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Introduction: The objective of this study was to determine how different people perceive distinct malocclusions
with the use of eye tracking and to compare the results with scores from the subjective visual attractiveness scale
(VAS) following 3 grades obtained from the Aesthetic Component of the Index of Orthodontic Treatment Need
(AC-IOTN) scale. Methods: Ninety participants were equally distributed into 3 groups—dentists, orthodontists,
and laypeople—and underwent 1 eye-tracking session. After being positioned and calibrated, they were shown 3
dental images. The images reflected the AC-IOTN grades of 1 (close to ideal), 5 (borderline need for treatment),
and 8 (definite need for treatment). During the viewing, eye-tracker data were collected for fixation points,
duration, and attractiveness (according to the VAS) for each image. The variables were statistically tested
with the use of 2-way analysis of variance and complete factorial model (between groups, grades, and for the
interactions between them). Results: Grade 1 received the highest subjective score independently from the
participant group. This was in contrast to grades 5 and 8, which received similar scores, although the means
of fixation points and duration were not significantly different among the grades (P > 0.05). The scores obtained
from the dentist group were significantly higher than those from the other groups when the comparison was in-
dependent from the grade. In terms of fixation points, there were differences between dentists and orthodontists
and between orthodontists and laypeople. The fixation point mean was higher for orthodontists than for dentists
and was similar to that for laypeople. Conclusions: Orthodontists were able to closely analyze the occlusal
problems presenting with more severe malocclusions, and the specialists noticed more fixation points. Duration
times, however, were not significantly different, because the orthodontists had greater interest, even in situations
of unfavorable esthetics. (Am J Orthod Dentofacial Orthop 2019;156:67-74)

Treatment Need (I0TN) rating system is widely used to
determine malocclusion treatment needs owing to its ef-
ficiency and practicality.”

The concept of beauty is notoriously subjective, with
every person having a different perception. A profes-
sional’s perception is not the same as a patient’s.’

alocclusions are rarely life threatening. How-
ever, they do affect physical, social, and psy-
chologic functioning and so may affect a
person’s quality of life.! The Index of Orthodontic
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Furthermore, an orthodontist’s perception of beauty
might differ from that of a layperson in terms of what
is attractive and satisfactory.®”

Studies on esthetics and smile attractiveness report
subjective assignment of what is perceived visually on
the visual analog scale (VAS).”” However, even with
the increasing advancements in technology, studies
using eye tracking to verify VAS data remain lacking in
the literature.

Treatment needs and outcomes for patients with
malocclusion are typically evaluated by orthodontists
and patients. Orthodontists use cephalometry, model
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analysis, and the Index of Complexity, Outcome, and tracking session while responding to the subjective
Need (ICON) in their evaluations. The Aesthetic Compo- VAS assessment questionnaire.
nent of the 10TN (AC-10TN) scale®® is used in All digital images were obtained with the use of a
contemporary orthodontics because it represents an Canon camera model T2i, lens EF-S 60 2.8 Macro
evolution in determining subgroups in need of USM, and flash Macro Ring Lite MR-14EX 11 (Canon, To-
orthodontic treatment. kyo, Japan). The standard method used was the
Some studies have investigated esthetic perception following: A frontal facial photo was taken with the
with the use of extraoral’ and intraoral” digitally manip- camera in the portrait direction, with the head oriented
ulated photographs. Researchers have proposed a novel with the Frankfort plane parallel to the floor and without
method that employs eye tracking to objectively evaluate lateral tilt or rotation.
observer attention.'”"" The next step involved the selection of 3 photo-
Recent studies on eye tracking have addressed issues graphs. Three orthodontists each with >5 years of clin-
such as visual attention to facial structures'' and the ical experience selected 3 female facial photographs. The
evaluation of orthodontic treatment.'” 1t is thought orthodontists assessed the images, considering the sym-
that this method complements the subjective VAS, al- metry, volume, and color. Features that could have a sig-
lowing for a better understanding of the analysis nificant impact (eg, piercings, tattoos, excessive
involving the psychosocial aspects of esthetics in cases makeup) were avoided.
requiring orthodontic treatment. '’ One month later, classification of the images was
Eye movements are an established surrogate for again independently performed by the same 3 evalua-
attention. The eye-tracking technique has been widely tors, and there was complete agreement among them
used in studies of facial expression, sex, and race judg- with the classifications obtained during the first evalua-
ment. The major advantage of this technique is that it tion. Therefore, based on the 10TN, it was demonstrated
can record the movements of the eyeballs while multiple that there was reliability in the classification of the im-
other stimuli compete for attention. ages. Consequently, there was no need to perform a sta-
In the present study, visual attention and attractive- tistical reliability test, because the same index was given
ness judgment of different observers were analyzed with for each image by the 3 orthodontists in the 2 instances
the use of a subjective attractiveness scale and eye of classification 1 month apart. Therefore, reliability
tracking in response to projections of representative testing was not performed in this study.
clinical images. Three images were thus selected unanimously by the
The objectives of this study were: (1) to determine same experts to represent photographic compositions of
whether there are significant differences in the way grades 1, 5, and 8 of the AC-IOTN.”® In addition, all 3
that different classes of observers perceive occlusal images were standardized and edited with the use of
changes in an attractive face, regardless of the severity Photoshop CS5 (Adobe, San Jose, Calif) at a resolution
of the malocclusion; (2) to determine whether all groups of 2560 X 1920 pixels, with resolution of 300 pixels
evaluate and make the same observations regardless of per inch to minimize possible interlayer noise, sharp
the severity of the malocclusion; and (3) to determine contrasts,  significant  color  differences, and
whether there are interactions between the grades, nonrecognition of individuals.
which represent different malocclusion severities, and For this study, images of AC-IOTN grades 1, 5, and 8,
the observer. composed of the same image cutout of the lower third of

