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ABSTRACT

Introduction: Eye-tracking studies have explored the need
for orthodontic treatment and treatment outcomes from a
lay perspective as a newer diagnostic tool versus traditional
assessments based on static photographs.

Aim: To evaluate the visual aesthetic perceptions of laypeople
with regard to occlusal plane cant in a frontal smile analysis.

Materials and Methods: Images of smiling male and female
faces had occlusal plane cant added with Photoshop CC on the
magnitudes of 0°, 2°, and 2.5° to the left side on the female face
and the male to the right side. To obtain eye-tracking data, two
software programs, OGAMA and The Eye Tribe Tracker®, were
used together. Thirty male and 30 female laypeople raters were
selected from the student population of a university (Pontificia
Universidade Catdlica do Parana) and consisted of undergraduate

INTRODUCTION

Smile arrangement and composition are crucial components in
orthodontics. Perception of beauty is subjective, which makes it
difficult to achieve solid goals to guide during orthodontic treatment
[1]. Perception of beauty varies from person to person and may be
influenced by gender, personal experience and social environment [2].

An attractive smile is a requirement to win elections and advertising
uses beautiful smiles to subliminally suggest “look better, feel
younger” [3]. The aesthetic acceptability thresholds for aesthetic
facial and dental problems should be well defined [4].

The perceptions of laypeople in relation to smiling aesthetics are
important to better understand treatment goals from the point of
view of the patient. The characteristics of the smile should be highly
assessed during orthodontic treatment planning [5].

People are influenced by what they see on television, internet and
social networks, and not meeting the standards of beauty can
affect confidence and self-esteem. Alhammadi MS et al., found
beauty is a key motivational reason for patients seeking dental and
orthodontic treatment as they mainly seek an aesthetically pleasing
smile similar to the standards presented in society and the media,
which correlate a beautiful smile with success [6].

The inclination of the occlusal plane is a characteristic that must be
evaluated in any analysis of smile aesthetics. When left side or right
side of the teeth present different vertical position it is defined as
the rotation up or down in the transverse plane of one side over the
other. It can be observed both frontally and obliquely, always when
the lips are relaxed but more clearly in the smile [7].

Several devices facilitate the orthodontist to analyse and evaluate
asymmetries in the vertical position of the posterior teeth when the
patient is in occlusions, such as a wooden tongue depressor or
metallic ruller [8].
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The Perception of Asymmetries in Occlusal
Plane in the Frontal View among Laypeople:

An Eye-tracking Study

students and not those of dentistry, to visualise ocular movement
in the Areas of Interest (AQI). A One-Way Analysis of Variance
(ANOVA) was applied to compare one of the independent
variables with the dependent variable.

Results: Eye-tracking showed that the laypeople identified a
triangle shape between the right eye, left eye, and mouth with
greater fixation of the eyes. There were statistically significant
differences according to the number of fixations at the mouth
and menton.

Conclusion: Laypeople were not able to perceive the occlusal
plane cant located on the right side of the male face or to the
left on the female face. However, it is important to do take
the laypeople perspective into consideration when making
treatment alternatives.

Keywords: Asymmetry, Frontal smile, Occlusal cant

Eye-tracking studies have explored the need for orthodontic
treatment and treatment outcomes from a lay perspective as a
newer diagnostic tool versus traditional assessments based on
static photographs. Eye-tracking is a method to gauge what people
notice and look at, and the data obtained can establish a hierarchy
of visual attention [9]. The use of this technology may complement
analysis of the psychosocial aspect of aesthetics in facial asymmetry
and malocclusion.

Therefore, the objective of the study was to analyse the perception
of occlusal plane cant asymmetries in a frontal view by laypeople
through eye-tracking.

MATERIALS AND METHODS

Before starting this qualitative and observational study, approval
was granted by the Research Ethics Committee of the University
(registry number: 2,235,302). The study was conducted on the
University campus between June 2018 and July 2019, and data
collection with the selected population was carried out between
March and April 2019.

