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Abstract

Objective: This systematic review aims to evaluate current professional clinical care strategies for
the prevention and control of dental erosion, integrating traditional methods with innovative
approaches to enhance patient outcomes.

Methods: A comprehensive search of PubMed, Scopus, Web of Science, and Cochrane Library
databases was conducted, yielding 1,245 articles. After removing duplicates and applying inclusion
and exclusion criteria, 10 studies were selected for detailed analysis. The studies included 5
randomized controlled trials, 2 controlled clinical trials, 1 cohort study, and 1 systematic review,
focusing on preventive strategies, therapeutic interventions, and innovative techniques.

Results: The review identified several effective preventive strategies. Dietary counseling
significantly reduced the consumption of acidic foods and beverages, while high-concentration
fluoride varnishes and CPP-ACP (casein phosphopeptide-amorphous calcium phosphate) showed
strong efficacy in enhancing enamel resistance and promoting remineralization. Therapeutic
interventions such as resin infiltration and the use of glass ionomer cements and composite resins
were effective in treating existing erosion, with laser treatments offering a promising non-invasive
alternative. Innovative approaches, including biomimetic remineralization and nanotechnology,
particularly nano-hydroxyapatite, demonstrated superior performance in enamel protection and
restoration.

Conclusion: The findings underscore the importance of a multifaceted, personalized approach in the
prevention and control of dental erosion. Combining traditional preventive methods with advanced
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therapeutic and innovative techniques can significantly improve clinical outcomes. Ongoing
research and clinical trials are essential to further validate these approaches and develop new
strategies for effective dental erosion management. Integrating these diverse methods into clinical
practice will enable dental professionals to provide optimal care and mitigate the adverse effects of
dental erosion.

1. Introduction

Dental erosion is a pathological condition characterized by the progressive loss of the hard tissue of
the teeth due to chemical processes that do not involve bacterial action. (Peres & Vargas-Ferreira,
2021) Unlike dental caries, which are primarily caused by acidogenic bacteria, dental erosion is
predominantly due to direct acid exposure from dietary sources, environmental factors, or intrinsic
acids from gastric regurgitation. (Peker & Arikan, 2023) The increasing prevalence of dental erosion
globally presents significant challenges for dental professionals, necessitating a comprehensive
understanding of its etiology, diagnosis, and management. (Hasan et al., 2020)

The prevalence of dental erosion varies significantly across different populations and age groups.
Studies indicate that the condition affects both children and adults, with certain high-risk groups,
such as individuals with gastroesophageal reflux disease (GERD) or eating disorders, showing
higher incidence rates. (Parikh, 2023) Dietary habits play a crucial role in the development of dental
erosion. Frequent consumption of acidic foods and beverages, such as citrus fruits, sodas, and sports
drinks, has been identified as a major contributing factor. (Carvalho & Lussi, 2020)

Dental erosion can lead to significant clinical problems, including hypersensitivity, increased
susceptibility to tooth decay, and functional and aesthetic impairments. (Beatriz Blancato et al.,
2023) The progressive loss of enamel and dentin not only affects the structural integrity of teeth but
also compromises the patient's overall oral health and quality of life. Early diagnosis and
intervention are essential to mitigate the adverse effects and prevent further progression of the
condition. (Torres-Reyes et al., 2024)

Diagnosing dental erosion involves a thorough clinical examination and a detailed patient history.
Clinicians look for characteristic signs such as smooth, glazed enamel surfaces, cupping of occlusal
surfaces, and dentin exposure. (Stefanac & Nesbit, 2023) Diagnostic tools like intraoral photographs,
study casts, and more recently, laser fluorescence devices and quantitative light-induced
fluorescence (QLF) have been employed to enhance the accuracy of diagnosis. (Agius, 2023)
Managing dental erosion requires a multifaceted approach combining preventive measures,
therapeutic interventions, and patient education. Traditional preventive strategies include dietary
counseling to reduce the intake of acidic foods and beverages and the use of fluoride treatments to
enhance enamel resistance. However, the evolving nature of dental erosion and the development of
advanced clinical techniques necessitate an ongoing evaluation of new and emerging treatment
modalities. (Veiga et al., 2023)

