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ABSTRACT 
 

Maxillary expander with differential opening versus fan-type expander:  
a randomized clinical trial 

 
Introduction: The aim of this two-arm parallel randomized clinical trial was to compare 

the dentoskeletal effects of the expander with differential opening (EDO) and the fan-

type expander (FE) in the mixed dentition by means of cone-beam computed 

tomography (CBCT) and digital dental models. Methods: A sample of 48 patients were 

randomly allocated into 2 study groups. Group EDO comprised 24 patients (13 female, 

11 male; mean age of 7.62 years) treated with the expansion with differential opening. 

Group FE was composed by 24 patients (14 female, 10 male; mean age of 7.83 years) 

treated with the fan-type expansion. CBCT scans and digital dental models were 

acquired before treatment and after rapid maxillary expansion. Maxillary three-

dimensional (3D) dentoskeletal changes were assessed in 3D models derived from 

CBCT scans superimposed on the cranial base using the software ITK-SNAP and 3D 

Slicer. Changes in the maxillary interincisal diastema and maxillary and mandibular 

arch width, arch perimeter, arch length, arch size and arch shape were assessed in 

digital dental models using the software OrthoAnalyzer, Stratovan Checkpoint and 

MorphoJ. Intra-rater reliability was tested with Intraclass Correlation Coefficient. 

Intergroup comparisons were performed using t or Mann-Whitney U tests with Holm-

Bonferroni correction (P<0.05). Results: The EDO group showed greater maxillary 

skeletal lateral displacements, while the vertical and anteroposterior changes were 

similar in both groups. The increase in the intercanine distance and the canine buccal 

inclination were greater in the FE group, while the intermolar changes and the molar 

buccal inclination were greater in the EDO group. Both groups demonstrated similar 

increases in the maxillary interincisal diastema width and similar changes were 

observed in the maxillary and mandibular arch length and arch perimeter. Changes in 

the mandibular arch width were mild and similar in both groups, except for the inter-

first permanent molars distance that showed a slight greater increase in the EDO 

group. Maxillary arch shape changed significantly for both differential and fan-type 

expanders. The posttreatment arch shape was larger in the anterior region for patients 

treated with the FE and larger in the posterior region for patients treated with EDO. 

Conclusions: In the mixed dentition, the EDO produced a greater  transversal  skeletal 

  



 

 

  



 

 

expansion compared to the FE, with similar vertical and anteroposterior effects. Dental 

changes were greater in the molar region for patients treated with EDO and in the 

canine region for patients treated with FE. Maxillary arch shape changes were distinct 

between EDO and FE. A slightly greater mandibular spontaneous expansion was 

observed for EDO only at the first molar region.  

 

 

 

Keywords: Orthodontics. Palatal expansion technique. Orthodontic appliance design. 

Imaging, Three-Dimensional. 

 

  



 

 

  



 

 

RESUMO 
 

Expansor maxilar com abertura diferencial versus com abertura em leque:  
um ensaio clínico randomizado 

 
Introdução: O objetivo do presente estudo clínico randomizado foi comparar os 

efeitos dentoesqueléticos do expansor com abertura diferencial (ED) e do expansor 

com abertura em leque (EL) na dentadura mista, utilizando tomografia 

computadorizada cone-beam (TCCB) e modelos digitais. Métodos: Quarenta e oito 

pacientes foram aleatoriamente alocados em um de dois grupos de estudo. O grupo 

ED foi composto por 24 pacientes (13 do sexo feminino, 11 do sexo masculino; idade 

média de 7,62 anos) que foram submetidos à expansão rápida da maxila com o 

expansor com abertura diferencial. O grupo EL foi composto por 24 pacientes (14 do 

sexo feminino, 10 do sexo masculino; idade média de 7,83 anos) tratados com 

expansão rápida da maxila utilizando o expansor com abertura em leque. Exames de 

TCCB e modelos digitais foram obtidos para cada paciente antes do tratamento e após 

a expansão maxilar. Alterações esqueléticas tridimensionais (3D) na maxila foram 

avaliadas em modelos 3D obtidos a partir dos exames de TCCB superpostos na base 

do crânio. Alterações no diastema interincisal, larguras dos arcos dentários superior e 

inferior, comprimento dos arcos, perímetro dos arcos, tamanho dos arcos e forma dos 

arcos foram avaliadas em modelos digitais. O erro do método foi calculado utilizando 

o Coeficiente de Correlação Intraclasse. As comparações entre os grupos foram 

realizadas por meio dos testes t e Mann-Whitney com correção de Holm-Bonferroni 

(P<0.05). Resultados: O grupo ED apresentou maior expansão esquelética, 

enquanto os deslocamentos maxilares no sentido vertical e anteroposterior foram 

similares nos dois grupos. O aumento da distância intercaninos e da inclinação 

vestibular dos caninos foi maior do grupo EL, enquanto as alterações nas distâncias 

intermolares e na inclinação vestibular dos molares foram maiores no grupo ED. Os 

grupos ED e EL promoveram alterações similares no diastema interincisal e no 

comprimento e perímetro dos arcos dentários superior e inferior. As alterações no arco 

inferior foram discretas e similares entre os grupos, exceto para a distância entre os 

primeiros molares permanentes, que apresentou um ligeiro maior aumento no grupo 

ED. A forma do arco superior sofreu alterações após a expansão maxilar diferencial e 

em leque. Após a expansão, os dois grupos apresentaram formatos de arco distintos, 

  



 

 

 

 

  



 

 

com o arco superior mais largo na região dos caninos no grupo EL, e mais largo na 

região dos molares no grupo ED. Conclusão: Na dentadura mista, o ED produziu um 

maior efeito esquelético no sentido transversal comparado com o EL, com efeitos 

similares no sentido vertical e anteroposterior. Maiores alterações dentárias foram 

observadas na região dos molares no grupo ED e na região dos caninos no grupo EL. 

As alterações na forma do arco superior foram distintas após a expansão diferencial 

e em leque. Um ligeiro maior aumento transversal no arco inferior foi observado no 

grupo ED apenas na região dos primeiros molares permanentes. 

 

 

 

Palavras-chave: Ortodontia. Desenho de aparelho ortodôntico. Técnica de expansão 

palatina. Imagem tridimensional. 
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1 INTRODUCTION 

 

 

The posterior crossbite is well defined in the literature and may occur since the 

primary dentition.1,2 In the mixed dentition, an 18.2% incidence of posterior crossbite 

was previously reported.3 In this scenario, the interceptive treatment is highly 

recommended since the posterior crossbites do not self-correct.1,4,5 

The orthopedic procedure commonly used to treat maxillary constrictions and 

posterior crossbites in the mixed dentition is the rapid maxillary expansion (RME). This 

procedure became widely used in orthodontics since the mid-1960s.6-8 Nowadays, a 

wide variety of appliances designs can be used for producing the midpalatal suture 

split and correct the transverse discrepancy of the maxillary arch. Conventional 

opening expanders, including Haas or Hyrax type, promote the increase of the 

maxillary intermolar and intercanine distances by means of a parallel opening of the 

expander screw, positioned at the center of the palate.6,9 When the maxillary 

constriction is more evident in the anterior region of the arch with minimal effects in the 

molar region, the fan-type expander (FE) can be indicated.10-12 Considering that 

maxillary constriction is present in both the anterior and posterior regions, the expander 

with differential opening (EDO) was recently proposed to individualize the expansion 

in both anterior and posterior regions of the dental arch.13,14 

Previous studies compared the outcomes of the conventional and fan-type 

expanders demonstrating that the intercanine distance increase was similar in both 

groups, while a greater increase in the intermolar distance was found for the 

former.10,11 A previous comparison between Hyrax and the EDO showed a similar inter-

molar expansion in both groups with a greater intercanine expansion for the EDO.14 In 

the same study, using occlusal radiographs, it was reported a greater split of the 

anterior region of the midpalatal suture in patients treated with EDO compared with the 

patients treated with the Hyrax expander.14 No previous study compared the 

dentoskeletal outcomes of the EDO and FE. 

Considering the above-mentioned information and in order to help clinicians 

decide between the EDO and FE, some questions should be answered. Are the 

orthopedic effects different between treatment with EDO and FE? Do both expanders 

produce similar effects in the dental arch dimensions and dental arch shape? Does the 
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EDO and FE induce similar spontaneous changes in the mandibular dental arch? The 

aim of the present study was to compare the dentoskeletal effects of the expander with 

differential opening and the fan-type expander in the mixed dentition by means of cone-

beam computed tomography scans and digital dental models. 
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2 ARTICLES 

 

 

 The articles presented in this Thesis were written according to the CONSORT 

2010 check list and the American Journal of Orthodontics and Dentofacial Orthopedics 

instruction and guidelines for article submission. 

