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ABSTRACT 

Title: Enhancing Cervical Composite Restorations Management.  

Darianna       M.       , Master of Biomedical Science, 2024.  

Thesis Directed by: Mary Anne S. Melo, DDS, M.Sc, PhD, FADM, FACD, Clinical Professor and 

Chair Department of Comprehensive Dentistry.  

The management of cervical composite restorations, also known as Class V restorations, represents 

a challenge in contemporary dentistry. This difficulty arises from the complex nature of cervical 

lesions and unfavorable location, close to soft tissues prone biofilm accumulation. Additionally, 

cervical composite restorations have significant failure rates, further complicating their 

management and longevity. The etiological factors contributing to cervical cavitation are diverse, 

ranging from mechanical trauma, abrasion, and erosion leading to non-carious cervical lesions 

(NCCLs), to cariogenic biofilms responsible for root caries. The combination of these factors, high 

failure rates, varied etiology, and the technical difficulty of restoring dentin-margin cavities 

underscores the need for advanced understanding of proper management and techniques in treating 

cervical composite restorations. This master thesis is presented in chapters with the following 

aims: 1) perform a scoping review as a preliminary assessment to identify how restorative 

protocols (surface pre-treatment, such as etching with different agents and techniques, like bevel) 

influence the longevity outcome of non-carious cervical lesions (NCCLs) restorations, and, 2) to 

comprehensively analyze and compare the biofilm composition grown over healthy  and cavitated 

root caries lesions in two distinct age groups: patients younger than 65 years old (healthy and 

cavitated) and those older than 65 years old (healthy and cavitated). As the methodology 

approached, the scooping review and clinical studies were performed according to the cited 



 

 
 

objectives. For the results, a collective of the literature showed that the most frequently dentin pre-

treatment method studied was 'Application mode - Etching', with over 35% of studies focusing on 

this area, followed by 'Application mode - Adhesive' in 34% of the studies. 'Pre-treatment of 

surface with substance' was the focus of around 14% 'Pre-treatment of surface with lasers' 

accounted for approximately 11% of studies (Chapter 1.) In our clinical study the analysis of 

predominant bacteria in control and cavitated root caries lesions across two age groups (<65 years 

old and >65 years old) reveals notable variations in microbial composition. Cavitated lesions 

exhibit higher bacterial diversity compared to control ones, as indicated by the Shannon diversity 

index, suggesting a more complex microbial ecosystem within these lesions. Furthermore, the 

Simpson's dominance index suggests that control lesions are characterized by a few dominating 

species, contrasting with the more evenly distributed bacterial community in cavitated lesions. 

Age-related differences further modify these patterns, with older individuals displaying distinct 

bacterial profiles. These findings underscore the impact of lesion type and patient age on the oral 

microbiota's diversity and dominance, highlighting the complexity of microbial ecosystems in root 

caries lesions. (chapter 2).  
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1. Introduction 

The management of cervical composite restorations, also known as Class V restorations, is a 

formidable challenge in contemporary dentistry (Lee, Burrow, and Botelho 2023). This complexity 

stems from the intricate nature of cervical lesions and their unfavorable placement adjacent to soft 

tissues that are susceptible to plaque accumulation, elevating the risk of further dental 

complications, such as periodontal disease, esthetic, de-bonding and recurrent decay. As a result, 

cervical composite restorations exhibit considerable failure rates (20% to 30%), adding another 

layer of difficulty to their management and raising concerns over their clinical longevity (X. Chen 

et al. 2020; L. Chen et al. 2015). 

 

Figure 1. Clinical image of several class V restorations after six months of service inside the 

mouth.  

The etiology of cervical cavitation encompasses a wide array of etiological factors, including 

mechanical trauma, abrasion, and erosion, which collectively contribute to the formation of  
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non-carious cervical lesions (NCCLs) (Tomasik 2006; Faye et al. 2005; Warreth et al. 2020; 

Osborne-Smith, Burke, and Wilson 1999). Root caries and non-carious cervical lesions (NCCLs) 

represent significant concerns in dental health, particularly in the United States, where the 

prevalence (25% to 50%) of these conditions has been a focus of ongoing research and public 

health initiatives.  

 

Figure 2. clinical images of root caries lesions restored after 2 years of service inside the 

mouth. Note the presence of marginal infiltration around the class V composite restorations (Yang 

et al. 2016; Smith, Marchan, and Rafeek 2008; Teixeira et al. 2020). 

On the other hand, NCCLs involve the loss of dental hard tissue at the tooth's cervical area and 

are not caused by decay. The etiology of NCCLs is multifactorial, with abrasion, erosion, and 

abfraction being leading factors (Warreth et al. 2020). These lesions are prevalent across various 

age groups but are particularly observed in middle-aged adults and seniors. The increase in NCCLs 

has been associated with dietary habits, such as the consumption  
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of acidic foods and beverages, as well as mechanical factors like toothbrushing technique or 

localized occlusal trauma (Yoshizaki et al. 2017; Teixeira et al. 2020).  

