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Abstract

Aim: To verify the influence of the respiratory mode and nonnutritive sucking habits in the transverse
and vertical dimensions of the palate. Methods: Seventy-seven children aged 7 to 12 years,
were divided, according the diagnosis of the respiratory mode and the presence of prolonged
nonnutritive sucking habits. Models of the upper dental arc were obtained of all children for
evaluation of the measures of the palate in the region of the canines, first and second premolars
and first molars. These measures were analyzed by the Student’s t-test and Analysis of Variance.
Tukey’s test was used for the multiple comparisons. The significance level was set at p<0.05.
Results: It was verified that the mouth-breathing children showed smaller width and higher depth
at the more posterior region of the palate. The children with prolonged nonnutritive sucking habits
presented narrower and deeper palate at the anterior region of the palate. The canine distance
was smaller in children who present mouth breathing associated to nonnutritive sucking habits and
the depth at the second premolar was higher in mouth-breathers associated or not to prolonged
nonnutritive sucking habits. Conclusions: The results suggest that the respiratory mode and
prolonged nonnutritive sucking habits influence in the transverse and vertical palate dimensions in
the children evaluated in this study.
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Introduction

The craniofacial growth and development were genetically determined.
However, these processes can be affected by environmental factors such as sucking
habits and mouth breathing, which change the muscular balance. This hypothesis
is based on the functional matrix theory, according to which the soft parts acting
on the different bone parts that compose the face would be the determinant factor
of its growth and development1.

Based on the matrix functional concept, a previous study with rabbits in
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phase of facial growth and development demonstrated the
importance of the facial musculature on the functional matrix
for the determination of development of the skeletal facial
of those rabbits2.

The nasorespiratory function and its relationship with
the craniofacial growth has been a subject of great interest
for over one hundred years. The modification of this function
by a nasal airway obstruction or simply by mouth breathing
habit can be, sometimes, associated to changes in the
craniofacial complex3.

Depending on the frequency, intensity, duration and
facial type, nonnutritive sucking habits also cause
disturbances on the stomatognathic system due to the
unbalance of the forces that naturally act in the oral cavity.
These forces can favor the installation of the mouth
breathing4-5.

Frequent adaptations of the orofacial complex commons
to mouth breathing and prolonged nonnutritive sucking
habits are: malocclusion, narrow maxilla, atresic palate, open
lips at the rest position. tongue lowered on the floor of the
mouth or protruded between the arches, flaccid orofacial
musculature and atypical swallowing4,6-7.

The present study was carried out considering that the
muscular and functional unbalance of the stomatognathic
system due mouth breathing and pacifier and thumb sucking
for a prolonged time could influence palate growth and
development. The aim of this study was to verify the influence
of the respiratory mode and nonnutritive sucking habits in
the transverse and vertical dimensions of the palate.

Material and methods

The present study was approved by the Ethics in
Research Committee of the Federal University of Santa Maria
– CEP/UFSM protocol number 220.0.243.000-8.

A total of 273 children were screened from four public
schools of Santa Maria city, Rio Grande do Sul state, Brazil.
Children participation was possible after their parents/
guardians received full explanation about the research and
expressed their agreement by signing a written consent form.

The exclusion criteria were: history of speech-language
pathology and/or orthodontic treatment; evident signs of
neurological impairment and/or syndromes; craniofacial
malformations. The inclusion criteria were: to be 7 and 12
years old and Caucasian. From the 273 screened children,
77 were selected, 37 boys and 40 girls.

The selected children were subjected to the otorhino-
laryngologic evaluation, which consisted of an interview with
the children’s parents and oroscopy, anterior rhinoscopy,
otoscopy and nasofibrolaryngoscopy exams. From the
diagnosis obtained in this evaluation, the children were
classified as nose breathers (NB), when they breathed
predominantly by the nose and mouth breathers (MB), when
they breathed predominantly by the mouth.

