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Objective: This systematic review aims to answer the follow-
ing focus question: “Is there an association between atypical
swallowing and malocclusions?”. Methods: Appropriate word
combinations were chosen and tailored specifically for each of
the following electronic databases: EMBASE, Latin American
and Caribbean Literature in Health Sciences (LILACS), LIVIVO,
PubMed/Medline, Scopus, Web of Science, and gray literature,
without any restrictions, up to February 2021. According to the
selection criteria, only cross-sectional studies were includ-
ed. The following inclusion criteria were considered: a sample
composed of children, adolescents, and adults; patients clini-
cally diagnosed with atypical swallowing; patients with normal
swallowing; and outcome of interest of atypical swallowing in
patients with malocclusion. The data consisted of study char-
acteristics, sample characteristics, results, and conclusion of
each study. The risk of bias was assessed using the JBI Critical
Appraisal Checklist for Analytical Cross-Sectional Studies, and
the certainty of evidence was assessed using the GRADE tool.
Results: 4,750 articles were identified. After a two-step selec-
tion, four studies were included. A higher frequency of distal
occlusion, extreme maxillary overhang, and open bite was re-
lated to swallowing disorders; most studies pointed to poste-
rior crossbite as a malocclusion more associated with atypical
swallowing. All studies had a moderate to high risk of bias, and
the certainty of evidence was very low. Conclusion: The re-
sults indicate that atypical swallowing is associated with mal-
occlusions and that posterior crossbite is the main maloc-
clusion found, but only in the young population (3-11 years).
Registration: PROSPERO (42020215203).

Keywords: Deglutition disorders. Deglutition. Malocclusion.
Review.
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Objetivo: A presente revisao sistematica tem como objetivo
responder a seguinte questao focal: “Existe associacao entre
degluticdo atipica e mas oclusoes?”. Metodos: Combinacoes de
palavras e truncamentos apropriados foram adaptados para as
bases de dados eletronicas: EMBASE, Literatura Latino-Ameri-
cana e do Caribe em Ciéencias da Saude (LILACS), LIVIVO, Pu-
bMed/Medline, Scopus e Web of Science e a literatura cinzen-
ta, sem qualquer restricao, até fevereiro de 2021. Os critérios
de inclusao foram: estudos transversais; amostra composta
por criancas, adolescentes e adultos; pacientes com diagnos-
tico clinico de degluticao atipica; pacientes com degluticao
normal, e o desfecho de interesse foi degluticao atipica em
pacientes com ma oclusao. Os dados extraidos de cada estu-
do foram caracteristicas do estudo, da amostra e a conclusao.
O risco deviés foi avaliado usando a Lista de verificacao de ava-
liacao critica da JBI para estudos transversais analiticos, e a
certeza das evidéncias foi avaliada usando a ferramenta GRA-
DE. Resultados: Foram identificados 4.750 artigos. Apos uma
selecao em duas fases, quatro estudos foram incluidos. Maior
frequéncia de disto-oclusao, protuberancia maxilar extrema e
mordida aberta foram relacionadas a disturbios da degluticao,
com a maioria dos estudos apontando para mordida cruzada
posterior como a ma oclusao mais associada a degluticao ati-
pica. Todos os estudos tiveram um risco de viés moderado a
alto, e a certeza das evidencias foi considerada muito baixa.
Conclusao: Os resultados indicam que a degluticao atipica
esta associada a mordida cruzada posterior apenas na popula-
cao jovem de 3 a 11 anos.

Palavras-chave: Desordem da degluticao. Degluticao.
Ma oclusao. Revisao.
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Atypical swallowing is a myofunctional problem characterized by
a postural change in the tongue during the swallowing process.’
It has a multifactorial etiology and involves non-functional habits,
genetics, mouth breathing, and allergic processes.'? Initially, phys-
iological swallowing, also called visceral swallowing or infant swal-
lowing, is the lack of activation of masticatory muscles and use of
the orbicularis oris muscle, with lingual interposition between the
alveolar crests of the upper and lower incisors, thus generating a
negative intraoral pressure, which in turn enables the functions
of sucking and swallowing. Atypical swallowing happens if there
is no complete maturation from the action of infant swallowing to
a more conscious and voluntary action.?

Atypicalswallowingis consideredariskfactor mainlyforanterior
open bite and posterior crossbite, affecting the development of
occlusion by neuro-muscularimbalance. Non-functional habits,
whenever present, also directly affect the development of swal-
lowing and occlusion, especially that related to anterior open
bite. The patient’s history is also important, and should not be
disregarded. The treatment of atypical swallowing (myofunc-
tional therapy) and orthodontic treatment are closely related,
as both processes need mutual support for a better outcome
and stability.*> Thus, a balance of the entire stomatognathic
system is necessary for a proper functioning of all functions
this system performs.
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Therelationship between atypical swallowing and malocclusion
is widely discussed in the literature, but there is no systematic
review that evaluates this association including only studies
with adequate diagnostic methods for atypical swallowing.
Therefore, the objective of this systematic review is to answer
the following focus question: “Is there an association between
atypical swallowing and malocclusions?”,

This systematic review was carried out in accordance with the
guidelinesof PRISMA®(Preferred Reporting ltemsfor Systematic
Review and Meta-Analysis).

To consider the eligibility of studies for inclusion/exclusion
from this review, the acronym “PECOS” was used.

» Population (P): sample composed of children, adolescents,
and adults.

