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ABSTRACT 
Objective: To evaluate the effectiveness of various orthodontic retention protocols, including removable 
retainers, fixed retainers, and a combination of both. Material and Methods: A cohort of orthodontic patients 
(n=240) was divided into four groups: Removable Retainer Group, Fixed Retainer Group, Combination 
Protocol Group, and Control Group. Tooth alignment stability, patient satisfaction, compliance, and adverse 
event occurrence were assessed over two years. Data analysis included regression analysis and comparisons 
between groups. Results: Fixed retainers demonstrated superior effectiveness in maintaining tooth alignment 
stability compared to removable retainers and the combination protocol, with the slightest deviation from 
baseline alignment. The Fixed Retainer Group also reported the highest patient satisfaction and compliance 
rates. Adverse events and complications, such as retainer breakage and discomfort, were more frequent in the 
Removable Retainer Group. Conclusion: Fixed retainers offer superior tooth alignment stability, patient 
satisfaction, and compliance, while adverse events are relatively infrequent and manageable. However, patient 
preferences and needs should be considered when choosing the most appropriate retention strategy. 
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n Introduction 

Orthodontic treatment aims to achieve optimal tooth alignment and occlusion [1]. However, the 

success of orthodontic interventions is not solely determined by the treatment phase; long-term stability and 

maintenance of the results are equally vital considerations in achieving treatment goals [2]. Post-treatment 

orthodontic retention plays a pivotal role in preserving the hard-earned alignment of teeth, preventing relapse, 

and ensuring the durability of the treatment outcome [3]. 

Orthodontic retention protocols encompass a spectrum of strategies, including removable retainers, 

fixed retainers, and combinations thereof, each with advantages and drawbacks [4]. An appropriate retention 

protocol should be selected based on carefully considering patient preferences, compliance, and the orthodontist's 

clinical judgment [5]. Nevertheless, the fundamental objective of all retention strategies remains consistent: to 

preserve the alignment of teeth achieved during active orthodontic treatment [6]. 

Retention protocols have been a subject of considerable research and clinical discussion, with varying 

opinions on their effectiveness, patient acceptability, and impact on long-term stability. While numerous studies 

have evaluated different retention methods individually, there needs to be more comprehensive research directly 

comparing the efficacy and patient satisfaction associated with distinct retention protocols within the same study 

cohort. 

The importance of comparing various retention strategies lies in the need to guide evidence-based 

decision-making in orthodontic practice. Understanding which retention protocols offer superior tooth 

alignment stability, patient satisfaction, and compliance can inform treatment planning and enhance the overall 

quality of care for orthodontic patients. 

This study addresses this gap in the orthodontic literature by comprehensively evaluating the 

effectiveness of different orthodontic retention protocols in maintaining post-treatment tooth alignment. We 

will assess the outcomes of three distinct retention methods: removable retainers, fixed retainers, and a 

combination of both, compared to a control group without any retention protocol. This comparative approach 

will enable us to ascertain which protocol offers superior post-treatment tooth alignment stability while also 

considering patient satisfaction, compliance, and adverse events. 

Through meticulous data collection, statistical analysis, and a multidimensional assessment, we aim to 

provide orthodontists and patients with valuable insights that can guide the selection of the most appropriate 

and effective retention protocol, ensuring the long-term success of orthodontic treatment. 

 

n Material and Methods 

Study Design 

This research employed a prospective cohort study design to assess the effectiveness of different 

orthodontic retention protocols in maintaining post-treatment tooth alignment. The study involved several 

stages, including participant recruitment, data collection, analysis, and reporting of the findings. 

 

Ethical Considerations 

This research study obtained approval from the Institutional Review Board (IRB) and adhered to all 

ethical guidelines and regulations regarding human research. 

 

Participants 

The inclusion criteria were as follows: 
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• Patients who had recently completed their orthodontic treatment. 

• Patients aged between 15 and 30 years. 

• Patients who agreed to provide informed consent. 

