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SUMMARY Changes in occlusal vertical dimension

(OVD) and age have been found to affect Smile

Index (SI, width/height of smile). Limited

information is available regarding the aesthetic

effects of these changes. The objective of this study

was to evaluate the attractiveness of digitally

manipulated smile images with differences in SI

and incisal edge position (IEP) judged by

respondents in different age groups. A total of 12

smile images were generated with varying SI (3�5,
5�3, 7�2, 9�0) and IEP (High, Medium, Low). Fifty

respondents each in four age groups (15–24, 25–39,

40–54, 55+) evaluated the attractiveness of the 12

images using a 0–10 visual analog scale (VAS, 10

being most attractive). A repeated-measures three-

factorial mixed model assessed differences. SI, IEP

and age of respondents were found to significantly

influence attractiveness score (P < 0�01 for all). With

all age groups combined, SI = 7�2/IEP = Medium

was most attractive (VAS = 7�22), followed by

SI = 9�0/IEP = Medium, and SI = 5�3/IEP = Medium

(VAS = 6�53 and 6�48, respectively). SI = 3�5/
IEP = High and SI = 3�5/IEP = Low were least

attractive (VAS = 1�99 and VAS = 2�58,
respectively). Age group significantly influenced

aesthetic perception, with younger respondents

more critical in differences in SI and IEP. SI and IEP

significantly influenced attractiveness of the smile

in all respondent age groups. Low SI (i.e. 3�5)
combined with high or low IEP was unattractive.

Medium SI to high SI (i.e. 5�3–9�0) combined with

medium IEP were considered attractive.
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Introduction

For a smile to be considered aesthetic, three factors

have been thought to be important: teeth, gingiva and

lips (1). These factors are important independently, but

they may also affect each other. For example, small

tooth size, gingival hyperplasia and excessive lip mobil-

ity may all contribute to excessive gingival display.

Much research had been carried out on aesthetic effects

of variations in teeth, such as tooth-to-tooth propor-

tions (2), presence and absence of decay (3), midline

position (4, 5), tooth spacing (6), tooth angulation (4),

buccal corridor size (5, 7), and smile arc (5, 7, 8). Sev-

eral studies have evaluated the aesthetic effects of

variations in gingival display (5, 8, 9). Few have studied

the aesthetic effects of the lips (10). The studies that did

evaluate variations in the lip framework often did so by

manipulating the gingival margins of teeth in relation

to the lips (11, 12), or looking at the thickness of the

lips (10), rather than the positioning of the lips as a fac-

tor. Additionally, display of the mandibular teeth or

gingiva has received little attention (13, 14).

The dimensions of the smile have been extensively

studied in the literature (15–19). It has been found to

change with age (16–18). With increasing age, lip

mobility decreases (16). This leads to a decrease in

maxillary incisor display (16, 17). In a recent study,

occlusal vertical dimension (OVD) was found to affect
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lip positions at smile (19). Specifically, increasing the

OVD shifts the lower lip downwards, increases the

interlabial gap height, increases the display zone area

and lowers the smile index (SI, intercommissural

width/interlabial gap height) (19). The width of the

smile and position of the upper lip were not found to

be affected by changes in OVD (19).

SI was first proposed by Ackerman (20) to describe

dimensions of the smile. The average SI in a young

adult is approximately 6�73–7�16 (16, 21). Studies have

found the SI to be higher in female magazine models

compared to female orthodontic patients (22), higher

in ‘most attractive’ smiles compared to ‘least attractive’

smiles (23), higher in men than in women (24), and

higher with increasing age (16). SI had been correlated

with facial growth pattern (vertical versus horizontal)

variations (21). As discussed, SI has been found to

decrease as OVD is increased (19). However, little infor-

mation is available on the influence of SI on aesthetic

perception. A lower SI (3�4) had been claimed to be

desirable, because it appears more youthful (25).

Computer-based image modification had been used

to evaluate the aesthetic impact of different variations

in the smile (4, 5, 14). This method enables the gen-

eration of test images with controlled alterations (4, 5,

14). In many studies evaluating dental aesthetics, the

visual analog scale (VAS) was used (4, 6, 7, 9).