In parallel, cariogenic biofilms play a pivotal role in the onset of root caries, further 

complicating the clinical scenario. Root caries, a form of tooth decay that occurs on the root 

surfaces of teeth, has been increasingly prevalent, especially among older adults. This uptick in 

cases is largely attributed to the aging population, with a more significant number of individuals 

retaining their natural teeth into later life (Reddy et al. 2021; Qutieshat et al. 2021). Factors such 

as gingival recession, which exposes root surfaces to the oral environment, and changes in saliva 

production and composition contribute to the heightened risk (up to 50%) of root caries in the 

elderly population. Studies have shown that root caries affects 90% of adults over the age of 65, 

making it a notable concern for geriatric dental care (Fee et al. 2020; Zhang et al. 2019; Reddy et 

al. 2021). 

Given the high failure rates, the varied etiology of cervical lesions, and the technical challenges 

associated with restoring dentin-margin cavities, there is a pressing need for an advanced 

comprehension of the appropriate management strategies and techniques applicable to cervical 

composite restorations. This understanding is crucial for enhancing the longevity of such 

restorations and ensuring their optimal performance over time. Addressing these challenges 

requires a deep dive into the existing body of knowledge and the exploration of innovative 

approaches and methodologies tailored to the unique requirements of cervical composite 

restorations. 

This master thesis undertakings to shed light on these critical aspects by setting forth a 

structured inquiry into the prevailing practices and outcomes associated with managing cervical 

composite restorations. The research is organized into two chapters, each designed to address 
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specific objectives that collectively aim to advance the understanding of how to address these 

lesions better.  

SPECIFIC AIMS 

Our hypothesis in this master's thesis project is addressed with the following specific aims: 

1) Perform a scoping review as a preliminary assessment to identify how various 

restorative surface pre-treatment protocols such as etching with different agents, and 

techniques such as application of bevel, per example, influence the longevity outcomes of non-

carious cervical lesions (NCCLs) restorations. 

2) Perform a preliminary clinical study to comprehensively analyze and compare the 

biofilm composition grown over control and cavitated root caries lesions across two distinct 

age groups: patients younger than 65 and those older than 65. This analysis is instrumental in 

understanding the interplay between age, the physiological environment of the oral cavity, and the 

development of carious and non-carious lesions.  
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Abstract 

Despite the high prevalence of NCCLs and their impact on dental health, there remains a 

significant gap in understanding the optimal restorative protocols to enhance the durability of such 

interventions.  

Objectives: This scoping review aims to systematically assess the existing literature on the 

influence of surface pre-treatment techniques, including etching with various agents and applying 

bevel, on the longevity of restorations for non-carious cervical lesions (NCCLs).  

Methods: Studies investigating surface pre-treatment techniques and /or protocols were screened. 

Risk bias was assessed, and the following data were extracted: study characteristics, including 

Authors, year of publication, country of study, pre-treatment methods, adhesive types, retention 

rates, and study quality. Arksey and O'Malley's five stages framework using Medline (OVID), 

EMBASE, and Scopus (Elsevier) databases guided this review.  

Results: Findings suggest a large variation in protocols for bonding, with about 60% of studies 

concentrating on ‘Etching and Adhesive Application Mode’. Approximately 15% of studies focus 

on 'Surface Pre-treatment with Substance', while 'Surface Pre-treatment with Lasers' accounts for 

roughly 10%. Lastly, 'Combined Bevel with Enamel Margins' is the least studied method, with 

only about 5% of investigations exploring this technique. 

Conclusion: This scoping review maps the current knowledge landscape regarding NCCL 

restorative protocols and identifies key areas for further investigation. The results indicate that 

various dentin pre-treatment agents, application techniques, and enamel beveling exhibit 

comparable outcomes in adhesion processes when considered individually, yet their cumulative 

impact may be significant. Moreover, the review highlights a diversity in methodological 
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approaches and outcome measures across studies, indicating a need for standardization in future 

research.   

Key Words: Non-carious cervical lesions, hybrid layer, metalloproteinases, cysteine cathepsins, 

chlorhexidine, ethylenediaminetetraacetic acid.  
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Introduction 

Non-carious cervical lesions (NCCLs) present a unique challenge in restorative dentistry, 

given their location at the tooth's cervical margin where the enamel is thin or absent, and dentin is 

often exposed (Teixeira et al. 2020; Smith, Marchan, and Rafeek 2008). Caries does not cause 

these lesions but they result from a combination of factors, including abrasion, erosion, and 

occlusal stress, leading to the loss of hard dental tissue (Tomasik 2006; Osborne-Smith, Burke, 

and Wilson 1999). The restoration of NCCLs is crucial for preventing further tissue loss, reducing 

sensitivity, and restoring aesthetics and function. However, the longevity of these restorations is 

influenced by various factors, including the restorative material used, the application technique, 

and notably, the protocols for surface pre-treatment before bonding. (de Albuquerque et al. 2022; 

Digole et al. 2020) 

The complexity of restoring NCCLs is compounded by their proximity to the gingival 

tissue and the variable nature of the exposed surface, which may include both sclerotic dentin and 

cementum (Balbinot et al. 2020; Tomasik 2006). These factors make adhesion more challenging 

and can affect the durability of the restoration. Consequently, the choice of the adhesive system, 

its application method, and the tooth surface's pre-treatment are all critical considerations that can 

significantly impact the restoration outcome.(de Almeida et al. 2023; de Paris Matos et al. 2020) 

