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The impact of malocclusion on adolescents’ dissatisfaction with dental

appearance and oral functions

Fábio Rafael Tessarolloa; Carlos Alberto Feldensb; Luciane Q. Clossc

ABSTRACT
Objective: To investigate the impact of malocclusion on adolescents’ dissatisfaction with dental
appearance and oral functions and to identify components of malocclusion that may contribute to
these outcomes.
Materials and Methods: The sample comprised 704 secondary school adolescents aged 12 to
13 years from Balneário Camboriú, Brazil. A trained and calibrated orthodontist examined the
severity of malocclusion using the Dental Aesthetic Index (DAI). A pretested questionnaire was
used to assess reported dental appearance, self-perception of speech, and self-perception of
masticatory function using a 5-point scale of oral health status. The outcomes of the present study
were dissatisfaction with dental appearance and dissatisfaction with oral functions. Simple and
multivariate logistic regression analysis was performed to explore the association between DAI and
outcomes and to quantify the effect of DAI components on dissatisfaction with dental appearance.
Results: Each DAI unit increase led to a significant increase of 5% in the likelihood of
dissatisfaction with dental appearance (OR: 1.05; 95% CI 1.01–1.08). DAI components that
exerted influence on dissatisfaction with dental appearance were: missing teeth (P 5 .010), largest
maxillary anterior irregularity $3 mm (P 5 .013), and largest mandibular anterior irregularity $2 mm
(P 5 .008). There was no association between severity of malocclusion and dissatisfaction with
oral functions.
Conclusions: Severity of malocclusion interfered with satisfaction of dental appearance in this
population. Missing teeth and anterior irregularity were identified as factors influencing this
outcome. (Angle Orthod. 2012;82:403–409.)
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INTRODUCTION

The indication for treatment of malocclusion is based
traditionally on professional perceptions in relation
to normative aspects of orthodontic diagnosis. These
aspects take into account primarily anteroposterior,
vertical, and transverse disharmonies. Over the last
decade, indices of orthodontic treatment need have

been used to screen patients for treatment priority, to
prevent unnecessary treatment, and to provide a basis
for discussion among health professionals, parents,
and children.1,2 The most commonly used indices are
the Dental Aesthetic Index (DAI), recommended by the
World Health Organization3 and the Index of Ortho-
dontic Treatment Need.

The greatest benefit of orthodontic treatment ap-
pears to be related to improved physical, psycholog-
ical, and social well-being,4–6 and possible ways to
achieve this goal include improvements of oral func-
tion and esthetics (dental appearance). A number of
studies have measured the effect of different dishar-
monies on the perception of adolescents towards
esthetics and function.5,7–9 Assuming the premise that
the success of care should be defined by criteria that
would be meaningful to both professionals and
patients,4,10 this knowledge could contribute decisively
to the development of protocols on the need and
ultimate goals of orthodontic treatment tailored to each
patient. Moreover, the definition of individuals who
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Porto Alegre, RS 90540-130, Brazil
(e-mail: lucloss@uol.com.br or ppgodonto@ulbra.br)

Accepted: June 2011. Submitted: March 2011.
Published Online: September 26, 2011
G 2012 by The EH Angle Education and Research Foundation,
Inc.

DOI: 10.2319/031911-195.1 403 Angle Orthodontist, Vol 82, No 3, 2012



would potentially benefit from treatment by further
investigation of possible relationships between maloc-
clusion and perceptions of esthetics and function in
different populations is essential to design more cost-
effective public policies.

The objectives of this study were (a) to verify the
association between malocclusion, as assessed by the
DAI, and dissatisfaction with dental appearance and
oral functions in a population of adolescents in
southern Brazil; and (b) to identify components of the
index that might contribute to these outcomes and
quantify the strengths of association.

MATERIALS AND METHODS

Subjects and Study Design

This cross-sectional study included students attend-
ing all the Municipal Education Centers of Balneário
Camboriú, state of Santa Catarina, a city with appro-
ximately 100,000 inhabitants located in southern Brazil.
Between February and July 2009 students aged 12 to
13 years, whose parents agreed to participate in the
study, were examined. Students with current or pre-
vious experience of orthodontic or orthopedic treatment
were excluded.

