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“O ofício da Ortodontia existe desde que se descobriu que a  
posição dos dentes pode ser manipulada.  
 
Um feito heroico perdido no tempo.  
 
Reconhecida como especialidade, a Ortodontia existe há mais de um século. 
 
Um marco triunfal e científico cravado no tempo.  
 
Há mais de um século, uma infinidade de homens tem se obrigado a esse exercício, 
descortinando o universo biológico ao redor do dente, jogando luz sobre a biologia 
molecular e aumentando a destreza na movimentação dentária induzida...  
 
Afinal, outro feito relevante: a movimentação dentária induzida tornou-se 
previsível.  
 
A ortodontia contemporânea, com tecnologia magnífica, é marcada pela sutileza 
na busca de uma utopia idealizada: a mecânica que esculpe o belo não 
transgrede a biologia. 
 
Esta escalada científica e tecnológica que produziu tanto aparelhos quanto filosofias 
também ampliou e consolidou a definição conceitual da Ortodontia como a 
especialidade odontológica com o mister de prevenir, interceptar e corrigir a má 
oclusão. 
  
Conceito que se revela em toda plenitude neste início de século...  
 
Prevenir, interceptar, corrigir.  
 
Em torno deste conceito, a contemporaneidade abraçou a causa de pensar e aplicar 
a Ortodontia nas dentaduras decídua, mista e permanente.  
 
A grande responsabilidade: esculpir in vivo a oclusão infante, imatura, ainda 
inacabada, e, também, a oclusão adulta, retocada pelo tempo.  
 
Nessa trajetória infindável, muitos homens doaram o tempo de uma vida inteira com 
bravura de animal, com afeto, tolerância e ética de sapiens.  
 
Esta dissertação está dedicada aos animais sapiens que lapidaram e continuam 
lapidando a ciência ortodôntica.” 

 

Omar Gabriel da Silva Filho, 2005. 
  



 

 

  



 

 

ABSTRACT 

 

Clear Aligners versus 2x4 mechanics comparison in the mixed dentition: a 

randomized clinical trial 

 

Introduction: The aim of this study was to compare the efficacy and efficiency of clear 

aligners and 2x4 fixed appliances for solving maxillary incisor position irregularities in 

the mixed dentition. Methods: The sample was composed by 27 patients from 7 to 11 

years of age that were randomly allocated into two treatment groups: Group CA – 14 

patients treated with invisible aligners; and Group FA – 13 patients treated partial fixed 

appliances in a 2x4 mechanics. Digital models were acquired before treatment (T1) 

and after the appliance removal (T2). Primary outcomes were: Little irregularity index 

and treatment time. Secondary outcomes were arch width, perimeter and length, arch 

size and shape, incisors levelling, plaque and ICDAS index. Intergroup comparisons 

were evaluated using Student t-test and Wilcoxon test with Holm-Bonferroni correction 

(p < 0.05). Results: The final sample comprised 14 patients (6 female, 8 male) with a 

mean age of 9.3 years (SD=1.0) in Group CA and 13 patients (9 female, 4 male) with 

a mean age of 9.6 years (SD=0.8) in Group FA. No intergroup differences were 

observed for changes in the incisor irregularity index. Treatment time was similar in 

both groups. Arch width, length, size and shape changes presented similar changes 

during treatment. Plaque and ICDAS index showed no differences between groups. 

Conclusion: Clear aligners and 2x4 mechanics presented similar efficacy and 

efficiency for maxillary incisor positional corrections in the mixed dentition.  

 

Keywords: Interceptive Orthodontics; Orthodontic Appliances; 3-D Image. 

  



 

 

  



 

 

RESUMO 

 

Alinhadores estéticos versus mecânica 4x2, uma comparação na dentadura 

mista: Estudo Clínico Randomizado 

 

Introdução: O objetivo deste estudo foi comparar a eficácia e a eficiência de 

alinhadores estéticos e aparelhos fixos 4x2 para corrigir irregularidades de posição do 

incisivo superiores na dentadura mista. Métodos: A amostra foi composta por 27 

pacientes de 7 a 11 anos de idade que foram alocados aleatoriamente em dois grupos 

de tratamento: Grupo CA – 14 pacientes tratados com alinhadores estéticos; e Grupo 

FA – 13 pacientes trataram aparelhos fixos parciais em uma mecânica 4x2. Modelos 

digitais foram adquiridos antes do tratamento (T1) e após a remoção do aparelho (T2). 

Os desfechos primários foram: índice de irregularidade de Little e tempo de 

tratamento. Os desfechos secundários foram largura, perímetro, comprimento, 

tamanho e forma do arco, nivelamento de incisivos, índice de placa e ICDAS. As 

comparações intergrupos foram avaliadas utilizando-se o teste T de Student e o teste 

de Wilcoxon com correção de Holm-Bonferroni (p < 0,05).  Resultados:  A amostra 

final foi composta por 14 pacientes (6 do sexo feminino, 8 do sexo masculino) com 

idade média de 9,3 anos (DP=1,0) no Grupo CA e 13 pacientes (9 do sexo feminino, 

4 do sexo masculino) com idade média de 9,6 anos (DP=0,8) no Grupo FA. Não foram 

observadas diferenças intergrupos para alterações no índice de irregularidade 

incisivo. O tempo de tratamento foi semelhante em ambos os grupos. Largura, 

comprimento, tamanho e forma do arco apresentaram alterações semelhantes 

durante o tratamento. Os índices de placa e ICDAS não apresentaram diferenças 

entre os grupos. Conclusão:  Alinhadores estéticos e mecânica 4x2 apresentaram 

eficácia e eficiência semelhantes para correções posicionais de incisivo maxilar na 

dentição mista. 

 

Palavras-chave: Ortodontia Interceptiva; Aparelhos Ortodônticos; Imagem 3D. 
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1 INTRUDUCTION 

 

 

There are over 2,62 billion active users on Social Networking Sites (SNSs). 

(EMARKETED, 2018) Around 83% of the adolescents have a smartphone and 99% 

spend at least 21 hours-per-week online. (ANDERSON; JIANG, 2018; LIVINGSTONE; 

HADDON; VINCENT; MASCHERONI et al., 2014; O’REILLY, 2020) For the new 

generation, SNS is almost ubiquitous, and its use has highlighted their image of 

aligned, bright and aesthetic smile. (BOURSIER; MANNA, 2018; GIOIA; CINGOLANI, 

2019; VALENTINE, 2015; WILLEMS; CARELS, 2000) Previous clinical trial along with 

other studies has shown that the exposure to “ideal” faces and smiles have a direct 

effect on man and woman self-dissatisfaction and a higher impact in patients with a 

greater aesthetical discrepancy. (FARDOULY; DIEDRICHS; VARTANIAN; 

HALLIWELL, 2015; FARDOULY; VARTANIAN, 2015; SAMPSON; JEREMIAH; 

ANDIAPPAN; NEWTON, 2020) This is the new scenario for orthodontic practice, 

aesthetical treatments and with a high expectancy of “ideal” results.  

