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Risk factors for anterior open bite: A case–control study
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ABSTRACT

Background: Anterior open bite (AOB) is noteworthy because it is a complex dysplasia, and 
clinical studies on this malocclusion are usually epidemiological studies or experimental models 
with small samples and no control group, which renders the data on AOB incomplete and therefore 
inconclusive. The objective this study was to assess the risk factors involved in developing AOB.
Materials and Methods: A case–control study was provided with a total of 96 lateral 
cephalometric radiographs of male and female patients aged between 8 and 14 years were used, 
regardless of facial type. The dependent variable was the presence or absence of AOB, which divided 
the participants into case and control groups, respectively; these groups were matched for gender 
and age. The case and control groups data were analyzed by descriptive and inferential analysis by 
binary logistic regression using at the 5% significance level
Results: The occurrence of AOB was associated with the presence of deleterious oral habits (P = 0.014; 
Chi‑square test) and was approximately three times (odds ratio = 3.04) more likely to occur in 
participants with AOB. No significant association between the presence of mouth breathing and the 
occurrence of AOB was found (P = 0.151; Chi‑square test). The odds associated with tongue interposition 
were 10.51 times higher than those of participants with no such deglutition. The odds associated with 
the dolichofacial pattern were 5.74 times those of participants with a nondolichofacial pattern.
Conclusion: Tongue interposition and dolichocephalic facial pattern were risk factors for developing 
AOB.
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INTRODUCTION

Anterior open bite (AOB) is characterized by a deficit 
in the normal vertical contact between the antagonist 
teeth in the anterior dental arches.[1] Furthermore, 
AOB causes various esthetic and functional changes 
that impair food gripping and cutting as well as 
generates problems in articulating specific phonemes. 
These changes can lead to unfavorable psychosocial 
conditions.[2]

The etiology of AOB is related to heredity and the 
environment. Environmental etiologic factors are 
most commonly observed during child development 
and are usually associated with tonsillar hypertrophy, 
mouth breathing, and deleterious oral habits including 
thumb and pacifier sucking. Tongue interposition, 
considered a secondary oral habit, worsens AOB, 
even after the removal of the primary etiologic 
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factor.[3,4] Vertical growth pattern with or without 
anterior maxillary inclination is also related to the 
development of AOB.[5]

Correcting AOB at an early age favors growth 
reestablishment and normal dentofacial development, 
preventing dentoalveolar changes from resulting in 
the significant skeletal deformities that compromise 
functional balance and facial harmony. This 
malocclusion can have skeletal implications at the end of 
the craniofacial development period if not treated early, 
especially in patients with a vertical growth pattern.[6]

In this context, AOB is noteworthy because it is 
a complex dysplasia, and clinical studies on this 
malocclusion are usually epidemiological studies or 
experimental models with small samples and no control 
group, which renders the data on AOB incomplete and 
therefore inconclusive.[7-10] Thus, the present study is 
relevant because it assessed risk factors associated with 
developing the malocclusion in question.

MATERIALS AND METHODS

Ethical considerations
The present study was approved by the 
ethics committee under protocol number: 
43133415.8.0000.5178, in accordance with resolution 
196/96 of the Brazilian Ministry of Health/National 
Health Committee/National Research Ethics 
Committee.

Study design
This is an original research, by a case–control study 
provided with a total of 96 lateral cephalometric 
radiographs of male and female patients aged between 
8 and 14 years, regardless of facial type.

Sample
The sample size was calculated for a case–control 
study using the parameters of one control per case 
considering 64% exposed participants among the 
cases and 37.21% exposed participants among 
controls, a 5% significance level, and 85% test 
power; totaling a need of evaluation of a minimum 
of 96 patients, equally divided into two groups, with 
48 patients each, according to the occurrence of AOB: 
the case group (presence of AOB) and the control 
group (absence of AOB). The cases and controls were 
paired by sex and age.

Data collect
The case group consisted of 48 cast models and 48 
lateral cephalometric radiographs obtained on the 

same day from the same male and female patients 
of any facial type, aged between 8 and 14 years 
with fully erupted upper and lower incisors, without 
associated deformities.

All the 48 case group participants had AOB. A digital 
calibrator (Digimes) was used to assess the severity 
of the malocclusion in the individually articulated 
study models. The distance was measured between 
the midpoint (mesial-distal direction) of the incisal 
edge of the most anterior maxillary central incisor 
and the midpoint of the incisal edge of the lower 
central incisor on the same side. The measurements 
were recorded on a Microsoft Excel spreadsheet, and 
the severity of AOB was subsequently rated according 
to the following classification:[7] 0–−2 mm (moderate 
open bite); −4–−3 mm (severe open bite); 
and >4 mm (extreme open bite).