Despite the advancements in adhesive systems, hybrid layer degradation and microleakage 

over time jeopardize the longevity of the restorations. Fluid infiltration along the cavity walls has 

harmful effects, such as disruption of the marginal integrity, discoloration, and postoperative 

sensitivity (de Almeida et al. 2023; Digole et al. 2020). Hybrid layer degradation is a combination 

of hydrolysis and percolating of adhesive from the demineralized dentin matrix, which makes it 
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vulnerable to the attack of host-proteolytic enzymes, metalloproteinases (MMPs) and cysteine 

cathepsins (CPs). (Boushell et al. 2016; de Souza et al. 2020)  

To prolong the resin-bond durability, dentin pre-treatment with protease inhibitors has been 

advised, such as, Chlorhexidine (CHX), ethylenediaminetetraacetic acid (EDTA), and Q-mix. 

(Alencar et al. 2023; Dutra-Correa et al. 2013; Luque-Martinez et al. 2015) 

Chlorhexidine inhibits the action of MMP-2 (gelatinase A), MMP-8 (collagenase 2), and 

MMP-9 (gelatinase B) by different mechanisms. A cation-chelating mechanism impedes MMP-2 

and MMP-9 by binding to the active site's zinc or calcium metal ions. On the other hand, MMP-8 

is inhibited by interacting with the sulfhydryl and/or cysteine group. In the literature, it has been 

reported that CHX has inactivated MMPs at concentrations as low as 0.02%. (Gendron et al. 1999; 

Dutra-Correa et al. 2013). Similarly, EDTA inhibits MMPs by chelating the calcium ions and 

removing the smear layer. Furthermore, it is a weak acid that produces a gentle and shallowed 

demineralization of the dentin, which is considered accountable for the strong bonding to sound 

and sclerotic dentin in self-etch adhesives.(Alencar et al. 2023; Hazra et al. 2012) 

Over the years, surface pre-treatment techniques have been developed to improve the 

bonding of restorative materials to the tooth structure. These techniques include mechanical 

(surface roughening and sandblast) as well as using various etching agents to alter the tooth 

surface's chemistry and topography, and applying different adhesive systems designed to optimize 

bond strength and longevity (Verma et al. 2023; Rocha et al. 2019). Additionally, modifications 

such as incorporating a bevel at the lesion margin have been proposed to enhance restorations' 

esthetic integration.(Da Costa, Loguercio, and Reis 2013; Baratieri et al. 2003; Verma et al. 2023) 

Despite the multitude of techniques available, there is a notable variability in the clinical 

outcomes of NCCL restorations, with studies reporting a wide range of survival rates (20% to 
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80%). This variability underscores the need for a comprehensive understanding of how different 

restorative  

protocols affect the longevity of NCCL restorations (de Paris Matos et al. 2020; de Almeida et al. 

2023). Furthermore, patient-related outcomes such as postoperative sensitivity, satisfaction with 

the aesthetic results, and the incidence of secondary caries or periodontal responses also merit 

consideration, as they contribute to the overall success of the treatment. (de Albuquerque et al. 

2022; Patricia Manarte-Monteiro et al. 2021; Jorge Perdigão et al. 2020) 

Given the evolving landscape of dental materials and adhesive technologies, alongside the 

ongoing debate regarding the optimal strategies for NCCL restoration, a systematic exploration of 

the current evidence is both timely and necessary (Barceleiro et al. 2022; Hass et al. 2022). The 

field of restorative dentistry continues to seek improvements in clinical protocols to enhance the 

durability, functionality, and aesthetics of NCCL restorations, making it imperative to assess the 

impact of various factors on restoration longevity.(Oz, Ergin, and Canatan 2019; Heyder et al. 

2022) 

Hence, this scoping review seeks to methodically evaluate and amalgamate the available 

literature concerning the influence of restorative protocols, particularly emphasizing surface pre-

treatment methods, on the durability of restorations for non-carious cervical lesions. By examining 

the evidence on clinical performance, patient satisfaction, and the incidence of complications, this 

review seeks to identify knowledge gaps and inform future research directions, ultimately 

contributing to the refinement of best practices in the management of NCCLs. 
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2. Material and methods 

This section provides background information and related works, including the scoping review 

method and design strategy. 

2.1 Study Design  

This paper applied the Arksey and O'Malley framework (Arksey and O'Malley 2005) and 

enhanced by Levac, Colquhoun, and O'Brien's recommendations (Levac, Colquhoun, and O'Brien 

2010). The methodological framework comprises determining the research question and relevant 

studies, selecting the type of study, mapping the data, outlying and reporting the results.  

2.2 Stage I: Research Question  

The research questions proposed to answer in this scoping review are mainly in the following 

aspects:  

- What is known from the literature about the influence of dentin pre-treatments in the 

longevity outcome of NCCLs restorations?  

2.3 Stage II: Relevant Studies Search   

Two independent reviewers (D. M. and L.M) searched literature to identify papers in three 

databases that included references in one language. English publications in Ovid Medline®, 

EMBASE (Elsevier) and SCOPUS (Elsevier) were searched using the keywords and subject 

heading methods and was logically connected with Boolean operator "AND" and "OR". 

