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Abstract

Objective: To investigate whether overbite affects smile esthetics.

Methods: This study involved 106 patients with complete pretreatment records. Lateral ceph-

alometric tracings were used to measure hard tissue variables. Frontal smile and upper occlusal

photographs were used to measure nine smile esthetic variables: arc ratio, number of teeth,

upper incisor exposure, upper midline, buccal corridor ratio, smile index, archform index, lower

teeth exposure, and interlabial gap. The patients were classified into three groups according to

their overbites (B1: 0–4mm, B2: >4mm, and B3: <0mm). Analysis of variance was performed to

compare 14 cephalometric measurements and the 9 smile esthetic variables. Multiple linear

regression analysis was performed to determine the influencing cephalometric factors.

Results: Only upper incisor exposure was significantly different among the groups. In the mul-

tiple linear regression analysis, upper incisor exposure was positively associated with the distance

from the upper incisor to the palatal plane in Group B2. No significant correlations were

observed between cephalometric measurements and smile variables in Groups B1 and B3.

Conclusions: Smile variables were not significantly different among patients with various over-

bite malocclusions with the exception of upper incisor exposure. Overbite malocclusions do not

appear to influence smile esthetics in adult patients.

Keywords

Smile esthetics, overbite, malocclusion, cephalometric measurement, upper incisor exposure,

adult patient

Date received: 21 February 2021; accepted: 23 July 2021

1School of Dentistry, College of Oral Medicine, Taipei

Medical University, Taipei
2Orthodontic Division, Department of Dentistry, Taipei

Medical University Hospital, Taipei

Corresponding author:

Johnson Hsin-Chung Cheng, DDS, MD, PhD, Chief and

Professor, Division of Orthodontics, Department of

Dentistry, Taipei Medical University Hospital, No. 250

Wuxing Street, Taipei City 11031, Taiwan.

Email: g4808@tmu.edu.tw

Journal of International Medical Research

49(9) 1–10

! The Author(s) 2021

Article reuse guidelines:

sagepub.com/journals-permissions

DOI: 10.1177/03000605211039578

journals.sagepub.com/home/imr

Creative Commons Non Commercial CC BY-NC: This article is distributed under the terms of the Creative

Commons Attribution-NonCommercial 4.0 License (https://creativecommons.org/licenses/by-nc/4.0/) which permits

non-commercial use, reproduction and distribution of the work without further permission provided the original work is attributed

as specified on the SAGE and Open Access pages (https://us.sagepub.com/en-us/nam/open-access-at-sage).

https://orcid.org/0000-0001-8148-4980
mailto:g4808@tmu.edu.tw
http://uk.sagepub.com/en-gb/journals-permissions
http://dx.doi.org/10.1177/03000605211039578
journals.sagepub.com/home/imr


Introduction

A smile is an essential human facial expres-
sion that represents pleasure, happiness,
and amusement. A person with an attrac-

tive smile may be rewarded.1 Smile esthetics
has received increasing attention from
orthodontists in recent years. Orthodontic
patients have become highly demanding in

terms of both their profile and smile.
Therefore, dentofacial and smile esthetics
have become pertinent concerns for patients
seeking orthodontic therapy.2,3

Numerous factors contribute to smile
esthetics, including the dentition and the
soft tissues surrounding the mouth (e.g.,

smile lines, tooth–lip relationship, smile
arc, and balanced facial ratios and symme-
try).4–6 Several studies have examined smile
esthetics in orthodontics. For example, the

tooth–lip relationship can be investigated
using quantified measurements.7

Furthermore, smiles have been subjectively
assessed and rated for attractiveness.8,9

Because a smile is viewed in all three spa-
tial dimensions, both horizontal and verti-

cal factors must be analyzed. Grover et al.10

revealed that smile esthetics are significant-
ly different in individuals with varying hor-
izontal and vertical growth patterns than in

individuals with average growth. Cheng
and Cheng11 mentioned that overjet (OJ)
affects smile esthetics. However, the influ-
ence of various dental overbites (OBs) on

smile esthetics has rarely been discussed.
Therefore, this study was conducted to
determine whether different dental OB mal-
occlusions affect smile esthetics in adults.

