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Impact of malocclusion and dentofacial anomalies on the prevalence and

severity of dental caries among adolescents

Carlos Alberto Feldensa; Angela Isabel dos Santos Dulliusb; Paulo Floriani Kramera;
Annarosa Scapinic; Adair Luiz Stefanello Busatod; Fabiana Vargas-Ferreirae

ABSTRACT
Objectives: To investigate the association between malocclusion/dentofacial anomalies and
dental caries among adolescents.
Materials and Methods: A cross-sectional study was conducted with 509 adolescents aged 11 to
14 years enrolled at public schools in the city of Osório in southern Brazil. Parents/caregivers
answered a structured questionnaire on demographic and socioeconomic variables. A trained
examiner recorded the presence of malocclusion (Dental Aesthetic Index [DAI]), traumatic dental
injury, and dental caries. Data analysis involved the chi-square, Mann-Whitney, and Kruskal-Wallis
tests. Poisson regression with robust variance was used for the multivariable analysis.
Results: A total of 44.8% of the adolescents had dental caries (mean DFMT 5 1.33 6 1.84). The
DAI index ranged from 15 to 77 (mean 5 29.0 6 7.9); 43.6% of the sample had severe
malocclusion and 11.6% had traumatic dental injury. The prevalence and severity of dental caries
were significantly greater among adolescents with severe malocclusion. The multivariate analysis
demonstrated that adolescents with severe or handicapping malocclusion had a 31% greater
probability of having dental caries (prevalence ratio: 1.31; 95% CI: 1.02–1.67), independently of
demographic, socioeconomic, or clinical aspects. The orthodontic characteristics associated with
the occurrence and severity of caries were maxillary irregularity $3 mm (P 5 .021) and abnormal
molar relationship (P 5 .021).
Conclusions: Handicapping malocclusion, maxillary irregularity, and abnormal molar relationship
were associated with the occurrence and severity of dental caries. The findings suggest that the
prevention and treatment of these conditions can contribute to a reduction in dental caries among
adolescents. (Angle Orthod. 2015;85:1027–1034.)
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INTRODUCTION

Dental caries is highly prevalent among adolescents
and can exert an impact on quality of life.1–6 The
development of cost-effective prevention strategies
requires the recognition of risk factors.7 It is plausible
that malocclusions contribute to the occurrence of
caries by facilitating the accumulation of plaque and
hindering its removal.8–9 Although studies have sug-
gested such an association,8,10–12 there is no consis-
tency in the findings, especially among investigations
with an adequate sample size and the use of
multivariable analysis. Moreover, most studies do not
explore the influence of different dentofacial anoma-
lies.8,10–13 In a systematic review of the literature on the
relationship between dental crowding and caries, the
authors found a lack of studies with adequate
methodological quality to allow drawing clear conclu-
sions regarding such an association.9
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Clarifying the role of malocclusion and dentofacial
anomalies in the occurrence of dental caries can assist
in clinical decision making as well as establishing
public health priorities. The Dental Aesthetic Index
(DAI) is an adequate tool for this purpose. The DAI is
used to classify malocclusions and orthodontic treat-
ment needs and is integrated with the International
Collaboration Study of Oral Health Outcomes of the
World Health Organization (WHO).14

The aim of the present study was to investigate the
association between malocclusion using the DAI and
dental caries, considering demographic, socioeconom-
ic, and clinical factors. The hypothesis is that severe
forms of malocclusion exert an impact on the
occurrence and severity of dental caries. A further
aim was to explore associations between the various
dentofacial anomalies and both the occurrence and
severity of dental caries.

MATERIALS AND METHODS

Subject and Study Design

The present cross-sectional study is part of a project
for evaluating oral health outcomes among adoles-
cents enrolled at public schools in the City of Osório in
southern Brazil. This city has a population of approx-
imately 40,000 and a fluoridated public water supply.
The source population was 1996 adolescents aged 11
to 14 years. The exclusion criterion was a current or
past use of an orthodontic appliance.