» Exposure (E): patients clinically diagnosed with atypi-
cal swallowing,.

» Comparison (C): patients with normal swallowing.

» Outcomes (O): the outcome of interest of atypical swal-
lowing in patients with malocclusion.

» Study design (S): observational studies.
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Studies in which the sample consisted of patients diagnosed
with atypicalswallowingwereincluded. Studiesthatevaluated
malocclusion as an independent variable and the diagnosis
of atypical swallowing as an outcome were also included, and
their results were described separately. The assessment of
malocclusion and atypical swallowing was by clinical assess-
ment. Mandatory comparison to a control group: normal
swallowing or normal occlusion. Observational, case-control,
cohort, and cross-sectional studies were included. There was
no discrimination regarding ethnicity, gender, age, language,
or year of publication.

The following exclusion criteria were applied: 1) patients that
had undergone previous or undergoes current orthodontic
treatment, patients with neurological disorders or craniofacial
deformities; 2) patients not clinically diagnosed with malocclu-
sion or atypical swallowing; 3) studies with no control group;
4) studies that did not assess malocclusion and atypical swal-
lowing as an outcome; 5) reviews, letters, books, conference
abstracts, case reports, case series, opinion articles, technical
articles, guidelines, randomized or non-randomized methods,
and clinical trials; 6) the full text of the study was not available,



Gongalves FM, Taveira KVM, Araujo CM, Ravazzi GMNC, Guariza Filho O, Zeigelboim BS, Santos RS,

Stechman Neto | — Association between atypical swallowing and malocclusions: a systematic review

Appropriate word combinations and truncations were adapted for
each of the six electronic databases chosen as information sources:
EMBASE, Latin American and Caribbean Literature on Health
Sciences (LILACS), LIVIVO, PubMed/Medline, Scopus, and Web of
Science. In addition, gray literature was also a source of information
through Google Scholar, Open Gray, and ProQuest Dissertation
and Thesis (Appendix 1). Manual reference consultation was per-
formed from the references section of all studies included and
with experts, in order to improve the search results and follow-
ing the recommendations of Greenhalgh and Peacock.” Searches
on electronic databases and gray literature were performed on
July 10, 2020 and updated on February 26, 2021. References were
managed, and duplicate studies were removed using appropriate
software (EndNote® X7 Thomson Reuters, Philadelphia, PA).

The selection of studies was carried out in two steps. In the first
step, two reviewers (FMG and KVTM) independently reviewed the
titles and abstracts of all studies. All articles that did not meet
the established eligibility criteria were excluded at this step. In
the second step, the same reviewers independently read the full
text of the studies selected in the first step. Whenever there was
any disagreement and the lack of consensus persisted even after
discussion, a third reviewer (CMA) provided the final decision.
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Tofacilitate independentreadingin both steps, the Rayyan®web-
site was used (http://rayyan.qcri.org), where reviewers are blind
in all assessments and a third team member acts as moderator.

Tworeviewers(FMGand KVMT)independently collectedinforma-
tion from the studies included. The information was discussed
with two experts in the field. The data collected consisted of
study characteristics (author, year of publication, country,
title, and study design), sample characteristics (sample size,
control group, form of diagnosis of malocclusion and atypical
swallowing), outcomes, and results (Table 1). When data were
missing or incomplete, attempts were made to contact the
authors for important unpublished information. The authors
were contacted by email for three consecutive weeks when-
ever more information was needed.

The studies were assessed as for methodological quality using
the JBI Critical Appraisal Checklist for Analytical Cross Sectional
Studies.® Two reviewers (FMG and KVMT) performed a risk of
bias assessment separately and judged the articles included,
marking each assessment criterion with “yes,” “no,” “uncertain,”
and “not applicable.” The risk of bias was high when the study
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Table 1: Summary of the characteristics of the studies included (n=4).

Author,
Year,
Country

Objective

Find an associ-
ation between

Malocclu-
sion studied
and form of

diagnosis

Sample size,
characteristics and
exposition

30 children with poste-
rior crossbite (13 boys,
17 girls, mean age:

Prevalence
ratio*
(95% CI)

