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Objective. The aim of this study was to assess the

influence of sucking habits and facial pattern mea-

surements on the development of anterior open

bite (AOB).

Methods. A case–control study was carried out on

60 children aged 7 and 8 years attending municipal

public schools in the city of Recife, Brazil. Data

collection included interviews with guardians, oral

examinations, and facial growth pattern analysis

using cephalometric radiographs. The following

cephalometric measurements were assessed:

SN.Gn, SN.GoGn, FMA, and Facial Axis. Statistical

analyses were performed using the Student’s t-test

and Pearson’s chi-square test at a 5% level of

significance.

Results. The percentage of children with sucking

habits in the case group was much higher than in

the control group (53.3% vs 16.7%) (P = 0.003).

Children with sucking habits were six times more

likely to develop AOB. Regarding the measure-

ments assessed, no statistically significant differ-

ences were observed between groups.

Conclusion. This study found no evidence that

variations in cephalometric angles (SN.Gn, FMA,

SN.GoGn, and facial axis) are risk factors for AOB.

Only sucking habits demonstrated a positive cor-

relation with an increased AOB.

Introduction

Anterior open bite (AOB) is a malocclusion

that considerably compromises aesthetics and

function. It is characterised by dental and ⁄or

skeletal alterations that have an impact on

quality of life1. AOB can be defined as the

presence of a negative vertical relationship

between the incisor margins of the upper and

lower anterior teeth2. Prevalence ranges from

13% to 46.3% and is related to age, occurrence

of oral habits and genetic inheritance, although

no scientific evidence has yet been produced to

corroborate the influence of this last factor3–5.

Despite the close relationship between

sucking habits and AOB, this type of maloc-

clusion may also be present among those

without such habits2,6–8. A full understanding

of the aetiological factors is necessary for the

establishment of an individualised treatment

plan. According to a number of authors, AOB

may develop as a result of inherited skeletal

patterns that exercise a decisive influence

over the growth and development of orofacial

structures2,5,9. Thus, individuals with an inheri-

ted predisposition to this malocclusion are

likely to present it and the degree of manife-

station may be influenced by favourable or

unfavourable environmental factors.

Although cephalometric parameters have

been valuable in determining patterns, most

patients with open bite do not have the ceph-

alometric criteria suggestive of the condition,

whereas most patients who have cephalo-

metric measures considered to be suggestive

of open bite do not, in fact, present it Moreover,

far more people have sucking habits than

have open bite10,11.

The aim of this case–control study was to

determine the influence of risk factors (suck-

ing habits and facial growth pattern) on the

aetiology of AOB among a group of children

aged 7 and 8 years enrolled in municipal pub-

lic schools in the city of Recife-PE (Brazil).

Material and methods

This case–control study was conducted in

public schools in the city of Recife, the state
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capital of Pernambuco (northeastern Brazil).

The project was approved by the Ethics Com-

mittee of Pernambuco State University.

A pilot study was first conducted with 100

four-year-old children to determine the sam-

ple size of the main study. Next, a cohort

study was carried out on a sample of 330

children aged 4–6 years, randomly selected

from 14 of the 153 schools using a stratified

randomised sampling technique. The nursery

schools were randomly selected from each

administrative region in proportion to the

number of schools in each region8. At the

end of a 2-year follow up, the dropout rate

was 13% with 287 children remaining12.

In the third phase, a case–control study was

carried out to identify associated factors. The

sample size was calculated using the formula

for case–control studies available in the Stat-

calc program of Epi Info Version 6.0 (Atlanta,

GA, USA). With a 95%CI, 99% test power

and odds ratio of 14.84 for the presence of

AOB in children exposed to sucking habits12, a

total of 60 children was calculated – 30 cases

(presence of AOB) and 30 controls (absence of

AOB). Children of both genders between 7 and

8 years of age enrolled in municipal public

schools in the city of Recife took part of this

study.

Data collection included interviews with

guardians, oral examinations and facial

growth pattern analysis using cephalometric

radiographs. Questionnaires were filled out

during personal interviews with each child’s

mother or caregiver, including questions on

gender, date of birth and the presence,

absence, or abandonment of nonnutritive

sucking habits, such as dummy and ⁄or digit

sucking.

