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ABSTRACT 

 

Treatment stability with bonded versus vacuum-formed retainers after 12 

months: a systematic review and randomized clinical trial 

 

Introduction: This systematic review (SR) and randomized clinical trial (RCT) aimed 

to compare the clinical effectiveness of bonded versus vacuum-formed retainers 

(VFRs) regarding their capacity to maintain treatment stability, periodontal effects, and 

failure rates. Methods: For the SR, ten databases were systematically searched up to 

August 2021. RCTs comparing both retainers were included. The Risk of Bias (RoB) 

evaluation was performed with the Cochrane RoB tool 2.0. All steps of the review were 

performed independently by two reviewers. The GRADE was used to evaluate the 

certainty of the evidence. For the RCT, patients finishing orthodontic treatment were 

recruited and randomly allocated into two experimental groups. The bonded retainer 

(BR) group received upper and lower V-bend BRs bonded in the lingual surfaces of 

the anterior teeth. The VFR group received upper and lower VFRs right after fixed 

appliances removal. The patients were evaluated in four time-points: at fixed 

appliances removal (T0), after 3 months (T1), 6 months (T2), and 12 months (T3). 

Treatment stability based on occlusal outcomes and retainers’ survival rates were the 

primary and secondary outcomes, respectively. Intergroup comparisons regarding 

stability outcomes were performed using Mann-Whitney U-tests (P < 0.05). The 

Kaplan-Meier survival plot and the log-rank test were employed to assess the retainers’ 

survival. Results: Initial search yielded 923 studies. After full-text assessment, five 

RCTs remained. On a short-term (3-6 months) and long-term (4 years) basis, BRs 

were more effective to maintain stability than VFRs in the lower arch. From 12 to 24 

months both retainers presented the same efficacy. In the upper arch, the retainers 

were equally effective. BRs were associated with greater plaque and calculus 

accumulation than VFRs after 12 months. The retainers’ failure rates were similar in 

the upper arch on the first year of retention. Contrarily, BRs presented greater failure 

rates in the lower arch than VFRs. In the RCT, both groups included 25 patients. The 

groups were comparable regarding their baseline characteristics. Up to 6 months both 

retainers were equally effective; however, after 12 months, BRs were more effective in 

to maintain the incisors’ alignment in the maxilla (P < 0.001) and in the mandible (P < 

0.006) compared to the VFRs. No differences were noticed in the intercanine and 



intermolar widths, overjet and overbite. There were also no differences in the retainers’ 

survival rates in the maxillary and mandibular arches. Conclusion: The SR concluded 

that in the lower arch BRs were more effective than VFRs to maintain stability in the 

initial 6 months of retention and in the long term. In the upper arch, both retention 

protocols are equally effective. The RCT concluded that BRs were more effective to 

maintain the incisors alignment in the maxilla and mandible compared to VFRs after 

12 months. Moreover, both retainers present the same survival rates in the maxillary 

and mandibular arches after the same period. Registration: This SR was registered 

in PROSPERO CRD42020199392. This trial was registered at ClinicalTrials.gov 

(NCT04847323). Funding: Coordination for the Improvement of Higher Education 

Personnel - Brazil (CAPES), Finance Code 001. 

 

Keywords: Orthodontics. Orthodontic Retainers. Systematic Review. Randomized 

Clinical Trial. 

  



RESUMO 

 

Estabilidade de tratamento com contenções fixas versus removíveis após 12 

meses: uma revisão sistemática e ensaio clínico randomizado 

 

Introdução: Esta revisão sistemática (RS) e ensaio clínico randomizado (RCT) teve 

como objetivo comparar a efetividade clínica de contenções fixas versus 

termoplásticas (VFR) em relação a sua capacidade de manter a estabilidade do 

tratamento, efeitos periodontais e taxas de falha. Métodos: Para a RS, dez bases de 

dados foram pesquisadas até agosto de 2021. RCTs comparando ambas contenções 

foram incluídos. A avaliação do risco de viés (RoB) foi realizada com a ferramenta 

Cochrane RoB 2.0. Todas as etapas da revisão foram realizadas independentemente 

por dois revisores. O GRADE foi usado para avaliar a certeza da evidência. Para o 

RCT, pacientes finalizando o tratamento ortodôntico foram recrutados e alocados em 

dois grupos experimentais. O grupo contenção fixa (BR) recebeu BRs superiores e 

inferiores com V-bends na lingual dos dentes anteriores. O grupo VFR recebeu VFRs 

nos arcos superior e inferior. Os pacientes foram avaliados em quatro momentos: Na 

remoção do aparelho fixo (T0), após 3 meses (T1), 6 meses (T2) e 12 meses (T3). A 

estabilidade do tratamento com base em variáveis oclusais e as taxas de 

sobrevivência das contenções foram os resultados primários e secundários, 

respectivamente. As comparações intergrupo foram feitas pelo teste U de Mann-

Whitney (P < 0,05). O gráfico de sobrevivência de Kaplan-Meier e o teste Log-rank 

foram empregados para avaliar a sobrevivência das contenções. Resultados: A 

busca rendeu 923 estudos. Após a avaliação, 5 RCTs permaneceram. Em curto prazo 

(3-6 meses) e longo prazo (4 anos), os BRs foram mais efetivos em manter a 

estabilidade no arco inferior. De 12 a 24 meses ambas as contenções apresentaram 

a mesma efetividade. Na arcada superior, as contenções foram igualmente efetivas. 

BRs foram associados ao maior acúmulo de placa e cálculo do que VFRs após 12 

meses. As taxas de falha das contenções foram semelhantes na arcada superior. Os 

BRs apresentaram maiores taxas de falha na arcada inferior. No RCT, ambos os 

grupos incluíram 25 pacientes. Os grupos foram comparáveis em relação às suas 

características no baseline. Até 6 meses, ambas as contenções foram igualmente 

efetivas; no entanto, após 12 meses, os BRs foram mais efetivos em manter o 

alinhamento dos incisivos na maxila (P < 0,001) e na mandíbula (P < 0,006) em 



comparação as VFRs. Não foram observadas diferenças nas larguras intercaninos e 

intermolares, sobressalência e sobremordida. Não houve diferenças nas taxas de 

sobrevivência das contenções nos arcos maxilar e mandibular. Conclusão: A RS 

concluiu que no arco inferior os BRs foram mais efetivos que os VFRs em manter a 

estabilidade nos 6 meses iniciais de contenção e a longo prazo. Na arcada superior, 

ambos os protocolos de contenção foram igualmente eficazes. O RCT concluiu que 

os BRs foram mais efetivos em manter o alinhamento dos incisivos na maxila e 

mandíbula em comparação aos VFRs após 12 meses. Além disso, ambas as 

contenções apresentaram as mesmas taxas de sobrevivência. Registro: Esta RS foi 

registrada no PROSPERO CRD42020199392. Este estudo foi registrado em 

ClinicalTrials.gov (NCT04847323). Financiamento: Coordenação de 

Aperfeiçoamento de Pessoal de Nível Superior - Brasil (CAPES), Código 001. 

 

Palavras-chave: Ortodontia. Contenções Ortodônticas. Revisão Sistemática. Ensaio 

Clínico Randomizado. 
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1. INTRODUCTION 

 

 Relapse is unpredictable and should be expected in every orthodontic 

treatment. (LITTLEWOOD; KANDASAMY; HUANG, 2017) Even though the 

orthodontist made a correct diagnosis and planned the case correctly, there is no 

guarantee that stability will be obtained. (O'ROURKE; ALBEEDH; SHARMA; JOHAL, 

2016) Moreover, orthodontic treatment should only be considered successful if long-

term stability was achieved. (O'ROURKE; ALBEEDH; SHARMA; JOHAL, 2016) The 

best alternative to contain relapse is the retention phase. (LITTLE; RIEDEL; ARTUN, 

1988) However, the ideal retention protocol remains uncertain. (FORDE; STOREY; 

LITTLEWOOD; SCOTT et al., 2018; LITTLEWOOD; MILLETT; DOUBLEDAY; BEARN 

et al., 2016) 

Although the subject has been extensively studied, the major causes of relapse 

are still not comprehended. Some factors such as growth and skeletal development; 

(NANDA; NANDA, 1992) considerable changes in the arch form; (DE LA CRUZ; 

SAMPSON; LITTLE; ARTUN et al., 1995)  dental factors; (RICHARDSON, 1996) and 

characteristics of the initial malocclusion (LITTLE; RIEDEL, 1989) have been related 

to potential causes of relapse. Independently of the cause, the use of retainers seems 

gold standard. Nonetheless, it is worth mention that the choice of the retainer should 

consider the initial malocclusion, treatment performed, and more importantly, the 

patients’ willingness to use the retainer. (ANDRIEKUTE; VASILIAUSKAS; 

SIDLAUSKAS, 2017; PADMOS; FUDALEJ; RENKEMA, 2018) The most commonly 

used retainers worldwide are Hawley retainers, bonded retainers, and vacuum-formed 

retainers. (FORDE; STOREY; LITTLEWOOD; SCOTT et al., 2018) 

 One of the most traditional retainers in orthodontics is the bonded retainer (BR). 

Firstly described in 1973, this retainer consists of bonded wires in the lingual and 

palatal surfaces of the anterior teeth. (ILIADI; KLOUKOS; GKANTIDIS; KATSAROS et 

al., 2015; KNIERIM, 1973) Different variations of BRs exist, but they are frequently 

made of solid or braided stainless steel wires. (MODA; DA SILVA BARROS; 

FAGUNDES; NORMANDO et al., 2020) Minimum requirement of patient compliance 

can be considered the main advantage of these bonded wires. Still, these retainers 

were associated with greater periodontal problems compared to removable retainers, 

and the placement technique is operator sensitive.(DAHL; ZACHRISSON, 1991; 

STOREY; FORDE; LITTLEWOOD; SCOTT et al., 2018) 
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Contrarily to the fixed BRs, vacuum-formed retainers (VFR) are removable 

retainers made of plastic. The popularity of these retainers is increasing progressively 

due to their comfort and greater demand of orthodontic aligners. (BONDEMARK; 

HOLM; HANSEN; AXELSSON et al., 2007) Curiously, these retainers were firstly 

presented in the same decade as the BRs. (PONITZ, 1971) The effectiveness of the 

VFRs to maintain treatment stability has been reported in the literature, even when 

used nights-only. (LITTLEWOOD; MILLETT; DOUBLEDAY; BEARN et al., 2016) 

Additionally, their minor periodontal complications have been highlighted. (STOREY; 

FORDE; LITTLEWOOD; SCOTT et al., 2018) Nonetheless, the entire need of patients 

can be considered the greatest disadvantage of these retainers. 