The children were also classified according to the
nonnutritive sucking habits by a Speech-language
pathologist, who interviewed the parents and asked them

about the presence and duration of pacifier and thumb sucking
habits. These habits were considered prolonged when present
for three years or more. Based on this information, the children
were distributed in two groups: without habit (WHO) and
with habit (WH).

The children were also grouped according to the
respiratory mode and the nonnutritive sucking habits in:

- Nose breathing without habit (NBWOH) group
- Nose breathing with habit (NBWH) group
- Mouth breathing without habit (MBWOH) group
- Mouth breathing with habit (MBWH) group
Children were clinically examined by a dentist, who made

alginate impressions and obtained cast models from the upper
arch of each one of the 77 participants. Next, reference points
were marked in the models for the transversal (width) and vertical
(depth) measurements of the hard palate. The points were marked
in the most apical palatal points of the maxillary canines, first
and second premolars at the junction of the tooth and gingival
margin8. In the first molars, the marked point corresponded to
the union of the gingival margin with the palatal groove9 (Figure
1). In case of one tooth or both teeth had not erupted, these
points were not marked and the measurements were not made
in the respective level of the teeth.

These measurements were made using a digital caliper
(Western®) with 0.01mm of resolution and ± 0.02 mm of
precision. For transversal measurements, the internal
measuring faces of the instrument were used. For vertical
measurements, a 0.05 mm stainless steel wire was cut with
orthodontic pliers in the corresponding length to the
transversal measurement and fixed with dental wax between
the points in the level of each one of the considered tooth.
After fixing the wire, the depth was measured with the depth
measuring blade.

The following measurements of the palate were taken,
obeying this order:

a) Canine distance: transversal distance in millimeters
between the points of the gingival margin of the maxillary
canine (Figure 2)
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b) Canine depth: Vertical measurements in millimeters
from the midpalatal line to the stainless wire that linked the
gingival margin of the maxillary canine (Figure 3).

c) First premolar distance: transversal distance in
millimeters between the points of the gingival margin of the
maxillary first premolars (Figure 4).

d) First premolar depth: vertical measurement in
millimeters from the midpalatal line to the stainless wine
that linked the gingival margin of the maxillary first premolars
(Figure 5).

Fig. 2. Canine distance

e) Second premolar distance: transversal distance in
millimeters between the points of the gingival margin of the
maxillary second premolars (Figure 6).

f)  Second premolar depth: vertical measurement in
millimeters from the midpalatal line to the stainless wire
that linked the gingival margin of the maxillary second
premolars (Figure 7).

g) Molar distance: transversal distance in millimeters
between the points of the gingival margin of maxillary first
molars (Figure 8).

Fig. 4. First premolar distance

Fig. 5. First premolar depth
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Fig. 8. Molar distance

Fig. 7. Second premolar depth

Fig. 6. Second premolar distance

h) Molar depth: vertical measurement in millimeters from
the palatine middle line to the stainless wire that linked the
gingival margin of maxillary first molars (Figure 9).

After tabulation of the aforementioned measurements,
the value of 0.05mm, corresponding to the diameter of the
stainless wire was subtracted from the four depth measurements.

After 30 days, 30% of the models were randomly
selected and reexamined by the same examiner to confirm
the reproducibility of the palate measurements and verify
the agreement between the first and second measurements

Fig. 9. Molar depth

by Intraclass Correlation Coefficient. It was verified
significant agreement between all measurements. All variables
presented normal distribution. The Student’s t-test was used
for the comparison between the palate dimensions between
NB and MB, as well as between the WHO and WH groups.
ANOVA and Tukey’s multiple-comparison test were used
for the comparison of the palate dimensions between NBWOH,
NBWH, MBWOH and MBWH. A significant level of 5% was
set for all analyses. Data were analyzed using the SPSS
statistical software version 10.0 (2006).
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Results

The means, standard deviations, minimal and maximal values
of the measurements and the comparison of the palate dimensions
among the studied groups are presented in Tables 1-3.