The sample size was calculated based on an
estimate of the relationship between malocclusion
and quality of life, an 80% power, 95% level of
confidence, mean score of 15.5 6 12.2 on the Child
Perceptions Questionnaire11–14 among adolescents
with no need for orthodontic treatment (nonexposed),
and 20.5 6 16.9 among those with orthodontic
treatment needs (exposed) and an exposed-to-
nonexposed ratio of 1:3.15 As one-stage cluster
sampling was employed, a 1.4 design effect was used
to increase the precision of the study, leading to
a minimum sample of 498 adolescents. Considering
a possible 20% dropout rate and a prediction that 10%
of adolescents would have a history of orthodontic
appliance use, 700 adolescents were assessed for
eligibility. All 12 public schools in the city of Osório
constituted the cluster units, five of which were
randomly selected following stratification based on
size of the school (large [n 5 1], medium [n 5 2], and
small [n 5 2]) to obtain a representative sample.

Data Collection

The data were collected by a single examiner who
had undergone training and calibration exercises. A

questionnaire addressing demographic and socioeco-
nomic data was administered to parents/caregivers,
and the participants were submitted to a clinical dental
examination.

Demographic and Socioeconomic Data

Parents/caregivers answered a structured question-
naire addressing the gender, age, and ethnicity of the
adolescent, family structure (nuclear or nonnuclear),
mother’s schooling (completed years of study), and
household income (income of all residents in the home
and categorized based on the Brazilian monthly
minimum wage [approximately US $240]). Ethnicity
was defined by the parents/caregivers as white, brown,
or black and was dichotomized as white or nonwhite.

Clinical Dental Exam

Examinations were performed at the schools with
the adolescent seated in a chair. Malocclusion was
evaluated based on the DAI, as recommended by
WHO.16 This index involves evaluating parameters of
dentofacial anomalies: missing teeth, crowding of the
anterior segment, spacing in the anterior segment,
diastema in the anterior segment, largest anterior
maxillary irregularity, largest anterior mandibular irreg-
ularity, anterior maxillary overjet, anterior mandibular
overjet, anterior open bite, and anteroposterior molar
relationship. These parameters are scored separately,
multiplied by a coefficient, and summed to generate
the total score, allowing the categorization of normal
occlusion or minor malocclusion (#25 points), definite
malocclusion with elective treatment need (26 to
30 points), severe malocclusion with highly desirable
treatment need (31 to 35 points), and handicapping
malocclusion for which treatment is required
($36 points). Traumatic dental injury was used as
a control variable and recorded based on the criteria
proposed by Andreasen.17 The number of decayed,
missing, and filled teeth (DMFT) was recorded using
the criteria proposed by WHO.16 Intra-examiner agree-
ment was determined using Kappa coefficients, which
were 0.82, 0.92, and 1.00 for malocclusion, caries, and
traumatic dental injury, respectively.

Data Analysis

Statistical analysis was performed using the Statis-
tical Package for Social Sciences (SPSS version 16.0;
SPSS Inc, Chicago, Ill). The chi-square, Mann-
Whitney, and Kruskal-Wallis tests were used to
determine associations between dental caries and
independent variables. Poisson regression with robust
variance was used for calculating crude prevalence
ratios (PRs). The multivariable model involved a
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hierarchical approach on three levels: (1) demographic
variables (gender, age, and ethnicity of the adoles-
cent); (2) socioeconomic variables (household income,
family structure, and mother’s schooling); and (3)
clinical oral conditions (traumatic dental injury and
malocclusion). The backward stepwise procedure was
used to select variables on each level, eliminating
variables with a P value greater than 0.20 one by one.
In the final model, PRs were estimated for the
variables selected after adjusting for those that
remained in the multivariate model on the same and
higher levels. The chi-square (categorical outcome
variable), Kruskal-Wallis, and Mann-Whitney (quanti-
tative outcome) tests were used to explore associa-
tions between dental caries and components of the
DAI. A P value ,.05 was indicative of statistical
significance.