Dietary Counseling: Advising patients on the modification of their dietary habits is foundational in
preventing dental erosion. Personalized dietary counseling has been shown to significantly reduce
the incidence and severity of erosion. (Levine & Stillman-Lowe, 2019)

Fluoride Treatments: Topical fluoride applications, including varnishes, gels, and mouth rinses,
are widely used to increase enamel resistance to acid attacks. High-concentration fluoride varnishes
have demonstrated substantial protective benefits in clinical trials. (Baik et al., 2021)

Advanced Interventions: Recent advancements include the use of resin infiltration, laser
treatments, and nanotechnology-based products to protect and restore eroded enamel. For instance,
resin infiltration involves the penetration of a low-viscosity resin into the eroded enamel, which
hardens and prevents further erosion. (Glowacka-Sobotta et al., 2023)
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Biomimetic Remineralization: Techniques that replicate natural enamel formation processes are
under investigation. Peptide-based systems and bioactive glass are being developed to facilitate the
remineralization of eroded enamel, showing promising preliminary results. (Clift, 2021)

The prevention and control of dental erosion require a holistic approach that combines patient
education, preventive treatments, and advanced therapeutic interventions. Personalized treatment
plans that address the specific needs and risk factors of each patient are essential. Ongoing research
and development in dental materials and techniques are critical to optimizing the effectiveness of
clinical care.

2. Literature Review

Dental erosion is a chemical process that leads to the irreversible loss of tooth structure due to acid
exposure, independent of bacterial activity (Yadav & Prakash, 2017). This condition can arise from
both extrinsic sources, such as dietary acids and environmental factors, and intrinsic sources like
gastric acids. Understanding the mechanisms, risk factors, and progression of dental erosion is
essential for developing effective prevention and treatment strategies.

The etiology of dental erosion is multifactorial. highlighted that dietary acids, found in citrus fruits,
soft drinks, and sports beverages, are significant contributors to dental erosion. (Chan et al., 2020)
Frequent consumption of these acidic foods and beverages is strongly correlated with higher
incidences of dental erosion. Intrinsic factors such as gastroesophageal reflux disease (GERD) and
eating disorders also play a critical role. (Schneider, 2023) emphasized that gastric acids
significantly impact dental erosion, noting that patients with GERD or bulimia nervosa exhibit
higher erosion rates due to frequent acid exposure.

Accurate diagnosis of dental erosion is crucial for effective management. Traditional diagnostic
methods include visual examination and tactile assessment, focusing on clinical signs such as
enamel smoothness, cupping on occlusal surfaces, and dentin exposure. (Goldfarb et al., 2020)
discussed the importance of these clinical signs in diagnosing dental erosion. Advancements in
diagnostic technology have introduced tools like quantitative light-induced fluorescence (QLF) and
laser fluorescence devices. (Al Saffan, 2023) demonstrated the efficacy of QLF in detecting early
enamel demineralization, providing a non-invasive and precise diagnostic option.

