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Esthetics and smile characteristics evaluated by laypersons

A comparison of Canadian and US data

Catherine McLeod=; H.W. Fields®; Frank Hechterc; William Wiltshire?; Wellington Rody, Jre;

James Christensen’

ABSTRACT

Objective: To collect data regarding Canadian laypersons’ perceptions of smile esthetics and
compare these data to US data in order to evaluate cultural differences.

Materials and Methods: Using Adobe Photoshop 7, a digital image of a posed smile of a sexually
ambiguous lower face was prepared so that hard and soft tissue could be manipulated to alter
buccal corridor (BC), gingival display (GD), occlusal cant (OC), maxillary midline to face
discrepancy (MMFD), and lateral central gingival discrepancy (LCGD). Adult Canadian laypersons
(n = 103) completed an interactive computer-based survey of 29 randomized images to compare
smile preferences for these variables. The custom survey was developed to display fluid,
continuously appearing modifiable smile variables using MATLAB R2008 for presentation. These
data were compared with previously published data for US laypersons. Statistical inference was
determined using Wilcoxon rank sum tests.

Results: Canadian laypersons were more sensitive in detecting deviations from ideal and had a
narrower range of acceptability thresholds for BC, GD, OC, MMFD, and LCGD. Ideal esthetic
values were significantly different only for BC.

Conclusions: It appears that cultural differences do exist related to smile characteristics. Clinically
significant differences in the preference of the smile characteristics were found between Canadian
and US laypersons. Canadian laypersons, on average, were more discriminating to deviations from
ideal and had a narrower range of acceptability. (Angle Orthod. 2011;81:198-205.)
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INTRODUCTION

An esthetic smile is the result of the interaction of
different smile components' and requires an under-
standing of the principles that manage the balance
between teeth and soft tissues.? Establishing ideal
function and esthetics may be mutually exclusive and
requires careful and detailed consideration during
orthodontic treatment planning.

Smile esthetics have been researched using a
variety of perspectives and methods.** Kokich et al.*
were the first to systematically quantify orthodontists’
and laypersons’ perceptions of smiles by using static
photos of posed smiles adjusted incrementally. Dental
professionals and laypersons had different perceptions
of smile esthetics and were able to identify character-
istics that both enhanced and detracted from smile
esthetics.®® Ker et al.” comprehensively investigated
perceptions of smiles along a continuous range, where
the evaluator digitally modified smiles using a mouse-
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Figure 1. Example of filmstrip of maxillary cant changing from severe to less severe. Ker AJ, Chan R, Fields HW, Beck M, Rosenstiel S. Esthetics
and smile characteristics from the layperson’s perspective: a computer-based survey study. J Am Dent Assoc. 2008;139(10):1318-1327.
Copyright © 2008 American Dental Association. All rights reserved. Reprinted by permission.

driven slider to select the most ideal and the thresholds
of acceptability.”

A number of variables influence the attractiveness of
a smile. Buccal corridor minimization is a critical smile
feature,*®8'° excessive gingival display does not
appear to be well tolerated by raters,* and maxillary
midline deviations can upset the balance of an
otherwise esthetic smile.®® Kokich et al.* found an
occlusal cant was detrimental to smile esthetics.* In
addition, the location, shape, and contour of the
gingiva in the maxillary anterior region also affects
smile esthetics.

Individual and cultural characteristics must be
considered in smile evaluation.” Although there are
data from another ethnic group that deal with one
aspect of smile esthetics (buccal corridor)? and show
similar preferences to US raters, to this point, no study
has comprehensively examined whether differences in
cultural/national background can alter the perception
of smile characteristics. Quantifying potential North
American cultural differences in the perception of smile
esthetics could reveal important considerations in
achieving clinical success and patient satisfaction.

The purpose of this collaborative multicenter study
was to incorporate slider technology and advanced
digital-imaging methods to quantitatively determine
and compare cultural/national smile esthetic prefer-
ences of Canadian and US laypersons.

MATERIALS AND METHODS

This collaborative research study was approved by a
University Research Ethics Board and used identical
digital images as those used by Ker et al.” (permission
granted by J Am Dent Assoc). The method of
presentation was compatible with that research so
that the data could be compared.”

