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Abstract

Background Several factors, including feeding methods, food texture and oral habits, are closely associated with
malocclusions. This study aimed to assess the associations between malocclusion and oral habits in Italian children
aged 6-12 years.

Methods A retrospective cross-sectional epidemiological study was conducted on a sample of 190 children in

the University Dental Clinic of Perugia, Italy, between January 2023 And January 2024. Medical records, complete
with questionnaires and clinical dental examinations, were used to analyze the presence of malocclusions and their
associations with oral habits (breastfeeding, bottle feeding, pacifier use, finger sucking, dysfunctional swallowing,
mouth breathing, onychophagy, object biting, and short lingual frenulum). The participants were divided into two
groups: with and without malocclusion. Children with malocclusion were further categorized into subgroups on the
basis of Angle’s classification (Class I/1I/111), overjet (normal/increased/reversed), and overbite (normal/deep/open).

Results Among 190 evaluated patients, 72.26% presented with malocclusion. Of these patients, 39.47% had Class
Il'or Class Ill malocclusions (31.05% And 8.42%, respectively). An increased overjet was observed in 44.21% of the
patients, whereas 3.16% exhibited a reverse overjet. An open bite was present in 15.26% of the samples, whereas a
deep bite was observed in 33.16%. Among the most common oral habits, dysfunctional swallowing was significantly
associated with all the malocclusions observed. The relative risk ratio of having a class Il or a class Ill dental class was
greater for those who presented dysfunctional swallowing (RRR 4.24, 95% CI 1.51-11. 88, p=0.006) and (RRR 10.17,
95% Cl: 1.14-80.60, p=0.038), respectively, compared with Class I. Similarly, the presence of dysfunctional swallowing
increases the risk of having an increased overjet (RRR of 5.85, 95% Cl: 2.23-15.36, p < 0.001) and opening overbite
(RRR of 10.82 95% Cl: 1.28-90.97, p=0.028). The risk of malocclusion increases with the number of harmful oral habits
present.

Conclusion This study revealed an association between different types of malocclusion and oral habits. Multinomial
logistic regression analysis identified dysfunctional swallowing as an independent risk factor for Class Il and |l
malocclusions, increased overjet and open bite. This study emphasizes the cumulative impact of oral habits on
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malocclusion. Ongoing monitoring and multidisciplinary assessments are crucial for improving prevention and
treatment. These findings highlight the potential clinical relevance of early identification and implementation of

preventive strategies.

Keywords Malocclusion, Oral habits, Epidemiology, Childhood

Introduction

Malocclusion is a misalignment of teeth associated with
altered occlusal contact and a disharmonious relation-
ship between the maxillary bones, resulting in a lack of
ideal function of the masticatory apparatus (Paglia et al.)
[44].

According to the WHO, malocclusion is the second
most prevalent oral disease in children (after caries)
and the third most prevalent oral disease in adults (after
caries and periodontal diseases). Malocclusion affects
approximately one in two (56%) adolescents or children
worldwide and arises in the deciduous dentition. This
disease, when left untreated and persists into the perma-
nent dentition because it does not resolve spontaneously
with body growth [38].

Malocclusion should be detected early and appropri-
ately addressed, particularly in children, as it impacts
essential oral functions such as chewing, swallowing,
speaking and breathing [63]. Over the years, dentistry
has focused not only on therapies to resolve malocclu-
sions but also on methods to prevent them [47]. Pre-
vention is based on both the detection and removal of
malocclusion risk factors to avoid the onset or progres-
sion of this disease [61]. In the literature, several types
of children’s oral habits have been described as risk fac-
tors for malocclusions, the most frequently mentioned of
which are ‘nonnutritive sucking habits’ (NNSHs), such as
pacifiers, thumb/digit sucking, and a reduced duration of
breastfeeding (less than 6 months), followed by baby bot-
tle feeding mouth breathing and atypical swallowing [12]
[56]. The prevalence of oral habits varies and depends on
many factors, such as age and location [52].

These oral habits could be related to malocclusion
due to their potential to affect chewing, swallowing, and
breathing during childhood, which is a critical period for
maxillary bone growth and the eruption of teeth in the
dental arches [27, 30, 34, 36]. Such functional alterations
can influence the correct development of the maxilla
and the spatial arrangement of teeth, contributing to the
onset of malocclusions.