Currently, there is little information on the aes-

thetic effects of varying SI. It is not known whether

an optimal (most aesthetic) SI exists. The aim of this

study was to evaluate the attractiveness of digitally

manipulated smile images with differences in SI and

IEP judged by evaluators in different age groups.

Materials and methods

This study was approved by the institutional review

board of the University of Louisville (University of

Louisville IRB Number 15.0366) and was conducted

at the University of Louisville School of Dentistry.

The participant whose smile was photographed and

all evaluators received informed consent. None of the

participants received compensation for taking part in

this study.

Generation of smile images

Computer-generated smile images were made using

digital photographs taken of one male participant. The

participant had an aesthetically pleasing smile with

high smile index. A retracted view of the teeth was

taken using a digital single-lens reflex camera

(D7000*) with macro lens (Micro-NIKKOR 105 mm f/

2�8VR*) and ring flash (EM-140 DG†). A smile view

image was taken, along with smile view images with

increased OVD. To increase the OVD, silicone occlusal

registration material (Regisil Rigid‡) was injected

between the posterior teeth. This was carried out in

2-mm increments: 0 mm; 2 mm; 4 mm; 6 mm;

8 mm, measured from the incisal edge of the

mandibular central incisors to the lingual surface of

the maxillary central incisors. To obtain these thick-

nesses, a leaf gauge (Leaf Gauge§) was used. It was

measured with a digital calliper (model 500-170–) to

determine the number of leafs for the OVD increase.

Silicone occlusal registration material was then

injected on the occlusal surfaces of posterior teeth,

and the participant was instructed to ‘bite and hold’

for the material to set. The leaf gauge was then

removed from the mouth, and a digital photograph of

the smile was taken (Fig. 1). At the 0-mm increment,

no occlusal registration material was used.

The smile images, along with the image of the

retracted view, were imported into software

Fig. 1. Original digital photographs prior to digital manipula-

tion. One retracted view image was taken, along with smile

views at different occlusal vertical dimension openings (+0 mm,

+2 mm, +4 mm, +6 mm, +8 mm).

*Nikon, Tokyo, Japan.
†Sigma, Kawasaki, Japan.
‡Dentsply, Islandia, NY, USA.
§Great Lakes Orthodontics, Buffalo, NY, USA.
–Mitutoyo, Kawasaki, Japan.
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(Photoshop CS5**) to create digitally manipulated

smile images with varying SI and IEP. The image of

the retracted view was digitally enhanced to crop out

the face and lips, and to create digitally simulated

mucosa in areas that were hidden from view. The

interlabial gap height and intercommissural width

were measured on each smile image (in pixels), and

the smile index was determined for each by dividing

width by height. The closest fitting image for each of

the following SI increment was chosen: SI = 3�5; 5�3;
7�2; 9�0. The smile images were enhanced by adjust-

ing the vertical position of the lower lip only (no

adjustments to intercommissural width and upper lip

position) to obtain smile images at each of the four

increments. The portion of the display zone (teeth,

gingiva, buccal corridors) was cropped out, and the

retracted view image was inserted.

For each of the four SI increments, three images each

with different IEP were made: IEP = High; Medium;

Low. For IEP = Medium, the following parameters

were used: gingival zeniths of the maxillary central

incisors covered by the upper lip; incisal edges of the

maxillary central incisors not covered by the lower lip.

For IEP = High, the following parameters were used:

less than 75% of the total length of the maxillary cen-

tral incisors displayed; incisal edges of the maxillary

central incisors not covered by the upper lip. For

IEP = Low, the following parameter was used: gingival

zeniths of the maxillary central incisors not covered by

the upper lip (Fig. 2). The images were randomly

assigned alphabetical designations, and 4 9 6 inch

glossy prints were made for each.

Evaluation

Four groups of 50 evaluators each were recruited

according to age: 15–24; 25–39; 40–54; 55+. Some

evaluators included first- or second-year dental stu-

dents, having not yet received formal dental aes-

thetic training. The remaining evaluators were

laypersons recruited from the waiting room and

other public areas at the School of Dentistry. The

4 9 6 inch prints were randomly arranged, and the

evaluators were asked to evaluate the attractiveness

of each image on a 10-point VAS, with 10 being

‘Very Attractive’, 5 being ‘Somewhat Attractive’ and

0 being ‘Not Attractive’.