 

ARTICLE 1 - Maxillary dentoskeletal outcomes of the expander with the differential 

opening and the fan-type expander: a randomized clinical trial 

 

ARTICLE 2 - Dental arch comparison between expander with differential opening and 
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2.1 ARTICLE 1 

 

Maxillary dentoskeletal outcomes of the expander with the differential opening 
and the fan-type expander: a randomized clinical trial 

 
ABSTRACT 
 
Introduction: The aim of this two-arm parallel randomized clinical trial was to compare 

the expander with differential opening (EDO) and the fan-type expander (FE) in the 

mixed dentition by means of cone-beam computed tomography (CBCT) 3D models 

superimposed on the cranial base. Methods: Forty-eight patients from 7 to 11 years 

old with maxillary dental arch constriction were randomly allocated into 2 study groups. 

Group EDO was composed of 24 patients (13 female, 11 male) with a mean age of 

7.62 years treated with the expansion with differential opening. Group FE comprised 

24 patients (14 female, 10 male) with a mean age of 7.83 years treated with the fan-

type expander. A simple randomization was performed. CBCT scans were acquired 

before treatment and after rapid maxillary expansion. Linear and angular three-

dimensional dentoskeletal changes were assessed after cranial base superimposition 

using the software ITK-SNAP and 3D Slicer. Intra-rater reliability was tested with 

Intraclass Correlation Coefficient. T or Mann-Whitney U tests with Holm-Bonferroni 

correction were used for intergroup comparisons (P<0.05). Results: Maxillary skeletal 

lateral displacements were greater in the EDO group, while the vertical and 

anteroposterior changes were similar in both groups. No intergroup differences were 

observed for the palatal plane rotation (pitch), while the maxillary lateral rotation (roll) 

was slightly greater in the EDO group. The increase in the intercanine distance and 

the canine buccal inclination were greater in the FE group, while the intermolar 

changes and the molar buccal inclination were greater in the EDO group. 

Conclusions: EDO produced a greater transversal skeletal expansion compared to 

FE, with similar vertical and anteroposterior effects. Dental changes were greater in 

the molar region for patients treated with EDO and in the canine region for patients 

treated with FE. Registration: This trial was registered at the ClinicalTrials.gov 

(NCT03705871). Protocol: The protocol was not published. Funding: This research 

was supported by Fundação de Amparo à Pesquisa do Estado de São Paulo – 

FAPESP (grant #2017/12911-9, #2017/24115-2 and #2018/16154-3), Coordenação 
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de Aperfeiçoamento de Pessoal de Nível Superior - Brasil (CAPES) - Finance Code 

001 and NIDCR R01 DE024450. 

 

KEYWORDS: Orthodontics. Palatal expansion technique. Orthodontic appliance 

design. Imaging, Three-Dimensional. Cone-beam computed tomography. 

 

 
INTRODUCTION 

 

 Rapid maxillary expansion (RME) is the orthopedic procedure of choice to treat 

maxillary constriction and posterior crossbite. Dental, skeletal and periodontal effects 

of this procedure have been widely discussed in the orthodontic literature.1-12 The 

correction of maxillary constrictions can be accomplished with different appliance 

designs.  A variety of fixed expanders with screws produce heavy forces, resulting in 

the midpalatal suture split.1,13,14 Conventional expanders (CE), including Haas and 

Hyrax-type,  promote a similar increase of the maxillary intermolar and intercanine 

distances by means of a parallel opening of the expander screw.1,10,12,15 When the 

maxillary constriction is more evident in the anterior region of the arch, the fan-type 

expander (FE) or the expander with differential opening (EDO) can be indicated.13,14 

The FE has a posterior hinge that concentrates the expansion effect in the intercanine 

region, with mild effects the intermolar distance.8,10,13 The EDO has two palatal screws 

and the differential activation protocol promotes a different amount of expansion for 

the anterior and posterior regions of the maxillary arch.12,14 The careful choice of the 

maxillary expander is important to correct the maxillary morphology avoiding negative 

side effects associated with undesired under or overexpansion.  

 Previous comparisons of the immediate outcomes produced by Haas and Hyrax 

expanders showed similar orthopedic effects.9,16 When comparing Hyrax and FE using 

radiographies and maxillary dental models, a similar expansion in the intercanine 

distance was noted, while the conventional opening group showed a greater expansion 

in the nasal cavity, maxillary width and intermolar distance.8,10 A recent randomized 

clinical trial comparing the Hyrax expander and the EDO using dental models and 

occlusal radiographs showed that EDO promoted a greater split of the anterior region 

of the midpalatal suture and greater increase of the intercanine distance.12 
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 With the advent of cone-beam computed tomography (CBCT) in dentistry, 

studies were performed to assess the RME effects using this tool, contributing to 

understanding of dentoalveolar and skeletal effects.9,17-21 However, no previous study 

has compared FE and EDO by means of computed tomography. In order to help 

clinicians make a decision between these two types of expanders, some questions 

should be clarified. Are anteroposterior, transversal and vertical orthopedic effects 

different between treatment with EDO and FE? Are zygomatic bone changes similar 

between the two type of expanders? Do both expanders produce similar orthodontic 

outcomes in the canine and molar regions? 

 

Specific objectives or hypotheses 

 

The aim of this study was to compare the expander with differential opening 

(EDO) and the fan-type expander (FE) in the mixed dentition, by means of CBCT 3D 

models superimposed on the cranial base. The null hypothesis is that both therapies 

show similar outcomes. 

 

METHODS 

 

Trial design and any changes after trial commencement 

 

This was a single-center randomized clinical trial (RCT) with two-parallel arms 

and a 1:1 allocation ratio. This RCT followed the Consolidated Standards of Reporting 

Trials statement and guidelines and did not required changes after trial 

commencement.22  

 

Participants, eligibility criteria, and settings 

 

This study was approved by the Research Institutional Board of Bauru Dental 

School, University of São Paulo, Brazil (Process number: 71648917.6.0000.5417) 

before trial commencement. In addition, the protocol of this study was registered at 

Clinicaltrials.gov with the identifier NCT03705871. 

Patients were recruited at the Orthodontic Clinic of Bauru Dental School, 

University of São Paulo, Brazil, from November 2017 to June 2018. The selection 
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criteria were patients of both sexes from 7 to 11 years of age with maxillary constriction 

and posterior crossbites. The exclusion criteria were a Class III malocclusion, 

craniofacial syndromes, clinical absence of maxillary deciduous canines and history of 

previous orthodontic treatment. Informed consent was obtained from the patients and 

their parents or legal guardians before recruitment. 

 

Interventions  

 

The patients were randomly allocated into two study groups. The EDO group 

was treated with the expander with differential opening (n=24; Figures 1A to 1D), and 

the FE group was treated with the fan-type expander (n=24; Figures 1E to 1H). All 

patients from both groups were treated by the same orthodontist (CM). In both groups, 

orthodontic bands were adapted on the maxillary second deciduous molars, clasps 

were bonded on the maxillary deciduous canines and a wire extension was soldered 

on the palatal aspect of the first permanent molars (Figure 1).  

The anterior and posterior screws of the EDO (Peclab Ltda., Belo Horizonte, 

MG, Brazil) were concurrently activated for six days, with an activation protocol of 1/2 

turn in the morning and 1/2 turn in the evening. Afterwards, only the anterior screw was 

activated for 4 additional days following the same activation protocol. The amount of 

expansion was 8 mm and 4.8 mm in the anterior and posterior screw, respectively.  

The screw of the FE (Morelli Ortodontia, Sorocaba, SP, Brazil) was activated 

1/2 turn in the morning and 1/2 turn in the evening for 10 days, resulting in a screw 

expansion of 8 mm. In both groups, after a 10-day active phase, the expander was 

kept in the mouth as a retainer for 6 months. At the end of the retention phase, the 

expander was removed, and a removable retention plate was installed. 

The 3D Accuitomo CBCT scanner (J. Morita Corp, Kyoto, Japan) was used to 

acquire CBCT scans at 2 time points for each patient. The image acquisition protocol 

was adjusted to reduce ionizing radiation effects, with 90Kvp, 7mA, FOV 12 cm, lower 

exposure time allowed of 17.5 seconds, and larger voxel size of 0.3mm, following the 

ALADAIP principles.23 The first CBCT scan was obtained before treatment and the 

second scan after the active phase with a maximum 6-month interval between T1 and 

T2. Images were saved in DICOM format. 
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Outcomes (primary and secondary) and any changes after trial commencement 

 

The primary outcomes were maxillary lateral, anteroposterior and vertical 

displacements, maxillary rotation, and changes in the molars and canines buccolingual 

inclination. 

