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EFETIVIDADE DO INVISALIGN FIRST*NA EXPANSAO MAXILAR

Ayache §*, Gongalves A, Pinho T,
Dissertation, Department of Dental Sciences, IUCS, IINFACTS, CESPU

INTRODUGAD

A expansdo maxilar é um tratamento ortoddntico utilizado frequentemente para a correco da dimensao transversal da maxila em criangas. © sistema Invisalign
First® & um tratamento inovador no mundo da ortodontia intercetiva, uma vez que val ao encontro das necessidades de corregbes funcionais e estéticas
acanselhadas pelo ariodontista, assegurando ao mesmo lempo uma elévada adesfo terap@utica. E constitufda por uma série de alinhadores (ransparentes que
devem ser mudados & cada 7-dias, para um perfodo de tratamento de 18 meses.

DBJECTIVOS
Abordar a efetividade, ou & capacidade de produzic um efeito, do sisterma Invisalign First® na expanso maxilar.
MATERIAIS E METODOS

Foi realizada uma investigagio clinica sobre a ulilizagdo do Sistema Invisalign First® numa amostra de 24 criangas de 6 aos 12 anos com necessidade de
tratamento de expansdo maxiiar, sem recurso a nenhum tipo de tratamento auxiliar. s pacientes apresentavam uma dentigdo mista com os primeiros moiares
permanentes (otalmente erupcionados. Nio fol constatada existéncia de doenga sistémica, periodontal ou dentaria que pudesse influenciar o movimento dentdrio,

CARACTERISTICAS DA AMOSTRA CRITERIOS DE INCLUSAQ
Mordiaa peotunds
8,1

Classe Il div 2
4w

Idade entre 6 & 12 anos
Denticio mista com primeira molar permanente
Pacientes tratados exclusvamente com Invisalign First®

Mordida aberta
BS%

Mardida cruzada
anterior
11.1%

Aginhamanios
42,2

CRITERIDS DE EXCLUSAD

Doenca sistémica que afete movimentos dentarios
Doenga periodontal ou dentdria

Sindromes orofaciais

« Tratamento auxiliar com Invisakign First®

Mordida cruzada

2.2% Boitat
4.4%
ANALISE DOS MODELDS
Analise dos modelos:
+ Pré-tratamento (T0)
» Tratamenio planeado (T1)
« Poés-tratamento (T2)
=> Medigdes lineares da largura interdentaria
nas fases (T0), (T1) & (T2) ao nivel das
caspides dos caninos permanentes ou
deciduos, das cuspides palatinas dos
premolares ou molares deciduos e ao nivel
das cuspides mesiopalatinas dos primeiros
molares permanentes
ANALISE ESTATISTICA RESULTADOS
Maxeas
Touth type Prodicied S0 Adiewd S0 DHRA S0 Hdeesy T Fei i uma efetividade total da maxilar de
canine " 33 18 a8 1 2 W s uan % : o
i by a5 5 prs i Py N e B 62,6% com uma nxp_l.ns!u média prevista de 5,6 mm. Po_r suavez, a efetividade lola!
second P »n 6 or an 12 23 10 ey e da expans@io mandibular foi de 58.7%, com uma média prevista de 3,5 mm. Foi
first e i s o8 28 15 1 1A L% nsm observada uma ligeira diminuigBo na efetividade dos dentes anteriores da maxila
- 5 s e = e A nk . - (caninos 63.5%) em comparagdc com os dentes posteriores (primeiros molares
MANOBULAR 61,1%). Esta ubsewac_aa ro! constante &0 longa da andlise dos 24 paftiames
Touth type ~ Frediciee » Retvrved 0 oA o Ehcency SO para esta . Este pode ser atribuido &s variagdes
-'.-" : ax o4 bt ;,s s . :“‘ :" anatdmicas das raizes dos dentes, & espessura do 0sso cortical, ou uma maior
. & o cr ot 5 by 2 = i resisténcia dos tecidos moles da regifio posterior das bochechas (§). Uma hipbiese
et x 30 1% 0 18 1w P mw suplementar & que as forgas forecidas pelo Invisalign First® diminuem devido a
Tona: ] " i T s 1 18 b 2% resisténcia do material dos alinhadores (5).

coNcLUSAD

O Invisalign First® estd na vanguarda tecnolégica quando se fala de tratamentos ortodénticos removiveis, Relativamente ao objetivo, em relagio & avaliagiio da

sfichcia do sistema Invisalign First® na expanslo maxilar, os dados obtidas indicaram que os alinhadores Invisalign® sBo uma ferramenta sficaz para alcangar
expansdo transversal, uma vez que os resultados registados mostraram um aumento significativo de todas as farguras interdentirias em maior ou menor grau.
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Resumo

Introducgdo: A expansdo maxilar pode ser alcancada através da RME ou SME, utilizando
expansores fixos ou removiveis. O Invisalign First® permite a expansdao maxilar de uma
forma estética, o que nao é possivel com os expansores tradicionais.

Objetivo: Abordar as diferencas da efetividade entre o Invisalign First® e os aparelhos
de expansdao maxilar tradicionais.

Materiais e Métodos: Foram selecionados 24 casos para o estudo clinico. As tabelas de
movimento dentario foram analisadas na plataforma Invisalign®, tendo em conta os
modelos de pré-tratamento (TO) e tratamento planeado (T1) pelo software Clinchek®,
tal como os modelos digitais 3D de pds-tratamento (T2), relativamente a largura da
arcada dentdria e a eficiéncia da expansdo. Foi também realizada uma pesquisa
bibliografica nas bases de dados PubMed, Cochrane Library, ScienceDirect, EBSCOhost,
Scopus, SciElo e Virtual Health Library usando as palavras-chave: "tratamento
ortodontico”, "mordida cruzada posterior", "técnica de expansdo palatina",
“discrepancia transversal” e "denticdo mista". Foram selecionados artigos redigidos em
inglés, francés e portugués, publicados entre 2010 e 2021, tendo sido ao todo 1743
artigos, dos quais foram selecionados 20 artigos.

Resultados: RME ou SME podem ser consideradas duas abordagens terapéuticas para
melhorar a dimensdo transversal da arcada dentaria. O sistema Invisalign First®, para
além de fornecer uma excelente estética durante o tratamento, apresenta resultados
de efetividade total de expansdao maxilar de 62,6% e mandibular de 58,7%. Esses
resultados sdao semelhantes aos dos aparelhos convencionais removiveis no que diz

respeito a eficiéncia da expansdo maxilar.

