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Early risk factors for posterior crossbite and anterior open bite in the

primary dentition
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ABSTRACT
Objective: To investigate risk factors specific to posterior crossbite and anterior open bite at the
age of 3 years.
Materials and Methods: The study included 422 children of the French EDEN mother-child
cohort. The main outcomes were the presence of posterior crossbite and anterior open bite
assessed by dentists at 3 years. Social characteristics (collected during pregnancy), neonatal
characteristics (collected at birth), duration of breast-feeding (collected prospectively), sucking
habits at 3 years, and open lips (as a proxy for mouth breathing) were studied and two logistic
regressions conducted.
Results: Preterm birth appears to be a risk factor specific for posterior crossbite (OR: 3.13;
95% CI: 1.13–8.68), whereas small for gestational age seems to be associated with a lower risk of
posterior crossbite (OR: 0.32; 95% CI: 0.12–0.87). Ongoing pacifier or thumb sucking at 3 years is
a risk factor for both posterior crossbite and anterior open bite.
Conclusions: Children born preterm seem to be more at risk for posterior crossbite than those
born at term. Different mechanisms may be involved in posterior crossbite and anterior open bite.
(Angle Orthod. 2016;86:832–838.)
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INTRODUCTION

A large part of the population is concerned about
posterior crossbite in the primary dentition. Estimates
of its prevalence range from 13% to 25%.1,2

Untreated persistent unilateral posterior crossbite
may lead to mandibular rotation3 and to functional
asymmetry of the temporomandibular joint.4,5 Bilateral
posterior crossbite occurs more rarely and can result
in mandibular or condylar asymmetry.6 French and
American guidelines for orthodontics recommend or-
thodontic treatment for posterior crossbite to prevent
these complications.7,8 It therefore seems relevant to
look at early events and habits that might affect this
malocclusion.

Posterior crossbite is often associated with anterior
open bite,1,9 another malocclusion that develops early
in childhood. Most anterior open bites correct sponta-
neously.9 These two malocclusions seem to share
common risk factors.

The major common risk factor is nonnutritive sucking
habits, such as pacifier or thumb sucking.1,10–13 The
tongue, retained in a low position by pacifier or thumb,
may be prevented from applying the pressure needed
against the palate for transverse maxillary arch growth.
It has been shown that tongue posture on the floor of
the mouth is more frequent in children with posterior
crossbite.14

A few studies have explored the relations between
posterior crossbite11,15,16 or anterior open bite11,16,17 and
breast-feeding habits, but these studies vary in the
duration and type of breast- feeding considered
(exclusive or mixed) and do not always control for
nonnutritive sucking habits.

Mouth breathing is another commonly identified risk
factor for both posterior crossbite and anterior open
bite.18,19 Mouth breathers seem to have a narrower
maxilla20,21 and a higher frequency of both posterior
crossbite22–24 and anterior open bite25,26 than do nose
breathers.

Because etiological mechanisms leading to posteri-
or crossbite and anterior open bite may involve
inadequate tongue capacity, factors that could affect
lingual functions should be studied. Neurological
immaturity in the case of preterm birth or neurological
impairment occurring in some small-for-gestational-
age (SGA) children may induce neuromotor dysfunc-
tion,27 which could affect lingual functions. Preterm
birth and SGA might therefore be associated with both
malocclusions.

As noted above, these malocclusions share some
of the same risk factors. However, except for non-
nutritive sucking factors, risk factors for posterior
crossbite and those for anterior open bite are poorly
known. Our aim was therefore to identify early risk

factors for posterior crossbite and for anterior open
bite in the primary dentition.

MATERIALS AND METHODS

Population

The EDEN mother-child cohort, which aimed to
investigate the pre- and early postnatal determinants
of child health and development, included pregnant
women in the university maternity hospitals of two
French cities, Nancy and Poitiers.28 Since oral exam-
ination of children was conducted in Nancy only, this
study examines only the subjects in Nancy; 1034
women were recruited before the 24th week of
gestation between September 2003 and January
2006 (Figure 1). Cohort noninclusion criteria were
pregestational diabetes, multiple pregnancy, inability
to read French, and plans to move away from the region
in the following 3 years. Data at birth were available
for 963 children, who were invited to a medical and
oral examination at age 3. Oral examinations were
performed by three dentists specially trained to follow
the specific study protocol. Due to the unexpected
unavailability of one of the three dentists, 186 children
had no oral examination.