 Recently, randomized clinical trials (RCTs) compared BRs and VFRs regarding 

their retention capacity. (AL-MOGHRABI; JOHAL; O'ROURKE; DONOS et al., 2018; 

FORDE; STOREY; LITTLEWOOD; SCOTT et al., 2018; KRÄMER; SJÖSTRÖM; 

HALLMAN; FELDMANN, 2020; NARAGHI; GANZER; BONDEMARK; SONESSON, 

2021; O'ROURKE; ALBEEDH; SHARMA; JOHAL, 2016) Although, their findings are 

contradictory. Some of them suggest the greater retention capacity of BRs, (AL-

MOGHRABI; JOHAL; O'ROURKE; DONOS et al., 2018; FORDE; STOREY; 

LITTLEWOOD; SCOTT et al., 2018) while other studies claim that the retainers present 

the same retention capacity. (KRÄMER; SJÖSTRÖM; HALLMAN; FELDMANN, 2020; 

NARAGHI; GANZER; BONDEMARK; SONESSON, 2021)  

Previous systematic reviews were performed with these retainers individually 

with the attempt to combine the evidence from the RCTs; however, no direct 

comparison between BRs and VFRs was performed. (BUZATTA; SHIMIZU; SHIMIZU; 

PACHÊCO-PEREIRA et al., 2017; LITTLEWOOD; MILLETT; DOUBLEDAY; BEARN 

et al., 2016; MODA; DA SILVA BARROS; FAGUNDES; NORMANDO et al., 2020) In 

view of this lack of consensus, a systematic review combining the evidence from RCTs 

would support clinical decision-making for the orthodontic practice. Moreover, the 

performance of an RCT with strict methodology would increase the robustness of the 

evidence regarding this topic. 

Therefore, the aim of this systematic review was to synthesize the available 

evidence comparing the effectiveness of BRs and VFRs in maintaining treatment 

stability, periodontal effects and survival rates. Additionally, perform an RCT 

comparing both retainers regarding their capacity to maintain treatment stability and 
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survival rates; to complement the evidence from the systematic review. The null 

hypothesis tested considered was that there were no differences between retainers. 
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2.1 ARTICLE 1 

 

TREATMENT STABILITY WITH BONDED VERSUS VACUUM-FORMED 

RETAINERS: A SYSTEMATIC REVIEW OF RANDOMIZED CLINICAL TRIALS 

 

SUMMARY 

 

Background: In orthodontics, the retention phase can be considered challenging and 

unpredictable. Therefore, evidence obtained from different retention protocols is 

important to facilitate clinical decision-making. Objectives: This systematic review 

aimed to compare the clinical effectiveness of bonded versus vacuum-formed retainers 

(VFRs) regarding their capacity to maintain treatment stability, periodontal effects, and 

failure rates. Search methods and eligibility criteria: Ten databases comprising 

published and unpublished literature were systematically searched up to August 2021. 

Randomized clinical trials (RCTs) comparing both retainers were included. Data 

collection and analysis: The Risk of Bias (RoB) evaluation was performed with the 

Cochrane Collaboration RoB tool 2.0. All steps of the screening phase and RoB 

assessment were performed independently by two reviewers. The Grade of 

Recommendations, Assessment, Development and Evaluation (GRADE) was used to 

evaluate the certainty of the evidence. Results: Initial database search yielded 923 

studies. After duplicates removal and full-text assessment, five RCTs remained. 

Overall, the studies presented Low RoB, except one study judged with “Some 

concerns”. Based on the included studies, on a short-term (3-6 months) and long-term 

(4 years) basis, bonded retainers (BR) were more effective to maintain treatment 

stability than VFRs in the lower arch. However, from 12 to 24 months both retainers 

presented the same efficacy. In the upper arch, the retainers were equally effective. 

BRs were associated with greater plaque and calculus accumulation than VFRs after 

12 months. The retainers’ failure rates were similar in the upper arch on the first year 

of retention; however, after 2 years VFRs showed significantly greater failure rates. 

Contrarily, BRs presented greater failure rates in the lower arch than VFRs. 

Conclusions: Most of the evidence generated in this systematic review derived from 

a moderate level of certainty. In the lower arch, BRs are more effective than VFRs to 

maintain treatment stability in the initial 6 months of retention and in the long term. In 
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the upper arch, both retention protocols are equally effective. Registration: 

Registration number: PROSPERO CRD42020199392. 

 

Keywords: Orthodontics; Orthodontic Retainers; Systematic Review. 

 

INTRODUCTION 

 In orthodontics, the possibility of relapse after treatment should always be taken 

into account (1). Although an accurate diagnosis and adequate mechanics are 

performed, the results obtained with orthodontic treatment may not be completely 

stable over time (2). The unpredictable nature of relapse inspired many researchers to 

investigate the most clinically effective retention protocol to enhance treatment 

stability. Nonetheless, the ideal retention protocol remains unclear (3,4). 

 The retention phase is recognized as the best attempt to maintain teeth in the 

correct position in the short- and long-terms (5). The most frequently used retention 

appliances are Hawley retainers, bonded retainers, and vacuum-formed retainers (3). 

Moreover, the decision-making for each one of them seems to be influenced by a 

different range of factors such as initial malocclusion, treatment applied, patients’ 

assumptions, and orthodontists' experience (6,7). 

 Bonded retainers (BRs) were firstly described in 1973 (8). Basically, this type of 

retainer consists of solid or braided wires bonded to the lingual surface of the anterior 

teeth to maintain their alignment (9). Some variations of the retainer exist and its 

effectiveness is well-established in the literature (10,11). The main advantage of the 

technique is the minimum requirement of patient compliance when compared to the 

removable retainers (3). Notwithstanding, BRs have been related to greater plaque 

and calculus accumulation (12). 

 Regarding removable retainers, vacuum-formed retainers (VFR) are currently 

gaining popularity among patients and orthodontists owing to their ease of production 

and comfort (13). Interestingly, these plastic retainers were introduced in the same 

decade as BRs (14). The effectiveness of this kind of retainer has also been proved 

and is speculated their minor periodontal complications (12). Logically, the greater 

disadvantage of VFR resides in the entire need for patient compliance. 

 Previous systematic reviews evaluated the abovementioned retainers 

individually (10,11,15). Nonetheless, a direct systematic comparison between them 

has not yet been carried out. Recent clinical research compared the retention capacity 
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of both retainers (2,3,16-18). However, their findings were controversial. Some of them 

suggest that BRs are more effective to maintain treatment stability compared to VFRs 

(3,16), while others state that no differences between retainers exist (17,18). 

Inconsistent evidence is also reported regarding the retainers’ survival rates and 

retention wear time (4,9). A synthesis of the available evidence from randomized 

controlled trials (RCTs) would provide relevant information regarding both retainers 

and improve the orthodontist’s decision-making of which retainer is more suitable for 

each individualized case.  

 Therefore, the primary aim of this systematic review was to compare the 

effectiveness of bonded versus vacuum-formed retainers regarding their capacity to 

maintain treatment stability. The secondary aim was to compare the retainers 

regarding their periodontal effects and failure rates. 

 

MATERIAL AND METHODS 

 

Protocol and Registration 

 The present review was conducted following the Cochrane Handbook for 

Systematic Reviews of Interventions (19) and was reported according to the PRISMA 

statement (20). Furthermore, a pre-existing protocol was registered on PROSPERO 

(CRD42020199392). 

 

Eligibility criteria 

 The selection criteria were based on the PICOS strategy: 

 1. Participants: patients of any age and sex who underwent orthodontic 

treatment and followed a retention protocol. 

 2. Intervention: VFRs after active orthodontic treatment. 

 3. Comparator: BRs after active orthodontic treatment. 

 4. Outcome: treatment stability evaluated in millimeters with different occlusal 

variables at any available follow-up. Periodontal changes and failure rates were 

considered secondary outcomes. 

 5. Study Design: randomized clinical trials. 

 In summary, RCTs comparing the effectiveness of bonded versus VFRs in 

maintaining the results obtained with orthodontic treatment were included. Studies 

were excluded if they not exclusively compared VFRs and BRs; if the patients included 
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presented an initial malocclusion requiring extensive transverse corrections (rapid 

maxillary expansion or surgical expansion); tooth anomalies of number/form; and 

craniofacial syndromes. 

 

Information sources, search strategy and study selection 

 Seven electronic databases (PubMed, Scopus, Web of Science, The Cochrane 

Library, Lilacs, Embase, and Livivo) were searched up to August 2021. Grey literature 

search included Google Scholar, OpenGrey, and ClinicalTrials (www.clinicaltrials.gov). 

Overall, 10 databases comprising published and unpublished literature were searched 

without limitations regarding language, publication year, and status. Detailed search 

strategies of each database are shown in Supplementary Table 1. Additionally, hand-

search was performed in Orthodontic journals to identify any potential article loss. 

 The search was performed in two phases. Initially, two reviewers (S.A.B.P. and 

A.A.D.C) screened the titles and abstracts of all retrieved studies. Duplicate records 

were removed with the reference management software Endnote (Clarivate Analytics, 

Philadelphia, USA). The remaining studies were transferred for the second phase, 

where both reviewers assessed the full report of publications and applied the eligibility 

criteria. Both screening phases were performed independently and any disagreement 

was resolved by discussion or consulting with a third reviewer (C.C.O.S.). Finally, the 

reference lists of the included studies were searched for additional studies. 

 

Data items and collection 

 The following qualitative and quantitative data were extracted from the included 

studies in a piloted electronic spreadsheet (Excel, Microsoft Corporation 2019): 

Authors; publication year; sample characteristics (sample size, patients’ sex, age, type 

of retainer); stability assessment and outcomes; follow-ups; retention protocol; failure 

rates and main findings). During the process, if unreported relevant data was noticed, 

the trial investigators were contacted by e-mail for clarification. 

 

Risk of bias in individual studies 

 The risk of bias (RoB) of the selected RCTs was assessed with the Cochrane 

Collaboration RoB Tool 2.0 (21). The tool considers five domains and results in an 

overall RoB judgment of “Low RoB” (low risk for all domains), “Some concerns” (some 

http://www.clinicaltrials.gov/
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concerns in at least one domain, but no high risk for any domain), and “High RoB” (high 

risk for at least one domain, or some concerns in multiple domains). 

 Equally to the screening phase (study selection and data extraction), the RoB 

assessment was performed independently by both reviewers, and the third reviewer 

acted as a judge to resolve disagreements, if necessary. 