Table 1 shows statistically significant differences
(p<0.05) in the mean values of the first and second premolars
and molar distances and in the second premolar depth
between the NB and MB groups. Table 2 shows statistically
significant differences (p<0.05) in the mean of the canine
distance and the canine and first premolar depth between the
WOH and WH groups. Comparing the mean values of the
palate dimensions among NBWOH, NBWH, MBWOH and
MBWH (Table 3), statistically significant differences were
observed in the canine distance and second premolar depth.
Table 4 presents the results of the multiple comparisons. In
the canine distance, there were statistically significant
differences between the mean values of the NBWOH and
MBWH. In the second premolar depth, there were statistically
significant differences between the mean values of the NBWOH
and MBWOH, as well as between NBWOH and MBWH.

Discussion

According to reviewed literature, few studies were found
concerning the palate morphology or using a similar
methodology to that of the present investigation. Therefore,
the results of this study were compared to others with different
methodologies of palatal measurements as: measurements in
the mouth with three-dimensional Korkhaus compass10-11; with
millimeter ruler12; measurements of cast models with three-

Palate dimensions p

Table 1: Comparative results of mean and standard-deviation ( ± S), minimal and maximal values (X
min

–X
max

) of transversal
(T) and vertical (V) palate dimensions in the mouth and nasal breathers, regardless the presence the nonnutritive sucking
habits.

* Student  t-test  (p< 0.05); NB=nose breathers; MB=mouth breathers.

 NB      MB
n=24                       n=53

Groups

Canine distance (T)

Canine depth (V)

First premolar distance (T)

First premolar depth (V)

Second premolar distance (T)

Second premolar depth (V)

Molar distance (T)

Molar depth (V)

26.92 ± 2.25

23.41 - 30.81

6.87 ± 2.08

3.84 - 10.71

28.35 ± 2.26

25.61 - 34.71

11.54 ± 1.57

8.26 - 14.33

31.91 ± 2.24

27.47 - 36.67

11.84 ± 1.67

8.06 - 15.20

36.45 ± 2.34

32.90 - 42.22

10.19 ± 1.86

5.39 - 14.20

25.98 ± 2.38

22.05 - 31.98

7.25 ± 2.73

2.63 - 13.20

27.23 ± 2.26

22.49 - 31.88

12.27 ± 1.55

9.66 - 16.34

30.69 ± 2.14

26.00 - 35.60

12.67 ± 1.5

210.15 - 16.75

35.24 ± 2.39

29.67 - 40.25

10.74 ± 1.8

17.27 - 16.03

0.145

0.590

0.048*

0.063

0.027*

0.035*

0.042*

0.232

dimensional Korkhaus compass13.
No previous study has investigated the relationship of

between non-nutritive sucking habits and the palatal
morphology, as analyzed by objective measurements. For
this reason, the results of this study were compared to those
of studies related to the dimensions of the upper dental arch.

The analysis of the palate dimensions, considering the
respiratory mode, showed that all means of the transversal
measurements were smaller and the mean of vertical
measurements were larger in the mouth-breathing children
than in the nose breathers. These differences were significant
between the groups in the transversal distance in the region
of the first premolars, second premolars and first molars and
in the second premolar depth (Table 1).

These results suggests that there is a trend to palate
narrowing in the posterior region in mouth breathers, as the
mean of the transversal distance were significantly smaller
at the first and second premolar and first molar regions in
this group (Table 1). Likewise, Feres et al.13 (2009) verified
significant difference between nose and mouth breathing
groups in the measurements at the second premolar region.

Mouth-breathing children present narrower palate
because the reduction of the air flow passage through the
nasal cavity, which affect the lateral growth of the maxilla14.
For this reason, the mouth-breathing patients frequently
present posterior crossbite15-16.

The lack of significant difference between the groups
in the mean of canine distance (Table 1) is in accordance
with Feres et al.13 (2009),who compared mouth and nose
breathers, and with Freitas et al.10 (2001) and Ghasempour,
Mohammadzadeh and Garakani et al.11 (2009), who compared
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WOH
n=38

Groups

WOH
n=39

Table 2: Comparative results of mean and standard-deviation (  ± S), minimal and maximal values (X
min

–X
max

) of transversal (T)
and Vertical (V) palate dimensions in the children with and without nonnutritive sucking habits, regardless the respiratory mode.