The mixed dentition shows a high prevalence of malocclusion. (VAN DER 

LINDEN, 1974) The prevalence of malocclusion in this phase can range from 39% to 

93%, depending on sex, ethnic group, age and type of malocclusion. (DIMBERG; 

LENNARTSSON; ARNRUP; BONDEMARK, 2015; TSCHILL; BACON; SONKO, 1997) 

An increased overjet, dental crowding and spacing are discrepancies normally 

associated with appearance dissatisfaction and negatively affected children’s oral 

health-related quality of life (OHRQoL). (BANU; ȘERBAN; PRICOP; URECHESCU et 

al., 2018; DIMBERG; ARNRUP; BONDEMARK, 2015; DIMBERG; LENNARTSSON; 

ARNRUP; BONDEMARK, 2015; GÓIS; VALE; PAIVA; ABREU et al., 2012; KRAGT; 

DHAMO; WOLVIUS; ONGKOSUWITO, 2016; TAUSCHE; LUCK; HARZER, 2004) The 

orthodontic alignment and levelling of permanent incisor crowding can be anticipated 

to the mixed dentition when a psychosocial problem related to smile aesthetics is 

observed. (DOWSING; SANDLER, 2004; LOLI, 2017) Additionally, patients and 

families should demonstrate a willing to receive early correction in a family/patient-

centred orthodontics. (ALBINO; CUNAT; FOX; LEWIS et al., 1981; RICHTER; NANDA; 

SINHA; SMITH, 1998)  
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The simplified “two by four” (2x4) mechanics orthodontic brackets placed at the 

four permanent incisors and two tubes bonded in the first permanent molars. 

(ISAACSON; LINDAUER; RUBENSTEIN, 1993; QUINZI; FERRO; RIZZO; 

MARRANZINI et al., 2018; SINGHAL; NAMDEV; JINDAL; BODH et al., 2015) The 2x4 

mechanics is specially indicated to solving maxillary and mandibular incisor crowding 

in the mixed dentition. (DOWSING; SANDLER, 2004; ISAACSON; LINDAUER; 

RUBENSTEIN, 1993; LOLI, 2017; QUINZI; FERRO; RIZZO; MARRANZINI et al., 

2018; SOCKALINGAM; ZAKARIA; KHAN; AZMI et al., 2020) During treatment, the 

maxillary permanent canines have a close relation to the apical third of the lateral 

incisors that should be maintained in a distal angulation position. (ERICSON; KUROL, 

1987; ERICSON; KUROL; EPIDEMIOLOGY, 1986) A previous study showed that 

93.9% of the orthodontists used this mechanics in their practice. (QUINZI; FERRO; 

RIZZO; MARRANZINI et al., 2018) 

Clear Aligners are removable orthodontic appliances designed with a software 

able to generate serial dental changes in digital dental models. (TUNCAY, 2006) Clear 

aligners had an initial proposal of comfort, adequate hygiene, predictability and better 

aesthetics compared to conventional fixed appliances. (TUNCAY, 2006) Previous 

studies have shown that aligners are not able to reach 100% of the setup prediction 

with movements capability varying from 28% in a mesial rotation of the mandibular first 

molar to 96,7% in lower premolars mesiodistal tip. (HAOUILI; KRAVITZ; VAID; 

FERGUSON et al., 2020; LOMBARDO; ARREGHINI; RAMINA; GHISLANZONI et al., 

2017) Even though limited, previous studies showed an adequate anterior crowding 

correction with clear aligners with a 48.7 to 61.1% of predictability of incisor rotation. 

(HAOUILI; KRAVITZ; VAID; FERGUSON et al., 2020; KRIEGER; SEIFERTH; 

MARINELLO; JUNG et al., 2012) Achievement of partial dental movements are strong 

indicators of the requirement for adequate attachments and an overcorrection 

planning. Efficacy, efficiency, stability, comfort and oral hygiene were evaluated in 

previous meta-analyses and systematic reviews. (GALAN-LOPEZ; BARCIA-

GONZALEZ; PLASENCIA, 2019; PAPADIMITRIOU; MOUSOULEA; GKANTIDIS; 

KLOUKOS, 2018; ROBERTSON; KAUR; FAGUNDES; ROMANYK et al., 2020) 

Aligners are efficient in simple orthodontic mechanics with mild to moderate 

malocclusions. (GALAN-LOPEZ; BARCIA-GONZALEZ; PLASENCIA, 2019; 

PAPADIMITRIOU; MOUSOULEA; GKANTIDIS; KLOUKOS, 2018; ROBERTSON; 
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KAUR; FAGUNDES; ROMANYK et al., 2020) An agreement among recent studies is 

that this appliance still needs more accurate clinical trials.   

The applicability of clear aligners for treating the incisor crowding during the 

mixed dentition is still an incognita due to the high dependence of patient collaboration.  

No previous study has compared the treatment outcomes and treatment length 

between clear aligners and 2x4 mechanics in the mixed dentition. 
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2 ARTICLE 

 

 

The article presented in this Dissertation was formatted according to the 

American Journal of Orthodontics and Dentofacial Orthopaedics instructions and 

guidelines for article submission. 
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Clear Aligners versus 2x4 mechanics comparison in the mixed dentition: a 

randomized clinical trial 

 

Abstract: 

 

Introduction: The aim of this study was to compare the efficacy and efficiency of clear 

aligners and 2x4 fixed appliances for solving maxillary incisor position irregularities in 

the mixed dentition. Methods: The sample was composed by 27 patients from 7 to 11 

years of age that were randomly allocated into two treatment groups: Group CA – 14 

patients treated with invisible aligners; and Group FA – 13 patients treated partial fixed 

appliances in a 2x4 mechanics. Digital models were acquired before treatment (T1) 

and after the appliance removal (T2). Primary outcomes were: Little irregularity index 

and treatment time. Secondary outcomes were arch width, perimeter and length, arch 

size and shape, incisors levelling, plaque and ICDAS index. Intergroup comparisons 

were evaluated using Student t-test and Wilcoxon test with Holm-Bonferroni correction 

(p < 0.05). Results: The final sample comprised 14 patients (6 female, 8 male) with a 

mean age of 9.3 years (SD=1.0) in Group CA and 13 patients (9 female, 4 male) with 

a mean age of 9.6 years (SD=0.8) in Group FA. No intergroup differences were 

observed for changes in the incisor irregularity index. Treatment time was similar in 

both groups. Arch width and length changed similarly in both groups. No significant 

arch size and changes were observed in both groups. Plaque and ICDAS index 

showed no differences between groups. Conclusion: Clear aligners and 2x4 

mechanics presented similar efficacy and efficiency for maxillary incisor positional 

corrections in the mixed dentition. The appliance choice should be guided by the 

clinician and family preference.  

 

Keyword: Interceptive Orthodontics; Orthodontic Appliances; 3-D Image; 3-D Printing. 
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INTRODUCTION: 

 

The mixed dentition shows a high prevalence of malocclusion.1 The prevalence 

of malocclusion in this phase can range from 39% to  93%, depending on sex, ethnic 

group, age and type of maloclusion.2,3 An increased overjet, dental crowding and 

spacing are discrepancies normally associated with appearance dissatisfaction and 

negatively affected children’s oral health-related quality of life (OHRQoL).2,4-8 The 

orthodontic alignment and levelling of permanent incisor crowding can be anticipated 

to the mixed dentition when a psychosocial problem related to smile aesthetics is 

observed.9,10 Additionally, patients and families should demonstrate a willing to receive 

early correction in a family/patient-centred orthodontics.11,12  

In 1933, Joseph E. Johnson first described the Twin Wire Alignment presenting 

a mechanical option that included only permanent molars and incisors for the mixed 

dentition.13 Even though the evolution in orthodontic appliances and techniques 

occurred since then, the mechanics behind this technique is still the same. The 

simplified “two by four” (2x4) mechanics orthodontic brackets placed at the four 

permanent incisors and two tubes bonded in the first permanent molars.14-16 The 2x4 

mechanics is specially indicated to solving maxillary and mandibular incisor crowding 

in the mixed dentition.9,10,14,15,17 During treatment, the maxillary permanent canines 

have a close relation to the apical third of the lateral incisors that should be maintained 

in a distal angulation position.18,19 A previous study showed that 93.9% of the 

orthodontists used this mechanics in their practice.15 

Currently, clear aligners are an option for solving the incisor crowding during the 

mixed dentition. Clear Aligners are removable orthodontic appliances designed with a 

software able to generate serial dental changes in digital dental models.20 Clear 

aligners had an initial proposal of comfort, adequate hygiene, predictability and better 

aesthetics compared to conventional fixed appliances.20 Previous studies have shown 

that aligners are not able to reach 100% of the setup prediction with movements 

capability varying from 28% in a mesial rotation of the mandibular first molar to 96,7% 

in lower premolars mesiodistal tip.21,22 Even though limited, previous studies showed 

an adequate anterior crowding correction with clear aligners with a 48.7 to 61.1% of 

predictability of incisor rotation.22,23 Achievement of partial dental movements are 

strong indicators of the requirement for adequate attachments and an overcorrection 

planning. Efficacy, efficiency, stability, comfort and oral hygiene were evaluated in 