The study was approved by the ethics committee of
the Kremlin-Bicêtre Hospital and by the Data Pro-
tection Authority. Written consent was obtained from
the mother for herself at inclusion and for her newborn
child after delivery.

Data

Social and demographic characteristics were ob-
tained by interview during pregnancy, with parents’
occupational group defined as the higher occupation in
the couple and maternal age determined at birth.

Neonatal characteristics were obtained from the
hospital record. Preterm birth was defined as birth
before 37 completed weeks of gestation and SGA by
a birth weight less than the 10th percentile according to
a customized growth model based on the method
proposed by Gardosi et al.29

Duration of exclusive or mixed breast-feeding was
obtained by self-administered questionnaires sent to
the mothers at 4, 8, and 12 months. We considered
exclusive breast-feeding and mixed breast-feeding
(breast-feeding and formula) together.

Outcomes: For the oral examination, children lay on
their mother’s lap and the dentist performed the
examination with a mirror and a light. Posterior cross-
bite was defined by at least one mandibular canine or
molar cusp positioned buccal to the maxillary cusp.
Anterior open bite was defined by a vertical space
(.0 mm) between maxillary and mandibular incisors.
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Sucking habits at 3 years were collected by interview
of the mother during the oral examination. Open lips
were observed at rest during the oral examination as
a proxy for mouth breathing.

Statistical Analysis

Characteristics of the study sample were compared
with those of the other children of the cohort (refusals,
children lost to follow-up, those who did not attend
the examination, and those with an incomplete oral
examination). We next studied the association of
posterior crossbite with anterior open bite and then
the associations between posterior crossbite and social
and neonatal characteristics, duration of breast-feed-
ing, and presence of sucking habits and open lips. To
select the subset of risk factors, the P-value threshold
of 20 was chosen, following the recommendations
when risk factors of disease in question are mostly
unknown.30 Two multiple logistic regressions were run:
posterior crossbite according to the selected charac-
teristics and anterior open bite according to the same
characteristics. The significance level was set at .05.
SAS software, version 9.3 (SAS Institute Inc, Cary, NC)
was used for multivariate analyses.

RESULTS

Mothers of the children who were examined
were older and had a higher social status than
those of the children not examined (Table 1). Fre-
quencies of preterm birth and SGA were similar in both
groups.

Posterior crossbite was found in 20% of the children
(Table 2) and anterior open bite in 28% (Table 3).
Posterior crossbite was closely associated with ante-
rior open bite (P , .001); 57% of children with posterior
crossbite also had an anterior open bite.

Posterior crossbite was not associated with sex
(P 5 0.63) or parents’ occupational group (P 5 .64), but
was associated with maternal age (P 5 .05). Because
we had no hypothesis underlying this association,
maternal age was not included in the multivariate
models. Preterm birth, SGA, duration of breast-feeding,
sucking habits at 3 years, and open lips were included
in the multivariate models. Because lip posture was not
recorded for three children, the multivariate models
included 419 children.

The frequency of posterior crossbite was higher in
children born preterm and lower in SGA children
(Table 2). Posterior crossbite was also more frequent

Figure 1. Participation chart.
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in children who sucked their thumbs or pacifiers at
3 years and in children with open lips. Duration of
breast-feeding was not associated with posterior
crossbite. Anterior open bite was more frequent in
children breast-fed less than 6 months, in thumb
suckers and especially in pacifier suckers at 3 years,
and in children with open lips than in the other children.
Anterior open bite was not associated with preterm
birth or with SGA (Table 3).

DISCUSSION

This study suggests that preterm birth is a risk factor
specific to posterior crossbite and SGA a possible pro-
tective factor for posterior crossbite. Our study con-
firmed that open lips increased the risk for posterior
crossbite, with or without anterior open bite.

One strength of our study is that neonatal character-
istics and duration of breast-feeding were collected
prospectively, which reduced possible errors. The fact

that the oral examinations were carried out by only
three dentists, specially trained for the study, reduced
possible misclassification. Furthermore, the criteria set
to identify posterior crossbite were objective and
accurate enough for us to believe that the collected
information was reliable. Moreover, if misclassification
had occurred, it would have been independent of the
risk factors and thus have led to an underestimation
of the relations.

