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Objective: To determine the association between malocclusion and the severity of dental caries among children and adolescents in the per-
manent dentition. Method: A search was conducted in Medline, Cochrane databases, Google scholar, Scopus and Web of Science through 
October 2020 for studies of malocclusion and dental caries among children and adolescents using the Dental Aesthetic Index (DAI) and 
the Decayed, Missing, Filled Teeth (DMFT) index. Quality was evaluated using the Newcastle-Ottawa tool for cross-sectional studies. 
Data were extracted using the Cochrane Collaboration guidelines. Meta-analysis used the Cochrane Program Review Manager Version 
5. A random effects model was used to assess the association among different categories of malocclusion with dental caries. GRADE 
analysis assessed the certainty of evidence. Results: Five studies met the inclusion criteria. Handicapping malocclusion was significantly 
associated with higher mean DMFT scores (Mean difference: 1.03, 95% CI, 0.61, 1.44). Participants with severe malocclusion had higher 
mean DMFT when compared to subjects with normal occlusion (0.32, 95% CI, 0.13, 0.51). Definite malocclusion was also associated 
with higher mean DMFT scores (Mean difference: 0.19, 95% CI, 0.03, -0.35). Conclusion: Malocclusion is associated with dental caries 
in the permanent dentition. DMFT scores and the strength of the association increased with severity of malocclusion. Low to moderate 
certainty of evidence was observed for association between handicapping, severe, and definite malocclusion with dental caries.
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Background

Malocclusion, the departure from the normal relationship 
of teeth to other teeth in the same or opposing arch, affects 
a large segment of a population. Genetic, environmental, 
local factors, such as detrimental oral habits can cause 
malocclusion (Anthony et al., 2018). Malocclusions have a 
profound impact on aesthetics and the behaviour of children 
and adolescents, consequently affecting their self-esteem 
and general well-being (Venete et al., 2017) and quality 
of life (da Rosa et al., 2016; Sardenberg et al., 2017; 
Scapini et al., 2017). Malocclusion is not a disease and is 
not life-threatening, but it may compromise the health of 
the oral tissues and can lead to psychological and social 
problems (Gaikwad et al., 2014). 

Despite significant achievements in oral health worldwide, 
dental caries still prevails among under-privileged groups in 
both developed and developing countries. The World Health 
Organization (WHO) Global Strategy for prevention and 
control of non-communicable diseases and the common risk 
factor approach is a strategy for managing prevention and 
control of oral diseases (Petersen et al., 2005). The develop-
ment of cost-effective prevention strategies also requires the 
recognition of risk factors.

Multiple studies have been conducted to determine 
whether malocclusion is associated with dental caries. 
However, inconsistent findings have been reported, and 
evidence remains inconclusive (Helm and Petersen, 1989; 
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Stahl and Grabowski, 2004; Disha et al., 2017). A previ-
ous systematic review could not identify an association 
between malocclusion and dental caries (Hafez et al., 
2012). Studies reporting on the prevalence of crowding 
and dental caries without assessing their associations 
were excluded from this review. Although appropriate 
for systematic review, such studies should be excluded 
from pooling to estimate an association.

The Dental Aesthetic Index (DAI) is endorsed by 
WHO as an epidemiological and screening tool to re-
cord dentofacial anomalies, classify malocclusions, and 
determine orthodontic treatment needs (World Health 
Organization, 1997). Crowding and improper contacts 
between teeth make effective oral hygiene maintenance 
difficult and might increase the risk of dental caries. Pinto 
et al. (2018) conducted a meta-analysis and concluded 
that patients with lower Dental Aesthetic Index (DAI) 
score had lower Decayed, Missing, Filled Teeth (DMFT) 
values. However, the evidence was not conclusive as only 
three studies were included. Non-inclusion of appropriate 
studies threatens the internal validity of a review. 