Dental examinations were performed under

natural light in a classroom environment,

using tongue depressors, gloves, and masks,

in compliance with the infection control pro-

tocol of the Brazilian Ministry of Health.

Occlusions were assessed through the manip-

ulation of the jaws to obtain centric occlu-

sion. The examiner was blinded to the data

collected from the parental interviews. AOB

was recorded when there was a lack of verti-

cal overlap between the incisors with the pos-

terior teeth in occlusion. Physiological AOB

related to the eruption of the central perma-

nent incisors was recorded as the absence of

malocclusion. During the transition from pri-

mary to permanent dentition, the diagnosis of

open bite was based on the conformation

of the alveolar ridge.

Lateral-view cephalometric radiographs were

taken at a radiology clinic in Greater Recife

using the method described by Broadbent13.

An ORTHOPHOS-3C x-ray machine (Firona,

Germany) was used, operating at an aver-

age kVp ranging from 72 to 76, 10 mA, and

0.6 s exposure time using KodaK T-MAT

radiographic film (18 · 24 cm), which was

processed automatically using a Macrotec MX-

2 processor (São Paulo, Brazil). Legal radiation

protection measures were strictly obeyed.

Anatomical drawings, the demarcation of

points, lines and planes, and cephalometric

measurements were performed directly on

the computer over the scanned images using

an Epson 4100 CX transference scanner (São

Paulo, Brazil) and CEF-X software (CDT,

Mato Grosso, Brazil). To reduce method error

in the tracing measurement, anatomic draw-

ings, and the demarcation of cephalometric

points were performed by a single radiologist

(M.A.B.M.). Based on the objectives of the

study, the following landmarks were used:

S (sella), N (nasion), Go (gonion), Gn

(gnation), Me (menton), Po (porion), Or

(Orbitale), PTM (pterygomaxillary), and

Ba (basion) and the following cephalometric

measurements were taken:
d SN.Gn (y-axis) – angle formed by the inter-

section of the SN (sella-nasion) and SGn

(sella-gnation) lines.
d SN.GoGn – angle formed by the intersec-

tion of the SN (sella-nasion) line with the

GoGn plane or mandibular plane.
d FMA – formed by the horizontal Frankfurt

plane (Po-Or) and the Tweed mandibular

plane (Go-Me).
d Facial Axis – formed by the intersection of

the Ba-N (basion-nasion) lines and the

facial axis (PTM-Gn).

Figure 1 illustrates the points, planes, and

angles used in the study.

Data were statistically analysed using the

SPSS Version 13.0 (SPSS Inc, Chicago, IL,

USA). All statistical tests considered a 5%
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level of significance (margin of error) and

95%CI.

Results

A total of 46.7% of the AOB group and 60%

of the control group were boys, whereas

53.3% of the case group and 40% of the con-

trol group were girls. There was, however, no

significant difference between groups with

regard to gender distribution (P > 0.301; Odds

ratio: 1.71; CI: 0.62–4.77). The percentage of

children with sucking habits was much

higher among the AOB group (53.3%) than

the control group (16.7%). This difference

was statistically significant (P = 0.003; Odds

radio: 5.71; CI: 1.72–18.94).

The average cephalometric measurements

were higher among the control group for the

SN.Gn, FMA, and SN.GoGn angles. Average

Facial Axis was more negative among the

control group than the AOB group. The two

greatest differences in group averages were

recorded for the Facial Axis and SN.Gn, with

values of 1.23� and 1.22�, respectively. None-

theless, no statistically significant differences

were observed between groups for any of the

measurements assessed (Table 1).

The average SN.Gn, FMA, and SN.GoGn

measurements were higher among children

that did not exhibit sucking habits. Average

Facial Axis was more negative in children

without sucking habits. The greatest differ-

ence was recorded for the SN.Gn angle.

Nonetheless, no statistically significant differ-

ences were observed between those who

exhibited sucking habits and those who did

not for any of the cephalometric measure-

ments assessed (Table 2).

Table 3 displays the results of self-corrected

AOB according to the abandonment of suck-

ing habits. The reference period for the analy-

sis of these variables was the beginning of the

2002 cohort study8 and the beginning of this

study in 2005. Among the 51 children who

exhibited AOB in 2002, 43.1% exhibited self-

correction in this study. This percentage was

Fig. 1. Illustrate the points, planes and angles used in the

study.