 

Summary measures and approach to synthesis 

 A qualitative summary of the findings focusing on treatment stability was 

decided a priori. Moreover, due to the anticipated continuous nature of the outcomes, 

mean differences and 95% confidence intervals were planned for quantitative 

synthesis, if possible. Meta-analysis was planned if the included studies presented 

acceptable homogeneity and reported similar outcomes with appropriate statistical 

forms. In such case, a random-effects meta-analysis was deemed more suitable 

considering the possible differences among patients and implementation of 

interventions (22). 

 

Risk of bias across studies and additional analysis 

 If feasible, publication bias would be evaluated through the inspection of the 

contour-enhanced funnel plots (23). The certainty of the evidence was judged with the 

Grading of Recommendation, Assessment, Development, and Evaluation (GRADE) 

approach (24) for each outcome and time-point evaluated. 

 

RESULTS 

 

Study selection and characteristics 

 The database search identified 923 studies. After duplicates removal, 511 

studies remained. Grey literature search did not identify any potential study following 

the eligibility criteria. Moreover, the titles and abstracts were screened and 500 studies 

were discarded. During the first phase, disagreements were rare between reviewers. 

Of the 511 titles and abstracts reviewed only 8 presented different judgments and were 

discussed with the third reviewer. The second phase included 11 studies for full-text 

evaluation. Of these, 6 were excluded with reasons (Supplementary Table 2). Finally, 

5 studies were included in the qualitative synthesis. Second phase screening was 

performed with no disagreements between reviewers. The process of identification, 
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screening, and exclusion of studies is described in the PRISMA flow diagram (20) 

(Figure 1). 

 The 5 included studies involved 348 patients (60% female / 40% male). They 

presented a two-arm (2,3,16,17) or three-arm (18) RCT design comparing bonded 

versus VFRs. The mean average age of the patients ranged between 13.8 ± 1.5 and 

21.5 ± 3.0 years. Overall, the studies evaluated treatment stability with the following 

variables: Little Irregularity Index (LII), intercanine and intermolar width, and arch 

length. Additionally, extraction site opening was assessed in two studies (2,16), 

overbite and overjet were evaluated in the other three studies (3,17,18). These 

variables were assessed in digitized (3,17,18) or plaster models (2,16). Only two 

studies evaluated the upper arch (3,18). 

 The outcomes were assessed at debonding and at different follow-ups, which 

varied among studies. The maximum follow-ups evaluated were 12 (3), 18 (2,17), 24 

(18), and 48 (16) months. In three studies it was possible to extract data at debonding 

and the longest follow-up (3,16,17), while in two studies only the treatment changes 

between periods were provided (2,18). 

 The retention protocol with VFRs differed among studies. Some authors 

suggested full-time use for 1 week (17), 4 weeks (18), or 6 months (2,16), followed by 

nights-only use for 1 year. Then, intermittent use after this period. Other authors 

instructed patients to wear the retainers only at night since debonding (3). 

 The overall retainer failure rates ranged from 5.8% to 50% for both retainers but 

differed in the upper and lower arches. A detailed description of the study's 

characteristics can be observed in Table 1. 

 

Risk of bias within studies 

 In general, all the included studies in this systematic review were well-designed 

and followed the CONSORT guidelines (25). Thus, 4 included studies (2,3,17,18) 

presented Low RoB and only one study (16) was judged with “Some concerns” (Figure 

2). The randomization process involving random sequence generation, allocation 

concealment, and implementation was adequate. Likewise, no signs of deviations from 

intended interventions were noticed in all studies.  

 One study (2) presented a great number of drop-outs; therefore, possible bias 

due to missing outcome data was speculated. Even though the drop-outs were clearly 

reported and explained, it was decided to judge the study with “Some concerns” for 
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this domain. The authors reported a considerable drop-out rate of 36% and 48% in the 

bonded and vacuum-formed groups respectively. 

 Two studies (17,18) presented the trial protocol registration and permitted a 

direct evaluation of bias in the selection of the reported result. In the remaining studies, 

the authors were contacted for clarifications and no evidence or suggestion of selection 

bias were noticed leading to a Low RoB judgment. The risk of bias assessment 

occasionally resulted in disagreements between reviewers in two studies (2,16). 

However, an agreement was obtained after discussion and contacting the study’s 

authors.  

 

Results of individual studies, meta-analysis, and additional analysis 

 Initially, the performance of meta-analysis was expected; however, due to the 

substantial clinical and methodological heterogeneity between studies quantitative 

analysis was not feasible. Then, for descriptive reasons, findings will be presented 

regarding treatment stability at 3 to 6, 12 to 24, and 48 months to ease understanding. 

These were the follow-up times during retention provided in the included studies. 

 3 to 6 months follow-up: On a short-term basis, two studies (2,3) stated that BRs 

were more effective to maintain treatment stability in the lower arch compared to VFRs. 

Contrarily, one study (17) showed that the retention capacity of both retainers was 

similar during this period. Concerning the upper arch, no differences were found 

between retainers in the study of Forde et al. (3). 

 12 to 24 months follow-up: After 1-year, two studies (2,17) observed the same 

retention capacity between retainers; however, one study (3) suggested that BRs were 

more effective in the lower arch. Again, no differences were exhibited in the upper arch 

(3,18).  

 48 months follow-up: On a long-term basis BRs were more effective in 

maintaining treatment stability in the lower arch when compared to VFRs, although 

some relapse was observed in both groups (16). None of the included studies 

presented long-term data regarding the upper arch. 

 Two studies assessed the patient’s periodontal health. The first study described 

that after one year BRs were associated with greater plaque and calculus accumulation 

and gingival inflammation than VFRs (3). Moreover, after 4 years both retainers were 

associated with plaque accumulation and gingival inflammation without significant 

differences (16). 
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 Concerning the retainers' failure rates, in the upper arch, both retainers 

presented similar rates after 1-year in one study (3); however, another study (18) 

showed significantly greater failure rates with VFRs (50%) compared to BRs (23%) 

after 2 years (Table 1). In the lower arch, two studies reported significantly greater 

failure rates with BRs compared to VFRs (2,3). The study from Kramer et al. (17) did 

not find significant differences between the retainers' failure rates. 

 The certainty of evidence evaluated through the GRADE approach is described 

in Table 2. The overall certainty of evidence ranged from low to moderate for the 

outcomes assessed. In case of low certainty, the confidence in the effect estimated is 

limited and may be substantially different. Moreover, a moderate judgment suggests 

that the estimated effect is likely to be close to the true effect. This was the case for 

the great majority of outcomes. Publication bias was not evaluated because meta-

analysis was not undertaken. 

 

DISCUSSION 

 

Summary of evidence 

 The present systematic review included 5 RCTs exclusively comparing BRs and 

VFRs. A broader Cochrane review (4) performed this comparison indirectly, and 

previous reviews were performed with different retainers (26,27). However, this is the 

first systematic review to directly compare these types of retainers. 

 The study from Al-Moghrabi et al. (16) was the long-term (4-year) evaluation of 

the RCT from O’Rourke et al. (2). Nonetheless, they were considered independent 

studies in this systematic review because different research teams performed the 

outcomes evaluation, and both short- and long-term data would provide clinically 

relevant findings for the present review. 

 Overall, during the first 6 months of retention evidence of moderate certainty 

suggests that BRs are more effective in maintaining treatment stability than VFRs in 

the lower arch. It could be speculated that the worse performance of VFRs on a short-

term basis compared to BRs might be related to the non-compliance of patients 

regarding the retention regimen rather than a proper failure of the retainer (2). In 

accordance, the RCT that found no differences between retainers reported minimum 

failure rates and great patient adherence with the VFR (17). Curiously, in this study, 

the VFRs were made up to the first premolars. Again, it seems that the possible short-
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term failure of VFRs in maintaining lower incisors alignment might be more related to 

the patients’ non-compliance than the retainer itself. If the patient is unwilling or unable 

to wear the retainer as prescribed, some degree of relapse should be expected (1). 

 Orthodontic studies comparing fixed versus removable appliances are 

susceptible to this kind of shortcoming because researchers do not know the true 

amount of time the appliance was wear during the observational period. In this regard, 

short-term retention remains a controversial topic. Nonetheless, the evidence 

generated in this review reiterates the greater effectiveness of BRs compared to VFRs 

in the short term.  

 The retention capacity of both retainers in the lower arch was similar after 1 and 

2 years in most of the included studies (2,17). This was an interesting finding and may 

be explained by different aspects of retention. Firstly, the literature describes that 

relapse mainly occurs in the first 6 to 12 months of retention; therefore, after this period 

it should be less expected (17,28). Additionally, the failure rates of the retainers are 

also greater in the short-term corroborating with a greater chance of relapse (2,3,17). 

In this regard, the first 12 months of retention are critical. It could be speculated that 

after this period the chance of relapse might be reduced enhancing the retainers’ 

effectiveness. 

 The longest follow-up assessed was 4 years. Evidence suggested that BRs 

were more effective than VFRs to maintain treatment stability in the lower arch in the 

long term. Nonetheless, these findings are supported by only one study (16), and 

therefore, represent a low level of certainty. In this study, the authors were contacted 

for clarifications and confirmed that approximately 70% of the patients in the VFR group 

stopped wearing the retainers at the 4-year follow-up, probably explaining the greater 

effectiveness of BRs. Once more, the greater disadvantage of VFRs compared to BRs 

is the entire need for patient compliance. Although it could be suggested that both 

retainers present the same retention capacity in the lower arch in the long term, it 

seems that the patients’ responsibility decreases progressively over time, which may 

lead to relapse. Retention clinical studies are difficult to undertake from a practical and 

financial perspective, but further long-term studies should be performed for more 

robust information regarding this subject. 

 It was possible to gather evidence from two studies regarding the effect of the 

retainers in the upper arch. In this case, both RCTs indicated that the retainers present 

the same retention capacity after 1 and 2 years (3,18). The literature shows 
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considerably smaller relapse in the upper arch when compared to the lower arch in 

both short- and long-terms (29). These findings are in accordance with previous 

retrospective studies that showed minimum relapse in the upper arch after 5 and 7 

years (29,30). That reduced tendency of relapse in the upper arch might explain the 

effectiveness of different maxillary retention protocols (3,18,29). Overall, there is a lack 

of sufficient evidence to affirm that one retainer is better than the other on a long-term 

basis. 

 The periodontal effects and failure rates of the retainers were secondary 

outcomes of this systematic review. In this regard, there seems to be a consensus that 

BRs present greater plaque and calculus accumulation, and consequently cause 

greater gingival inflammation than VFRs in the short term (3). Logically, these effects 

are restricted to the canine-to-canine area. Moreover, on a long-term basis, both 

retainers were related to plaque accumulation and negative periodontal effects. 

Nonetheless, these effects were not strong enough to be clinically significant (12). It is 

reasonable to state that orthodontists must follow their patients and control their 

periodontal health in the long term as part of overall orthodontic treatment. 