Statistical analysis

The data were analysed using statistical software (SAS

version 9.4††). The VAS scores were treated as a con-

tinuous value. A repeated-measures three-factorial

mixed model was used to assess the contribution of

SI, IEP and age of the evaluator on attractiveness rat-

ing (a = 0�05). If a statistically significant difference

was found, pairwise comparison of means was per-

formed with the Tukey’s HSD test.

Results

The interactions between SI and IEP; evaluator age

and SI; evaluator age and IEP were statistically signifi-

cant (P < 0�01 for all). The significance of sex was

tested in the model, and as it was not significant, it

was excluded from further analysis. Descriptively,

Fig. 2. Digitally manipulated

images used for assessment. The 12

images varied in Smile Index (SI) at

four increments, and incisal edge

position (IEP) at three increments.

**Adobe Systems, San Jose, CA, USA. ††SAS Institute, Cary, NC, USA.
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more females than males participated overall (56%

versus 44%, respectively) and for most age groups.

The only exception is the 25–39 age group, where

44% were female (Table 1).

Effect of smile index and incisal edge position

With all age groups combined, SI = 7�2/
IEP = Medium yielded the highest attractiveness rat-

ing (7�22) overall (Table 2). The next most attractive

combinations were SI = 9�0/IEP = Medium and

SI = 5�3/IEP = Medium (6�53 and 6�48, respectively,

no significant difference between these 2, Table 2).

The least attractive smile image was SI = 3�5/
IEP = High (1�99), followed by SI = 3�5/IEP = Low

(2�58, Table 2). Within each SI, the scores of the

IEP = Medium images were more attractive than

either the IEP = High or IEP = Low images (Table 2).

Evaluator age and smile index

All age groups found SI = 3�5 to be least attractive,

when all IEP groups were combined (Table 3, Fig. 3).

Few significant differences were found between age

groups with respect to SI (Table 3, Fig. 3). However,

within the IEP = Medium groups, significant age-

related differences were found. Within IEP = Medium,

all age groups rated SI = 3�5 and 9�0 similarly, but the

15–24 age group found the SI = 5�3 and SI = 7�2
images significantly more attractive than 55+ age

group (Table 4).

Evaluator age and incisal edge position

All age groups found IEP = Medium to be most attrac-

tive. The IEP = High and IEP = Low images were

rated similarly for all age groups except for 55+, who

rated IEP = High less favourably than IEP = Low

(Table 5).

Discussion

Recently, OVD was found to affect the positions of

the lips during smile (19). With an increase in OVD,

the position of the upper lip and the intercommissural

width stay the same while the lower lip moves down-

wards, leading to a lower SI (19). Therefore, it may

be important to understand the aesthetic effects of SI,

as it is a factor that may be under the control of the

clinician (19).

To the authors’ knowledge, the present study was

the first to evaluate the aesthetic effects of SI in con-

trolled increments. Within the range and increments

studied, SI = 7�2/IEP = Medium was found to be most

attractive, followed by SI = 5�3/IEP = Medium and

SI = 9�0/IEP = Medium (no significant difference

between these two groups, Table 2).

Smile index

Comparing smiles of female orthodontically treated

patients with female magazine models, Murakami

et al. (22) found an average smile index of 7�0 � 1�26

Table 1. Evaluator characteristics by gender and age

Gender

Female Male

Participants Percentage Participants Percentage

Total

(n = 200)

111 56 89 44

Age (years)

15–24 34 68 16 32

25–39 22 44 28 56

40–54 27 54 23 46

55+ 28 56 22 44

Smile index (SI)

3�5 5�3 7�2 9�0
Mean (s.e.) Mean (s.e.) Mean (s.e.) Mean (s.e.)

Incisal edge position (IEP)

High 1�99 (0�13) 2�99 (0�137)a 3�83 (0�13)Ab 3�44 (0�13)Bab
Medium 4�95 (0�13) 6�48 (0�13)c 7�22 (0�13) 6�53 (0�13)c
Low 2�58 (0�13) 3�59 (0�13)d 3�64 (0�13)Ad 3�80 (0�13)Bd

The same capital letter in a column denotes no statistical difference. The same lower-case letter

in a row denotes no statistical difference (Tukey’s HSD test, P > 0�05).