Table 1. Assessment of SN.Gn, FMA, Facial Axis, and
SN.GoGn according to group.

Variable Statistics

Group

P-value*
Cases
(n = 30)

Controls
(n = 30)

SN.Gn
(Degrees)

Average 68.58 69.80 0.191
SD 3.76 3.33

FMA
(Degrees)

Average 29.39 29.68 0.730
SD 3.07 3.56

Facial Axis
(Degrees)

Average )2.26 )3.49 0.166
SD 3.24 3.54

SN.GoGn
(Degrees)

Average 37.43 38.03 0.563
SD 3.66 4.24

*Student’s t-test with equal variances.

Table 2. Assessment of SN.Gn, FMA, Facial Axis, and
SN.GoGn according to occurrence of sucking habits.

Variable Statistic

Sucking Habit

P-value
Yes
(n = 21)

No
(n = 39)

SN.Gn
(Degrees)

Average 68.21 69.72 0.120*
SD 4.27 3.08

FMA
(Degrees)

Average 29.26 29.68 0.639*
SD 3.27 3.35

Facial Axis
(Degrees)

Average )2.20 )3.24 0.337**
SD 4.46 2.71

SN.GoGn
(Degrees)

Average 37.01 38.12 0.299*
SD 4.03 3.89

*Student’s t-test with equal variances, **Student’s t-test with
unequal variances.
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much higher among those who had aban-

doned sucking habits than those who had not

abandoned such habits (54.8% and 25.0%,

respectively). A statistically significant associa-

tion was found between the abandonment of

sucking habits and self-corrected AOB

(P = 0.036).

The average SN.Gn, FMA, and SN.GoGn

variables were higher among children

who exhibited self-corrected AOB. The most

negative average Facial Axis occurred among

children who exhibited self-correction. None-

theless, no significant differences were

observed between the two sub-groups for any

of the variables analysed (Table 4).

Discussion

The results of this study clearly demonstrate

the influence of nonnutritive sucking habits

on the presence of AOB. Children with suck-

ing habits were 5.7 times more likely to exhi-

bit AOB. There is consensus in the literature

regarding nonnutritive sucking habits as risk

factors for malocclusions, particularly

AOB3,7,14–20.

This study found no significant differences

between the average cephalometric angle

measurements of children with and without

AOB. SN.Gn, and SN.GoGn angles were

slightly higher and the Facial Axis was more

negative among the group with normal occlu-

sion. Based merely on clinical practice, some

authors however, have stated that individuals

who exhibit vertical facial growth (high facial

skeleton) are considered more prone to

AOB2,5,21.

The findings of this study are in disagree-

ment with those described by Cangialosi, but

in agreement with those described by Stuani

et al. and Klocke et al. with regard to mandib-

ular plane angle9,22,23.Cangialosi found that

the SN.GoGn angle was significantly higher

among individuals with AOB, demonstrating

that the downward direction of mandible

growth is an important factor in the develop-

ment of this malocclusion9. Neverthless, it

should be borne in mind that the group with

AOB was composed of both children and

adults and this lack of homogeneity in the

sample may have caused bias in the results.

Klocke et al. observed a tendency towards

slightly higher values for this angle in the

group with AOB23. As in this study, however,

this difference was nonsignificant. In assess-

ing the skeletal pattern of patients with and

without AOB, Stuani et al. also found no sig-

nificant differences in the SN.GoGn angle,

indicating that the inclination of the mandib-

ular plane in relation to the base of the

cranium was similar between groups22.

It is important to underscore the similarity

between the results of this study and those

described by Stuani et al.22. Both use the

same study design, same age group and same

sample size. The authors concluded that AOB

did not have a skeletal origin and was proba-

bly because of the presence of sucking habits.

These findings were corroborated when

Stuani et al.24. re-evaluated the same sample

to compare dental patterns between patients

Table 3. Assessment of self-corrected anterior open bite
according to the abandonment of sucking habits during
period analysed.

Variable

Self-Correction of
AOB

P-value* RR (CI 95%)

Yes No

N % N %

Abandonment of sucking habits
Yes 17 54.8 14 45.2 0.036** 2.19 (0.96–5.00)
No 5 25.0 15 75.0 1.00
Total 22 43.1 29 56.9

*Pearson’s chi-square test, **Significant association at 5.0%.