In addition, these oral habits may affect tongue posi-
tion, causing it to adopt a low posture both during swal-
lowing and at rest. This low lingual posture often results
in a lack of upward thrust against the palate and an
imbalance between lingual and cheek-lip pressures. Over
time, this imbalance can lead to a reduction in the trans-
verse diameter of the upper maxilla and a lack of space

for the proper linear alignment of teeth in the upper arch
(271,[39]

While several studies have explored the relationship
between oral habits and malocclusion, few have exam-
ined the cumulative impact of multiple habits using a
clinical sample from a real-world setting. The aim of this
study was to describe the relationships between maloc-
clusion (including its main forms, such as Class II and III
malocclusion, increased or reversed overjet and altered
overbite) and the most relevant oral habits (breastfeed-
ing, bottle feeding, pacifier use, thumb/digit sucking, dys-
functional swallowing and mouth breathing) in a sample
of children aged 612 years in Umbria, Italy.

Methods

Study design and sample section

A retrospective cross-sectional study was conducted
on a sample of children who continuously attended the
Pediatric Dental Clinic of the University of Perugia (Italy)
for a first dental examination between January 2023
And January 2024. This epidemiologic investigation was
carried out in accordance with the ethical principles
for human research outlined in the Declaration of Hel-
sinki and Good Clinical Practice (GCP) guidelines [10].
The study was approved by the Regional Ethics Com-
mittee of Umbria (protocol number CE-1501/24, dated
18/12/2024).

As the study was conducted within a university den-
tal clinic, the characteristics of the sample may reflect,
to some extent, the specific clinical context in which the
data were collected.

Eligibility criteria

Children aged 6-12 years were included regardless of
seXx, citizenship status, family income or geographical ori-
gin. Subjects who had previously undergone orthodontic
or speaking therapies were excluded. Individuals with
genetic or syndromic diseases affecting maxillary growth
and/or functions as well as tooth development in terms
of both shape and number were also excluded. Moreover,
participants with unclear data reported in the clinical
records or without signed informed consent by the par-
ents or the guardians were not included.

Study variables
Dependent variables: Presence of malocclusion and
its subtypes: Angle classification (Classes I, II and III),
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overjet (normal vs. increased or reversed) and overbite
(normal vs. open or deep).

The independent variables included personal data (age,
sex) and oral habits, such as breastfeeding, bottle feeding,
pacifier use, thumb/digit sucking, dysfunctional swallow-
ing, mouth breathing, onycophagy, lapisphagia and short
lingual frenulum. Oral habits were analyzed as a dichoto-
mous variable: present (yes) or absent (not).

Data collection

Data were extracted from medical records archived at the
University Dental Clinic of Perugia between December
2024 And March 2025. Each record included data col-
lected by two qualified dentists with more than 20 years
of clinical practice and with substantial level of agreement
in the malocclusion diagnosis (Cohen’s kappa=0,93),
during both the clinical visit and the anamnesis with the
child’s parents or guardians. The anamnesis, carried out
through the administration of the questionnaire, col-
lected demographic data and information on oral habits
potentially linked to malocclusion, including onychopha-
gia and lapisphagia.

Breastfeeding was considered present if continued until
six months of age, while bottle feeding was considered
positive if continued beyond one year of age. Pacifier use
was considered present if continued beyond two years of
age.

Moreover, the diagnosis of malocclusion and of the
remaining oral habits, such as impaired swallowing,
mouth breathing and short lingual frenulum, were car-
ried out through an objective oral examination and spe-
cific tests. In particular, dysfunctional swallowing was
diagnosed following the criteria published by Lawlor et
al., 2020, whereas short lingual frenulum was diagnosed
via the protocol published by Marchesan 2012; finally,
mouth breathing was diagnosed via the Gaudin maneu-
ver and the Rosenthal test [57].

All the collected clinical data were organized into a
master table, dividing patients into two primary groups:
those with or without malocclusion. Children with mal-
occlusions were further categorized into subgroups on
the basis of the specific type of diagnosed malocclusion.
Since some patients exhibited more than one type, they
could belong to multiple subgroups simultaneously. The
questionnaire is reported in Appendix 1.

Statistical analysis

Descriptive statistics were used to summarize the charac-
teristics of the sample through absolute and relative fre-
quencies for categorical variables and mean values with
standard deviations (SDs) for continuous variables. The
presence/absence of malocclusion was used to stratify
the sample into two groups. The statistical significance
of pair comparisons was analyzed via the x2 test for
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qualitative variables and the two-sample Wilcoxon rank-
sum (Mann-Whitney) test for quantitative variables.

The significantly different variables between the two
groups (p<0.05) were introduced into a multivariate
logistic regression model to identify independent factors
associated with malocclusion, reported as odds ratios
(ORs) And 95% confidence intervals (Cls). The absence
of malocclusion was chosen as the reference category.
This model was corrected for age and sex.

Backward stepwise selection with the Akaike informa-
tion criterion (AIC) was used to choose the best logis-
tic regression model. Statistical significance was set at
p<0.05.