Conclusdao: O sistema Invisalign First® apresenta resultados semelhantes aos dos
aparelhos removiveis convencionais, no que respeita a eficiéncia da expansdo maxilar.
No entanto, ndo é tdo eficiente quando comparado aos resultados obtidos pelos

aparelhos cimentados.

Palavras-chave: Tratamento Ortodontico, Mordida cruzada posterior, Técnica de

expansao palatina, Discrepancia transversal, Denticdo mista.
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Abstract

Introduction: Maxillary expansion can be achieved through RME or SME, using either
cemented or removable appliances. Invisalign First® allows maxillary expansion and
provides aesthetic that traditional expanders cannot.

Objective: To compare the differences in effectiveness between Invisalign First® and
traditional expanders.

Materials and Methods: 24 cases were selected for the clinical study. The tooth
movement tables on the Invisalign® platform were analysed, considering the pre-
treatment (TO) and planned treatment (T1) models by the Clinchek® software, just as
post-treatment (T2) 3D digital models, regarding the width of the dental arch and the
efficiency of the expansion. At the same time, a literature search was performed in
PubMed, Cochrane Library, ScienceDirect, EBSCOhost, Scopus, SciElo and Virtual Health
Library using the keywords: "orthodontic treatment", "posterior crossbite", "palatal
expansion technique", ‘transverse discrepancy” and "mixed dentition". Were collected
articles written in English, French and Portuguese, published between 2010 and 2021.
1743 articles were identified and after analysis, 20 were selected.

Results: RME or SME can be considered two effective therapeutic approaches to
improve the transverse dimension of the dental arch. The Invisalign First® system, in
addition to providing excellent aesthetic during treatment, has total maxillary expansion
effectiveness results of 62.6% and mandibular expansion results of 58.7%. These results
are similar to those of conventional removable appliances in terms of maxillary
expansion efficiency.

Conclusion: The Invisalign First® system provides similar results to conventional
removable appliances in terms of maxillary expansion efficiency. However, it is not as

efficient when compared to the results obtained by cement-retained appliances.

Keywords: Orthodontic Treatment, Palatal expansion technique, Posterior crossbite,

Transverse discrepancy, Mixed dentition.
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1 INTRODUCTION

Maxillary expansion is usually used in cases of true maxillary insufficiency, to correct
transverse skeletal and dental discrepancies or to increase the perimeter of the upper
arch (1). This can be clinically evidenced by the existence of a unilateral or bilateral
posterior crossbite, dental arch narrowing, dental crowding or protrusion (1,2). The
prevalence of posterior crossbite is between 8% and 16% (3), in individuals between 7
and 9 years of age, with no gender difference (4). It is defined as an abnormal
buccolingual relationship between the maxillary and mandibular teeth when both
arches are in maximum intercuspation (4). Maxillary expansion will not only restore
adequate width of the dental arches in the mixed dentition but will also increase the
available length of the arches and provide additional space for alignment. Furthermore,
it is estimated that 25-30% of all orthodontic patients can benefit from maxillary

expansion (3).

The transition phase from the mixed dentition to the permanent one usually
coincides with an intense growth of the child characterized by orthodontic and
orthopaedic changes (5). Dentists and specialists have several treatment options

whereby traditional cemented or removable expansion appliances are used.

Nowadays, patients undergoing orthodontic treatment prefer appliances that
provide better aesthetic. However, the Invisalign First® system has revolutionized
interceptive orthodontic treatments in that it is a removable appliance made of a
transparent material that can provide aesthetic and results. It consists of a series of

aligners exchanged every 7 days for a treatment duration of 18 months.

Thus, the aim of this clinical study compared to an integrative systematic review is
to answer the following question: How effective are Invisalign First® orthodontic aligners

compared with traditional expanders in promoting tooth expansion movement?
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2 MATERIALS AND METHODS

2.1 Participants and design of the clinical study

To carry out the clinical investigation, digital models of 24 patients treated between
2018 and 2021 were sequentially selected to this study. The mixed-gender study sample
of child patients undergoing orthodontic treatment exclusively with Invisalign First®
system, had to have at last 6 years old and the first permanent molars fully erupted. All
patients were treated by Professora Doutora Teresa Pinho in her private orthodontic
practice in Porto, Portugal. The study was approved by the Ethics Committee of the

Instituto Universitario de Ciéncias da Saude.

The 3D digital models of pre-treatment (TO) and planned-treatment (T1) by the
Clincheck® software, just as the post-treatment models (T2) were collected. Upper
dental arch width and expansion efficiency (expansion achieved/expansion predicted)

were measured and calculated.

All patients met the following inclusion criteria:

e Age between 6 and 12 years old;
e Mixed dentition with first molars fully erupted;

e Good tooth contour, with sufficient height of clinical crowns;

The exclusion criteria were as follow:

e Systematic disease affecting tooth movement;
e Orofacial malformation syndromes;
e Periodontal and dental disease;

e Auxiliary treatment during the arch expansion stage.
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The tooth movement tables on the Invisalign® platform were analysed, considering
the pre-treatment (T0O) and planned treatment (T1) models by the Clinchek® software,
just as post-treatment (T2) 3D digital models, regarding the width of the dental arch and
the efficiency of the expansion. Interdental widths linear measurements at (T0), (T1) and
(T2) stages were recorded, including deciduous or permanent intercanine widths from
the cusps tip, inter premolar widths from the palatal cusps tip of upper first premolar
and second premolar or first deciduous molar and second deciduous molar, and

intermolar widths from the mesopalatal cusps tip of the upper first molars (Figure 1).

Figure 1 - Interdental widths linear measurements by Clincheck® software

For the purpose of our study, tooth expansion was considered only when there was
no transition from deciduous to permanent teeth at the initial and final time treatment,
to be compared with the data collected from the selected articles of this integrative
systematic review. The expansion efficiency was calculated as a percentage with the

following formula (6):

achieved expansion movemement(T2 — T0)

predicted expansion movement(T1 — T0)

2.2 Selection criteria of the articles

The review protocol used was the one described in the PRISMA recommendations (PRISMA
Statement), using the PRISMA checklist available at  http://www.prisma-
statement.org/PRISMAStatement/Checklist and the PRISMA Flowchart available at

http://www.prisma-statement.org/PRISMAStatement/FlowDiagram.
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The articles included in this systematic review were selected according to the below

criteria (Table 1), following the PICOS strategy:

Table 1 - PICOS strategy

Patient Clinical studies of human children or adolescents with temporary or

mixed dentition who need interventional maxillary expansion treatment.