Dental casts without AOB and the correspondents 
cephalometric radiographs were selected for the 
control group, being the controls selected from the 
gender and age pared with the case group, regardless 
of facial type.

All the documents used for the case and control 
groups were obtained by the archives of the 
Specialization Course in Orthodontics held at the 
Brazilian Association of Dentistry, Paraíba Section. 
The participants had never received orthodontic 
treatment and were assisted between the years of 
2004 and 2014.

A single examiner evaluated the radiographic images, 
and an orthodontist experienced in cephalometry 
compared these images with anatomical drawings of 
all selected images created on Canson paper in a dark 
environment using a 0.3-mm graphite pencil. Tracings 
were made, and the landmarks were measured with a 
ruler and protractor.

The following points were marked on the anatomical 
drawings: sella (S), nasion (N), basion (Ba), 
pterygoid (Pt), gnathion (Gn), porion (Po), 
orbitale (Or), gonion (Go), menton (Me), 
mandibular centroid (Xi), anterior nasal 
spine (ANS), pogonion (Pg), suprapogonion (PM), 
and condyle (DC). After marking the points, the 
following Ricketts’ landmarks needed to determine 
the VERT index were measured: facial axis (Ba-N. 
Pt-Gn); facial depth (Po-Or. N-Pg); mandibular plane 
angle (Go-Me. Po-Or); lower facial height (LFH; 
Xi-ANS. Xi-PM); and mandibular arch (DC-Xi. 
Xi-PM).
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the participants into case and control groups, 
respectively.

To tests, the dolichocephalic facial growth 
pattern was grouped into two categories in both 
cases: dolichocephalic and nondolichocephalic 
(i.e., mesofacial and brachyfacial).

The dependent variable was the presence of AOB, 
and the outcome was defined as 1 (with AOB) and 
0 (without AOB). This classification was required to 
logistic binary regression analysis.

The data independent variables (finger or pacifier 
sucking, tongue interposition, mouth breathing, 
oropharynx size, nasopharynx size, and the facial 
growth trend of the case and control groups) were 
entered into a Microsoft Excel spreadsheet and 
subjected to a descriptive analysis (absolute and 
percentage frequency) and an inferential statistical 
analysis using binary logistic regression.

First, a univariate analysis was performed adopting 
a 0.20 significance level for input variable selection 
for the multiple regression model of binary logistic 
regression. Next, variables with significance values 
lower than 0.20 were entered into the multivariate 
model, and variable inclusion was performed using the 
backward-selection method, adopting a significance 
level of 0.05. After fitting the multiple regression 
model, diagnostic tests were performed, and the 
receiver operating characteristic (ROC) curve was 
plotted. Analyses were performed using the Statistical 
Package for the Social Sciences (IBM SPSS; 
version 21.0; IBM Corporation, Armonk, New York, 
United States) and R (version 3.1.3; The R 
Foundation, St. Louis, Missouri, United States).

RESULTS

Were evaluated in each group, 27 (56.3) girl’s cases 
and 21 (43.7%) boy’s cases. The mean ages of both 
groups were identical and equal to 10.98 ± 2.33 years. 
More than half (52.1%) of case group participants had 
moderate AOB, followed by extreme (29.2%) and 
severe (18.7%) AOB.

The presence of deleterious oral habits occurred in 
31 (64.6%) case group patients but only 18 (37.5%) 
control group participants. Table 2 details the major 
deleterious oral habits found in both groups.

AOB was associated with the presence of deleterious 
oral habits (P = 0.014; Chi-square test), with 

According to the guidelines for VERT index 
determination,[11] after calculating the angle values 
of each participant, the individualized norm for each 
angle was calculated after considering the age. After 
establishing the difference from the value found 
according to the clinical deviation (which varies 
with the angle), a positive value was assigned to 
indicate a brachyfacial growth trend, and a negative 
value was assigned to indicate a dolichofacial 
trend [Table 1]. The facial pattern was determined 
according to the value found, of the same way: values 
between −2 and −0.5 mm characterized the facial 
pattern dolichofacial; values between −0.49 and +0.49 
characterized the facial pattern mesofacial; and values 
higher than +0.5 characterized the facial pattern 
brachyfacial.

The sizes of the nasopharyngeal and oropharyngeal 
spaces, which were manually traced, were 
measured using the distance between the nasal and 
oropharyngeal posterior edges and the soft palate, 
respectively. Those measurements were performed 
according to McNamara.[12]

The other data used for analysis (the presence of 
deleterious oral habits such as finger sucking, pacifier 
sucking, nail biting, lip sucking, and bottle feeding as 
well as the presence or absence of mouth breathing) 
were collected from the medical records of the 
patients who completed an initial evaluation before 
the orthodontic treatment. The data concerning tongue 
interposition were collected from speech therapy 
records, which were also included in the patient records.