the face, were obtained and paired with teeth with the
same grades (Fig 1).

MATERIAL AND METHODS For calibration, the EyeProof Ink software (Copenha-

This study was approved by the University Committee gen, Denmark) was used and accounted for best/perfect
of Human Ethics and Research. Participants were re- accuracy, ensuring the quality of the observations. This
cruited through an internal notice on the premises of tool allowed for the storage of the scanpaths of the pro-
the university and were included, regardless of gender, cessed eye movements, such as fixation points and dura-
if they were 18-70 years of age, with no visual impair- tion (in ms; Fig 2).
ment or psychologic problems, and had not used drugs Ninety participants, divided into 3 groups of 30 each,
or medications that could affect cognitive abilities underwent 1 eye-tracking session. The groups were: (A)
within 24 hours before the test. newly graduated dentists: 35% men and 65% women,

Once recruited, participants were informed of the 21-44 years of age; (B) orthodontists; 40% men and
purpose of the study. They were required to belong 60% women, 25-61 years of age; and (C) laypeople:
only to a single group and participate in a single eye- 50% men and 50% women, 18-53 years of age.
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Fig 1. 1, Original images of AC-IOTN grades 1, 5, and 8; ll, representations of AC-IOTN; Ill, composi-
tion of the AC-IOTN grades with the same portion of the lower third of the face: a, grade 1; b, grade 5; ¢,
grade 8.

Grae 1 Grade 5 Grade 8

Fig 2. Scanpaths of groups A, B, and C for AC-IOTN grades 1, 5, and 8.
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The participants were oriented to freely view the im- did not differ from that of group C (laypeople; P > 0.05).
ages, and each image was displayed for 59 seconds. The There was, however, a significant difference between
following were considered: the initial calibration, the in- group A (dentists) and groups B and C. The mean score
terval between the images used for the subjective demar- of group A was highest (4.45 * 2.66), followed by group
cations in scales (rates), and the exposures of the B (3.26 = 2.15) and then group C (2.95 = 3.60; Table).
representative images of grades randomized for 10 sec- For fixation points, the Games-Howell test for het-
onds each. erogeneous variances indicated a significant difference

The Eye Tribe Tracker sensor (Copenhagen, Denmark) between groups A and B and between groups B and C;
was used in this study. The images were displayed in the however, there was no difference between groups A
middle of a 17-inch high-resolution screen (Samsung, and C. The fixation point means of groups A, B, and C
Seoul, South Korea) and an infrared sensor was posi- were 18.39 = 5.35, 20.71 * 4.97, and 17.08 * 7.15.
tioned below the screen. The participants viewed the im- Group B (19.67-21.75) was found to have a higher con-
ages at a distance of 60 cm and were instructed to not fidence interval (Cl) compared with groups A and C
make any head movements. (17.26-19.50 and 15.57-18.57, respectively).

Simultaneously, the participants were asked to com- For duration, group A had a slightly lower mean than
plete subjective assessments of the same images with the did groups B and C; however, the 3 groups’ values re-
use of the attractiveness scale, wherein O corresponded mained within the same Cl and did not differ signifi-
to nonattractive and 10 to attractive. cantly from one another.

All participants were informed in advance that, be- When comparing the grade independently from
tween the intervals and the end of the presentation of group, the ANOVA indicated that there was a difference
the images of the screening session, answers corre- in the average subjective rating (P < 0.05). However,
sponding to the subjective ratings would be requested. there was no difference in the fixation point means or

The VAS analysis was applied with the objective of the duration means (P > 0.05; Table).
identifying how each group reacted to various occlusal The subjective variable in Tukey’s HSD multiple com-
alterations while evaluating the attractiveness of the parison test for homogeneous variances indicated a sta-
smile. Data were tabulated for statistical analysis. tistically significant difference between grade 1 and

grades 5 and 8; however, there was not a significant dif-
Statistical analysis ference between grades 5 and 8 per se.