 The survivability of the retainers might be influenced by a different range of 

factors. Especially when different studies and populations are considered. Likewise, a 

previous systematic review showed that the failure rate of BRs could range from 11% 

to 71% (9). Similarly, VFRs can reach important failure rates of 50% to 70% (16,18). It 

seems clear that both retainers are susceptible to failure and require great care from 

the patient and orthodontist. Based on the RCTs included in this review, it could be 

considered that after 18 months of retention VFRs present greater failure rates in the 

upper arch compared to BRs. Contrarily, BRs showed greater failures rates in the lower 

arch after this period (Table 1). It should be emphasized that these findings are based 

on a moderate level of certainty, and further studies are required to confirm them. 

 To date, there is no standardized retention protocol for VFRs. However, high-

quality evidence included in this systematic review indicates that VFRs part-time wear 

is equally effective compared to full-time wear (3,4,17). Thus, it is reasonable to affirm 

that these retainers could be prescribed for night-only use. The part-time wear of the 

VFR might also be related to the increased longevity of the material. On the contrary, 

full-time wear could be associated with greater failure rates (31). 

 From a clinical perspective, the decision-making regarding BRs and VFRs might 

consider other variables, such as cost-benefit, the differences between upper and 
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lower arches, orthodontist’s preferences, quality of life, but more importantly the level 

of patient compliance/motivation (9). Post-orthodontic appointments for treatment 

stability assessments are also part of orthodontic treatment. The patient should be 

followed up regularly after fixed appliances removal independently of the retainer of 

choice. 

 

Limitations 

 The results of this review should be interpreted with caution. Even though the 

studies included were well conducted in a methodological perspective, it should be 

highlighted that their findings may be influenced by different initial malocclusions 

included, amounts of tooth movement, the patients’ age, the true amount of VFRs wear 

time, the different materials of BRs, among other factors that are related to the 

unpredictability of relapse (4). However, these factors are beyond the objectives of this 

review. 

 

CONCLUSIONS 

 According to the existing evidence found in this systematic review, the following 

can be concluded based on Low to Moderate level of certainty: 

• In the lower arch, BRs are more effective to maintain treatment stability during 

the initial 6 months of retention compared to VFRs. After 12 months there is a 

tendency for both retention protocols to be equally effective. Nonetheless, in the 

long term, BRs seem to prevail over the VFRs regarding their retention capacity.  

• In the upper arch, both retainers are an effective retention protocol to maintain 

the results obtained with orthodontic treatment.  

• Bonded retainers are related to greater plaque and calculus accumulation than 

VFRs in the short term. In the long-term, both retainers are associated with 

negative periodontal effects highlighting the importance of post-orthodontic 

periodontal control. 

• Both retainers present similar failure rates in the upper arch during the first year 

of retention; however, after this period VFRs present greater failure rates in the 

upper arch than BRs. In contrast, BRs present greater failure rates in the lower 

arch when compared to VFRs. 
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Table I. Characteristics of the 5 randomized controlled trials included in the qualitative assessment. 

Authors / 
Publication 

Year 

Groups  
(N/sex/age) 

Stability  
assessment 

Outcome measures Retention protocol 
(Vacuum-formed 

retainers) 
Retainers’ failure rates Main findings 

Debond Longest follow-up 

Al-Moghrabi 
et al. 2018 

G1 
Bonded retainers 
Coaxial SS wire 
21 (18F / 3M) 

21.54 years (3.06) 
 
 

G2 
Vacuum-formed 

retainers 
Essix™ 

21 (14F / 7M) 
20.77 years (1.49) 

Outcomes evaluated: 
LII, ICW, IMW, AL, 

extraction site opening 
 

Measurements were 
performed in the lower 

arches on gypsum 
study models with a 

digital caliper at debond 
and after 48 months  

G1 – Lower arch 
LII: 0.25 (0.47) 

ICW: 26.90 (1.89) 
IMW: 42.80 (3.96) 
AL: 24.45 (3.83) 

Extraction opening: 0.00 (0.19) 
 

G2 – Lower arch 
LII: 0.42 (0.84) 

ICW: 26.77 (2.29) 
IMW: 41.77 (4.03) 
AL: 22.15 (2.96) 

Extraction opening: 1.37 (0.72) 

G1 – Lower arch 
LII: 1.23 (1.27) 

ICW: 26.74 (1.84) 
IMW: 42.23 (5.82) 
AL: 25.84 (7.04) 

Extraction opening: 0.00 (0.00) 
 

G2 – Lower arch 
LII: 3.16 (2.74) 

ICW: 25.62 (2.51) 
IMW: 42.66 (4.93) 
AL: 20.81 (8.33) 

Extraction opening: 1.65 (1.57) 

Full-time basis for 
the first 6 months, 
nights only for the 

following 6 months, 
and alternate nights 
from 12-18 months. 

Thereafter, 
intermittent nights-
only wear (1 to 2 

night weekly) 

 
After 48 months: 

 
G1 – Lower arch 

24% 
 

G2 – Lower arch 
n.r. % 

After 48 months, BRs were more 
effective in retaining lower incisors 

alignment compared with VFRs (P = 
0.02), although some relapse was 

observed in both groups 

Forde et al. 
2018 

G1 
Bonded retainers 

3-stranded twistflex 
SS wire 

30 (15F / 15M) 
16 years (2) 

 
 

G2 
Vacuum-formed 

retainers 
Essix™ 

30 (18F / 12M) 
17 years (4) 

Outcomes evaluated: 
LII, ICW, IMW, AL, 
overjet and overbite 

 
Measurements were 

performed in the upper 
and lower arches on 

digitized study models 
at debond, 3, 6, and 12 

months  

G1 – Upper arch / Lower arch 
LII: 0.00 (0.93) / 0.29 (1.02) 

ICW: 35.20 (2.83) / 27.53 (1.68) 
IMW: 50.11 (3.96) / 44.05 (4.64) 
AL: 73.94 (12.74) / 66.74 (6.00) 

Overjet: 2.37 (0.70) 
Overbite: 1.29 (1.22) 

 
G2 – Upper arch / Lower arch 
LII: 0.23 (0.66) / 0.06 (1.23) 

ICW: 34.09 (2.22) / 26.17 (1.13) 
IMW: 48.46 (4.24) / 41.34 (5.72) 
AL: 71.23 (9.67) / 65.53 (12.94) 

Overjet: 2.38 (2.40) 
Overbite: 2.00 (1.21) 

G1 – Upper arch / Lower arch 
LII: 1.35 (1.98) / 1.01 (1.28) 

ICW: 35.08 (2.31) / 27.31 (2.21) 
IMW: 49.47 (3.88) / 43.90 (4.32) 
AL: 76.70 (10.81) / 66.97 (8.21) 

Overjet: 2.26 (1.07) 
Overbite: 1.59 (0.78) 

 
G2 – Upper arch / Lower arch 
LII: 0.97 (1.68) / 1.73 (2.77) 

ICW: 33.21 (2.36) / 25.56 (1.39) 
IMW: 47.70 (3.80) / 41.32 (4.61) 
AL: 68.86 (10.26) / 62.57 (9.50) 

Overjet: 2.59 (0.94) 
Overbite: 2.01 (1.00) 

Only at night, every 
night 

 
After 12 months: 

 
G1 – Upper arch 

 / Lower arch 
36.7% / 50% 

 
G2 – Upper arch 

 / Lower arch 
26.7% / 20% 

 

After 12 months, there is no evidence 
of a significant differences regarding 
stability (P = 0.61) or retainer survival 

(P = 0.34) in the upper arch. 
Nonetheless, in the lower arch, BRs 
were more effective at maintaining 
incisors alignment (P = 0.008), but 

with the cost of a higher failure rate (P 
= 0.01) 
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Kramer et al. 
2019 

G1 
Vacuum-formed 

retainers 
Essix™ 

52 (26F / 26M) 
17.1 years (2.4) 

 
G2 

Bonded retainers 
Remanium® wire 
52 (26F / 26M) 
17.1 years (1.9) 

Outcomes evaluated: 
LII, ICW, IMW, AL, 
overjet and overbite 

 
Measurements were 

performed in the lower 
arches on digitized 

study models at 
debond, 6, and 18 

months 

G1 – Lower arch 
LII: 1.33 (0.65) 

ICW: 26.77 (1.89) 
IMW: 42.85 (2.96) 
AL: 58.82 (10.23) 

Overjet: 3.23 (1.63) 
Overbite: 1.68 (1.04) 

 
G2 – Lower arch 
LII: 1.53 (1.03) 

ICW: 27.33 (2.11) 
IMW: 42.57 (3.10) 
AL: 54.25 (8.31) 

Overjet: 3.13 (1.57) 
Overbite: 1.85 (0.97) 

G1 – Lower arch 
LII: 2.06 (1.52) 

ICW: 26.63 (1.96) 
IMW: 43.30 (2.56) 
AL: 58.48 (9.74) 

Overjet: 3.12 (1.09) 
Overbite: 2.17 (1.55) 

 
G2 – Lower arch 
LII: 2.03 (1.40) 

ICW: 27.28 (1.95) 
IMW: 42.48 (2.89) 
AL: 53.22 (7.21) 

Overjet: 3.03 (1.24) 
Overbite: 2.06 (1.45) 

Full-time the first 
week and thereafter 

at night only until 
12 months. 