 

Sample Size Calculation 

Determining an appropriate sample size for this study involved several considerations to ensure robust 

results: 

Statistical Power Determination: The concept of statistical power, denoting the probability of detecting actual 

effects, underscores the significance of adequately powered studies to minimize the likelihood of Type II errors. 

To uphold methodological soundness, we aimed for a minimum power threshold of 80%, a standard medical and 

dental research practice. 

1. Type I Error Rate (α) Specification: The Type I error rate, symbolized by α, delineates the probability 

of erroneously rejecting the null hypothesis when it holds true. Adhering to conventions in scientific 

inquiry, we established α at 0.05, a customary significance level signifying a stringent criterion for asserting 

statistical significance. 

2. Effect Size Estimation (Cohen's d): Cohen's d, a widely employed metric for quantifying effect size, is 

pivotal in gauging the substantive differences between groups under investigation. Grounded in existing 

orthodontic literature and expert consensus, we conservatively approximated a moderate effect size of 0.5, 

indicative of meaningful distinctions in post-treatment tooth alignment outcomes. 

3. Consideration of Variability: Variability, encompassing individual treatment responses and 

measurement errors within the study cohort, necessitated meticulous scrutiny. Leveraging insights gleaned 

from pilot data analyses, we meticulously estimated the anticipated variability in post-treatment tooth 

alignment measurements. 

By synthesizing these critical components within our sample size determination framework and 

conducting a rigorous power analysis, we derived a requisite sample size of 𝑛 = !(#$/!	'#(	)!.+!
,!

, where n denotes 

the sample size, Zα/2, and Zβ represents the critical values corresponding to the Type I and Type II error rates, 

σ2 signifies the variance, and d represents the effect size. This judicious approach ensures the robustness and 

integrity of our statistical interferences and underscores our commitment to delivering clinically meaningful 

insights within the orthodontic domain. 

We determined that a total sample size of 240 participants was required to detect statistically significant 

differences between the groups with sufficient power. 

 

Group Allocation 

To ensure that the study had a balanced representation of participants in each retention protocol group, 

we allocated participants as follows: 

• Removable Retainer Group (RRG): This group comprised 60 participants who were provided with 

removable retainers as their retention protocol. 

• Fixed Retainer Group (FRG): 60 participants received fixed retainers as their retention protocol. 

• Combination Protocol Group (CPG): 60 participants received a combination of both removable and fixed 

retainers. 
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• Control Group (CG): 60 participants did not receive any retention protocol and served as the control group 

to assess natural post-treatment changes. 

This distribution resulted in a total sample size of 240 participants, with each group representing a 

distinct retention protocol, i.e., Removable retainer (Figure 1), Fixed lingual retainer (Figure 2), Removable 

retainer in combination with Fixed lingual retainer (Figure 3) and No retention appliance (Figure 4). By having 

an equal number of participants in each group, we aimed to maintain balance and ensure that the statistical 

analysis would be adequately powered to detect differences between the retention protocols. 

 

 A 

 

 B 

   

 C 

 

 D 

 

 
Figure 1. (A) Removable retainer; (B) Fixed lingual retainer; (C) A removable retainer is used in 

combination with a fixed lingual retainer; and (D) No retention. 
 

This sample size allocation was selected to strike a balance between statistical power and practical 

feasibility, considering available resources and ethical considerations. It provides sufficient statistical power to 

detect meaningful differences in post-treatment tooth alignment while ensuring a manageable recruitment and 

data collection process. 
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Patient Characteristics 

The participants included in this study comprised orthodontic patients who had recently completed 

their orthodontic treatment. Their initial malocclusion profiles varied widely and encompassed a range of 

orthodontic issues, including crowding, spacing, overbite, overjet, crossbite, and other dental misalignments. 

These malocclusions were diagnosed during the initial orthodontic assessment by the treating orthodontists. 

 

Initial Malocclusion 

Prior to treatment initiation, each patient underwent a comprehensive orthodontic assessment, 

including clinical examination, cephalometric analysis, and dental cast analysis. Malocclusion characteristics 

were documented based on Angle's classification, including overjet and overbite measurements. 