Publication-year limit was set, from 1946 to January 12, 2024. The search strategy (Table 1) was 

adapted to the other databases.  

Table 1 Literature Search Strategy  

 

Final Search Strategy  Date 
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Table 1 continued 

1 (Non-carious cervical lesion$1 or Noncarious cervical lesion$1 or 

NCCL$1 or Class-V).ti,ab,kw. 

2 exp Tooth Wear/ or ((Tooth or dental) adj (wear$1 or attrition or erosion 

or abrasion)).ti,ab. or Abfraction.ti,ab. 

3 Gingival Recession/ or ((Gingiva or Gingival) adj (recession or 

atroph$3)).ti,ab. 

4 exp Dental Restoration, Permanent/ or Dental Restoration, Temporary/ 

or (restoration or marginal-adaption).ti,ab. 

5 Adhesiveness/ or Adhesives/ or Dental Cements/ or Compomers/ or exp 

Glass Ionomer Cements/ or (Adhesive$1 or Adhesiveness$ or Adhesion$1 

or dental-cement$1 or luting-agent$1 or compomer$1 or glass-

ionomer$1).ti,ab. 

6 Dental bonding/ or Self-Curing of Dental Resins/ or Light-Curing of 

Dental Adhesives/ or exp Dentin-bonding agents/ or bond$1.ti,ab. or 

bonding.ti,ab. or self-curing.ti,ab. or light-curing.ti,ab. 

7 Dental Materials/ or exp Composite Resins/ or exp Resins, Synthetic/ or 

Photoinitiators, Dental/ or (resin-modified-glass-ionomer$1 or 

restorative-material$1 or dental-material$1 or composite$1 or synthetic-

resin$1 or photoinitiator$1).ti,ab. 

1/15/2024 
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Table1continued                                                                                                                                     

8 exp surface properties/ or exp Dental Etching/ or exp Tooth preparation/ 

or Lasers, Solid-State/ or Lasers/ or Air Abrasion, Dental/ or exp 

Aluminum Oxide/ or Chlorhexidine/ or (surface-treatment$1 or surface-

propert$3 or Dentin-conditioning or tooth-preparation$ or lasers or air-

abrasion or aluminum-oxide or Chlorhexidine).ti,ab. 

9 Dental Restoration Failure/ or exp Treatment Outcome/ or exp 

Treatment Failure/ or Outcome Assessment, Health Care/ or Patient 

Outcome Assessment/ or Patient Reported Outcome Measures/ or Patient 

Satisfaction/ or (Outcome$1 or longevity or failure$1 or assessment$1 or 

measure$1 or survival or retention or satisfaction).ti,ab. 

10 1 and 2 

11 1 and 3 

12 1 and 4 

13 1 and 5 

14 1 and 6 

15 1 and 7 

16 1 and 8 

17 1 and 9 

18 10 or 11 or 12 or 13 or 14 or 15 or 16 or 17 
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Table 1 continued  

19 limit 18 to english language 

 

2.4 Stage III: Study Selection 

The overall inclusion criteria for study selection were based on stages I and II  

methodologies. Studies eligible for inclusion encompass randomized controlled trials (RCTs), 

cohort studies, case-control studies, and cross-sectional studies. The population of interest includes 

patients undergoing restorative treatment for non-carious cervical lesions younger and older than 

65 years old.   

Regarding interventions, the review will include studies that evaluate various restorative 

protocols for NCCLs. This encompasses investigations into different 1- adhesive modes, 2-

application of compounds, and 3-surface pre-treatments. Comparative studies examining the 

differences in techniques or materials used in NCCL restorations are also sought. The primary 

outcome of interest is the longevity of restorations, measured through survival rate, failure rate, or 

the need for re-intervention. Secondary outcomes may include postoperative sensitivity, esthetic 

outcomes, and patient satisfaction.  

Finally, the review will only include studies with a follow-up period of at least one year to 

assess restoration' longevity objectively. The language criterion stipulates that studies must be 

published in English or have available English translations to ensure data accessibility for analysis. 

We omitted studies categorized as case reports, editorials, opinion articles, and animal 

studies based on our exclusion criteria. Additionally, in vitro studies were also not included. 

Regarding the study population, the review excludes studies focusing on carious lesions or other 

dental conditions unrelated to NCCLs. Regarding intervention focus, studies that do not 
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specifically assess restorative protocols relevant to NCCLs, such as studies that focus on the type 

of composite or glass ionomers used as restorative materials.  

Studies with incomplete data or lacking sufficient detail to assess the outcomes are 

excluded to maintain the quality and reliability of the review findings. Lastly, language limitations 

play a role in study selection. Studies published in languages other than English without available 

translations are excluded.  

A flowchart of the review process was drawn per the PRISMA flow diagram for scoping 

reviews along with reasons for excluded sources (Figure 3).  
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Figure 3. PRISMA flow diagram of studies in the systematic scoping review based on" Preferred 

Reporting Items for Systematic Reviews and Meta-Analyses: The PRISMA Statement. 
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If consensus between the two sets of articles was achieved, the selected articles progressed 

to assessing the abstract via the same method. The same two reviewers then assessed full-text 

articles. If there were disagreements between the reviewers, the paper in question was discussed 

until a consensus was achieved. 