Table 2. Average ratings for inter-

actions of incisal edge position (IEP)

with smile index (SI)

© 2016 John Wiley & Sons Ltd
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for models, compared to an average SI of 5�37 � 1�18
for patients. In another study that looked at

orthodontically treated patients, aged 12–20 years,

Schabel et al. (23) found an average SI of 6�3 � 2�4
for ‘most attractive’ smiles compared with SI of

4�5 � 1�0 for ‘least attractive’ smiles. Looking at smile

photographs of winners of Time magazine’s 100 most

influential people, Orce-Romero et al. (24) found an

average SI of 8�04 � 4�10 for male and 6�23 � 1�66

for female ‘most influential’ people. Grover et al. (21)

studied dental students with horizontal, vertical and

average growth patterns, determined from cephalo-

metric analysis. In males, average growth individuals

had SI of 7�16 � 1�50, whereas individuals with hori-

zontal and vertical growth patterns had SI of

9�47 � 1�38 and 5�49 � 1�97, respectively. In females,

average growth individuals had SI of 7�86 � 0�88,
whereas individuals with horizontal and vertical

growth patterns had SI of 8�93 � 1�62 and

5�90 � 0�92, respectively. The present study corrobo-

rates these findings, suggesting SI = 7�2 to be most

attractive. This study’s results contradict previous

statements that a low SI (3�4) is ideal because it is

more youthful (25).

A study by Desai et al. (16) found SI to increase

with age. SI was found to increase from 5�63 � 1�67
in the 15–19 age group to 8�05 � 3�98 in the 50 and

over age group. According to the authors, three fac-

tors were most important in this change. First, the

length of the upper lip at rest becomes longer. Sec-

ond, the change in upper lip length from rest to smile

decreases. This was thought to be associated with a

Table 3. Average ratings for interactions of evaluator age with

smile index (SI)

Smile index (SI)

3�5 5�3 7�2 9�0
Mean (s.e.) Mean (s.e.) Mean (s.e.) Mean (s.e.)

Age group

15–24 2�85 (0�19) 4�26 (0�19)a 5�16 (0�19) 4�46 (0�19)a
25–39 2�54 (0�19) 3�87 (0�19)b 4�59 (0�19)c 4�36 (0�19)bc
40–54 3�78 (0�19) 4�79 (0�19)d 5�06 (0�19)d 4�55 (0�19)d
55+ 3�53 (0�19) 4�49 (0�19)e 4�78 (0�19)e 5�01 (0�19)e

The same lower-case letter in a row denotes no statistical differ-

ence (Tukey’s HSD test, P > 0�05).

Fig. 3. Attractiveness ratings in the

four age groups. All age groups

found SI = 3�5 to be least attractive

(P < 0�05 for all). The 15–24 age

group found SI = 7�2 to be more

attractive than all other SI groups

(P < 0�05). All age groups found

IEP = Medium to be more attractive

than either IEP = High or IEP = Low

(P < 0�05 for all).
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decrease in muscle tonicity. Lastly, the intercommis-

sural width at rest increases with age. The combina-

tion of these factors leads to a smile that is narrower

vertically and wider transversely (16). The present

study found SI = 3�5 to be least attractive for all IEP

variations studied (Table 2). Although a low smile

index may appear to be youthful, SI below 5�3 may

appear unnatural, as it is below a teenager’s average

SI (16).

Incisal edge position

When comparing groups with IEP = Medium, the

SI = 3�5/IEP = Medium image was significantly less

attractive than the other three images. Because the

IEP was placed ideally relative to the upper lip in all

four images, the major difference was display of the

mandibular arch. The SI = 3�5/IEP = medium group

displayed close to the total length of the mandibular

incisors. This yielded an average score of 4�95 on the

VAS (5 being ‘somewhat attractive’), compared to

7�22 in the SI = 7�2/IEP = Medium group. The least

attractive image in this study was SI = 3�5/IEP = High,

which displayed not only the full length of the

mandibular teeth, but mandibular gingiva as well.

