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Introduction: Previous eye-tracking research has demonstrated that laypersons view the range of dental
attractiveness levels differently depending on facial attractiveness levels. How the borderline levels of dental
attractiveness are viewed has not been evaluated in the context of facial attractiveness and compared with
those with near-ideal esthetics or those in definite need of orthodontic treatment according to the Aesthetic
Component of the Index of Orthodontic Treatment Need scale. Our objective was to determine the level of
viewers' visual attention in its treatment need categories levels 3 to 7 for persons considered “attractive,”
“average,” or “unattractive.”Methods: Facial images of persons at 3 facial attractiveness levels were combined
with 5 levels of dental attractiveness (dentitions representing Aesthetic Component of the Index of Orthodontic
Treatment Need levels 3-7) using imaging software to form 15 composite images. Each image was viewed twice
by 66 lay participants using eye tracking. Both the fixation density (number of fixations per facial area) and the
fixation duration (length of time for each facial area) were quantified for each image viewed. Repeated-measures
analysis of variance was used to determine how fixation density and duration varied among the 6 facial interest
areas (chin, ear, eye, mouth, nose, and other). Results: Viewers demonstrated excellent to good reliability
among the 6 interest areas (intraviewer reliability, 0.70-0.96; interviewer reliability, 0.56-0.93). Between
Aesthetic Component of the Index of Orthodontic Treatment Need levels 3 and 7, viewers of all facial attractive-
ness levels showed an increase in attention to the mouth. However, only with the attractive models were signif-
icant differences in fixation density and duration found between borderline levels with female viewers. Female
viewers paid attention to different areas of the face than did male viewers. Conclusions: The importance of
dental attractiveness is amplified in facially attractive female models compared with average and unattractive
female models between near-ideal and borderline-severe dentally unattractive levels. (Am J Orthod
Dentofacial Orthop 2017;151:297-310)

Over the last several decades, we have witnessed
an increasing emphasis on improvement of facial
esthetics in orthodontic treatment planning.1

Research has established that the smile plays a role in
overall facial attractiveness and can affect other personal
attributes as well as the quality of social interactions.2-5

Systematic reviews have outlined what morphologi-
cally defines an attractive smile.6,7 In whole-face studies,
researchers have concluded that the background facial
attractiveness of the model affects how these smiles
were perceived, and the converse.2,8 Although there
have been differing results among researchers in the
contribution of the smile to facial attractiveness and
overall attractiveness, there is evidence of an
interaction.9-13
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A shortcoming in some full-face studies, however,
was that the observer was directed to look specifically
at characteristics of the mouth, and this can introduce
bias. Only a handful of studies in the dental literature
have evaluated the spontaneous response of viewers to
facial features.14-18 In 2 recent orthodontic studies,
researchers observed that subjects' self-reported areas
of viewing interest did not necessarily coincide with
those they actually viewed.17,18 Furthermore, Hickman
et al17 found that near-ideal (postorthodontic treat-
ment) smiles did not receive much visual attention
when placed in faces that were considered to be “well-
balanced” with harmonious jaw relationships and fea-
tures.

Richards et al18 incorporated different levels of
dental attractiveness into different levels of facial
attractiveness. These investigators showed that for fe-
male models, an unattractive smile received more vi-
sual attention compared with other facial areas in
average and attractive faces when evaluated by eye
tracking.

Eye tracking records a person's gaze, location, and
duration. Previous research noted a correlation between
attractiveness and the ability to draw a person's gaze and
then hold it there for a given time.19 In eye tracking,
viewers' eye movements are tracked and recorded while
they view images. Eye tracking is reliable in showing
which features viewers view most frequently (fixation
density) and how much time they spend viewing those
features (fixation duration).20 This approach provides
an objective method for evaluating which features are
important to a viewer.

To define the levels of dental attractiveness in previ-
ous studies, investigators have used the Aesthetic
Component (AC) of the Index of Orthodontic Treatment
Need (IOTN).17,18 The complete IOTN (AC and Dental
Health Component [DHC]) has been widely used in
many countries to help prioritize the need for
orthodontic treatment. It is used to quantify the
functional and esthetic needs of patients.21

The AC includes 10 levels of dental attractiveness
based on esthetic impairment. It presents standards
from 1 to 10 using color, and intraoral and frontal pho-
tographs. Level 1 is the most esthetic, and level 10 is the
least esthetic. The levels are grouped into 3 treatment-
need categories: “no/slight treatment need” (levels 1-
4), “moderate/borderline treatment need” (levels 5-7),
and “definite treatment need” (levels 8-10).21 The DHC
ranks malocclusions in terms of the significance of tooth
irregularities for a person's dental health (levels 1-5).22

Levels 1 and 2 have no or little treatment need, level 3
has a moderate treatment need, and levels 4 and 5
have a definite treatment need.

One goal of the IOTN is to minimize the subjectivity
related to assessing orthodontic treatment needs.23

Despite having “objective” measurement scales in the
IOTN, there are questionable areas regarding the provi-
sion of treatment. Some clinicians have proposed that
the most difficult decisions about treatment are those
involving mild to moderate malocclusions (DHC) with
esthetic implications (AC).23 Previous research has
yielded different cutoff points for esthetic treatment
needs in moderate-borderline grades of dental attrac-
tiveness.23,24 It has been proposed that when given a
DHC score of 3—ie, the moderate DHC treatment
need—the AC should carry particular significance as the
deciding factor for treatment.25

Richards et al18 showed that the degree to which a
model's smile draws the viewer's attention depends on
the model's background facial attractiveness. They re-
ported a significant difference in the attention paid to
the mouth between AC-IOTN level 1 compared with
AC level 7 for female models rated as average and attrac-
tive; there were no differences for unattractive women
over this same range. There appears to be an expectation
among viewers for consonance between facial attrac-
tiveness and dental attractiveness. When these are not
in harmony, an unattractive smile is more noticeable.

In the AC-IOTN dental attractiveness category levels
3 to 7, it is unknown whether there is a gradient of
increasing visual attention to the dentition as it becomes
more unattractive or whether there is a critical point in
the level of smile esthetics that draws significantly
more visual attention. Furthermore, it is unknown how
visual attention in this borderline region of dental
attractiveness is affected by facial attractiveness.

The aim of this study was to determine the levels of
viewers' attention (number and duration of fixations) in
the AC-IOTN treatment-need category levels 3 to 7 for
faces that are considered attractive, average, and unat-
tractive when evaluated using eye-tracking technology.

MATERIAL AND METHODS

The Institutional Review Board of Ohio State Univer-
sity approved this study. The first step, image collection,
was accomplished as in previous studies.18 This involved
obtaining digital images of faces and sets of dentitions
for AC-IOTN levels 1 to 10. The facial and dental images
were then paired. This allowed us to present faces and
dentitions that reliably represented their categories
instead of searching for naturally occurring combina-
tions.18 These methods are briefly described below.

Facial images of women, 18 to 30 years old, were ob-
tained on a voluntary basis at a central campus public
location. Two portraits for each woman were obtained
using a digital single-lens reflex camera (D60; Nikon,
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