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Impact of dental asymmetries on the
perception of smile esthetics
Sérgio Pinho,a Carolina Ciriaco,b Jorge Faber,a and Marcos A. Lenzac

Brasília, DF, and Goiás, Brazil

Introduction: The purpose of this study was to evaluate the impact of anterior tooth asymmetries on the
perception of smile esthetics. Methods: Three pleasant female smiles were digitally altered to simulate
several degrees of asymmetry of the gingival margin of a maxillary central incisor, wear of a maxillary canine
cusp, and a dental midline shift. Three groups of 50 raters—laypersons, orthodontists, and prosthodontists—
evaluated the original and the altered images and used a visual analog scale to score smile esthetics.
Results: The threshold of the orthodontists and the prosthodontists for asymmetry of the gingival margin of
a maxillary central incisor was 0.5 mm; the threshold for laypersons, who were less perceptive, was 2.0 mm.
Wear of a maxillary canine cusp had no esthetic impact for any group of raters. Midline shifts became
perceptible when equal to or greater than 1.0 mm for orthodontists and 3.0 mm for prosthodontists;
laypersons saw no alteration. Conclusions: Laypersons, orthodontists, and prosthodontists have different
perceptions of attractiveness when evaluating gingival margin height of a maxillary central incisor and a
dental midline shift. These findings might help dental specialists to consider the patient’s esthetic

expectations when planning treatment. (Am J Orthod Dentofacial Orthop 2007;132:748-53)
Many esthetic concepts about the face and the
smile are based on authors’ opinions1-6

rather than on sound scientific methods. This
might be explained by the difficulty to qualify and
quantify beauty and the close association between
esthetics and the fine arts, which questions the validity
of measuring beauty. However, the measurement of
what is beautiful or the perception of beauty in dentistry
is fundamental for providing scientific data that can
guide diagnosis and treatment planning.

Physical attractiveness and social interaction are
complex issues, and the role of the dentist or the
orthodontist is to help patients to make decisions based
on treatment needs.7 The patient’s self-image plays an
essential role in clinical treatment decisions and in the
dentist’s esthetic judgment.7,8 Also, a patient’s anxiety
about malocclusion is affected not only by his or her
own perceptions, but also by the reactions of other
people. Therefore, what is beautiful and attractive for
the orthodontist might not be what the patient under-
stands as a beautiful, attractive, and satisfactory clinical
result.
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Several studies about esthetic perceptions found
that dentists, particularly orthodontists, are less tolerant
than the general public for some dental conditions.9-13

Some dentists might, therefore, overestimate the need
for orthodontic treatment.9

Although some studies suggest that repetitive visual
training is all that is necessary to prepare dental
specialists to understand esthetics,3,6 esthetic problems
should be the focus of methodologically sound stud-
ies. Several authors evaluated the esthetic perception
of various malocclusions,9,13-18 but little information
is available about the perception of the effect of
dental asymmetries on smile esthetics. Moreover,
orthodontists often treat patients whose dental mor-
phology and periodontal health are not ideal; adult
patients usually have worn teeth, dental midline
shifts, unequal gingival margins, and other problems
that can affect dental esthetics after the removal of
the orthodontic appliances.19

The purpose of this study was to evaluate the
perceptions of laypersons, orthodontists, and prosth-
odontists on the impact of anterior tooth asymmetry on
smile esthetics.

MATERIAL AND METHODS

This study was approved by the Internal Review
Board of the University of Goiás.

Three pleasant smiles of young white women were
digitally altered by using Photo-Paint software (version

10.0; Corel, Ottawa, Canada) and a personal computer.
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The changes made to the original images were gingival
margin height of the maxillary central incisor,20-22 wear of
the maxillary canine cusp,19,20,23 and a midline shift.
Several studies suggest various treatments for gingival
asymmetries and dental wear, but little was found about
the measurement of the esthetic perception of these
changes. A midline shift was included in the study
because of its clinical importance to orthodontists.

To standardize size and resolution changes, a mil-
limeter ruler was placed away from the field to be
evaluated. After the changes were made, the nose, the
chin, and the ruler were erased to reduce the number of
variables on the images. In the pictures with dental
midline shifts, however, part of the nose was kept to
help evaluation of the facial midline.

Four or 5 progressive deviations from the original
photographs were made for each characteristic under
study; this generated 13 digitally altered photographs.
Together with the 3 original images, 16 photographs
were evaluated (Figs 1-3).