2.5 Stage IV: Data Charting  

A model for extracting data was created in Microsoft Excel and evaluated by all authors 

involved to identify and document variables required for accurate data extraction.   

2.6 V: Data Extraction 

In the selected studies, authors extracted the data (D.M and M.M). The data was organized 

based on authors, 1) year of publication, 2) country of study, 3) study designs, 3) surface pre-

treatment (substance/compound or technique), follow-up years, longevity outcome, and level 

of evidence. Additionally, the studies included were evaluated for bias risk using the Cochrane 

collaborative network bias tool into high, low or not clear risk across various criteria:  

 Sampling Bias – Sample Size: if the study's authors described how they determined the 

sample size, it indicated low risk. If they did not report justification for the sample size, it 

posed high risk, or if they did not present clear justification for assessment, it was 

considered not clear.     

 Sampling Bias – Randomization: the study authors detailed a random process assigning 

enamel, dentin, or tooth samples, indicated low risk. If the process of selecting samples 

was not randomized, represented a high risk, or no clear information was provided to 

determine a level of risk, it was considered not clear.  

 Reporting Bias: the outcomes described in the methods sections align with those presented 

in the results section, indicated low risk. If there were discrepancies or inconsistencies 
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between the methods and results sections regarding outcomes, indicated high risk. When 

insufficient information was provided to determine, it was considered unclear.  

 Other Bias: if no conflict of interest was disclosed, suggested a low risk. If a conflict of 

interest was reported, it indicated a high risk. In cases where there was insufficient 

information provided to determine the presence or absence of a conflict of interest, the risk 

level was considered unclear.           

 3. Results and Discussion:  

3.1 Study Selection 

The initial literature was searched in Ovid Medline®, EMBASE and SCOPUS from 1946 

up to 2024. The total number of citations retrieved was 7,007. After the duplication (3588 studies) 

and ineligible auto-marked (1596 studies) by Covidence the total number of citations was 1823. 

After screening the titles and abstracts, 127 that were excluded due to classified as wrong setting, 

intervention, outcome or indication. Full text was obtained for the remaining 74 publications. 

Figure 4 provides an outline of the risk of bias.     

 

Figure 4 Risk of bias graph: review author’s judgments about each risk of bias item presented as 

percentage across all included studies (a plot of the distribution of judgments low risk of bias, 

unclear risk of bias, and high risk of bias) across studies for each risk of bias item.  

0% 10% 20% 30% 40% 50% 60% 70% 80% 90% 100%

Sequence Generation

Allocation Concealment

Blinding of Partcipipants and Personnel

Blinding of Outcome Assesment

Incomplete Outcome Data

Selective Reporting

Bias Assessment

Low Risk of Bias Unclear Risk of Bias High Risk of Bias
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Figure 5. Frequency distribution graph. Publication frequency of papers that met the inclusion 

criteria plotted against the year of publication. Trendline forecast represents a straight line to a set 

of data points in a way that best represents the data's overall direction or pattern. 

 

The frequency of publications has been rising, reflecting the increasing attention on this 

subject due to their broad applicability. Most studies were conducted in Brazil followed by 

Portugal, Germany and United States, as illustrated in Figure 6.   
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Figure 6. The global distribution of publications per country. 

The outcomes were categorized according to retention rate, marginal integrity, color 

stability, recurrent caries, tooth integrity, contact surface, surface texture, loss of anatomical form, 

post-operative sensitivity, patient complaints and patient’s satisfaction.   

3.2 Types of Study Design 

 Our analysis identified 79% (n = 74) of the studies as randomized clinical trials, 

highlighting their adherence to rigorous experimental protocols. The remaining 21% did not 

specify their randomization procedures and were therefore categorized as non-randomized clinical 

trials. Notably, we did not observe any cross-sectional studies or studies employing a mixed-design  

that combines randomized and cohort elements. Given the hierarchical structure of study designs, 

randomized clinical trials are one of the most reliable forms of scientific evidence, underscoring 

the robustness of our dataset's evidence base.    

 

 

Figure 7. Distribution of studies according to the type of study design.  

79%

21%

Study Design

Randomised
controlled trial

Non-Randomized
clinical trials



 

21 
 

 

Figure 8. Characteristics of selected studies represented by A. Sample size distribution, B. Follow-

up, C. Age of patients, and D. prevalent gender.  

 

Regarding sample size distribution (A), most of the studies had a sample size of less than 

100, constituting 33% of the total. This was followed by sample sizes ranging from 150 to 200 and 

75 to 100, making up 22% and 18% of the studies, respectively. A smaller proportion of studies 

had sample sizes between 200 to 250 (15%), and 50 to 75 (9%). Very few studies had sample sizes 

between 250 to 300 (2%), and an even smaller fraction fell within more than 300 (1%).  

In terms of follow-up duration (B), the most common was a 1-year follow-up, reported in 

44% of the studies. The next most frequent follow-up period was 2 years, observed in 28% of the 

cases. A 3-year follow-up was noted in 20% of the studies, while follow-ups of 5 years and more 

than 5 years were the least common, each accounting for 4%. 

