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ABSTRACT
Objectives: To determine recognition ability and the levels of esthetic tolerance of deep bite and
anterior open bite (AOB) among laypeople and investigate the factors affecting levels of tolerance.
Materials and Methods: Using a questionnaire, laypeople (N¼ 100) were examined, and overbite
was measured. They were tested for whether they recognized deep bite and AOB. Esthetic
tolerance thresholds for deep bite and AOB were selected by incremental depiction in grayscale
images. Stepwise logistic regression analyses were used to quantify the effect of recognition and
other factors (age, sex, education level, occupation, history of orthodontic treatment, interest in
orthodontic treatment or retreatment, and overbite presence) affecting the tolerance of overbite
problems (a ¼ 0.05).
Results: Of the participants, 55% and 94% recognized deep bite and AOB, respectively.
Participants with a deep bite were significantly more likely to esthetically tolerate deep bite
compared with those without a deep bite (odds ratio [OR], 3.57; 95% confidence interval [CI], 1.29–
9.89). Participants who recognized a deep bite problem had significantly lower esthetic tolerance to
deep bite compared with participants who did not recognize a deep bite (OR, 0.17; 95% CI, 0.06–
0.45). None of the other eight chosen factors significantly affected the tolerance level of AOB (P .

.05).
Conclusions: Participants with a deep bite or those who did not recognize a deep bite had
significantly higher esthetic tolerance of deep bite than those without or those who recognized the
problem (P , .05). (Angle Orthod. 2023;93:205–212.)
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INTRODUCTION

The level of tolerance of malocclusion is an
important psychological factor influencing an individu-
al’s decision to seek orthodontic treatment.1 In general,
tolerance is the minimum threshold of acceptability.2

Esthetic tolerance of a type of malocclusion can be
thought of as the greatest severity of that characteristic
that is esthetically acceptable to an observer. Esthetic
tolerance may be affected by age, education level,
social status, and cultural differences.3–5 In addition,
some studies have reported higher esthetic tolerance
of a deep bite and anterior open bite (AOB) than
protrusion and crowding,5,6 but others found that
esthetic tolerance of a deep bite and AOB were low.3,7

Studies about the effect of recognition on the
tolerance of a problem have been conducted mostly
in the field of socioeconomics and with varied results.8,9

In orthodontics, patient tolerance of an appliance was
closely related to how informed the patient was about
the purpose of the treatment.10 Previous studies on the
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esthetic tolerance of malocclusion assessed several
characteristics of malocclusion, and the factors affect-
ing the esthetic tolerance for each characteristic were
not considered separately.5,7,11–14 The factors influenc-
ing the esthetic tolerance of more severe malocclusion
may differ from or may confound the factors influencing
the tolerance of less severe malocclusions. It is not
known whether the recognition of one type of maloc-
clusion affects the esthetic tolerance of that malocclu-
sion. Therefore, the purpose of this study was to
determine the level of esthetic tolerance of deep bite
and AOB by laypeople and examine the effects of
overbite recognition and the following seven other
factors on the esthetic tolerance of those malocclusion
characteristics: age, sex, education level, occupation,
history of orthodontic treatment, interest in orthodontic
treatment or retreatment, and overbite presence. The
null hypothesis was that none of the eight chosen
factors would affect the level of esthetic tolerance of
the overbite problems (deep bite and AOB) among the
laypeople.

MATERIALS AND METHODS

Sample Selection

This cross-sectional study was approved by the
Human Research Ethics Committee of the Faculty of
Dentistry, Prince of Songkla University (EC6303-008).
Because eight factors varying among laypeople were
included in this study, a minimum sample of 80 was
determined to be required based on the recommenda-
tion of at least 10 samples per variable for multiple
regression analysis.15,16 Using a consecutive sampling
method, 100 participants were recruited (aged 15 to 60
years) attending the University Dental Hospital from
October 2020 to January 2021. All participants were
laypeople who had no background in the health

sciences. All participants provided signed informed
consent before data collection.