Intervention Makxillary expansion treatment with removable or fixed expanders.

Comparison Control group of children not treated or treated with other expansion

methods. Control group with normal occlusion were considered invalid.

Outcome Measurement of maxillary expansion at bone and dental levels.

Correction of posterior crossbite or other malocclusions involved.

Study design Prospective and retrospective clinical studies, community-based trial,

randomized clinical trial.

Inclusion Criteria

Articles published from 2010 to January 2021 to focus our goal on identifying more
recent evidence about conventional expanders to be compared at the result of our
clinical study;

English, French and Portuguese languages;

Availability: full articles that relate to the topic and are not restricted;

Articles whose study refers to patients with mixed dentition;

Studies performed in humans;

Prospective and retrospective clinical studies, community-based trial, randomized

clinical trial;

Exclusion criteria

Abstract does not fit the topic;

Full reading did not provide revealing information;

Systematic reviews, case reports, thesis and dissertations;
Articles in languages other than English, French or Portuguese;
Articles not available in the database referred in full text;

Articles before 2010.
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2.3 Data sources

A literature research was performed in the following databases: PubMed (via
National Library of Medicine), Cochrane Library, ScienceDirect, EBSCOHost, SciElo,
Virtual Health Library and Scopus from 2010 to January 2021 using the following
keywords: "orthodontic treatment”, "posterior crosshite”, "palatal expansion

technique", “transverse discrepancy”, "mixed dentition" and the related MeSH terms,

which can be found in the titles and abstracts.

The search strategies are detailed in Table 2.

Table 2 - Search strategy

Databases Search strategy Total Selected
articles articles
PubMed (orthodontic  appliances, fixed OR orthodontic 718 34

appliances, removable OR orthodontic treatment OR
orthodontics, corrective OR orthodontics, interceptive
OR Haas OR Hyrax OR quad-helix) AND (maxillary
expansion OR maxillary disjunction OR palatal expansion
technique OR palatal expansion OR palatal disjunction OR
rapid maxillary expansion OR RME OR slow maxillary
expansion OR SME OR RPE OR SPE OR posterior crossbite
OR transverse discrepancy OR constricted maxilla) AND
(stability OR effectiveness OR outcome) AND (mixed
dentition OR deciduous dentition OR primary teeth OR
primary dentition OR transitional dentition OR child OR

children)

Cochrane library (orthodontic  appliances, fixed OR orthodontic 112 11
Uitz appliances, removable OR orthodontic treatment OR
orthodontics, corrective OR orthodontics, interceptive
OR Haas OR Hyrax OR quad-helix) AND (maxillary
expansion OR maxillary disjunction OR palatal expansion
technique OR palatal expansion OR palatal disjunction OR
rapid maxillary expansion OR RME OR slow maxillary
expansion OR SME OR RPE OR SPE OR posterior crossbite
OR transverse discrepancy OR constricted maxilla) AND
(stability OR effectiveness OR outcome) AND (mixed
dentition OR deciduous dentition OR primary teeth OR
primary dentition OR transitional dentition OR child OR
children)
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EBSCOhost

(orthodontic  appliances, fixed OR orthodontic
appliances, removable OR orthodontic treatment OR
orthodontics, corrective OR orthodontics, interceptive
OR Haas OR Hyrax OR quad-helix) AND (maxillary
expansion OR maxillary disjunction OR palatal expansion
technique OR palatal expansion OR palatal disjunction OR
rapid maxillary expansion OR RME OR slow maxillary
expansion OR SME OR RPE OR SPE OR posterior crossbite
OR transverse discrepancy OR constricted maxilla) AND
(stability OR effectiveness OR outcome) AND (mixed
dentition OR deciduous dentition OR primary teeth OR
primary dentition OR transitional dentition OR child OR
children)

256

17

ScienceDirect

(Orthodontic appliances OR orthodontic treatment) AND
(maxillary expansion OR "palatal expansion technique"
OR posterior crosshite) AND (stability OR effectiveness)
AND (mixed dentition OR child)

561

17

SciElo

Palatal expansion technique

51

Virtual Health
Library

(orthodontic  appliances, fixed OR orthodontic
appliances, removable OR orthodontic treatment OR
orthodontics, corrective OR orthodontics, interceptive
OR Haas OR Hyrax OR quad-helix) AND (maxillary
expansion OR maxillary disjunction OR palatal expansion
technique OR palatal expansion OR palatal disjunction OR
rapid maxillary expansion OR RME OR slow maxillary
expansion OR SME OR RPE OR SPE OR posterior crossbite
OR transverse discrepancy OR constricted maxilla) AND
(stability OR effectiveness OR outcome) AND (mixed
dentition OR deciduous dentition OR primary teeth OR
primary dentition OR transitional dentition OR child OR
children)

41

11

Scopus

(orthodontic  appliances, fixed OR orthodontic
appliances, removable OR orthodontic treatment OR
orthodontics, corrective OR orthodontics, interceptive
OR Haas OR Hyrax OR quad-helix) AND (maxillary
expansion OR maxillary disjunction OR palatal expansion
technique OR palatal expansion OR palatal disjunction OR
rapid maxillary expansion OR RME OR slow maxillary
expansion OR SME OR RPE OR SPE OR posterior crossbite
OR transverse discrepancy OR constricted maxilla) AND
(stability OR effectiveness OR outcome) AND (mixed
dentition OR deciduous dentition OR primary teeth OR
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primary dentition OR transitional dentition OR child OR
children)

Manual search Cabreba CA. Ortodontia clinica 22 edi¢do. Capitulo 13: - 1

expansao do arco dentario superior. 432-460.

2.4 Selection of the articles

Step | - Seven electronic databases were searched from 2010 to January 2021.
Advanced searches were performed in PubMed, Cochrane Library, ESBCOhost,
ScienceDirect, Sciklo, Virtual Health Library and Scopus using the keywords:
"orthodontic appliance", "palatal expansion technique", "transverse discrepancy",
"mixed dentition", "outcome". Two filters were applied in the search, the filter of the
range of years (2010 to 2021) to collect recent information and the filter of publications
in English, Portuguese and French. Duplicate articles were removed using the Mendeley
citation tool. The title and abstract of identified and potentially relevant articles were
subjected to a preliminary evaluation. Systematic reviews and case reports, articles in

languages other than the selected ones, and articles not available in full were then

excluded.