Model Selection and Image Manipulation

Using Adobe Photoshop 7, a digital image of a
posed smile of a sexually ambiguous lower face was
manipulated to alter buccal corridor (BC), gingival
display (GD), occlusal cant (OC), maxillary midline to
face discrepancy (MMFD), and lateral central gingival
discrepancy (LCGD) following the protocol of Ker et
al.” Raters completed an interactive computer-based
survey of 29 randomly presented images. The custom

survey was developed to compare smile preferences,
which displayed fluid, continuously appearing modifi-
able smile variables using MATLAB R2008 (MATLAB
R2008, The Mathworks Inc, Natick, Mass), a numerical
computing environment, and programming language
software. The raters selected the ideal and accept-
ability thresholds of several independent smile vari-
ables. Figure 1 illustrates an example of the filmstrip of
maxillary OC changing from severe to less severe. The
teeth and lip images appearing on the computer
monitor were scaled to replicate clinical size at a
typical conversational distance of 40 cm.” The resolu-
tion was standardized on all computers at 1024 X 768
pixels. A digital measurement grid, calibrated to
Wheeler’s dental anatomy’® average value for a central
incisor, was used for all smile characteristic digital
modification. Ideals were inherent as zero for variables
OC and MMFD and therefore not tested. Table 1
summarizes the range of possible values and the
method of measurement.”

Survey Design

Adult Canadian laypersons (n = 103; ie, the general
public) were recruited at a central university facility and
from the reception area of a dental college. They
voluntarily completed an anonymous interactive com-
puter-based survey. Surveys were individually admin-
istered, and each rater provided 36 responses: 29
randomly presented image-based responses (19
unique questions and 10 repeat questions to evaluate
rater reliability) and seven demographic responses.
Demographic information included Canadian geo-
graphical province of residence, age, gender, ethnic
background, and level of education completed. Inclu-
sion criteria for laypersons required that the evaluator
must have lived in Canada for the past 5 years.
Exclusion criteria included previous dental professional
affiliations, orthodontic patients, or those related to
orthodontic patients.

Image-based questions were presented with one of
two questions: (1) “Select the image you find MOST
IDEAL” or (2) “Please move the slider to the left to
select the FIRST image that you find UNATTRAC-
TIVE.” Question 1 was designed to determine the ideal
value for each smile characteristic. Question 2 was
designed to determine the acceptability thresholds
when a smile characteristic becomes unattractive.

Angle Orthodontist, Vol 81, No 2, 2011
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Table 1. Summary of Measurement of Smile Variables

McLEOD, FIELDS, HECHTER, WILTSHIRE, RODY, CHRISTENSEN

Variable

Range of Values

How Variable Was Measured

Buccal corridor (bilateral total)
Millimetric

Percentage

Gingival display

0-19 mm
0%—26%

Occlusal cant 0°—6°

Maxillary midline to face discrepancy 0—4.4 mm

Lateral central gingival discrepancy

—=5.1 mm to +5.8 mm

1.1 mm apical to central incisor to
3.8 mm incisal to central incisor

Horizontal distance from the facial of the most buccal
posterior tooth to a vertical line through the
commisure of the lips

Vertical distance from the gingival zenith of the
maxillary central incisors to the nadir of the upper lip
above these teeth

Amount of rotation in the maxillary and mandibular
dentition from horizontal plane through the middle of
the maxillary central incisors

Horizontal distance from the middle of the embrasure
between the maxillary central incisors to a line
representing the midline of the face as determined
by the nadir of the cupid’s bow and center of the
philtrum of the upper lip

Vertical distance between the apex of the maxillary
central incisor gingival margin to the apex of the
maxillary lateral incisor gingival margin