Diagnosis
of atypical
swallowing

Outcome of
interest

Crossbite group:
6 (22%) with atypi-

Melink posterior cross- 5 © vears. range: Posterior | Evaluated by cal swallowin
ot g|.13 bite, sucking '3 g_7 2 ;/earf) ' crossbite the method & 3.00
2010, | habits,orofa- 3, \iqren without pos- | G1agnosed - suggested it [0.66, 13.697%
: cial functions, , . by clinical by Melsen o
Slovenia and otorhino. terior crossbite (17 boys, evaluation | etal'? 1979 crossbite: 2 (8%)
. 13 girls; mean age s with atypical swal-
laryngological 59 lowi
findings .9 years, range owing
5.4-6.7 years)
Authors clas- Of the 313 children
Analvze the A total of 723 chil- sified all mal- with atypical swal-
relatioynshi of dren were evaluated occlusionsin | Clinical eval- = lowing, 44 had a
Melsen suckin h:fb- (366 boys, 357 girls) aged = the sample, = uation and diagnosis of pos-
etal.’?, its swaﬁowin 10-11 years; of which including palpation of = terior crossbite. In 1.335
1979, ’attern andg 313 children with atypi- posterior | the masseter the group of 399 = [0.85, 2.09]*
Denmark prevaler;ce of cal swallowing and 399 crossbite. and tempo- = children with nor-
r%alocclusions children with normal Clinical eval- = ral muscles mal swallowing,
swallowing uation and only 42 had poste-
molding rior crossbite
To investigate Presence of atypi-
the prevalence cal swallowing in:
of crossbite . Posterior
in 5-year-old 243 chlldren. crossbite 206 children with-
0 : . (119 boys, 124 girls), . Assessed by .
vsenik = Slovenian pre- diagnosed out crossbite at 5
10 assessed at ages 3, 4 and o the method . aco
et al.’?, schoolers and 5 vears by clinical susgested years of age: 35% 2.27
2009, its relationship > Y " evaluation 88 (n=72) [1.27, 4.04]*
: . . 206 children without . by Melsen
Slovenia with atypical . . and obtain- 1
. crossbite and 37 children = . etal.’?, 1979 . .
swallowing hab- With posterior crossbite 18 plaster 37 children with
its and patterns P models posterior crossbite
at3,4and 5 at age 5 years: 63%
years of age (n=23)
i 0, = il-
To assess the 23 children with unilat- S;A’E?(l_lronwvlvnags dgri:? \(/atk? i)n%gig;
prevalence of = eral posterior crossbite z . : .
L . etermined = posterior crossbite
swallowing in (13 girls and 10 boys), : .
: . . - accordingto = had visceral swal-
Ovsenik | patients with | aged 4.1-6.6 years). Aver- Clinically .
» ) the method lowing. Only 36%
etal. and without age age 5.4 £ 0.8 years | evaluated by described (n=8) of children 1.78
2014, Unilateral Pos- = 22 children without uni- = a calibrated b . : [1.30, 4.04]*
: : : . . y Peng et without unilateral
Slovenia  terior Crossbite = lateral posterior cross- = orthodontist 16 .
: ) : al.’s, 2003. posterior cross-
using ultra- | bite (10 girls and 12 boys) . :
Through bite presented this
sound exam- = aged 5.7-6.7 years. Aver- .
o ultrasound swallowing type
ination age age 6.1 = 0.3 years.

examination (p =0.002)

* values calculated by the authors.
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reached 49% of “Yes"; moderate when the study reached 50% to
69% of “Yes”; and low when the study reached more than 70%
of “Yes.” Whenever necessary, disagreements were resolved
through discussion with a third reviewer (CMA). The Revman
5.4® software (Review Manager 5.4; The Cochrane Collaboration)
was used to generate figures.

The number of events and the sample size were collected from
each study to calculate the measure of association. For the
cross-sectional studies included, the prevalence ratio was cal-
culated with the 95% confidence intervals (Cl).

Whenever possible (n > 10), publication bias is investigated
using funnel plots. However, this assessment was not possi-
ble in the present study. A broad search strategy in electronic
databases and gray literature, besides consulting the expert as
for unpublished articles, was carried out in order to reduce the
risk of publication bias.
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The results were analyzed using GRADE® (Classification of
Recommendations, Evaluation, Development and Evaluation,
https: //gradepro.org/), which is a quality scoring system.®
Two reviewers judged the following aspects: risk of bias,
inconsistency, indirect evidence, imprecision, and publication
bias. The level of evidence was high, moderate, low, or very
low. Disagreements were resolved by consensus, and a third
reviewer was consulted whenever necessary.

A total of 6,361 references were retrieved in the six electronic
databases, remaining 4,750 references after the removal of
duplicates. After reading the titles and abstracts (step 1), 80
articles were selected for full reading (step 2), of which 76 were
excluded (Appendix 2). Following a throughout article review,
four articles were later included (Fig 1). No additional articles
were included from the reference lists, gray literature, and con-
sultations with experts.

Four cross-sectional studies were included.'3 They were pub-
lished between 1979 and 2010 and carried out in Slovenia'™ ™13
and Denmark."”? The age of the individuals included in the
selected articles ranged from 3 to 11 years,' and the sample
size ranged from 45" to 7232 individuals.
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Identification of studies via databases and registers Identification of studies via other methods

Records identified from: Records identified from:
Embase (n = 808) Expert (n =0)
Lilacs (n = 351) Google Scholar (n = 439)
Livivo (n = 39) . Open Grey (n=1)
Pubmed/Medline (n = 849) a”f';‘;itf)remrds removed Proquest (n = 148)
Scopus (n = 4025) Reference lists (n = 0)
Web of Science (n = 289) Search update (February 26, 2021) (n=100)

Records removed before
screening:

Identification

Records excluded
Records screened (n =1455)
Reports not retrieved Reports sought for retrieval Reports not retrieved
(n=1) (n=0) (n=0)
Reports sought for retrieval

(n=280)

Screening

Reports excluded: (n=76)

1. population that had undergone previous
or current orthodontic treatment, those with
neurological disorders, or craniofacial deformities (n=0)
(n=11)
2. patients not clinically diagnosed with

Reports assessed for eligibility malocclusion or atypical swallowing (n=13)

(n = 76) 3. studies without a control group (n=8)

4. studies that did not assess malocclusion and

atypical swallowing as an outcome (n=34)
5. reviews, letters, books, conference abstracts,
case reports, case series, opinion article,
technique articles, guidelines, randomized or non-
randomized, clinical trials and cohort studies. (n=9)
Studies included in review 6. full study copy is not availabe (n=1)
Studies included in
qualitative (n = 4)

Included

Figure 1: Flow diagram of the literature search and the selection criteria.