The mean subjective rating for grade 1 was
6.50 *= 2.19; for grade 5, it was 2.21 £ 1.89; and for
grade 8, it was 1.95 £ 2.07. Figures 3-5 show the
9500 Cls for AC-10TN grade 5 independently from group.

To identify differences between groups, between
grades, and interaction between groups and grades, be-
tween the mean values of the subjective rating, and
among fixation points and duration for each group ! . )
and at each grade, a 2-way analysis of variance (ANOVA) Regarding the difference in mean values of the
was used. analyzed variables according to group and grade, differ-

The ANOVA results indicated a significant difference enees were observed for subjective rating aer ﬁxatign
and Levene variance homogeneity test suggested homo- points (P_ < 0.05). However, .there was o significant dif-
geneous variance for each variable according to group ference in the mean duration according to group or
and grade factors; therefore, a comparison was per- grade. The comparson between group and grade was
formed with the use of Tukey honest significant differ- performed with the use of the Games-Howell test for

ence (HSD) test. When heterogeneous variances heterogeneous variance (Tab]e). '
occurred, a comparison was done with the use of For the subjective rating, tests showed a difference

Games-Howell multiple parametric comparison test for between groups, between grades, and in the interaction
heterogeneous variance. between group and grade. The difference was evident
from the decline of the subjective rating of group C
from grade 1 through 5 and 8, which was greater than

RESULTS those of groups A and B. The behavior of the mean
ANOVA was used to compare groups regardless of values of the subjective ratings differed significantly

grade. The analysis indicated a significant difference be- for the laypeople as it changed from grade 1 to grade

tween groups for the variables subjective rating and fix- 8 (Fig 3).

ation points (P < 0.05); however, there was no For fixation points, there was a difference between

difference between groups for duration. groups, but no difference between grades or regarding
For the subjective score, Tukey HSD multiple com- the interaction between group and grade. Figure 4

parisons test showed that group B’s (orthodontists) score shows a significant difference in the fixation point
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Table. Descriptive statistics of the crossing of variables betw

71

een groups, and orthodontists and other groups

Orthodontists Dentists Laypeople P value
Variable Mean SD Mean SD Mean SD BX A BXC AXC
Subjective rating 3.25 2.14 4.44 2.66 2.95 3.60 0.00335* 0.76830 0.00515
Fixation points 2.71 4.96 18.38 5.34 17.07 7.15 0.00815* 0.00033* 0.34690
Duration (ms) 401.99 123.14 372.91 105.12 400.51 151.56 0.20687 0.99717 0.33324
*Significant differences (P < 0.05; Games-Howell test).
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Fig 3. 95% Cls of subjective ratings betwee

mean between groups A and B and grade 8. The fixation
points mean of group B was greater than that of group
A, independently from grade. We also observed that the
fixation points mean of group B in grade 5 was higher
than that of a grade-matched layperson. However, the
fixation points mean in grade 8, though higher for group
B, showed no significant difference that of group C at
the same grade. For duration, there was no difference
between groups, between grades, or in the interaction
between group and grade (Fig 5).

Pearson correlation coefficient did not present a sig-
nificant correlation between the 3 variables (P > 0.05).
The above-mentioned evidence suggests that longer
duration does not imply more or fewer fixation points
or subjective rating.

American Journal of Orthodontics and Dentofacial Orthopedics

n AC-IOTN grade and observer group.

The scanpaths for each group and grade are shown in
Figure 2. The scanpaths demonstrate aspects of visuali-
zation, highlighting the areas of concentration and fix-
ation (coloration from blue to red for lower to higher
density, respectively). These are good initial indicators
of data quality and allow for the analysis of the agree-
ment between design and hypothesis. We observed an
increase in foveation through points outside the area
of the embedded images (grades 1, 5, and 8) in the visu-
alizations of groups A and C for grades 5 and 8. Group B,
however, fixed and maintained the fixation in areas cor-
responding to the teeth, showed less alteration in the
visualization routes, were able to fix more frequently
on different points, and presented less focal observation
divergence.

July 2019 e Vol 156 e Issue 1
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Fig 4. 95% Cls of fixation points between AC-IOTN grade and observer group.
DISCUSSION In determining the ways in which smiles are deemed

This study aimed to evaluate with the use of objective
eye-tracking data how different people interpret images
reflecting AC-10TN grades 1 (close to ideal), 5 (border-
line need for treatment), and 8 (definite need for treat-
ment), based on viewers’ visual attention. The study
included 90 participants who were distributed into 3
groups of 30 people each: dentists, orthodontists, and
laypeople.