Statistical Analysis

Demographic variable comparisons were made
using chi-square and ttests. Relationships between
the demographic variables and the outcome variables
were evaluated with nonparametric correlation coeffi-
cients. To control for demographic differences be-
tween the two samples, confounding variables were
controlled by stratifying gender, ethnicity, and educa-
tional background. Statistical inference was deter-
mined using Wilcoxon rank sum tests for comparison
to Ker et al.,” who used nonparametric statistics
including median values. A Bonferroni-Holm correc-
tion was employed to control for type | error inflation
due to multiple tests. Differences between the
published US data” and Canadian groups were
evaluated, with the level of significance established
at alpha = .05 for all analyses using statistical
software (SAS, version 91.3, SAS Institute, Cary,
NC). Differences in attractiveness ratings were ana-
lyzed using descriptive nonparametric statistics in-
cluding median values. Power calculation confirmed
the appropriateness of sample size capable of
determining significant differences between all vari-
ables, as demonstrated by a 1-mm or 1-degree
difference on the slider scale. Differences in reliability
ratings were analyzed using the weighted Kappa
statistic at a 95% confidence interval. For an alpha
level of .05 and assuming a common standard
deviation of 17.42,"* a sample size of 43 per rater
group was necessary to achieve a power of .85 to
determine statistically significant differences between
all variables.

RESULTS

Intrarater reliability was excellent (Kappa = .98).
The results therefore were deemed reliable.®

Angle Orthodontist, Vol 81, No 2, 2011

Frequency Distributions/Rater Demographics

Distribution by gender, ethnicity, and educational
background for the 103 Canadian raters and the
published US data are presented in Table 2. The
Canadian sample consisted of more men, had a higher
percentage of nonwhite participants, and had less
postsecondary education. After stratifying by gender,
ethnicity, and educational background, these three
confounding factors were not predictive of the five
smile characteristic preferences in either group and
were considered comparable.

National Differences Defining Ideal and Acceptable
Smile Characteristics

The descriptive numeric results and corresponding
image depiction for each smile characteristic defined
as ideal and their acceptable limits are reported using
medians and associated images in Figures 2 through
7. Cultural/national differences of less than 1 mm were
not considered clinically significant.

DISCUSSION

Patients are becoming more critical of their smile
esthetics and are seeking orthodontic treatment with
more refined expectations.’® This study focused on
esthetic ratings of smile characteristics evaluated by
laypersons as they are the primary consumer of
orthodontic services, and satisfaction with treatment
depends on patient expectations. The results demon-
strate that laypersons can reliably identify the ideal and
the ranges of acceptability when using a lower face
perspective. This finding strengthens the power of this
methodology. The demographic variables were signif-
icantly different between the samples for gender,
ethnicity, and educational background (Table 2). As a
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Table 2. Frequency Distribution of Demographic Variables by Evaluator Group

Evaluator Group Canadian Laypersons US Laypersons?® Significance
Gender Male (61) 59% (45) 37% P < .0001
Female (42) 41% (78) 63%
Ethnicity Caucasian (65) 63% (200) 83% P < .0003
Non-Caucasian (38) 36% (41) 17%
Level of education completed Postsecondary attained (18) 18% (59) 24% P < .0001
Postsecondary not attained® (84) 82% (184) 76%

a Ker et al.”

® Postsecondary not attained = high school, some college, bachelor’s degree, and 243 US subjects.

result, a stratified analysis was necessary to reduce
the probability that these variables confounded the
results. The demographic variables were not predictive
of the smile outcomes. This eliminated demographic
variables as potential confounders and allowed the US
and Canadian groups to be compared.

These results revealed that Canadian and US
laypersons’ preferences differed statistically and clin-
ically in their perceptions of all smile characteristics
tested. With the exception of the ideal BC, the
differences were focused on maximum tolerable
differences. Canadian and US orthodontists should
not assume that all patients in North America are
equally critical of their smile esthetics, nor do they
necessarily have similar smile esthetic preferences.

This study demonstrated that different cultures/
nationalities can provide different smile preferences
for multiple variables. The hierarchy of differences

Canadian Laypeople

Median Value Depiction
Maximum
Tolerable 14252”"'
Value (19.5%)
6.33mm
Ideal Value (9.10%)
Minimum
5.07mm
Tolerable o
Mokises (7.37%)

Ideal Difference 5.27mm

Tolerable Value = (22% of smile)

Tolerable Value = (8% of smile)

between the groups at the maximum tolerable limit of
acceptability is illustrated in decreasing order in Figure
7. Other emerging comprehensive cultural studies of
smiles suggest that BC and smile arc can have cultural
differences.' It appears that variables related to the
face as a context may be most affected. These
emerging cultural differences may be a factor because
given the flood of stimuli, it appears that different
cultures may allocate their attention differently.'® More
investigation on cultural influences is warranted so this
potential confounding research variable can be elim-
inated.