Sample size calculation was based on the following
parameters: target population of 1200 students, pro-
jection of 30% of occlusal problems,11 95% confidence
level, statistical power of 80%, and 2.5% margin of
error, which determined the minimum sample size
of 622 adolescents. Anticipating a nonresponse rate of
about 30% and exclusion of 10% of adolescents due to
current or previous orthodontic treatment, question-
naires were delivered to all students in all schools.

Demographic and Self-Reported Variables

A structured questionnaire7,12 was used to collect
data on the following variables: sex, age, reported
dental appearance, self-perception of speech, and
self-perception of masticatory function using a 5-point
scale (very poor/poor/fair/good/very good) of oral
health status. The outcomes of the present study
were: dissatisfaction with dental appearance (a poor or
very poor reported dental appearance) and dissatis-
faction with oral functions, reported as a poor/very
poor speech perception, or a poor/very poor mastica-
tory function perception. The questionnaire was pre-
viously applied 2 weeks apart to 35 students aged 12
to 13 years, and test-retest reliability was analyzed
using kappa statistics.13 An almost perfect reliability
(kappa 5 0.87; 95% CI 0.77–0.96) was shown for the
original 5-point scale instrument and a perfect agree-
ment (kappa 5 1.00) for the dichotomous outcome
(dissatisfaction: yes/no).

Clinical Variables

Clinical examination was performed by an experi-
enced orthodontist using a mouth mirror, gauze pads,
wooden spatula, and Community Periodontal Index
periodontal probe,3 in compliance with biosafety stan-
dards. Orthodontic treatment need was assessed using
the DAI, which involves the assessment of 10 param-
eters of dentofacial anomalies related to both clinical and
esthetic aspects: missing teeth, incisal crowding, incisal
spacing, largest anterior maxillary irregularity, largest
anterior mandibular irregularity, maxillary overjet, man-
dibular overjet, anterior open bite, and anteroposterior
molar relationship. The results were multiplied by the
respective round coefficient (weight) and added up, and
a constant value of 13 was then added to the results.14

Intraexaminer reproducibility was previously assess-
ed in two dental examinations conducted 15 days apart
in 20 subjects aged 12 to 13 years (kappa 5 0.86).

Statistical Analysis

The Statistical Package for the Social Sciences
(SPSS Inc, Chicago, Ill), version 16.0, was used for
data analysis. Pearson correlation test was used to
explore the correlation between DAI and scores of
reported dental appearance, self-perception of speech,
and self-perception of masticatory function. The chi-
square test was then used to verify the association of
DAI and sociodemographic variables with the binary
outcomes. In this analysis, DAI was categorized into
quartiles to reflect the variable distribution in this
population.

Simple and multivariate logistic regression analysis
was performed to explore the association between DAI
(as a quantitative variable) and outcomes, being initially
included in the model variables with P , .15. Subse-
quently, variables with P , .05 were excluded until the
final model was obtained; sex was maintained as a
variable regardless of its level of significance. Finally, to
determine and quantify the association between specific
DAI components and outcomes, a new model of simple
and multivariate logistic regression analysis was per-
formed. A two-tailed P value of less than .05 was
considered statistically significant, and the Hosmer-
Lemeshow test was used to assess the goodness of fit
of the final model. Comparisons between respondents
and nonrespondents regarding baseline variables (gen-
der and level of education) were also performed to
investigate the effect of nonresponse (chi-square and
t-test for independent samples, respectively).

Ethical Aspects

This study was approved by the Research Ethics
Committee of Universidade Luterana do Brasil (ULBRA –
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Canoas-RS), Brazil. Participation in the study was
authorized by parents who signed a written informed
consent form.

RESULTS

The final sample included 704 secondary school
adolescents from 11 schools. The study subjects
showed similar distribution in relation to sex (male:
53.1%; female: 46.9%) and age (12 years: 45.6%;
13 years: 54.4%). As for ethnic group, most individuals
were white (75.3%), followed by mestizo (18.7%), and
black (6.0%). Maternal education ranged from 0 to
13 years of schooling, with mean (SD) of 7.5 (3.3)
years. DAI scores ranged from 13 to 47, with mean
(SD) of 25.3 (5.8) and median (P25–P75) of 24
(21–28), showing an approximately normal distribution.

The score of satisfaction with dental appearance
significantly decreased with the increase in DAI score
(P 5 .001). The following mean scores were observed
in DAI categories: 3.49 (DAI # 20), 3.31 (DAI 21–24),
3.26 (DAI 25–28), and 3.16 (DAI $ 29). However, no
correlation was found between DAI scores and self-
perception of speech or self-perception of masticatory
function (P . .05).