Table 4. Assessment of SN.Gn, FMA, Facial Axis, and
SN.GoGn according to self-correction of anterior open bite
in the period analysed.

Variable Statistic

Self-correction of
AOB in period
analysed

P-value*
Yes
(n = 22)

No
(n = 29)

Sn.Gn
(Degrees)

Average 70.07 68.45 0.114
SD 3.31 3.75

FMA
(Degrees)

Average 30.18 29.36 0.389
SD 3.64 3.12

Facial Axis Average )3.62 )2.10 0.125
SD 3.78 3.17

Sn.GoGn Average 38.38 37.37 0.370
SD 4.28 3.71

*Student’s t-test with equal variances.
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with and without AOB. The results demon-

strated that the angles of inclination of the

upper and lower incisors differed significantly

between the groups, suggesting that AOB

may be of a dental origin.

In this study, facial pattern was not associ-

ated with AOB, which is in agreement with

other findings that indicate that genetic fac-

tors in the aetiology of malocclusions appear

to be less important than was previously

believed and that many types of malocclu-

sions may be acquired rather than inher-

ited25,26. It should be stressed that, although

cephalometric parameters are valid for the

determination of facial growth, a large number

of patients have cephalometric measurements

indicative of open bite that is not confirmed

clinically10,11. This supports the multi-factor

nature of this malocclusion2,5. The presence

of sucking habits did not influence the cepha-

lometric angle measurements in this study, as

no statistically significant differences were

found. This suggests that children with suck-

ing habits do not exhibit a tendency towards

a greater divergence of angles. This finding is

in agreement with that describe by Larsson as

well as that described by Moore and McDon-

ald in relation to the SN.GoGn measure-

ment15,27. When these authors assessed the

influence of persistent sucking habits on the

angle formed by the mandibular plane and

the base of the cranium, they found no influ-

ence from the persistence of the habit.

Self-corrected AOB was associated with the

abandonment of nonnutritive sucking habits.

Children who had given up this habit had

a twofold greater likelihood of correcting

the malocclusion. This finding corroborates

information in the literature stating that the

abandonment of sucking habits may establish

self-correction19–21,23,26–29.

Although no radiographs had been taken

prior to the abandonment of sucking habits,

the intention of this study was to use avail-

able data to assess whether self-correction

would occur among children with a suppos-

edly unfavourable vertical facial growth ten-

dency. The results demonstrate that there

were no statistically significant differences in

average measurements between children who

exhibited self-correction and those who did

not. In fact, the former had slightly higher

average measurements than the latter. These

findings are at odds with those described by

Ngan and Fields as well as those described by

Almeida and Ursi, who argue that high facial

skeleton is unfavourable to this malocclu-

sion2,5.

Most of the children had increased cephalo-

metric measurements, which classified their

condition as vertical facial growth tendency.

The predominance of this type of facial skele-

ton may be attributed to the considerable

presence of African-descent miscegenation in

the sample. This race exhibits facial character-

istics that are conducive to a vertical growth

tendency30. Neverthless, it should be borne in

mind that an individual may have a normal

growth pattern regardless of facial type.

Therefore, if an individual has a high, low, or

average facial skeleton, he or she may exhibit

balanced characteristics of his or her facial

type.

Conclusion

Based on the findings of this study, the fol-

lowing conclusions may be drawn. (i) Suck-

ing habits were a risk factor in the aetiology

of AOB. Children with sucking habits had a

sixfold greater likelihood of exhibiting this

malocclusion. (ii) Facial growth patterns were

not associated with the aetiology of AOB.

(iii) The presence of sucking habits did not

influence the cephalometric measurements

taken. (iv) The abandonment of sucking hab-

its was associated with the self-correction of

AOB. (v) The cephalometric angle measure-

ments studied were not associated with the

self-correction of AOB.

What this paper adds

• Clear evidence from a case–control study regarding the

multifactor nature of anterior open bite.

Why this paper is important to paediatric dentists

• Although cephalometric parameters are valid for the

determination of facial growth, a large number of

patients have cephalometric measurements indicative

of open bite that is not confirmed clinically.

• It should be borne in mind that sucking habits can

impair the facial pattern or lead to marked malocclu-

sions.
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