12-18 months:  
intermittent nights 
18-24 months: 2 
nights per week 

 
After 18 months: 

 
G1 – Lower arch 

5.8% 
 

G2 – Lower arch 
5.8% 

After 18 months, VFRs and BRs 
presented the same retention 

capacity and failure rates in the lower 
arch 

Naraghi et al. 
2020 

G1 
Bonded retainers 

Penta-One 0.0195 
SS wires 

30 (17F / 13M) 
13.8 years (1.5) 

 
 

G2 
Vacuum-formed 

retainers 
Essix™ 

30 (17F / 13M) 
13.9 years (1.9) 

Outcomes evaluated: 
LII, ICW, IMW, AL, 

overjet, overbite and 
maximum rotation 

 
Measurements were 

performed in the upper 
arches on digitized 

models with the 
software OnyxCephTM 
before treatment, at 

debond (T1), and after 
24 months (T2) 

G1 – Upper arch (T2-T1) 
LII: 0.30 (CI: 0.10; 0.50) 

ICW: -0.30 (CI: -0.50; -0.10) 
IMW: -0.30 (CI: -0.70; 0.10) 

AL: 0.10 (CI: -0.10; 0.30) 
Overjet: 0.1 (CI: -0.10; 0.30) 

Overbite: 0.20 (CI: 0.00; 0.40) 
 

G2 – Upper arch (T2-T1) 
LII: 1.00 (CI: 0.40; 1.60) 

ICW: 0.20 (CI: 0.00; 0.40) 
IMW: -0.40 (CI: -0.60; -0.20) 

AL: 0.00 (CI: -0.20; 0.20) 
Overjet: 0.0 (CI: -0.40; 0.40) 

Overbite: 0.30 (CI: -0.10; 0.70) 

Full-time basis for 
the first 4 weeks, 
then every night, 

and alternate nights 
from 12-24 months 

 
After 24 months: 

 
G1 – Upper arch 

23.3% 
 

G2 – Upper arch 
50% 

Both retention methods showed 
equally effective retention capacity 

after 2 years and can be 
recommended as retention methods 

in the upper arch (P = 0.138) 
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O’Rourke et 
al. 2016 

G1 
Bonded retainers 
Coaxial SS wire 
42 (33F / 9M) 

18.47 years (4.41) 
 
 

G2 
Vacuum-formed 

retainers 
Essix™ 

40 (26F / 14M) 
16.95 years (2.02) 

Outcomes evaluated: 
LII, ICW, IMW, AL, 

extraction site opening 
 

Measurements were 
performed in the lower 

arches on gypsum 
study models with a 

digital caliper at debond 
(T0), 6 (T1), 12 (T2) 
and 18 (T3) months  

G1 – Lower arch 
LII: (T1-T0) 0.03 / (T2-T1) 0.03 / (T3-T2) 0.03 

ICW: (T1-T0) 0.11 / (T2-T1) 0.17 / (T3-T2) 0.17 
IMW: (T1-T0) 0.26 / (T2-T1) 0.38 / (T3-T2) 0.18 
AL: (T1-T0) 0.19 / (T2-T1) 0.20 / (T3-T2) 0.18 

Extraction opening: (T1-T0) 0.00 / (T2-T1) 0.00 / (T3-T2) 0.00 
 

G2 – Lower arch 
LII: (T1-T0) 0.08 / (T2-T1) 0.08 / (T3-T2) 0.08 

ICW: (T1-T0) 0.23 / (T2-T1) 0.20 / (T3-T2) 0.26 
IMW: (T1-T0) 0.16 / (T2-T1) 0.25 / (T3-T2) 0.25 
AL: (T1-T0) 0.23 / (T2-T1) 0.19 / (T3-T2) 0.19 

Extraction opening: (T1-T0) 0.00 / (T2-T1) 0.00 / (T3-T2) 0.00 

Full-time basis for 
the first 6 months, 
nights only for the 
second 6 months, 

and alternate nights 
from 12-18 months. 

Thereafter, 
intermittent nights-
only wear (1 to 2 

night weekly) 

 
After 18 months: 

 
G1 – Lower arch 

7.15% 
 

G2 – Lower arch 
0% 

BRs were more effective in their 
ability to maintain incisor alignment in 

the lower arch in the first 6 months 
after debond when compared to VFR 

(P = 0.008). Nonetheless, some 
minimal relapse is likely after fixed 
appliances therapy irrespective of 

retainer choice. The retention 
capacity between retainers was 
similar at 12 and 18 months (P = 

0.195 and P = 0.300, respectively) 
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Table 2. GRADE Summary of Findings Table. 

Note: for publication purposes the individual GRADE summary of the primary and secondary outcomes evaluated in this systematic review were collated into this single table. 
RCT: randomized controlled trial; BRs: bonded retainers; VFRs: vacuum-formed retainers. 
†The evidence was downgraded by 1 level because of unexplained heterogeneity in the results of the included RCTs; ‡The evidence was downgraded by 1 level because of the 

difference in populations and applicability of the results; €The evidence was downgraded by 1 level because the results derived from small studies and few numbers of patients.  

Certainty assessment 

Summary of findings Certainty N° of studies 
(Patients) 

Study 
design 

Risk of bias Inconsistency Indirectness Imprecision 
Publication 

Bias 

3 to 6 Months Stability 

3 (246) RCTs Not serious Serious† Not serious Not serious Not suspected 
During the initial 6 months of retention, BRs are more effective 
than VFRs to maintain the lower incisors alignment. In the upper 
arch there is no difference between retainers. 

⨁⨁⨁◯ 
MODERATE 

12 to 24 Months Stability 

4 (306) RCTs Not serious Serious† Not serious Not serious Not suspected 
After 12 to 24 months of retention, BRs and VFRs present the 
same retention capacity in the upper and lower arches. 

⨁⨁⨁◯ 
MODERATE 

48-Month Stability 

1 (42) RCT Not serious Not serious Serious‡ Serious€ Not suspected 
BRs are more effective than VFRs in the long-term (after 48 
months). 

⨁⨁◯◯ 
LOW 

Periodontal Health Changes 

2 (102) RCTs Not serious Not serious Not serious Serious€ Not suspected 

BRs are associated with greater plaque and calculus 
accumulation than VFRs during the initial 12 months of retention. 
After 48 months both retainers are related to negative periodontal 
effects. Nonetheless, these effects did not appear to produce any 
periodontal problem of clinical significance. 

⨁⨁⨁◯ 
MODERATE 

Failure Rates (Upper arch) 

2 (120) RCT Not serious Not serious Not serious Serious€ Not suspected 
BRs and VFRs present similar failure rates after 12 months. 
Nonetheless, after this period, VFRs present significantly greater 
failure rates compared to BRs. 

⨁⨁⨁◯ 
MODERATE 

Failure Rates (Lower arch) 

3 (246) RCTs Not serious Serious† Not serious Not serious Not suspected 
BRs present significantly greater failure rates compared to VFRs 
after an 18-month period. 

⨁⨁⨁◯ 
MODERATE 
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Supplementary Table 1. Databases and search strategy. 
 

Database Keywords 

1. PUBMED 
2. SCOPUS 
3. EMBASE 

4. COCHRANE LIBRARY 
(CENTRAL) 
5. LIVIVO 

(orthodontics OR orthodontic patients) AND (canine-to-canine retainer 
OR cuspid-to-cuspid retainer OR lingual retainer OR orthodontic fixed 
retainer OR 3x3 OR bonded retainer OR fixed retainer OR retention OR 
contention OR mandibular retainer) AND (removable retainer OR Essix 
OR vacuum-formed retainer OR thermoplastic retainer OR Vivera OR 
clear retainer OR plastic retainer) 

6. WEB OF SCIENCE 

TS=(orthodontics OR orthodontic Patients) AND (canine-to-canine 
retainer OR cuspid-to-cuspid retainer OR lingual retainer OR orthodontic 
fixed retainer OR 3x3 OR bonded retainer OR fixed retainer OR retention 
OR contention OR mandibular retainer) AND (removable retainer OR 
Essix OR vacuum-formed retainer OR thermoplastic retainer OR Vivera 
OR clear retainer OR plastic retainer) 

7. LILACS 
(Latin American and 

Caribbean Health Sciences 
Literature Resource) 

(orthodontics OR ortodontia OR Ortodontia) AND (canine-to-canine 
retainer OR contenção canino-a-canino OR contencíon de canino-a-
canino OR orthodontic fixed retainer OR 3x3 OR bonded retainer OR 
fixed retainer OR contenção fixa OR contencíon fija OR thermoplastic 
retainer) 

8. GOOGLE SCHOLAR 
(Grey Literature) 

orthodontics AND canine-to-canine retainer OR cuspid-to-cuspid 
retainer OR 3x3 OR bonded retainer OR fixed retainer AND Essix OR 
vacuum-formed retainer OR thermoplastic retainer OR Vivera OR clear 
retainer OR plastic retainer 

9. OPEN GREY 
10. CLINICALTRIALS.GOV 

(Grey Literature) 
bonded retainer AND vacuum-formed retainer 
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Supplementary Table 2. List of excluded studies with reasons for exclusion (n=6). 
 

Reasons for Exclusion Studies 

Letters to the Editor 1 

Different retainers used 2,3,4,5,6 
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2.2 ARTICLE 2 

 

TREATMENT STABILITY WITH BONDED VERSUS VACUUM-FORMED 

RETAINERS AFTER 12 MONTHS: A RANDOMIZED CLINICAL TRIAL 

 

ABSTRACT 

 

Introduction: This single-center 2-arm parallel group randomized clinical trial aimed 

to compare the clinical effectiveness of V-bend bonded retainers (BR) versus vacuum-

formed retainers (VFR) regarding their capacity to maintain treatment stability and 

survival rates after 12 months. Methods: Patients finishing orthodontic treatment were 

recruited and randomly allocated into two experimental groups. The BR group received 

upper and lower V-bend BRs bonded in the lingual surfaces of the anterior teeth. The 

VFR group received upper and lower VFRs right after fixed appliances removal. The 

patients were evaluated in four time-points: at fixed appliances removal (T0), after 3 

months (T1), 6 months (T2), and 12 months (T3). In each time-point digital models 

were obtained and analyzed with the OrthoAnalyzerTM software. Treatment stability 

based on occlusal outcomes and retainers’ survival rates were the primary and 

secondary outcomes, respectively. The random sequence was generated using 

www.randomization.com and allocation was concealed using opaque and sealed 

envelopes. Intergroup comparisons regarding stability outcomes were performed using 

Mann-Whitney U-tests (P < 0.05). The Kaplan-Meier survival plot and the log-rank test 

were employed to assess the retainers’ survival. Results: The BR group included 25 

patients (14 female, 11 male; mean age, 16.70 ± 3.21 years) and the VFR group 

comprised 25 patients (13 female, 12 male; mean age, 16.24 + 2.49 years). The groups 

were comparable regarding their baseline characteristics. Up to 6 months both 

retainers were equally effective; however, after 12 months, BRs were more effective in 

to maintain the incisors’ alignment in the maxilla (P < 0.001) and in the mandible (P < 

0.006) compared to the VFRs. No differences were noticed in the intercanine and 

intermolar widths, overjet and overbite. There were also no differences in the retainers’ 

survival rates in the maxillary and mandibular arches. Conclusions: BRs were more 

effective to maintain the incisors alignment in the maxilla and mandible compared to 

VFRs after 12 months. Moreover, both retainers present the same survival rates in the 

maxillary and mandibular arches after the same period. Registration: This trial was 
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registered at ClinicalTrials.gov (Identifier: NCT04847323). Protocol: The trial protocol 

was not published. Funding: This study was financed in part by the Coordination for 

the Improvement of Higher Education Personnel - Brazil (CAPES), Finance Code 001. 

 

Keywords: Orthodontics; Orthodontic Retainers; Randomized Clinical Trial. 

