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Article Info Abstract
Background: Long-term stability of orthodontic treatment outcomes remains one of

the most challenging aspects of modern orthodontics. Despite successful initial
treatment, relapse occurs in a significant percentage of patients, compromising the
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Methods: A systematic review of literature from 2010-2024 was conducted using
PubMed, Cochrane Library, and Scopus databases. Studies focusing on orthodontic
retention, relapse patterns, and long-term stability were included. Both clinical trials
and observational studies were analyzed to provide comprehensive insights into
retention strategies and their effectiveness.

Results: Current evidence suggests that relapse rates range from 10-90% depending
on the type of malocclusion treated and retention protocol used. Fixed retainers
demonstrate superior long-term stability compared to removable alternatives,
particularly for anterior alignment. However, complications including periodontal
issues and breakage remain significant concerns. Emerging technologies such as clear
aligner retention and personalized retention protocols show promising results.
Conclusion: Achieving long-term orthodontic stability requires individualized
retention protocols, patient compliance, and continuous monitoring. Future research
should focus on developing predictive models for relapse risk and optimizing retention
strategies based on individual patient characteristics.
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Introduction

Orthodontic treatment aims to achieve optimal dental alignment, functional occlusion, and facial aesthetics. However, the long-
term maintenance of these treatment outcomes presents significant challenges that have persisted throughout the evolution of
orthodontic practice. The phenomenon of orthodontic relapse, defined as the tendency for teeth to return toward their original
malpositioned state after active treatment, affects a substantial proportion of orthodontic patients regardless of the initial
treatment success.

The biological basis of orthodontic relapse is multifactorial, involving complex interactions between periodontal tissues,
muscular forces, occlusal factors, and growth patterns. Understanding these mechanisms is crucial for developing effective
retention strategies that can maintain treatment outcomes over extended periods. The challenge is further complicated by
individual patient variations in tissue response, compliance with retention protocols, and long-term physiological changes.
Historical perspectives on orthodontic retention have evolved significantly from the early recommendations of minimal retention
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periods to current understanding that emphasizes lifelong
retention for optimal stability. This paradigm shift reflects
accumulated clinical evidence demonstrating that relapse can
occur years or even decades after active treatment
completion.

The economic and psychological implications of relapse
extend beyond the immediate clinical concerns, affecting
patient satisfaction, treatment credibility, and healthcare
resource allocation.

Current retention strategies encompass a wide spectrum of
approaches, from traditional removable appliances to modern
fixed retention systems and emerging technologies. Each
approach presents unique advantages and limitations that
must be carefully considered in the context of individual
patient needs, treatment complexity, and long-term
maintenance requirements. The selection of appropriate
retention protocols requires comprehensive assessment of
risk factors, patient characteristics, and treatment-specific
considerations.

The purpose of this comprehensive review is to examine the
current state of knowledge regarding orthodontic retention,
analyze the effectiveness of various retention strategies, and
identify key challenges that influence long-term treatment
stability. By synthesizing available evidence and highlighting
areas for future research, this article aims to provide
clinicians with evidence-based guidance for optimizing
retention protocols and improving long-term treatment
outcomes.

Materials and Methods

Literature Search Strategy

A comprehensive systematic literature review was conducted
to identify relevant studies published between January 2010
and December 2024. The search was performed across
multiple electronic databases including PubMed/MEDLINE,
Cochrane Central Register of Controlled Trials, Scopus, and
Web of Science. The search strategy employed a combination
of Medical Subject Headings (MeSH) terms and free-text
keywords to ensure comprehensive coverage of relevant
literature.

Primary search terms included: "orthodontic retention,"
"orthodontic relapse,” "post-treatment stability," "fixed
retainer," "removable retainer,” "Hawley retainer," "clear
retainer," "long-term stability," and "treatment outcomes."
Boolean operators (AND, OR) were used to combine search
terms and create comprehensive search strings. Reference
lists of included studies were manually searched to identify
additional relevant publications.

Inclusion and Exclusion Criteria

Studies were included if they met the following criteria: (1)
published in peer-reviewed journals between 2010-2024, (2)
written in English, (3) focused on orthodontic retention
strategies or relapse patterns, (4) included human subjects,
(5) provided quantitative or qualitative data on retention
effectiveness or relapse rates, and (6) had a minimum follow-
up period of 12 months for longitudinal studies.