The Dental Classes (I, II, III) Overjet (Normal,
Increased and Inverted) and Overbite (Normal, Open,
Closed) were used to stratify the samples into three
groups. The differences among these three categories
were assessed with the x2 test for categorical variables
and Kruskal-wallis test for quantitative variables. When
the resulting differences were statistically significant, post
hoc analysis for the comparison of several values was
performed via the x2 test, with adjustments for multiple
comparisons of Bonferroni, and significance for pairwise
comparisons was thus assessed at p >0.0125.

Independent variables with p values<0.25 in the uni-
variate analysis were kept in a multinomial logistic regres-
sion model, according to the Zhongheng Zhang strategy
(Z. Zhang., 2016), to identify the factors independently
associated with malocclusions presented as relative risk
ratios (RRRs) with 95% confidence intervals (95% Cls),
corrected for age and sex. We used normal Dental Class
I, Overjet and Overbite as the reference category; thus, in
this study, Dental Class II and III were compared on the
basis of Dental Class (I), Overjet Increased and Inverted
with Normal and Overbite Open and Closed with Nor-
mal Overbite.

A chi-square test of independence was performed to
assess the association between the number of oral hab-
its (categorized as 0—1, 2-3, and > 3) and the presence of
malocclusions.

The sample size was estimated with reference to the
primary point of the study, which aims to detect An aver-
age effect size of 0.53 for the presence of Malocclusion
between two groups. An analysis using Cohen’s conven-
tions performed with G power software, with a power
greater than 90% (1-B) and a level of significance a=0.05,
identified An estimate of the sample size for a cross-sec-
tional design of at least 142 participants in the malocclu-
sion group And 46 participants in the non-malocclusion
group.

Statistical significance was set at p <0.05. The data were
processed via the STATA/BE 18.0 statistical package.



Severino et al. BMC Oral Health (2025) 25:1534

Results

Among the 193 clinical records collected in the den-
tal clinic, 190 (98%) presented data suitable for this
study, while 3 were eliminated. Among them, two were
excluded because parents did not give their authorization

Table 1 Descriptive analysis of sample characteristics, stratified
by presence or absence of malocclusions

Variables Total MALOCCLUSION
N=190 Absence Presence p

n (%) n (%) value

47 (24.74) 143 (75.26)
Age (Years), 858+205 866+ 191 856+209 0.699*
media + SD
Sex, n (%) 0.557
Male 96 (50.53) 22 (46.81) 74 (51.75)
Female 94 (4947)  25(53.19) 69 (48.25)
Breastfeed- 0.113
ing, n (%)
No 49 (25.79) 8(17.02) 41 (28.67)
Yes 141(74.21)  39(82.98) 102 (71.33)
Feeding 0.135
bottle, n (%)
No 75(39.68) 23 (48.94) 52 (36.62)
Yes 114 (60.32) 24 (51.06) 90 (63.38)
Pacifier, n 0.064
(%)
No 99 (52.11)  30(63.83) 69 (48.25)
Yes 91 (47.89) 17(36.17) 74 (51.75)
Finger, n (%) 0.710
No 157 (82.63) 38(80.85) 119 (83.22)
Yes 33(17.37)  9(19.15) 24 (16.78)
Onychoph- 0484
agy, n (%)
No 164 (86.32) 42 (89.36) 122 (85.31)
Yes 26(13.68)  5(10.64) 21 (14.69)
Lapispha- 0.904
gia, n (%)
No 173(91.05) 43(91.49) 130(90.91)
Yes 17 (8.95) 4(8.51) 13(9.09)
Dysfunc- <0.001
tional
swallowing,
n (%)
No 50(2632) 27 (57.45) 23(16.08)
Yes 140 (73.68) 20 (42.55) 120 (83.92)
Oral respi- <0.001
ration, n (%)
No 103 (55.98) 36 (76.60) 67 (48.91)
Yes 81 (44.02) 11 (23.40) 70 (51.09)
Short 0.536
phrenulum,
n (%)
Yes 156 (82.11) 40(85.11) 116 (81.12)
No 34(17.89) 7(14.89) 27(18.88)

* Two-sample Wilcoxon rank-sum (Mann-Whitney) test

X test
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to use the data, And the other was excluded because the
data were incomplete. Among the 190 (96 males; 50.53%
And 94 females; 49.47%) evaluated patients, 143 (75.26%)
were affected by malocclusion.

No significant differences in age (p=0.699) or sex
(p=0.557) were detected between the two groups. Given
the homogeneity of the two groups by age and sex, these
observations presumably indicate that the sociodemo-
graphic characteristics do not constitute confounding
variables for a successful comparison of the two groups.

Statistically significant differences emerged between
the two groups regarding the presence of dysfunctional
swallowing and oral respiration, and these variables were
greater in the group with malocclusion, 83.92% vs. 42.55%
(p<0.001) for dysfunctional swallowing And 51.09% vs.
23.40% (p<0.001) for oral respiration (Table 1).