26  Article 

 

previous meta-analyses and systematic reviews.24-26 Aligners are efficient in simple 

orthodontic mechanics with mild to moderate malocclusions.24-26 An agreement among 

recent studies is that this appliance still needs more accurate clinical trials.   

The applicability of clear aligners for treating the incisor crowding during the 

mixed dentition is still an incognita due to the high dependence of patient collaboration.  

No previous study has compared the treatment outcomes and treatment length 

between clear aligners and 2x4 mechanics in the mixed dentition. 

 

Specific objectives or hypotheses 

The objective of this study was evaluating the efficiency and efficacy of clear 

aligners and 2x4 fixed appliances for solving maxillary incisor position irregularities in 

the mixed dentition.  The null hypothesis was that both orthodontic appliances have 

similar outcomes. 

 

MATERIAL AND METHODS: 

 

Trial design and any changes after trial commencement 

 The present study was a single-centre randomized clinical trial (RCT) with two 

parallel arms in a 1:1 allocation ratio. The protocol of this study followed the 

Consolidated Standards of Reporting Trials (CONSORT)27 and was registered in the 

Clinical Trials Registry (ReBEC) under the identification RBR-9kvw9t. 

 

Ethical considerations 

 Ethical approval was obtained from the Research Institutional Board of Bauru 

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

14962119.2.0000.5417; decision number: 3.518.689) before the trial commencement. 

Participants who met the eligibility criteria were invited to participate and an informed 

consent was obtained from all volunteers/legal guardians. 

   

Participants, eligibility criteria, and settings 
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 This study was conducted from 2019 to 2020 and the recruitment occurred at 

the Orthodontics Clinic of Bauru Dental School, University of São Paulo, Brazil. The 

eligibility criteria included patients of both sexes, from 7 to 11 years of age in the mixed 

dentition with a Little’s Irregularity Index (LII) in the maxillary arch of at least 3mm. 

Patients with incisors agenesis, non-cavitated caries lesions, cleft lip and palate and 

syndromes were excluded.  

 

Interventions 

The subjects allocated in the Group CA were treated with Clear Aligners (Fig 1). 

Pre-treatment maxillary dental models were scanned using a 3Shape Scanner 

(3Shape A/S, Copenhagen, Denmark) and prepared for a digital setup. The treatment 

digital setup was performed using Maestro3D (AGE Solutions, Pisa, Italy) by the first 

author (VS). All digital setups were made taking in consideration the laterals distal tip 

that could not be altered and an overcorrection planning of 20% for each movement. 

The software automatically generated the necessary number of aligners to reach the 

final predictive model. Attachments were planned for all movements except for buccal 

compensation. The attachments architecture was standardized with a 0.8mm depth 

through the software MAESTRO3D, with a triangular format, positioning the ramp to 

guide the movements. The digital models generated by the software were printed using 

Moonray S100 3D printer (Sprintray, Los Angeles, USA). Clear aligners were 

performed using a 0.75mm biocompatible thermoplastic transparent sheet composed 

by PET-G (Bio-art, São Carlos, Brazil) using a vacuum forming machine (Bio-art, São 

Carlos, Brazil). The aligners were replaced every 15 days. The orthodontic 

appointments were performed monthly.  A second phase, named refinement was 

needed in 14 from 16 patients. 

 

The subjects assigned to group FA were treated with fixed appliance using a 

“Two by Four” (2x4) mechanics in the maxillary arch (Fig 2). Pre-adjusted metal 

brackets (Morelli, São Paulo, Brazil) were bonded in all permanent incisors and 

orthodontic buccal tubes were bonded in the maxillary permanent first molars. In the 

maxillary lateral incisors, the brackets were bonded changing the right and left side to 

maintain the natural distal angulation observed in the mixed dentition phase. The arch 

wire sequence was nickel-titanium .014”, nickel-titanium 0.016”, stainless steel .016”, 

.018” and .020”. 
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 Patients from both groups received rapid maxillary expansion before T1 due to 

the presence of unilateral/bilateral posterior crossbites. T1 dental models were taken 

6 months after maxillary expansion when the expander was removed. Clear 

aligners/2x4 mechanics started immediately after T1. Oral hygiene and diet orientation 

was provided for both groups.  

Digital dental models were obtained before treatment (T1) and after the 

appliance removal (T2). All digital dental models were saved in .stl file format. 

 

Outcomes (primary and secondary) and changes after trial commencement 

 The primary outcomes were the maxillary incisor irregularity index (Fig 3) and 

the treatment length. Secondary outcomes included intermolar width, arch perimeter 

and length, arch size and shape, incisors levelling, incisor mesiodistal angulation, 

plaque and International Caries Detection and Assessment System (ICDAS) index.  

The irregularity index, arch width, perimeter and length were measured both in 

T1 and T2 dental models using the software OrthoAnalyzer (3Shape A/S, 

Copenhagen, Denmark) (Fig 4). Maxillary incisor levelling and angulation was 

assessed using the software 3DSlicer Software (www.slicer.org) (Fig 5).  

Maxillary dental arch size and shape were assessed using the software 

Stratovan Checkpoint (Stratovan Corporation, Davis, California, USA). Fourteen 

landmarks were placed on the occlusal surface of maxillary teeth in T1 and T2 digital 

dental models (Fig 4D).28,29 At the MorphoJ software (Klingenberg Lab, Manchester, 

UK) all the x and z coordinates for each landmark were extracted and imported. The 

software MorphoJ automatically calculated the dental arch size considering the square 

root of the distance between the centroid point to all 14 landmarks.28-31 A Generalized 

Procrustes Analysis 28,29,32 was performed in the MorphoJ using the same coordinates 

in order to assess the maxillary and mandibular arch shapes. A mean shape of the 

dental arch was obtained for each group for both treatment timepoints. 

The labial surfaces of the maxillary incisors were assessed for initial non-

cavitated caries lesion using the ICDAS. Plaque index was assessed using colour-

based plaque staining. 

 

Sample size calculation 

 Maxillary incisor irregularity index was selected for the sample size calculation. 

Considering a statistical power of 80%, an alpha of 5%, a standard deviation of 
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2.23mm33 and a minimum difference to be detected of 2.5mm. A minimum of 14 

patients in each group was required. Considering the dropouts, 32 patients were 

randomized.  

 

Randomization 

 A stratified randomization in blocks34 was performed considering the ascending 

order of maxillary incisor irregularity index at T1. In pairs with a 1:1 proportion, a coin 

tossing method randomly assigned the patients to the different sample groups.  