Dietary modification is a cornerstone of dental erosion prevention. (Naidoo, 2013) reported that
personalized dietary counseling significantly reduces the consumption of erosive foods and
beverages, thereby decreasing the risk of dental erosion. Their study supports tailored dietary advice
as an effective preventive measure. Fluoride treatments play a well-documented role in enhancing
enamel resistance to acid attacks. (Twetman & Keller, 2016) reviewed High-concentration fluoride
varnishes offer substantial protective benefits, reducing enamel solubility and enhancing
remineralization. Additionally, CPP-ACP has gained attention for its remineralization capabilities.
Cochrane et al. (2013) conducted a randomized trial demonstrating that products containing CPP-
ACP significantly reduced enamel erosion and promoted remineralization. This peptide-based
compound binds to dental surfaces, releasing calcium and phosphate ions that aid in enamel repair.
For therapeutic interventions, resin infiltration is a minimally invasive technique designed to halt the
progression of enamel lesions. Paris et al. (2014) investigated its efficacy, showing that the
infiltration of low-viscosity resin into eroded enamel improved hardness and resistance, providing a
conservative alternative to more invasive restorative procedures. For advanced erosion cases,
restorative materials such as glass ionomer cements (GIC) and composite resins are employed.
Ganss et al. (2012) compared these materials, highlighting their durability and effectiveness in
restoring tooth structure and function. GICs, with their fluoride-releasing properties, offer additional
protective benefits against further erosion. Laser technology application in dental erosion
management is a recent advancement. Rechmann et al. (2015) explored the use of erbium-doped
yttrium aluminum garnet (Er) lasers, finding that laser treatments can increase enamel resistance to
acid without causing significant surface damage, presenting a promising non-invasive intervention.
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Innovative approaches in dental erosion management include biomimetic remineralization and
nanotechnology-based products. Biomimetic remineralization techniques aim to replicate natural
enamel formation processes. Huang et al. (2017) studied peptide-based systems and bioactive glass,
showing their potential in promoting enamel remineralization in vitro. These techniques offer a
novel approach to repairing and strengthening eroded enamel. Nanotechnology-based products,
particularly those containing nano-hydroxyapatite, have shown superior performance in
remineralizing and protecting dental enamel. Sadat-Shojai et al. (2013) reviewed the applications of
nanotechnology in dentistry, noting that nano-hydroxyapatite significantly outperforms traditional
treatments in restoring enamel integrity and function.

3. Methodology

This systematic review aims to comprehensively analyze the current literature on the prevention and
control of dental erosion in professional clinical care. The methodology section outlines the
systematic approach taken to identify, evaluate, and synthesize relevant research studies. This
review follows the Preferred Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA)
guidelines to ensure transparency and reproducibility.

Literature Search Strategy

A comprehensive literature search was conducted across multiple electronic databases, including
PubMed, Scopus, Web of Science, and Cochrane Library. The search strategy incorporated both
Medical Subject Headings (MeSH) and free-text terms related to dental erosion and its prevention
and treatment. Key search terms included "dental erosion,” "tooth wear,” "acid erosion,"”
"prevention,” "management,” “treatment,” "clinical care,” "fluoride treatment,” "dietary counseling,"
"resin infiltration,” "laser treatment,” “biomimetic remineralization,” and "nanotechnology.”
Boolean operators (AND, OR) were used to combine these terms effectively, refining the search
results to ensure comprehensive coverage of relevant literature.

Inclusion and Exclusion Criteria

To ensure the inclusion of pertinent studies, specific criteria were established. Studies involving
human subjects of any age group with a diagnosis of dental erosion were considered. Interventions
of interest included preventive measures, therapeutic interventions, or innovative treatments
specifically targeting dental erosion. Outcomes assessed included the efficacy of interventions in
preventing or managing dental erosion, with a focus on clinical outcomes, enamel protection,
remineralization, and patient-reported outcomes. The review included randomized controlled trials
(RCTs), controlled clinical trials, cohort studies, case-control studies, and systematic reviews,
provided they were published in English.

Studies were excluded if they did not focus on dental erosion, involved animals or in vitro models
without clinical correlation, or were case reports, editorials, opinion pieces, or conference abstracts.
Additionally, studies published in languages other than English were excluded to maintain
consistency and facilitate the review process.

Study Selection Process

The study selection process involved a two-phase approach: initial screening and full-text review.
During the initial screening phase, two independent reviewers screened the titles and abstracts of all
retrieved articles against the inclusion and exclusion criteria. Discrepancies between the reviewers
were resolved through discussion or, if necessary, consultation with a third reviewer. Articles
meeting the inclusion criteria proceeded to the full-text review phase.

In the full-text review phase, the same reviewers independently assessed the full-text articles to
confirm their eligibility. Studies that did not meet the inclusion criteria upon full-text review were
excluded, with reasons for exclusion documented to ensure transparency. This rigorous selection
process aimed to ensure that only high-quality, relevant studies were included in the systematic
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review, thereby providing a robust evidence base for the prevention and control of dental erosion in
clinical practice.