Materials and methods

This retrospective study was approved by
the ethics committee of the institutional

review board of Taipei Medical University
(Approval No. 201503035). The reporting
of this study conforms to the STROBE
statement.12 The participants were patients

in the orthodontics department of a teach-
ing hospital who were in the retention phase

of treatment from 2011 to 2013. All patients

provided written informed consent.
The inclusion criteria for this study were

(1) and age of >18 years at pretreatment;

(2) completion of orthodontic treatment;
(3) availability of complete diagnostic pre-

treatment records, namely study casts,

intraoral and extraoral photographs, lateral
cephalometric films, and panoramic films;

and (4) <3-mm space discrepancies on
both arches (including crowding and spac-

ing). The participants were categorized into

three groups: Group B1 (OB of 0–4mm),
Group B2 (OB of >4mm), and Group B3

(OB of <0mm).

Cephalometric analysis

One well-trained examiner traced and ana-

lyzed all the lateral cephalometric films
obtained before treatment using Viewbox

3.1.1.14 (dHAL Software Kifissia, Greece)

(Figure 1). Skeletal, dental, and vertical
dimensional variables were measured

(Figure 2). A reliability test was performed
by retracing and redigitizing 30 lateral

cephalograms randomly selected from pre-

viously analyzed films at a 4-week interval.
Measurement errors were computed using

Dahlberg’s formula as follows:13

Se ¼
ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi
Od2=2Nð Þ

p

where d is the difference between the first
and second measurements and N is the

sample size, which was remeasured.

Smile analysis

An experienced clinical assistant captured

pretreatment photographs using a tripod-
mounted camera (F4.5 in AV mode, ISO

1600 with ring flash, Canon EOS 550D;
Canon, Tokyo, Japan). A distance of
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Figure 2. Cephalometric landmarks and skeletal, dental, and soft tissue variables used in this study.
S, sella; N, nasion; Po, porion; Or, orbitale; A, point A; B, point B; Pog, pogonion; Me, menton; PP, palatal
plane (ANS-PNS).

Figure 1. Digital lateral cephalograms traced and analyzed using Viewbox.
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1.5m was set between the camera and the
patient. The tripod was adjusted according

to the patient’s height. To obtain a natural
head position, the patient was instructed to
look at himself or herself in a mirror that

had been placed in front of the camera. The
mirror was then removed. The patient was
instructed to say “seven” or “cheese” as the

picture was taken. The patient was asked to
practice smiling three times with their head

in a natural position before the photograph
was taken.14

Smile variables have been analyzed in
several studies, and the values obtained
from these studies were used as references

in the present study.1,4,5,11 To increase reli-
ability and reduce error likelihood, all smile
variables except tooth number and upper

midline are expressed as percentages
because of differences among the partici-

pants (Table 1). An examiner used a soft-
ware program called the linear digitizer tool
(Adobe Creative Suite; Adobe Systems Inc.,

San Jose, CA, USA) to calculate nine smile
variables (Figure 3, Table 1) to the nearest
0.01mm. Student’s t test was performed to

ensure reproducibility of the evaluation
process by repeatedly measuring 30 ran-
domly chosen images (10 from each

group) at a 4-week interval. The results

revealed strong agreement between any

two sets of measurements (P< 0.05).

Statistical analyses

Statistical analyses were performed using

SPSS Statistics for Windows, Version 17.0

(SPSS Inc., Chicago, IL, USA). Analysis of

variance was conducted to compare cepha-

lometric and smile esthetic variables among

the three groups. The Student–Newman–

Keuls method was used for post hoc testing,

with the level of significance set to P< 0.05.
Multiple linear regression models were

used to identify significant cephalometric

measurements among all smile measure-

ments in the three malocclusion groups.