Display of mandibular incisors at smile is a factor that

is seldom discussed in the literature (13, 14). The

results of the present study suggest that excessive dis-

play of the mandibular arch during smile may be an

aesthetic compromise and should be avoided if

possible.

The IEP = Medium images were significantly more

attractive than either IEP = High or IEP = Low. These

findings agree with previous studies (4, 5, 14). For

the SI = 7�2 and SI = 9�0 images, no significant

differences were found between high and low IEP,

indicating either too much or too little gingival expo-

sure as being similarly unaesthetic. For the SI = 3�5
and SI = 5�3 images, high IEP scored significantly

lower than low IEP, indicating that excessive display

of the mandibular arch (showing mandibular gingiva

or mucosa) as being less attractive than excessive dis-

play of maxillary gingival tissue.

Evaluator age

In the literature, age-related differences have been

inconclusive, with some studies finding younger age

groups to be more critical (6), and others finding no

differences between age groups (14). The present

study found several age-related differences. Younger

age groups tended to have a more pronounced prefer-

ence towards SI = 7�2 (Tables 3 and 4, Fig. 3). Older

evaluators tended not to rate SI = 7�2 or 5�3 as

favourably as younger evaluators did (Table 4). For

example, SI = 7�2/IEP = Medium was rated at 8�12 in

the 15–24 age group, whereas it was rated at only

6�27 in the 55+ age group (Table 4). Similar to find-

ings in preferences in SI, younger age groups tended

to rate IEP = Medium higher than either IEP = High

Table 5. Average ratings of interactions of evaluator age with

incisal edge position (IEP)

Incisal edge position (IEP)

High Medium Low

Mean (s.e.) Mean (s.e.) Mean (s.e.)

Age group

15–24 2�67 (0�18)a 6�82 (0�18) 3�05 (0�18)a
25–39 2�54 (0�18)b 6�18 (0�18) 2�79 (0�18)b
40–54 3�7 (0�18)c 6�35 (0�18) 3�59 (0�18)c
55+ 3�35 (0�18) 5�83 (0�18) 4�18 (0�18)

The same lower-case letter in a row denotes no statistical differ-

ence (Tukey’s HSD test, P > 0�05).

Smile index (SI)

3�5 5�3 7�2 9�0
Mean (s.e.) Mean (s.e.) Mean (s.e.) Mean (s.e.)

Age group

15–24 4�54 (0�26)A 7�40 (0�26)B 8�12 (0�26)E 7�23 (0�26)H
25–39 4�44 (0�26)A 6�02 (0�26)BCD 7�67 (0�26)EFG 6�58 (0�26)H
40–54 5�57 (0�26)A 6�86 (0�26)BCD 6�80 (0�26)EFG 6�19 (0�26)H
55+ 5�26 (0�26)A 5�64 (0�26)D 6�27 (0�26)G 6�13 (0�26)H

The same capital letter in a column denotes no statistical difference (Tukey’s HSD test,

P > 0�05).

Table 4. Average ratings for inter-

actions of evaluator age and smile

index (SI) for incisal edge position

(IEP) = Medium only
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or IEP = Low, whereas older evaluators tended to

have less preference (no significance between high,

medium or low in the 55+ age group). In clinical

practice, these results may suggest that younger

patients are far more critical in evaluating differences

in both SI and IEP, whereas older patients may have

a less pronounced preference.

One possible reason for younger evaluators having

a pronounced preference towards SI = 7�2 may be

that the younger persons have an average SI close to

this range (16, 19). Older persons have a higher aver-

age SI [i.e. SI = 8�05 (16)] and may not associate

more ‘youthful’ appearing SI to be more ‘attractive’.

Another possible reason may be that older persons

have impaired vision and may not perceive slight dif-

ferences as strongly as younger persons (6).