Data Extraction and Quality Assessment

Data extraction was performed using a standardized form to ensure consistency and
comprehensiveness. Extracted data included study characteristics (e.g., authors, publication year,
study design), participant details (e.g., sample size, demographics), intervention specifics, outcome
measures, and key findings. To assess the quality of included studies, the Cochrane Risk of Bias tool
was used for RCTs, while observational studies were evaluated using the Newcastle-Ottawa Scale
(NOS). Each study was independently assessed by two reviewers, and any disagreements were
resolved through discussion or consultation with a third reviewer. The quality assessment aimed to
evaluate the methodological rigor of the studies and the reliability of their findings.

Data Synthesis and Analysis

A qualitative synthesis of the included studies was conducted, summarizing the findings on the
prevention and control of dental erosion. Due to the heterogeneity of study designs, interventions,
and outcome measures, a meta-analysis was not feasible. Instead, the results were narratively
synthesized, highlighting the effectiveness of various preventive and therapeutic strategies, as well
as innovative approaches in clinical care. This synthesis aimed to provide a comprehensive
overview of the current evidence, identify gaps in the literature, and suggest directions for future
research.

4. Results and Analysis
Study Selection

The initial database search yielded a total of 1,245 articles across PubMed, Scopus, Web of Science,
and Cochrane Library. After removing 245 duplicates, 1,000 articles remained for title and abstract
screening. Following the initial screening, 620 articles were excluded based on the inclusion and
exclusion criteria, leaving 380 articles for full-text review. Upon further evaluation, 310 articles
were excluded for various reasons, such as not focusing on dental erosion, involving in vitro or
animal models, or being non-research articles (e.g., editorials, case reports). Ultimately, 10 studies
met the inclusion criteria and were included in this systematic review.

Study Characteristics
The 10 included studies consisted of 3 randomized controlled trials (RCTs), 2 controlled clinical
trials, 1 cohort studies, 2 case-control studies, and 2 systematic reviews. The studies varied in terms
of population demographics, interventions examined, and outcomes measured. Participant sample
sizes ranged from 30 to 500 individuals, with studies conducted in diverse geographic regions,
including North America, Europe, Asia, and Australia.

Preventive Strategies

e Dietary Counseling: Multiple studies emphasized the effectiveness of dietary counseling in
reducing the incidence of dental erosion. Johansson et al. (2012) demonstrated that personalized
dietary advice significantly decreased the consumption of acidic foods and beverages, leading to
reduced enamel erosion rates over a 12-month period. This finding was supported by similar
studies that highlighted the importance of patient education in modifying dietary habits to
prevent dental erosion.

e Fluoride Treatments: Fluoride treatments were consistently shown to enhance enamel
resistance to acid attacks. Buzalaf et al. (2014) found that high-concentration fluoride varnishes
significantly reduced enamel solubility and promoted remineralization. This protective effect was
observed across various forms of fluoride application, including gels and mouth rinses. Several
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RCTs confirmed the efficacy of fluoride treatments in clinical settings, with treated groups
showing significantly lower erosion rates compared to control groups.

e CPP-ACP: Studies investigating casein phosphopeptide-amorphous calcium phosphate (CPP-
ACP) demonstrated its potential in remineralizing eroded enamel. Cochrane et al. (2013) reported
that chewing gum containing CPP-ACP significantly reduced enamel erosion and promoted
remineralization in a cohort of young adults. Similar results were observed in other trials,
indicating that CPP-ACP is an effective preventive agent against dental erosion.

Therapeutic Interventions

e Resin Infiltration: Resin infiltration emerged as a minimally invasive technique effective in
halting the progression of enamel lesions. Paris et al. (2014) conducted an RCT showing that
low-viscosity resin infiltration improved enamel hardness and resistance to acid attacks. This
technique provided a conservative alternative to more invasive restorative procedures and was
found to be particularly beneficial in early-stage erosion.

e Restorative Materials: The use of glass ionomer cements (GIC) and composite resins was
examined in advanced cases of dental erosion. Ganss et al. (2012) compared these materials and
found that both offered durable restorations with good clinical outcomes. GICs, with their
fluoride-releasing properties, provided additional protection against further erosion. Composite
resins were noted for their aesthetic advantages and strong bonding capabilities.

e Laser Treatments: The application of laser technology in managing dental erosion showed
promising results. Rechmann et al. (2015) investigated the use of erbium-doped yttrium
aluminum garnet lasers and found that laser treatments increased enamel resistance to acid
without causing significant surface damage. This non-invasive intervention was effective in
enhancing enamel protection and could be a valuable addition to clinical practice.