Six (3 male and 3 female) digital images were obtained by one of
the researchers with 1.0 m between the subject and the camera,
with the use of a Canon camera model T2i, lens EF-S 60 2.8 Macro
USM, and flash Macro Ring Lite MR-14EX Il (Canon, Tokyo, Japan).
The standard method employed was the following: Models were
instructed to sit comfortably in a chair and look at the lens to take
a frontal facial photo with the camera in the portrait direction with
the head oriented with the Frankfort plane horizontal to the floor and
without lateral tilt or rotation [10]. The direction of the focus was in
between the eyes, and they were asked to relax all facial expressions.

The next step involved the selection of one male and one female
facial photograph by three orthodontists each with five years of
clinical experience.
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The inclusion criteria were images considering the symmetry,
volume and colour. Exclusion criteria were features that could have
a significant impact (e.g., piercings, tattoos, excessive makeup)
were avoided [10]. The images were saved in JPEG format at high
resolution for use in the eye-tracking software.

The two selected images were edited using Photoshop CS5®
software (Adobe®, San Jose, USA). The mandibular arch was
maintained intact and simulated images were developed with the
occlusal plane cant of 0°, 2°, and 2.5°. To reduce bias, deviations
were performed on the left side for female and to the right side for
male [11]. A Total of six groups: three for female images: A: 0%
B: 2°; C: 2.5°, and three for male images: D: 0°; E: 2°; F: 2.5°, of
different occlusal plane cant [Table/Fig-1a-f].

[Table/Fig-1]: Occlusal plane cant. Female to the left side: A: 0°; B: 2°; C: 2.5°.
Male to the right side: D: 0°; E: 2°; F: 2.5°.

A total of 30 male and 30 female raters were selected randomly
from the student population of a university consisting of non-dental
undergraduate students aged 18 to 29 years (student age range of
the polytechnical school) and without knowledge of the objectives
of the study. Raters did not present neurological alterations, did
not engage in drug or alcohol use, were not on medications that
could interfere in cognitive abilities, had robust vision (glasses were
recommended if necessary), and had never participated before in
eye-tracking research.

To obtain the results with Open Gaze And Mouse Analyser
(OGAMA; Freie Universitat, Berlin, 2016) software, the following
AQOIs were added to the face and teeth: the right and left eyes, right
and left eyebrow, nose, mouth, left and right side of the mouth,
forehead, right and left cheek, chin, and the right and left ears
[Table/Fig-2a,b]. Each image was evaluated for three seconds on
a 17-inch P2317H monitor (Dell Inc., Round Rock, USA), upright
as recommended by the manufacturer, with raters positioned
comfortably at a distance of 60-90 cm for hardware calibration,
and the images were arranged randomly with a green slide used in
the transition between images, selected because this colour helps
avoid eye fatigue [12].

The OGAMA software (Freie Universitat, Berlin) was used in
conjunction with The The EyeTribe © (Copenhagen, Denmark)
hardware to obtain gaze trajectory-tracking data with images for
both heatmap and scanpaths, presented in a randomised order.
The heatmap provided a colour scale, from light colours (green) to
dark colours (red), representing the areas of fixation concentration.

STATISTICAL ANALYSIS

An ANOVA was utilised to compare one of the independent variables
with the dependent variable, indicating a significant difference. Once
the occlusal plane cant of 0°, 2°, and 2.5° presented a standard
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[Table/Fig-2]: Areas of interest (AOI).

deviation of 0 and did not have a normal distribution, comparison
between groups for the four variables (dependent and independent)
was performed. The statistical test selected for the present study
was the parametric test ANOVA, or if the N in one of the six groups
(male and female with 0°, 2°, and 2.5°) was too small, the non-
parametric test of Kruskal-Wallis was applied.

All results of the number of fixations recorded from the eye-tracking
were exported to Microsoft Excel and then to the Statistical Package
for the Social Sciences (SPSS) software version 25.0 (IBM Corp.,
Armonk, USA). Statistical analyses were performed using SPSS
at the 5% level of significance. The dependent variable was the
number of fixations in the AQIs (eyes, mouth, and menton), and the
independent variables were the occlusal plane cant in both sexes.

RESULTS

The mean age of the observers was 21.6 years. Degrees of the
females were compared against degrees of the male.