*Student’s t-test  (p< 0.05); WOH=without prolonged habits; WH=with prolonged habits.

Palate dimensions

Canine distance (T)

Canine depth (V)

First premolar distance (T)

First premolar depth (V)

Second premolar distance (T)

Second premolar depth (V)

Molar distance (T)

Molar depth (V)

27.02 ± 2.13

22.44 - 30.81

6.43 ± 2.41

2.63 - 12.24

27.99 ± 2.68

22.49 - 34.71

11.64 ± 1.60

8.26 - 16.34

31.36 ± 2.36

27.47 - 36.67

12.14 ± 1.74

8.06 - 16.75

36.16 ± 2.78

30.40 - 42.22

10.51 ± 1.92

5.39 - 14.35

25.48 ± 2.37

22.05 - 31.98

7.84 ± 2.53

4.13 - 13.20

27.17 ± 1.82

23.42 - 30.66

12.43 ± 1.48

9.22 - 16.12

30.78 ± 2.09

26.00 - 34.32

12.66 ± 1.43

10.37 - 15.77

35.10 ± 1.93

29.67 - 38.24

10.62 ± 1.77

7.27 - 16.03

p

0.007*

0.024*

0.119

0.026*

0.261

0.157

0.059

0.809

Palate Dimensions

Canine distance (T)

Canine depth (V)

First premolar distance (T)

First premolar depth (V)

Second premolar distance (T)

Second premolar depth (V)

Molar distance (T)

Molar depth (V)

NBWOH
n=17

27.54±2.04

24.41-30.81

6.30±1.89

3.84-9.21

28.83±2.48

25.61-34.71

11.22±1.40

8.26-13.28

32.10±2.50

27.47-36.67

11.39±1.62

8.06-14.04

36.71±2.61

33.10-42.22

9.80±1.83

5.39-13.65

NBWH
n=7

24.58±1.30

23.41-25.90

9.03±1.23

7.80-10.71

27.18±0.96

25.90-28.38

12.34±1.77

9.22-14.33

31.49±1.60

29.59-34.15

12.94±1.31

11.72-15.20

35.81±1.46

32.90-37.28

11.06±1.75

9.37-14.20

MBWOH
n=21

26.58±2.16

22.44-29.69

6.55±2.8

22.63-12.24

27.31±2.70

22.49-31.88

11.98±1.70

9.66-16.34

30.79±2.14

27.66-35.60

12.76±1.61

10.15-16.75

35.70±2.90

30.40-40.25

11.08±1.84

7.78-14.35

MBWH
n=32

25.60±2.47

22.05-31.98

7.68±2.63

4.13-13.20

27.17±1.97

23.42-30.66

12.46±1.44

10.55-16.12

30.62±2.18

26.00-34.32

12.60±1.47

10.37-15.77

34.95±2.012

9.67-38.24

10.52±1.78

7.27-16.03

p

0.025*

0.104

0.087

0.066

0.154

0.024*

0.112

0.183

Groups

Table 3: Comparative results of mean and standard-deviation (  ± S), minimal and maximal values (X
min

–X
max

) of transverse
(T) and Vertical (V) palate dimensions considering the presence the nonnutritive sucking habits and respiratory mode.

*ANOVA test (p< 0.05); NBWOH= nose breathing without prolonged habits; NBWH= nose breathing with prolonged habits; MBWOH= mouth breathing without
prolonged habits; MBWH= mouth breathing with prolonged habits.

allergic and non-allergic patients. Based on these findings,
it can be suggested that the respiratory mode is not related
to the narrowing of the palate in its anterior region.

Mouth-breathing children presented mean significantly
higher in the depth of the palate at the second premolars
region when compared to the nose breathers (Table 1). This
result agrees with those of other studies that compared the
palate depth in the region of these tooth between different

respiratory modes and between children with and without
allergic rhinitis10-13.