Source: Page M), McKenzie JE, Bossuyt PM, Boutron |, Hoffmann TC, Mulrow CD, et al. The PRIS-
MA 2020 statement: an updated guideline for reporting systematic reviews. BMJ 2021;372:n71.
doi: 10.1136/bmj.n71. For more information, visit: http://www.prisma-statement.org/

One study evaluated the presence of all malocclusions.’? Three
studies assessed exclusively posterior crossbite,’''3 and only
one ofthese studies classified posterior crossbite as unilateral."’
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The evaluation of occlusion was performed using clinical anal-
ysis by a trained professional'®'® using plaster models.2
Swallowing was assessed using only clinical assessment.
The method used for this assessment was developed by Melsen
et al.’? (1979) and Ovsenik et al."" (2014).

The risk of bias in individual studies revealed three studies as
having a moderate risk''13 and one study a high risk of bias.'

The methodological limitations in all studies included in this
review were related to deficient reports of sample inclusion
and exclusion criteria, confounding factors, and control strat-
egy of these factors. All studies were classified as having a “low
risk” of bias regarding the description of participating sub-
jects, environments, valid and reliable exposure analyses, and
appropriate statistical analyses. Figures 2A and 2B summarize
the evaluations obtained by the ]BI tool.

Melink et al.”*(2010) aimed to analyze posterior crossbite in the
period of primary dentition and its relationship with sucking
habits, irregular orofacial functions, and otorhinolaryngologi-
cal findings. The authors found a prevalence of 22% in children
with atypical swallowing crossbite and 8% in childrenin a group
without this malocclusion.
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(% Yes)

Melink et al. 2010 50%

Melsen et al. 1879 37.6%

Osvenik et al. 2009 62.5%

Osvenik et al. 2014 62.5%

un'n Were the outcomes measured in a valid and reliable way?
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Were the criteria for inclusion in the sample clearly defined?

Were the study subjects and the setting described in detail?

Was the exposure measured in a valid and reliable way?

Were objective, standard criteria used for measurement of the condition?

Were confounding factors identified?

Were strategies to deal with confounding factors stated?

Were the outcomes measured in a valid and reliable way?

Was appropriate statistical analysis used? dord

Pttt
0% 25% 50% 75%  100%

5 B Low risk of bias [ ] unclear risk of bias [l High risk of bias

Figure 2: Summary of risk of bias assessed by Joanna Briggs Insti-
tute Critical Appraisal Checklist for Analytical Cross-Sectional Stud-
ies: author’s judgments for each study included (generated using
the software Review Manager 5.4, The Cochrane Collaboration).
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Evaluating 725 Danish children, which is the largest sample
among the studies included in this review, Melsen et al.’>(1979)
reported on sucking habits, swallowing patterns, and prev-
alence of malocclusions. Compared to the group of children
with normal swallowing, children with impaired swallowing had
an increased frequency of distal occlusion, extreme makxillary
projection, and open bite. Special attention should be given
to non-nutritive sucking habits, since they may influence the
development of swallowing and occlusion.

Ovsenik et al.’ (2009) analyzed issues in orofacial functions of
243 five-year-old children and the association with posterior
crossbite. The authors found that the atypical pattern of swal-
lowing increased over time in children with crossbite, and that
in children without posterior crossbite this atypical pattern had
a statistically significant decrease.

Ovsenik et al.’ (2014), using ultrasound equipment, found an
atypical swallowing pattern in 83% of children with unilateral
posterior crossbite, a statistically significant number, compared
with the 36% rate of atypical swallowing pattern in children
with normal occlusion.
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As it was impossible to carry out an evaluation using the fun-
nel chart (n<10) to reduce the probability of publication bias,
a wide search was carried out in several databases, including
a database in a language other than English (LILACS), and in
gray literature.,

The overall certainty of evidence identified using GRADE?®
was very low, due to the following reasons: high risk of bias
was considered “serious”, since no study reported exclusion
factors, confounding variables, unreliable measurements of
outcomes, and inaccuracy related to small sample sizes and
number of events, and indirect evidence indicated that there
was no association with the adolescent and adult populations.
There was no publication bias, as there was an effort to search
all the literature available on the subject, including gray litera-
ture. Furthermore, a potential conflict of interest of the studies
included was not detected (Table 2).
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Table 2: Analysis of information quality through GRADE.
Research question: “Is there an association between atypical swallowing and malocclusions?”

Certainty assessment Ne of patients m

Overall
Indirect Fos Rela- certain-
Study | Risk of evi- Impre- terior tive Absolute ty of ev-
. . o . o .
design bias dence cision cr9ss (95% Cl) (95% ClI) idence
bite
311 more
) per 1.000 o000
3 va'chiZ?w;I Serious? No Serious® ' Serious¢' none 48/30 | 82/258 {R1R419-2§ (from
serious (53.3%) (31.8%) . 156 more ~ VERY
study 2.63) 0518 LOW

more)

Cl = Confidence interval; RR = Risk ratio.
Explanations:

a Exclusion factors were not described, showed confounding factors and outcome measures were unreliable.
® There was no association with the population of adolescents and adults.

¢ The sample size or the number of events does not meet the optimal information (Cochrane handbook,
Chapter 14).