 

Blinding 

The study blindness was not possible since the operator and patients were 

aware of the type of appliance used in each case. The outcome assessment was 

blinded. 

 

Statistical analyses 

 All measurements were performed by the same observer. Fifty per cent of the 

sample was evaluated twice after a minimum 15-days interval. The intra-examiner 

error was assessed using intraclass correlation coefficients (ICC).35 The reproducibility 

of ICDAS score was evaluated using Kappa index. 

 Intergroup initial age and sex ratio at baseline were analysed using t-tests and 

chi-square tests, respectively. Normal distribution was assessed using Shapiro Wilk 

test. Intergroup differences at the baseline were compared using T-tests and Mann-

Whitney test. Intergroup comparisons for treatment changes were evaluated with t 

tests or Wilcoxon test with Holm-Bonferroni correction. Intergroup comparison for arch 

size was assessed with the analysis of variance (ANOVA). The significance level 

regarded was 5%. All statistical analyses were performed using SigmaPlot for 

Windows version 12.0 (Systat Software Inc., Chicago, USA).  

 

RESULTS 

 

Participant flow 

A total of 48 volunteers were analysed, 16 did not meet the inclusion criteria and 

two declined to participate (Fig 6). A total of 32 patients were enrolled in the study 

commencement. During the follow-up, 2 patients from Clear Aligner group and 3 from 
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fixed appliance group quit treatment due the coronavirus pandemic. At the end, a total 

of 27 patients completed treatment and were included in the analyses (Fig 6).  

  

Baseline data 

Baseline characteristics were similar in both groups (Table I). All variables 

showed normal distribution, except the arch width and incisor levelling variable.  

 

Number analysed for each outcome, estimation and precision 

The Clear Aligners group (CA) comprised 14 patients (6 female, 8 male) with a 

mean age of 9.33 years (SD = 1.0). The fixed appliance group (FA) comprised 13 

patients (9 female, 4 male) with a mean initial age of 9.65 years (SD = 0.8).  

The error study showed an excellent intraexaminer reproducibility for all 

variables, with ICC varying from 0.756 to 0.993.36 The Kappa index for the ICDAS 

score was strong (≥ 0.9). 

All variables showed normal distribution except the incisor levelling and lateral 

incisor angulation.  

Maxillary incisor irregularity index decreased similarly in both groups (Table II). 

Treatment time was approximately 8 months for both CA and FA groups.  

Arch width and length changed similarly in both groups (Table II). The maxillary 

lateral incisors tipped mesially in group CA and distally in group FA without statistical 

differences. The step between the central and lateral incisors decreased similarly in 

both groups (Table II). No significant difference between groups was found for arch 

size and shape changes (Table II and Figure 7). 

No difference was found between groups for interphase changes in plaque 

index. Non-cavitated caries lesions increased similarly in both groups (Table II).  

  

Harms 

 No important harm was caused to patients during this study. Most patients 

reported a slight pain in the first days after appliance installation. Ten out of 13 subjects 

from the group FA reported a slight discomfort due to brackets and arch wires. 
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DISCUSSION 

 

Main findings in the context of the existing evidence, interpretation 

This study was the first randomized clinical trial comparing clear aligners with a 

partial fixed 2x4 mechanics for solving dental crowding in the mixed dentition. Previous 

studies have compared fixed orthodontic appliances with clear aligners in the 

permanent dentition with controversies results regarding effectiveness, movements 

predictability and treatment time.37-40 A modified Little’s irregularity index for the maxilla 

was used as a primary outcome. The irregularity index was also used to perform a 

stratified randomization in order to allow adequate intergroup comparison. The 

baseline comparisons confirm the homogeneity of the sample (Table 1), reducing the 

risk of bias in the intergroup comparisons.41  

Most variables were assessed through three-dimensional (3D) digital dental 

models. Previous studies demonstrated an adequate accuracy and reproducibility for 

measurements on digital dental models. 42-44 The results of the present study are in 

accordance with previous studies, showing an adequate intraexaminer reproducibility. 

In order to provide a visual representation for the dental arch size and shape treatment 

changes, an evaluation based on the centroid size and location was performed.28,30,31 

The centroid method was used in many previous studies.28-31  

The initial irregularity index of maxillary anterior teeth of both groups was 

moderate to severe. A previous study considered an irregularity index greater than 5 

as a severe incisor dealignments.45,46 Both clear aligners and 2x4 mechanics produced 

a decrease of 5mm in the maxillary irregularity index. In other words, the efficacy of 

both appliances was similar. Approximately 3mm of irregularity index was still 

maintained after treatment as a result of a slight dealignment between the distal aspect 

of lateral incisors and the mesial aspects of deciduous canines. In the partial fixes 2x4 

appliances, deciduous canines were not bonded. In Clear Aligners, the degree of 

corrections was partially accomplished in this region. A previous study comparing clear 

aligners and comprehensive fixed appliances in the permanent dentitions also reported 

that both appliances were adequate to correct slight to moderate crowding.23  

Treatment time for solving the maxillary incisor crowding was similar with both 

appliances. The 2x4 fixed appliance used 5 different arch wires with monthly changes. 

However, the .014” and .016” Nickel-Titanium arch wires were maintained more than 

one month in some patients with severe incisor rotations. In addition, bracket 
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debonding was recorded in all of the 14 patients what might have an influence in 

treatment time of 8 months. A previous study reported a treatment time for partial fixed 

2x4 appliances of 5 to 13 months.16,17,47 In the clear aligner planning, a mean of 10 

aligners (range 6 to 14) in the treatment phase and 6 aligners in the refinement (range 

3 to 8) were planned for Group CA. Considering the aligners were replaced every 15 

days, a mean time of 8 months was expected. Treatment time was 8.29 months. The 

movement more commonly needed during refinement was rotation. Previous studies 

corroborate the similarity in treatment length between clear aligners and 

comprehensive fixed appliance in the permanent dentition.37,40 Conversely, other 

studies demonstrated a short treatment time for clear aligners38 and for fixed 

appliances39. 

Slight changes were noticed for the secondary outcomes in both groups without 

intergroup differences (Table II). These results suggest that both appliances have a 

similar influence on dental arch changes. Arch perimeter decrease in both groups 

might be related to natural changes of the late mixed dentition as the mesial movement 

of maxillary molars to the Leeway space.48 Previous studies in adults showed that clear 

aligners can increase arch width in cases with mild or severe crowding when 

planned,49-51 and also is capable to maintain arch dimensions when necessary.52  

Considering the close position of maxillary canine germs to lateral incisor roots 

during the mixed dentition, the lateral incisor distal tip must be preserved during incisor 

crowding correction.18,19 Although the results showed no intergroup differences for 

changes in the lateral incisor angulation (Table II), opposite movements were observed 

in both groups. The distal angulation of maxillary lateral incisors was maintained in the 

FA group while a slight mesial tip was observed in CA group. A better control of lateral 

incisor angulation with fixed 2x4 mechanics is probably due to the passive bonding of 

lateral incisor brackets. On the other hand, clear aligners could not resist to the mesial 

angulation of lateral incisor during treatment. Previous studies demonstrated that 

aligners are not able to control undesired dental inclination throughout the treatment, 

showing that fixed appliances are better indicated for root control.50,53 

The relationship between maxillary incisor edges is imperative for an adequate 

smile esthetics.54 Both groups had a mean step of 0.78mm between central and lateral 

incisors in accordance with previous studies.54 Extrusion and intrusion are both difficult 

movements to be achieved with clear aligners. Previous studies reported a true 

extrusion/intrusion effect ranging from 0.72mm to 1.5mm with aligners what should 
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have been enough in the mixed dentition for an adequate levelling of the maxillary 

incisiors.23,55,56 

All patients and parents received oral hygiene orientation, toothbrushes and 

toothpastes in the first appointment and during treatment. Mean plaque index were 

similar between fixed and removable appliances before and after treatment. Differently 

from our results, previous studies showed that adolescents presented a higher 

compliance with oral hygiene when treated with clear aligners.57 Speculations that 

aligners tended to be less plaque accumulative58 was not confirmed in this study. Even 

with removable appliances, oral hygiene was not adequate, and a possible explanation 

is the sample age including subjects younger than adolescents and adults.   