The mean age of patients (C) in the studies was most commonly reported to be less than 40 

years old, representing 26% of the studies, followed by the age group of 40 to 45 years, accounting 

for 25%. Age groups of 45 to 50 and 50 to 55 years were represented in 16% and 14% of the 
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studies, respectively. Fewer studies included patients aged 55 to 60 (8%) and more than 60 years 

old (5%). In 6% of the studies, the mean age of patients was not reported. 

Lastly, the prevalent gender (D) among the study participants was predominantly male, 

making up 60% of the total, while females were prevalent in 28% of the studies. A minority of 

studies (5%) reported the same prevalence for both genders, and in 7% of the studies, the gender 

was not reported. 

 

Figure 9 Distribution of pre-treatments by percentage of studies.  

The pre-treatment distribution graph shows that the most frequently studied pre-

treatment method is 'Application mode - Etching', with just over 35% of studies focusing on this 

area. This suggests that etching is a primary area of interest and possibly considered a critical 

factor in the success of dental treatments. 
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The next most commonly researched method is 'Application mode - Adhesive', which 

constitutes about 34% of the studies. This indicates a significant research interest in applying 

adhesives, which are crucial for the bonding process in dental restorations. 

'Pre-treatment of surface with substance' is the focus of 14% of the studies. The exact 

substance or technique is not fully visible in the image, but it implies a moderate interest in this 

particular type of pre-treatment. 

The method 'Combined with Bevel when margins in enamel' 'Pre-treatment of surface 

with lasers' accounts for approximately 11% of studies, showing that while enamel beveling is of 

interest, it is less frequently explored compared to the application methods of etching and 

adhesives. 

Finally, the method 'Pre-treatment of surface with lasers' is represented in the least 

number of studies, with about 6% investigating this technique. This suggest that laser, while still 

of interest, is considered a more specialized or less essential technique compared to the others 

represented in the graph. 

Regarding the protocols, a range of procedures utilized in dental studies for applying 

etchants, adhesives, and conditioners is described in Table 2.  

A common sequence found across most protocols begins with the etching of enamel and 

sometimes dentin using phosphoric acid, with concentrations ranging from 7% to 40% and 

application times varying, usually between 15 and 30 seconds. Following etching, the protocols 

uniformly call for rinsing and drying, typically lasting from 15 seconds to a minute, with some 

specifying the need to keep the dentin surface slightly wet. 

The application of adhesive systems is a crucial next step, with protocols diverging in the 

types of adhesives used, techniques (such as scrubbing or applying under finger pressure), and the 
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time frame for application, which can range from 10 to 20 seconds. In several protocols, a 

preparation step before the adhesive application involves mixing two liquids in equal ratios to form 

a homogeneous mixture. 

Air drying and light curing of the adhesive layer is another shared step, although the 

duration of air drying (ranging from 2 to 10 seconds) and the settings for light curing (often 600 

to 1000 mW/cm²) may vary. These steps are critical for ensuring proper adhesion and setting of 

the dental material. 

Notable differences among the protocols include additional conditioning steps that some 

employ, such as NAOCL, Chlorhexidine, or epigallocatechin-3-gallate. These conditioners may 

influence the adhesive process and the longevity of the dental treatment. Specificities like using a 

laser for surface preparation or a sonic applicator for adhesive application illustrate the vast array 

of techniques being researched and implemented. 

 

Table 2. Summary table of  protocols.  

Step Action Specifics 

1 Beveled enamel Enamel of occlusal margin 

2 Moisture Control Rubber dam, cotton roll and cheek retractor 

3 
Dentin pre-treatment (mechanical and /or 

chemical) 

     Mechanical 

-  Sandblast  

- Surface roughening = fine diamond 

bur 

 

    Chemical 

- 2% Chlorhexidine 

- EDTA 

- 10% NAOCL 

- Epigallocatechin-3-gallate 

4 Enamel etching Phosphoric acid 40% for 15 seconds. 
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Step Action Specifics 

5 Self-etch approach According to manufacturer instructions 

6 Adhesive Application Vigorous rubbing for 10-20 seconds 

7 Air Drying  For 2-10 seconds with glossy finish  

8 Light Curing For 10-40 seconds 

9 Composite Application Thin layer 

Table 2 continued 

Outcomes 

Follow-up of 1 Year: 

 Etching enamel with phosphoric acid (selective etching or total etching including 

dentin) delivered promising outcomes, with a 100% retention rate for most studies (Balbinot et al. 

2020; Digole et al. 2020; Ranjitha et al. 2020; Patrícia Manarte-Monteiro et al. 2019; Loguercio and 

Reis 2008; Reis et al. 2009; Moosavi et al. 2013; Shinohara et al. 2020). 

Applying adhesive systems with vigorous rubbing, specifically Clearfil SE Bond, 

showcased a retention rate of 100% at the 12-month, suggesting its effectiveness in clinical 

applications. Similarly, the use of Adper Easy One, also known as Adper Easy Bond, achieved an 

equally impressive retention rate of 100%, in the studies with 1 year-follow-up (Jorge Perdigão et 

al. 2005; Reis et al. 2009; J. Perdigão et al. 2012; Jf et al. 2013; N. Sartori et al. 2013; Luque-

Martinez et al. 2015; De Almeida et al. 2024). 