This systematic review investigates the available evidence on
the association between atypical swallowing and malocclu-
sions. This relationship is widely studied, but the cause and
effect relationship is still controversial.'* Due to the longitudi-
nal nature of this relationship and the observational nature of
the studies, it was possible to determine a greater association
between posterior crossbite and atypical swallowing. This is an
interesting fact, considering that open bite is generally related
to atypical swallowing both in the literature and in the clinic.>"
This data corroborates that described in the literature.>0"



18 Goncalves FM, Taveira KVM, Araujo CM, Ravazzi GMNC, Guariza Filho O, Zeigelboim BS, Santos RS,

Stechman Neto | — Association between atypical swallowing and malocclusions: a systematic review

It is important to highlight the results found by Osvenik et al."
(2014). The authors reported that atypical swallowing has the
same prevalence in children up to three years of age, regardless
of whether they have malocclusion or not. However, advancing
age of patients who presented posterior crossbite had anincrease
in the condition of atypical swallowing, and those who did not
have this malocclusion had a significant low presence of atypical
swallowing.'" This data makes the present authors consider that
posterior crossbite and atypical swallowing are closely related,
and that the treatment for malocclusion and atypical swallowing
has better results in the long term when it begins early.?

Atypical swallowing, regardless of age, happens both in chil-
dren and adults. During the study selection phase, some stud-
ies with a population of adolescents and/or adults did not meet
all eligibility criteria, because this population had undergone
prior dental (orthodontic) treatment or because they had an
associated comorbidity.'®

Some studies suggestthatanterior open biteis also associated
with the habit of atypical swallowing. The incorrect posture of
the tongue during the swallowing movement affects and per-
petuates the presence of this malocclusion.'>™ However,
in the case of open bite, it is important for the professional
to assess the history of non-functional habits and whether
their presence significantly affects the type of swallowing.'
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However, this type of malocclusion was little discussed in this
study due to the lack of an adequate methodology for primary
sources. To carry out a review of associations, the presence of
a control group is necessary, thus demonstrating the need for
adequate clinical research designs to analyze this topic.

In this systematic review it was possible to observe more data
on posterior crossbite, counting three studies'™ 13, due to the
methodological heterogeneity between them. A study included
the outcome of assessed malocclusioninapopulationwith atyp-
ical swallowing,’> and in this same study the authors observed
that non-functional sucking habits, even of short duration, may
have an indirect effect on the swallowing pattern and a direct
effect on occlusion development.

There is a variety of techniques and instruments for the assess-
ment and diagnosis of atypical swallowing.'* Only Osvenik et al."
used ultrasound equipment to assess swallowing. It was pos-
sible to observe by this non-invasive technique, the duration,
amplitude, and speed of the tongue’s movements during swal-
lowing. All other studies performed only the clinical assessment
described by Melsen et al.’ (1979) without following internation-
ally validated assessment protocols. These protocols are usually
not applied by a professional capable of performing a diagnosis
of swallowing disorders, for example speech therapists.™
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It is noteworthy that the certainty of evidence was rated very
low by the GRADE® system. The explanation for this is the
risk of bias of the studies included, unclear exclusion crite-
ria, uncontrolled confounding factors, a population compris-
ing of only children, and geographical boundaries (including
only two countries), and the low number of studies. There
are some limitations to this review: the use of non-validated
tools to assess atypical swallowing, assessments based
solely on clinical assessment, and few articles that meet the
eligibility criteria. Therefore, further studies need a greater
methodological rigor and should perform a greater control
of confounding factors, as the current literature does not
yet report a high certainty of evidence on this topic.

Additional studies are recommended using standardized and
validated swallow assessment protocols.
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This systematic review investigated the evidence available on
the association between atypical swallowing and malocclu-
sions. Based on the current literature available and on eligi-
bility criteria established for this systematic review, atypical
swallowing is associated with malocclusions. Posterior cross-
bite is the main malocclusion found. The results are relevant
only for the young population (3-11 years), and it is not possi-
ble to generalize them to other age groups (adolescents and
adults). However, based on the level of certainty, the results
should be evaluated with caution. Further studies with better
methodological quality are thus suggested.
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Appendix 1: Database search strategy.

(“Deglutition Disorders” OR “Deglutition Disorder” OR “Swallowing” OR “swallowed” OR “swallowings” OR
“swallowable” OR “swallower” OR “swallowers” OR “swallows” OR “swallow” OR “Swallowing Disorders”
OR “Swallowing Disorder” OR “atypical swallowing” OR “atypical deglutition” OR “Myofunctional”) AND

(“Malocclusions” OR “malocclusion” OR “dental position” OR “dental positions” OR “tooth crowding” OR
“crossbite” OR “crossbites” OR “cross-bite” OR “cross-bites” OR “cross-bite” OR “cross-bites” OR “open-bite”
Cochrane | OR*"openbite” OR “open-bite” OR “deep bite” OR “Overbites” OR “overbite” OR “deep bite” OR “deep bites”
Library OR “deep bite” OR “deep bites” OR “Over Bite” OR “Over Bites” OR “Angle’s Classification” OR “Angle Classi-
fication” OR “Angles Classification” OR “angle class I” OR “angle class II” OR “Angle Class IlI” OR “Class I” OR
“Class II" OR “Class IllI” OR “malocclusion, angle class IlI” OR “angle class Ill malocclusion” OR “skeletal class

Il malocclusion” OR “class Ill malocclusion” OR “maxillofacial development” OR “angle class 11" OR “angle

class I malocclusion” OR “skeletal class Il malocclusion” OR “class Il malocclusion” OR “angle class I” OR