The length of the clinical crown of the maxillary
right central incisor was shortened in 0.5-mm incre-
ments by changing the free gingival margin. The
changes are shown in Figure 1.

The maxillary left canine underwent progressive
cusp wear in 0.5-mm increments. The changes made to

Fig 1. Shortening of gingival margin of max
indicate the amount of shortening of the gingi
the original photographs are shown in Figure 2.
The maxillary dental midline was shifted toward
the patient’s right in 0.5-mm increments, and the
mandibular dental midline was shifted to the pa-
tient’s left also in 0.5-mm increments, for a 1.0-mm
change in each altered image. In this group, the
adjacent soft tissue was kept intact. These changes
are shown in Figure 3.

Color photographic quality prints were obtained
and randomly grouped in a smile album.

Fifty orthodontists, 50 prosthodontists, and 50 lay-
persons—senior students in law (n � 20), business
administration (n � 15), and tourism (n � 15)—rated
the photographs.

The dental specialists were randomly selected
from the list of the Regional Council of Dentistry,
and the students were from 2 universities in Brasília,
Brazil.

Each rater received the smile album and an
evaluation sheet with a 100-mm visual analog scale,
as in previous studies.13,15,16,24,25 Each rater had 20
minutes to complete the evaluation sheet. The
straight lines on the left-most position indicated
“very unattractive” and, on the right-most position,
“very attractive.” The raters were told not to compare
smiles in the album. The evaluation sheet was filled

ight central incisor. Numbers in each panel
rgin in milimeters.
illary r
out in the presence of at least 1 author.
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The scores were measured by 1 researcher (S.P.)
with a digital caliper (code 500-784; Mitutoyo, Suzano,
Brazil) positioned on the left-most point of each line
and opened to the mark made by the rater. All values
obtained in millimeters were registered as scores.

Statistical analysis

Statistical analysis software (version 8.1; SAS,
Cary, NC) was used for the statistical analysis of
data. An outlier case in the prosthodontist group was
excluded from analysis. Descriptive statistics were
reported as means and standard deviations. Repeated
measures analysis of variance (ANOVA) was used
for the statistical analysis of each type of alteration.
The hypothesis that there was no difference between
the various digitally altered smiles for each group of
raters was tested, and, when necessary, Newman-
Keuls multiple comparisons were conducted as post-
hoc analyses. The level of significance, adjusted by
the Bonferroni correction, was established at 1%.

Measurement error was calculated by the formula

��d2

2n , where d is the difference between 2 measure-
ments made by the same observer within a 2-week
interval, and n is the size of the sample. Fifteen percent
of the answers were randomly selected for this evalu-

Fig 2. Wear of the maxillary left canine cusp. N
of the canine in milimeters.
ation. Error was 0.09 mm.
RESULTS

The original smile and those with deviations of the
maxillary central incisor gingival margin were different
for orthodontists (F5,294 � 29.46; P �.0001), prosth-
odontists (F5,288� 38.6; P �.0001), and laypersons
(F5,294 � 9.44; P �.0001). Orthodontists and prosth-
odontists gave esthetic scores significantly lower for
changes equal to or greater than 0.5 mm. Laypersons
were less sensitive to changes in gingival margin and
perceived only changes that were equal to or greater
than 2.0 mm. Means, standard deviations, and the
results of the Newman-Keuls test are shown in Table I.

The original smile and those with various levels of
maxillary canine cusp wear were not different for
orthodontists (F4,245 � 1.68; P � .15), prosthodontists
(F4,240 � 1.83; P � .12), and laypersons (F4,245 � 0.49;
P � .74). None of the raters perceived the change in the
maxillary canine cusp. Mean values and standard devi-
ations are shown in Table II.

The original smile and those with various midline
shifts were different for orthodontists (F4,245 � 19.00;
P �.0001), prosthodontists (F4,240 � 16.15; P �.0001),
and laypersons (F4,245 � 2.08; P � .0842). The
orthodontists were more sensitive to midline shifts and
rated changes equal to or greater than 1.0 mm as less

s in each panel indicate the amount of wearing
umber
esthetically pleasing. The prosthodontists perceived



Fig 3. Midline shift. Numbers in each panel indicate

*Smiles with the same letter did not differ from each other.