Esthetic recognition and tolerance of overbite prob-
lems were assessed by an interviewer using a
questionnaire. Each participant’s own overbite was
evaluated in a dental chair using a sterile dental mirror
and periodontal probe by the same examiner. Overbite
was measured as the vertical distance between the
incisal edges of the upper right central incisor and the
lower right central incisor at maximum intercuspation.
Deep overbite was defined as a vertical overlap of .4
mm, whereas AOB was defined as a lack of vertical
overlap (overbite ,0 mm).17,18

Questionnaire

The questionnaire contained three sections. Section
1 included the following demographic information: age,
sex, education, occupation, history of orthodontic
treatment, and interest in orthodontic treatment or
retreatment. Section 2 assessed the participant’s
esthetic recognition of various types of malocclusions.
Participants were presented with a set of pictures
showing the following six types of malocclusions: deep
bite, AOB, crowding, anterior crossbite, spacing, and
protrusion (Figure 1). To minimize distractions that
might be caused by other parts of the face, all pictures
showed only anterior occlusion at maximum intercus-
pation in grayscale, and the color of the teeth, lips, and
gingival tissue were not distractors. Participants were
asked to determine which images they considered to
show unesthetic occlusion. After responding, informa-
tion was given to the participants regarding the
definitions of each type of malocclusion and possible
consequences if not corrected (Table 1).19 Section 3
assessed the participant’s tolerance of overbite prob-
lems using two sets of pictures depicting varying
degrees of deep bite and AOB severity. Each set

Figure 1. Evaluation of recognition of malocclusion characteristics: (a) deep bite, (b) AOB, (c) crowding, (d) anterior crossbite, (e) spacing, and (f)

protrusion.

Angle Orthodontist, Vol 93, No 2, 2023

206 BOONCHUAY, THONGUDOMPORN, LEETHANAKUL, LINDAUER, YOURAVONG

D
ow

nloaded from
 https://prim

e-pdf-w
aterm

ark.prim
e-prod.pubfactory.com

/ at 2025-06-04 via free access



contained five computer-simulated grayscale pictures,
starting with normal overbite (2 mm) as a reference,

followed by deep bite of 4 mm in the first picture set (for
deep bite tolerance) or edge-to-edge bite (for AOB

tolerance) in the second picture set, then 1-mm
increments or decrements in each consecutive picture

(Figures 2 and 3). Participants were informed that the
variable they were assessing had pictures arranged by

ascending severity, and they were asked to choose the
picture in each set that they could maximally tolerate

esthetically.

Statistical Analysis

The content validity of the questionnaire was tested
by three orthodontists with more than 5 years of

experience using the Index of Item Objective Congru-

ence (IOC).20 The IOC scores for each question ranged

between 0.7 and 1.0, indicating that all experts agreed

that all questions were consistent with the objectives.

The same examiner remeasured the overbite in 30

randomly selected participants after an interval of 4

weeks. The intraclass correlation was 0.93, indicating

strong intraexaminer reliability.

Participant demographic data and recognition and

tolerance levels of deep bite and AOB were presented

as descriptive statistics. Ordered logistic regression

analysis was used to examine the eight chosen factor

variables of the laypeople that may have affected their

tolerance levels of overbite problems. Chi-square tests

were initially conducted. Only exposure variables with

Table 1. Definitions and Possible Consequences of Each Type of Malocclusion if Not Correcteda

Malocclusion Explanation Script

Deep bite Definition: When the bite is closed, the upper front teeth cover the bottom teeth too much.

Possible consequences if not corrected: Upper teeth can bite into lower gums, lower teeth can bite into the roof of the

mouth, and possible gum disease and early enamel wear can develop.

AOB Definition: This occurs when the back teeth are together and the upper and lower front teeth do not overlap. This can

result from excessive sucking, tongue thrusting, or mouth breathing.