 

Treatment Protocol 

Patients received orthodontic treatment using fixed appliances (0.022-inch MBT prescription brackets) 

or Clear aligner therapy. The treatment protocol involved non-extraction therapy with Interproximal reduction 

(IPR), expansion, distalization, fixed functional appliances, Class II elastics, or orthognathic surgery. The 

average treatment duration was 24 months, with adjustments every 4-6 weeks. 

 

Follow-Up 

Following the completion of orthodontic treatment, patients were scheduled for regular follow-up 

appointments at 6 months, 1 year, and 2 years. Clinical examinations, photographic documentation, study 

models, and lateral cephalometric radiographs were obtained during these appointments to evaluate treatment 

stability and assess any potential relapse. 

 

Duration and Type of Treatment 

Each participant underwent orthodontic treatment tailored to address their specific malocclusion and 

treatment goals. The duration of orthodontic treatment varied depending on factors such as the complexity of 

the malocclusion, treatment modality, and individual patient response. On average, the duration of orthodontic 

treatment ranged from 18 to 24 months, with some cases requiring longer treatment durations for more severe 

malocclusions or additional interventions such as surgical orthodontics. 

 

The types of orthodontic treatment modalities employed in our study cohort included: 

§ Traditional fixed appliances (braces); 

§ Clear aligner therapy; 

§ Expansion; 

§ Distalization; 

§ Fixed functional appliances; 

§ Adjunctive procedures deemed necessary for comprehensive orthodontic correction. 

The selection of treatment modalities was based on individual patient needs, treatment goals, and 

clinician expertise, following established orthodontic principles and evidence-based practices. 

 

Data Collection 
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Data collection occurred at several key time points, including baseline (immediately post-treatment) and 

specified follow-up intervals (6 months, 1 year, and 2 years). 

 

Dental Impressions and Intraoral Photographs 

At each time point, dental impressions and intraoral photographs were taken for each participant. These 

impressions and photographs documented the alignment of the teeth and served as a baseline for assessing post-

treatment changes. 

 

Questionnaires 

Participants were asked to complete satisfaction and compliance questionnaires at each follow-up visit. 

These questionnaires assessed their level of satisfaction with the retention protocol they received and their 

compliance with wearing retainers as instructed. 

 

Detailed Assessment of Compliance 

We employed a multifaceted approach to assess compliance to ensure a comprehensive understanding 

of participant adherence to the intervention protocols. Each participant's engagement with the intervention was 

meticulously recorded, utilizing both direct and indirect measures. Direct measures included attendance logs for 

intervention sessions, whereas indirect measures comprised participant self-reports and digital tracking 

mechanisms when applicable. This dual approach allowed for a nuanced assessment of compliance, capturing 

both the frequency of engagement and the depth of participant involvement. 

Additionally, to address potential concerns regarding the completeness of our data, we adopted a 

rigorous protocol for managing missing observations. This involved a combination of imputation techniques for 

minor missing data points based on established statistical methods and sensitivity analyses to evaluate the impact 

of missing data on our findings. Our approach ensures that the integrity and robustness of our results are 

maintained, providing a reliable foundation for interpreting the effects of our intervention. 

Adverse Event Monitoring 

Any adverse effects or complications associated with the retention protocols were monitored and 

documented throughout the study. This included any issues related to retainer breakage, discomfort, or adverse 

oral health outcomes. 

 

Data Analysis 

Data analysis was conducted using the statistical software SPSS 21.0 (IBM Corp., Armonk, NY, USA). 

Descriptive statistics (means and standard deviations) were calculated for continuous variables, including tooth 

alignment measurements. The normality of continuous variables was assessed using Shapiro-Wilk tests, 

histograms, and Q-Q plots. This evaluation helped determine the appropriateness of parametric tests for 

inferential analysis. A comparative analysis was conducted to assess the effectiveness of different retention 

protocols. Appropriate statistical tests, such as analysis of variance (ANOVA) and post hoc tests, were used to 

compare changes in tooth alignment between the groups. A multivariate analysis, including regression analysis, 

was performed to identify factors that influenced post-treatment tooth alignment stability, considering variables 

such as age, gender, and type of retention. The p-value of < 0.05 was considered statistically significant. 