>

According to the multivariate logistic model adjusted
for age and sex, dysfunctional swallowing emerged as
an independent risk factor associated with the presence
of malocclusion (OR: 5.94, CI: 2.49-14.21; p=0.014)
(Table 2).

All subgroups of malocclusions were analyzed and
compared with all spoiled habits. Statistically significant
associations are reported.

When the dental classes were compared with all
spoiled habits, a significant overall difference emerged
for dysfunctional swallowing (p <0.001), oral respiration
(p=0.026) and short phrenulum (p=0.031). Post hoc
pairwise comparisons of the dental classes revealed sta-
tistically significant differences in dysfunctional swallow-
ing, oral respiration And short frenulum. The dental class
I And dental class II values were significantly lower in
group I than in group II: 62.61 vs. 89.83, p<0.001; 36.04
vs. 56.90, p=0.009; And 13.04 vs. 28.81, p=0.011, respec-
tively. The values of dysfunctional swallowing were signif-
icantly different between dental classes I and III (62.61 vs.
93.75, p=0.013) (Table 3).

We performed a multinomial logistic regression analy-
sis to explain the relationship between dental class cat-
egories and the variables that significantly differed among
them. We used Dental Classes I as the baseline category.
The relative risk ratio of having a class II or a class III
dental class was greater for those who presented dys-
functional swallowing (RRR 4.24, 95% CI 1.51-11). 88,
p=0.006) and (RRR 10.17, 95% CI 1.14-90.60, p =0.038),
respectively (Table 4).

Statistically significant differences emerged among
the three groups (overjet) regarding dysfunctional swal-
lowing (p<0.001) and oral respiration (p<0.001). Post
hoc Analysis for pairwise comparison of Overjet classes
revealed statistically significant differences in Dysfunc-
tional swallowing And Oral respiration. Dysfunctional
swallowing and Oral respiration values were significantly
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Table 2 Multivariate logistic regression analysis of the risk factors for malocclusion

Univariate Logistic Model Cl95% p value Multivariate Logistic Model Cl 95% p value
OR OR°

Dysfunctional swallowing

No 1 1

Yes 7.04 3.39-14.62 <0.01 594 249-14.21 0.014

Oral respiration

No 1

Yes 342 1.60-7.27 0.001

Odds Ratio® Corrected for age and sex

AIC=189

Table 3 Descriptive analysis of sample characteristics, stratified by dental class (|, II, Ill)

Variables Total DENTAL CLASS

N=190 | 1l Ll p value

n (%) n (%) n (%)
115 (60.53) 59(31.05) 16 (8.42)

Age (Years), mean+SD 8.58+2.05 8.59+1.95 8.59+2.20 85+225 0.961*
Sex, n (%) 0.795**
Male 96 (50.53) 56 (48.70) 31 (52.24) 9(56.25)
Female 94 (49.47) 59(51.30) 28 (47.46) 7 (43.75)
Breastfeeding, n (%) 0.789**
No 49 (25.79) 30 (26.09) 16 (27.12) 3(18.75)
Yes 141 (74.21) 85 (73.91) 43 (72.88) 13(81.25)
Feeding bottle, n (%) 0.968**
No 75 (39.68) 46 (40.35) 23 (38.98) 6 (37.50)
Yes 114 (60.32) 68 (59.65) 36 (61.02) 10 (62.50)
Pacifier, n (%) 0.420%*
No 99 (52.11) 63 (54.78) 30 (50.85) 6 (37.50)
Yes 91 (47.89) 52(45.22) 29 (49.15) 10 (62.50)
Finger, n (%) 0.286**
No 157 (82.63) 99 (86.08) 46 (77.97) 12 (75.00)
Yes 33(17.37) 16 (13.91) 13 (22.03) 4(25.00)
Onychophagy, n (%) 0.763***
No 164 (86.32) 100 (86.96) 51 (86.44) 13 (81.25)
Yes 26 (13.68) 15 (13.04) 8(13.56) 3(18.75)
Lapisphagia, n (%) 0.923***
No 173 (91.05) 105 (91.30) 53(89.83) 15(93.75)
Yes 17 (8.95) 10 (8.70) 6(10.17) 1(6.25)
Dysfunctional swallowing,n (%) <0.001%**
No 50(26.32) 43(37.39) 6(10.17) 1(6.25)
Yes 140 (73.68) 72 (62.61) 53(89.83) 15(93.75)
Oral respiration, n (%) 0.026**
No 103 (55.98) 71 (63.96) 25 (43.10) 7 (46.67)
Yes 81 (44.02) 40 (36.04) 33(56.90) 8(53.33)
Short phrenulum, n (%) 0.0371%*%*
No 156 (82.11) 100 (86.96) 42 (71.19) 14 (87.50)
Yes 34(17.89) 15(13.04) 17 (28.81) 2(12.50)
Post hoc analysis