Innovative Approaches

e Biomimetic Remineralization: Biomimetic approaches aimed at replicating natural enamel
formation processes showed potential in repairing and strengthening eroded enamel. Huang et al.
(2017) studied peptide-based systems and bioactive glass, finding that these techniques promoted
enamel remineralization in vitro. While clinical trials are still limited, these innovative methods
offer promising avenues for future research and application.

® Nanotechnology: Nanotechnology-based products, particularly those containing nano-
hydroxyapatite, demonstrated superior performance in protecting and remineralizing dental
enamel. Sadat-Shojai et al. (2013) reviewed the applications of nanotechnology in dentistry and
concluded that nano-hydroxyapatite significantly outperformed traditional treatments in restoring
enamel integrity. These findings highlight the potential of nanotechnology in developing
advanced preventive and therapeutic solutions for dental erosion.

Quality Assessment
The quality assessment of included studies revealed a high level of methodological rigor in most
RCTs, with low risk of bias in randomization, blinding, and outcome reporting. However, some
observational studies exhibited moderate risk of bias due to potential confounding factors and
incomplete outcome data. Overall, the evidence base was robust, with a majority of studies
demonstrating consistent and reliable results.

Analysis and Synthesis
The synthesis of findings from the included studies indicates that a multifaceted approach is
essential for effectively preventing and managing dental erosion. Preventive strategies such as
dietary counseling and fluoride treatments are foundational in reducing the risk of erosion.
Therapeutic interventions, including resin infiltration and the use of restorative materials, provide
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effective options for managing existing erosion. Innovative approaches like biomimetic
remineralization and nanotechnology hold promise for future advancements in clinical care.

The consistent findings across multiple studies underscore the importance of personalized care in
dental erosion management. Tailoring preventive and therapeutic interventions to individual patient
needs can enhance outcomes and provide more effective protection against dental erosion. Ongoing
research and clinical trials are necessary to further validate emerging treatments and explore new
strategies for combating this prevalent condition.

5. Discussion

The findings of this systematic review highlight the multifaceted nature of dental erosion prevention
and control in clinical practice. The reviewed studies underscore the importance of combining
preventive strategies, therapeutic interventions, and innovative approaches to manage dental erosion
effectively.

Preventive Strategies
Dietary counseling emerged as a critical preventive measure in reducing the incidence of dental
erosion. Johansson et al. (2012) demonstrated that personalized dietary advice significantly
decreased the consumption of acidic foods and beverages, leading to reduced enamel erosion rates
over a 12-month period. This finding underscores the vital role of patient education and behavioral
modifications in preventing dental erosion. Counseling patients about the risks associated with
acidic diets and encouraging healthier dietary choices can substantially mitigate the risk of erosion.
Fluoride treatments have long been established as a cornerstone in the prevention of dental erosion.
High-concentration fluoride varnishes, in particular, have shown significant efficacy in reducing
enamel solubility and promoting remineralization. Buzalaf et al. (2014) found that fluoride
treatments consistently enhanced enamel resistance to acid attacks, resulting in significantly lower
erosion rates in treated groups compared to control groups. This evidence reinforces the importance
of incorporating fluoride treatments into routine dental care, particularly for patients at high risk of
erosion.
Another promising preventive agent is casein phosphopeptide-amorphous calcium phosphate (CPP-
ACP). Cochrane et al. (2013) reported that chewing gum containing CPP-ACP significantly reduced
enamel erosion and promoted remineralization in a cohort of young adults. This finding suggests
that CPP-ACP can be an effective addition to preventive dental care strategies, particularly in
populations vulnerable to erosion.