“angle class | malocclusion” OR “skeletal class | malocclusion” OR “class | malocclusion”)

(“Deglutition Disorders” OR “Deglutition Disorder” OR “Swallowing” OR “swallowed” OR “swallowings” OR
“swallowable” OR “swallower” OR “swallowers” OR “swallows” OR “swallow” OR “Swallowing Disorders”
OR “Swallowing Disorder” OR “atypical swallowing” OR “atypical deglutition” OR “Myofunctional”) AND
(“Malocclusions” OR “malocclusion” OR “dental position” OR “dental positions” OR “tooth crowding” OR

“crossbite” OR “crossbites” OR “cross-bite” OR “cross-bites” OR “cross-bite” OR “cross-bites” OR “open-bite”
OR “openbite” OR “open-bite” OR “deep bite” OR “Overbites” OR “overbite” OR “deep bite” OR “deep bites”
OR “deep bite” OR “deep bites” OR “Over Bite” OR “Over Bites” OR “Angle’s Classification” OR “Angle Classi-
fication” OR “Angles Classification” OR “angle class I” OR “angle class II” OR “Angle Class IlI” OR “Class I" OR
“Class II” OR “Class llI” OR “malocclusion, angle class IlI” OR “angle class Il malocclusion” OR “skeletal class

Il malocclusion” OR “class Il malocclusion” OR “maxillofacial development” OR “angle class II” OR “angle

class Il malocclusion” OR “skeletal class Il malocclusion” OR “class Il malocclusion” OR “angle class I” OR
“angle class | malocclusion” OR “skeletal class | malocclusion” OR “class | malocclusion”)

(“Deglutition Disorders” OR “Deglutition Disorder” OR “Swallowing” OR “swallowed” OR “swallowings” OR
“swallowable” OR “swallower” OR “swallowers” OR “swallows” OR “swallow” OR “Swallowing Disorders” OR
“Swallowing Disorder” OR “atypical swallowing” OR “atypical deglutition” OR “Myofunctional” OR “trastor-
nos de la degluciéon” OR “trastorno de la deglucién” OR “deglucion” OR “deglucidn atipica” OR “Disturbios
da degluticao” OR “disturbio da degluticao” OR “degluticao atipica” OR “degluticao” OR “Miofuncional”)
AND (“Malocclusions” OR “malocclusion” OR “dental position” OR “dental positions” OR “tooth crowding”
OR “crossbite” OR “crossbites” OR “crossbite” OR “crossbites” OR “cross-bite” OR “cross-bites” OR “open
bite” OR “openbite” OR “open-bite” OR “Angle’s Classification” OR “Angle Classification” OR “Angles Clas-
sification” OR “Angle Class I” OR “Angle Class II” OR “Angle Class IlI” OR “Class I” OR “Class II” OR “Class III”
OR “malocclusion, angle class IlI" OR “angle class Ill malocclusion” OR “skeletal class Ill malocclusion” OR
“class Ill malocclusion” OR “maxillofacial development” OR “angle class II” OR “angle class Il malocclusion”
OR “skeletal class Il malocclusion” OR “class Il malocclusion” OR “angle class I” OR “angle class | malocclu-
sion” OR “skeletal class | malocclusion” OR “class | malocclusion” OR “Maloclusiones” OR “maloclusion”

LILACS OR “posiciéon dental” OR “posiciones dentales” OR “apifiamiento de los dientes” OR “mordida cruzada” OR
“mordidas cruzadas” OR “mordida abierta” OR “Clasificacion de Angle” OR “Clase | de Angle I” OR “Clase
Il de Angle” OR “Clase Il de Angle” OR “maloclusion, Angle clase [lI” OR “maloclusion Angle clase 11I” OR
“maloclusion esquelética clase IlI” OR “maloclusién clase 111" OR “desarrollo maxilofacial” OR “clase de
Angle II” OR “maloclusion de clase Il del Angle” OR “maloclusién esquelética clase II” OR “maloclusion clase
II” OR “clase Angle I” OR “maloclusion classe | del Angle” OR “maloclusién clase | esquelética” OR “malo-
clusion clase I” OR “Maloclusdes” OR “maloclusdao” OR “ma oclusao” OR “posi¢ao dentaria” OR “posi¢cdes
dentarias” OR “apinhamento dos dentes” OR “mordida cruzada” OR “mordida aberta” OR “mordida pro-
funda” OR “Classificacdo de angle” OR “Classe | de Angle” OR “Classe Il de Angle” OR “Classe Il de Angle”
OR “Classe I” OR “Classe II” OR “Classe IlI” OR “ma oclusao, classe de Angle IlI” OR “ma oclusao de classe
lIl de Angle” OR “ma oclusao esquelética de classe IlI” OR “ma oclusao de classe llI” OR “desenvolvimento
maxilofacial” OR “classe de Angle II” OR “ma oclusao de classe de Angle II” OR “ma oclusdo esquelética de
classe I OR “ma oclusdo de classe II” OR “classe de Angle I” OR “ma oclusao de classe | de Angle” OR “ma
oclusdo esquelética de classe I” OR “ma oclusao de classe I")

Embase
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Appendix 1: (Continuation) Database search strategy.