Ethical Considerations

This study received approval from the Human
Research Ethics Committee of the Universidade
Luterana do Brasil. Participation in the study was
authorized by parents who signed a statement of
informed consent.

RESULTS

The final sample was composed of 509 male and
female adolescents aged 11 to 14 years (mean and
standard deviation: 12.4 6 1.1 years). Mother’s
schooling ranged from 0 to 16 years (mean: 6.9 6

3.2 years). Most families had a nuclear structure
(62.3%) and a household income of twice the monthly
minimum wage (70.0%). The prevalence of traumatic
dental injury was 11.6%. The DAI index ranged from
15 to 77 (mean 5 29.0 6 7.9). A total of 32.4% of the
sample (165/509) had normal occlusion or mild
malocclusion, 24.0% (122/509) had defined malocclu-
sion, 21.6% (110/509) had severe malocclusion, and
22.0% (112/509) had handicapping malocclusion
(Table 1). Thus, 43.6% of the adolescents had
malocclusions for which treatment was either highly
desirable or required (DAI $ 31).

The DMFT index ranged from 0 to 8 (mean 5 1.33 6

1.84; median 5 0). A total of 228 adolescents (44.8%)
had caries experience (DMFT $ 1). The prevalence
and severity of caries were significantly greater among
older adolescents, those ethnically classified as white,
those from families with a lower household income,
and those with greater malocclusion severity (Table 1).

In the crude model, the same variables were
associated with the outcome (Table 2). After adjust-
ments for confounding variables, the occurrence of
dental caries was 31% higher among adolescents with
handicapping malocclusion than those having no

malocclusion or mild malocclusion. The probability of
caries experience was 44% higher among 14-year-
olds compared with 12-year-olds, 2.2-fold higher
among whites compared with nonwhites, and 30%
higher among adolescents from families that earned
less than the minimum wage compared with those
from families that earned more than twice the minimum
wage.

Table 3 shows that the occurrence of dental caries
was significantly higher among adolescents with
maxillary irregularity (P 5 .043) and those with an
abnormal molar relationship (P 5 .024). Likewise,
caries severity was significantly greater among ado-
lescents with maxillary irregularity (P 5 .021) and
those with a molar relationship with a difference of at
least a half cusp (P 5 .021).

DISCUSSION

The main finding of our study was that malocclusion
exerted an impact on the occurrence of dental caries
independently of demographic, socioeconomic, and
clinical aspects. Dental caries has a multifactorial
etiology, and there is consensus in the literature that
socioeconomic, behavioral, and biological aspects
contribute substantially to its network of causality.18

The present findings demonstrate the significant
participation of malocclusion in this process, which
increased the likelihood of the occurrence of dental
caries more than 30%. Furthermore, a clear dose-
response effect was found, as an increase in the
severity of dental caries (demonstrated by the DMFT
index) was related to an increase in malocclusion
severity and the need for orthodontic treatment. This
association has also been reported in a previous study
conducted with adolescents in India.12

Despite a tendency for investigations to indicate an
association between malocclusion and caries,8,10–12

most studies have not addressed specific dentofacial
anomalies.8,12 The term malocclusion encompasses
a set of different conditions, and knowing which are
related to the occurrence of caries is essential to
guiding dental care. The recognition of an increased
risk of caries as a result of certain traits of malocclu-
sion would augment the indication for the orthodontic
treatment of these traits.19 In the present study,
maxillary irregularity and an abnormal molar relation-
ship were the occlusal characteristics that contributed
most to this association. Moreover, individuals with
crowding, mandibular irregularity, maxillary and man-
dibular overjet, and anterior open bite also had greater
caries severity in our study, although these associa-
tions did not achieve statistical significance. Previous
studies describe greater caries experience among
individuals with mandibular overjet and increased
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overbite in the mixed dentition20 as well as individuals
with anterior segment crowding, accentuated maxillary
overjet, and anterior open bite in the permanent
dentition.12