Possible consequences if not corrected: swallowing problems, tongue pushes through teeth when swallowing, and

possible speech problems.

Crowding Definition: There is insufficient space for the teeth. This can be a result of big teeth or inadequate space in the jaw or

both. This may result in teeth that overlap, are rotated, or take on a crooked/staggered appearance.

Possible consequences if not corrected: hard to clean; possible cavities, especially between teeth; and gum disease.

Anterior crossbite Definition: The lower jaw sits in front of the upper jaw.

Possible consequences if not corrected: face has ‘‘bulldog’’ appearance, tooth wear, and stress on jaw joints.

Spacing Definition: There is too much space between teeth. It can result from missing teeth, undersized teeth, oversized jaws, or

a combination of these conditions.

Possible consequences if not corrected: food gets stuck in open areas, possible cavities, and gum disease.

Protrusion Definition: The front teeth stick out (‘‘buck’’ teeth). Teeth may appear protrusive because the upper jaw is too far forward,

the lower jaw is too far back, the teeth grew in at an angle, or a combination of these conditions. Sometimes people

who have protrusive front teeth also have a deep bite.

Possible consequences if not corrected: upper teeth are prone to accidental breaking; hard to comfortably close the

mouth and lips, leading to dried-out oral tissues followed by tooth decay; speech problems; and a long, narrow face.

a Adapted from the American Association of Orthodontists.19

Figure 2. Series of images showing increasing overbite in 1-mm increments: (a) normal overbite, (b) 4-mm overbite, (c) 5-mm overbite, (d) 6-mm

overbite, and (e) 7-mm overbite.
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P , .20 in the bivariate analysis were entered into the
logistic regression analysis.21 Statistical analysis was
carried out using SPSS (version 26.0; IBM, Chicago,
Ill) at a ¼ 0.05.

RESULTS

Characteristics of the Participants

Table 2 summarizes the demographic characteris-
tics of the participants. The male:female ratio was
31:69. Of the participants, 47% had normal overbite,
37% had deep bite (�4 mm), and 16% had AOB (�0

mm). The percentages of recognition of AOB and deep

bite were 94% and 55%, respectively.

Percentage Esthetic Tolerance of Overbite

Problems

Figure 4 shows that 14% of the participants could not

esthetically tolerate any degree of deep bite (�4 mm);

28%, 42%, 9%, and 7% could maximally tolerate deep

bite to the levels of 4 mm, 5 mm, 6 mm, and 7 mm,

respectively. Figure 5 shows that 12% of the partic-

ipants could not esthetically tolerate any degree of

AOB (�0 mm); 43%, 28%, 14%, and 3% could

maximally tolerate AOB to the levels of 0 mm, �1

mm, �2 mm, and �3 mm, respectively.

Factors Related to Esthetic Tolerance of Overbite

Problems

Of the eight chosen factor variables of the laypeo-

ple, participant recognition of deep bite (P , .001),

history of orthodontic treatment (P ¼ .20), education

level (P¼ .09), and the participant having a deep bite

(P ¼ .02) passed the entrance criteria for ordered

logistic regression analysis of factors affecting the

esthetic tolerance of deep bite. A participant’s ability

to recognize deep bite was significantly associated

with being less tolerant of deep bite (odds ratio [OR],

0.17; 95% confidence interval [CI], 0.06–0.45; P ,

.001; Table 3). However, the participant having a deep

bite was significantly associated with being more

tolerant of deep bite (OR, 3.57; 95% CI, 1.29–9.89; P

, .01; Table 3). None of the eight chosen factor

variables passed the entrance criteria for further

logistic regression analysis of AOB. Therefore, the

factors affecting the esthetic tolerance of AOB could

not be analyzed.

Figure 3. Series of images showing decreasing overbite in 1-mm increments: (a) normal overbite, (b) 0-mm overbite, (c)�1-mm overbite, (d)�2-

mm overbite, and (e) �3-mm overbite.