Esthetic appearance has been prioritized with
increasingly greater frequency in orthodontic treat-
ment. However, a professional’s perception is not the
same as that of a patient’s. The concept of beauty is
notoriously subjective; each person has a different
perception. In light of this, researchers are paying
more attention to patients’ own evaluations of smile
esthetics. Therefore, it is necessary to ask: (1) whether
there are significant differences in the way that
different classes of observers perceive occlusal changes
in an attractive face, regardless of the severity of the
malocclusion; (2) whether groups evaluate and make
the same observations regardless of the severity of
the malocclusion; and (3) whether there is an interac-
tion between the degree of malocclusion severity and
the observer.

July 2019 e Vol 156 e Issue 1

to be socially attractive, studies have identified different
perception grades between groups. This suggests that
orthodontic treatment recommendations should be
based on the specialized professional’s observations'”
and that the AC-10TN does not reflect the esthetic ex-
pectations of society.”

In this study, the dental esthetic ratings were based
on the AC-10TN, which was chosen as an index, because
itis classically used within clinical practice. Furthermore,
we focused on the lower face for the evidence of percep-
tions related to occlusion. For the purposes of this study,
we evaluated the esthetic perceptions only from a frontal
view to evaluate dental esthetics; we did not seek to
directly evaluate dental health treatment needs.

The AC-10TN proposes 10 graduations (or degrees) of
dental characteristics, divided into 3 subgroups, as fol-
lows: (1) grades 1-4 suggest little or no need for treat-
ment; (2) grades 5-7 are borderline; and (3) grades
8-10 definitely require orthodontic treatment.”'*"'> In
this study, within-group analyses (independently from
grade) suggest that group A had the lowest fixation
and assigned the highest subjective rating; group B
was more fixed than group A, although it did not differ
from group C in terms of duration or subjective rating;

American Journal of Orthodontics and Dentofacial Orthopedics
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Fig 5. 95% Cls of the duration of fixation between AC-IOTN grade and observer group.

and group C had the lowest fixation points mean and a
subjective rating that was equal to group B but with a
higher Cl.

Among the grades used (1, 5, and 8), independently
from group, grade 1 was expected to receive the highest
subjective rating because it represents little disharmony
and should be more agreeable to general perception,
although grades 5 and 8 were subjugated and indiscrim-
inate among themselves because they were more com-
plex and less attractive and remarkable in regard to
treatment needs. 1t is important to note that there
were no significant differences between duration or fix-
ation points.

This study sought to deepen the investigations, di-
recting its focus to an evaluation of the understanding
of the perceptive faculties of the groups in question,
albeit predominantly in group B. This approach is justi-
fied because the orthodontist routinely performs detailed
assessments of malocclusions in clinical practice.
Throughout their training, orthodontists are expected
to develop the ability to distinguish between severity of
cases, which forms a key component of the orthodontic
diagnosis and treatment process. In addition, the ortho-
dontist should develop a perception of the esthetic com-
ponents of an attractive smile and facial harmony.

Although there was no interaction between group
and grade for the 2 more severe malocclusions (grades

American Journal of Orthodontics and Dentofacial Orthopedics

5 and 8), there was prudence and caution between the
values obtained by dentists (A) and orthodontists (B)
compared with those by laypeople (C). Group B fixed
more than group A and was significantly different
from group C, suggesting that, in the judgment of this
group, attractiveness decreases as malocclusion severity
increases.

For the subjective variable, the 2-way ANOVA
(group X grade) identified a significant difference be-
tween groups and between grades, besides identifying
group-grade interaction. The presence of interaction
can be confirmed in Figure 3. Similar behavior is
observed in the subjective rating attributed between
dentists and orthodontist for grade 5 and 8 malocclu-
sions. The same did not occur with the layperson, for
whom, in addition to the subjective rating being higher
in grade 1, the reduction when changing to grade 5 and
grade 8 was much higher, confirming that the layperson,
owing to lack of experience in the area, gives lower
marks to images of more severe malocclusions. This
result leads us to reflect to what extent these profes-
sionals can understand the perception of their patients
on the malocclusions to be treated.

1t was suspected that, given the widespread diffusion
of esthetic standards by digital and communicative
means, it is common to refer to the polarized use of clas-
sifications—interesting or uninteresting, attractive or

July 2019 e Vol 156 e Issue 1
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unattractive—making the judgment of a more severe SUPPLEMENTARY DATA

case of occlusal alteration and facial disharmony trivial. Supplementary data to this article can be found
) Thls study mproves the understanding of how online at https://doi.org/10.1016/j.ajodo.2018.07.026.
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