 

INTRODUCTION 

 Orthodontic treatment should only be considered successful if acceptable 

treatment stability was ensured at the long-term.1 The task to obtain treatment stability 

could seem simple compared to the active phase, but actually is one of the most 

challenging aspects of orthodontic treatment. Even though proper diagnosis and 

treatment plan are performed, the results achieved may not be stable due to the 

unpredictability of relapse.2 

 The causes of relapse are not completely comprehended. The literature 

suggests some factors that affect the tooth positions such as skeletal and 

dentoalveolar development;3 dental factors;4 treatment mechanics and arch form;5 and 

pretreatment malocclusion characteristics.6 To minimize the possibility of relapse the 

use of some type of retention is required.7 Usually, bonded retainers (BRs), vacuum-

formed retainers (VFRs) and Hawley retainers are suggested in the attempt to maintain 

treatment stability.7 

 BRs are commonly used in the mandibular arch in the form of a wire bonded in 

the lingual surface of the anterior teeth.8 Different types of BRs exist. The most 

common is made of multi-strand twistflex wire, but the retainer present some variations 

with solid wires, wave forms and V-bends.9 Evidence suggests their superior 

effectiveness when bonded in all anterior teeth whether only in the canines.10 The 

major advantage of these retainers is the reduced need of patient compliance; 

however, placement of the retainer is technique sensitive and bonding failures may 

progress unnoticed by the patients.11 Additionally, BRs have been associated with 

plaque and calculus accumulation demanding great oral hygiene and periodontal 

control.12 

 Currently, VFRs are gaining popularity probably because of the greater demand 

of orthodontic aligners worldwide. Some clinicians and patients are preferring these 

retainers owing to their ease of fabrication and minor periodontal complications.12,13 

The literature reports the effectiveness of the retainer highlighting the importance of 
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patient compliance since VFRs are removable.7,14 Arguably, the greatest disadvantage 

of this kind of retainers. 

 Although different retainers exist, there is insufficient evidence to define a 

retention strategy as the ideal for all cases.7 Recently, randomized clinical trials (RCTs) 

compared the clinical effectiveness of BRs and VFRs, but their findings are 

contradictory.14-17 Some describe that both retainers are equally effective;14,17 

however, others declare that BRs are more effective to maintain stability in the short- 

and long-terms.15,16 A recent systematic review compared both retainers directly.18 

Their findings describe a greater retention capacity with BRs during the initial 6 months 

after orthodontic treatment. Nonetheless, this review emphasized the need of future 

RCTs to strengthen the available evidence due to the clinical heterogeneity of the 

included studies and their inconsistent findings. Further RCTs should be performed to 

enhance clinical decision-making surrounding treatment stability and orthodontic 

retention. 

 

SPECIFIC OBJECTIVES OR HYPOTHESES 

 The aim of this RCT was to compare the clinical effectiveness of V-bend BRs 

versus VFRs regarding their capacity to maintain treatment stability and survival rates 

after 12 months. Treatment stability was considered as the primary outcome and 

retainer survival the secondary outcome.  

The null hypothesis tested in this study considered that there were no 

differences between retainers in their retention capacity and survival rates. 

 

METHODS 

Trial design and any changes after trial commencement 

 This was a single-center 2-arm parallel group RCT with a 1:1 allocation ratio. 

The study followed the Consolidated Standards of Reporting Trials (CONSORT) 

statement19 and guidelines and was registered at ClinicalTrials.gov (Identifier: 

NCT04847323). Moreover, no changes were required after trial commencement. 

 

Participants, eligibility criteria, and settings 

 This study was approved by the Ethics in Research Committee of Bauru Dental 

School, University of São Paulo, Bauru, Brazil (Protocol number: 

22092919.7.0000.5417/3.835.225). 
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Patients were recruited while finishing orthodontic treatment at the Orthodontic 

Clinic of Bauru Dental School, University of São Paulo, Bauru, Brazil, from February to 

March 2021. The eligibility criteria included patients with satisfactory final occlusion 

and oral hygiene assessed through clinical examination; presence of all teeth up to the 

second molars; and acceptable teeth alignment. Treatment protocol performed during 

fixed appliances therapy was not considered as inclusion criteria. More specifically, 

patients may have been treated with or without extractions, with removable or fixed 

functional appliances or any adjunctive treatment. 

Patients were excluded for the following reasons: Presence of any medical 

condition that have an influence in periodontal health; history of periodontal diseases; 

facial deformities; tooth anomalies of number and form; and initial malocclusion that 

required remarkable transverse correction with or without orthognathic surgery. 

All patients and their parents or legal guardians signed informed consent before 

recruitment. 

 

Interventions 

 The overall sample consisted of 50 patients divided into two experimental 

groups depending on the retainer received. After the end of active orthodontic 

treatment, one calibrated orthodontist placed the BRs or VFRs in the maxillary and 

mandibular arches of both groups using the same procedures and materials. 

 The BR group received upper and lower V-bend BRs (Fig. 1). These retainers 

were made using 0.024” stainless steel wires (Morelli Ortodontia; Sorocaba, São 

Paulo, Brazil). The same orthodontist that placed the retainers also shaped the wire 

using the dental casts. The BRs were built passively against the lingual surfaces of 

maxillary and mandibular anterior teeth. Differently from the conventional BRs, the V-

bend BR present V-bends in a sagittal direction, parallel to the oclusal plane in the 

interproximal contacts of the anterior teeth. The protocol of installation was performed 

as follows: Initially, prophylaxis of the dental surfaces was performed, following the 

enamel etching (37% phosphoric acid) and rinse, and adhesive application (Ambar; 

FGM, São Paulo, Brazil). Bonding of the retainers was performed with flow composite 

(Opallis; FGM, São Paulo, Brazil) in all anterior teeth. 

The VFR group received upper and lower VFRs (Fig. 2). These retainers were 

constructed using a vacuum-machine (Bio-Art; São Carlos, São Paulo, Brazil). 

Likewise, the same orthodontist made the VFRs using the plaster models obtained at 
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the same appointment of fixed appliances removal. The retainers were made of 1mm 

thickness acetate (Bio-Art; São Carlos, São Paulo, Brazil) covering the occlusal 

surface of all teeth up to the second molars. The patients were instructed to wear the 

retainers only during nights since the first day of retention. 

All patients were oriented regarding the use and care of the retainers. 

Additionally, in the case of problems, concerns, or failed retainers, the patients were 

advised to contact the orthodontist for resolution as soon as possible. 

 

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

 Treatment stability characterized by the changes in the Little Irregularity Index20 

(LII) was considered the primary outcome of the present study. In view of this, the 

patients were evaluated in four time-points: at fixed appliances removal (T0), after 3 

months (T1), 6 months (T2), and 12 months (T3). In each appointment digital models 

of all patients were obtained with a 3Shape TRIOS 3 intraoral scanner (3Shape, 

Copenhagen, Denmark). Therefore, the changes in the LII were compared. 

Additionally, the changes in arch dimensions, overjet and overbite were also assessed. 

The digital models were imported to the OrthoAnalyzerTM software (3Shape, 

Copenhagen, Denmark) where all measurements were performed. A detailed 

description of the stability outcomes was provided in Table I and depict in Figure 3. 

 The secondary outcome consisted of the retainers’ survival. First, it was 

necessary to define failure for both retainers. Definitions were based on a previous 

study.16 In the case of BRs, failures would be related to adhesive failures between the 

composite and enamel or detachment from all teeth; and wire fractures. VFRs were 

associated to failures when the retainer was lost or fractured affecting the full-thickness 

of the acetate. Smaller fractures, especially in the distal region of the VFRs were not 

considered failures. The date of retainer failure was recorded at the time the patient 

became aware and contacted the orthodontist. When an episode of failure occurred, 

the retainers were repaired or substituted as soon as possible. There were no outcome 

changes after trial commencement. 

 

Sample size calculation 

 Considering stability (LII) as the primary outcome, the sample size was 

calculated to detect a minimum intergroup difference of 0.5mm in the LII with a 

previously reported standard deviation of 0.5mm.16 Sample size calculation was 
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performed to provide 80% test power at a significance level of 5%. Therefore, a 

minimum of 17 patients was required in each group. 

Assuming a possible drop-out rate of 20% in each group, the sample size was 

increased to 25 patients per group. Thus, resulting in a total of 50 patients in the study. 

 

Interim analyses and stopping guidelines 

 Not applicable. 

 

Randomization (random number generation, allocation concealment, 

implementation) 

 Random sequence generation was obtained by using the Web site 

Randomization.com (http://www.randomization.com).21 Block randomization was 

performed to ensure equal distribution of patients in both groups. All fifty patients 

undergone randomization and were allocated to receive one type of retainer. 

Sequentially numbered opaque and sealed envelopes were used to maintain 

the allocation concealed until implementation of the intervention.22 Each envelope was 

prepared with the patients’ name on the external surface and a card inside containing 

the allocated group. The envelopes were torn open just after intervention 

implementation. All three steps of randomization (random sequence generation; 

allocation concealment; and implementation) were performed by different persons. 

 

Blinding 

Blinding of patients and orthodontist was not possible in this scenario, because 

both were aware of the intervention received right after the envelopes opening. 

Moreover, blinding of the outcome assessor was also not possible since the V-bend 

BRs appeared in the digital impressions obtained with the intraoral scanner. 

 

Statistical analyses (primary and secondary outcomes, subgroup analyses) 

 After 1-month, digital models from 20% of the sample were randomly selected 

and remeasured by the same examiner. The intraclass correlation coefficient (ICC) 

and Bland-Altman plots were used to assess the reliability and precision of the 

repeated measurements. 

 Initially, normal distribution of the occlusal measurements was tested with 

Shapiro-Wilk tests. Data was not normally distributed; therefore, median and inter-

http://www.randomization.com/
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quartile range, and non-parametric statistics had to be performed. Mann-Whitney U-

tests were applied for intergroup comparisons between the time-points. 

 The Kaplan-Meier survival plot and the log-rank test were employed to assess 

the retainers’ survival. All statical analyses were performed using SPSS software 

(Version 26; IBM, Armonk, NY) with statistical significance at P < 0.05. 

 

RESULTS 

Participant flow 

 Overall, 62 patients were assessed for eligibility. Eleven patients did not follow 

inclusion criteria and one patient opted not to participate. Finally, 50 patients were 

enrolled to receive either BRs or VFRs. Fortunately, all randomized patients were 

analyzed and no losses occurred during the 12-month period. The CONSORT flow 

diagram is shown in Figure 4. 

 

Baseline data 

 Baseline data were obtained before the retention regimen. The groups were 

comparable regarding sex distributions, age and initial molar relationship (Table II). 

Likewise, treatment details such as the type of treatment protocol applied were also 

similar between groups. 