This systematic review aimed to determine the asso-
ciation between malocclusion and the severity of dental 
caries in the permanent dentition among children and 
adolescents. The review includes updated search criteria, 
a quality assessment for observational studies, and an 
assessment for the certainty of evidence.
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 Materials and Methods

 Using the Population Exposure Comparison Outcome 
(PECO) format, the population was children and ado-
lescents who were 11–20 years old, the exposure was 
malocclusion recorded by the Dental Aesthetic Index 
(DAI), the comparator was children and adolescents with 
no malocclusion, and the outcome was dental caries and 
treatment experience recorded as the number of decayed, 
missing and filled teeth (DMFT) in the permanent denti-
tion. All observational studies including cross-sectional, 
prospective, retrospective, and case control studies as-
sessing the association between malocclusion and dental 
caries based on the DAI and DMFT indices were to be 
included. The DAI has been endorsed by WHO as an 
epidemiological and screening tool to evaluate dentofa-
cial anomalies, classify malocclusions, and determine 
orthodontic treatment needs (World Health Organization, 
1997). DAI has demonstrated reliability and validity and 
compares favourably with other indices as it is more 
versatile, quicker, and simpler to use. Mathematically, 
DAI links clinical and aesthetic components of occlusion, 
including patient perception, to produce a single score, 
categorizing severity levels that approximate to treatment 
needs (Table 1). WHO (1997) recommend the DAI and 
DMFT indices for oral health surveys. To avoid meth-
odological and clinical heterogeneity only studies using 
these indices were included. In vitro and animal studies, 
case reports, case series and studies among young people 
with special care needs were excluded. No language 
restrictions were stipulated. 

 Medline, Cochrane databases, Google Scholar, 
Scopus, and Web of Science for studies were searched 
through October 2020. The Preferred Reporting Items 
for Systemic Reviews and Meta-Analyses (PRISMA) 
guidelines were followed. Search keywords included 
malocclusion and dental caries, crowding, and dental 
caries and were combined with Boolean operators (See 
appendix). The search strategy was used for Medline 
and adapted for the other databases. References in the 
selected papers were reviewed manually and retrieved 
were relevant. Grey literature was searched through un-
published articles and manual searching of non-indexed 
journals at the institutional library at All India Institute 
of Medical Sciences (AIIMS), New Delhi (WHO Col-
laborating Centre for Oral Health Promotion) and AIIMS, 
Bhopal, and through abstracts, conference presentations, 
online clinical registries, including results of complete, 
but unpublished trials, but no articles were retrieved 
based on these criteria. 

 Studies were selected independently by the two 
investigators. The title and abstracts were screened to 
decide whether the studies would be retrieved in full. 
Retrieved articles were read before they were included. 
Differences between the two investigators were resolved 
by discussion. A third person with subject expertise as-
sisted in cases of lack of consensus. 

 Data were extracted to a piloted worksheet. Data were 
extracted independently by the two investigators using the 
Cochrane Collaboration (2011) guidelines. Differences 
between the two investigators were resolved by discussion. 

 The Newcastle–Ottawa tool adapted for cross-sec-
tional studies (Modesti et al., 2016) was used to assess 
study quality on three domains (participant selection, 
comparability, and outcome). Scores of 0, 1 or 2 were 
awarded when criteria were not satisfied, satisfied or 
satisfied using a validated method or established model 
respectively. The sum of these scores categorised overall 
study quality as high (> 7), moderate (5–7), or low (< 5). 

 The certainty of evidence was determined using 
the GRADE assessment (Schünemann et al., 2013), 
considering the type of included studies, risk of bias, 
consistency, directness of evidence, precision of results, 
risk of publication bias, magnitude of the effect, and 
influence of plausible residual confounding factors. 
GRADE assesses the quality of a body of evidence as 
high, moderate, low, or very low.