Ivs. Il Ivs. Il IRVl
Dysfunctional swallowing <0.001 0.013 0.633
Oral respiration 0.009 0.195 0.804
Short phrenulum 0.011 0.952 0.183

SD: Standard deviation; *F: Kruskal-wallis; ** x2 test; ***Fisher’s test

Post hoc: 2 test correct using by Bonferroni adjustment, p <0.0125
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Table 4 Estimated relative risk ratios of presenting Il or lll dental
class by multinomial logistic regression

Dental Class

Dental class Il Dental class Il

RRR (95% p value RRR(95% p

Cl) Cl) value
Dysfunctional 1 0.006 1 0.038
swallowing 4.24 10.17
No @ (1.51-11.88) (1.14-90.60)
Si
Oral respiration 1 0.409 1 0.924
No @ 1.36 0.94
Si (0.65-2.84) (0.29-3.04)
Short phrenulum 1 0.132 1 0.649
No? 1.88 0.68
Si (0.82-4.31) (0.13-3.46)

? reference category

RRR: Relative risk ratio corrected for age and sex

lower in the Overjet Normal group than in the Over-
jet Increased group: 58.00% vs. 91.67%, p<0.001; And
30.53% vs. 59.04%, p=0.001, respectively. Dysfunctional
swallowing And oral respiration values were significantly
lower in the Overjet Normal group than in the Inverted
group: 58.00% vs. 83.33%, p<0.001; And 30.53% vs.
50.00%, p =0.005, respectively (Table 5).

We performed a multinomial logistic regression analy-
sis to explain the relationship between Overjet catego-
ries and the variables that significantly differed among
them. Statistically significant differences emerged among
the three groups regarding dysfunctional swallowing
(p<0.001) and oral respiration (p<0.001). We used nor-
mal objects as the baseline category. The relative risk
ratio of having an increased overjet was greater for those
who presented dysfunctional swallowing (RRR 5.85, 95%
CI2.23-15.36, p<0.001) (Table 6).

Statistically significant differences emerged among the
three groups (Overbite) regarding dysfunctional swallow-
ing (p=0.003) and oral respiration (p =0.026).

Dysfunctional swallowing And oral respiration values
were significantly lower in the Overbite Normal group
than in the Overbite Open group: 65.31% vs. 96.55%,
p=0.001; 37.50% vs. 66.67%, p=0.007, respectively
(Table 7).

We performed a multinomial logistic regression analy-
sis to explain the relationships between Overbite catego-
ries and the variables that significantly differed among
them. We used normal overbite as the baseline category.
The relative risk ratio of having an Overbite Open was
greater for those who presented Dysfunctional swallow-
ing (RRR 10.82, 95% CI 1.28-90.97, p = 0.028) (Table 8).

Finally, the samples were divided into three groups
according to the number of oral habits present in each
patient (0-1, 2—3, > 3). This classification made it possible
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to analyze the association between the number of oral
habits and the presence of malocclusions (Table 9.).

The data analysis revealed that there was a strong and
significant association between the number of oral habits
and the presence of malocclusions (p <0.001).

Discussion

This study investigated the associations between maloc-
clusions (both in general and in various forms) And the
most common oral habits in a sample of Italian children
aged 6-12 years who were examined at the University
Dental Clinic of Perugia.

One of the main findings was the high prevalence of
malocclusion, which affects four out of five children.
Among the different types of malocclusions, Angle’s
Class II, increased overjet, And open bite were the most
frequently observed, each affecting nearly one-third
of the sample. In contrast, reverse overjet was the least
common, occurring in only 3% of the samples. These
results are consistent with previous studies reporting a
European average malocclusion prevalence of approxi-
mately 72% [38].

It should be noted that this relatively high prevalence
may, at least in part, reflect the characteristics of the clin-
ical population attending a university dental clinic, and
may not be fully generalizable to the broader pediatric
population.

The most prevalent oral habits identified in our study
were dysfunctional swallowing and breastfeeding dur-
ing the first months of life, both of which affect approxi-
mately three out of four children. Notably, bottle feeding
(which could be considered an alternative to breastfeed-
ing) was also highly prevalent, affecting approximately
half of the children, suggesting that many children were
exposed to both types of feeding during different stages
of development or used bottles to consume fluids other
than milk.