TI=("Deglutition Disorders” OR “Deglutition Disorder” OR “Swallowing” OR “swallowed” OR “swallow-

ings” OR “swallowable” OR “swallower” OR “swallowers” OR “swallows” OR “swallow” OR “Swallowing

Disorders” OR “Swallowing Disorder” OR “atypical swallowing” OR “atypical deglutition” OR “Myofunc-
tional”) AND TI=("Malocclusions” OR “malocclusion” OR “dental position” OR “dental positions” OR
“tooth crowding” OR “crossbite” OR “crossbites” OR “cross-bite” OR “cross-bites” OR “cross-bite” OR
“cross-bites” OR “open-bite” OR “openbite” OR “open-bite” OR “deep bite” OR “Overbites” OR “over-
LIVIVO bite” OR “deep bite” OR “deep bites” OR “deep bite” OR “deep bites” OR “Over Bite” OR “Over Bites”
OR “Angle’s Classification” OR “Angle Classification” OR “Angles Classification” OR “angle class I” OR

“angle class II” OR “Angle Class IlI” OR “Class I” OR “Class 1I” OR “Class IlI” OR “malocclusion, angle class
[1I” OR “angle class Il malocclusion” OR “skeletal class Ill malocclusion” OR “class 1l malocclusion” OR
“maxillofacial development” OR “angle class II” OR “angle class Il malocclusion” OR “skeletal class Il

malocclusion” OR “class Il malocclusion” OR “angle class I” OR “angle class | malocclusion” OR “skeletal

class | malocclusion” OR “class | malocclusion”)

(Deglutition Disorders”"[MeSH Terms] OR “Deglutition Disorders"[All Fields] OR “Deglutition Disor-
der”[All Fields] OR “Swallowing"[All Fields] OR “swallowed"[All Fields] OR “swallowings"[All Fields]) OR
“swallowable”[All Fields] OR “swallower”[All Fields] OR “swallowers"[All Fields] OR “swallows”"[MeSH
Terms] OR “swallows"[All Fields] OR “swallow"[All Fields] OR “Swallowing Disorders”[All Fields] OR
“Swallowing Disorder”[All Fields] OR “atypical swallowing"[All Fields] OR “atypical deglutition"[All
Fields] OR “Myofunctional”[All Fields]) AND (“Malocclusions”[All Fields] OR “malocclusion”"[MeSH
Terms] OR “malocclusion”[All Fields] OR “dental position"[All Fields] OR “dental positions”[All Fields]
OR “tooth crowding"[All Fields] OR “crossbite"[All Fields] OR “crossbites”[All Fields] OR “cross-bite”[All
Fields] OR “cross-bites"[All Fields] OR “cross-bite"[All Fields] OR “cross-bites"[All Fields] OR “open-
PubMed bite"[All Fields] OR “openbite”[All Fields] OR “open-bite"[All Fields] OR “deep bite"[All Fields]) OR
“Overbites"[All Fields] OR “overbite"[MeSH Terms] OR “deep bite”[All Fields] OR “deep bites"[All Fields]
OR “deep bite"[All Fields] OR “deep bites"[All Fields] OR “Over Bite”[All Fields] OR “Over Bites"[All
Fields] OR “Angle’s Classification”[All Fields] OR “Angle Classification”[All Fields] OR “Angles Classifica-
tion”[All Fields] OR “angle class I"[All Fields] OR “angle class II"[All Fields] OR “Angle Class IlI"[All Fields]
OR “Class I"[All Fields] OR “Class II"[All Fields] OR “Class IlI"[All Fields] OR “malocclusion, angle class
l11"[MeSH Terms] OR “angle class lll malocclusion”[All Fields] OR “skeletal class Il malocclusion”[All
Fields] OR “class Il malocclusion”[All Fields] OR “maxillofacial development”[All Fields] OR “angle class
lI"[All Fields] OR “angle class Il malocclusion”[All Fields] OR “skeletal class Il malocclusion”[All Fields]
OR “class Il malocclusion”[All Fields] OR “angle class I"[All Fields] OR “angle class | malocclusion”[All
Fields] OR “skeletal class | malocclusion”[All Fields] OR “class | malocclusion”[All Fields])

(“Deglutition Disorders” OR “Deglutition Disorder” OR “Swallowing” OR “swallowed” OR “swallowings”
OR “swallowable” OR “swallower” OR “swallowers” OR “swallows” OR “swallow” OR “Swallowing Dis-

orders” OR “Swallowing Disorder” OR “atypical swallowing” OR “atypical deglutition” OR “Myofunc-
tional”) AND (“Malocclusions” OR “malocclusion” OR “dental position” OR “dental positions” OR “tooth

crowding” OR “crossbite” OR “crossbites” OR “cross-bite” OR “cross-bites” OR “cross-bite” OR “cross-

bites” OR “open-bite” OR “openbite” OR “open-bite” OR “deep bite” OR “Overbites” OR “overbite” OR
Scopus “deep bite” OR “deep bites” OR “deep bite” OR “deep bites” OR “Over Bite” OR “Over Bites” OR “Angle’s
Classification” OR “Angle Classification” OR “Angles Classification” OR “angle class I” OR “angle class II”

OR “Angle Class IlI" OR “Class I” OR “Class II” OR “Class IlI” OR “malocclusion, angle class IlI” OR “angle

class Il malocclusion” OR “skeletal class Il malocclusion” OR “class Il malocclusion” OR “maxillofacial

development” OR “angle class II” OR “angle class Il malocclusion” OR “skeletal class Il malocclusion”

OR “class Il malocclusion” OR “angle class I” OR “angle class | malocclusion” OR “skeletal class | maloc-

clusion” OR “class | malocclusion”)
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Appendix 1: (Continuation) Database search strategy.