A universal adhesive system like Scotchbond Universal was tested using self-etch and etch-

and-rinse approaches. The self-etch approach yielded a retention rate of 97% after 18 months, 

whereas the etch-and-rinse strategy demonstrated a retention rate of 100% at 1-year follow-up, 

indicating that both methods are highly effective, albeit with potentially different long-term 

outcomes (Jf et al. 2013; N. Sartori et al. 2013; Follak et al. 2021; de Almeida et al. 2023). 
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In the groups where enamel bevel and dentin roughening was applied the outcomes were 

similar in comparison to control groups (p > 0.05) (Digole et al. 2020; Verma et al. 2023; Da Costa, 

Loguercio, and Reis 2013; Loguercio et al. 2018).  

The application chlorhexidine prior to the dentin adhesive did not affect the clinical 

longevity of the composite restorations (Dutra-Correa et al. 2013). On the other hand,  significantly 

higher retention rates were observed for the EDTA group (95.5%) than the control group (79.6%) 

(Luque-Martinez et al. 2015).  

When sonic was applied the retention rate were 50%  for manual application and 84.2%  

for sonic application, which appears to be an alternative method to improved the clinical outcome 

of NCCLs (Hass et al. 2022).  

Follow-up of 2 Years:  

The studies with a two-year follow-up included a comparison of the performance of 

different adhesives (Clearfil SE, GLUMA, Scotchbond and Bisco) in non-carious cervical lesions 

using FDI criteria with retention rates of 70% to 97%. In any case, no improvement in the retention 

rate was detected (p > 0.05), and the clinical performance of all adhesives deteriorated over time 

for marginal adaptation and discoloration (Patricia Manarte-Monteiro et al. 2021; Christiana 

Zander-Grande et al. 2011; C. Zander-Grande et al. 2014; Pena et al. 2016; Van Meerbeek et al. 

2005; Cruz et al. 2021; Rouse et al. 2020; Oz, Ergin, and Canatan 2019; Zanatta et al. 2019; 

Lawson et al. 2015; Christiana Zander-Grande et al. 2011).  

Saboia et al.,2006 evaluated the dentin pre-treatment with 10% NAOCL. It showed no 

statistical significance between etching and not etching groups (Saboia et al. 2006). Also, dentin 
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pre-treatment with epigallocatechin-3-gallate provided no benefit in the clinical performance of 

the adhesive applied, regardless of the adhesive technique utilized. The retention rate for ER was 

97% and SE 94.2% (Costa et al. 2020).  

Passive and various rubbing applications were applied for Xeno and Adapter adhesives. 

The study yielded that Adapter adhesive and the passive application mode showed significantly 

higher marginal staining than XE and active application (p<0.05) (C. Zander-Grande et al. 2014). 

Also, the two-step etch and rinse approach in Loguercio et al.'s study showed difference in the 

retention rate with 92.5% for the vigorous rubbing group (Loguercio et al. 2011).  

Follow-up of 3 Years:  

Even though the application of the self-etch and etch-and-rinse approach did not yield a 

powerful difference in the retention rate (84% to 90%) (Jorge Perdigão et al. 2020; Dutra-Correa 

et al. 2019; Rocha et al. 2019; Gonçalves et al. 2021; Haak et al. 2023; Barceleiro et al. 2022; 

Atalay, Ozgunaltay, and Yazici 2020; de Albuquerque et al. 2022).   

The dentine pre-treatment with 2% Chlorhexidine and 10% NaOCL solution showed no 

difference in the survival rate among the groups (Morgana Favetti et al. 2017; M. Favetti et al. 

2022; Neimar Sartori et al. 2013).   

Beveled enamel margins did not improve the clinical longevity of composite restorations 

after three years of follow up (Baratieri et al. 2003). 
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Follow-up of 5 Years: 

In the 13-year follow-up study by Van Dijken et al. 2007, continuous degradation of the 

resin-dentin bond was observed for all bonding systems (Allbond, Clearfil, Denthesive, and 

GLUMA regardless of the approach applied.(van Dijken, Sunnegårdh-Grönberg, and Lindberg 

2007). In contrast, Peumans found a clinical success rate of 86% to 93% of Clearfil SE Bond with 

selective acid-etching of the enamel cavity margins (Peumans et al. 2015).  

The total-etch adhesive system with or without collagen removal with 10% sodium 

hypochlorite (NaOCl) after five years did not change the clinical performance of resin composite 

restorations (Rocha Gomes Torres et al. 2014). 

After 5 years, the clinical behavior of the universal adhesive in the etch-and-rinse strategy 

was better when compared to the self-etch strategy when presence of enamel at the occlusal margin. 

(de Paris Matos et al. 2020; Ñaupari-Villasante et al. 2023; Boushell et al. 2016). 

Limitations 

Even though this scoping review was conducted according to the scoping review 

methodology, some limitations are worth noting. First, scoping reviews aim to provide a broad 

overview of the available evidence on a specific topic, which may lead to a superficial analysis of 

individual studies. Second, instead of conducting a meta-analysis or quantitative data synthesis, a 

scoping review typically emphasizes descriptive analysis and mapping of the available evidence. 