According to the results obtained from the heatmap, it was verified
that the highest density of fixation occurred in the eye and mouth
regions. In the male image, when the occlusal plane was canted
2°, it was shown that the raters did not observe the deviation.
By grouping, the results of the female and male heatmap results,
homogeneous findings could be deduced. Even if there is statistical
significance, this does not mean that the raters perceived those
differences. Statistical analysis was applied to compare different
magnitudes of the occlusal plane cant [Table/Fig-3a-f].

[Table/Fig-3]: Heatmap of the occlusal plane cant to the left side (female). A: 0°%;
B: 2°; C: 2.5°, and to the right side (male). D: 0°; E: 2°; F: 2.5°.
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The raters were not able to perceive the occlusal plane located on
the right side either in the male image or female image (left side).
The results of the scanpath on the female [Table/Fig-4a-c] and male
images [Table/Fig-4d-f] showed that the scanpath was strongly
concentrated on both eyes and the mouth, forming a triangle
between the right eye, left eye, and mouth.

[Table/Fig-4]: Scanpath of the occlusal plane cant to the left side (female). A: 0°;
B: 2°; C: 2.5°, and to the right side (male). D: 0°; E: 2°; F: 2.5°.

Analysis of the descriptive statistics and results of the ANOVA test
comparing the rotation of the occlusal plane in both genders against
the number of fixations on AOIls are presented in [Table/Fig-5],
thereby demonstrating statistically significant differences according
to the number of fixations at the mouth and menton (p<0.05).

The number of fixations on the AOI of the mouth presented
statistically significant differences in relation to the occlusal plane
cant on the magnitude of group with 2.5°0f the male image when
compared to the group with 2.5° female image (p<0.05). It means
that the group of females presented with a higher number of
fixations when compared to the group of males. For the 0° and
2° occlusal plane cant did not presented significant difference
(p>0.095).

The number of fixations on the AOI of the menton features statistically
significant differences in relation to the occlusal plane cant when the
image of the group with 0° female was compared to the group of
2.5° female (p<0.05). The occlusal plane cant presented statistically
significant differences when the image of the group 0° female was
compared to the group of 2° male.(p<0.05) [Table/Fig-5].

The number of fixations on the AQI of the eyes did not present
statistically significant differences for any magnitude of the occlusal
plane (p>0.05).
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DISCUSSION

Photographs are the most common way of diagnosing rotation in
the occlusal plane and is an important resource of study for smile
aesthetics. Rotation of the occlusal plane canting usually is a
complex treatment because can cause additional asymmetry during
orthodontic treatment and uncertain stability of treatment [8,13].

The objective of this study was to evaluate smile aesthetics of the
occlusal plane cant via tracking by laypeople. In the current studly,
experts including prosthetists, periodontists and orthodontists
could have been included because they are more directly linked
to aesthetic rehabilitation, but only laypeople were requested to
assess the images. Laypeople do not have any specific technical
knowledge about the arrangement and disposition of the smile and
are the most important group because their opinion is imperative for
evaluating the ever changing aesthetic patterns [5].

The occlusal plane of 2° was evaluated as aesthetically acceptable and
was not perceived by orthodontists, general dentists, and laypersons
[7]. Indeed, Kokich VO et al., concluded that laypersons were unable
to detect this kind of asymmetry until it reached a 4° inclination [14].

These findings indicate that laypeople and general practitioners
consider the occlusal plane cant more acceptable than orthodontists,
denoting that the category of observer affected the way smile
aesthetics is perceived when a rotation of the occlusal plane is
presented. On the contrary, Padwa BL et al., suggested that the
differences in detection of the occlusal plane angulation depended
on the degree of rotation and not based on the experience of the
observers in analysing smile [15]. In the current study, according to
the heatmap and scanpath (qualitative results), laypeople were not
able to observe differences in any of the canting of the occlusal plane
between 0° and 2.5°, even when the quantitative results exhibited
statistically significant differences. The differences were prominent
on the magnitude of 0° when compared to the magnitude of 2.5°
for the female and 2° for the male as well as for the magnitude of
2.5° between sexes, although the results show that the higher the
magnitude, the smaller number of fixations. In considering qualitative
analysis, the present authors can confirm that the raters were not
able to perceive the occlusal plane cant.