2.0 47.0 18.1 48.5 20.4 49.4 19.4
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only changes that were equal to or greater than 3.0 mm,
and the laypersons noticed no changes. Means, standard
deviations, and the Newman-Keuls test results are
shown in Table III.

DISCUSSION

Although the horizontal continuity of the gingival
contour, teeth, and upper lip has been considered
essential for esthetics,21 asymmetries of up to 1.5 mm

the amount of midline shifting in milimeters.

axillary right central incisor

rosthodontists Laypersons

SD Newman-Keuls* Mean SD Newman-Keuls*

7.7 A 41.5 21.1 A
7.2 B 40.2 21.0 A
7.8 C 36.4 17.8 A
9.4 CD 34.0 19.7 A
7.6 D 26.0 16.8 B
8.0 D 20.9 15.2 B
Table I. Statistical values for altered gingival margin of a m

Altered gingival
margin (mm)

Orthodontists P

Mean SD Newman-Keuls* Mean

0 64.9 20.9 A 65.5 1
0.5 44.7 18.9 B 47.3 1
1.0 40.8 20.2 B 33.8 1
1.5 30.1 18.5 C 30.1 1
2.0 28.7 20.4 C 25.1 1
2.5 24.3 17.2 C 24.4 1
Table II. Statistical values for wear of maxillary left
canine cusp

Canine
cusp wear
(mm)

Orthodontists Prosthodontists Laypersons

Mean SD Mean SD Mean SD

0 54.6 18.4 56.6 18.5 48.5 17.2
0.5 54.5 18.4 53.5 18.9 51.2 17.6
1.0 51.5 20.6 57.6 19.8 52.8 20.6
1.5 48.1 20.4 51.2 20.0 52.3 18.2
in the free gingival margin of the maxillary central
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incisors seemed to be acceptable and not perceived by
the laypersons who participated in this study. Our
results suggest that some therapeutic approaches to correct
asymmetries of gingival margins of the maxillary central
incisors between 0.5 and 1.5 mm, such as periodontal
surgeries20-22 or orthodontic tooth movement comple-
mented by composite restorations,19,20,23,26 might reflect
an exaggerated concern by dental specialists rather than an
esthetic need. However, such procedures might be justi-
fiable when fully discussed with the patient because the
treatment should respect the patient’s self-image and
wishes.

When asymmetry of the gingival margin of a
maxillary central incisor is equal to or greater than 2.0
mm, various approaches can be adopted. Despite the
development of periodontal plastic surgery,19-22 orth-
odontic treatment combined with restorative procedures
might obtain better esthetic results than restorative proce-
dures alone or other esthetic dental procedures.27 A
benefit of orthodontic tooth movement is that the
supporting tissues—bony structure, periodontal liga-
ment, and soft-tissue components—move along with
the teeth.21,27-29 Therefore, any intrusive or extrusive
tooth movement can be used to obtain gingival margin
symmetry without surgery.19,20,21,23,26-28

No studies about the esthetic impact of wear of a
maxillary canine cusp were found in the literature. No
group of raters in our study detected this type of smile
asymmetry when evaluating the frontal photographs.
However, this discrepancy might be perceivable on
profile and oblique photographs, in which the canine
tends to gain relative esthetic importance.

The reestablishment of the natural anatomy of a
worn maxillary canine cusp might be associated with
basic mandibular movements. It has been suggested
that patients with canine guidance have a more adjusted
masticatory model, and that the activity of the anterior
temporal muscle is reduced during the laterotrusive
movement.30 However, all laterotrusive contacts could
be obtained by means of group function. Recent studies

Table III. Statistical values for dental midline shifts

Midline shift
(mm)

Orthodontists

Mean SD Newman-Keuls* Mean

0 63.7 22.7 A 68.8
1.0 59.8 19.8 B 64.5
2.0 51.5 24.9 B 64.8
3.0 38.0 18.2 C 48.8
4.0 33.9 20.2 C 41.4

*Smiles with the same letter did not differ from each other.
indicate that group disclusion causes less electromyo-
graphic activity of the anterior temporal muscle when
the mandible is in the resting position.31

The orthodontists were less tolerant in their evalu-
ation of dental midline discrepancy and rated 1.0-mm
shifts as less attractive. In contrast to our findings,
another study reported that orthodontists classified smiles
as least attractive only when midline shifts reached 4.0
mm.13 Our results were closer to findings that a dental
midline shift of 2.0 mm was perceived by 83% of the
orthodontists.12

The lack of perception of dental midline asymme-
tries by laypersons in our study was similar to findings
in other studies.13 It has been suggested that midline
shifts greater than 2.0 mm are perceived by most
people, and that orthodontists and general dentists are
the least tolerant to this esthetic discrepancy.11 One
study found that 56% of laypersons noticed 2.0-mm
midline shifts.12

These discrepant results might be explained by
differences in the methodologies used for the digital
manipulation of photographs, by different data collec-
tion instruments or different statistical tests, or different
sociocultural aspects.