The 3D analysis was performed using the two open-source software ITK-SNAP, 

version 2.4.0 (www.itksnap.org),24 and 3D Slicer, version 4.10.2 (www.slicer.org).25 

The following previously validated steps26-28 for image analysis were performed: 

1. Construction of the 3D volumetric label maps (segmentations) and 3D 

surface models (vtk files) of the T1 scans: ITK-SNAP and 3D Slicer software 

(Intensity Segmenter and Model Maker tools); 

2. Head orientation of the T1 model: 3D Slicer (Transforms tool). The 3D model 

from each patient at T1 was oriented to a standardized fixed coordinate 

system using as a reference the Frankfurt plane (bilateral Orbitale and 

Porion) perpendicular to the midsagittal plane (Glabella, Crista Galli and 

Basion).26 The matrix generated from this process was saved and applied to 

the T1 scans and segmentations;  

3. Approximation: 3D Slicer (Transforms tool). The T2 scan was moved to to 

reach the best fit superimposition of the cranial base in relation to the 

oriented T1 scan;27 

4. Construction of 3D volumetric label maps of the approximated T2 scans: 

ITK-SNAP and 3D Slicer (Intensity Segmenter and Model Maker tools); 

5. Voxel‐based registrations of the cranial base: 3D Slicer (Growing 

Registration on the CMF Registration tool). The software automatically 

superimposes the approximated T2 scan over the oriented T1 scan, using 

cranial base as reference;27 

6. Pre-labelling: ITK-SNAP. The T1 oriented and T2 registered segmentations 

were cleaned, and the mandible was removed to facilitate the placing of the 

landmarks by changing the color of the label without modifying the 

anatomy.28 The following landmarks were placed: right and left orbitale (OrR 

and OrL), right and left zygomatic (ZygR and ZygL), right and left nasal cavity 

(NCR and NCL), right and left palatine foramen (PFR and PFL), right and left 

apex of the mesial root of the maxillary first permanent molars (M’R and M’L), 

right and left root apex of the maxillary deciduous canines (C’R and C’L,), 
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right and left mesiobuccal cusp tip of the maxillary first permanent molars 

(MR and ML), right and left cusp tip of the maxillary deciduous canines (CR 

and CL), anterior nasal spine (ANS) and posterior nasal spine (PNS), as 

showed in Figure 2; 

7. Generation of the T1 and T2 3D surface models with landmarks: 3D Slicer 

(Model Maker tool). 3D models were generated for the segmented skull and 

the pre-labelled landmarks for both T1 and T2 files of each patient; 

8. Quantitative assessments: 3D Slicer (Quantification of 3D Components, 

Q3DC, tool). Anterior, inferior and lateral displacements as well as 

expansion, buccal inclination and clockwise rotation were considered 

positive values. 

The maxillary lateral displacement comprised the changes in the distance 

between OrR and OrL, NCR and NCL, ZygR and ZygL, PFR and PFL, MR and ML and CR 

and CL. For the assessment of the maxillary AP and SI displacements, midpoints were 

generated for the following bilateral landmarks: orbitale (OrM), nasal cavity (NCM), 

zygomatic (ZygM), palatine foramen (PFM), cusp tip of the maxillary first permanent 

molars (MM) and cusp tip of the maxillary deciduous canines (CM). Angular 

measurements were used to assess the maxillary rotation and the changes in the molar 

and canine buccolingual inclination. The vertical maxillary rotation was assessed 

through the pitch changes in the palatal plane (ANS-PNS). The lateral maxillary 

rotation was calculated considering the roll changes of the angle formed by the right 

and left orbitale-zygomatic lines (OrR-ZygR / OrL-ZygL).  Changes in the molar and 

canine buccolingual inclination were measured comparing the T1-T2 roll angle of the 

tooth long axis relative to the Or-Zyg line on right and left sides. 

 

Sample size calculation 

 

The sample size was calculated based on a preliminary statistic including the 

first 10 patients of the sample (5 from each group). For a standard deviation of 0.58 for 

the intercanine distance changes and to detect a minimal difference of 0.5mm between 

the two study groups, a sample of 23 patients in each group was required to provide a 

statistical power of 80% and an alpha error of 5%. 
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Interim analyses and stopping guidelines 

 

 Not applicable. 

 

Randomization (random number generation, allocation concealment, 

implementation) 

 

Randomization was performed by an external collaborator using the Web site 

Randomization.com (http://www.randomization.com).29 The software generated a 

randomization list, ensuring equal distribution in both groups. The 48 patients were 

randomized before trial commencement.  

Allocation concealment was achieved with sequentially numbered, opaque, 

sealed envelopes, containing the treatment allocation cards. In addition, opacity was 

implemented by inserting the card with the assignment into foil. The envelopes 

containing the name of the expander were prepared before trial commencement and 

were sequentially opened for each participant during the recruitment. The initials of the 

name of the participant were written on the envelope before opening it. 

The randomization process, allocation concealment and implementation were 

performed independently by different researchers. 

 

Blinding 

  

Blinding during treatment was not possible for the orthodontist and patient since 

both knew the type of maxillary expander that was installed. However, the study design 

was blinded during analysis since data was unidentified before assessment. 

 

Statistical analyses (primary and secondary outcomes, subgroup analyses) 

 

One orthodontist (CM) performed all the measurements and 30% of the sample 

was assessed twice after a 30-day interval. The intra-rater error was assessed using 

intraclass correlation coefficients (ICC).30 

Normal distribution of the variables was verified with Shapiro-Wilk tests. 

Intergroup comparisons regarding age and sex were performed with t and Chi square 

tests, respectively. T tests or Mann-Whitney U tests with Holm-Bonferroni correction 
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were used for intergroup comparisons. All statistical analyses were performed using 

IBM SPSS Statistics for Mac, version 24.0 (Armonk, NY: IBM Corp.). The level of 

significance considered was 5%.  

 

RESULTS 

 

Participant flow 

 

A total of 300 participants were recruited and 252 patients were excluded (240 

have not met the inclusion criteria and 12 declined to participate). Forty-eight patients 

were selected and randomized in a 1:1 ratio into two study groups. All 48 participants 

completed the study, 24 patients in the EDO group and 24 patients in the FE group. 

Figure 3 shows the participants’ flow chart. 

 

Baseline data 

 

 Demographic characteristics of each group at baseline are presented in Table 

I. Both groups were similar regarding sex, age and interorbitale, interzygomatic, 

intermolar and intecanine distances at baseline (Table I). 

 

Numbers analyzed for each outcome, estimation and precision 

 

 No patients were lost during the study. Rapid maxillary expansion was 

performed in 24 patients in the EDO group with expander with the differential opening 

and in 24 patients in the FE group with the fan-type expander. The patients of the EDO 

and FE groups were properly analyzed in their original assigned groups. All patients in 

both groups showed a midpalatal suture split. 

Intra-rater reliability varied from very good to excellent, with an intraclass 

correlation coefficient ranging from 0.76 to 0.99.31  

Intergroup comparison is shown in Table II. The EDO promoted a greater 

expansion when compared with FE, except for the intercanine distance (Table II). The 

maxillary vertical and anteroposterior displacements were similar in both groups (Table 

II). Palatal plane rotation (ANS-PNS) was similar for both groups while the lateral 

maxillary rotation (OrR-ZygR – OrL-ZygL) was slightly greater in EDO group (Table II). 
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Molar and canine buccal inclination changes  were greater in the EDO and FE groups, 

respectively. Figure 4 and 5 shows the cranial base superimposition for a patient from 

group EDO and FE, respectively.  

 

Harms 

 

No important harm was caused to the participants of this study.  Molar crossbite 

was still present in 6 out of 24 patients in the FE group. These patients were assigned 

for a second intervention with slow maxillary expansion after the evaluation period.  

 

DISCUSSION 

 

Main findings in the context of the existing evidence, interpretation 

 

 The evaluation of maxillary constriction prior to treatment is required to 

determine whether the patient presents different severities of transverse deficiency at 

the level of the canine compared to the molar regions. The outcomes of expansion 

depending on the appliance design should be taken into account to guide treatment 

planning. Both EDO and FE caused a differential expansion between the anterior and 

the posterior maxillary arch widths.8,10,12,14 Previous studies showed that both the EDO 

and FE demonstrated greater intercanine expansion when compared with conventional 

expanders.8,10,12,14 The present study intended to elucidate the three-dimensional 

dentoskeletal differences between EDO and FE. 

In the present study, to overcome the limitations of a two-dimensional 

assessment, CBCT scans were used. CBCT imaging allows to assess skeletal 

changes in craniofacial imaging analysis, demonstrating high accuracy and 

reliability.32,33 CBCT scans have lower cost, lower radiation dose and less metallic 

artifacts compared to helical CT.34,35 The use of CBCT scans in this study allowed the 

assessment of the maxillary 3D displacements relative to the cranial base. A previous 

systematic review evaluating RME outcomes in growing patients showed that both CT 

and CBCT are useful tools to assess the three-dimensional expansion effects.20 

Among the advantages, the quantification of the lateral changes in the zygomatic bone 

region, not possible in a bidimensional image, was successfully demonstrated in the 

present 3D assessment. CBCT replaced the initial and postexpansion orthodontic 
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records. Many previous studies used CBCT to evaluate RME outcomes in growing 

patients.9,17-19,21 Additionally, the good to excellent intra-rater reliability showed that the 

method was reliable.  

The results of the intergroup comparison for initial age, sex ratio and maxillary 

widths at baseline (Table I) confirmed the sample homogeneity and ensured an 

effective randomization and allocation of the patients, minimizing the risk of bias in 

intergroup comparisons.36 The activation amount was also standardized to ensure a 

viable intergroup comparison.   