Despite of hygiene guidance and adequate follow-up, non-cavitated caries 

lesions were observed in both groups after treatment. The ICDAS index showed non-

cavitated caries lesions from 0 (sound surface) to 3 (microcavity in dry enamel, without 

visible dentin) in both groups. Group FA presented non-cavitated caries lesion in 26% 

of the analysed surfaces while the group CA showed 17%. Previous studies have 

shown a smaller incidence of non-cavitated lesions in patients treated with clear 

aligners with significant difference from fixed appliances patients.59,60 In the present 

study no difference was found between both groups probably because the short 

treatment time compared to comprehensive treatments. The increase of non-cavitated 

lesions in both groups corroborate a previous study in adult patients showing that both 

fixed and removable appliances are capable of causing caries lesions.61 

Considering the similarities in the primary and secondary outcomes in this study, 

the appliance choice should be guided by the clinician and family preference. 

 

Limitations 

 This study was a single-centre study and conducted by one operator. The 

blindness of the study was not possible because of the appliance’s designs. On the 

other hand, all data was de-identified before analysis. An important limitation of this 

study was the lack of information on the influence of compliance on the treatment 

outcome once compliance was not measured especially in the clear aligner group. 

Additionally, the research went through the quarantine period and 9 out of 13 patients 

from the fixed appliance group had appliance damage as bracket debonding. Future 

studies should compare family/patient self-report, pain and satisfaction with the 

outcomes. 
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Generalizability 

 The results of the present study may be generalized for patients in the mixed 

dentition with maxillary incisor crowding. The movements accomplished in this study 

included tooth rotation, space closure, labial/lingual movements and minor 

extrusion/intrusion movements. 

 

CONCLUSIONS 

 

- Clear aligners and fixed partial 2x4 mechanics presented similar efficacy and 

efficiency for corrections of maxillary incisor crowding in the mixed dentition; 

- Both appliances showed a similar dental plaque index and non-cavitated 

caries lesions incidence during treatment. 
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FIGURES LEGENDS: 

 

Fig 1. Maxillary treatment with In-office Clear aligner.  

Fig 2. Maxillary treatment with fixed orthodontic appliance 2x4 mechanics. 

Fig 3. Maxillary Little irregularity index was assessed by the sum of all five contact point 

distances starting on the mesial surface of the right deciduous canine and 

finishing at the mesial surface of the contralateral tooth. 

Fig 4. Maxillary arch dimensions assessment: (A) arch width was measured at the level 

of the cusp tips of the first permanent molars; (B) arch perimeter was the sum of 

the four segments from mesial aspect of the right first permanent molar to the 

mesial aspect of the contralateral tooth; (C) arch length 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) In the cusp tips and incisal edges of the 

maxillary teeth 14 landmarks were selected to provide raw coordinates 

representing dental arch shape and size. The dental arch size was automatically 

calculated using the centroid size method in the MorphoJ software. It is considered 

the square root of the sum of the squared distances between the arch centroid to 

all landmarks. 

Fig 5. Analyses using vertical plane (occlusal plane) as reference: (A) Incisors step was 

measured by the distance between the median point of the lateral incisal to the 

same point in the central incisal of both sides; (B) Incisors angulation was 

calculated using a frontal image of each patient’s digital casts in a position 

parallel to the occlusal plane, the angle was measured using the centre of clinical 

crown point on central and lateral incisors. 

Fig 6. Participants flow chat. 

Fig 7. Superimpositions of maxillary dental arch shape. (A) Pre-treatment maxillary 

dental arch in the CA group (red line) and in the FA group (blue line). (B) Post-

treatment maxillary dental arch in the CA group (red line) and in the FA group 

(blue line). 
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Fig 1. 
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Fig 2. 
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Fig 3. 
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Fig 4A, B, C and D. 
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Fig 5A and B. 
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Fig 6. 
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Fig 7. 
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Table I –Intergroup comparisons at baseline. 

Variables 
CA (n = 14) FA (n=13) 

p 
Mean (SD) Mean (SD) 

Initial Age (y) § 9.33 (1.01) 9.65 (0.80) 0.322 

Male ꝉ 06 (42.8%) 09 (69.2%) 
0.981 

Female ꝉ 08 (57.1%) 04 (30.7%) 

Little irregularity index§ 8.29 (2.73) 8.52 (2.73) 0.830 

Arch width¥ 51.86 (3.10) 51.89 (1.55) 1.000 

Arch perimeter§ 78.38 (4.03) 77.55 (3.46) 0.569 

Arch length§ 29.84 (2.64) 29.15 (1.35) 0.408 

Arch size§ 87.10 (3.82) 87.60 (4.30) 0.782 

Central incisor Angulation§ 0.20 (3.64) 0.32 (3.16) 0.926 

Lateral incisor Angulation§ -7.22 (5.11) -8.32 (6.66) 0.637 

Right incisors step§ 1.55 (0.98) 1.07 (0.7) 0.154 

Left incisors step¥ 1.43 (0.86) 1.20 (1.37) 0.216 

Plaque Index (%)¥ 28.57 (33.76) 58.33 (42.95) 0.057 

ICDAS¥ 0.00 (0.00) 0.00 (0.00) 1.000 

CA – Clear Aligners Group; FA – Fixed Appliances Group. 

Q1, first quartile; Q3, third quartile; SD, standard deviation.  
§ T-test, ¥Mann-Whitney, ꝉ Chi-Square 

* Statistically significant at P<0.05 
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Table II – Intergroup comparison for treatment change (T-test and Mann-Whitney with 

Holm-Bonferroni correction). 

Variables 
Group CA (n = 14) Group FA (n=13) 

p 
Mean (SD) Mean (SD) 

Treatment time (months) § 8.00 (2.9) 8.69 (2.65) 0.525 

Little irregularity index (mm)§ -5.84 (2.92) -5.15 (2.75) 0.536 

Arch width (mm)§ 0.204 (0.7) 0.98 (1.19) 0.048 

Arch perimeter (mm)§ -1.44 (1.35) -2.21 (1.65) 0.196 

Arch length (mm)§ 0.03 (0.93) -1.18 (1.16) 0.006 

Arch size (mm)§ 0.01 (1.74) 0.12 (1.28) 0.865 

Central incisor Angulation (º)§ 0.26 (3.45) 0.04 (3.62) 0.873 

Lateral incisor Angulation (º)¥ 3.19 (6.33) 0.21 (6.15) 0.027 

Right incisors step (mm)¥ -0.72 (0.70) -0.26 (0.77) 0.157 

Left incisors step (mm)¥ -0.59 (0.85) -0.53 (1.25) 0.297 

Plaque Index (%)§ 17.85 (31.66) -10.00 (44.11) 0.063 

ICDAS¥ 0.25 (0.45) 0.26 (0.38) 0.531 

P<0.05; Holm-Bonferroni method was applied. 