Pacifier use is more socially visible and culturally
accepted, especially in infancy [56]. As a tangible object,
it is more easily observed And regulated by caregivers
And endorsed by clinical guidelines such as those from
the AAPD, which consider it acceptable in the first 2-3
years of life [18]. In contrast, finger sucking is often a
private, self-soothing behavior that may go unnoticed
And can persist longer if not addressed. Our sample
included children aged 6-12 years, many of whom may
have stopped these habits years earlier. While pacifier
use typically ends by age 4, finger sucking may continue
into school (Moimaz, 2022). Thus, the lower prevalence
of finger sucking may reflect underreporting or early
resolution, whereas pacifier use is more likely to be
remembered and reported. Overall, the higher fre-
quency of pacifier use in our study likely reflects both real
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Table 5 Descriptive analysis of sample characteristics, stratified by overjet (Normal, increased and Inverted)
Variables Total Overjet

N=190 Normal Increased Inverted p value

n (%) n (%) n (%)
100 (52.63) 84 (44.21) 6(3.16)

Age (Years), mean+SD 8.58+2.05 843+2.01 8.74+2.10 883+2.14 0.558*
Sex, n (%) 0.428**
Male 96 (50,53) 55 (55.00) 38 (45.24) 3(50.00)
Female 94 (49.47) 45 (45.00) 46 (54.76) 3(50.00)
Breastfeeding, n (%) 0.274%*
No 49 (25.79) 23 (23.00) 23(27.38) 3(50.00)
Yes 141 (74.21) 77 (77.00) 61 (72.62) 3(50.00)
Feeding bottle, n (%) 0.275%*
No 75 (39.68) 44 (44.44) 30(35.71) 1(16.67)
Yes 114 (60.32) 55 (55.56) 54 (64.29) 5(83.33)
Pacifier, n (%) 0.244**
No 99 (52.11) 54 (54.00) 44 (52.38) 1(16.67)
Yes 91 (47.89) 46 (46.00) 40 (47.62) 5(83.33)
Finger, n (%) 0.361**
No 157 (82.63) 85 (85.00) 68 (80.95) 4 (66.67)
Yes 33(17.37) 15 (15.00) 16 (19.05) 2(33.33)
Onychophagy, n (%) 0.734**
No 164 (86.32) 87 (87.00) 71(84.52) 6 (100.00)
Yes 26 (13.68) 13 (13.00) 13(1548) 0 (00.00)
Lapisphagia, n (%) 0.610**
No 173 (91.05) 91 (91.00) 77 (91.67) 5(83.33)
Yes 17 (8.95) 9 (9.00) 7(833) 1(16.67)
Dysfunctional swallowing, n (%) <0.001**
No 50(26.32) 42 (42.00) 7(8.33) 1(16.67)
Yes 140 (73.68) 58 (58.00) 77 (91.67) 5(83.33)
Oral respiration, n (%) <0.001**
No 103 (55.98) 66 (69.47) 34 (40.96) 3(50.00)
Yes 81 (44.02) 29 (30.53) 49 (59.04) 3(50.00)
Short phrenulum, n (%) 0.162**
No 156 (82.11) 87 (87.00) 64 (76.19) 5(83.33)
Yes 34 (17.89) 13 (13.00) 20 (23.81) 1(16.67)

Post hoc analysis

Dysfunctional swallowing
Oral respiration

Normal vs. Increased
<0.001
0.001

Normal vs. Inverted

<0.001
0.005

Increased vs. inverted
0.013
0.061

SD: Standard deviation; *F: Kruskal-wallis; ** Fisher's test; ***x2 test.

Post hoc: x2 test correct by Bonferroni, p<0.0125

behavioral patterns and reporting biases linked to age
and visibility.

Focusing on the primary objective of the study, which
was to assess the relationship between oral habits And
malocclusion, only two habits, dysfunctional swallow-
ing And mouth breathing, were significantly associated
with altered dental occlusion. These results are in line
with recent literature. Specifically, a recent meta-analysis
published in 2024 by Goémez-Gonzilez identified dys-
functional swallowing as a risk factor for malocclusions
in general and for specific types, such as Angle Class II
malocclusions (distocclusions), open bites, and increased

overjet (Gomez-Gonzélez C.)[28]. These three types of
malocclusion were also described in our study as being
related to dysfunctional swallowing, with the only differ-
ence being that our analysis also revealed an association
with Angle’s Class III malocclusion.

A possible explanation for the relationship between
Class III malocclusion and dysfunctional swallowing may
be that a low tongue posture during swallowing could
exert pressure on the oral side of the mandibular sym-
physis, pushing the mandible forward. This hypothesis
underlies some specific treatments for nongenetic Class
III malocclusions (Zhou X. et al.)[63], which involve
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Table 6 Estimated relative risk ratios of presenting overjet
increased or inverted by multinomial logistic regression

Overjet

Increased Inverted

RRR(95%Cl) pvalue RRR(95% p

(d)] value

Dysfunctional 1 <0.001 1 0.343
swallowing 5.85 324
No @ (2.23-15.36) (0.28-36.88)
Si
Oral respiration 1 0.101 1 0.734
No @ 1.01 1.37
Si (0.89-3.68) (0.21-8.66)

2 reference category
RRR: Relative risk ratio corrected for age and sex

removable appliances aimed at modifying low tongue
posture [19].