The increase of the vertical dimension can occur due to
the amplification of the pressure in the oral cavity in relation
to the nasal cavity, which can justify the greater depth in
the palate in the mouth-breathing group. However, the inverse
relationship cannot be disposable, that is, patients with
genetic tendency to a pattern of vertical facial growth and
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deep palate can develop the mouth breathing10-11.
The analysis of the palate dimensions according to the

nonnutritive sucking habits revealed that WH children also
presented all transversal dimensions smaller and vertical
dimension larger than WHO children. However, this difference
was significant, unlike the previous table, between the mean
of the canine distance and canine depth and in the first
premolar depth (Table 2). These results indicate that prolonged
nonnutritive sucking habits are related with the narrowing
and the greater depth in the anterior region of the palate,
probably due to a higher pressure exerted in this region by
the pacifier or the finger.

It has been reported that the prolonged nonnutritive
sucking habits influence the dimension of the dental arches,
with the decrease in the maxillary intercanine distance being
frequently observed17-19.

Warren and Bishara20 (2002) verified that thumb and
pacifier suction are associated with anterior open bite.
Particularly, thumb sucking associated with increase of overjet
and reduction in maxillary arch width and the pacifier to the
increase of the mandibular arch width and with the posterior
crossbite. In the present study, the palate dimensions were
not analyzed according to the type of the nonnutritive
sucking habits due to the low occurrence of the thumb
sucking habit, present only in five participants of the study.

According to Larsson21 (1994), the prolonged use of
pacifier is frequently associated with posterior crossbite due
to the lowered posture of the tongue. This reduces the arch
width and increases the risk of a transverse malrelationship
between the upper and lower arches. The low tongue position
widens the lower jaw in the same area thus enhancing the
probability of the development of a posterior crossbite.

Comparing the mean of the palate dimensions between
NBWOH, NBWH, MBWOH and MBWH (Table 3), there were
statistically significant differences in the canine distance
between NBWOH versus MBWH groups, as well as in the
second premolar depth between NBWOH versus MBWOH
and NBWOH versus MBWH (Table 4).

In order to compare the canine distance between NBWOH
and MBWH (Table 3), the mean value was significantly smaller

in the second group, suggesting that mouth breathing
associated with prolonged nonnutritive sucking habits can
cause narrowing of the anterior region of the palate.

The mean values of the second premolar depth were
significantly greater in the MBWOH and MBWH compared to
the NBWOH (Table 3). Again, these findings reveal that mouth
breathing associated or not with the prolonged nonnutritive
sucking habits can be related to the greater depth of the
posterior region of the palate.

The increase of the palate depth and the decrease of the
palate width, due to mouth breathing and the prolonged
sucking habits can occur by the open lips at the rest position
and the tongue lowered on the floor of the mouth or protruded
between the arches. Under these conditions, there is not the
external restraint by the lips and the tongue does not exert its
function of expanding and modeling the palate9,22.

It can be concluded that the respiratory mode and the
prolonged nonnutritive sucking habits had influence on the
vertical and transverse dimensions of the palate in the children
evaluated in the present study. When the respiratory mode
was considered alone, it was observed smaller width and greater
depth in the more posterior region of the palate. When the
prolonged nonnutritive sucking habits were evaluated, it was
observed a narrowing and greater depth of the anterior region
of the palate.  When the respiratory mode and the prolonged
nonnutritive sucking habits were analyzed together, it was
observed that the canine distance was smaller in the mouth-
breathing children with nonnutritive sucking habits and the
second premolar depth was greater in the mouth-breathing
children with and without habits.

In view of the adverse manifestation in the craniofacial
complex as a result of mouth breathing and prolonged
nonnutritive sucking habits, a multidisciplinary team work is
required. Parents should be oriented to search otolaryngologic
treatment and to restrain the nonnutritive sucking habits as
earlier as possible. Furthermore, orthodontic treatment is
frequently needed for occlusal adjustments and adequacy of
the facial musculature and the stomatognathic functions by
means of myofunctional therapy. This way, the harmonic facial
growth can be controlled and morphological changes can be
reduced even in individuals with genetic predisposal.
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