* Statistically significant  
§ T-test, ¥Mann-Whitney 

 



Article  45 

 

References  

 

1. van der Linden FP. Theoretical and practical aspects of crowding in the human 
dentition. The Journal of the American Dental Association 1974;89:139-153. 

2. Dimberg L, Lennartsson B, Arnrup K, Bondemark L. Prevalence and change of 
malocclusions from primary to early permanent dentition: a longitudinal study. 
The Angle Orthodontist 2015;85:728-734. 

3. Tschill P, Bacon W, Sonko A. Malocclusion in the deciduous dentition of Caucasian 
children. European Journal of Orthodontics 1997;19:361-367. 

4. Dimberg L, Arnrup K, Bondemark L. The impact of malocclusion on the quality of life 
among children and adolescents: a systematic review of quantitative studies. 
European journal of orthodontics 2015;37:238-247. 

5. Kragt L, Dhamo B, Wolvius EB, Ongkosuwito EM. The impact of malocclusions on 
oral health-related quality of life in children—a systematic review and meta-
analysis. Clinical oral investigations 2016;20:1881-1894. 

6. Góis EG, Vale MP, Paiva SM, Abreu MH, Serra-Negra JM, Pordeus IA. Incidence 
of malocclusion between primary and mixed dentitions among Brazilian 
children: a 5-year longitudinal study. The Angle orthodontist 2012;82:495-500. 

7. Tausche E, Luck O, Harzer W. Prevalence of malocclusions in the early mixed 
dentition and orthodontic treatment need. The European Journal of 
Orthodontics 2004;26:237-244. 

8. Banu A, Șerban C, Pricop M, Urechescu H, Vlaicu B. Dental health between self-
perception, clinical evaluation and body image dissatisfaction–a cross-sectional 
study in mixed dentition pre-pubertal children. BMC oral health 2018;18:74. 

9. Dowsing P, Sandler P. How to effectively use a 2× 4 appliance. Journal of 
orthodontics 2004;31:248-258. 

10. Loli D. The versatility of the 2X4 appliance. WebmedCentral ORTHODONTICS 
2017. 

11. Albino J, Cunat J, Fox R, Lewis E, Slakter M, Tedesco L. Variables discriminating 
individuals who seek orthodontic treatment. Journal of Dental Research 
1981;60:1661-1667. 

12. Richter DD, Nanda RS, Sinha PK, Smith DW. Effect of behavior modification on 
patient compliance in orthodontics. The Angle Orthodontist 1998;68:123-132. 

13. Johnson JE. A new orthodontic mechanism: the twin wire alignment appliance. 
International Journal of Orthodontia Dentistry for Children 1934;20:946-963. 

14. Isaacson RJ, Lindauer SJ, Rubenstein LK. Activating a 2× 4 appliance. The Angle 
Orthodontist 1993;63:17-24. 

15. Quinzi V, Ferro R, Rizzo F, Marranzini E, Federici Canova F, Mummolo S et al. 
The two by four appliance: a nationwide cross-sectional survey. European 
journal of paediatric dentistry 2018;19:145-150. 

16. Singhal P, Namdev R, Jindal A, Bodh M, Dutta S. A Multifaceted approach through 
two by four appliances for various Malocclusions in mixed dentition. Clinical 
Dentistry 2015;9. 

17. Sockalingam S, Zakaria ASI, Khan KAM, Azmi FM, Noor NM. Simple Orthodontic 
Correction of Rotated Malpositioned Teeth Using Sectional Wire and 
Orthodontic Appliances in Mixed-Dentition: A Report of Two Cases. Case 
reports in dentistry 2020;2020. 



46  Article 

 

18. Ericson S, Kurol JJCD, Epidemiology O. Longitudinal study and analysis of clinical 
supervision of maxillary canine eruption. Community Dentistry Oral 
Epidemiology 1986;14:172-176. 

19. Ericson S, Kurol J. Radiographic examination of ectopically erupting maxillary 
canines. American Journal of orthodontics Dentofacial orthopedics 
1987;91:483-492. 

20. Tuncay OC. The invisalign system. Quintessence Publishing Company; 2006. 
21. Lombardo L, Arreghini A, Ramina F, Ghislanzoni LTH, Siciliani G. Predictability of 

orthodontic movement with orthodontic aligners: a retrospective study. Progress 
in Orthodontics 2017;18:35. 

22. Haouili N, Kravitz ND, Vaid NR, Ferguson DJ, Makki L. Has Invisalign improved? 
A prospective follow-up study on the efficacy of tooth movement with Invisalign. 
American Journal of Orthodontics Dentofacial Orthopedics 2020;158:420-425. 

23. Krieger E, Seiferth J, Marinello I, Jung BA, Wriedt S, Jacobs C et al. Invisalign® 
treatment in the anterior region. Journal of Orofacial Orthopedics 2012;73:365-
376. 

24. Robertson L, Kaur H, Fagundes NCF, Romanyk D, Major P, Flores Mir C. 
Effectiveness of clear aligner therapy for orthodontic treatment: A systematic 
review. Orthodontics craniofacial research 2020;23:133-142. 

25. Galan-Lopez L, Barcia-Gonzalez J, Plasencia E. A systematic review of the 
accuracy and efficiency of dental movements with Invisalign®. The Korean 
Journal of Orthodontics 2019;49:140-149. 

26. Papadimitriou A, Mousoulea S, Gkantidis N, Kloukos D. Clinical effectiveness of 
Invisalign® orthodontic treatment: a systematic review. Progress in orthodontics 
2018;19:37. 

27. Schulz KF, Altman DG, Moher D. CONSORT 2010 statement: updated guidelines 
for reporting parallel group randomized trials. Annals of internal medicine 
2010;152:726-732. 

28. Pugliese F, Palomo JM, Calil LR, de Medeiros Alves A, Lauris JRP, Garib D. Dental 
arch size and shape after maxillary expansion in bilateral complete cleft palate: 
A comparison of three expander designs. The Angle Orthodontist 2020;90:233-
238. 

29. Massaro C, Janson G, Miranda F, Castillo A-D, Pugliese F, Lauris JRP et al. Dental 
arch changes comparison between expander with differential opening and fan-
type expander: a randomized controlled trial. European journal of orthodontics 
2020. 

30. Webster M, Sheets HD. A practical introduction to landmark-based geometric 
morphometrics. The Paleontological Society Papers 2010;16:163-188. 

31. Klingenberg CP. Size, shape, and form: concepts of allometry in geometric 
morphometrics. Development genes evolution 2016;226:113-137. 

32. Gower JC. Generalized procrustes analysis. Psychometrika 1975;40:33-51. 
33. Sjögren A, Arnrup K, Lennartsson B, Huggare J. Mandibular incisor alignment and 

dental arch changes 1 year after extraction of deciduous canines. The European 
Journal of Orthodontics 2012;34:587-594. 

34. Pandis N. Randomization. Part 1: sequence generation. J American journal of 
orthodontics dentofacial orthopedics 2011;140:747-748. 

35. Fleiss JL. Analysis of data from multiclinic trials. Controlled clinical trials 
1986;7:267-275. 



Article  47 

 

36. Koo TK, Li MY. A guideline of selecting and reporting intraclass correlation 
coefficients for reliability research. Journal of chiropractic medicine 
2016;15:155-163. 

37. Djeu G, Shelton C, Maganzini A. Outcome assessment of Invisalign and traditional 
orthodontic treatment compared with the American Board of Orthodontics 
objective grading system. American journal of orthodontics dentofacial 
orthopedics 2005;128:292-298. 