 The present study outcomes confirm that both EDO and FE are capable of 

producing orthopedic effects (Table II and Figures 4 and 5). The EDO promoted a 

statistically significant greater increase in all transverse skeletal distances including 

the interzygomatic (Zyg-Zyg) and interorbital (Or-Or) distances (Table II). The greatest 

intergroup skeletal difference was observed for the interpalatine foramen distance (PF-

PF) that increased on average 1.19mm more in the EDO group (Table II). The skeletal 

expansion at the level of palatine foramen was approximately 26% of the anterior screw 

activation in the EDO group and 11% of the screw activation in the FE group. In 

addition, the treatment with EDO led to a slightly greater and statistically significant 

lateral rotation of the maxillary halves (OrR-ZygR - OrL-ZygL) than treatment with FE 

(Table II). These intergroup differences are probably due to the posterior screw 

activation of EDO. Previous studies with anteroposterior cephalometric radiographs 

showed a greater maxillary and nasal cavity expansion for Hyrax expander compared 

to fan-type expander.8,10 No previous study using CBCT scans has assessed 

outcomes of the fan-type expander in noncleft patients. A previous study using CBCT 

in a sample of individuals with cleft lip and palate also demonstrated that fan-type 

expanders produced a slight less maxillary transverse increase compared to Hyrax 

expanders.11 A previous RCT comparing EDO and Hyrax expanders using occlusal 

radiographs showed a greater midpalatal suture split in the anterior region for the 

EDO.12 On the other hand, a previous CBCT study in patients with cleft lip and palate 

demonstrated similar nasal cavity and maxillary width changes of EDO and Hyrax 

expanders.37 A nasal cavity expansion of an average of 3.09 and 2.28mm was 

observed in EDO and FE groups, respectively, supporting the theory that maxillary 

expansion can expand the nasal cavity improving the nasal breathing.1-3,6 The nasal 

cavity expansion was slightly greater in EDO group, and further studies should 

evaluate the functional impact of these changes in pediatric obstructive sleep apnea.  
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The intermolar expansion was twice greater in the EDO group (Table II). These 

intergroup differences are explained by the expansion of the posterior screw in EDO. 

Interestingly, in the FE group, although the amount of expansion in the intermolar 

distance was smaller (mean 2.51mm), 16 out of 24 patients displayed the correction of 

the molar crossbite after expansion. Previous studies comparing the Hyrax expander 

and the FE using digital dental models showed a greater increase in the intermolar 

distance in the conventional expansion group.8,10 Conversely to intermolar distance, 

the intercanine distance had a slightly greater increased in the FE group compared to 

the EDO group (Table II). The difference between groups was small (mean 0.78mm) 

and a possible explanation is the greater canine buccal inclination observed in the FE 

group when compared to the EDO group (Table II).  

No intergroup difference was observed for the maxillary sagittal and vertical 

effects relative to the cranial base (Table II). The anteroposterior and superoinferior 

maxillary displacements were mild in both groups. The anterior displacement of the 

anterior nasal spine, nasal cavity and palatine foramen showed that the nasomaxillary 

complex moved slightly forward in both groups (Table II; Figures 4 and 5). The inferior 

displacement of maxillary skeletal landmarks showed a slight downward movement of 

the maxilla with a negligible clockwise rotation of the palatal plane (less than 1o using 

both EDO and FE).  Facial growth might have had a limited influence on the sagittal 

and vertical displacements observed in this study considering the short T1-T2 interval. 

Additionally, previous studies assessing the RME outcomes reported a slight 

downward and forward maxillary displacements right after RME.1-6,8,20,21 With the 

midpalatal suture split, the wider maxilla is moved forward and downward.1-3,17,18 Our 

results showed that independently of the geometry of screw expansion, the maxilla 

was similarly displaced in the vertical and sagittal directions.  

To assess pure dental buccolingual inclination regardless maxillary movements, 

an angle between the long axis of the molars and canines (M´-M and C´-C) and a 

maxillary line (Or-Zyg) was used in both sides. The average between right and left side 

changes was used for the intergroup comparison. Both permanent first molars and 

deciduous canines showed a buccal inclination after the expansion in both the EDO 

and FE groups (Table II). Previous studies reported buccal inclination in the anchorage 

teeth after expansion procedure with both EDO and FE.11,12 A greater molar buccal 

inclination was observed in the EDO group and can be explained by the greater 

posterior activation in this expander. However, the slightly greater canine buccal 
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inclination in the FE group is harder to explain since the anterior activation was the 

same in both study groups. A possible explanation is that the posterior hinge in the FE 

concentrates the activation force in the canine region during the complete active phase 

of the expansion. In a different manner, the activation of both anterior and posterior 

screws in the EDO group during the first 6 days of activation better distributes the 

expansion force between molars and canines, concentrating the stress on the canines 

only in the final period of activation. Future investigations using finite element analysis 

may compare the stress distribution between EDO and FE to clarify this assumption.    

A previous study assessing the dental arch morphology in patients with 

maxillary constriction revealed that one third of the patients display a greater 

constriction in the anterior region of the arch.38 Both fan-shape and differential 

expanders are alternative options when a greater intercanine expansion is required. In 

cases with significant need for intermolar expansion, EDO should be preferred. Further 

evaluation of the influence of expander design on the changes of nasal air permeability 

and pediatric sleep apnea index might also contribute to expander type choice in the 

mixed dentition.  

 

Limitations  

 

One limitation of the study is the absence of a conventional expander group to 

compare the outcomes. Further studies should compare EDO and FE with the 

conventional expander and evaluate the functional impact of the orthopedic differences 

observed after RME.  

 

Generalizability 

 

The results of the present study can be generalized to non-cleft patients in the 

mixed dentition. Additionally, the generalizability of the results should be limited to 

similar expanders using the same activation amount and protocol.  
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CONCLUSION 

 

• In the mixed dentition, the expander with differential opening showed a greater 

maxillary lateral displacement compared with the fan-type expander, at the level 

of the palate, nasal cavity, zygomatic bone and orbit. 

• Maxillary vertical and anteroposterior displacements as well as palatal plane 

rotation were similar for both expander types.  

• The intercanine distance increase and the canine buccal inclination were 

greater for the fan-type expander.  

• The intermolar distance increase and the molar buccal inclination were greater 

for the differential expander.  
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Legend of figures 

 

Fig 1. Expander with differential opening (A-D) and fan-type expander (E-H). 

 

Fig 2. 3D models illustrating the pre-labelled landmarks: right and left orbitales (OrR 

and OrL), placed at the lowest point in the inferior margin of the right and left orbitals; 

right and left zygomatic (ZygR and ZygL), placed at the most inferior portion of the right 

and left zygomatic bones; right and left nasal cavity (NCR and NCL), placed at the most 

inferior and external point of the concavity of the right and left nasal cavity; right and 

left palatine foramen (PFR and PFL), placed at the middle and most inferior point of the 

right and left palatine foramen; right and left apex of the mesial root of the maxillary 

first permanent molars (M’R and M’L); right and left root apex of the maxillary deciduous 

canines (C’R and C’L); right and left cusp tip of the mesiobuccal cusp of the maxillary 

first permanent molars (MR and ML); right and left cusp tip of the maxillary deciduous 

canines (CR and CL); posterior nasal spine (PNS) and anterior nasal spine (ANS). 

 

Fig 3. Patient flow chart according to Consolidated Standards of Reporting Trial. 

 

Fig 4. Cranial base superimposition of the pre- (white) and post- (red) expansion 3-

dimensional surface models in an anterior, lateral and inferior view of a patient treated 

with the expander with differential opening.  

 

Fig 5. Cranial base superimposition of the pre- (white) and post- (green) expansion 3-

dimensional surface models in an anterior, lateral and inferior view of a patient treated 

with the fan-type expander. 
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Assessed for eligibility (n=300) 

Excluded (n=252) 
♦   Not meeting inclusion criteria (n=240) 
♦   Declined to participate (n=12) 
♦   Other reasons (n=0) 

Analysed (n=24) 
♦ Excluded from analysis (n=0) 

Lost to follow-up (n=0) 

Discontinued intervention (n=0) 

Allocated to intervention (n=24) 
♦ Received allocated intervention (n=24) 
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Table I. Intergroup comparisons for sex ratio, age and maxillary widths at baseline               
(t test and Chi-square test). 
 

Variable 

EDO 

n=24 

FE 

n=24 P 

Mean (SD) Mean (SD) 

Initial Age (y) 7.62 (0.92) 7.83 (0.96) 0.448† 

Sex 
Female 13 (54.2%) 14 (58.3%) 

0.771§ 
Male 11 (45.8%) 10 (41.7%) 

OrR-OrL 63.54 (4.91) 64.03 (3.67) 0.701† 

ZygR-ZygL 78.88 (4.20) 77.01 (3.22) 0.091† 

MR-ML 49.61 (2.70) 48.26 (2.55) 0.084† 

CR-CL 30.24 (2.91) 29.78 (2.36) 0.549† 

†t test; §Chi-square test; P<0.05; Or, orbitale; Zyg, zygomatic; M, first permanent 
molars; C, deciduous canines; R, right; L, left.  



50  Articles 

 

Table II. Intergroup comparisons for treatment changes (t or Mann-Whitney U tests). 
 