Table 2. Demographic Characteristics of the Respondents and

Percentages of Esthetic Recognition of Overbite (N ¼ 100)

General Characteristics Percentage

Sex

Male 31

Female 69

Age, years

,25 (generation Z) 39

25–40 (generation Y) 15

41–56 (generation X) 44

�57 (baby boomer) 2

Education

,Bachelor’s degree 56

�Bachelor’s degree 44

History of orthodontic treatment

No 93

Yes 7

Interest in orthodontic treatment or retreatment

No 53

Yes 47

Overbite

Normal overbite (1–3 mm) 47

Deep bite (.4 mm) 37

AOB (,0 mm) 16

Esthetic recognition of overbite problems

Deep bite 55

AOB 94
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DISCUSSION

This study specifically assessed the esthetic recog-

nition and tolerance of deep bite and AOB. Laypeople

recognized AOB easily but were less likely to be able to

recognize a deep bite. These findings were consistent

with a previous study despite differences in the study

populations and data collection methods.22 When

malocclusion is assessed using a combination of more

than one trait, the most obvious and more easily

recognized characteristic may not only dominate the

participants’ grading of the severity of the malocclusion

Figure 4. Percentage of participants who could maximally esthetically tolerate each level of a deep bite (n¼ 100). OB indicates overbite in mm.

Figure 5. Percentage of participants who could maximally esthetically tolerate each level of an AOB (n¼ 100). OB indicates overbite in mm.
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but also hide the presence of the less obvious
malocclusion. As the current study was centered on
the recognition of a single occlusal trait (overbite: deep
bite and open bite), the risk of confounding by factors
introduced by the other traits was excluded to better
focus on the degree of overbite.

Images of different traits of malocclusion were used
without text labels to evaluate how participants visually
recognized the esthetics of anterior occlusion. Elimi-
nating the influence of labels was believed to help in
more accurately determining the participants’ recogni-
tion of each malocclusion characteristic. Although
study models could provide more information and
detail about a malocclusion, the use of models may not
be suitable for studying the ability of laypeople to
recognize malocclusion. This is because laypeople
normally judge the esthetics of anterior occlusion by
visual inspection from the frontal view and not by
viewing the posterior occlusion.

The Aesthetic Component (AC) of the Index of
Orthodontic Treatment Need (IOTN) was originally
designed for assessing treatment need and priority by
orthodontists.23,24 The AC contains 10 photographs of
the anterior occlusion showing different levels of dental
attractiveness ranging from best to worst appearance.
Studies have used the IOTN to compare the esthetic
treatment need perceptions between patients and
orthodontists.24–26 However, each image of the index
contains a mixture of occlusal traits, and no images
include AOB. One abnormality may possibly dominate
the participants’ responses, whereas the other abnor-
malities in the image may not be recognized. Thus, the
index may not accurately reflect an individual’s
recognition of a single type of malocclusion.

A small proportion of participants in the current study
(12%–14%) could not tolerate any degree of overbite

that deviated from normal. It may be implied that the

majority of laypeople could esthetically accept various

degrees of overbite problems, which was in agreement

with another study reporting that overbite deviations

only had a small influence on the oral health–related

quality of life of adolescents.27 Although studies

reported differences in malocclusion recognition be-

tween orthodontists and laypeople,5,28 none compared

esthetic tolerance. Further study comparing the toler-

ance levels for malocclusion characteristics between

the two groups may be useful for improving commu-

nication between orthodontists and laypeople.

