, the
supplementary motor area that projects to the puta-
men, is somatotopically organized with arm and leg
representation.®® Thus, the arm and leg have similar
neuronal pathways independent of the circuit of
voluntary smile. The present finding, that the laterality
of the displacements of the corners of the mouth for
the portrait smile is independent from subjects’
handedness, may be explained by the aforementioned
difference in neuronal pathways.

In summary, though we must be cautious about the
interpretation of the information obtained from the

Table 6. Proportions of the Right-Laterality and the Left-Laterality
for the Right-Handed Group (n = 34) and the Left-Handed Group (n
=10)

Right-Laterality, Left-Laterality,

% % P value*
Right-handed group 17.6 82.4 >
Left-handed group 10.0 90.0 **

* Fisher’s exact test; ** significantly different at the level of P < .05.
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present study, which recorded the displacements of
the corners of the mouth, the present findings suggest
that facial expressions in orthodontic diagnosis should
be made cautiously in light of the knowledge on
lateralization of the facial motor output, especially
when diagnosing those having facial asymmetry.

CONCLUSIONS

« Displacements of the right and left corners of the
mouth during voluntary smile were asymmetric, and
the left-sided laterality was found.

- The laterality of the facedness differed in relation to
the hemiface size, but was not related to the
handedness.
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