Research design and recommendations for future studies

In this study, one male participant served as a model

for creating the computer-generated images. This

model’s smile had the following attributes: high

smile index; no missing teeth; no spaces between

teeth; no tooth discoloration; no gingival recession;

small buccal corridors; consonant smile arc; medium

lip line; upwards curving upper lip. In particular,

high smile index was especially important in this

study, because the range of SI was accomplished by

increasing the OVD (Fig. 1). Increasing the OVD only

lowers the SI, so a higher SI could not have been

attained if the model had presented with a medium

SI. Additionally, the model presents with a slight

midline deviation in the lower arch. This slight

imperfection was thought to be acceptable, or desir-

able, as the majority of individuals 15–50 years in

the United States have been found to have some

incisor irregularity, with only 17% of individuals

having no incisor irregularity (26). The sex of the

participant may have played a role in the optimal SI

range found because of several factors: (i) differences

in population SI averages; (ii) differences in size of

teeth; (iii) size and shape of lips; (iv) facial attri-

butes. As the images used included part of the nose,

the appearance of the nose and part of the chin may

have also played a role in the determination of

attractiveness. Future studies may be necessary to

assess differences in sex, age, race, size of teeth, size

of arch, etc., in relationship to varying SI.

The range of SI chosen for the present study was based

on two factors. First, the model naturally presented with

an SI close to this range following manipulation of occlu-

sal vertical dimension. Therefore, this range allowed for

the least amount of image manipulation. Secondly, the

mid-point, upper limit and lower limit were based on

three previous studies: Schabel et al. (23), which found

average SI of 6�3 � 2�4 for ‘most attractive’ smiles;

Desai et al. (16), which found an average SI of

8�05 � 3�98 in the 50 and over age group; Chou et al.

(19), which found an average SI of 4�38 � 1�29 in the

+8 mm OVD group, respectively. The range of SI cho-

sen in the present study, 3�5–9�0, was thought to

encompass most SI found in the literature.

Currently, most studies focusing on specific dental

and facial attributes have utilised two-dimensional

imaging (4–6, 11).The present study also used two-

dimensional imaging. This allowed for comparison

with previous studies and a more simplified process

for the generation of computer-modified images. As

three-dimensional stereophotogrammetrical camera

set-ups gain popularity (27), future studies may re-

evaluate currently accepted standards, such as the

aesthetic implications of midline deviation, buccal

corridor, smile index, using three-dimensional

methodology.

Conclusions

Smile index of about 7�2 with medium incisal edge

position was found to be most attractive. Smile

index of 3�5 with high or low incisal edge position

was found to be least attractive. Younger evaluators

were more critical than older evaluators. In full-

mouth reconstruction and orthodontic treatment,

smile index and incisal edge position should both

be taken into consideration to achieve optimal aes-

thetics.

Disclosure

The authors declare no conflict of interest.

Funding

This study was funded by departmental and student

research funds from the University of Louisville

School of Dentistry.

© 2016 John Wiley & Sons Ltd

SM I L E I N D E X AND I N C I S A L E D G E P O S I T I O N 861



References

1. Garber DA, Salama MA. The aesthetic smile: diagnosis and

treatment. Periodontol 2000. 1996;11:18–28.

2. Lombardi RE. The principles of visual perception and their

clinical application to denture esthetics. J Prosthet Dent.

1973;29:358–382.

3. Eli I, Bar-Tal Y, Kostovetzki I. At first glance: social meanings

of dental appearance. J Public Health Dent. 2001;61:150–154.

4. Kokich VO Jr, Kiyak HA, Shapiro PA. Comparing the per-

ception of dentists and lay people to altered dental esthetics.

J Esthet Dent. 1999;11:311–324.

5. Ker AJ, Chan R, Fields HW, Beck M, Rosenstiel S. Esthetics

and smile characteristics from the Layperson’s perspective. J

Am Dent Assoc. 2008;139:1318–1327.

6. Pithon MM, Bastos GW, Miranda NS, Sampaio T, Ribeiro

TP, Nascimento LE et al. Esthetic perception of black spaces

between maxillary central incisors by different age groups.

Am J Orthod Dentofacial Orthop. 2013;143:371–375.

7. Krishnan V, Daniel ST, Lazar D, Asok A. Characterization of

posed smile by using visual analog scale, smile arc, buccal

corridor measures, and modified smile index. Am J Orthod

Dentofacial Orthop. 2008;133:515–523.

8. Akyalcin S, Frels LK, English JD, Laman S. Analysis of smile

esthetics in American Board of Orthodontic patients. Angle

Orthod. 2014;84:486–491.