 

Number analyzed for each outcome, estimation, and precision 

 The ICC values ranged from 0.976 (95% confidence interval (CI): 0.930-0.992) 

to 0.999 (CI: 0.997-1.000) indicating excellent intraexaminer reliability.23 Moreover, 

reliability and precision of the method were confirmed through Bland-Altman plots for 

each occlusal outcome (Supplementary Figure 1). 

As previously mentioned, the groups were compared regarding the occlusal 

changes after 3, 6, and 12 months. Up to 6 months both retainers were equally effective 

to maintain treatment stability regarding all the occlusal outcomes assessed. However, 

after 12 months of retention, the BRs were more effective to maintain the incisors’ 

alignment in the maxilla (P < 0.001) and in the mandible (P < 0.006) compared to the 

VFRs (Table III). No differences were noticed in the intercanine and intermolar widths, 

overjet and overbite. 

 There were no significant differences regarding the retainers’ survival rates after 

12 months. In the maxilla, 92% of the retainers in both groups survived the period of 
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evaluation; therefore, demonstrating non-significant differences (P < 0.967; Figure 5). 

In the mandible, 92% of the BRs and 88% of the VFRs survived the follow-up period 

(P < 0.655; Figure 5). Including the maxilla and mandible, only 8% of the BRs and 10% 

of the VFRs failed and had to be repaired or substituted after 12 months 

(Supplementary Figure 2). Three BRs showed an adhesive failure and one retainer 

fractured between lateral incisor and canine. In relation to the VFRs, three fractured in 

the molars’ region, and two patients experienced failures because their dogs ate one 

of the retainers. 

 

Harms 

 In this study no serious harm or undesirable effect related to the retainers was 

observed. The amount of relapse was acceptable in a clinical perspective. 

 

DISCUSSION 

Main findings in the context of the existing evidence and interpretation 

 

 Posttreatment studies evaluating different types of retention protocols represent 

great importance for the orthodontic literature. This fact is explained because relapse 

is probably the most common risk of orthodontic treatment and can cause 

disappointments for both orthodontists and patients.2 Therefore, this RCT aimed to 

compare the clinical effectiveness of two different retainers regularly used worldwide 

regarding their capacity to maintain treatment stability and survival rates. 

 In this study, the broader concept of treatment stability was depicted in 5 specific 

outcomes. Among them, the LII was considered primary since patients focus specially 

on the alignment observed in the anterior teeth.2 Moreover, intercanine and intermolar 

widths, overjet and overbite would complement the retainers’ capacity to maintain the 

results obtained with orthodontic treatment. 

 RCTs occupy a high place in the evidence pyramid due to the randomization 

process.24 Randomization is the best attempt to control known and unknown 

confounding factors. In this trial, randomization worked well; the groups presented 

great comparability regarding sex distribution, age, initial molar relationship, 

performance of extraction and orthodontic treatment characteristics (Table II). 

 The main finding of this study was that BRs were more effective to maintain the 

incisors’ alignment in the maxilla and mandible after 12 months compared to VFRs 
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(Table III). Thus, the null hypothesis was rejected. The greatest retention capacity of 

BRs in the anterior teeth of the maxilla was an unexpected finding. Previous RCTs and 

a recent systematic review demonstrated the similar effectiveness of BRs and VFRs 

in the maxillary arch.16-18 It could be speculated that these results might be explained 

by the patients’ adherence to the VFRs, as previously suggested.14,17 

During the follow-up appointments the patients were interviewed regarding the 

use and care of the retainers. Barely 40% of the VFR patients reported a strict follow 

of the retention regimen of using the retainers every day during nights. A reduced 

compliance rate of less than 50% with removable retainers is generally reported in 

retention studies.16,25 Again, this unfortunate adherence to the retention regimen might 

also explain the greatest effectiveness of BRs in the mandible. Nonetheless, it should 

be considered that the extent of relapse observed in this study was smaller than 

previous RCTs.2,16 

It is worth mentioning that although the VFRs were less effective than BRs, no 

patient presented a LII greater than 2mm in both arches after 12 months. The literature 

indicates that LII scores less than 3.5mm are clinically acceptable.1,26 Therefore, the 

retention regimen with VFRs still guaranteed satisfactory teeth alignment. From a 

clinical standpoint, even though statistical differences were verified, posttreatment 

relapse was minimal with both retainers regarding the incisors’ alignment. 

In accordance, no differences were observed between retainers in the 

intercanine and intermolar widths, overjet and overbite (Table III). No differences in the 

intercanine width were already anticipated; however, small differences in the intermolar 

width were expected because BRs do not extend to the molars’ region. Possibly, the 

appropriate interdigitation of the buccal segments maintained transversal stability.2 

Since acceptable transversal stability can be obtained even with BRs, perhaps that is 

the motive that researchers are progressively reducing the VFRs extent to the first 

premolars.14 The minimum changes in overjet and overbite corroborate with previous 

studies.14,16 

There were no differences regarding the BRs and VFRs failure rates. The BRs 

failure rates were 8% in the maxilla and mandible. Arguably, greater failure rates were 

expected with BRs in the maxilla possibly due to occlusal stress;27 however, this did 

not happen in this trial. Perhaps, installation of the retainers by an experienced 

orthodontist following an adequate adhesive strategy may partially explain these 

findings.27 These failure rates are in accordance with previous RCTs.2,14 Additionally, 
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the Kaplan-Meier plots describe that the majority of BRs failed within the initial 6 

months of retention (Fig. 5). 

In relation to the VFRs. The failure rates were 8% in the maxilla and 10% in the 

mandible. Overall, these failure rates can be considered tolerable compared to other 

published trials.2,15,16 These reduced failures with the VFRs may be partially explained 

by the nights-only use wear regimen. Currently, there is no standardized wear protocol 

for VFRs, but full-time wear is being related to greater VFRs breakages.7 In this study, 

the VFRs fractured distally in the first and second molars region (Supplementary Figure 

2). That might not be the case if the VFRs is built up to the premolars.14 Interestingly, 

the two loses of VFRs in this study were caused by patients’ dogs. Most of the failures 

occurred after the initial 6 months of retention; these findings were contrary to the BRs 

(Fig. 5).  

A viable retention alternative could be associate BRs and VFRs. In this case,  if 

one of the retainers failed the other would maintain treatment results until the next 

appointment with the orthodontist.28 Further research evaluating this association would 

be exciting. 

Retention is vital for successful orthodontic treatment; therefore, the use of 

retainers should be recommended. The ideal retainer for each individualized case, 

whether fixed, removable, or both, should consider not solely their clinical 

effectiveness. But more importantly the patients’ capacity and desire to comply with 

the retention protocol.7,16,29 

 There still insufficient evidence about long-term retention. Further long-term 

studies originated from randomized designs should be performed to increase the 

robustness of the information regarding this subject. The patients of the present study 

will be followed over the years with the aim to observe if relapse values progress or 

remain stable, and if the differences between retainers persist in the long-term.  

 

Limitations 

 The patients’ adherence to the VFRs wear regimen was not assessed in the 

present study. The patients were only oriented and questioned regarding the use of 

the retainers during the follow-up appointments, and therefore, this self-assessment 

by the patient can be inaccurate.30 That is a limitation frequently reported in retention 

studies with removable appliances.2,15,16 Overall, since it is not possible to know the 

true amount of VFR wear, the slightly significant relapse in the VFRs patients could be 
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caused by the retainer failure, lack of compliance, or a combination of both. Future 

studies including a built-in sensor on the retainers may assist to increase the certainty 

of this kind of study. 

Additionally, it was not possible to blind the operators and patients to the 

treatment allocations due to the nature of the interventions. 

Despite the fact some limitations exist, this trial can be considered a “real-life” 

situation that orthodontists might underwent in their offices, especially regarding 

removable retainers and compliance.16 RCTs must be performed to replicate exactly 

these kinds of situations. 

 

Generalizability 

 The generalizability of these findings may be limited due to the single center 

design of this RCT, and only one orthodontist made and installed the retainers. 

Moreover, the degree of patient compliance might be different in other regions and 

countries. 

 

CONCLUSIONS 

1. The null hypothesis was rejected. In fact, BRs were more effective to maintain 

the incisors alignment in the maxilla and mandible compared to VFRs after 12 

months. During the initial 6 months of retention the retainers were equally 

effective. 

2. Although significant differences existed between retainers, the amount of 

relapse in both groups was minimal in a clinical perspective. 

3. BRs and VFRs present similar survival rates in the maxillary and mandibular 

arches. 
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FIGURE CAPTIONS 

Fig. 1 – Clinical aspect of the V-bend BR after installation. 

Fig. 2 – Clinical aspect of the VFR after installation. 

Fig. 3 – Occlusal measurements (Software OrthoAnalyzerTM). A) Little Irregularity 

Index; B) Intermolar (red) and intercanine (blue) widths; C) Overjet and overbite. 

Fig. 4 – Consolidated Standards of Reporting Trials (CONSORT) flow diagram. 

Fig. 5 – Kaplan-Meier survival plots and log-rank P values during the 12 months of 

retention in the maxilla and mandible. 

 

SUPPLEMENTARY MATERIAL 

Supplementary Figure 1 – Bland-Altman plots demonstrating acceptable intraexaminer 

reliability of the occlusal measurements. 

Supplementary Figure 2 – Examples of retainers’ failures. A) Adhesive failure in the 

left mandibular canine (The line of fracture between composite and enamel can be 

observed); B) Fracture of the VFR in the molars’ region. 

  



74 

Fig. 1 
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Fig. 2 
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Fig. 3 
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Fig. 4 
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Fig. 5 
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Supplementary Figure 1 
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Supplementary Figure 2 
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Table I. Occlusal measurements and definitions. 
 

Measurement Definition 

Little's Irregularity Index (LII) 
The average of the linear distances between the anatomical contact 
points of the anterior teeth. 

Intercanine Width (ICW) 
Distance between the cusp tips of the right and left permanent 
canines. 

Intermolar Width (IMW) 
Distance between the tips of the mesiobuccal cusps of the right and 
left permanent molars. 

Overjet 
Distance between the incisal edge of the maxillary central incisor 
and the incisal edge of the mandibular incisor, parallel to the 
occlusal plane. 

Overbite 
Distance between the incisal edge of the upper central incisor and 
the incisal edge of the lower incisor, perpendicular to the occlusal 
plane. 

 
Note: The measurements were performed in millimeters (mm). 
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Table II. Baseline characteristics of the groups. 
 