Variable 

EDO 

n=24 

Mean (SD) 

FE 

n=24 

Mean (SD) 

Difference 

(SD) 
P 

Lateral  

Displacements 

(mm) 

 

OrR-OrL 1.50 (0.47) 1.00 (0.50) 0.49 (0.14) 0.001†* 

NCR-NCL 3.09 (0.62) 2.28 (1.03) 0.80 (0.24) 0.002†* 

ZygR-ZygL 3.63 (0.46) 1.65 (0.52) 0.97 (0.14) <0.001†* 

PFR-PFL 2.12 (0.50) 0.92 (0.30) 1.19 (0.12) <0.001†* 

MR-ML 5.03 (1.09) 2.51 (0.75) 2.51 (0.27) <0.001†* 

CR-CL 8.16 (1.03) 8.95 (1.36) -0.78 (0.34) 0.011‡* 

Sagittal 

Displacements 

(mm) 

 

Orm 0.27 (0.19) 0.23 (0.17) 0.03 (0.05) 0.386‡ 

NCm 0.80 (0.27) 0.82 (0.46) -0.02 (0.10) 0.829† 

Zygm -0.12 (0.22) -0.14 (0.28) 0.01 (0.07) 0.810† 

PFm 0.51 (0.26) 0.45 (0.39) 0.06 (0.09) 0.140‡ 

Mm 0.18 (0.64) 0.11 (0.45) 0.07 (0.16) 0.643† 

Cm 1.34 (0.70) 1.58 (0.70) -0.23 (0.20) 0.250† 

ANS 0.75 (0.38) 0.74 (0.51) 0.00 (0.13) 0.982† 

Vertical 

Displacements 

(mm) 

 

Orm 0.10 (0.18) 0.08 (0.13) 0.01 (0.04) 0.570‡ 

NCm 0.58 (0.41) 0.47 (0.39) 0.10 (0.11) 0.397‡ 

Zygm 0.04 (0.17) 0.10 (0.23) -0.05 (0.05) 0.316† 

PFm 1.03 (0.40) 0.88 (0.46) 0.15 (0.12) 0.215† 

Mm 0.35 (0.34) 0.56 (0.35) -0.21 (0.10) 0.043† 

Cm 0.47 (0.41) 0.27 (0.55) 0.19 (0.14) 0.165† 

ANS 1.09 (0.28) 0.93 (0.34) 0.16 (0.09) 0.068† 

Angular 

changes 

(º) 

 

ANS-PNS 0.46 (0.35) 0.64 (0.42) -0.17 (0.11) 0.120† 

OrR-ZygR / OrL-ZygL 3.43 (1.80) 2.21 (1.21) 1.22 (0.44) 0.009†* 

Or-Zyg / M´-M 2.19 (1.28) 1.27 (0.71) 0.92 (0.30) 0.004†* 

Or-Zyg / C´-C 5.01 (2.25) 8.09 (3.70) -3.08 (0.88) 0.001†* 

†t test; ‡Mann-Whitney U test; P<0.05; *Statistically significant after Holm-Bonferroni correction. SD, 
standard deviation; Or, orbitale; NC, nasal cavity; PF, palatine foramen;  Zyg, zygomatic; M, first 
permanent molars cusp tip; C, deciduous canines cusp tip; M´, first permanent molars root apex; C´, 
deciduous canines root apex; m, midpoint; R, right; L, left. 
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2.2 ARTICLE 2 

 

DENTAL ARCH COMPARISON BETWEEN EXPANDER WITH DIFFERENTIAL 
OPENING AND FAN-TYPE EXPANDER: A RANDOMIZED CLINICAL TRIAL 

 
 

ABSTRACT 

 

Introduction: The aim of this randomized clinical trial was to compare the maxillary 

and mandibular dentoalveolar changes of the expander with differential opening (EDO) 

and the fan-type expander (FE) in the mixed dentition. Methods: Patients aged from 

7 to 11 years old with maxillary constriction were randomly allocated into 2 study 

groups. The EDO group was composed by 24 patients (13 female, 11 male; mean age 

of 7.62 years) treated with the expander with differential opening. The FE group was 

composed by 24 patients (14 female, 10 male; mean age of 7.83 years) treated with 

the fan-type expansion. A simple randomization process was performed. Digital dental 

models were acquired for each patient before treatment (T1) and 6 months after rapid 

maxillary expansion (T2). The primary outcomes were the changes in the maxillary 

interincisal diastema, maxillary and mandibular changes in arch width, arch perimeter, 

arch length and arch size. Arch shape and the amount of differential expansion were 

considered secondary outcomes. Intra-rater reliability was tested using Intraclass 

Correlation Coefficient. Comparisons between EDO and FE were performed using t 

tests with Holm-Bonferroni correction (P<0.05). Results: Both groups demonstrated 

similar changes in the maxillary interincisal diastema width. The EDO showed greater 

increases in the maxillary inter-second deciduous and inter-first permanent molars 

distances. The increase in the intercanine distance was slightly greater in the FE group. 

Changes in the mandibular arch were mild and similar in both groups for most of the 

variables, except for the inter-first permanent molars distance that showed a slight 

greater increase in the EDO group. Maxillary and mandibular arch length and arch 

perimeter changes were similar in both groups. The FE group showed a greater 

differential expansion between anterior and posterior arch widths. Maxillary arch shape 

changed significantly for both differential and fan-type expanders. The posttreatment 

arch shape was different between groups with a larger anterior width for FE and a 

larger posterior width for EDO. Conclusions: Maxillary arch width and shape changes 

were distinct between EDO and FE. A greater transversal increase of the anterior and 
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posterior regions was observed for FE and EDO, respectively. A slightly greater 

mandibular spontaneous expansion was observed for EDO only at the molar region. 

Registration: This trial was registered at ClinicalTrials.gov (ID, NCT03705871). 

Protocol: The protocol was not published Funding: This research was supported by 

the São Paulo Research Foundation – FAPESP (grant #2017/12911-9 and 

#2017/24115-2) and the Coordenação de Aperfeiçoamento de Pessoal de Nível 

Superior - Brasil (CAPES) - Finance Code 001. 

 

KEYWORDS: Orthodontics. Palatal expansion technique. Orthodontic appliance 

design. Imaging, Three-Dimensional. Dental models. 

 

 

INTRODUCTION 

 

Maxillary constriction and posterior crossbites are common conditions in 

pediatric orthodontic patients. The interceptive treatment starting in the mixed dentition 

is highly recommended since posterior crossbites do not self-correct.1 The rapid 

maxillary expansion (RME) is a viable option to treat maxillary constriction and 

posterior crossbites.2-5 A wide variety of appliance designs can be used for producing 

the midpalatal suture split with successful correction of maxillary constriction.2,6-8 

Conventional expanders promote a transverse increase in the maxillary arch by 

means of a parallel opening of the expander screw positioned on the center of the 

palate.2,9 Similar increases in the intercanine and intermolar distances were found after 

RME with Haas-type and Hyrax expanders.10,11 The fan-type expander (FE) can be 

indicated when an increase in the anterior arch width with minimal effects in the molar 

region is desired.10,12,13 More recently, the expander with differential opening (EDO) 

was proposed to treat the maxillary constriction individualizing the expansion in the 

anterior and posterior regions of the dental arch.4,6,11  

Previous studies compared the Hyrax and fan-type expanders outcomes 

demonstrating that the intercanine distance increase was similar in both groups, while 

a greater increase in the intermolar distance was found for the Hyrax expander.10,12 A 

previous comparison between Hyrax and the expander with differential opening 

showed a similar inter-molar expansion in both groups and a greater intercanine 

expansion for EDO.11  
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Patients with cleft lip and palate and noncleft individuals can demonstrate a 

greater constriction in the anterior region of the dental arch.4,14-16 In this scenario, a 

greater expansion in the anterior region of maxillary dental arch should be indicated in 

order to avoid an over and undesired expansion in the molar region. However, no 

previous no previous studies compared the FE with the EDO guiding the clinician in 

the expander selection. 

A spontaneous dentoalveolar expansion might be expected in the mandibular 

arch after a rapid maxillary expansion procedure.2,17,18 A recent systematic review 

concluded that negligible short and long-term spontaneous dentoalveolar changes 

occur in the mandibular dental arch after RME in the mixed and early permanent 

dentitions.19 No previous study assessed the spontaneous mandibular dental arch 

changes with the EDO and FE. 

Considering the above-mentioned concerns, some questions remain: is there 

difference between EDO and FE for the maxillary arch dimensions changes? Is the 

arch shape influenced by the different appliances design? Does the EDO and FE 

induce similar spontaneous changes in the mandibular arch dimensions and shape? 

No clinical study compared the expander with differential opening and the fan-type 

expander.  

 

Specific objectives or hypotheses 

 

The aim of this study was to compare the maxillary and mandibular dental arch 

changes of the expander with differential opening and the fan-type expander in the 

mixed dentition using digital dental models. The null hypothesis is that both expanders 

have similar dentoalveolar effects in the maxillary and mandibular arches.  