Results

In total, 106 patients (74 women; mean age,

25.42� 5.1 years; range, 19–48 years) met

the inclusion criteria and were divided into

three groups: Group B1 (n¼ 45 [32

women]; OB, 0–4mm; mean age, 25.32�
4.6 years), Group B2 (n¼ 36 [24 women];

OB, >4mm; mean age, 26.07� 5.1 years),

Table 1. Definitions of smile esthetic variables.

Smile variable Definition

Arc ratio Distance between the lower border of the upper incisor

and the intercanine connecting line divided by the dis-

tance between the upper border of the lower lip and the

intercanine connecting line

Tooth number Number of exposed upper teeth

Upper incisor exposure Distance from the lower border of the upper lip to the

incisor edge divided by the incisor width (#11)

Upper midline Facial midline compared with upper dental midline (on/off)

Buccal corridor ratio Intercorner width divided by intercanine width

Smile index Intercommissural width divided by interlabial gap

Archform index Intercanine width divided by intermolar width

Lower teeth exposure Length of visible lower incisors divided by lower incisor

width

Interlabial gap Interlabial gap divided by intercanine width

4 Journal of International Medical Research



F
ig
u
re

3
.
Sm

ile
m
e
as
u
re
m
e
n
ts
.(
a)
A
rc

ra
ti
o
.(
b
)
U
p
p
e
r
in
ci
so
r
e
x
p
o
su
re
.(
c)

U
p
p
e
r
m
id
lin
e
.(
d
)
B
u
cc
al
co
rr
id
o
r
ra
ti
o
.(
e
)
Sm

ile
in
d
e
x
.(
f)
A
rc
h
fo
rm

in
d
e
x
.

(g
)
L
o
w
e
r
te
e
th

e
x
p
o
su
re
.
(h
)
In
te
rl
ab
ia
l
ga
p
.

Cheng et al. 5



and Group B3 (n¼ 25 [18 women]; OB,
<0mm; mean age, 24.53� 3.5 years).

In the reliability test for the cephalomet-
ric and smile analyses, the absence of a sig-
nificant difference (P< 0.05) demonstrated
nearly consistent agreement between the
first and second measurements of the
smile variables.

Descriptive statistics of the cephalomet-
ric variables and statistical comparisons of
the three groups are shown in Table 2.
Analysis of variance revealed significant
differences in the following measurements
among the groups: mandibular plane
angle to anterior cranial base (SN-GoGn),
Frankfort horizontal plane to mandibular
plane angle (FMA), distance from upper
incisor to palatal plane (U1-PP) (mm), OJ,
OB, proportion of upper facial height to
lower facial height, and proportion of pos-
terior facial height to anterior facial height.
An analysis of measurement errors revealed
mean differences of 0.75� and 0.63mm in
the angular and linear measurements,
respectively.

In the smile analysis, only upper incisor
exposure was significantly different among
the three groups (Table 3), with Group B2
having the largest upper incisor exposure.

The multiple linear regression analysis
revealed that upper incisor exposure was
positively associated with U1-PP (mm)
in Group B2 (Table 4). No significant
correlation was observed between the ceph-
alometric and smile variables in Groups B1
and B3.

Discussion

Both the horizontal and vertical relation-
ships of the anterior teeth must be consid-
ered in smile esthetics. A relevant study
demonstrated that differences in OJ might
be the main cause of differences in smile
attractiveness.11 In the present study, we
examined whether differences in OB have
similar effects on smile esthetics.