Exclusion criteria comprised: (1) case reports with fewer than
5 subjects, (2) studies focusing solely on surgical
orthodontics without retention components, (3) animal
studies, (4) review articles without original data, (5) abstracts
without full-text availability, and (6) studies with insufficient
methodological detail for quality assessment.
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Data Extraction and Analysis

Data extraction was performed systematically using
standardized forms developed specifically for this review.
Extracted information included study characteristics (author,
publication year, study design, sample size, follow-up
duration), patient demographics, treatment details, retention
protocols, outcome measures, and reported relapse rates. Two
independent reviewers performed the data extraction process,
with discrepancies resolved through discussion and
consensus.

Quality assessment of included studies was conducted using
appropriate tools based on study design. Randomized
controlled trials were evaluated using the Cochrane Risk of
Bias tool, while observational studies were assessed using the
Newecastle-Ottawa Scale. Studies were categorized as high,
moderate, or low quality based on predefined criteria.

Statistical Analysis

Descriptive statistics were used to summarize study
characteristics and outcomes. Meta-analysis was performed
when appropriate, using random-effects models to account
for expected heterogeneity between studies. Heterogeneity
was assessed using I? statistics, with values >50% indicating
substantial heterogeneity. Subgroup analyses were conducted
based on retention type, treatment complexity, and follow-up
duration when sufficient data were available.

Results

Literature Search Results

The initial database search yielded 2,847 potentially relevant
articles. After removing duplicates and applying
inclusion/exclusion criteria through title and abstract
screening, 156 full-text articles were assessed for eligibility.
Ultimately, 89 studies met the inclusion criteria and were
included in the qualitative synthesis, with 34 studies
providing sufficient data for quantitative meta-analysis.

Study Characteristics

The included studies encompassed various study designs,
with 23 randomized controlled trials (25.8%), 41
retrospective cohort studies (46.1%), 18 prospective cohort
studies (20.2%), and 7 cross-sectional studies (7.9%). Sample
sizes ranged from 25 to 1,247 patients, with follow-up
periods extending from 12 months to 20 years post-treatment.
The majority of studies (67.4%) focused on comprehensive
orthodontic treatment outcomes, while 32.6% examined
specific aspects of retention or particular malocclusion types.

Relapse Patterns and Prevalence

Analysis of included studies revealed significant variation in
relapse rates depending on the type of malocclusion, retention
protocol, and follow-up duration. Overall relapse rates ranged
from 10% to 90%, with anterior crowding showing the
highest tendency for relapse (mean: 68.3%, range: 45-89%).
Posterior segment stability demonstrated better long-term
outcomes, with relapse rates averaging 23.7% (range: 8-
42%).

Temporal analysis of relapse patterns showed that the
majority of relapse occurs within the first two years post-
treatment, with approximately 70% of total relapse occurring
during this period. However, continued slow relapse was
observed throughout extended follow-up periods,
emphasizing the need for long-term retention strategies.
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Fixed Retention Strategies

Fixed retention systems, primarily consisting of bonded
lingual retainers, demonstrated superior stability outcomes
compared to removable alternatives. Studies examining fixed
retainer effectiveness reported relapse rates ranging from 8-
25% for anterior alignment, significantly lower than
removable retainer outcomes. The most commonly used
fixed retainer design was the canine-to-canine bonded wire
retainer, showing excellent long-term stability for anterior
teeth.

However, fixed retainers were associated with several
complications including wire breakage (15-30% of cases),
bond failure (12-28%), and periodontal complications (8-
22%). Maintenance requirements and patient oral hygiene
challenges were identified as significant limitations of fixed
retention systems.

Removable Retention Strategies

Traditional removable retainers, including Hawley retainers
and vacuum-formed retainers, showed variable effectiveness
depending on patient compliance and wear protocols. Studies
reported relapse rates ranging from 25-65% for removable
retainer users, with compliance rates averaging 60-75% in
long-term follow-up studies.

Clear thermoplastic retainers demonstrated improved patient
acceptance and compliance compared to traditional Hawley
retainers, with reported compliance rates of 70-85%.
However, material degradation and wear patterns remained
concerns for long-term use of clear retainers.

Combination Retention Protocols

Studies examining combination retention protocols, typically
involving initial fixed retention followed by removable
retainer wear, showed promising results with relapse rates
averaging 18-32%. These protocols attempted to optimize the
benefits of both retention types while minimizing individual
limitations.