 

n Results 
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Table 1 provides an overview of the demographic characteristics of the participants in each group. It 

shows the distribution of age and gender among participants in the Removable Retainer Group, Fixed Retainer 

Group, Combination Protocol Group, and Control Group. The participants in all groups were well-distributed 

in terms of age, with mean ages ranging from 20.8 to 21.4 years. Gender distribution was relatively balanced in 

each group, with roughly equal numbers of male and female participants. 

 

Table 1. Demographic characteristics of study participants. 
Variables Groups  

Removable Retainer Fixed Retainer Combination Protocol Control 
Total Participants 60 60 60 60 
Age (Mean ± SD) 21.4 ± 3.2 20.8 ± 2.9 21.1 ± 3.0 21.0 ± 2.8 
Gender (Male/Female) 30/30 31/29 29/31 30/30 

 

Table 2 presents the changes in tooth alignment measurements over time for each retention protocol 

and control group. It includes data at baseline (immediately post-treatment) and follow-up time points (6 months, 

1 year, and 2 years). Tooth alignment measurements decreased over time in all groups, indicating some natural 

changes in tooth position after orthodontic treatment. The Fixed Retainer Group exhibited the most minor 

deviation from the baseline alignment at all time points, suggesting that fixed retainers may be more effective in 

maintaining tooth alignment than removable retainers and the absence of retention. 

 

Table 2. Change in tooth alignment measurements over time. 
Time Point (Months) Removable Retainer Fixed Retainer Combination Protocol Control 

 Mean ± SD Mean ± SD Mean ± SD Mean ± SD 
Baseline (0) 0.00 ± 0.00 0.00 ± 0.00 0.00 ± 0.00 0.00 ± 0.00 
6 Months -0.15 ± 0.10 -0.10 ± 0.12 -0.12 ± 0.11 0.05 ± 0.08 
1 Year -0.28 ± 0.15 -0.22 ± 0.14 -0.25 ± 0.13 0.08 ± 0.12 
2 Years -0.35 ± 0.18 -0.27 ± 0.17 -0.30 ± 0.16 0.10 ± 0.14 

Negative values indicate a deviation from the baseline alignment. 
 

Table 3 provides information on patient satisfaction levels and compliance rates for each retention 

protocol group. Patient satisfaction levels were relatively high across all retention protocol groups, with mean 

satisfaction scores ranging from 4.6 to 4.8 on a scale of 1 to 5. The Fixed Retainer Group had the highest 

satisfaction level, indicating that patients with fixed retainers were generally more satisfied with their retention 

protocol. Compliance rates were also reasonably good, with all groups showing high levels of adherence to their 

respective retention protocols. 

 

Table 3. Patient satisfaction and compliance. 
Groups Satisfaction Level (Mean ± SD) Compliance Rate (%) 

Removable Retainer 4.6 ± 0.8 85% 
Fixed Retainer 4.8 ± 0.7 90% 
Combination Protocol 4.7 ± 0.9 88% 
Control (No Retention) N/A N/A 

N/A: Not applicable. 
 

Table 4 presents data on adverse events and complications associated with each retention protocol 

group, including retainer breakage, discomfort, and adverse oral health outcomes. Adverse events, such as 

retainer breakage, discomfort, and adverse oral health outcomes, were reported in varying frequencies across the 

retention protocol groups. 
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The Removable Retainer Group had the highest incidence of retainer breakage and discomfort. The 

Fixed Retainer Group reported the lowest number of adverse events and complications, suggesting a lower risk 

of complications associated with fixed retainers. 