Step Il - Potentially eligible articles were reviewed and read in their entirety in order

to select those that best met the objective of this paper.

Step lll - The articles were evaluated in full, and the data were extracted and
organized into a table. This was divided into the names of the authors of each study, the

year of publication, the main objective, the type of study, and the main results found.

The following information were extracted from each article and organized in table
form: First author's name; Year of publication; Study design; Title of article; Objectives;

Age and number of participants; Main outcomes (measurements and efficiency).
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3 RESULTS

3.1 Characteristics of the clinical study sample

Deepbite
6.7%

Anterior crosshite 20
11.1%

54,2%

Class Il div 2 i
pid 15 girls

MALOCCLUSIONS

Openbite

8.9% 1 O

Posterior crossbite
Overjet 22.2%
4.4%

Figure 2 - Characteristics of the clinical study sample
Of the 24 selected cases, the sample distribution can be considered equivalent with
11 boys (45,8%) and 13 girls (54,2%). Each patient can present different types of

malocclusion. All the sample’s characteristics are presented in Figure 2.

Regarding the distribution of the malocclusions, 19 cases presented crowding
(42,2%), 10 cases presented posterior crossbite (22,2%), 5 cases presented anterior
crosshite (11,1%), 4 cases presented open bite (8,9%), 3 cases presented deep bite

(6,7%) and finally 2 cases presented overjet or Class Il division 2 (4,4%).

3.2 Results of the clinical study

The results (in mm) of this clinical study showed that Invisalign First® aligners can
achieve arch expansion, as the expansion efficiencies were 63,5%, at the canine cusps
tip, 62,1% at the first premolar palatal cusps tip, 63,6% at the second premolar palatal

cusps tip and 61,1% at the mesolingual cusps tip of the first molar, of the predicted
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amount of expansion by the Clincheck® software. The total effectiveness of maxillary
expansion was 62,6% with the Invisalign First® aligners. In turn, the total effectiveness
of mandibular expansion was 58,7% with a predicted mean expansion of 3.5 mm by the

Clincheck® software and a clinical achieved expansion of 2,1mm (Table 3).

Table 3 - Efficiency of maxillary and mandibular expansion movement with Invisalign First®

canine 14 5,5 19 3,4 1,7 2,1 1,7 63,5% 34,3%
first PM 15 6,6 1,2 4,1 1,2 2,5 1,3 62,1% 17,8%
second PM 20 6,3 0,7 4,0 1,2 2,3 1,0 63,6% 15,5%
first M 24 4,6 0,6 2,8 1,5 1,8 1,4 61,1% 31,9%
TOTAL 73 5,6 1,1 3,5 1,4 2,1 1,3 62,6% 24,9%
MANDIBULAR

Tooth type N Predicted SD Achieved SD Diff P-A SD Efficiency SD

canine 11 2,5 1,7 1,4 1,3 1,2 0,9 53,2% 32,7%
first PM 14 4,5 1,8 2,5 2,3 2,0 1,6 55,0% 57,8%
second PM 16 4,1 1,6 2,5 1,1 1,7 1,3 59,9% 43,8%
first M 24 3,0 1,8 2,0 1,8 1,0 1,7 66,8% 75,7%
TOTAL 65 3,5 1,7 2,1 1,6 1,4 1,4 58,7% 52,5%

3.3 Selection of the articles

Step | - Database results

The literature search identified a total of 1743 articles. After removing the
duplicates, 1190 articles remained. After reading the titles and abstracts, 69 articles
were selected for further analysis. Of the 69 articles, 24 were excluded because they did

not meet the inclusion criteria. Finally, 45 articles were included for review.
Step Il - Articles reviewed

The 45 articles were individually reviewed for quality, of which 20 were selected.
Step lll - Articles included

At this stage, the articles selected for inclusion in this systematic review were

analysed. Of these 45 articles, 25 were excluded for not providing relevant information.

Finally, 20 articles were included in this systematic review. The article selection

process is shown in the PRISMA flow-chart (Figure 3).
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Figure 3 - PRISMA flow-chart
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3.4 Characteristics of the selected articles

Years of publication

Regarding the period of publication, the year 2011 recorded the highest number of
articles on the topic in question, presenting 5 articles (25%), the year 2010 with 3 articles
(15%), the year 2014, 2015, 2016 and 2017 with 2 articles each (10%) and finally the year
2012, 2013, 2018 and 2020 with 1 article each (5%). Articles from the years 2019 and
2021 were not selected. Figure 4 shows the distribution regarding the years of

publication. &

0 I‘IIIIIIII

2010 2011 2012 2013 2014 2015 2016 2017 2018 2020

N

-

Figure 4 - Years of publication

Design study

As for the type of studies of the articles evaluated, 9 are randomized clinical trials
(45%), 6 are retrospective studies (30%), 3 are prospective studies (15%), 1 is a pilot
study (5%) and finally 1 is a community-based trial (5%). Figure 5 shows the distribution

regarding the design of the selected studies.

@ Prospective study

@ Restrospective study
@ Randomized clinical trial
' Pilot study

@ Community based trial

Figure 5 - Design study

11
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From the content analysis of the articles selected for this integrative systematic
review, 2 study categories resulted: articles comparing different types of appliances and
articles comparing different therapeutic approaches as SME or RME. Figure 6 shows the

distribution percentage regarding the objectives of the selected studies.

@ Therapeutic approaches
) Expanders

Figure 6 - Objectives of the studies

3.5 Data collection process

Table 4 structures the information obtained from the clinical study about the
Invisalign First® system. Table 5 structures the information obtained from the articles
included in this integrative systematic review and is organized as follows: authors'
names and years of publication of the articles, type of studies, titles of the articles and
objectives, number of participants and age range, type of used appliance and the results

obtained regarding the effectiveness of the proposed treatments.