The prevalence of poor self-rated dental appearance
was 18.9% (95% CI 16.0–21.7), significantly higher
than the prevalence of poor self-rated speech and
masticatory function (1.6% and 4.0%, respectively).

Overall, the prevalence of dissatisfaction with oral
functions was 5.1% (95% CI 3.5–6.7). The increase in
DAI categories was associated with an increase in the
occurrence of dissatisfaction with dental appearance
(P 5 .013). However, no association was found be-
tween DAI categories and dissatisfaction with oral
functions (Table 1).

According to the unadjusted logistic regression
model, DAI was significantly associated with dissatis-
faction with dental appearance (P 5 .005), whereas
sex, age, ethnic group, and maternal education were
not associated. In the final model, after adjustment for
sex, there were no changes in DAI estimates, noting
that each DAI unit increase led to an increase of 5% in
the likelihood of dissatisfaction with dental appearance
(OR: 1.05; 95% CI 1.01–1.08) (Table 2). The Hosmer-
Lemeshow test indicated a good model fit (P 5 .192).

The following DAI components were associated with
dissatisfaction with dental appearance in the unadjust-
ed model: missing teeth (P 5 .013), crowding in incisal
segment (P 5 .001), largest anterior irregularity in the
maxilla $3 mm (P , .001), and largest irregularity in
mandible $2 mm (P , .001). In the multivariate model,
however, crowding in the incisal segment lost associ-
ation. The final model showed a 4-fold increase in the
likelihood of dissatisfaction with dental appearance
when patients had at least one tooth missing and a
3.5-fold increase when patients had a largest anterior

Table 1. Distribution of Students in Relation to Dissatisfaction With Dental Appearance and Oral Functions (Speech and Masticatory Function)

Variable N

Dissatisfaction With Dental Appearance Dissatisfaction With Oral Functions

n (%) P n (%) P

All 704 133 (18.9) 36 (5.1)

Sex

Male 374 70 (18.7) .899* 19 (5.1) .966*

Female 330 63 (19.1) 17 (5.2)

Age, y

12 321 58 (18.1) .609* 15 (4.7) .627*

13 383 75 (19.6) 21 (5.5)

Ethnic group

White 530 104 (19.6) .621* 26 (4.9) .860*

Mestizo 132 23 (17.4) 8 (6.1)

Black 42 6 (14.3) 2 (4.8)

Maternal education

# 4 years 176 36 (20.5) .208** 6 (3.4) .966**

5 to 7 years 291 59 (20.3) 21 (7.2)

$ 8 years 234 37 (15.8) 9 (3.8)

DAIa

1st Quartile (#20) 152 17 (11.2) .013** 8 (5.3) .405**

2nd Quartile (21–24) 208 38 (18.3) 9 (4.3)

3rd Quartile (25–28) 170 42 (24.7) 6 (3.5)

4th Quartile ($29) 174 36 (20.7) 13 (7.5)

a DAI indicates Dental Aesthetic Index.

* Chi-square test.

** Chi-square test for linear trend.
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irregularity in the maxilla of at least 3 mm. In addition,
this outcome was 70% more likely to occur with a
1-mm largest anterior irregularity in the mandible and
almost three times more likely to occur with a largest
anterior irregularity in the mandible of at least 2 mm
(Table 3). The Hosmer-Lemeshow test indicated a
good model fit (P 5 .939).

According to the unadjusted logistic regression anal-
ysis, there was no association between DAI and dis-
satisfaction with oral functions (OR: 1.04; 95% CI
0.98–1.09). The inclusion of possible confounding
variables did not change estimates, and DAI remained
not associated. Likewise, none of DAI components
was associated with dissatisfaction with oral functions.

No difference was found between respondents and
non-respondents with respect to gender (male respon-
dents: 53.1% vs male non-respondents 51.8%; P 5

0.665) and level of education [mean (SD): respon-
dents: 6.6 (1.0) years vs non-respondents: 6.5 (0.9)
years; P 5 0.083].