There is no obvious explanation for why handicap-
ping malocclusion, maxillary irregularity, and an
abnormal molar relationship represent a greater likeli-
hood of dental caries, but some speculations could be
made. The development of caries occurs at sites in
which biofilm remains for prolonged periods of time.21 It
is plausible that the orthodontic conditions cited lead to
a greater accumulation of plaque and hinder its
removal. Collecting data on plaque level and hygiene
habits in future studies could contribute toward
clarifying this relationship. It is also possible that
malocclusion and dental caries share common risk

factors. Indeed, conditions such as myofascial dys-
function could lead to the development of caries and
malocclusion in an independent fashion in the same
individual.20 Social aspects inevitably exert an impact
on biological factors and could also be a common
cause of the two conditions. Although malocclusion is
predominantly determined by genetics, some studies
have found an association between socioeconomic
status (SES) and this outcome in adolescents.13,22

Furthermore, the level of association between dental
caries may vary according to the SES of the sample,
suggesting that the relationship between these vari-
ables be assessed in a wider context of SES and
background factors.23

Some investigators of this topic failed to perform
multivariable analysis, indicating that the association

Table 1. Absolute and Relative Frequencies of Dental Caries (DMFT) Among Adolescents According to Demographic, Socioeconomic, and

Clinical Characteristics

Variables n (%)

DMFT $ 1

P*

DMFT

P**n (%) Mean (SD)

Level 1—Demographic Variables

Gender .402 .660

Male 218 (42.8) 93 (42.7) 1.31 (1.83)

Female 291 (57.2) 135 (46.4) 1.35 (1.86)

Age, y .043 .047

11 133 (26.1) 50 (37.6) 0.98 (1.46)

12 154 (30.3) 72 (46.8) 1.35 (1.81)

13 122 (24.0) 53 (43.4) 1.33 (1.89)

14 100 (19.6) 53 (53.0) 1.79 (2.20)

Ethnicity

White 462 (90.8) 218 (47.2) .001 1.40 (1.86) .002

Nonwhite 47 (9.2) 10 (21.3) 0.66 (1.49)

Level 2—Socioeconomic Variables

Household income (compared with

minimum wage)

.028 .022

,1 153 (30.6) 79 (51.6) 1.72 (2.11)

1–2 times 195 (39.1) 85 (43.6) 1.23 (1.75)

.2 times 151 (30.3) 59 (39.1) 1.07 (1.57)

Family structure .582 .417

Nuclear 317 (62.3) 139 (43.8) 1.26 (1.74)

Nonnuclear 192 (37.7) 89 (46.4) 1.46 (2.00)

Mother’s schooling .512 .287

#8 y 364 (71.8) 167 (45.9) 1.42 (1.95)

.8 y 143 (28.2) 61 (42.7) 1.12 (1.55)

Level 3—Oral Conditions

Trauma .662 .231

No 450 (88.4) 200 (44.4) 1.28 (1.79)

Yes 59 (11.6) 28 (47.5) 1.75 (2.20)

Malocclusion .028 .049

No/mild 165 (32.4) 68 (41.2) 1.05 (1.55) .008***

Defined 122 (24.0) 49 (40.2) 1.28 (1.89)

Severe 110 (21.6) 50 (45.5) 1.46 (1.98)

Handicapping 112 (22.0) 61 (54.5) 1.69 (2.00)

* Chi-square test or linear trend chi-square test (ordinal variables).

** Mann-Whitney test or Kruskal-Wallis test (variables with more than two categories).

*** Mann-Whitney test comparing no/mild malocclusion with handicapping malocclusion.
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found between malocclusion and caries was at least
partially due to confounding variables. Although no
significant change in estimates occurred after adjust-
ment of the model in the present study, it should be
pointed out that two demographic variables (age and
ethnicity) and one socioeconomic variable (income)
were associated with the outcome and represent
potential confounding factors.