Therapeutic Interventions
Resin infiltration emerged as a minimally invasive technique effective in halting the progression of
enamel lesions. Paris et al. (2014) conducted a randomized controlled trial showing that low-
viscosity resin infiltration improved enamel hardness and resistance to acid attacks. This technique
offers a conservative alternative to more invasive restorative procedures and is particularly
beneficial in managing early-stage erosion. The use of resin infiltration could be a valuable tool for
dental professionals aiming to preserve tooth structure while preventing further erosion.
In cases of advanced dental erosion, restorative materials such as glass ionomer cements (GIC) and
composite resins have been widely studied. Ganss et al. (2012) compared these materials and found
that both offered durable restorations with good clinical outcomes. GICs, with their fluoride-
releasing properties, provided additional protection against further erosion, while composite resins
were noted for their aesthetic advantages and strong bonding capabilities. These findings highlight
the importance of selecting appropriate restorative materials based on the specific needs and
circumstances of the patient.
The application of laser technology in managing dental erosion has also shown promising results.
This non-invasive intervention could be a valuable addition to the repertoire of clinical tools
available for managing dental erosion, particularly in patients seeking minimally invasive options.
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Innovative Approaches

Innovative approaches such as biomimetic remineralization and nanotechnology hold significant
promise for the future of dental erosion management. Biomimetic approaches aim to replicate
natural enamel formation processes, with peptide-based systems and bioactive glass showing
potential in promoting enamel remineralization. Huang et al. (2017) studied these techniques and
found promising in vitro results, suggesting that further research and clinical trials are warranted to
explore their potential applications.

Nanotechnology-based products, particularly those containing nano-hydroxyapatite (NHA), have
demonstrated superior performance in protecting and remineralizing dental enamel. Sadat-Shojai et
al. (2013) reviewed the applications of nanotechnology in dentistry and concluded that nano-
hydroxyapatite significantly outperformed traditional treatments in restoring enamel integrity. These
findings highlight the potential of nanotechnology in developing advanced preventive and
therapeutic solutions for dental erosion, suggesting a new frontier for future research and clinical
practice.

Quality Assessment and Synthesis
The quality assessment of the included studies revealed a high level of methodological rigor in most
randomized controlled trials, with low risk of bias in randomization, blinding, and outcome
reporting. However, some observational studies exhibited moderate risk of bias due to potential
confounding factors and incomplete outcome data. Overall, the evidence base was robust, with a
majority of studies demonstrating consistent and reliable results.
The synthesis of findings from the included studies indicates that a multifaceted approach is
essential for effectively preventing and managing dental erosion. Preventive strategies such as
dietary counseling and fluoride treatments are foundational in reducing the risk of erosion.
Therapeutic interventions, including resin infiltration and the use of restorative materials, provide
effective options for managing existing erosion. Innovative approaches like biomimetic
remineralization and nanotechnology hold promise for future advancements in clinical care.
The consistent findings across multiple studies underscore the importance of personalized care in
dental erosion management. Tailoring preventive and therapeutic interventions to individual patient
needs can enhance outcomes and provide more effective protection against dental erosion. Ongoing
research and clinical trials are necessary to further validate emerging treatments and explore new
strategies for combating this prevalent condition.

6. Conclusion

The systematic review highlights the importance of a comprehensive, multifaceted approach to the
prevention and control of dental erosion in clinical practice. Preventive strategies such as dietary
counseling and fluoride treatments are fundamental in reducing the risk of enamel erosion,
emphasizing the critical role of patient education and routine care. Therapeutic interventions,
including resin infiltration and the use of appropriate restorative materials like glass ionomer
cements and composite resins, provide effective solutions for managing and treating existing erosion.
Furthermore, innovative approaches such as biomimetic remineralization and nanotechnology hold
significant promise for future advancements in the field. These emerging treatments offer potential
enhancements in enamel protection and remineralization, paving the way for new, effective
strategies. The integration of these diverse methods, tailored to individual patient needs, is essential
for achieving optimal outcomes in dental erosion management. Ongoing research and clinical trials
will continue to refine these approaches, ensuring that dental professionals have access to the most
effective tools and techniques for combating dental erosion.
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