DISCUSSION

The main result of this study was the observation
that an increase in the severity of malocclusion, as
measured by DAI, increases the likelihood of dissat-
isfaction with dental appearance, and anterior irregu-
larity and missing teeth were identified as key factors
in this association. These easily visible undesirable
traits coupled with low social acceptance of such
changes by others provide a possible explanation for
this association. The main clinical significance of these

findings is the need for the orthodontist to prioritize the
correction of anterior irregularity in order to improve the
patient’s self-perception of dental appearance.5,6 Fur-
thermore, this professional may contribute to replace
missing teeth through a model of integrated care with
a multidisciplinary team approach. Providing better
dental appearance appears to have a direct impact on
psychosocial issues, such as shyness, embarrass-
ment, being upset, and avoidance of smiling, espe-
cially on more relevant issues.4,15

The influence of malocclusion on appearance
dissatisfaction has been previously reported in other
adolescent populations.15,16 However, it is noteworthy
that in this study maxillary overjet and anterior dia-
stema did not influence this outcome. This is different
from an Asian population, in which increased overjet
was perceived by laypersons as the major occlusal
trait affecting dental esthetics.17 One must consider
that the development of physical self-concept is
thought to be based on the perceived reactions of
others and the comparisons a child makes of his/her
physical attributes relative to those of others, which
might be strongly influenced by the culture of each
population. In this context, self-concept issues are
more likely related to an adolescent’s own self-
adjustment and overall self-perception of the dentofa-
cial region, rather than strictly to malocclusion.18

In the present study, the fact that the adolescents’
perception of oral functions did not vary according
to the level of malocclusion, in relation to DAI and
its components, is surprising. On the other hand,
malocclusions were associated with significantly lower
skillfulness of masticatory jaw motion in Japanese
patients.19 It has been reported previously in patients
from the Finnish publicly funded orthodontic care that
priority given to functional rather than esthetic aspects
determined a lower level of satisfaction with ortho-
dontic treatment.20

It is worth mentioning that molar relationship, a
condition representing an important aspect of normative
orthodontic diagnosis, was not associated with dissat-
isfaction with appearance or oral functions in the
present study. However, its correction is crucial to
occlusal balance and indirectly contributes to outcomes
considered relevant to patients, such as anterior
irregularity in the maxilla and mandible, and should
therefore remain as a goal to be achieved in orthodontic
treatment. Likewise, increased overjet predisposes
patients to other clinically relevant outcomes such as
dentoalveolar trauma21,22 and its correction should
remain as a goal of orthodontic treatment. On the other
hand, our results reinforce the concept that the goals of
orthodontic intervention should be even more compre-
hensive, going beyond the simple solution of normative
aspects and assigning the relative weights of the

Table 2. Unadjusted and Adjusted Odds Ratio (OR) and 95%

Confidence Interval (CI) of Dissatisfaction with Dental Appearance,

According to Categories of Independent Variables

Variables

Dissatisfaction With Dental Appearance

Unadjusted Multivariate

OR (95% CI) P OR (95% CI) P

Sex

Male 1 .899 –

Female 1.02 (0.70–1.50)

Age, y

12 1 .609 –

13 1.10 (0.76–1.61)

Ethnic group

White 1.46 (0.60–3.47) .608 –

Mestizo 1.27 (0.48–3.35)

Black 1

Maternal education

# 4 years 1.37 (0.82–2.27) .342 –

5 to 7 years 1.35 (0.86–2.13)

$ 8 years 1

DAIa 1.05 (1.01–1.08) .005 1.05 (1.01–1.08) .005

a DAI indicates Dental Aesthetic Index.
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conditions identified as a cause of dissatisfaction in
each population.23

Although worse clinical orthodontic status was
associated with a more negative perception of dental
appearance in the present study, a high proportion of
adolescents in the highest tertile of DAI did not report
dissatisfaction with their dental appearance or oral
functions. Similar results have been reported in
relation to the impact of malocclusion on quality of
life,9,24–26 and this knowledge may have important
implications, considering the limited resources avail-
able in public health. The exclusive use of clinical
criteria as a determinant of access to treatment can
result in setting goals that are impossible to achieve,
contributing to inequalities in access to orthodontic

treatment already reported in different populations.11,16

It is possible that the adoption of approaches based on
clinical criteria, followed by the assessment of the
perceived oral health impacts and needs, can yield a
better cost-effectiveness ratio.4,15 This strategy is of
particular importance in countries that have not yet
included orthodontic treatment in public attention to
oral health, such as Brazil,16 and therefore need to
redesign public policies based on scientific evidence.