The possibility of reverse causality bias is a critical
methodological aspect of the relationship between
malocclusion and caries that constitutes a limitation in
most studies investigating this issue, including the
present study. This can occur when a cross-sectional
design is employed, which does not allow the de-
termination of the order of occurrence of these
conditions. Most authors report their findings presup-

posing that malocclusion is the exposure factor and
dental caries is the outcome. However, some studies
report that adolescents with caries are more likely to
exhibit some type of malocclusion.8,10–13 In practice, it is
possible that the association occurs in both directions,
as in the association between pacifier use and the
interruption of breastfeeding.24 However, considering
the fact that orthodontic conditions, such as an
abnormal molar relationship, are established as soon
as these teeth enter into occlusion and the fact that
dental caries is a chronic disease that requires time to
develop, malocclusion is expected to occur prior to
dental caries in most adolescents. Prospective cohort
studies are needed to clarify this issue.

Other possible limitations should be addressed. The
DAI can underestimate the occurrence of malocclusion,

Table 2. Crude and Adjusted Prevalence Ratios and 95% Confidence Intervals for History of Dental Caries Among Adolescents According to

Demographic, Socioeconomic, and Clinical Characteristics

Variables

DMFT $1

Crude Model

P

Adjusted Model

P

PR

(95% CI)

PR

(95% CI)

Level 1—Demographic Variables

Gender

Male 1

Female 1.08 (0.89–1.32) .405

Age, y

11 1 1

12 1.24 (0.94–1.64) .122 1.22 (0.93–1.61) .146

13 1.16 (0.86–1.56) .342 1.12 (0.84–1.51) .438

14 1.41 (1.06–1.88) .019 1.44 (1.08–1.91) .012

Ethnicity

White 2.22 (1.27–3.88) .005 2.26 (1.31–3.93) .004

Nonwhite 1 1

Level 2—Socioeconomic variables

Household income (compared with

minimum wage)

,1 1.32 (1.03–1.70) .030 1.30 (1.02–1.67) .037

1–2 times 1.12 (0.86–1.44) .401 1.10 (0.85–1.41) .472

.2 times 1 1

Family structure

Nuclear 1

Nonnuclear 1.06 (0.87–1.29) .580

Mother’s schooling

#8 y 1.08 (0.68–1.34) .517

.8 y 1

Level 3—Oral Conditions

Trauma

No 1

Yes 1.07 (0.80–1.42) .655

Malocclusion

No/mild 1 1

Defined 0.97 (0.73–1.29) .796 0.96 (0.73–1.28) .796

Severe 1.10 (0.84–1.45) .574 1.08 (0.82–1.42) .574

Handicapping 1.32 (1.03–1.69) .028 1.31 (1.02–1.67) .032
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as it does not include all occlusal traits.23 However, this
index is recommended by WHO and has been widely
employed in epidemiological studies. Second, approx-
imately 20% of the adolescents eligible for the study
refused to participate. However, it is unlikely that
selection bias had occurred, since a previously reported
sensitivity analysis found no significant differences
between analyzed and nonanalyzed individuals with
regard to age or ethnicity.25 Moreover, it is unlikely that
the fact that exposure and the outcome were recorded
by a single examiner led to measurement bias, as
malocclusion was defined based on objective scores;

furthermore, knowledge of exposure does not greatly
affect the measurement of a hard outcome.26

The implications of these findings underscore the
need for dentists to evaluate clinical conditions in a
comprehensive fashion. Understanding that malocclu-
sion and orthodontic characteristics are indicators for
the occurrence of dental caries constitutes an addi-
tional factor beyond esthetics to indicate orthodontic
treatment in children and adolescents, especially when
malocclusion is more severe, which is more percepti-
ble, thus exerting a negative impact on oral health–
related quality of life. Such care involves the preven-