9. Jornung J, Fardal O. Perceptions of patients’ smiles: a com-

parison of patients’ and dentists’ opinions. J Am Dent Assoc.

2007;138:1544–1553.

10. McNamara L, McNamara JA Jr, Ackerman MB, Baccetti T.

Hard- and soft-tissue contributions to the esthetics of the

posed smile in growing patients seeking orthodontic treat-

ment. Am J Orthod Dentofacial Orthop. 2008;133:491–499.

11. Kokich VO, Kokich VG, Kiyak HA. Perceptions of dental

professionals and laypersons to altered dental esthetics:

asymmetric and symmetric situations. Am J Orthod Dento-

facial Orthop. 2006;130:141–151.

12. Musskopf ML, Rocha JM, Rosing CK. Perception of smile

esthetics varies between patients and dental professionals

when recession defects are present. Braz Dent J.

2013;24:385–390.

13. Vig RG, Brundo GC. The kinetics of anterior tooth display. J

Prosthet Dent. 1978;39:502–504.

14. Geron S, Atalia W. Influence of sex on the perception of

oral and smile esthetics with different gingival display and

incisal plane inclination. Angle Orthod. 2005;75:778–784.

15. Tjan AH, Miller GD, The JG. Some esthetic factors in a

smile. J Prosthet Dent. 1984;51:24–28.

16. Desai S, Upadhyay M, Nanda R. Dynamic smile analysis: changes

with age. Am J Orthod Dentofacial Orthop. 2009;136:310.

17. Chetan P, Tandon P, Singh GK, Nagar A, Prasad V, Chugh

VK. Dynamics of a smile in different age groups. Angle

Orthod. 2013;83:90–96.

18. Van der Geld P, Oosterveld P, Kuijpers-Jagtman AM. Age-

related changes of the dental aesthetic zone at rest and dur-

ing spontaneous smiling and speech. Eur J Orthod.

2008;30:366–373.

19. Chou JC, Thompson GA, Aggarwal HA, Bosio JA, Irelan JP.

Effect of occlusal vertical dimension on lip positions at

smile. J Prosthet Dent. 2014;112:533–539.

20. Ackerman MB, Ackerman JL. Smile analysis and design in

the digital era. J Clin Orthod. 2002;36:221–236.

21. Grover N, Kapoor DN, Verma S, Bharadwaj P. Smile analy-

sis in different facial patterns and its correlation with under-

lying hard tissues. Prog Orthod. 2015;16:28.

22. Murakami Y, Deguchi T, Kageyama T, Miyazawa H, Foong

KWC. Assessment of the esthetic smile in young Japanese

women. Orthod Waves. 2008;67:104–112.

23. Schabel BJ, Franchi L, Baccetti T, McNamara JA Jr. Subjec-

tive vs objective evaluations of smile esthetics. Am J Orthod

Dentofacial Orthop. 2009;135:72–79.

24. Orce-Romero A, Iglesias-Linares A, Cantillo-Galindo M,

Yanez-Vico RM, Mendoza-Mendoza A, Solano-Reina E. Do

the smiles of the world’s most influential individuals have

common parameters? J Oral Rehabil. 2013;40:159–170.

25. Crawford RW, Tredwin C, Moles D, Gill D. Smile esthetics:

the influence of posterior maxillary gingival margin posi-

tion. J Prosthodont. 2012;21:270–278.

26. Buschang PH, Schulman JD. Incisor crowding in untreated

persons 15–50 years of age: United States, 1988–1994.

Angle Orthod. 2003;73:502–508.

27. Wagenmakers MA, Roerink SH, Maal TJ, Pelleboer RH, Smit

JW, Hermus AR et al. Three-dimensional facial analysis in

acromegaly: a novel tool to qualify craniofacial characteris-

tics after long-term remission. Pituitary. 2015;18:126–134.

Correspondence: Jang-Ching Chou, Department of Oral Health and

Rehabilitation, University of Louisville School of Dentistry, Rm 312,

501 South Preston Street, Louisville, KY 40292, USA.

E-mail: john.chou.dds@gmail.com

© 2016 John Wiley & Sons Ltd

J . - C . C H O U et al.862