Skilled orthodontists, paediatric dentists, and laypeople perceive
certain dental aesthetic discrepancies at various levels of deviation,
which helps out the dental professional to plan various treatments.
Padwa BL et al., concluded that untrained lay observers detected
90% of the occlusal cant above 4° and trained observers could
detect 98% of facial photographs with the occlusal plane cant [15].

In this study, the lay population did not have any dental or medical
training. For this reason, before each test, the profession of the
observers was asked. Perception of beauty varies from person to
person and may be influenced by gender, personal experience, and
social environment. These components may influence the opinion
between aesthetic of laypeople and general dentists or orthodontist
[16-18]. In general, dentists give a higher attractiveness score than
orthodontists and layperson usually are the most generous [19].

[Table/Fig-5]: Comparison of the occlusal plane cant with number of fixations.

*Statistically significant at a=0.05, ANOVA test results
Superscript letters, values with the same letters in the superscript among observers, do not differ significantly (p>0.05)

Mean grade (+SD)
Variables
Degrees female Degrees male

0 2 25 0 2 25 p-value
gt“rr:;’ft?f fixation 1.53 (+0.810)2C 1.72 (£0.849)C 1.93 (+1.016)® 1.30 (+0.465)20 1.30 (£0.470)C 1.30 (£0.637)%° 0.020
’;‘tunr?:ri;‘r’f fixation 2.00 (£0.00)* 1.67 (£0.577y 1.00 (+0.00) 1.50 (+0.707)8 1.00 (+0.000) 1.20 (+0.447)8 0.048*
’:tur?;te;;’:'xat'on 1.65 (+0.978)* 1.35 (+0.587)* 1.44 (+0.847) 1.41 (+0.733)* 1.61 (+0.728) 1.47 (+0.776)* 0.729
'a\'tulgnﬁbgg fixations 1.74 (+0.984)* 1.40 (+0.707)* 1.71 (+0.938)* 1.48 (+0.712) 1.58 (+0.683)* 1.26 (+0.514) 0.166
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Kaya B and Uyar R, assessed quantitatively the influence of the
occlusal plane together with maxillary gingival exposure surrounding
the perception of smile attractiveness during the spontaneous smile
evaluated [19]. This study also analysed quantitatively the presence
of the occlusal plane cant in male and female models according to
the ocular fixations of the raters through the heatmap, and results
indicate that they were not able to perceive the occlusal plane cant.

Occlusal deviations within the 0° to 3° range were observed
by Ferrario VF et al., in normal and healthy patients, with normal
masticatory function within this range [20]. The occlusal plane cant
was not perceptible and occlusal inclination of this magnitude has
no detrimental effects on postoperative results. Heimansohn HC,
suggested that normal individuals have a natural inclination to
the occlusal plane and that altering this inclination by restoring
the dentition and placement of prostheses may contribute to the
development of temporomandibular joint dysfunction [21]. Therefore,
awareness of the presence of moderate levels of rotations of the
occlusal plane is still important in dentistry. The goal of this study
was to compare the rotation of the occlusal plane cant, analysed in
a frontal view to determine which rotation is considered perceptible
according to the category of observer.

The assessment of the interaction between the amount of rotation of
the occlusal plane and amount of gingival exposure could be further
developed as well to differentiate the observers between the sexes
and associate the visual analogue scale with quantitative evaluation.

For Farret MM, wrong vertical position of the teeth represent a great
complexity in orthodontic treatment of adult patients and these as
symmetries are usually treated in a limited way or with limitations in
terms of the final result [22]. During moderate to severe deviations,
it is fundamental to perform a correct diagnosis in order to plan the
positioning of the skeletal anchorage device to correct the asymmetry.

Limitation(s)

The hardware has an accuracy of 85% to obtain the eye-tracking data.
According to this, the Ogama may not acquire a totally faithful data,
however, the scanpaths demonstrated that the eye-tracking tests are
highly effective to evaluate the rotation of the occlusal plane cant.

CONCLUSION(S)

Laypeople were not able to perceive the occlusal plane cant located
on the right side of the male face or to the left on the female face.
However, it is important to take the laypeople perspective into
consideration when making treatment alternatives.
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