38. Kuncio D, Maganzini A, Shelton C, Freeman K. Invisalign and traditional 
orthodontic treatment postretention outcomes compared using the American 
Board of Orthodontics objective grading system. The Angle Orthodontist 
2007;77:864-869. 

39. Li W, Wang S, Zhang Y. The effectiveness of the Invisalign appliance in extraction 
cases using the the ABO model grading system: a multicenter randomized 
controlled trial. International journal of clinical experimental medicine 
2015;8:8276. 

40. Pavoni C, Lione R, Laganà G, Cozza P. Self-ligating versus Invisalign: analysis of 
dento-alveolar effects. Annali di stomatologia 2011;2:23. 

41. Berger VW, Exner DV. Detecting selection bias in randomized clinical trials. 
Controlled clinical trials 1999;20:319-327. 

42. Aragón ML, Pontes LF, Bichara LM, Flores-Mir C, Normando D. Validity and 
reliability of intraoral scanners compared to conventional gypsum models 
measurements: a systematic review. European journal of orthodontics 
2016;38:429-434. 

43. Hack GD, Patzelt S. Evaluation of the accuracy of six intraoral scanning devices: 
an in-vitro investigation. ADA Prof Prod Rev 2015;10:1-5. 

44. Camardella LT, Breuning H, de Vasconcellos Vilella O. Accuracy and 
reproducibility of measurements on plaster models and digital models created 
using an intraoral scanner. Journal of Orofacial Orthopedics 2017;78:211-220. 

45. Little RM. The irregularity index: a quantitative score of mandibular anterior 
alignment. American Journal of Orthodontic Dentofacial Orthopedics 
1975;68:554-563. 

46. Kau CH, Durning P, Richmond S, Miotti F, Harzer W. Extractions as a form of 
interception in the developing dentition: a randomized controlled trial. Journal of 
orthodontics 2004;31:107-114. 

47. Gu Y, Rabie ABM, Hägg UJAJoO, Orthopedics D. Treatment effects of simple fixed 
appliance and reverse headgear in correction of anterior crossbites. American 
Journal of Orthodontics Dentofacial Orthopedics 2000;117:691-699. 

48. Moorrees CF. The dentition of the growing child. Harvard University Press 
Cambridge; 1959. 

49. Duncan LO, Piedade L, Lekic M, Cunha RS, Wiltshire WA. Changes in mandibular 
incisor position and arch form resulting from Invisalign correction of the crowded 
dentition treated nonextraction. The Angle Orthodontist 2016;86:577-583. 

50. Grünheid T, Gaalaas S, Hamdan H, Larson BE. Effect of clear aligner therapy on 
the buccolingual inclination of mandibular canines and the intercanine distance. 
The Angle Orthodontist 2016;86:10-16. 

51. Kravitz ND, Kusnoto B, Agran B, Viana G. Influence of attachments and 
interproximal reduction on the accuracy of canine rotation with Invisalign: a 
prospective clinical study. The Angle Orthodontist 2008;78:682-687. 



48  Article 

 

52. Akyalcin S, Misner K, English JD, Alexander WG, Alexander JM, Gallerano R. 
Smile esthetics: evaluation of long-term changes in the transverse dimension. 
Korean journal of orthodontics 2017;47:100. 

53. Drake CT, McGorray SP, Dolce C, Nair M, Wheeler TT. Orthodontic tooth 
movement with clear aligners. International Scholarly Research Notices 
2012;2012. 

54. Machado AW. 10 commandments of smile esthetics. Dental Press Journal of 
Orthodontics 2014;19:136-157. 

55. Gu J, Tang JS, Skulski B, Fields Jr HW, Beck FM, Firestone AR et al. Evaluation 
of Invisalign treatment effectiveness and efficiency compared with conventional 
fixed appliances using the Peer Assessment Rating index. American Journal of 
Orthodontics Dentofacial Orthopedics 2017;151:259-266. 

56. Khosravi R, Cohanim B, Hujoel P, Daher S, Neal M, Liu W et al. Management of 
overbite with the Invisalign appliance. American journal of orthodontics 
dentofacial orthopedics 2017;151:691-699. e692. 

57. Abbate GM, Caria MP, Montanari P, Mannu C, Orrù G, Caprioglio A et al. 
Periodontal health in teenagers treated with removable aligners and fixed 
orthodontic appliances. Journal of Orofacial Orthopedics 2015. 

58. Moshiri M, Eckhart JE, Mcshane P, German DS. Consequences of poor oral 
hygiene during clear aligner therapy. JCO 2013;8:494-498. 

59. Azeem M, Hamid WU. Incidence of white spot lesions during orthodontic clear 
aligner therapy. Journal of the World Federation of Orthodontists 2017;6:127-
130. 

60. Buschang PH, Chastain D, Keylor CL, Crosby D, Julien KC. Incidence of white spot 
lesions among patients treated with clear aligners and traditional braces. The 
Angle Orthodontist 2019. 

61. Albhaisi Z, Al-Khateeb SN, Alhaija ESAJAJoO, Orthopedics D. Enamel 
demineralization during clear aligner orthodontic treatment compared with fixed 
appliance therapy, evaluated with quantitative light-induced fluorescence: A 
randomized clinical trial. American Journal of Orthodontics Dentofacial 
Orthopedics 2020;157:594-601. 

 

 



 

 

 
 
 
 
 
 
 
 
 
 
 
 
 

3 DISCUSSION 
 
  



 

 

 

 

 



Discussion  51 

 

3 DISCUSSION 

 

 

This study was the first randomized clinical trial comparing clear aligners with a 

partial fixed 2x4 mechanics for solving dental crowding in the mixed dentition. Previous 

studies have compared fixed orthodontic appliances with clear aligners in the 

permanent dentition with controversies results regarding effectiveness, movements 

predictability and treatment time. (DJEU; SHELTON; MAGANZINI, 2005; KUNCIO; 

MAGANZINI; SHELTON; FREEMAN, 2007; LI; WANG; ZHANG, 2015; PAVONI; 

LIONE; LAGANÀ; COZZA, 2011) A modified Little’s irregularity index for the maxilla 

was used as a primary outcome. The irregularity index was also used to perform a 

stratified randomization in order to allow adequate intergroup comparison. The 

baseline comparisons confirm the homogeneity of the sample (Table 1), reducing the 

risk of bias in the intergroup comparisons. (BERGER; EXNER, 1999)  

Most variables were assessed through three-dimensional (3D) digital dental 

models. Previous studies demonstrated an adequate accuracy and reproducibility for 

measurements on digital dental models. (ARAGÓN; PONTES; BICHARA; FLORES-

MIR et al., 2016; CAMARDELLA; BREUNING; DE VASCONCELLOS VILELLA, 2017; 

HACK; PATZELT, 2015) The results of the present study are in accordance with 

previous studies, showing an adequate intraexaminer reproducibility. In order to 

provide a visual representation for the dental arch size and shape treatment changes, 

an evaluation based on the centroid size and location was performed. 