12
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Table 4 - Data and outcomes from clinical study

Retrospective study Evaluate the Invisalign First® Interdental width: Maxilla:
efficiency of the aligners changed IC: 3,4+ 1,7
Invisalign First® every 7 days deciduous or permanent IC width from  Efficiency : 63,5% * 34,3%
system on expansion the cusps tip IM: 2,8+ 1,5
movement in mixed 24 cases selected Efficiency : 61,1% + 31,9%
dentition IPM1/IPM2 widths from the palatal
From 6 to 12 years old cusps tip or first deciduous molar and Mandibula:
second deciduous molar IC:1,4+1,3

Efficiency: 53,2% + 32,7%
IM width from the mesopalatal cusps tip IM: 2,0+ 1,8
of the upper first molars Efficiency: 66,8%+ 75,7%

Table 5 - Data and outcomes from articles

Ramoglu S.I. Randomized “Maxillary expansion Evaluate the SRME : Cephalometric study NSD dentofacial structures for
- . . . ition: f RME E— . .
2010 (22) clinical trial in the mixed .dentiltlo”n effects o I Dental cast transverse, sagittal and vertical plans
rapid or semi-rapid? and SRME Maxilla:
expansion 8.63+1.09 yo IC- cusp tip to cusp tip E—
: +
RME : IM- sulcus to sulcus IC: 4,77+1,53

IM: 5,11+1,81
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Huynh T. Retrospective
2010 (8) study
Weyrich C. Randomized
2010 (24) clinical trial
Godoy F. Community-
2011 (25) based trial

« Treatment response
and stability of slow
maxillary expansion
using Haas, hyrax, and
quad-helix appliances:
A retrospective study »

“Comparison of a
Modified RME
Appliance with Other
Appliances for
Transverse Maxillary
Expansion»

“Treatment of
posterior crossbite
comparing 2
appliances: A
community-based
trial”

Stability of SME
using Haas, Hyrax
and QDH
appliances

Comparison of a
Modified RME
Appliance with
Other Appliances
for Transverse
Maxillary
Expansion

Comparison
efficiency
between QDH
and removable
expander
appliances in
posterior

17 patients
8.78+1.61 yo

Haas :

74 patients
Hyrax:

41 patients
QDH :

45 patients
Age- 8 yo
Mod RME :
20 patients
8.77+0.57yo
RME :

10 patients
EP:

10 patients
QDH:

33 patients
8+0.79 yo
EP:

33 patients
7.82+0.85 yo

Dental casts

Maxillary width

Dental casts
Unspecified

Pre, during and post
treatment dental casts
analysis

Maxillary Width

Dental casts

IC width from cusp tip left
to right

IM width from pit center
left to right

Mandible:

IC: 0,38+0,43

IM: 0,12+0,32

NSD: Haas, Hyrax or QDH

Maxillary width: 3,89

NSD: RME and mod. RME
SD: RME/EP
EP: 3,59+1,07

Maxillary:
QDH-IM:5,70+2,31
IC:3,48+2,24
EP-IM :4,4642,22
IC:1,80+2,96
Mandibular:

14
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Petren S. Randomized
2011 (23) controlled trial

Weissheimer A.

2011 (14)

Randomized
clinical trial

“Stability of unilateral
posterior crossbite in
the mixed dentition: a
randomized clinical
trial with 3-year
follow-up”

“Immediate effects of
rapid maxillary
expansion with Haas-
type and hyrax-type
expanders: A
randomized clinical
trial”

crossbite
treatment

Evaluate the
stability of
unilateral
posterior
crosshite
treatment

Comparison of
Haas, and Hyrax
expanders effects
using CBCT

Control:

33 patients

8.09+0.81 yo

QDH Dental casts

20 patients

9 yo Gingival margin and cusp
tip of C and M1

EP

20 patients

8.5yo

Control:

20 patients

8.8 yo

Haas CBCT

18 patients

Hyrax Skeletal, dental and

15 patients alveolar analysis
Points formed by the

7.2-14.5 yo intersection of a straight

line, that superimpose the
long axis of the root canal

QDH-IM:0,46%1,2
IC:-0,21+0,92
EP-IM :-0,12+1,36
IC:0,28+1,51

NSD between appliances for overjet,
expansion and overbite

QDH:
IC=2,7
IM=4,1

EP:
IC=2,6
IM= 3,8

NSD between Hyrax and Haas-type
expanders even if a better skeletal
effect was obtained with Hyrax-type
expander

Maxillary width:
Haas: 7,70+ 0,20
Hyrax: 7,9010,23

15
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Wong C.A. Retrospective
2011 (20) clinical study
De Rossi M. Prospective study
2011 (28)
Martina R. Randomized
2012 (7) controlled trial

“Arch dimension
changes from
successful slow
maxillary expansion of
unilateral posterior
crosshite”

“Skeletal Alterations
Associated with the
Use of Bonded Rapid
Maxillary Expansion
Appliance “

“Transverse changes
determined by rapid
and slow maxillary

Long term
success of SME
with Hass, Hyrax
or QDH
expanders
without post-
treatment
contention

Skeletal
Alterations
Associated with
the Use of
Bonded Rapid
Maxillary
Expansion
Appliance

Comparison of
skeletal
modifications

Haas-type
expander:

56 patients
Hyrax:

26 patients
QDH:

28 patients

7yo and
7months

RME:
26 patients
8.7 yo

12 patients

of first permanent molar
palatine root, with the
occlusal surface on the

right and left
respectively

Dental casts:

Arch circumference

Intercanine width — cusp

tip to cusp tip

Intermolar width —
intercentroid point

Maxillary width

Intermolar angle

Cephalometric study

Unspecified

CBCT

IC: 4,56+0,32
IM: 4,32+0,4
Mandible:

IC: -0,19%0,26
IM 0,27+0,56

RME with acrylic bonded appliances
didn’t promote vertical or sagittal
deleterious cephalometric changes

NSD between SME and RME

Less discomfort and pain with SME

16
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Corekgi B. Prospective
2013 (27) clinical trial
Perillo L. Retrospective
2014 (10) el
Melgago M.A. Randomized
2014 (13) clinical trial

expansion- a low-dose
CT based randomized
controlled trial”

« Dentofacial changes
from fan-type rapid
maxillary expansion vs
traditional rapid
maxillary expansion in
early mixed dentition »

“Comparison between
rapid and mixed
maxillary expansion
through an assessment
of dento-skeletal
effects on
posteroanterior
cephalometry”

“Rapid maxillary
expansion effects: An
alternative assessment

between RME
and SME with
CBCT

Comparison of
dentofacial
changes between
RME and FRME

Comparison of
dentoskeletal
effects between
RME and SME

Developing a
method to
evaluate palatal

10.3+2.5 yo
RME :

14 patients
9.7+t1.5yo
FRME :