Table 3. Absolute and Relative Frequencies of Dental Caries Experience (DMFT $ 1) and DMFT Index Among Adolescents According to

Dentofacial Anomalies (DAI)

Variables n (%)

DMFT $ 1

P *

DMFT

P **n (%) Mean (SD)

Missing teeth

None 483 (94.9) 213 (44.1) .175 1.31 (1.83) .221

$1 26 (5.1) 15 (57.7) 1.73 (2.09)

Crowding

No 116 (22.8) 45 (38.8) .324 0.99 (1.47) .137

1 segment 181 (35.6) 83 (45.9) 1.34 (1.84)

2 segments 212 (41.7) 100 (47.2) 1.52 (2.01)

Spacing in anterior segment

No 368 (72.3) 167 (45.4) .385 1.40 (1.92) .202

1 segment 103 (20.2) 48 (46.6) 1.32 (1.75)

2 segments 38 (7.5) 13 (34.2) 0.74 (1.16)

Diastema in anterior segment

0 mm 445 (87.4) 199 (44.7) .929 1.34 (1.86) .973

$1 mm 64 (12.6) 29 (45.3) 1.30 (1.72)

Maxillary irregularity

0 mm 67 (13.2) 26 (38.8) .043 0.90 (1.36) .021

1 to 2 mm 244 (47.9) 102 (41.8) 1.20 (1.73)

$3 mm 198 (38.9) 100 (50.5) 1.65 (2.07)

Mandibular irregularity

0 mm 120 (23.6) 47 (39.2) .088 1.05 (1.62) .171

1 to 2 mm 284 (55.8) 128 (45.1) 1.40 (1.91)

$3 mm 105 (20.6) 53 (50.5) 1.47 (1.88)

Maxillary overjet

#2 mm 131 (25.7) 62 (47.3) .922 1.31 (1.76) .557

3 to 5 mm 311 (61.1) 132 (42.4) 1.30 (1.85)

$6 mm 67 (13.2) 34 (50.7) 1.54 (1.99)

Mandibular overjet

0 mm 496 (97.4) 221 (44.6) .506 1.33 (1.85) .640

$1 mm 13 (2.6) 7 (53.8) 1.38 (1.56)

Anterior open bite

0 mm 498 (97.8) 223 (44.8) .964 1.33 (1.84) .749

$1 mm 11 (2.2) 5 (45.5) 1.55 (1.97)

Molar relationship

Normal 193 (37.9) 74 (38.30) .024 1.02 (1.60) .021

½ cusp difference 167 (32.8) 79 (47.3) 1.53 (1.97)

$1 cusp difference 149 (29.3) 75 (50.3) 1.52 (1.95)

* Chi-square test or linear trend chi-square test (ordinal variables).

** Mann-Whitney test or Kruskal-Wallis test (variables with more than two categories).
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tion and early treatment of malocclusion in the primary
and mixed dentition phases as soon as it is possible.
As malocclusion can have a negative effect on quality
of life25,27–28 and is a risk factor for dental caries, early
prevention and treatment represent actions addressing
common risk factors that seem to constitute the best
health promotion strategy.29

The findings of the present study can be generalized
to populations with similar cultural and demographic
characteristics to populations in southern Brazil, such
as varied socioeconomic levels in a predominantly
white population living in a developing country. It is
possible that the strength of the association between
malocclusion and dental caries may be even greater in
populations having a higher exposure factor or out-
come.

CONCLUSIONS

N Malocclusion exerted an impact on the occurrence of
dental caries independently of demographic, socio-
economic, and clinical characteristics.

N Maxillary irregularity and an abnormal molar relation-
ship were the dentofacial anomalies associated with
a greater occurrence and severity of caries in
adolescents aged 11 to 14 years.

N The findings suggest that early prevention and
treatment of malocclusion might reduce the preva-
lence and severity of adolescent caries, a possibility
that should be investigated in future cohort studies.
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