Only one study has explored the relations between
preterm birth and posterior crossbite,31 and the
small size of its sample prevented it from reaching
a conclusion. An association between gestational age
and alteration of palatal morphology has been found
in very preterm children.32 In case of preterm birth,
even moderately as in the present study, immaturity
of lingual functions might have an impact on palatal
growth. Preterm babies are more often SGA than
others and SGA babies are less often found to have

Table 1. Description of the Population

Oral Examination No Oral Examinationa

N % N % P b

Total 422 540

Sex

Boys 211 50 253 47 0.33

Girls 211 50 287 53

Maternal age at birth, y

# 24 46 11 97 18 0.003

25–34 297 70 368 68

$ 35 79 19 75 14

Occupational groupc

Managers, professionals 119 28 113 21 ,0.001

Intermediate white collar professions 196 46 207 38

Office workers or self-employed 71 17 128 24

Service, sale, manual workers or no occupation 36 9 92 17

Preterm birthd

No 399 95 514 95

Yes 23 5 26 5 0.66

Small for gestational agee

No 368 87 454 84 0.17

Yes 54 13 86 16

Duration of breast-feeding,f mo

$6 124 29

3–5 107 25

,3 191 45

Sucking habits at 3 y

Never 100 24

Ceased thumb/pacifier sucking 82 19

Ongoing thumb sucking 116 27

Ongoing pacifier sucking 124 29

Open lips

No 332 79

Yes 87 21

a Indicates secondary refusals, children lost to follow-up, children who did not attend examination, dentist absent, or incomplete examination.
b Indicates Pearson’s x2 P value to compare examined and nonexamined groups.
c Indicates highest parental occupational group.
d Indicates birth before 37 completed weeks of gestation.
e Indicates birth weight less than the 10th percentile according to customized growth reference.
f Indicates exclusive or mixed.
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Table 2. Posterior Crossbite According to Neonatal Characteristics, Duration of Breast-feeding, Sucking Habits, and Open Lips

Posterior Crossbite

N n % P a Cr. ORb 95% CIb Adj. ORc 95% CIc P d

Total 422 86 20

Preterm birthe

No 399 78 20 0.11* ref ref 0.03

Yes 23 8 35 2.20 0.90–5.36 3.13 1.13–8.68

Small for gestational agef

No 368 81 22 0.03* ref ref 0.03

Yes 54 5 9 0.36 0.14–0.94 0.32 0.12–0.87

Duration of breast-feeding,g mo

$6 124 18 15 0.14 ref ref 0.85

3–5 107 23 22 1.61 0.82–3.18 1.19 0.57–2.46

,3 191 45 24 1.82 1.00–3.31 1.20 0.62–2.30

Sucking habits at 3 y

Never 100 9 9 ,0.001 ref ref ,0.001

Ceased thumb/pacifier sucking 82 9 11 1.25 0.47–3.30 1.46 0.54–3.98

Ongoing thumb sucking 116 23 20 2.50 1.10–5.69 2.61 1.12–6.12

Ongoing pacifier sucking 124 45 36 5.76 2.65–12.52 5.27 2.33–11.92

Open lips

No 332 53 16 ,0.001 ref ref 0.002

Yes 87 32 37 3.06 1.81–5.18 2.43 1.39–4.28

a Indicates Pearson’s x2 P value; * Fisher’s exact test P value.
b Indicates crude odds ratios and 95% confidence intervals.
c Indicates odds ratios adjusted for all covariates in the table and 95% confidence intervals.
d Indicates Wald’s x2 P value adjusted for all covariates.
e Indicates birth before 37 completed weeks of gestation.
f Indicates birth weight less than 10th percentile according to customized growth reference.
g Indicates exclusive or mixed.