20 patients
8.96+1.19 yo
RME :

22 patients
8.69+0.66 yo

RME :

21 patients

8.8+1.37 yo
MME :

21 patients

8.912.34 yo
Haas:

17 patients

Intermolar distance inter
mesopalatal cusp tip

Cephalometric study

Dental cast

IC- inter cusp tip

IM — intercentroid point

Cephalometric study

Pre-treatment, during and
post-treatment

Unspecified

CBCT

SME-IM: 6,3+2,1
RME-IM: 5,7+1,6

Nasal cavity and intermolar width >
RME

Maxilla:
IC:5,1342,02
IM: 5,43+2,54
Mandible:

IC: 0,52+0,92
IM: 0,3241,22

NSD between RME and MME for
maxillary expansion and opening of
the palatal suture

RME: 6,07mm
MME: 6,57mm

NSD between Haas and Hyrax
expanders

17
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method by means of
cone-beam
tomography”
Grassia V. Retrospective « Comparison

study between rapid and
mixed maxillary
expansion through an
assessment of arch
changes on dental
casts »

2015 (11)

and lingual
transverse
changes in
patients with
RME

Comparison of

model cast’s

patients treated
with RME or SME

Hyrax:14
patients

RME :

21 patients
8.8+1.37 yo

MME :

21 patients
8.9+2.34 yo

Maxilla:
Palatal cusp tip of PM1

Mesopalatal cusp tip of
M1

Mandibula:

Center of four central
incisors

Cusp tip of Canine
Lingual cusp tip of PM

Mesolingual cusp tip of
M1

Dental casts

Arch circumference

Intercanine width -
intercentroid

Intermolar witdh -
intercentroid

Interpremolars widths -
intercentroid

Maxilla:

IM: 5,5+1,46
IPM1: 5,57+2,4

Mandible:

IM: 1,74+1,29
IPM1: 1,7+2,69

RME/MME: Better transverse superior
arch dimension

RME- Maxilla:

IM: 8,8
IPM2: 7,28
IMP1: 6,82
IC:4,3

RME- Mandible:

IM:1,5
IMP2:1,17

18
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Mutinelli S. Retrospective
2015 (15) study
Mohan C.N. Prospective study
2016 (21)
Pereira J. Randomized
2017 (9) clinical trial
Pham V. Randomized
2017 (18) clinical trial

« Anchorage onto
deciduous teeth:
effectiveness of early
rapid maxillary
expansion in
increasing dental arch
dimension and
improving anterior
crowding »

“Long-term stability of
rapid palatal
expansion in the mixed
dentition vs the
permanent dentition “

“Evaluation of the
rapid and slow
maxillary expansion
using cone-beam
computed
tomography: a
randomized clinical
trial”

“Alveolar bone level
changes in maxillary
expansion treatments

Effectiveness of
early RME with
deciduous teeth
anchorage

Comparison of
stability
treatment in
mixed or
permanent
dentition

Evaluate skeletal
and dental
alterations after
RME or SME with
Haas expander

Determinate the
alveolar bone

20 patients
7yo 1month

74 minor
patients at the
beginning of the
treatment

RME :

21 patients
8.43 yo

SME :
16 patients
8.70yo

Bone anchored
expander:

Dental casts

Arch circumference

Intercanine width — inter
cusp tip

Intermolar width —inter
mesopalatal cusp tip

Dental casts

Intercentroid points of
each tooth

Pre, post and long terms
dental casts analysis

Cephalometric study

Base of maxilla
Alveolar crest

Intermolar width —inter
mesopalatal cusp tip

CBCT

IMP1:0,8
IC:0,85

Anchorage onto deciduous teeth
allows better arch expansion than
Anchorage onto permanent teeth

Maxilla:
IC:6,4
IM:4,8

NSD between mixed or permanent
dentition

Maxillary Width: 5,80+1,1

RME: more skeletal changes and more
molar inclination

SME/RME: NSD for transverse
expansion

Maxillary width for RME: 62,5%
Maxillary width for SME: 61,2%

NSD between control group and
treated patients

19
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Lanteri V. Retrospective
2016 (19) study
Lanteri V. Pilot study
2018 (16)

assessed through
CBCT”

« Comparison
between RME, SME
and Leaf Expander in
growing patients: a
retrospective postero-
anterior cephalometric
study »

« Maxillary
tridimensional changes
after slow expansion

changes with
CBCT

Comparison
between RME,
SME and Leaf
Expander in
growing patients

Maxillary
tridimensional
changes after

21 patients

QDH:

20 patients

Control:

21 patients
RME :

10 patients
8.9yo

SME :

10 patients
12.2yo

LE:

10 patients
7.9yo0

10 patients
7.5%£0.7 yo

AZIVIO software

Cephalometric study

Upper _molar: the most
prominent lateral point on

the buccal surface of the
upper first molar.

Lower molar: the most
prominent lateral point on
the buccal surface of the
lower first molar.

Digital dental casts

RME: Maxilla:
IM:5,443,3

Total : 4,2+3,6
Mandible: 3,3+4,4

SME: Maxilla:
IM:5,5£3,5

Total: 2,8+2,8
Mandible: 2,0+1,7

Leaf expander:Makxilla

IM:3,8%2,1
Total:3,6%2,2
Mandible: 1,4+1,6

Posterior crossbite treated in 4 months
with Leaf expander

20
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Ribeiro G.L.U. Randomized
2020 (17) clinical trial

with leaf expander
in a sample of
growing patients: a
pilot study »

« A preliminary 3-D
comparison of rapid
and slow maxillary
expansion in children »

slow expansion
with leaf
expanderin a
sample of
growing patients

3D comparison RME
between RME .
and SME 16 patients
SME
13 patients
+8.18 yo

Upper molar: the most
prominent lateral point on
the buccal surface of the
upper first molar.

Lower molar: the most
prominent lateral point on
the buccal surface of the
lower first molar.

CBCT
IC : inter cusp tip

IM : inter mesopalatal
cusp

Maxilla:

IC: 6,07+0,83

IM: 3,60+0,72

IM deciduals: 6,17+0,78
Mandible:

IC:0,7710,65

IM: -0,02+1,07

RME:
IM:6,64+1,95
IC: 3,57£2,04

SME:
IM: 4,10+1,66
IC: 2,96+ 1,35

21
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3.6 Statistical analysis of the data

All articles’ data about amount of expansion (in mm) with either RME or SME therapeutic
approaches were collected in Annexe 1 and analysed in Table 6. Not all teeth amount of
expansion were reported in the articles, as the majority focused on the intercanine and
intermolar widths. The weighted average of all collected data was calculated as a reference
for the expansion movement. RME has shown a mean maxillary expansion of 5,7mm and
mandibular of 2,1mm whereas SME has shown a mean maxillary expansion of 4,9mm and

mandibular of 1,3mm.