Smile assessments of patients with vari-
ous vertical skeletal patterns have been per-
formed, but few studies have focused on
esthetics in terms of vertical dental maloc-
clusions.10,15 The patients recruited in our
study were categorized into three groups to
analyze the effects of different dental OBs.
Cephalometric and smile measurements
were analyzed to quantitatively assess the
relationships among smile esthetic varia-
bles. Because dental malocclusions and
skeletal patterns are not always coincident,
we used various dental OBs instead of the
mandibular plane angle to divide our
patients into groups. Although we mainly
focused on dental effects, we found a corre-
lation between skeletal patterns and vertical
OBs. Table 2 shows that different OBs were
closely related to vertical skeletal patterns;
significant differences were observed among
the three groups. The mandibular plane
angle was smallest in Group B2 and largest
in Group B3.

In the smile analysis, only upper incisor
exposure was significantly different among
the groups. Furthermore, a previous study
showed that horizontal discrepancies signif-
icantly influenced multiple factors of smile
esthetics.11 Thus, smile esthetics is more
strongly influenced by horizontal than ver-
tical discrepancies. A possible reason is that
when a person smiles, the lip retracts more
in the anteroposterior than vertical direc-
tion, and this lip retraction is highly related
to the horizontal relationship of the anteri-
or dentition. Thus, favorable smile changes
are likely to be greater in individuals with a
large OJ than in those with a deep OB. This
can be clarified when explaining treatment
outcomes to patients, and this finding can
help both clinicians and patients better
understand the differences between the
two malocclusions.

The smile analysis in the present study
revealed that upper incisor exposure was
significantly different between Groups B1
and B2 and between Groups B2 and B3,
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whereas differences among the three groups

were not significant. The smile index

showed no significant differences in the cur-

rent study, but Grover et al.10 and Demir

and Baysal15 concluded that the smile index

is lower in groups with increased vertical

dimension. Because we focused on the

dental effects, the SN-GoGn and FMA

measurements of our patients were close

to the normal values. Because the vertical

dimension and upper incisor exposure as

well as the smile index were closely related,

neither measurement showed significant

differences in patients with nearly normal

vertical skeletal patterns. Thus, vertical

dental discrepancies have less influence on

smile esthetics than do vertical skeletal

factors. Further studies are required to con-

firm whether a more severe open bite mal-
occlusion affects smile esthetics.

The smile arc is one of the most impor-

tant esthetic factors to consider.16 The arc

ratio showed no significant difference

among the three groups in the present

study. This could have been related to fac-

tors attributing to a consonant smile arc,

such as the inclination of the upper incisors.
In addition, one study showed that the

smile arcs were flatter in orthodontically

treated patients than in untreated

patients.17 As shown in Table 2, there was

no significant difference in the upper

incisor inclination to nasion–point A.

Additionally, the participants in our study

were pretreatment patients with natural

dentitions. Both of these reasons could

explain why the arc ratio showed no signif-
icant difference among the groups.

The cephalometric analysis results

showed that U1-PP differed significantly

between Groups B1 and B2 and between

Groups B2 and B3. Group B2 had the larg-

est U1-PP among the three groups based on

the upper incisor exposure in the smile anal-
ysis. However, Grover et al.10 demonstrated

Table 3. Comparison of smile measurements between various vertical overbite malocclusions in analysis of
variance.

B1 (n¼ 45) B2 (n¼ 36) B3 (n¼ 25) P value B1 vs. B2 B1 vs. B3 B2 vs. B3

Arc ratio 0.55� 0.05 0.47� 0.06 0.46� 0.06 0.415 0.08� 0.07 0.09� 0.08 0.02� 0.09

Tooth number 8.31� 0.26 8.14� 0.37 7.67� 0.48 0.469 0.17� 0.45 0.64� 0.52 0.47� 0.56

Upper incisor

exposure

0.95� 0.04 1.05� 0.06 0.80� 0.08 0.012* 0.25� 0.07* 0.15� 0.08 0.35� 0.09*

Upper midline 0.42� 0.07 0.24� 0.08 0.44� 0.12 0.227 0.18� 0.12 0.02� 0.14 0.20� 0.15