Midline asymmetries receive special attention in
orthodontic diagnosis and treatment planning11 because
orthodontists often treat patients with dental or facial
midline asymmetries.32 Coincident midlines are an
important component of functional occlusion and can
be used as a clinical guide to establish ideal intercus-
pation.

Although our results show that dental midline shifts
less than 4.0 mm have no impact on the esthetic
perceptions of laypersons, greater discrepancies might
have other implications. Midline asymmetries are asso-
ciated with posterior occlusion, and, when malocclu-
sion is corrected, midlines usually become coinci-
dent.33

Esthetic principles should be studied to provide
measurements that the dentist can use to create or
imitate a smile that is pleasing and satisfactory to the

osthodontists Laypersons

D Newman-Keuls* Mean SD Newman-Keuls*

.6 A 54.1 21.2 A

.2 A 53.4 17.9 A

.4 A 54.5 18.5 A

.4 B 46.9 19.5 A

.2 B 46.8 19.7 A
Pr

S

15
16
21
23
25
patient. Dental specialists need more objective and
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quantitative data to guide their decisions accurately and
to promote better communication with patients when
planning treatment that responds to the patient’s needs.

Dental specialists seem to be less tolerant in their
evaluations, and these differences in perception should
be discussed with the patient when planning the treat-
ment. The patient can be helped to see the importance
of symmetry in the harmony and balance of the
dentofacial complex and, at the same time, understand
that the visual perception of some dental deviations by
laypersons is different from that of the dental specialist.
Patients thus can form their own understanding of the
esthetic meaning of discrepancies.

Perceptions of smile esthetics by using oblique or
profile photographs and dynamic visualizations should
be studied further.

CONCLUSIONS

1. Orthodontists, prosthodontists, and laypersons had
different perceptions of smile esthetics when eval-
uating smiles with deviations in gingival margin
height of a maxillary central incisor and dental
midline shifts.

2. Orthodontists and prosthodontists classified smiles
as least attractive when asymmetries of the gingival
margin of a maxillary central incisor were equal to
or greater than 0.5 mm; for laypersons, this thresh-
old was 2.0 mm.

3. The wear of a canine cusp had no esthetic impact
for any group of raters.

4. Midline shifts were perceived at 1.0 mm by orth-
odontists and 3.0 mm by prosthodontists; layper-
sons did not notice midline shifts.

REFERENCES

1. Lombardi RE. The principles of visual perception and their
clinical application to denture esthetics. J Prosthet Dent 1973;
29:358-82.

2. Tjan AHL, Miller GD, The JGP. Some esthetic factors in a smile.
J Prosthet Dent 1984;51:24-8.

3. Rufenacht C. Fundamentals of esthetics. Chicago: Quintessence;
1990.

4. Valo TS. Anterior esthetics and the visual arts: beauty, elements
of composition, and their clinical application to dentistry. Curr
Opin Cosmet Dent 1995;24-32.

5. Peck S, Peck L. Selected aspects of the art and science of facial
esthetics. Semin Orthod 1995;1:105-26.

6. Rufenacht CR. Princípios da integração estética. São Paulo:
Editora Quintessence; 2003.

7. Shaw WC. Factors influencing the desire for orthodontic treat-
ment. Eur J Orthod 1981;3:151-62.

8. Espeland LV, Stenvik A. Perception of personal dental appearance
in young adults: relationship between occlusion, awareness, and
satisfaction. Am J Orthod Dentofacial Orthop 1991;100:234-41.

9. Shaw WC, Lewis HG, Robertson NRE. Perception of malocclu-

sion. Br Dent J 1975;138:211-6.
10. Prahl-Andersen B, Boersma H, van der Linden FPGM, Moore AW.
Perceptions of dentofacial morphology by laypersons, general den-
tists, and orthodontists. J Am Dent Assoc 1979;98:209-12.