Statistically significant results do not necessarily
infer noticeable therapeutic effects. Given substantial
sample power and the methodology used, small
differences can be unrealistically amplified. The lower
face view used in this study may have facilitated the
detection of small clinical differences compared with a

US Laypeople

Median Value Depiction

Maximum 16.0 mm

11.6 mm
Ideal Value (16% of smile)
Minimum 5.8 mm

p<0.0025
p<0.0025

Figure 2. Summary of statistics for defining the ideal and acceptable smile characteristics: buccal corridor. Ker AJ, Chan R, Fields HW, Beck M,
Rosenstiel S. Esthetics and smile characteristics from the layperson’s perspective: a computer-based survey study. J Am Dent Assoc.
2008;139(10):1318-1327. Copyright © 2008 American Dental Association. All rights reserved. Reprinted by permission.
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Canadian Laypeople US Laypeople
e Tiegiotn Median Value . Depiction
Tol 'mbulm Vi 3.6mm
el | 2S2mm Tolerable Value '
Ideal Val 2.7
RS " Ideal Value 2.1 mm
Minimum
Tolerable 2.7mm L.
Value Minimum (-
Tollerable Value
Maximum Tolerable Value Difference -1.1mm p<0. 05
Ideal Difference 0.6mm p<0. 05

Figure 3. Summary of statistics for defining the ideal and acceptable smile characteristics: gingival display. Ker AJ, Chan R, Fields HW, Beck M,
Rosenstiel S. Esthetics and smile characteristics from the layperson’s perspective: a computer-based survey study. J Am Dent Assoc.
2008;139(10):1318—-1327. Copyright © 2008 American Dental Association. All rights reserved. Reprinted by permission.

full-face perspective. As a result, the lower limit of
clinical significance threshold was set at 1 mm. A
similar focusing effect of the slider technology,
likewise, may have heightened attention on the
variables.

BC reduction is particularly relevant today, with the
trend toward broader arch forms and nonextraction
treatment.”? Canadian raters’ definition of ideal BC
(Figure 2) agrees with this trend, preferring approxi-

Canadian Laypeople

mately 7% less dark space (5.3 mm) than the US
raters. This was the only variable for which ideal
esthetic values were defined as significantly different,
statistically and clinically. Improving excessive BC in
Canada may be a more important treatment objective
than in the United States.

There is no consensus on the degree to which GD
influences smile esthetics.*'*2° National differences
fell within a prereported range of acceptability. Two

US Laypeople

Median Value Depiction

Maximum

Tolerable -0.5mm
Value

Ideal Value -.06mm

Median Value

Depiction

Maximum Tolerable Value Difference

Maximum

Tolerable Value 1.2 mm

Ideal Value -0.4 mm

1.7mm  p<0. 0025

Figure 4. Summary of statistics for defining the ideal and acceptable smile characteristics: lateral central gingival discrepancy. Ker AJ, Chan R,
Fields HW, et al. Esthetics and smile characteristics from the layperson’s perspective: a computer-based survey study. J Am Dent Assoc.
2008;139(10):1318-1327. Copyright © 2008 American Dental Association. All rights reserved. Reprinted by permission.
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Canadian Laypeople US Laypeople
Median Value Depiction Median Value Depiction
Maximum :
Maximum
4d
Tsiljlr‘:ble velngi Tolerable Value e

Maximum Tolerable Value Difference 3 degrees (2.3mm)
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p<0.0025

Figure 5. Summary of statistics for defining the ideal and acceptable smile characteristics: occlusal cant. Ker AJ, Chan R, Fields HW, Beck M,
Rosenstiel S. Esthetics and smile characteristics from the layperson’s perspective: a computer-based survey study. J Am Dent Assoc.
2008;139(10):1318-1327. Copyright © 2008 American Dental Association. All rights reserved. Reprinted by permission.