Buccal corridor

ratio

1.53� 0.03 1.63� 0.03 1.56� 0.03 0.047 0.09� 0.04 0.03� 0.05 0.07� 0.05

Smile index 4.83� 0.16 5.51� 0.41 5.44� 0.42 0.169 0.68� 0.39 0.62� 0.46 0.06� 0.50

Archform index 0.76� 0.01 0.75� 0.01 0.74� 0.01 0.18 0.02� 0.01 0.02� 0.01 0.01� 0.02

Lower teeth

exposure

0.56� 0.06 0.70� 0.08 0.67� 0.08 0.242 0.15� 0.09 0.12� 0.10 0.03� 0.12

Interlabial gap 0.32� 0.01 0.33� 0.02 0.32� 0.02 0.848 0.01� 0.02 0.01� 0.03 0.02� 0.03

Data are presented as mean� standard error.

*P< 0.05.

Table 4. Multiple linear regression analysis of
significant correlations between smile variables and
cephalometric measurements in Group B2.

B SE P

Upper incisor exposure

U1-PP (mm) 0.02 0.01 0.03*

SE, standard error; U1-PP, distance from upper incisor to

palatal plane.

*P< 0.05.
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that patients with a vertical facial growth
pattern exhibited significantly higher
upper incisor exposure than did patients
with an average growth pattern. We
cannot compare our results with theirs
because skeletal effects were not considered
in our study. A possible reason for the
increased U1-PP in Group B2 could be
that this group mostly comprised patients
with deep OBs, and the supraeruption of
the upper incisors could have been the
cause of the increased U1-PP. Multiple
linear regression analysis confirmed this
finding by revealing a significant correla-
tion between upper incisor exposure and
U1-PP.

Smile analysis is usually complicated and
puzzling because a smile is never static.
Static frontal facial photographs have
been used in many studies of smile esthetics
mainly because such images are readily
available in daily orthodontic practice;
however, several factors must be considered
in the dynamic phase.18 One limitation of
smile analysis is the difficulty in obtaining a
natural smile. Because the teeth are mala-
ligned before treatment, participants tend
to feel shy about smiling.19 Another major
difficulty in evaluating smile esthetics
during facial animation using our approach
is that we could not accurately capture a
repeatable and stable smile even after mul-
tiple attempts.20

This study confirmed that the degree of
vertical OB has less influence on smile
esthetics than does a horizontal OJ, and
this finding is concordant with the results
reported by Parrini et al.16 Identifying the
independent roles of factors related to OJ
and OB might be valuable to determine the
combined effect of OJ and OB on smile
esthetics.

Conclusion

No significant differences were observed
among various dental OB malocclusions

based on the smile variables investigated

with the exception of upper incisor expo-
sure. OB malocclusions did not appear to

influence smile esthetics in adult patients.

Additionally, dental OBs play a less funda-

mental role than does anterior dental OJ in
terms of smile esthetics. The reason for

this should be further investigated

with more participants who have severe

malocclusions.
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Highlights

• We investigated smile diversity in various

dental overbite malocclusions.
• We analyzed the relationships between

cephalometric variables and smile
variables.

• Most of the smile variables were

not significantly different among the

malocclusions.
• One smile characteristic was related to

cephalometric variables for various

malocclusions.
• Smile esthetics are less affected by

anterior vertical discrepancy than by

horizontal discrepancy in anterior teeth

malocclusions. The reason for this
should be investigated with more
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participants who have more severe
malocclusions.

Declaration of conflicting interest

The authors declare that there is no conflict of
interest.

Funding

This research received no specific grant from any
funding agency in the public, commercial, or
not-for-profit sectors.

ORCID iD

Johnson Hsin-Chung Cheng https://orcid.
org/0000-0001-8148-4980

References

1. Sarver DM. The importance of incisor posi-
tioning in the esthetic smile: the smile arc.
Am J Orthod Dentofacial Orthop 2001; 120:
98–111.