 Meta-analysis was conducted using the Cochrane 
Program Review Manager Version 5. A random effects 
model determined the association between different cat-
egories of malocclusion with DMFT. Mean differences 
and 95% confidence intervals (CI) were calculated be-
tween groups. Chi- and I square (X2 and I2, respectively) 
values were used to quantify heterogeneity. Statistical 
significance was set at p < 0.05.

 Results

The search yielded 12 potentially relevant publications, 
of which five were included (Figure 1) (Baskaradoss 
et al., 2013; Borzabadi-Farahani et al., 2011; Feldens 
et al., 2015; Gaikwad et al., 2014; Singh et al., 2012). 
Seven studies were excluded due to dissimilar primary 
outcomes, different assessment criteria or being inves-
tigated with children with special needs (Mtaya et al., 
2009; Borges et al., 2010; Nalcaci et al., 2012; Ukra et 
al., 2013; Vellappally et al., 2014; Feldens et al., 2016; 
Kramer et al., 2017). 

Characteristics of the included studies are summarised 
in Table 2. Participants with definite malocclusion (≥ 36 
DAI, n = 717), severe malocclusion (31–35 DAI, n = 
380), 258 with handicapping malocclusion (26–30 DAI, 
n = 258), and participants with normal occlusion (≤ 25 
DAI, n = 3489) were available for analysis. Four source 
studies reported associations between malocclusion and 
caries (Singh et al., 2012; Baskaradoss et al., 2013; Gai-
kwad et al., 2013; Feldens et al., 2015) and one reported 
non-significant but higher dental caries scores among 
young people with malocclusion (Borzabadi-Farahani 
et al., 2011). More severe caries (higher DMFT) was 
related to more severe malocclusion, in a dose response 
effect by Singh et al. (2012), Gaikwad et al. (2013) and 
Feldens et al. (2015).

DAI Score Severity and Treatment Need
≤ 25 No anomalies or minor malocclusion (no or 

slight treatment need)

26-30 Definite malocclusion (optional treatment) 

31-35 Severe malocclusion (treatment highly desirable)

≥ 36 Very severe or handicapping malocclusion 
(treatment mandatory)

Table 1. Scoring criteria for the Dental Aesthetic Index
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The studies were of moderate to high quality (Table 3). 
All addressed the confounding factor of age by matching 
among children with and without malocclusion. Singh et 
al. (2012) included children of similar socioeconomic 
status. Feldens et al. (2015) controlled for socioeconomic 
status in multivariate analysis.

The meta-analysis compared DMFT values among dif-
ferent severities of malocclusion (Figure 2). Handicapping 
malocclusion was associated with higher mean DMFT 
scores (Mean difference: 1.03; 95% CI 0.61–1.44). A 
low certainty of evidence was achieved for association 
between handicapping malocclusion with dental caries 

 

 

 
Figure 1. Flow diagram of study selection process

Study; Location Study Design; Setting No. 
participants

Age range (y)
Mean ± sd

% of participants in each DAI 
category 

DMFT 
Mean ± sd

Borzabadi-Farahani et 
al, 2011 (Iran)

Cross sectional 
Random selection

Sample size estimated 
School-based

 728 11-20
 15.11 ± 2.23

≤ 25 DAI: 54.5 
26-30 DAI: 23.6 
31-35 DAI: 11 
≥ 36 DAI: 10.9 

4.77 ± 3.54
5.23 ± 3.61
4.76 ± 3.49
5.44 ± 3.88

Singh et al, 2012 
(Karnataka, India)

Cross sectional 
Random selection; Sample 

size estimated School-
based

 927 12
 

≤ 25 DAI: 82 
26-30 DAI: 13 
31-35 DAI: 3.2 
≥ 36 DAI: 1.8 

1.17 ± 1.53
1.26 ± 1.41
1.77 ± 1.68
2.13 ± 1.83

Baskaradoss et al, 
2013 (Tamil Nadu, 
India)