 

METHODS 

 

Trial design and any changes after trial commencement 

 

This two-parallel arm was a single-center randomized clinical trial (RCT) with a 

1:1 allocation ratio. Consolidated Standards of Reporting Trials (CONSORT) statement 

and guidelines were followed no changes were required after trial commencement.20  

 



54  Articles 

 

Participants, eligibility criteria, and settings 

 

Ethical approval was obtained by the Research Institutional Board of Bauru 

Dental School, University of São Paulo, Brazil (Process number: 

71648917.6.0000.5417) before trial commencement. In addition, the protocol of this 

study was registered at Clinicaltrials.gov with the identifier NCT03705871. 

From November 2017 to June 2018, patients were recruited at the Orthodontic 

Clinic of Bauru Dental School, University of São Paulo, Brazil. Eligibility criteria 

included Class I and Class II patients from 7 to 11 years of age with maxillary 

constriction and posterior crossbites. Individuals with a Class III malocclusion, 

craniofacial syndromes, clinical absence of maxillary deciduous canines and history of 

previous orthodontic treatment were excluded.  

 

Interventions  

 

Participants who met the eligibility criteria were invited to participate. Informed 

consent was obtained from all patients and their parents or legal guardians. After 

recruitment, patients were randomized allocated into two study groups. The treatment 

of all patients was conducted by the same orthodontist (CM). 

Group EDO comprised 24 patients (13 female, 11 male) with a mean age of 

7.62 years (SD=0.92) treated with the expander with differential opening (EDO). The 

EDO was composed by two 10-mm screws, one posteriorly and the other anteriorly 

positioned on the palate (Peclab Ltda., Belo Horizonte, MG, Brazil). During the first 6 

days of activation, both expander screws were activated two-quarter turns in the 

morning and two-quarter turns in the evening. For an extra 4 days, only the anterior 

screw was activated following the same activation protocol. The total expansion was 

4.8 mm in the posterior screw and 8 mm in the anterior screw (Figure 1). 

Group FE comprised 24 patients (14 female, 10 male) with a mean age of 7.83 

years (SD=0.96)  who underwent RME using the fan-type expander (FE). The FE was 

composed by one 11-mm screw anteriorly positioned on the palate (Morelli Ortodontia, 

Sorocaba, SP, Brazil). For 10 consecutively days, the expander screw was activated 

two-quarter turn in the morning and two-quarter turn in the evening, resulting in an 

expansion of 8mm in the screw (Figure 2).  
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In both groups, orthodontic bands were adapted on the right and left maxillary 

second deciduous molars. Claps were bonded on the right and left maxillary deciduous 

canines and a bilateral palatal extension from the maxillary second deciduous molars 

to the first permanent molars was added (Figures 1 and 2). After a 10-day active phase, 

the expander was kept as a retainer for 6 months. At the end of the retention phase, 

the expander was removed, and a removable retention plate was delivered. 

Digital dental models of the maxillary and mandibular dental arches were 

obtained for each patient before (T1) and 6 months after RME (T2) using TRIOS 3 

intraoral scanner (3 Shape, Copenhagen, Denmark). Digital dental models were saved 

in .stl file format. 

 

Outcomes (primary and secondary) and any changes after trial commencement 

 

The primary outcomes were the changes in the maxillary interincisal diastema, 

maxillary and mandibular arch widths at the level of deciduous canines (c-c), inter-first 

deciduous molars (d-d), inter-second deciduous molars (e-e) and inter-first permanent 

molar (6-6), arch perimeter, arch length and arch size. The amount of differential 

expansion in the maxillary anterior region compared with the posterior region and 

dental arch shape changes were considered secondary outcomes. 

The width of the maxillary interincisal diastema was clinically measured 

immediately before the expansion and at the end of the active phase using an 

odontometric caliper (Precision equipment co., Boston, US) as showed in Figure 3. 

The measurements of the maxillary and mandibular arch widths (Figure 4A), 

arch length (Figure 4B) and arch perimeter (Figure 4C) were performed on the pre- 

and post-expansion digital dental models using the OrthoAnalyzer 3D software 

(3Shape A/S, Copenhagen, Denmark). 

For the dental arch size and shape analyses, 14 landmarks were placed on the 

occlusal surface of the T1 an T2 digital dental models of each patient using the 

software Stratovan Checkpoint (Stratovan Corporation, Davis, Calif, US), as showed 

in Figure 4D.21 The x and z coordinates for each landmark were extracted and imported 

into the software MorphoJ (Klingenberg Lab, Manchester, UK). For arch size analysis, 

the centroid size of each dental arch was calculated from the raw coordinates and used 

as a dental arch size measurement.21,22 Using the same coordinates, a Generalized 

Procrustes Analysis21,23 was performed in the software MorphoJ to assess the 
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maxillary and mandibular arch shapes. A mean shape of the dental arch was obtained 

for each group at the two timepoints and a Procrustes mean shape superimposition 

was performed. 

 

Sample size calculation 

 

For a standard deviation of 2.18 for the intercanine distance 11 change and to 

detect a minimal difference of 2.0 mm between the two groups, a sample of 20 patients 

was required to provide a statistical power of 80% and an alfa of 5%. Considering 

possible losses, 24 patients were selected in each group.  

 

Interim analyses and stopping guidelines 

 

 Not applicable. 

 

Randomization (random number generation, allocation concealment, 

implementation) 

 

A simple electronically generated randomization was performed before trial 

commencement using the Web site Randomization.com   

(http://www.randomization.com).24 Opaque, sealed and sequentially numbered 

envelopes containing the treatment allocation cards were prepared before trial 

commencement. The envelopes were sequentially opened for each participant during 

the recruitment. The initials of the name of the participant were written on the envelope 

before opening it. 

The generation of randomization list, allocation concealment, and 

implementation were performed independently by different researches. 

 

Blinding 

  

Double-blinding was not possible since patient and operator were aware of the 

type of expander delivered. However, blinding was accomplished during outcome 

assessment since all data were unidentified before analysis.  
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Statistical analyses (primary and secondary outcomes, subgroup analyses) 

 

All assessments were performed by the same observer and 30% of the sample 

was evaluated twice after a 30-day interval. The intra-rater reliability was assessed 

using intraclass correlation coefficients (ICC).25  

Kolmogorov Smirnov test was used to verify normal distribution. All variables 

showed a normal distribution. Initial age and sex ratio at baseline were assessed with 

t and chi square tests, respectively. T tests with Holm-Bonferroni correction were used 

for intergroup comparisons. The significance level considered was 5%. All statistical 

analyses were performed using Statistica software (Statistica for Windows version 

11.0; StatSoft, Tulsa, Okla).  

 
RESULTS 

 

Participant flow 

 

Figure 1 shows the CONSORT flow diagram of the study. A total of 48 patients 

were selected and were followed during the entire observation period (Figure 5). 

 

Baseline data 

 

Similar characteristics were presented by both groups regarding sex ratio and 

age at baseline (Table I). No significant intergroup differences were found for the initial 

dental arch dimensions showing adequate intergroup comparability (Tables II and 

Figure 6).  

 

Numbers analyzed for each outcome, estimation and precision 

 

 Rapid maxillary expansion was performed in 24 patients with the expander with 

differential opening and in 24 patients with the fan-type expander. All patients were 

properly analyzed in their original assigned groups. All patients from both groups 

demonstrated a midpalatal suture split. No patients were lost during the follow-up 

period. 



58  Articles 

 

The error study showed an excellent intraexaminer reproducibility, with ICC 

varying from 0.947 to 1.00.26 

Both groups demonstrated similar changes in the maxillary interincisal diastema 

width (Table III). The interincisal diastema width opened 3.6mm and 3.4mm in group 

EDO and FE, respectively. Group EDO showed greater increases in the maxillary inter-

second deciduous and inter-first permanent molars distances (Table III). Conversely, 

group FE showed a greater increase in the intercanine distance (Table III).  

The mandibular dental arch showed mild spontaneous changes after RME in 

both groups (Table III). No intergroup differences were observed excepted for the slight 

greater increase in the mandibular inter-first permanent molars distance observed in 

group EDO. Changes in the maxillary and mandibular arch length and perimeter after 

RME were similar in both groups (Table III). Group EDO showed a greater increase in 

arch size (centroid method) than group FE (Table III). 

The maxillary arch shape demonstrated a significant change in both groups 

(Figure 6). Mandibular arch shape changed very slightly only in the EDO group (Figure 

6). The post-expansion maxillary arch shape was different in group EDO and group FE 

(Figure 6D). A larger anterior width was observer for group FE while a larger posterior 

width was found for group EDO (Figure 6D). Post-expansion mandibular arch shape 

was similar in both groups (Figure 6H). 

Both groups showed significant differential expansion in the anterior and 

posterior regions of the maxillary dental arch with a greater change in the intercanine 

distance (Table IV). The differential expansion was greater in group FE (Table IV). 