(KLINGENBERG, 2016; PUGLIESE; PALOMO; CALIL; DE MEDEIROS ALVES et al., 

2020; WEBSTER; SHEETS, 2010) The centroid method was used in many previous 

studies. (KLINGENBERG, 2016; MASSARO; JANSON; MIRANDA; CASTILLO et al., 

2020; PUGLIESE; PALOMO; CALIL; DE MEDEIROS ALVES et al., 2020; WEBSTER; 

SHEETS, 2010)  

The initial irregularity index of maxillary anterior teeth of both groups was 

moderate to severe. A previous study considered an irregularity index greater than 5 

as a severe incisor dealignments. (KAU; DURNING; RICHMOND; MIOTTI et al., 2004; 

LITTLE, 1975) Both clear aligners and 2x4 mechanics produced a decrease of 5mm 

in the maxillary irregularity index. In other words, the efficacy of both appliances was 
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similar. Approximately 3mm of irregularity index was still maintained after treatment as 

a result of a slight dealignment between the distal aspect of lateral incisors and the 

mesial aspects of deciduous canines. In the partial fixes 2x4 appliances, deciduous 

canines were not bonded. In Clear Aligners, the degree of corrections was partially 

accomplished in this region. A previous study comparing clear aligners and 

comprehensive fixed appliances in the permanent dentitions also reported that both 

appliances were adequate to correct slight to moderate crowding. (KRIEGER; 

SEIFERTH; MARINELLO; JUNG et al., 2012)  

Treatment time for solving the maxillary incisor crowding was similar with both 

appliances. The 2x4 fixed appliance used 5 different arch wires with monthly changes. 

However, the .014”and .016” Nickel-Titanium arch wires were maintained more than 

one month in some patients with severe incisor rotations. In addition, bracket 

debonding was recorded in all of the 14 patients what might have an influence in 

treatment time of 8 months. A previous study reported a treatment time for partial fixed 

2x4 appliances of 5 to 13 months. (GU; RABIE; HÄGG; ORTHOPEDICS, 2000; 

SINGHAL; NAMDEV; JINDAL; BODH et al., 2015; SOCKALINGAM; ZAKARIA; KHAN; 

AZMI et al., 2020) In the clear aligner planning, a mean of 10 aligners (range 6 to 14) 

in the treatment phase and 6 aligners in the refinement (range 3 to 8) were planned for 

Group CA. Considering the aligners were replaced every 15 days, a mean time of 8 

months was expected. Treatment time was 8.29 months. The movement more 

commonly needed during refinement was rotation. Previous studies corroborate the 

similarity in treatment length between clear aligners and comprehensive fixed 

appliance in the permanent dentition. (DJEU; SHELTON; MAGANZINI, 2005; PAVONI; 

LIONE; LAGANÀ; COZZA, 2011) Conversely, other studies demonstrated a short 

treatment time for clear aligners (KUNCIO; MAGANZINI; SHELTON; FREEMAN, 

2007) and for fixed appliances (LI; WANG; ZHANG, 2015). 

Slight changes were noticed for the secondary outcomes in both groups without 

intergroup differences (Table II). These results suggest that both appliances have a 

similar influence on dental arch changes. Arch perimeter decrease in both groups 

might be related to natural changes of the late mixed dentition as the mesial movement 

of maxillary molars to the Leeway space. (MOORREES, 1959) Previous studies in 

adults showed that clear aligners can increase arch width in cases with mild or severe 

crowding when planned, (DUNCAN; PIEDADE; LEKIC; CUNHA et al., 2016; 
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GRÜNHEID; GAALAAS; HAMDAN; LARSON, 2016; KRAVITZ; KUSNOTO; AGRAN; 

VIANA, 2008) and also is capable to maintain arch dimensions when necessary. 

(AKYALCIN; MISNER; ENGLISH; ALEXANDER et al., 2017)  

Considering the close position of maxillary canine germs to lateral incisor roots 

during the mixed dentition, the lateral incisor distal tip must be preserved during incisor 

crowding correction. (ERICSON; KUROL, 1987; ERICSON; KUROL; 

EPIDEMIOLOGY, 1986) Although the results showed no intergroup differences for 

changes in the lateral incisor angulation (Table II), opposite movements were observed 

in both groups. The distal angulation of maxillary lateral incisors was maintained in the 

FA group while a slight mesial tip was observed in CA group. A better control of lateral 

incisor angulation with fixed 2x4 mechanics is probably due to the passive bonding of 

lateral incisor brackets. On the other hand, clear aligners could not resist to the mesial 

angulation of lateral incisor during treatment.  Previous studies demonstrated that 

aligners are not able to control undesired dental inclination throughout the treatment, 

showing that fixed appliances are better indicated for root control. (DRAKE; 

MCGORRAY; DOLCE; NAIR et al., 2012; GRÜNHEID; GAALAAS; HAMDAN; 

LARSON, 2016) 

The relationship between maxillary incisor edges is imperative for an adequate 

smile aesthetics. (MACHADO, 2014) Both groups had a mean step of 0.78mm 

between central and lateral incisors in accordance with previous studies. (MACHADO, 

2014) Extrusion and intrusion are both difficult movements to be achieved with clear 

aligners. Previous studies reported a true extrusion/intrusion effect ranging from 

0.72mm to 1.5mm with aligners what should have been enough in the mixed dentition 

for an adequate levelling of the maxillary incisors. (GU; TANG; SKULSKI; FIELDS JR 

et al., 2017; KHOSRAVI; COHANIM; HUJOEL; DAHER et al., 2017; KRIEGER; 

SEIFERTH; MARINELLO; JUNG et al., 2012) 

All patients and parents received oral hygiene orientation, toothbrushes and 

toothpastes in the first appointment and during treatment. Mean plaque index were 

similar between fixed and removable appliances before and after treatment. Differently 

from our results, previous studies showed that adolescents presented a higher 

compliance with oral hygiene when treated with clear aligners. (ABBATE; CARIA; 

MONTANARI; MANNU et al., 2015) Speculations that aligners tended to be less 
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plaque accumulative (MOSHIRI; ECKHART; MCSHANE; GERMAN, 2013) was not 

confirmed in this study. Even with removable appliances, oral hygiene was not 

adequate, and a possible explanation is the sample age including subjects younger 

than adolescents and adults.   

Despite of hygiene guidance and adequate follow-up, non-cavitated caries 

lesions were observed in both groups after treatment. The ICDAS index showed non-

cavitated caries lesions from 0 (sound surface) to 3 (microcavity in dry enamel, without 

visible dentin) in both groups. Group FA presented non-cavitated caries lesion in 26% 

of the analysed surfaces while the group CA showed 17%. Previous studies have 

shown a smaller incidence of non-cavitated lesions in patients treated with clear 

aligners with significant difference from fixed appliances patients. (AZEEM; HAMID, 

2017; BUSCHANG; CHASTAIN; KEYLOR; CROSBY et al., 2019) In the present study 

no difference was found between both groups probably because the short treatment 

time compared to comprehensive treatments. The increase of non-cavitated lesions in 

both groups corroborate a previous study in adult patients showing that both fixed and 

removable appliances are capable of causing caries lesions. (ALBHAISI; AL-

KHATEEB; ALHAIJA; ORTHOPEDICS, 2020)  

This study was a single-centre study and conducted by one operator. The 

blindness of the study was not possible because of the appliance’s designs. On the 

other hand, all data was de-identified before analysis. An important limitation of this 

study was the lack of information on the influence of compliance on the treatment 

outcome once compliance was not measured especially in the clear aligner group. 

Additionally, the research went through the quarantine period and 9 out of 13 patients 

from the fixed appliance group had appliance damage as bracket debonding. Future 

studies should compare family/patient self-report, pain and satisfaction with the 

outcomes. 

Considering the similarities in the primary and secondary outcomes in this study, 

the appliance choice should be guided by the clinician and family preference. 
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4 CONCLUSIONS 

 

 

 The presented results of this study indicate the following conclusions: 

 

- maxillary incisor crowding in the mixed dentition can be corrected with clear 

aligners and fixed partial 2x4 mechanics with similar efficacy and efficiency; 

- Dental plaque and non-cavitated caries lesions index had equal incidence 

for both groups during treatment. 
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