Cross sectional
Random selection

Sample size estimated 
School-based study

 1800 11-15
 18.62 ± 6.2

≤ 25 DAI: 84.6 
26-30 DAI: 10.4 
31-35 DAI: 3.3 
≥ 36 DAI: 1.6 

1.94 ± 1.25
2.30 ± 1.71
2.31 ± 1.45
3.46 ± 1.33

Gaikwad et al, 2014 
(Maharashtra, India)

Cross sectional
Random selection

Sample size estimated 
School-based

 880 12-15
 

≤ 25 DAI: 73 
26-30 DAI: 13.1 
31-35 DAI: 18.1 

≥ 36 DAI: 2.38 

1.35 ± 1.44
1.33 ± 1.56
1.60 ± 1.42
2.62 ± 1.91

Feldens et al, 2015 
(Southern Brazil)

Cross sectional 
Random selection

Sample size estimated 
School-based

 509 11-14
 12.4 ± 1.1

≤ 25 DAI: 32.4 
26-30 DAI: 24 
31-35 DAI: 21.6 
≥ 36 DAI: 22 

4.77 ± 3.54
5.23 ± 3.61
4.76 ± 3.49
5.44 ± 3.88

Table 2. Characteristics of included studies 
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(Table 4). Participants with severe malocclusion had 
higher mean DMFT when compared to normal occlu-
sion (0.32; 95% CI 0.13–0.51) (Figure 3) with low 
certainty. Similarly, definite malocclusion was associated 
with presence of higher DMFT scores (0.19; 95% CI 

0.03–0.35) (Figure 4) with moderate certainty. Moder-
ate to low non-significant heterogeneity values of 49%, 
0%, and 16% respectively were noted for comparisons 
of handicapping, severe, and definite malocclusion with 
normal occlusion (Figures 2–4).

Selection Comparability Outcome Total

Representativeness Sample size Non-
Respondents

Ascertainment 
of exposure

Control for 
age

Controls for 
other factors Assessment Statistical test  

Borzabadi-
Farahani, 
2011

1 0 0 2 1 0 2 1 7

Singh, 2012 1 0 0 2 1 1 2 1 8
Baskaradoss, 
2013 1 0 0 2 1 0 2 1 7

Gaikwad, 
2014 1 0 0 2 1 0 2 1 7

Feldens, 
2015 1 1 1 2 1 1 2 1 10

Table 3. Quality Assessment: Newcastle-Ottawa scale 

 

 

 

 

  

Figure 2. Meta-analysis of studies evaluating dental caries: handicapping malocclusion versus normal occlusion

Certainty assessment No. participants Effect

No. 
studies Design Risk of 

bias Inconsistency Indirectness Imprecision Other 
considerations

Handicapping 
Malocclusion

Normal 
Occlusion

Mean 
Difference.
Absolute 
(95 CI)

Certainty

Handicapping malocclusion 

5 Observational Serious Not serious Not serious Not serious Strong 
association, 
all plausible 

residual 
confounding 

would suggest 
spurious effect 

258 3489 1.03 higher 
(0.61-1.44)

⊕⊕⃝⃝ 
LOW

Severe malocclusion 

5 Observational Serious Not serious Not serious Not serious Strong 
association, 
all plausible 

residual 
confounding 

would suggest 
spurious effect 

380 3489 0.32 higher 
(0.13-0.51)

⊕⊕⃝⃝ 
LOW

Definite malocclusion

5 Observational Serious Not serious Not serious Not serious Strong 
association, 
all plausible 

residual 
confounding 

would suggest 
spurious effect

717 3489 0.19 higher 
(0.03-0.35)

⊕⊕⊕⃝ 
MODERATE

Table 4. GRADE analysis for certainty of evidence for association between malocclusion and dental caries
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 Discussion

This review including five studies demonstrated an as-
sociation between malocclusion and dental caries. There 
was a dose-response relationship more severe malocclu-
sion severe levels being associated higher DMFT scores. 