 

Table 4. Adverse events and complications. 
Groups Retainer Breakage Discomfort Adverse Oral Health 

 N N N 
Removable Retainer 5 8 3 
Fixed Retainer 1 2 0 
Combination Protocol 3 6 1 
Control (No Retention) 0 0 0 

 

Table 5 presents the results of a regression analysis aimed at identifying factors influencing tooth 

alignment stability. The beta coefficient for age was found to be -0.05, with a 95% confidence interval stretching 

from -0.15 to 0.05. This indicates a minor, albeit statistically insignificant, decline in tooth alignment stability 

with each additional year of age, as evidenced by a p-value of 0.324. The implication here is that within the 

studied age range (15 to 30 years), age does not significantly impact the post-treatment stability of tooth 

alignment, suggesting that factors other than age are more critical in determining the long-term success of 

orthodontic interventions. 

 

Table 5. Factors influencing tooth alignment stability (regression analysis). 
Variables Beta Coefficient (95% CI) p-value 

Age (Years) -0.05 (-0.15 to 0.05) 0.324 
Gender (Male vs. Female) 0.12 (-0.05 to 0.29) 0.168 
Retention Protocol -0.25 (-0.40 to -0.10) 0.002* 

*Statistically significant. 

 

Regarding gender, the analysis yielded a beta coefficient of 0.12 for male participants compared to 

females, with a confidence interval of -0.05 to 0.29. Although this suggests a slight, non-significant trend towards 

better stability in males, the associated p-value of 0.168 indicates that gender does not substantially influence 

orthodontic treatment outcomes within this cohort. This finding aligns with the broader narrative within 

orthodontic research that while biological differences between genders could potentially impact treatment 

outcomes, such effects are often nuanced and require further investigation. 

The variable pertaining to the retention protocol, however, presented the most significant findings. 

With a beta coefficient of -0.25 and a confidence interval of -0.40 to -0.10, the analysis demonstrates that the 

adoption of more stable retention protocols (e.g., fixed retainers) significantly enhances the stability of tooth 

alignment post-treatment, as highlighted by a p-value of 0.002. This result affirms the critical role of retention 

in maintaining orthodontic results and underscores the efficacy of fixed retention protocols in ensuring the 

durability of these outcomes. 

Throughout the course of the study, we closely monitored participant compliance with the intervention 

protocol. Our comprehensive assessment indicated a mean compliance rate of 85% among participants who 

completed the study. This rate reflects the proportion of prescribed sessions or activities that were fully 

completed by participants, suggesting a high level of engagement with the intervention procedures. 

To further elucidate the compliance metrics, we divided participants into three compliance categories: 

high (90-100% of activities completed), medium (70-89%), and low (<70%). Of the participants who completed 

the study, 60% fell into the high compliance category, 30% into the medium category, and 10% into the low 
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category. These classifications allowed for a nuanced analysis of the impact of compliance levels on the study 

outcomes. 

At the outset of the study, 240 participants were enrolled, each providing baseline data across all 

measured variables. The follow-up assessments were conducted at 6, 12, and 24 months, yielding the following 

numbers of observations per time point: 1) Six months: 225 participants (90% retention rate); 2) Twelve months: 

218 participants (85.3% retention rate); and 3) Twenty-four months: 210 participants (80% retention rate). The 

attrition observed was primarily attributed to factors such as relocation (15% of dropouts), lack of interest or 

time (60% of dropouts), and personal or health-related issues (25% of dropouts). 

 

n Discussion 

The effectiveness of orthodontic retention protocols in maintaining post-treatment tooth alignment is 

critical in achieving successful outcomes in orthodontic practice [7]. In this study, we compared three distinct 

retention methods- removable retainers, fixed retainers, and a combination of both- to evaluate their impact on 

tooth alignment stability, patient satisfaction, compliance, and the occurrence of adverse events. We also included 

a control group without any retention protocol for reference. Our findings reveal important insights into the 

effectiveness of these retention protocols, which can guide clinical decision-making and improve patient care. 

The preservation of post-treatment tooth alignment is a primary objective of orthodontic retention [8]. 

Our study demonstrated that fixed retainers exhibited a superior ability to maintain tooth alignment stability 

compared to removable retainers and the combination protocol. This observation aligns with several prior 

studies by Hotchandani et al. [9] and Al-Moghrabi et al. [10] who observed that fixed retainers are more 

effective in maintaining long-term tooth alignment stability compared to removable retainers. 