One limitation of the present study is the fact that
DAI may underestimate the occurrence of malocclu-
sion for failing to address conditions such as posterior
crossbite, deep bite, or midline displacement.1,27

Nevertheless, DAI was integrated into the International
Collaboration Study of Oral Health Outcomes by the

Table 3. Unadjusted and Adjusted Odds Ratio (OR) and 95% Confidence Interval (CI) of Dissatisfaction With Dental Appearance, According to

DAI Components

Variable N

Dissatisfaction With Dental Appearance

n (%)

Unadjusted Multivariate

OR (95% CI) P OR (95% CI) P

No. of missing teeth .013 .01

0 689 126 (18.3) 1 1

$ 1 15 7 (46.7) 3.91 (1.39–10.98) 3.94 (1.35–11.53)

Crowding in incisal segment .001

No 251 30 (12.0) 1 –

One segment 214 45 (21.0) 1.96 (1.19–3.24)

Two segments 239 58 (24.3) 2.36 (1.46–3.82)

Spacing in incisal segment .44

No 496 98 (19.8) 1 –

One segment 135 25 (18.5) 0.92 (0.57–1.50)

Two segments 73 10 (13.7) 0.64 (0.32–1.30)

Diastema in anterior segment .318

No 624 118 (18.9) 1 –

1 mm 46 6 (13.0) 0.64 (0.27–1.55)

$ 2 mm 34 9 (26.5) 1.54 (0.70–3.40)

Largest irregularity in maxilla p 5 0.000 .013

No 335 50 (14.9) 1 1

1 to 2 mm 330 65 (19.7) 1.40 (0.93–2.10) 1.18 (0.76–1.83)

$ 3 mm 39 18 (46.2) 4.89 (2.43–9.81) 3.48 (1.63–7.44)

Largest irregularity in mandible p 5 0.000 .008

No 308 40 (13.0) 1 1

1 mm 376 84 (22.3) 1.93 (1.28–2.90) 1.71 (1.09–2.67)

$ 2 mm 20 9 (45.0) 4.49 (2.14–14.05) 2.88 (1.01–8.21)

Maxillary overjet .768

, 2 mm 154 32 (20.8) 1 –

2 to 5 mm 489 89 (18.2) 0.85 (0.54–1.33)

. 5 mm 61 12 (19.7) 0.93 (0.44–1.96)

Mandibular overjet .523

0 mm 695 132 (19.0) 1 –

$ 1 mm 9 1 (11.1) 0.53 (0.07–4.30)

Anterior open bite .135

No 690 128 (18.6) 1 –

$ 1 mm 14 5 (35.7) 2.44 (0.80–7.40)

Molar relationship .620

Normal 290 50 (17.2) 1 –

Half-cusp displacement 210 41 (19.5) 1.16 (0.74–1.84)

Displacement $ 1 full cusp 204 42 (20.6) 1.24 (0.79–1.96)
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World Health Organization28 and has been used
worldwide in epidemiologic studies of orthodontic
treatment need.5,6,15,26 Another aspect to note is that
studies have increasingly used validated instruments
to assess the impact of malocclusion on quality of life.
One must consider that the scope of this study was
exactly to detect the subject’s self-perception of the
two major reasons, from a theoretical point of view, for
orthodontic correction: dissatisfaction with appearance
and oral functions. Furthermore, the use of only three
simple questions, which demonstrated excellent re-
producibility, enabled us to evaluate a large sample
size, providing the clinician with more accurate esti-
mates of the relationship between malocclusion and its
components, with relevant outcomes to patients.
Selection bias is unlikely to be a problem in this study.
Although it is impossible to determine the level of
dissatisfaction with dental appearance of nonrespon-
dents, a significant difference is not expected in rela-
tion to those who actually participated in the study,
considering the similarity in baseline characteristics
between both groups.

Our findings can be generalized to populations with
cultural and demographic characteristics similar to those
of the population living in southern Brazil: mostly white
individuals, with heterogeneous socioeconomic status,
living in a developing country. It is possible that in
populations with greater severity of malocclusion the
strengths of association become even greater, and some
level of influence might also be detected in oral functions.

CONCLUSIONS

N Increased malocclusion severity levels lead to a
worsening of the subject’s own perception of dental
appearance.

N Special attention should be directed to factors that
appear to individually influence this outcome; ante-
rior irregularity in maxilla and in the mandible and
missing teeth.

N Malocclusion as a whole, or through its components,
had no influence upon the individual’s perception of
oral functions.
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