Patient-Specific Factors

Analysis of patient-specific factors influencing retention
success identified several key variables. Age at treatment
completion showed significant correlation with relapse
tendency, with younger patients demonstrating higher relapse
rates. Initial malocclusion severity, extraction vs. non-
extraction treatment, and treatment duration were also
identified as significant predictor variables.

Discussion

Current Understanding of Relapse Mechanisms

The biological mechanisms underlying orthodontic relapse
involve complex interactions between periodontal tissues,
muscle function, and occlusal forces. Reorganization of
periodontal ligament fibers following orthodontic movement
requires extended periods, often exceeding traditional
retention timeframes. The viscoelastic properties of
periodontal tissues contribute to the immediate elastic
recovery observed after appliance removal, while long-term
changes in tissue organization influence extended relapse
patterns.

Gingival and transseptal fibers play crucial roles in relapse
tendency, particularly for rotational movements and anterior
alignment. These supracrestal fiber groups maintain memory
of original tooth positions and can exert forces that promote
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relapse years after treatment completion. Surgical
interventions such as circumferential supracrestal fiberotomy
have been proposed to address these factors, though long-
term benefits remain controversial.

Retention Strategy Selection

The selection of appropriate retention strategies requires
careful consideration of multiple factors including treatment
complexity, patient characteristics, and long-term
maintenance requirements. Current evidence suggests that
individualized retention protocols based on relapse risk
assessment provide superior outcomes compared to
standardized approaches.

High-risk patients, including those with severe initial
crowding, rotational corrections, or extraction treatment, may
benefit from extended or permanent retention protocols.
Conversely, patients with minimal initial malocclusion and
stable occlusal relationships may require less intensive
retention strategies.

Emerging Technologies and Approaches

Recent developments in orthodontic retention include the use
of clear aligner technology for retention purposes,
customized retainer designs based on digital planning, and
the integration of artificial intelligence for relapse prediction.
These innovations show promise for improving retention
effectiveness and patient compliance.

Digital monitoring systems and smartphone applications
have been developed to enhance patient compliance tracking
and provide real-time feedback on retainer wear. While
preliminary results are encouraging, long-term effectiveness
data remain limited.

Challenges and Limitations

Several significant challenges continue to impact orthodontic
retention success. Patient compliance remains the most
critical factor, with studies consistently showing declining
compliance rates over time. Economic factors, including the
cost of retainer replacement and long-term maintenance,
present barriers to optimal retention protocols.

Clinical challenges include the management of retainer
complications, optimization of retention protocols for
different malocclusion types, and the development of
evidence-based guidelines for retention duration. The lack of
standardized outcome measures across studies limits the
ability to perform comprehensive meta-analyses and develop
definitive treatment recommendations.

Future Directions
Future research priorities should focus on developing
predictive models for relapse risk assessment, optimizing

retention  protocols based on individual patient
characteristics, and investigating novel retention
technologies. Long-term  prospective  studies  with

standardized outcome measures are needed to establish
evidence-based retention guidelines.

The integration of genetic factors, tissue engineering
approaches, and personalized medicine concepts may
revolutionize orthodontic retention strategies. Additionally,
the development of bioactive retainer materials and targeted
therapeutic approaches could address the biological factors
contributing to relapse.
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Conclusion

Long-term stability of orthodontic treatment outcomes
remains a significant challenge requiring comprehensive
understanding of relapse mechanisms, careful selection of
retention strategies, and individualized patient management
approaches. Current evidence supports the use of fixed
retention systems for optimal anterior stability, while
combination protocols may provide benefits for complex
cases.

The success of orthodontic retention depends on multiple
factors including treatment complexity, patient compliance,
biological factors, and long-term maintenance protocols.
Clinicians must carefully assess individual patient risk factors
and develop customized retention strategies that balance
effectiveness with practical considerations.

Future advances in retention technology, predictive
modeling, and personalized treatment approaches hold
promise for improving long-term orthodontic stability.
However, patient education, compliance monitoring, and
long-term follow-up remain fundamental components of
successful retention protocols.

The evolution of orthodontic retention from traditional
approaches to modern evidence-based strategies reflects the
growing understanding of relapse mechanisms and treatment
factors. Continued research and clinical innovation are
essential for addressing the persistent challenge of long-term
orthodontic stability and improving patient outcomes.
Ultimately, achieving lasting orthodontic results requires a
commitment to lifelong retention for most patients,
emphasizing the importance of patient education, realistic
expectations, and ongoing professional support throughout
the post-treatment period.
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