A second meta-analysis conducted in 2018 by Fragas
and coworkers also associated mouth breathing with an
increased risk of malocclusions, in agreement with our
findings [23].

Our study also revealed data that contradict some
well-established findings in the literature. The first dis-
crepancy concerns the lack of evidence in our study
supporting the protective role of breastfeeding against
malocclusions (particularly Angle’s Class II) when such
oral habits are practiced in the first 6—12 months of life,
as reported in the systematic review by Abate [1]. The
protective role of breastfeeding is based on its ability to
promote favorable dynamics for proper maxillary devel-
opment, such as proper lip seal, mandibular function,
correct tongue position against the palate, and normal
nasal breathing in newborns [1, 16]. Furthermore, early
breastfeeding reduces (or eliminates) the need for arti-
ficial feeding with a bottle, which is associated with an
increased risk of malocclusion [1, 29].

However, our study revealed that breastfeeding does
not always reduce bottle feeding; the two oral habits may
coexist. This coexistence (one protective and one pro-
moting malocclusions) observed in our study population
may explain why our analysis did not detect a protective
effect of breastfeeding.

A second discrepancy with the literature is the lack of
correlation in our findings between malocclusions and
nonnutritive sucking habits (NNSH), such as pacifier use,
finger sucking, and pencil chewing. A recent systematic
review revealed that the presence and duration of NNSHs
increase the risk of developing malocclusions. A possible
explanation for our lack of correlation may be that cer-
tain types of malocclusions more often associated with
NNSHs (e.g., open bite) may regress if these habits are
stopped by age four (or even later), with a regression rate
between 50% And 100% [2]. Our Analysis, therefore, con-
ducted in children aged 6-12 years, may have included
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children in whom these conditions were present in the
past but had already resolved by the time of examination.

Notably, some (although fewer) cross-sectional studies
also reported no correlation between NNSHs and maloc-
clusions, suggesting that other factors related to maxil-
lary development may mask or modulate this relationship
and that multifactorial and environmental components
may be involved (Santos T.T. et al., 2018).

Finally, the data collected in our study suggest that not
only the type but also the number of oral habits pres-
ent in each child could influence the risk of malocclu-
sion. Data analysis revealed a rising trend: patients with
a very low number of habits (0—1) presented a maloc-
clusion prevalence of 31.6%, whereas in those with 2-3
habits, the percentage increased significantly to 74.7%. In
cases where more than three harmful habits were identi-
fied, the prevalence of malocclusion reached 84%. These
findings suggest a proportional relationship between the
number of dysfunctional oral behaviors and the onset of
occlusal alterations. The simultaneous presence of multi-
ple incorrect habits appears to amplify the negative effect
on occlusal development, likely due to prolonged and
combined interference with the physiological processes
of craniofacial and dentoalveolar growth.

Thus, assessing the total number of oral habits, rather
than evaluating each habit in isolation, may offer a more
accurate method for identifying children at high risk for
malocclusion. This approach could facilitate earlier inter-
vention and more targeted preventive strategies.

Limitations of the study

While this study offers important insight into the rela-
tionship between oral habits and malocclusion in chil-
dren, several limitations should be acknowledged when
the findings are interpreted.

First, the study was conducted in a single clinical set-
ting, specifically, the Pediatric Dental Clinic at the Uni-
versity of Perugia. As a result, the sample consisted
exclusively of children who were already undergoing
dental evaluations or treatments. This could introduce
selection bias, as children referred to or accessing a uni-
versity dental clinic might not be representative of the
general pediatric population. Furthermore, as the study is
retrospective, and not prospective, it makes the relation-
ship between malocclusions and oral habits less strong
in terms of association. Therefore, while the results are
meaningful for the context in which they were gathered,
they should be interpreted with caution when general-
izing to all Italian children or broader population and
the lack of data regarding longitudinal follow-up did not
allow us to assess how oral habits may change over time
and how such changes may influence the development
or resolution of malocclusions. In addiction, it is impor-
tant to consider the possibility of recall bias, given that
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Table 7 Descriptive analysis of sample characteristics, stratified by overbite (Normal, increased and Inverted)
Variables Total Overbite

N=190 Normal Open Closed p value

n (%) n (%) n (%)
98 (51.58) 29 (15.26) 63 (33.16)