11. Beyer JW, Lindauer SJ. Evaluation of dental midline position.
Semin Orthod 1998;4:146-52.

12. Johnston CD, Burden DJ, Stevenson MR. The influence of dental
to facial midline discrepancies on dental attractiveness ratings.
Eur J Orthod 1999;21:517-22.

13. Kokich VO Jr, Kiyak HA, Shapiro PA. Comparing the percep-
tion of dentists and lay people to altered dental esthetics. J Esthet
Dent 1999;11:311-24.

14. Lucker GW, Graber LW. Perceptions of dental attractiveness and
friend selection in schoolchildren. Am J Orthod 1978;74:686-7.

15. Shaw WC. The influence of children’s dentofacial appearance on
their social attractiveness as judged by peers and lay adults. Am J
Orthod 1981;79:399-415.

16. Kerosuo H, Hausen H, Laine T, Shaw WC. The influence of
incisal malocclusion on the social attractiveness of young adults
in Finland. Eur J Orthod 1995;17:505-12.

17. Feng XP, Newton JT, Robinson PG. The impact of dental appear-
ance on perceptions of personal characteristics among Chinese
people in the United Kingdom. Int Dent J 2001;51:282-6.

18. Eli I, Bar-Tal Y, Kostovetzki I. At first glance: social meanings
of dental appearance. J Public Health Dent 2001;61:150-4.

19. Kokich VG. Esthetics: the orthodontic-periodontic restorative
connection. Semin Orthod 1996;2:21-30.

20. Kokich VG. Esthetics and anterior tooth position: an orthodontic
perspective. Part I: crown length. J Esthet Dent 1993;5:19-23.

21. Garber DA, Salama MA. The aesthetic smile: diagnosis and
treatment. Periodontol 2000 1996;11:18-28.

22. Sarver DM, Yanosky M. Principles of cosmetic dentistry in orth-
odontics: part 2. Soft tissue laser technology and cosmetic gingival
contouring. Am J Orthod Dentofacial Orthop 2005;127:85-90.

23. Kokich VG, Nappen DL, Shapiro PA. Gingival contour and
clinical crown length: their effect on the esthetic appearance of
maxillary anterior teeth. Am J Orthod 1984;86:89-94.

24. Howells DJ, Shaw WC. The validity and reliability of ratings of
dental and facial attractiveness for epidemiologic use. Am J
Orthod 1985;88:402-8.

25. Schlosser JB, Preston CB, Lampasso J. The effects of computer-
aided anteroposterior maxillary incisor movement on ratings of
facial attractiveness. Am J Orthod Dentofacial Orthop 2005;127:
17-24.

26. Suguino R, Furquim LZ. Uma abordagem estética e funcional do
tratamento ortodôntico em pacientes com agenesias de incisivos
laterais superiores. R Dental Press Ortodon Ortop Facial 2003;
8:119-57.

27. Chay SH, Rabie ABM. Repositioning of the gingival margin by
extrusion. Am J Orthod Dentofacial Orthop 2002;122:95-102.

28. Zachrisson BU. Repositioning of the gingival margin by extru-
sion and intrusion. World J Orthod 2003;4:72-7.

29. Zachrisson BU. Alveolar bone augmentation for implants by
orthodontic extrusion. World J Orthod 2003;4:168-73.

30. Akoren AC, Karaagaçlioglu L. Comparison of the electromyo-
graphic activity of individuals with canine guidance and group
function occlusion. J Oral Rehabil 1995;22:73-7.

31. Landulpho AB, Silva WAB, Silva FA, Vitti M. Electromyo-
graphic evaluation of masseter and anterior temporalis muscles
in patients with temporomandibular disorders following interoc-
clusal appliance treatment. J Oral Rehabil 2004;31:95-8.

32. Jerrold L, Lowenstein LJ. The midline: diagnosis and treatment.
Am J Orthod Dentofacial Orthop 1990;97:453-62.
33. Lewis PD. The midline deviated. Am J Orthod 1976;70: 601-16.


	Impact of dental asymmetries on the perception of smile esthetics
	MATERIAL AND METHODS
	Statistical analysis

	RESULTS
	DISCUSSION
	CONCLUSIONS
	REFERENCES