The initial ability of the participants to recognize deep

bite and a participant having a deep bite were identified

as factors influencing the esthetic tolerance level for

that characteristic. When other chosen factor variables

were controlled, participants who initially did not

recognize deep bite malocclusion were 5.88 times

more likely to esthetically tolerate a deep bite than

participants who recognized a deep bite. In addition,

participants with a deep bite were 3.57 times more

likely to esthetically tolerate deep bite than participants

with normal overbite. These results indicated that deep

bite may often not be the main reason that patients are

motivated to seek orthodontic treatment. Because

patient tolerance of malocclusion is important for

determining demand, motivation, and cooperation

during orthodontic treatment, patients should be

informed about the existence of deep overbite rela-

tionships because they may result in trauma to the

maxillary palatal tissue29,30 and attrition of the mandib-

ular incisor edges.31,32 Orthodontists should also take

time to explain to patients why deep bite correction is

an important part of the comprehensive orthodontic

treatment plan.

Table 3. Ordered Logistic Regression of the Factors Relating to the Esthetic Tolerance of Deep Bite

Variables

Esthetic Tolerance of Deep Bite, n (%)

OR (95% CI)a P Value4 mm 5 mm 6 mm 7 mm

Education

.Bachelor’s degree, reference 16 (31.4) 23 (45.1) 6 (11.8) 6 (11.8) – –

,Bachelor’s degree 12 (34.3) 19 (54.3) 3 (8.6) 1 (2.9) 1.62 (0.7–3.71) .42

History of orthodontic treatment

Yes, reference 4 (57.1) 3 (42.9) – – – –

No 25 (31.6) 39 (49.4) 8 (10.1) 7 (8.9) 2.92 (0.53–15.80) .86

Participant’s overbite

Normal overbite, 1–3 mm, reference 18 (47.4) 16 (42.1) 2 (5.3) 2 (5.3) – –

Deep bite, .4 mm 4 (11.1) 21 (58.3) 6 (16.7) 5 (13.9) 3.57 (1.29–9.89) .01*

AOB, ,0 mm 6 (50) 5 (41.7) 1 (8.3) – 1.16 (0.22–3.38) .83

Recognition of deep bite

Unrecognized, reference 4 (9.3) 27 (62.8) 7 (16.3) 5 (11.6) – –

Recognized 24 (55.8) 15 (34.9) 2 (4.7) 2 (4.7) 0.17 (0.06–0.45) ,.001**

a OR . 1 indicates an increased chance of having esthetic tolerance of deep bite compared with the reference, whereas OR , 1 indicates a
decreased chance of having esthetic tolerance of deep bite compared with the reference.

* P , .05; ** P , .001.
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This study had some limitations that lead to
suggestions for the improvement of future research.
First, previous studies found that age, sex, education
level, and socioeconomic factors were related to self-
recognition of malocclusion.4,22,33,34 The lack of influ-
ence of these factors found in the current study may
have been attributed to type II error. Increasing the
number of samples in each stratification could help to
yield more accurate results. Also, presenting a larger
number of samples with a greater variety of malocclu-
sion characteristics could provide useful information on
how having a malocclusion could affect lay recognition
and level of tolerance of overbite problems. Second,
using facial and dental photographs may better
improve visual recognition of the characteristics stud-
ied in comparison with using computer-simulated
drawings of frontal occlusion only. Third, using a visual
analog scale instead of a series of images ranging from
normal to severe conditions may provide more precise
information on an interval scale and may reduce the
halo effects (a trend toward the middle)35 for esthetic
tolerance determination, although participants may find
it difficult to convert the amount of overbite to an
abstract line.

CONCLUSIONS

� Laypeople more easily recognized AOB and less
easily recognized deep bite.

� Esthetic tolerance was high for deep bite, but low for
AOB.

� Participants with a deep bite themselves were more
likely to tolerate deep bite.

� Participants who recognized deep bite were more
likely to be less tolerant of deep bite.

� None of the eight chosen factor variables (age, sex,
education level, occupation, history of orthodontic
treatment, interest in orthodontic treatment or retreat-
ment, overbite presence, and recognition of overbite
deviation) significantly influenced the esthetic toler-
ance of AOB.
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