Age (Years), mean+SD 8.58+2.05 8.54+2.09 8.48+2.08 8.69+1.99 0.843*
Sex, n (%) 0.751**
Male 96 (50.53) 47 (47.96) 15(51.72) 34 (53.98)
Female 94 (49.47) 51 (52.04) 14 (48.28) 29 (46.03)
Breastfeeding, n (%) 0.749%*
No 49 (25.79) 23(2347) 8(27.59) 18 (28.57)
Yes 141 (74.21) 75 (76.53) 21(7247) 45 (71.43)
Feeding bottle, n (%) 0.961**
No 75 (39.68) 38 (38.78) 12 (41.38) 25 (40.32)
Yes 114 (60.32) 60 (61.22) 17 (58.52) 37 (59.68)
Pacifier, n (%) 0.519**
No 99 (52.11) 55(56.12) 14 (48.28) 30 (47.62)
Yes 91 (47.89) 43 (43.88) 15(51.72) 33(52.38)
Finger, n (%) 0.482**
No 157 (82.63) 79 (80.61) 23(79.31) 55 (87.30)
Yes 33(17.37) 19 (19.39) 6 (20.69) 8(12.70)
Onychophagy, n (%) 0.237**
No 164 (86.32) 81 (82.65) 25 (86.21) 58 (92.06)
Yes 26 (13.68) 17 (17.35) 4(13.79) 5(7.94)
Lapisphagia, n (%) 0.167**
No 173 (91.05) 87 (88.78) 29 (100.00) 57 (90.48)
Yes 17 (8.95) 11(11.22) 0 (0.00) 6(9.52)
Dysfunctional swallowing, n (%) 0.003***
No 50 (26.32) 34 (34.69) 1(3.45) 15(23.81)
Yes 140 (73.68) 64 (65.31) 28 (96.55) 48 (76.19)
Oral respiration, n (%) 0.026**
No 103 (55.98) 60 (62.50) 9(3333) 34 (55.74)
Yes 81 (44.02) 36 (37.50) 18 (66.67) 27 (44.26)
Short phrenulum, n (%) 0.100%*
No 156 (82.11) 77 (78.57) 22 (75.86) 57 (90.48)
Yes 34 (17.89) 21 (21.43) 7 (24.14) 6(9.52)

Analisi post hoc

Normal vs. Open
Dysfunctional swallowing 0.001
Oral respiration 0.007

0.143
0.399

Normal vs. Closed

Open vs. Closed
0.017
0.052

SD: Standard deviation; *F: Kruskal-wallis; ** Fisher’s test; ***x2 test

Post hoc: x2 test correct by Bonferroni, p<0.0125

some information regarding children’s oral habits was
collected through statements provided by parents dur-
ing the anamnestic interview. Parents may not always
be able to accurately remember or correctly report the
frequency and duration of past habits, which could lead
to classification errors or an underestimation of certain
behaviours. This limitation is typical of retrospective
cross-sectional studies based on self-reported data and
should be taken into account when assessing the strength
of the associations observed.

Conclusion

In conclusion, this study highlights a strong And clini-
cally relevant association between specific oral habits
And malocclusions in children aged 6-12 years. Among
all the habits examined, dysfunctional swallowing and
mouth breathing were the most significant predictors of
malocclusion. Our findings revealed that children with
these habits were more likely to develop not only gen-
eral malocclusions but also specific conditions, such
as Class II and III dental classes, increased overjet, and
open bite. These results reinforce the need for early iden-
tification and management of orofacial dysfunctions
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Table 8 Estimated relative risk ratios of presenting overbite
open or closed by multinomial logistic regression

Overbite

Open Closed

RRR(95%Cl) pvalue RRR(95% p

q) value

Dysfunctional 1 0.028 1 0.236
swallowing 10.82 1.65
No? (1.28-90.97) (0.72-3.79)
Si
Oral respiration 1 0.285 1 0.920
No? 1.69 1.04
Si (0.64-4.46) (0.49-2.20)

2 reference category
RRR: Relative risk ratio corrected for age and sex

Table 9. Distribution of malocclusions based on the number of

oral habits

N.Oral Habits Total = Malocclusion Pvalue
Presentn (%) Absentn (%)

0-1 19 6(31.58) 13 (6842) <0.001

2-3 71 53 (74.65) 18 (25.35)

>3 100 84 (84.00) 16 (16)

X2 test

during growth. An especially noteworthy outcome of
this research is the observed cumulative effect of mul-
tiple habits: the risk of malocclusion increased substan-
tially with the number of coexisting dysfunctional oral
behaviors. This suggests that a broader, more integrated
approach, one that considers not only the presence of a
single habit but also the overall behavioral pattern, is cru-
cial for identifying children at greater risk. Given these
insights, encouraging early screening for dysfunctional
oral habits in pediatric populations may help clinicians
intervene promptly and reduce the likelihood of develop-
ing more severe malocclusions over time.
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