Table 6 - Comparison of collected data from selected articles about RME and SME amount of expansion movement

Maxillary Mandibular Maxillary Mandibular

57mm 2,1 mm 4,9mm 1,3mm

Results (in mm) of our clinical study were compared to the one obtained from the selected
articles of this integrative systematic review (Table 7). Invisalign First® system has shown a
mean maxillar expansion of 3,5mm and mandibular of 2,1mm. On the other hand, RME and
SME has shown respectively 5,7mm and 4,9mm of mean maxillary expansion and 2,1mm and

1,3mm of mean mandibular expansion.

Table 7 - Overview of the different amount of expansion with Invisalign First®, RME and SME

MAXILLA MANDIBULA
Invisalign First® 3,5mm 2,1mm
RME 5,7mm 2,1mm
SME 4,9mm 1,3mm
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4 DISCUSSION

This clinical study compared to an integrative systematic review aims to discuss the
effectiveness of rapid and slow maxillary expansion treatments using fixed or removable
expanders in the mixed dentition. Nine randomized control trials that met the inclusion
criteria were included. For better understanding and interpretation of the results, this analysis

should compare the therapeutical expansion approaches and appliances available.

4.1 RME compared to SME

In this integrative systematic review, two therapeutical approaches were considered: RME
and SME. In the case of RME, the amount of expansion usually fluctuates in growing children
from about 0.2 mm to 0.5 mm per day over a period of 1 to 4 weeks. Whereas SME is

characterized by 0.25mm of expansion every other day (7-11).

Rapid maxillary expansion (RME) is indicated whenever an orthopaedic effect is desired
for transverse spatial repositioning of the maxilla. Therefore, it is intended for patients with
unilateral, bilateral or total dentoskeletal crossbites, in the deciduous, mixed and permanent
dentition phases. Furthermore, palatine disjunction may be indicated in cases of posterior
dental crossbite of great magnitude (12). On another side, slow maxillary expansion (SME)
expanders are indicated for the correction of dentoalveolar crossbites involving groups of
dental elements, whether unilateral or bilateral (12). The slow maxillary expansion (SME)
appliances are the same as the one used for the rapid maxillary expansion (RME). They can be
tooth anchored onto the deciduous or permanent dentition as the difference result in the

activation screw expander protocol.

The main difference between Haas and Hyrax-type expanders is the acrylic plate next to
the palate in the Haas-type appliance. According to Haas, this acrylic plate aims to distribute
the forces applied to the maxilla and thus lead to more orthopaedic modifications and a
greater expansion of the skeleton. The study by Melgaco C.A. et al (13) supports Haas' theory,

thus more skeletal effects were identified, when compared to the study by Weissheimer A. et
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al (14), where the Hyrax-type expander produced greater skeletal expansion. However, these

differences represent less than 0.5 mm on each side and are clinically insignificant.

The effects of expansion appliances anchored onto deciduous teeth for the correction of
transverse discrepancy of the maxilla in growing patients showed a significant change of the
dental arch (15,16). Furthermore, choosing to anchor the appliances to the temporary teeth
may avoid the side effects of periodontal disturbances, root resorption and white spot lesions

(16).

RME and SME produced less expansion than the 8 mm total screw activation. 83% with
RME and 51% with SME were achieved for screw opening at the intermolar width level in the
study by Ribeiro G. et al (17). The study by Weissheimer A. et al (14) was the only one in this
integrative systematic review that reported expansion values of 7.7mm and 7.9 mm over the
8mm screw activation at the molar level immediately after RME with Haas and Hyrax. Martina
R. et al (7) concluded that the amount of palatal expansion did not differ significantly between
the two groups and was similar to the findings in the articles by Melgaco CA. et al (13),
Weissheimer A. et al (14), Pham V. et al (18) and Lanteri V. et al (19). Thus, according to
Martina R. et al (7) and Wong CA. et al (20), SME may be preferable to RME as it reduces the

discomfort and pain that patients may experience during treatment (13).

All articles’ data about amount of expansion with either RME or SME therapeutic
approaches were collected in Annexe 1 and analysed in Table 6. Not all teeth amount of
expansion were reported in the articles, as the majority focused on the intercanine and
intermolar widths. Some of the articles, only referred the maxillary width (7,8,21). The
weighted average of all collected data was calculated as a reference for the expansion
movement. The findings of the studies would suggest that RME and SME can be considered
two effective therapeutic approaches options to improve the transverse arch dimension and
obtain space in the dental arches in growing patients, as the difference is less than 1mm
(0,4mm) on each side of the maxillary dental arch. SME and RME have a similar effect on the
dentofacial structures in the transverse, vertical and sagittal planes in children with mixed
dentition (11,22) and produce amount of expansion that are non-significatively different as

reported in the Table 6.
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4.2 Fixed expanders compared to removable expanders

In this integrative systematic review, we included three studies (23-25) that compared
fixed appliances to removable appliances. The studies enrolled children aged 8 to 10 years in
early mixed dentition. The studies suggest that Quadri-helix or Hyrax fixed appliances may be
20% more likely to correct crossbites than removable expansion appliances, however the

results may not be the same in the permanent dentition (23,25).

Regarding molar expansion, the study by Petren S. et al (23) suggests that Quadri-helix can
achieve 1.15 mm more expansion when compared to removable expanders. Similar results
were found in the study by Weyrich C. et al (24), for which a significant expansion of 5.74 mm
(p < 0.001) of the dental arch in the region of the first permanent molars was detected with
fixed appliances, compared to an average expansion of 4.62 mm achieved by removable

appliances. Descriptive statistics were reported in Annexe 1.

The studies by Petren S. et al (23), Weyrich C. et al (24) and Godoy F. et al (25) concluded
that the clinical evidence is not sufficient to support that crossbite correction is more
successful when using a fixed Quadri-helix appliance than when using a removable expansion

appliance.