 
 
 
 
 
 
 
 
 
 
 
 
  

Variable BR (N = 25) VFR (N = 25) 

Sex 

     Female 14 13 

     Male 11 12 

Age (Years) 

     Debonding 16.70 ± 3.21 16.24 ± 2.49 

Initial Molar Relationship 

     Class I 11 10 

     Class II 11 14 

     Class III 3 1 

Extractions 

     Non-extraction 24 24 

     Mandibular extractions 1 1 

Treatment Modality 

     Fixed appliances only 18 13 

     Fixed appliances + mini-implants 7 10 

     Functional and fixed appliances 0 2 
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Table III. Intergroup relapse comparisons (Mann-Whitney U-tests). 
 

 
*Statistically significant at P < 0.05. 
BRs: Bonded retainers; VFRs: Vacuum-formed retainers; LII: Little Irregularity Index; ICW: Intercanine width; IMW: Intermolar width.

Changes in each follow-up 
Maxilla Mandible Interarch 

LII ICW IMW LII ICW IMW Overjet Overbite 

3-Month relapse (T1-T0) 

BRs 0.13 (0.15) 0.05 (0.19) -0.04 (0.24) 0.09 (0.09) -0.02 (0.32) 0.05 (0.55) 0.00 (0.21) -0.05 (0.20) 

VFRs 0.11 (0.12) 0.05 (0.25) 0.15 (0.33) 0.09 (0.10) -0.03 (0.21) -0.02 (0.24) 0.08 (0.17) -0.04 (0.15) 

P value 0.847 0.829 0.220 0.964 0.625 0.352 0.388 0.481 

6-Month relapse (T2-T0) 

BRs 0.26 (0.13) 0.07 (0.25) -0.04 (0.43) 0.19 (0.22) -0.03 (0.24) 0.00 (0.39) 0.05 (0.26) -0.02 (0.28) 

VFRs 0.30 (0.28) 0.03 (0.32) 0.09 (0.38) 0.18 (0.35) -0.04 (0.30) 0.09 (0.30) 0.13 (0.32) -0.04 (0.15) 

P value 0.104 0.247 0.633 0.394 0.517 0.488 0.883 0.874 

12-Month relapse (T3-T0) 

BRs 0.34 (0.36) -0.02 (0.19) 0.03 (0.64) 0.27 (0.26) 0.02 (0.25) 0.00 (0.51) 0.09 (0.26) -0.12 (0.32) 

VFRs 0.68 (0.52) -0.28 (0.50) -0.15 (0.37) 0.54 (0.56) -0.07 (0.38) 0.11 (0.64) 0.05 (0.42) -0.11 (0.23) 

P value 0.001* 0.069 0.312 0.006* 0.261 0.312 0.959 0.982 



 

 

 

 

 

 

 

 

 

 

 

3 DISCUSSION 
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3 DISCUSSION 

 

This Ph.D. thesis consisted of two major studies. The first one was a SR 

including 5 RCTs comparing BRs and VFRs. To our knowledge this was the first SR to 

compare both retainers directly. (LITTLEWOOD; MILLETT; DOUBLEDAY; BEARN et 

al., 2016) The second study was an RCT to complement the evidence found in the SR. 

Overall, stabiliy studies are important for clinical orthodontics because the possibility 

of relapse is a risk for every orthdontic treatment.(O'ROURKE; ALBEEDH; SHARMA; 

JOHAL, 2016) We expect that these results might increase the quality of the evidence 

regarding this subject. 

 Both SRs and RCTs represent the highest spot in the evidence pyramid due to 

their sistematic methodology and randomization process, respectively. (MURAD; ASI; 

ALSAWAS; ALAHDAB, 2016) Thus, the findings of the present research represent 

evidence of low RoB. In the RCT, both groups presented great comparability at 

baseline, indicating that the randomization process was well-performed. 

 Interestingly, the SR and the RCT suggested the greater retention capacity with 

BRs at 6 and 12 months after fixed appliance removal in the mandible. Based on our 

results, it could be especulated that the worse performance of VFRs might be related 

to the patients non-compliance rather than a proper failure of the retainer. (FORDE; 

STOREY; LITTLEWOOD; SCOTT et al., 2018; O'ROURKE; ALBEEDH; SHARMA; 

JOHAL, 2016) In aggreement, the RCTs included in the SR that reported an equal 

effectiveness of both retainers declare that the patients adherence to the retention 

protocol was great. (KRÄMER; SJÖSTRÖM; HALLMAN; FELDMANN, 2020; 

NARAGHI; GANZER; BONDEMARK; SONESSON, 2021) In our RCT, barely 40% of 

the VFR patients followed the retention regimen correctly; therefore, this unfortunate 

adherence might explain the greater effectiveness of BRs over the VFRs, as previously 

suggested. (FORDE; STOREY; LITTLEWOOD; SCOTT et al., 2018; WONG; FREER, 

2005) 

 Studies comparing fixed and removable appliances are prone to this kind of 

limitations since it is almost impossible to evaluate the true amount of time the patients 

used the retainers. Moreover, if the patient is unwilling to wear the retainer, relapse in 

some degree should be taken into account. (LITTLEWOOD; MILLETT; DOUBLEDAY; 

BEARN et al., 2016) 
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 Regarding the maxilla, the SR and the RCT presented contradictory findings. 

The SR suggested that no differences between retainer exist; however, in the RCT, 

again BRs were more effective to maintain treatment stability. When compared to the 

mandible, the maxillary arch shows significantly smaller relapse in the short- and long-

terms. (BJERING; BIRKELAND; VANDEVSKA-RADUNOVIC, 2015) Therefore, it was 

expected to find non-significant differences with both retainers in the maxillary arch. 

Nonetheless, once again, it is possible to attribute the greater effectiveness of the BRs 

in the RCT to the lack of patient compliance. Overall, since both studies were 

contradictory, there is still a lack of sufficient evidence to affirm that one retainer is 

better than the other in the maxilla. 

 It should be highlighted that even though there were significant differences in 

the RCT, with the BRs being more effective, the LII index presented by the patients 

was smaller than 2 mm; therefore, indicating acceptable stability based on previous 

studies. (EDMAN TYNELIUS; PETRÉN; BONDEMARK; LILJA-KARLANDER, 2015; 

THICKETT; POWER, 2010) Values up to 3.5 should be considered acceptable in a 

clinical perspective. Based on this values, it is possible to affirm that both retainers 

were effective to prevent relapse clinically. Likewise, no differences were observed in 

the other occlusal variables evaluated in the RCT. Some changes in the intermolar 

distance were expected in the BR group; however, it seems that acceptable transversal 

stability was obtained with an appropriate interdigitation of the posterior teeth. 

(O'ROURKE; ALBEEDH; SHARMA; JOHAL, 2016) 

 All the studies included in the systematic review encountered greater 

periodontal effects with BRs compared to VFRs. Consequently, greater plaque and 

calculus accumulation were observed in the canine-to-canine region with these 

retainers. (STOREY; FORDE; LITTLEWOOD; SCOTT et al., 2018) The orthodontist 

should be aware that BRs require more attention in a periodontal perspective and 

probably more appointments to maintain periodontal health.  

 In relation to the retainers’ survival rates. Probably, that was the variable with 

greater variability. Previous systematic reviews exhibited failure rates of BRs ranging 

from 11% to 71%. (ILIADI; KLOUKOS; GKANTIDIS; KATSAROS et al., 2015) 

Likewise, 50% to 70% failure rates have been reported for VFRs. (AL-MOGHRABI; 

JOHAL; O'ROURKE; DONOS et al., 2018; NARAGHI; GANZER; BONDEMARK; 

SONESSON, 2021) Based on these increased failure rates, it should be mentioned 

that both retainers are susceptible to failure and require a great amount of care. 



87 

 Fortunately, the present RCT showed minimum failure rates compared to 

previous studies. (AL-MOGHRABI; JOHAL; O'ROURKE; DONOS et al., 2018; 

FORDE; STOREY; LITTLEWOOD; SCOTT et al., 2018; O'ROURKE; ALBEEDH; 

SHARMA; JOHAL, 2016) Failure rates smaller than 10% were observed after 12 

months in this RCT and both retainers demonstrated non-significant differences 

regarding this outcome. That was an interesting finding and was probably related to 

the greater experience of the operator while bonding the BRs and the partial wear time 

of the VFRs. Currently, there is no standardization on the use of VFRs; however, full-

time wear is being associated with greater failure rates. (SUN; YU; LIU; CHEN et al., 

2011) Moreover, night-only use seems to be equally effective to full-time wear with 

damage to the retainers. (FORDE; STOREY; LITTLEWOOD; SCOTT et al., 2018; 

KRÄMER; SJÖSTRÖM; HALLMAN; FELDMANN, 2020; LITTLEWOOD; MILLETT; 

DOUBLEDAY; BEARN et al., 2016) 

 The longest follow-up study included in the SR evaluated the patients through 4 

years. Retention clinical studies are difficult to undertake from a practical and financial 

perspective, but further long-term studies should be performed for more robust 

information regarding this subject. In the case of the RCT, the patients will be followed 

yearly to observe if the relapse values change, and if the differences between retainers 

persist. Further studies should also consider the assessment of the combination of 

BRs and VFRs. It would be interest from a clinical point of view. The tendency of uniting 

both retainers is increasing especially in the European continent. 
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4 FINAL CONSIDERATIONS 

 

 Based on the evidence found in this systeamtic review and randomized clinical 

trial, the following could be concluded: 

• BRs are more effective to maintain the incisors’ alignment during the intial 12 

months of retention. Nonetheless, that greater effectiveness compared to VFRs could 

be related to a reduced level of patient compliance rather than a failure of the VFR 

itself. 

• BRs cause greater calculus and plaque accumulation in the canine-to-canine 

region compared to VFRs and require greater periodontal control from the patient and 

orthodontist. 

• The failure rates between retainers seems to be similar in the maxillary and 

mandibular arches; however, the amount of retainers failure is influeced by a different 

range of factors; therefore, these results might be different in other populations and 

regions. 

• Retention is vital for successful orthodontic treatment; therefore, the use of 

retainers should be recommended. The ideal retainer for each individualized case, 

whether fixed, removable, or both, should consider not solely their clinical 

effectiveness. But more importantly the patients’ capacity and desire to comply with 

the retention protocol. 
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ANEXX A. Ethic Committee approval, protocol number 3.835.225 (front). 
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ANEXX A. Ethic Committee approval, protocol number 3.835.225 (verse). 
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ANEXX A. Ethic Committee approval, protocol number 3.835.225 (verse). 
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ANEXX A. Ethic Committee approval, protocol number 3.835.225 (verse). 
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ANEXX B. Informed consent for children. 
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ANEXX C. Informed consent for children’s legal guardians (front). 
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ANEXX C. Informed consent for children’s legal guardians (verse). 
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ANEXX D. Informed consent for patients above 18 years (front). 
 

 



106 

ANEXX D. Informed consent for patients above 18 years (verse). 
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