One pathway of causation between malocclusion 
and dental caries could be that malocclusion contributes 
towards greater plaque build-up by favouring its accu-
mulation and obstructing its removal, which is further 
facilitated by severe malocclusion. However, dental 
caries leads to tooth loss and is a recognised risk factor 
for malocclusion (Sa-Pinto et al., 2018). The association 
between malocclusion and dental caries may therefore be 
bidirectional. Unfortunately the cross-sectional design of 
the included studies does not allow the determination of 
the direction of the relationship (Feldens et al., 2015). 
Any temporal relationship between caries and maloc-
clusion remains inconclusive due to the study design.

An individual’s socioeconomic circumstances can also 
influence their oral health, and thus the association found 
between malocclusion and caries may be partially due 
to confounding by this or other variables (Sa-Pinto et 
al., 2018). However, the relationship persisted in Singh 
et al.’s (2012) study restricted to children of similar 
socioeconomic status. 

An implication of these findings is that crowding and 
improper contacts between teeth may make effective oral 
hygiene difficult, which may increase plaque accumulation 
and predispose to caries development. Crowding could 
also inhibit the flow of fluoride into spaces. Crowding 
and buccal cross-bite have been associated with dental 
caries, whereas increased overjet and anterior open bite 
were associated with gingivitis (Kolawole and Folayan, 
2019). A systematic preventive programme, including 
meticulous oral hygiene maintenance, diet management, 
and use of fluoride varnishes in practice, may be followed 
by people with malocclusion. 

 The association between malocclusion and dental 
caries is complex due to its potentially bidirectional 

relationship.. However, this study determined the associa-
tion between malocclusion and dental caries rather than 
etiological evidence. Limitations of the study include a 
low number of studies and no registration of the study 
protocol. The review could not establish a temporal 
relationship between malocclusion and dental caries. 
Only one tool to measure malocclusion was used, which 
may not have reflected the entire body of evidence. The 
DAI may under-record malocclusion as it prioritises 
aesthetic concerns rather than occlusal traits such as 
cross-bite. Nonetheless, it is still the most widely used 
index to assess malocclusion in surveys (WHO,1997). 
The DMFT index is simple to use but the values are not 
related to number of teeth at risk and may overestimate 
caries experience in teeth with preventive fillings. The 
effect of these two forms of misclassification would 
be to mask any relationship between malocclusion and 
caries. Nevertheless, that relationship persisted in these 
analyses. Three of the five included studies were from 
India and one each from Iran and Brazil. The results 
therefore are more generalizable to developing nations. 
Very few studies that assess association of malocclusion 
with dental caries in field settings have been identified; 
therefore, further observational studies, specifically cohort 
studies, are suggested for the future.

 In summary, this systematic review associated maloc-
clusion with dental caries with a seeming dose-response 
relationship in the permanent dentition. Low to moder-
ate certainty of evidence was observed for association 
between handicapping, severe, and definite malocclusion 
with dental caries.

 Appendix

Boolean operators used along with the whole 
string for search – ((“malocclusal”[All Fields] OR 
“malocclusion”[MeSH Terms] OR “malocclusion”[All 
Fie lds]  OR “malocclusions”[All  Fie lds]  OR 
“malocclusive”[All Fields]) AND (“dental caries”[MeSH 
Terms] OR (“dental”[All Fields] AND “caries”[All 

 

 

 

  

Figure 3. Meta-analysis of studies evaluating dental caries: severe malocclusion versus normal occlusion
 

 

 

 

Figure 4. Meta-analysis of studies evaluating dental caries: definite malocclusion versus normal occlusion
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Fields]) OR “dental caries”[All Fields])) OR (“crowd 
s”[All Fields] OR “crowding”[MeSH Terms] OR 
“crowding”[All Fields] OR “crowd”[All Fields] OR 
“crowded”[All Fields] OR “crowds”[All Fields])) AND 
(“dental caries”[MeSH Terms] OR (“dental”[All Fields] 
AND “caries”[All Fields]) OR “dental caries”[All Fields])
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