Data analysis
The dependent variable for data analysis was 
the presence or absence of AOB, which divided 

Table 1: The values to determine the landmarks 
needed to calculate the VERT index with variations 
according to age
Landmarks FA FD MPA LFH MA
Variation/age No +1°/3 years −1°/3 years No +0.5°/year
9 years 90° 87° 26° 47° 26°
10 years 90° 87.33° 25.67° 47° 26.5°
11 years 90° 87.66° 25.34° 47° 27°
12 years 90° 88° 25° 47° 27.5°
13 years 90° 88.33° 24.67° 47° 28°
14 years 90° 88.66° 24.34° 47° 28.5°
14 years 90° 89° 24° 47° 29°
16 years (male) 90° 89.33° 23.67° 47° 29.5°
17 years (male) 90° 89.66° 23.34° 47° 30°

FA: Facial axis; FD: Facial depth; MPA: Mandibular plane angle; LFH: Lower 
facial height; MA: Mandibular arch
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an approximately three times higher chance of 
occurring (odds ratio [OR] = 3.04) in participants 
with AOB.

Thirty (62.5%) case group patients breathed through 
their mouths, whereas only 45.8% of the control 
group did so. However, no significant association was 
found between the presence of mouth breathing and 
the occurrence of AOB (P = 0.151; Chi-square test).

A risk factor assessment using a univariate analysis 
[Table 3] of the variables of interest input into the 
multiple regression model revealed that both tongue 
interposition and vertical growth pattern (dolichofacial) 
were risk factors for the occurrence of AOB. The 
chance of AOB associated with tongue interposition 
was 10.51 times greater than that of participants 
without such deglutition. Moreover, the chance of 
AOB associated with the dolichofacial facial pattern 

was 5.749 times greater than that of participants with 
a nondolichofacial pattern.

The multiple regression model outlined in Table 4 
was fit to the data according to the analysis of 
deviance (deviance = 90.492) compared with the 
Chi-square test (  2 = 116.511). Thus, the proposed 
model was well fit to the study data. Furthermore, 
the ROC curve was plotted with the sensitivity and 
specificity values as well as the associated predictive 
values and area under the curve [Figure 1].

Figure 1 shows that the model proposed in the present 
study identified 68.8% of AOB cases when they 
occurred (sensitivity) and discarded 89.6% of AOB 
cases when they did not occur (specificity). The area 
under the curve was 0.847, which is considered as 
acceptable. Based on the prevalence of AOB in the 
study sample, the model was able to predict 25.9% 
of the occurrence and 13.2% of the nonoccurrence of 
AOB.

DISCUSSION

Although AOB is not the most prevalent malocclusion 
in the Brazilian population, its prevalence among the 
children studied was only 12.1% according to the 
Oral Health Brazil 2010 project (SB Brazil 2010); the 
study of AOB is highly relevant because many cases 
of orthodontic treatment relapse are associated with 
the presence of open bite. This finding emphasizes 
the importance of studying the associations among the 
presence of AOB, the influence of development, and 
the severity associated with environmental factors and 
growth trends.[13,14]

Cozza et al.[15] observed a prevalence of AOB 
in mixed dentition ranging from 17% to 36.3%, 
corroborating data indicating that the prevalence of 
AOB in mixed dentition is 18% and decreases with 
age.[16] The prevalence in the black population is 
five times higher than that in the white or Hispanic 
populations.[17] Ize-Iyamu and Isiekwe[17] found similar 
data to SB Brasil in a study conducted in Nigeria 

Table 2: The frequencies of the major deleterious 
oral habits found in both study groups
Oral habits Case group, n (%) Control group, n (%)
Finger sucking 13 (41.9) 1 (5.6)
Pacifier sucking 10 (32.3) 8 (44.4)
Nail biting 6 (19.4) 7 (38.9)
Lip sucking 1 (3.2) 2 (11.1)
Bottle feeding 1 (3.2) 0 (0.0)
Total 31 (100.0) 18 (100.0)

João Pessoa, 2017

Table 3: Univariate analysis to selecting the 
variables to the multiple regression model
Variable Score Df Significance
Age 0.000 1 1.000
Gender 0.042 1 0.837
Other habits 7.045 1 0.008*
Mouth breathing 2.685 1 0.101*
Tongue interposition 28.971 1 0.000*
Nasopharynx size 0.040 1 0.842
Oropharynx size 0.155 1 0.694
Growth pattern: Dolichocephalic 20.308 1 0.000*
Finger sucking 0.000 1 1.000
Pacifier sucking 0.334 1 0.563