 

Harms 

 

After RME, posterior crossbite was still present in 6 out of 24 patients of the FE 

group. A new expansion with quad-helix appliance was planned for these patients after 

the study was completed.  
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DISCUSSION 

 

Main findings in the context of the existing evidence, interpretation 

 

No previous study compared the outcomes of EDO and FE. Comparisons 

between the RME treatment outcomes is difficult since the clinical studies vary 

regarding sample size, age of the patients and amount of expansion achieved.3,27 A 

controlled prospective study with sufficient power and standardized methodology is 

important for answering clinical questions. An expansion of 8 mm was performed in 

the anterior screw of both EDO and FE to allow the intergroup comparisons. 

Additionally, the comparisons at baseline showed no intergroup differences confirming 

the homogeneity of the sample (Tables I and II). These results ensure the effectiveness 

of the randomization and allocation of the patients, decreasing the risk of bias in the 

intergroup comparisons of the treatment changes.28  

In the present study, digital dental models were obtained using an intraoral 

scanner. Previous studies showed an adequate accuracy and reliability of inter and 

intra-arch measurements  performed on digital dental models derived from intraoral 

scans.29-31 Our results are in accordance with previous studies demonstrating an 

adequate intraexaminer reproducibility. The dental arch size and shape analyses were 

based on the centroid size and location,21-23,32 providing a visual representation of 

intergroup comparisons. 

A similar opening of the interincisal diastema was observed in both groups 

(Table III). An opening of 3.65 mm for EDO and 3.43 for FE (45% and 42% of the screw 

activation, respectively) were observed. These outcomes were expected since the 

same amount of expansion was performed in the anterior screw of EDO and in the FE 

(8mm). A previous study reported an opening of 4.11 mm in the interincisal diastema 

width with EDO and 2.43mm with Hyrax expanders.11 A meta-analysis showed a mean 

increase in the midline diastema of 2.98 mm after a RME with conventional 

expanders.27 The slight greater means values found for the EDO and FE compared to 

conventional expanders might be explained by the greater anterior activation.  

The increase in the intercanine distance was slightly greater in the FE group 

(Table III). Since the anterior expansion amount was the same in both groups, it is 

possible to suggest that this small transverse difference (approximately 1mm) was 

probably caused by a greater canine buccal inclination after a fan expansion. A greater 
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tendency for buccal inclination of the anterior supporting teeth with the FE was 

previously reported in cleft patients.14 The assumption is that  fan-type expander 

concentrates the activation force in the canine region. On the other hand, EDO might 

distribute the expansion stress by all anchored teeth, mainly in the first days of the 

active phase. 

Conversely to intercanine increase, the intermolar expansion was greater in 

group EDO (Table III). The possible explanation is the presence of the  posterior screw 

in the EDO. A previous RCT showed that EDO caused an intermolar expansion similar 

to Hyrax expander.11 Using a fan-shape expander, the intermolar increase was not 

clinically important (2.3 mm). These results corroborate with a previous study showing 

an intermolar width of 2.65mm after RME with a fan-type expander.10 Although the 

intergroup differences in the increase of maxillary arch widths, arch perimeter 

increased similarly in group EDO and FE (Table III). In this perspective, both 

appliances can be indicated to solve maxillary incisor crowding.3,33,34 A slight decrease 

in the maxillary arch length was observed in both groups and might be explained by 

the slight palatal inclination of the maxillary central incisors after RME related to 

interincisal diastema closure.5,35,36 

The mandibular dental arch changes were very mild in both EDO and FE groups 

(Table III). Additionally, the mandibular outcomes were similar in both groups, except 

for the greater increase in the inter-first permanent molar distance in EDO group (mean 

difference of 0.8mm, Table III). The greater transverse change in the posterior region 

of the mandibular arch in group EDO might be explained by the greater maxillary molar 

expansion caused by the expander with differential opening (Table III). Previous 

studies assessing the mandibular arch changes after a conventional RME also showed 

a spontaneous increase in the mandibular intermolar width.2,17 The small widening in 

the mandibular dental arch after RME might be explained by changes in balance 

between the tongue and bucinador muscles. The cone-funil occlusal contact between 

the palatal cusp tip of maxillary molar and the occlusal aspect of the mandibular molars 

also might have contributed to the slight uprighting of the lower posterior teeth.2,18 Both 

EDO and FE induced a very small widening of the mandibular dental arch, however 

without causing a perimeter arch increase (Table III). Mandibular arch length 

decreased equally in group EDO and FE probably as a result of dental development in 

the mixed dentition leading to Leeway Space loss.37 
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Interestingly, both EDO and FE were capable of change the maxillary arch 

shape (Figures 6B and 6C, respectively). In this study, the post-expansion maxillary 

arch shape differed between EDO and FE (Figure 6D). The mean final arch shape was 

wider in the molar region for group EDO and wider in the canine region for group FE 

(Figure 6D). Mandibular arch shape after RME was similar in both groups. The 

literature is scarce for arch shape analysis after RME. A previous study showed that 

the arch shape changed in 98% of the patients after the conventional expansion.38 In 

cleft patients, using similar methodology, arch shape changes were observed after 

expansion with Quad-helix and EDO.21 In addition, the arch size calculated thought the 

centroid method increased more in group EDO, both in the maxilla and mandible (Table 

III). These differences might be explained by a greater expansion in the posterior 

region of both dental arches in EDO group. No previous study evaluated the arch size 

after RME using the centroid method in a noncleft population. In patients with cleft lip 

and palate, the arch size increased similarly after slow and rapid maxillary expansion 

with Hyrax, Quad-helix and EDO.21 

Differential expansion between molar and canine region was observed in both 

groups with more intensity for FE. The ratio between intercanine and intermolar 

expansions were approximately 1.5:1 in group EDO and 3.5:1 in FE group. Our results 

are in accordance with previous studies that found a ratio of 1.7:1 for EDO11 and 3.5:112 

for the FE.  EDO and FE are two viable options to treat maxillary arch constriction with 

very similar impact on the canine region. The decision between both expander designs 

should consider the required amount of expansion in the intermolar distance and the 

presence of posterior crossbite including the molars.  

 

Limitations  

 

The limitation of this study was the lack of a tension distribution analyses. 

Further studies should assess EDO and FE force concentration using finite element 

analysis. 

  



62  Articles 

 

Generalizability 

 

The generalizability of the results of the present study might be generalized to 

patients in the mixed dentition without cleft lip and palate. In addition, these results 

might not be generalized to different expander designs and activation protocols. 

 

CONCLUSIONS 

 

 The null hypothesis was rejected. The expander with differential opening 

showed a greater expansion at the level of the maxillary second deciduous and first 

permanent molars. The fan-type expander produced a greater maxillary intercanine 

distance increase. A greater mandibular dental arch change was observed after RME 

with the differential opening expander compared to the fan-type expander. The 

expander with differential opening and the fan-type expander induced distinct post-

expansion arch shapes. 
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Legend of Figures 

 

Fig 1. Maxillary expander with differential opening. A. Pre-expansion phase. B. Post-

expansion phase.  

 

Fig 2. Fan-type expander. A. Pre-expansion phase. B. Post-expansion phase.  

 

Fig 3. Maxillary interincisal diastema before (A) and after the rapid maxillary expansion 

(B). The interincisal diastema width was measured between the mesial incisal edge of 

right and left maxillary incisors before and after the active phase of the expansion using 

an odontometric caliper (C). T1-T2 differences were considered interincisal diastema 

width changes. 

 

Fig 4. Maxillary and mandibular arch dimensions assessment: A. arch widths (in black) 

were measured at the level of the cusp tips of the deciduous canines (c-c), first 

deciduous molars (d-d), second deciduous molars (e-e) and first permanent molars (6-

6); B. arch perimeter (in red) was the sum of the 4 segments from mesial aspect of the 

right first permanent molar to the mesial aspect of the contralateral tooth; C. arch length 

(in yellow) was measured on the horizontal plane from the mesial aspect of the first 

permanent molars to the mesial edge of the right permanent incisor. D. Fourteen 

landmarks at the level of cusp tips and incisal edges of the maxillary and mandibular 

teeth were selected on the digital dental model surface to provide raw coordinates 

representing dental arch shape and size. 

 

Fig 5. Consolidated Standards of Reporting Trial flow diagram showing the study 

design. 

 

Fig 6. Superimpositions of maxillary dental arch shape. A. Pre-expansion maxillary 

dental arch in group FE (gray line) and EDO (black line); B. Maxillary dental arch before 

(gray line) and after expansion (black line)  in the group EDO; C. Maxillary dental arch 

before (gray line) and after expansion (black line)  in the group FE; D. Post-expansion 

maxillary dental arch in group FE (gray line) and EDO (black line). The P value is 

observed for each comparison (variance analysis). 
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Fig 7. Superimpositions of mandibular dental arch shape. A. Pre-expansion 

mandibular dental arch in group FE (gray line) and EDO (black line); B. Mandibular 

dental arch before (gray line) and after expansion (black line)  in the group EDO; C. 

Mandibular dental arch before (gray line) and after expansion (black line)  in the group 

FE; D. Post-expansion mandibular dental arch in group FE (gray line) and EDO (black 

line). The P value is observed for each comparison (variance analysis). 
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Fig 1.  
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Fig 2.  
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Fig 3. 
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Fig 5. 
  