The advantage of fixed retainers lies in their continuous, uninterrupted support of tooth alignment, 

making them particularly effective in preventing relapse. This is consistent with Little et al. [11] 's findings, 

which emphasized continuous retention's role in reducing relapse. The fixed retainer group in our study 

exhibited the least deviation from baseline alignment at all time points, underscoring the significance of this 

retention method in maintaining long-term stability. In contrast, while popular due to their patient-friendliness, 

removable retainers may be less effective in preventing post-treatment changes. This study and others [12,13] 

have shown that removable retainers may lead to slight but measurable relapse over time. Patient compliance in 

wearing removable retainers as instructed can be a challenge, which may contribute to this phenomenon. 

Patient satisfaction with retention protocols is key to long-term compliance [14]. In our study, the 

Fixed Retainer Group exhibited the highest satisfaction levels among all groups. This finding aligns with 

Zachrisson et al. [15], who reported greater patient satisfaction with fixed retainers due to their comfort and 

convenience. 

Patient compliance is crucial for the success of retention protocols. High compliance rates were observed 

across all groups in our study, indicating a generally motivated study population. However, the Fixed Retainer 

Group displayed the highest compliance rate, possibly due to the reduced responsibility placed on patients for 

retainer wear. 

The occurrence of adverse events and complications is another important consideration in retention 

protocol selection. Our findings indicated that the Removable Retainer Group reported more instances of 

retainer breakage and discomfort compared to the Fixed Retainer Group. This aligns with the previous works 

[9,10], highlighting the potential for breakage and discomfort associated with removable retainers. 
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Fixed retainers, although effective in maintaining alignment, may pose unique challenges related to oral 

hygiene and the risk of complications such as wire breakage or detachment [16,17]. However, our study and 

others suggest that proper care makes these complications relatively infrequent and manageable. 

Our study contributes to the existing body of literature by directly comparing multiple retention 

protocols within the same study cohort. This comprehensive approach provides a robust foundation for evidence-

based decision-making in orthodontic practice. 

While our findings support the effectiveness of fixed retainers in maintaining tooth alignment stability 

and patient satisfaction, it is essential to acknowledge that retention protocol selection should be tailored to 

individual patient needs and preferences. Additionally, the evaluation of long-term outcomes beyond the scope 

of this study would further enhance our understanding of retention protocols' efficacy. 

The strengths of this study are rooted in its comparative design, where it directly assesses the 

effectiveness of multiple orthodontic retention protocols within the same study cohort. This approach enhances 

the robustness of the findings, providing comprehensive insights into the relative merits of removable retainers, 

fixed retainers, and a combination of both in preserving post-treatment tooth alignment. The two-year 

longitudinal follow-up period offers valuable medium-term data, and the multidimensional assessment, covering 

tooth alignment stability, patient satisfaction, compliance, and adverse events, provides a holistic understanding 

of the retention protocols' performance. Moreover, the inclusion of a control group without any retention 

protocol serves as a crucial reference point, aiding in establishing the efficacy of the studied retention methods. 

These methodological choices and clinical relevance strengthen the study's contribution to orthodontic practice 

and its potential to inform evidence-based treatment decisions. 

Several limitations of this study should be acknowledged. The follow-up period, although spanning two 

years, may not capture very long-term changes in tooth alignment. Future research with extended follow-up 

durations is warranted. Additionally, patient-reported outcomes, such as comfort and satisfaction, may be 

influenced by subjective factors, which could introduce bias. 

 
n Conclusion 

This study provides valuable insights into the effectiveness of different orthodontic retention protocols. 

Fixed retainers emerged as superior in maintaining tooth alignment stability and patient satisfaction while 

exhibiting high compliance. However, the choice of retention protocol should be individualized, considering 

patient preferences and the potential for adverse events. These findings offer clinicians evidence-based guidance 

for selecting the most appropriate retention strategy to ensure the long-term success of orthodontic treatment. 
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