TS=("Deglutition Disorders” OR “Deglutition Disorder” OR “Swallowing” OR “swallowed” OR “swallow-
ings” OR “swallowable” OR “swallower” OR “swallowers” OR “swallows” OR “swallow” OR “Swallowing
Disorders” OR “Swallowing Disorder” OR “atypical swallowing” OR “atypical deglutition” OR “Myofunc-
tional” AND TS=("Malocclusions” OR “malocclusion” OR “dental position” OR “dental positions” OR
“tooth crowding” OR “crossbite” OR “crossbites” OR “cross-bite” OR “cross-bites” OR “cross-bite” OR
Web of Sci- ”Qross-bites” OR ‘.‘open-bite" OR j’openbite” OR ”c_)pen-bite" OR “deep bite” OR "Qverbites” OR “qver-
ence bite” OR “deep bite” OR “deep bites” OR “deep bite” OR “deep bites” OR “Over Bite” OR “Over Bites”
OR “Angle’s Classification” OR “Angle Classification” OR “Angles Classification” OR “angle class I” OR
“angle class II” OR “Angle Class IlI” OR “Class I” OR “Class 1I" OR “Class 11" OR “malocclusion, angle class
[1" OR “angle class Il malocclusion” OR “skeletal class 11l malocclusion” OR “class Ill malocclusion” OR
“maxillofacial development” OR “angle class II” OR “angle class Il malocclusion” OR “skeletal class II
malocclusion” OR “class Il malocclusion” OR “angle class I” OR “angle class | malocclusion” OR “skeletal
class | malocclusion” OR “class | malocclusion”)

SGCOhOO%; (“atypical swallowing” OR “atypical deglutition”) AND (“Malocclusions”)
Open Grey (“atypical swallowing” OR “atypical deglutition”) AND (“Malocclusions”)
(“Deglutition Disorders” OR “Deglutition Disorder” OR “Swallowing” OR “swallowed” OR “swallowings”
OR “swallowable” OR “swallower” OR “swallowers” OR “swallows” OR “swallow” OR “Swallowing Dis-
orders” OR “Swallowing Disorder” OR “atypical swallowing” OR “atypical deglutition” OR “Myofunc-
tional”) AND (“Malocclusions” OR “malocclusion” OR “dental position” OR “dental positions” OR “tooth
crowding” OR “crossbite” OR “crossbites” OR “cross-bite” OR “cross-bites” OR “cross-bite” OR “cross-
bites” OR “open-bite” OR “openbite” OR “open-bite” OR “deep bite” OR “Overbites” OR “overbite” OR
ProQuest

“deep bite” OR “deep bites” OR “deep bite” OR “deep bites” OR “Over Bite” OR “Over Bites” OR “Angle’s
Classification” OR “Angle Classification” OR “Angles Classification” OR “angle class I” OR “angle class II”
OR “Angle Class IlI” OR “Class I” OR “Class 1" OR “Class IlI” OR “malocclusion, angle class IlI” OR “angle
class Il malocclusion” OR “skeletal class 11l malocclusion” OR “class Il malocclusion” OR “maxillofacial
development” OR “angle class II” OR “angle class Il malocclusion” OR “skeletal class Il malocclusion”
OR “class Il malocclusion” OR “angle class I” OR “angle class | malocclusion” OR “skeletal class | maloc-
clusion” OR “class | malocclusion”)
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Appendix 2: Excluded articles and reasons for exclusion (n=76).

exclusmn exclusmn
Alvarez Utria., et al (2016)’ Ngom, P. I. et al (2007)**
Aragon de Macedo, P.F. et al (2014)? Nihi, V. S. et al (2015)*°
Ardakani, F.E (2006)3 Ning, B. et al (2007)*
Baldrighi, S. E. Z. M (1999)* Ono, T. et al (1998)*
Begnoni, G., et al (2020)° Onyeaso, C.0O. et al (2008)*
Bertolini, M. M., et al (2003)° Gaymer, G.O. et al (1971)*
Bourdiol, P. et al (2017)’ Ovsenik, M., et al (2007)*
Mezzomo C. L., et al (2011)2 Owens, S. et al (2002)4¢
Chiodelli, L., et al (2015)° Padovan, B. A. (1995)#
Del Aguila, M. A,, et al (2007)" Parisella, V. D et al (2002)4®
Emmerich, A. et al (2004)" Perkins, J. A.#
Farronato, G. P. et al (1982)'2 Piancino, M. G. (2012)*°
Genolet, M (1993)'3 Picinato, M. et al (2012)>
Grabowski R, et al (2007)" Premkumar, S. et al (2011)>?
Gustafsson M, et al (1975)'> Primozic, J. et al (2013)>3
Haynes, S. (1975)® Regalo, S. C. H. et al (2003)**
Ichida, t. et al (1999) "7 Regina, C. et al (2005)>
Jin, I.].; Yang, W. S. (1987)"® Rochelle, I. M. F. et al (2010)°®
Leme, M. S. et al (2013)'° Saccomanno, S. et al (2012)>7
Limme, M. (1991)%° Schneider, E. et al. (1975) %8
Lin, L. H. et al (2013) % Seemann, ] et al (2011)>°
Lindsey, C. A.; English, J. D. (2003)?? Shenoy, U. et al (2015)°
Lopes C. M. I.; Barros, A. M. S. (2019)% Silva, C. E. F. M et al (1994)%
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