 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Assessed for eligibility (n=300) 

Excluded (n=252) 
♦   Not meeting inclusion criteria (n=240) 
♦   Declined to participate (n=12) 
♦   Other reasons (n=0) 

Analysed (n=24) 
♦ Excluded from analysis (n=0) 

Lost to follow-up (n=0) 

Discontinued intervention (n=0) 

Allocated to intervention (n=24) 
♦ Received allocated intervention (n=24) 

♦ Did not receive allocated intervention (n=0) 

Lost to follow-up (n=0) 

Discontinued intervention (n=0) 

Allocated to intervention (n=24) 
♦ Received allocated intervention (n=24) 

♦ Did not receive allocated intervention (n=0) 

Analysed (n=24) 
♦ Excluded from analysis (n=0) 

 

Allocation 

Analysis 

Follow-Up 

Randomized (n= 48) 

Enrollment 

EDO group 

(expander with differential opening) 

FE Group 

(fan-type expander) 
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Table I: Intergroup comparisons for age and sex ratio at baseline (t tests and Chi-
square tests). 

Variable 
EDO 
n=24 

FE 
n=24 P 

Mean SD Mean SD 
Initial Age (y) 7.62 0.92 7.83 0.96 0.448† 

Sex 
Feale 13 14 

0.771§ 
Male 11 10 

†t test; §Chi-square test. 
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Table II: Baseline comparisons (t tests). 

Variables 
EDO 
n=24 

FE 
 n=24 P 

Mean SD Mean SD 
Interincisal diastema (mm) 1.45 1.10 1.14 1.10 0.341 

Arch 
dimensions 

(mm) 

Maxilla 

c-c 29.70 3.01 29.24 2.25 0.557 
d-d 36.29 2.22 34.78 2.21 0.051 
e-e 42.47 2.38 41.26 2.64 0.103 
6-6 49.23 2.71 47.91 2.65 0.096 

Arch length 29.27 2.64 29.39 2.27 0.865 
Arch perimeter 76.30 4.65 75.34 4.38 0.465 

Arch size 83.00 3.99 81.71 4.20 0.286 

Mandible 

c-c 27.74 2.46 26.50 2.21 0.115 
d-d 33.13 2.47 31.64 1.47 0.041 
e-e 40.15 2.97 39.06 2.06 0.167 
6-6 46.03 2.68 45.36 2.42 0.373 

Arch length 25.26 1.91 24.86 1.80 0.461 
Arch perimeter 70.57 3.38 69.23 3.76 0.234 

Arch size 76.96 3.29 75.53 3.69 0.168 
P<0.05; c, deciduous canines; d, first deciduous molars; e, second deciduous molars; 6, first permanent 
molars. 
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Table III: Intergroup comparisons of the interphase changes (t tests). 

Variables 

EDO 
n=24 

FE 
n=24 P 

Mean  
(T2-T1) SD Mean 

(T2-T1) SD 

Interincisal diastema (mm) 3.65 0.74 3.43 1.13 0.449 

Arch 
dimensions 

(mm) 

Maxilla 

c-c 7.76 1.23 8.80 1.33 0.008* 
d-d 7.85 1.31 7.42 1.66 0.398 
e-e 6.36 0.84 4.90 0.91 <0.001* 
6-6 5.10 1.17 2.33 0.75 <0.001* 

Arch length -0.54 0.86 -0.36 0.76 0.449 
Arch perimeter 5.14 1.56 5.33 1.40 0.662 

Arch size 9.28 1.28 7.01 1.05 <0.001* 

Mandible 

c-c -0.35 1.11 -0.05 0.67 0.324 
d-d 0.27 0.83 0.35 0.88 0.803 
e-e 0.59 0.66 0.31 0.79 0.225 
6-6 0.93 0.91 0.12 0.89 0.003* 

Arch length -0.55 0.60 -0.52 0.60 0.844 
Arch perimeter -0.64 0.86 -0.66 1.27 0.955 

Arch size 1.02 0.83 0.23 1.09 0.008* 
P<0.05; *Statistically significant after Holm-Bonferroni correction method; c, deciduous canines; d, first 
deciduous molars; e, second deciduous molars; 6, first permanent molars. 
  



78  Articles 

 

Table IV: Intragroup and intergroup differential expansion comparisons considering 
deciduous canines and first permanent molars (Paired t tests and t tests). 

Variables 
3-3 6-6 Intragroup 

comparison 
P 

Difference Intergroup 
comparison 

P 
Mean 

Change 
SD 

Mean 
Change 

SD Mean SD 

EDO 7.76 1.23 5.10 1.17 <0.001‡* 2.65 1.47 
<0.001†* 

FE 8.80 1.33 2.31 0.76 <0.001‡* 6.09 1.47 
†t test; ‡Paired t test; P<0.05; c, deciduous canines; e, second deciduous molars. 
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4 DISCUSSION 

 

 Approximately one third of patients with maxillary constriction showed a greater 

transversal discrepancy in the anterior region compared to the posterior region of the 

arch.15 In this regard, an individualized treatment plan should be proposed for these 

patients to avoid negative side effects associated with undesired under and 

overexpansion. The expander with differential opening and the fan-type expander are 

two mechanical options proposed to treat maxillary constrictions more evident in the 

anterior region of the arch.10-14 The present study intended to compare the 

dentoskeletal effects of the EDO and the FE to elucidate the differences between both 

expander and guide the clinician in the expander selection.  

Randomized clinical trials are considered the highest level of scientific evidence 

for clinical interventions.16 The present study was developed according to the 

Consolidated Standards of Reporting Trials (CONSORT) statement and guidelines 

aiming to reach a high level of evidence with low risk of bias.17 The orthopedic and 

orthodontic effects of the rapid maxillary expansion using conventional expanders were 

described in the deciduous, mixed and permanent dentition.6-8,18-20 Additionally, 

previous studies compared the EDO and the FE with the conventional expanders in 

non-cleft patients using radiographs and dental models.10,11,14 In this study, the 

expander with differential opening was compared with the fan-type expander in non-

cleft patients in the mixed dentition using digital dental models and cone-beam 

computed tomography scans (CBCT). 

The comparisons at baseline showed no intergroup differences and confirmed 

the homogeneity of the sample. This results ensured an effective randomization and 

allocation of the patients, minimizing the risk of bias in the intergroup comparisons.21 

Additionally, the activation protocol was the same in both groups and the amount of 

expansion in the anterior region was also standardized to ensure a viable intergroup 

comparison. 

Changes in arch dimensions and arch shape were assessed using digital dental 

models obtained from intraoral scanning. Previous studies showed the accuracy and 

reliability of the inter and intra-arch measurements produced from intraoral scans.22-24 

To overcome the limitations of a two-dimensional assessment of the skeletal effects of 

the rapid maxillary expansion, CBCT scans were used.25 CBCT imaging allows to 
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assess skeletal changes in craniofacial imaging analysis, demonstrating high 

accuracy, minimal distortion and lower radiation doses compared to helical CT.26-29 

The use of CBCT scans in this study allowed the assessment of the maxillary 3D 

displacements relative to the cranial base.  

No important harm was caused to the participants of this study.  The benefits 

and collateral effects of the rapid maxillary expansion were already discussed in the 

literature.30-32 In 6 out of 24 patients in the FE group, posterior crossbite at the molar 

region was still present after the observation period. These patients were assigned for 

a second intervention with slow maxillary expansion after the evaluation period. 

The generalizability of the results of the present study might be limited to non-

cleft patients in the mixed dentition because expansion outcomes differ according to 

age and presence of cleft lip and palate. In addition, the generalizability of the results 

should be limited to similar expanders using the same activation amount and protocol.  

One limitation of the study is the absence of a conventional expander group to 

compare the outcomes of the EDO and the FE. Further studies should compare EDO 

and FE with the conventional expander and evaluate the functional impact of the 

orthopedic differences observed after RME. A future study should also include the 

assessment of the tension distribution in both expanders using finite element analysis. 
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4 FINAL CONSIDERATIONS 

 

 

 The expander with differential opening and the fan-type expander promoted a 

differential expansion between molar and canine region, with more intensity in patients 

treated with the fan-type expansion. A combination of skeletal and dental effects was 

observed, with greater transversal skeletal effects in patients treated with the expander 

with differential opening. Greater dental changes in the molar region was observed for 

the expander with differential opening, while patients treated with the fan-type 

expander demonstrated slightly greater increases in the intercanine distance and 

canine buccal inclination. Both expanders were capable of change the maxillary arch 

shape, showing distinct post-expansion arch shapes. The spontaneous mandibular 

dental arch changes were mild after the maxillary expansion, and the expander with 

differential opening promoted a slightly greater increase in the intermolar region 

compared to the fan-type expander. Therefore, the expander with differential opening 

and the fan-type expander are two viable options to treat maxillary arch constriction 

and posterior crossbites with very similar impact on the canine region. The decision 

between both appliance design should consider the required amount of expansion in 

the molar region and the presence of posterior crossbite including the molars. 
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ANNEX C- Informed consent for legal guardians of children (front). 
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ANNEX C- Informed consent for legal guardians of children (verso). 
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