Finally, Godoy F. et al (25) concluded that fixed expanders are the most cost-effective
choice for maxillary expansion treatment, although the main disadvantage is their frequent
fracture. Consequently, the decision to use one or another type of expansion appliance can
be based on each patient's situation regarding compliance with the treatment plan, presence

of anchorage teeth and oral hygiene, without the risk of prejudicing the outcome (24).
4.3 Invisalign First® compared to conventional expanders

Tooth crowding is a major cause why people seek orthodontic treatment. The expansion
of a compressed dental arch as a treatment method to correct crowding can increase the
length of the arch, which provides more space for tooth alignment. It can also increase the

transverse dimension of the smile or correct posterior dentoalveolar transverse crossbites.
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Understanding the efficiency and effects of arch expansion treatment using Invisalign First®
aligners on skeletal and dental structures is crucial for orthodontists. In the current study, the

amount of expansion prescribed for each patient was individually based on measurements of

the dentition (6,26-28).

The results of our clinical study showed that Invisalign First® aligners can achieve arch
expansion, as the expansion efficiencies were 63,5%, at the canine cusps tip, 62,1% at the first
premolar palatal cusps tip, 63,6% at the second premolar palatal cusps tip and 61,1% at the
mesolingual cusps tip of the first molar, of the predicted amount of expansion by the
Clincheck® software. The total effectiveness of maxillary expansion was 62,6% with the
Invisalign First® clear aligners. We noticed a slight decrease in effectiveness from anterior
maxillary teeth (canines 63,5%) compared to posterior teeth (first molars 61,1%). This
observation was consistent throughout the analysis of the 24 selected cases for this
investigation. This result might be due to differences in anatomical root of canines and molars,
higher cortical bone thickness of the canine region, and higher resistance of the cheek’s
posterior region soft tissue (29,30). An additional hypothesis is that the directed force
delivered by the Invisalign First® decreases because of the aligners’ material resistance (29).
In turn, the total effectiveness of mandibular expansion was 58,7% with a predicted mean
expansion of 3.5 mm by the Clincheck® software and a clinical achieved expansion of 2,1mm.
On the other hand, we observed an increase in the effectiveness from the anterior mandibular
teeth (canines 53,2%), compared to posterior teeth (first molars 66,8%). Those results could
be explained by the transition from mixed to permanent dentition, the differences between
deciduous and permanent teeth widths and the fact that the material resistance is reduced
because the upper arch is widened at the same time and has an impact on the mandibular

expansion (31).

A slight difference between SME and Invisalign First® amount of expansion was found, as
the average maxillary clinical expansion was 3,5mm with the clear aligners and 4,9mm with
the conventional SME appliances, meaning less than 1,0mm difference on each side of the
maxillary arch. By contrast, RME expanders showed a greater amount of clinical expansion
(5,7mm) compared to the Invisalign First® system (3,5mm) (Table 7). In our clinical study, a
62,6% efficiency for maxillary expansion was determined. With the RME therapeutical

approach, 83% were achieved for screw opening at the intermolar width level, and 51% with
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SME, in the study by Ribeiro G. et al (17). Pereira J. et al (9) reported an efficiency of 62,5% for
the RME approach and 61,2% for the SME approach, results that are similar as the one found
in our clinical study. Regarding the objective to evaluate the effectiveness of the Invisalign
First® system for arch expansion, the data obtained indicate that Invisalign® clear aligners are
an effective tool to achieve transverse expansion, since the results obtained showed an
increase in all tooth widths to a greater or lesser degree due to growth potential development
and the influence of bone metabolism on tooth movement during puberty (31). The
orthodontist must consider the patient compliance and the mean time of use of the aligners

during the days, as these criteria have an influence on the efficiency of the Invisalign First®

aligners (6).

Nowadays, children and adolescents undergoing orthodontic treatment prefer appliances
that ensure better aesthetic. So, it is fair to say that this system has been a breakthrough in
the world of orthodontic treatments, as it is a removable appliance made of a clear
thermoplastic material. Invisalign First® can provide the aesthetic that a conventional fixed

appliances cannot and therefore attracts more and more patients.

Since Invisalign First® aligners are removable, patient motivation is key to achieve the
intended outcome. Noncompliance is one of the main disadvantages of removable appliances
and can cause treatment hardships such as more time-consuming process until reaching the
intended objectives, or even relapse of the initial malocclusion (6,28). At the same time, fixed
appliances have their disadvantages such as less comfort for the patient with larger appliances

in mouth, greater pain during activation protocol and frequent fracture (7,20).
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5 LIMITATIONS

e The articles were selected in the time range from 2010 to 2021 to focus our goal on
identifying more recent evidence on the effectiveness of maxillary expansion treatments.
As Invisalign First® is a new approach to expansion treatment, introduced in 2018, we
needed recent information about conventional expanders used in mixed dentition to be

compared at.

e As far as the standardization criteria used in the recruitment and selection of candidates
are concerned, they should be objective, reproducible and described in future studies in

order to eliminate the variability of the examination results.

e As the standardization criteria used in the measurements of the different widths are
concerned, they should be always specified and reproductible in future studies in order to

eliminate the variability of the error examinator and the selection of the reference points.

e However, further investigations are needed regarding the expansion movement with the
Invisalign First® system in order to better understand the behaviour of different groups of

teeth when submitted to this movement in mixed dentition.
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6 CONCLUSION

The outcomes of our clinical study compared to an integrative systematic review about

Invisalign First® system and conventional expansion appliances, led to the conclusion that:

e There is no significative difference between RME or SME amount of expansion. They
can be considered two effective therapeutical approaches to improve the transverse
arch dimension;

e The fixed appliances seem to have more probability to correct posterior crossbite than
the removable one;

e Invisalign First® system has similar outcomes with conventional removable appliances
regarding the efficiency of maxillary expansion, even if achieving similar results to
those of more conventional fixed appliances may be difficult;

e The Invisalign First® system can provide an excellent aesthetic during treatment, ease
of use, comfort of wear and superior oral hygiene than fixed appliances;

e An overcorrection seems to be necessary for both of fixed and removable appliances

to provide clinically satisfying results.

The Invisalign First® system is at the technological forefront when it comes to removable
orthodontic treatment. It is essential that a greater number of studies be carried out about
this topic, which would contribute to a more accurate and well-founded response to the

structural question of this clinical study compared to an integrative systematic review.
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8 ANNEXES

Annexe 1 - descriptive collected data from selected articles about RME and SME expansion
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