João Pessoa, 2017. *Variables input into the multiple regression model for the 
adjusting of final model. Df: Degrees of freedom

Table 4: Adjusted multiple regression model for the occurrence of anterior open bite
Variable B SE Significance OR 95% CI for OR

Lower Upper
Constant 4.745 1.010 0.000 0.009
Tongue interposition 2.353 0.550 0.000 10.517 3.580 30.894
Vertical growth pattern 1.749 0.529 0.001 5.749 2.039 16.208

João Pessoa, 2017. B: Estimator; CI: 95% Confidence interval; SE: Standard error; OR: Odds ratio



Figure 1: Receive operating characteristic curve for the 
adjusted final model to the occurrence of anterior open bite. 
João Pessoa, 2017. Sens: Sensitivity; Spec: Specificity; 
PV+: Predictive positive power of model; PV−: Predictive 
negative power of model; RICKETTS: Ricketts scale.
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because the prevalence of open bite was only 2.8%, 
which corroborates previously reported data.[17]

The presence of nonnutritive sucking habits leads 
to the development of malocclusion, and the most 
prevalent malocclusion was AOB.[14,17,18-28] However, 
these habits (finger and pacifier sucking) were not 
risk factors for developing AOB in the present study 
after binary regression. This result is most likely 
related to the age group studied because these habits 
have usually already been stopped, and spontaneous 
correction might have occurred in most cases.

When examining the involvement of deleterious 
oral habits in the development of AOB, tongue 
interposition (characterized by the adapted deglutition 
that is common in cases of AOB) was the strongest 
risk factor for developing this malocclusion because 
AOB was 10.5 times more likely to occur when tongue 
interposition was present. Previous studies[7,28,29] have 
suggested that correcting tongue positioning enables 
the autocorrection of AOB to ensure satisfactory 
posttreatment stability.

The second risk factor for developing AOB found 
in the present study was the vertical growth pattern; 
however, this finding was weaker than tongue 
interposition (OR = −5.74), corroborating previous 
findings.[30,31] However, some studies failed to find 
this association,[23,24] including Justos[31] and Dung and 
Smith[32] who observed that most of the hyperdivergent 

participants in their sample had normal or exaggerated 
overbite, whereas patients with normal facial patterns 
showed persistent AOB. This finding might strengthen 
the hypothesis that the vertical growth patterns are not 
the most important risk factor for developing AOB.

The literature clearly shows that patients with 
a vertical growth pattern have the following 
cephalometric changes typical of this facial type: 
increased gonial (mandibular) angles, increased 
lower anterior facial height, and a change in the 
ratio of posterior facial height. In addition to the 
aforementioned characteristics, patients with AOB 
show other cephalometric indicators of a predisposing 
condition for this malocclusion, including excessive 
vertical maxillary growth, short mandibular rami, 
and obtusegonial angles. Such changes tend to cause 
downward and backward (clockwise) mandibular 
rotation, thereby increasing the anterior LFH, thereby 
leading to AOB.[33,34]

Thus, examining the association between facial 
growth pattern and AOB becomes important because 
the present study showed that morphogenetic factors 
are directly related to the type of malocclusion under 
discussion.

No significant association was found when analyzing 
the relationships between the nasopharynx and 
oropharynx sizes with regard to the dolichocephalic 
pattern. This finding go against previous studies[35-39] 
stating that the dolichofacial pattern is characterized 
by narrower nasopharyngeal structures than the other 
facial types as reported by Laranjo and Pinho[39] whose 
study patients with AOB had smaller nasopharynx 
and oropharynx as well a increased alveolar and 
facial height.[40] These characteristics typify vertical 
posterior and rotational mandibular growth.

The lack of a correlation between the nasal and 
oropharyngeal dimensions and dolichocephalic growth 
patterns were also observed in other studies,[41-42] 
thereby corroborating the present findings.

Because this study used a case–control design with 
a well-defined and adequate sample size, the results 
provide information that furthers the knowledge of 
AOB. Although some authors affirm that case–control 
studies do not allow a specific guarantee of cause 
and effect, this information will be highly relevant in 
diagnosis so that orthodontic planning and treatment 
are more accurately performed, and satisfactory 
posttreatment stability is ensured. We recommend for 
future studies that the habits and the facial patterns 
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were always considered in evaluations about risk 
factors for AOB.

CONCLUSION

Tongue interposition and a dolichocephalic facial 
pattern were risk factors for the development of AOB.
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