2. Berg R. Orthodontic treatment–yes or no? A
difficult decision in some cases. A contribu-
tion to the discussion. J Orofac Orthop 2001;
62: 410–421.

3. Laothong W and Cheng HC. Comparison of
factors affecting orthodontic treatment
motivation of Taiwanese and Thai patients
in two hospitals. J Dental Sci 2017; 12:
396–404.

4. Frush JP and Fisher RD. The dynesthetic
interpretation of the dentogenic concept.
J Prosthet Dent 1958; 8: 558–581.

5. Hulsey CM. An esthetic evaluation of lip-teeth
relationships present in the smile. Am J Orthod

Dentofacial Orthop 1970; 57: 132–144.
6. Sarver D and Jacobson RS. The aesthetic

dentofacial analysis. Clin Plast Surg 2007;
34: 369–394.

7. Yu X, Liu B, Pei Y, et al. Evaluation of
facial attractiveness for patients with maloc-
clusion: a machine-learning technique
employing procrustes. Angle Orthod 2014;
84: 410–416.

8. Cheng HC, Wang YC, Tam KW, et al.
Effects of tooth extraction on smile esthetics

and the buccal corridor: a meta-analysis.
J Dent Sci 2016; 11: 387–393.

9. Cheng HC and Wang YC. Effect of nonex-

traction and extraction orthodontic treat-
ments on smile esthetics for different

malocclusions. Am J Orthod Dentofacial

Orthop 2018; 153: 81–86.
10. Grover N, Kapoor DN, Verma S, et al.

Smile analysis in different facial patterns

and its correlation with underlying hard tis-

sues. Prog Orthod 2015; 16: 28.
11. Cheng HC and Cheng PC. Factors affecting

smile esthetics in adults with different types

of anterior overjet malocclusion. Korean J

Orthod 2017; 47: 31–38.
12. von Elm E, Altman DG, Egger M, et al.

The Strengthening the Reporting of

Observational Studies in Epidemiology

(STROBE) statement: guidelines for report-

ing observational studies. Ann Intern Med

2007; 147: 573–577.
13. Dahlberg G. Statistical methods for medical

and biological students. New York:

Interscience Publications; 1940.
14. Ackerman JL, Ackerman MB, Brensinger

CM, et al. A morphometric analysis

of the posed smile. Clin Orthod Res 1998;
1: 2–11.

15. Demir R and Baysal A. Three-dimensional

evaluation of smile characteristics in subjects

with increased vertical facial dimensions. Am

J Orthod Dentofacial Orthop 2020; 157:

773–782.
16. Parrini S, Rossini G, Castroflorio T, et al.

Laypeople’s perceptions of frontal smile

esthetics: a systematic review. Am J Orthod

Dentofacial Orthop 2016; 150: 740–750.
17. Roy S. The eight components of a balanced

smile. J Clin Orthod 2005; 39: 155–167.
18. Rigsbee OH, 3rd, Sperry TP and BeGole

EA. The influence of facial animation on

smile characteristics. Int J Adult Orthodon

Orthognath Surg 1988; 3: 233–239.
19. Scott SH and Johnston LE, Jr. The per-

ceived impact of extraction and nonextrac-

tion treatments on matched samples of

African American patients. Am J Orthod

Dentofacial Orthop 1999; 116: 352–360.
20. Bowman SJ and Johnston LE, Jr. The

esthetic impact of extraction and nonextrac-

tion treatments on Caucasian patients. Angle
Orthod 2000; 70: 3–10.

10 Journal of International Medical Research

https://orcid.org/0000-0001-8148-4980
https://orcid.org/0000-0001-8148-4980
https://orcid.org/0000-0001-8148-4980

	table-fn1-03000605211039578
	table-fn2-03000605211039578
	table-fn3-03000605211039578
	table-fn4-03000605211039578
	table-fn5-03000605211039578
	table-fn6-03000605211039578