Table 3. Anterior Open Bite According to Neonatal Characteristics, Duration of Breast-feeding, Sucking Habits, and Open Lips

Anterior Open Bite

N n % P a Cr. ORb 95% CIb Adj. ORc 95% CIc P d

Total 422 118 28

Preterm birthe

No 399 111 28 0.79 ref ref 0.54

Yes 23 7 30 1.14 0.46–2.83 1.46 0.44–4.78

Small for gestational agef

No 368 106 29 0.31 ref ref 0.16

Yes 54 12 22 0.71 0.36–1.39 0.56 0.25–1.26

Duration of breast-feeding,g mo

$6 124 14 11 ,0.001 ref ref 0.004

3–5 107 38 36 4.33 2.19–8.56 3.57 1.62–7.85

,3 191 66 35 4.15 2.21–7.80 2.83 1.37–5.83

Sucking habits at 3 years

Never 100 3 3 ,0.001 ref ref ,0.001

Ceased thumb/pacifier sucking 82 7 9 3.02 0.76–12.06 2.87 0.71–11.68

Ongoing thumb sucking 116 29 25 10.78 3.17–36.63 10.04 2.91–34.61

Ongoing pacifier sucking 124 79 64 56.76 17.00–189.56 47.95 14.11–162.96

Open lips

No 332 77 23 ,0.001 ref ref 0.04

Yes 87 40 46 2.82 1.72–4.61 1.89 1.02–3.48

a Indicates Pearson’s x2 P value.
b Indicates crude odds ratios and 95% confidence intervals.
c Indicates odds ratios adjusted for all covariates in the table and 95% confidence intervals.
d Indicates Wald’s x2 P value adjusted for all covariates.
e Indicates birth before 37 completed weeks of gestation.
f Indicates birth weight less than the 10th percentile according to customized growth reference.
g Indicates exclusive or mixed.
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a posterior crossbite. That explains why the asso-
ciation of preterm birth with posterior crossbite became
significant when SGA was taken into account. Un-
expectedly, SGA appeared as a protective factor
for posterior crossbite. A previous study reported a
nonsignificant similar trend.17 Tongue overuse could
explain this inverse relation between SGA and
posterior crossbite. The fast weight catch-up in most
SGA babies suggests that they eat more in their first
months of life33 and thus probably suck and swallow
more often than others. These links between neonatal
characteristics and early posterior crossbite need to
be confirmed, and these possible explanations should
be considered with caution. No association was
observed between preterm birth or SGA and anterior
open bite. These results suggest that the mechanisms
leading to posterior crossbite are different from those
leading to anterior open bite.

A nonnutritive sucking habit is the best-known risk
factor for posterior crossbite and for anterior open
bite.1,10 The association found here seems to concern
only children with an ongoing habit, for both malocclu-
sions. Dimberg explored the evolutions of posterior
crossbites and anterior open bites from 3 to 11.5 years
of age,34 but more longitudinal studies are needed to
explore the links between age at which the nonnutritive
sucking habit ceased and posterior crossbite and
anterior open bite, and their spontaneous correction.

To identify mouth breathers, various authors have
used different proxies. We used open lips as a proxy
for mouth breathing, but some normal breathers might
have been misclassified as mouth breathers, for
example, because of open lips due to a cold on the
day they were examined. Open lips might therefore
slightly overestimate mouth breathing. Nonetheless,
the frequency of 21% of open lips in our population is
close to that of 19% of mouth breathers in Swedish
children of the same age.35 Besides, this potential
misclassification should be independent of the studied
risk factors and the link between mouth breathing
and posterior crossbite using open lips as a proxy is
therefore probably only slightly underestimated.

Removal of premature contacts in the primary den-
tition can prevent a posterior crossbite from persist-
ing into the permanent dentition.36 Later, a quad-helix
appliance or an expansion plate can treat posterior

crossbite in the mixed dentition.37 It follows that, in some
cases of posterior crossbite, early orthodontic treat-
ment is less complex than later comprehensive
treatment.38,39 Early diagnosis, therefore, seems to be
of meaningful help. However, 3 years is a very early
age, and longitudinal studies are needed to understand
the evolution of these malocclusions and their relation-
ships with risk factors.

CONCLUSIONS

N Preterm birth seems to be a risk factor for early
posterior crossbite.

N Ongoing sucking habits seem to be risk factors for
early posterior crossbite.

N SGA appears to be associated with a lower risk of
early posterior crossbite.

N This study helps to identify new risk factors for
posterior crossbite.

N Posterior crossbite and anterior open bite may result
from different mechanisms.
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