separate studies by Kokich et al.* suggested that =4 mm
of GD was the threshold of acceptability evaluated by
laypersons and dentists collectively, whereas the thresh-
old of £3 mm evaluated by laypersons and orthodontists
was suggested after testing smaller increments.” The
more recent US results found that the ideal value for GD
was 2.1 mm of incisor coverage, consistent with Van der
Geld et al.,>* who reported =4 mm within the range of
acceptability.*” The Canadian data (Figure 3) are con-
sistent with the more recent study by Kokich et al.*
indicating that a narrower range of £3 mm is within the
range acceptability.

Studies regarding OC show that a range exists from
2°,22 3°23 to 4°7 from true horizontal where OC is
acceptable to laypeople, and beyond which asymme-
tries become noticeable. The differences between
Canadian and US laypersons’ perceptions of OC were
the most evident of all the smile characteristics

investigated. Canadians were the most sensitive, to
date, in detecting deviations from ideal at 1° (Figure 6).
To translate that to millimeters and to our threshold for
clinical significance, a 3° difference is approximately
2.3 vertical millimeters at the lateral border of an
average-width smile. With this clinically significant
difference between Canadian and US laypersons, US
orthodontists have more latitude in the finishing stages
of treatment for OC.

Midline discrepancies are the most obvious occlusal
asymmetries from the patient’s perspective.® Notice-
able MMFD by laypersons is reported as minor as 2-
mm?* or as much as 4-mm deviations.* Inconsistencies
in the Canadian and US data for midlines also appears
to be a function of underlying cultural/nationality
differences (Figure 6). Canadians identified the thresh-
old of an acceptable midline deviation 1.1 mm before
the deviation was perceivable to US laypersons.

Canadian Laypeople US Laypeople
Median Value Depiction Median Value Depiction
Maximum i
Tolerable | 1.83mm 2.9 mm
Tolerable Value
Value

Maximum Tolerable Value Difference  1.1mm

p<0. 0025

Figure 6. Summary of statistics for defining the ideal and acceptable smile characteristics: maxillary midline to face discrepancy. Ker AdJ, Chan R,
Fields HW, Beck M, Rosenstiel S. Esthetics and smile characteristics from the layperson’s perspective: a computer-based survey study. J Am
Dent Assoc. 2008;139(10):1318-1327. Copyright © 2008 American Dental Association. All rights reserved. Reprinted by permission.
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** OC (2.2mm)
**BC (1.8mm)

**LCGD (1.7mm)

** MMFD (1.1mm)

*GD (1.1mm)

Figure 7. Hierarchy of differences between the US and Canadian
median maximum tolerable limit of acceptability. In each case, the
Canadian raters were less tolerant of deviations from the ideal than
US raters. * P < .05; ** P < .0025.

Management of the periodontal tissues that frame each
tooth is crucial to esthetic smile design.?® Differences in
ethnic background contributed toward the differences
revealed in perceptibility of LCGD. Canadians were less
willing to accept deviations from ideal than were US
raters. The US data” corroborated previous results by
Kokich et al.,* in that the US laypersons did not readily
notice LCGD even when the lateral gingival margin is
superior to the central gingival margin. US laypersons
had great variability in their limit of acceptability, as
demonstrated by the broad range of acceptability.

Both Canadian and US orthodontists need to
discuss the potential limitations of orthodontic treat-
ment in order to make a decision in concert with the
patient as to what tradeoffs are acceptable in the
pursuit of the ideal smile.®® These results provide
significant insights of posttreatment satisfaction and
may be a predictor of the patients’ objectives when
undergoing a particular treatment.

CONCLUSIONS

« Laypersons can reliably identify the ideal and the
ranges of acceptability when using a lower face view
of models.

« Individual perception of smile esthetics influenced by
national/cultural background can affect multiple
variables in unequal ways and must be considered
in research and clinical settings.

- Canadian laypersons, on average, were more
sensitive to deviations from ideal and had a narrower
range of acceptability.
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