This may limit the ability to draw solid conclusions or make conclusive recommendations based on 

the review's findings. A final limitation is that this field is advancing rapidly, so it is important to 

acknowledge that this scoping review is a snapshot at a particular time.  
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Conclusions 

This scoping review outlines the current understanding of NCCL restorative protocols 

while pinpointing areas that warrant deeper investigation. By identifying evidence gaps, this study 

lays the groundwork for refining clinical strategies and improving patient outcomes. Firstly, it 

highlights the variability in study designs, treatment protocols, and outcome assessments. Notably, 

the etching application method emerged as the most studied intervention, while aspects such as loss 

of anatomical form, surface texture, and tooth integrity received limited attention. Surprisingly, 

patient complaints and satisfaction remained unexplored in the reviewed studies. Secondly, the 

majority of investigations had relatively short follow-up periods, typically up to one year. Thirdly, 

some studies lacked clear diagnoses of NCCLs, particularly concerning their extent and severity. 

Lastly, the majority of participants were under 60 years old, raising questions about the 

generalizability of findings to older populations. Given these concerns regarding evidence 

heterogeneity, future research should aim to elucidate the factors influencing the effectiveness of 

NCCL restorations and refine treatment approaches accordingly. 
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Abstract 

 

Objective: This study aims to comprehensively analyze the biofilm composition over healthy root 

surfaces (control group) and cavitated root caries lesions (study group) among patients in two 

distinct age groups: those younger than 65 (control and cavitated) and older than 65 years (control 

and cavitated).  

Materials and Methods: Forty-four adults (27 females and 17 males) were recruited from the 

University of Maryland School of Dentistry Advanced Education in General Dentistry clinic. The 

study employed 16S rRNA sequencing to analyze the microbial composition, focusing on diversity 

and dominance across healthy and cavitated root surfaces. Samples were collected directly from 

these surfaces to ensure an accurate representation of the biofilm present. 

Results: The microbiological analysis revealed variations in biofilm composition. Cavitated 

lesions exhibited a higher bacterial diversity compared to non-cavitated surfaces, as indicated by 

the Shannon diversity index, suggesting a more complex microbial ecosystem within these lesions. 

Furthermore, the Simpson's dominance index showed that non-cavitated surfaces were 

characterized by a few dominating species, contrasting with the more evenly distributed bacterial 

community in cavitated lesions. Additionally, variances with age altered these trends, with older 

individuals exhibiting distinct bacterial compositions.                                           

Conclusion: This study highlights the significance of age and lesion presence on the composition 

of the biofilm in root caries lesions. The observed differences in microbial diversity and dominance 

suggest that both factors play a crucial role in shaping the biofilm ecosystem. These insights could 

inform future research and clinical strategies aimed at managing root caries through targeted 
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biofilm management, particularly in older populations. Further research is needed to explore the 

clinical implications of these microbial patterns and their potential impact on treatment outcomes. 

Keywords: Root Caries, Biofilm Composition, Age-Related Differences, Control Lesions, 

Cavitated Lesions, Oral Microbiota, Microbial Diversity. 
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Introduction 

By 2060, 98 million Americans will be over the age of 65 years old. Currently, 70% of older adults 

have periodontal disease, and 20% have untreated tooth decay ("Oral Health for Older Americans 

| Adult Oral Health | Basics | Division of Oral Health | CDC" 2023). In aged individuals, decreased 

manual dexterity, physical or mental impairment, and immune system alterations are associated 

with increased susceptibility to root caries (Tonetti et al. 2017). 

Root caries lesions represent a significant concern in dental health, affecting a broad 

spectrum of the population across various age groups (Reddy et al. 2021; W. Chen, Zhu, and Zhang 

2023). These lesions, which occur on the root surfaces of teeth, can be broadly categorized into 

non-cavitated and cavitated lesions, each presenting unique challenges in terms of prevention, 

management, and treatment. The distinction between non-cavitated and cavitated lesions is crucial, 

as it reflects the progression of the disease and has implications for treatment strategy (Qutieshat 

et al. 2021; Fee et al. 2020). Non-cavitated lesions, dentin is sound, whereas cavitated lesions 

exhibit actual structural damage. 

The biofilm composition on the tooth surface plays a pivotal role in the development and 

progression of root caries (Zhang et al. 2019; Chen et al. 2015). Dental biofilms are complex 

communities of microorganisms that adhere to dental surfaces and can contribute to both the 

initiation and advancement of carious lesions (Chen et al. 2020; Chen et al. 2015). The composition 

of these biofilms is influenced by dietary habits, oral hygiene practices, saliva composition, and, 

importantly, the individual's age. Aging characteristics  

related to the patients can alter the oral microbiome, potentially affecting the susceptibility to and 

nature of dental caries (W. Chen, Zhu, and Zhang 2023).  
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Age-related changes in oral health status, including increased prevalence of root exposure 

due to gum recession and alterations in salivary flow and composition, make the elderly population 

particularly vulnerable to root caries (Tonetti et al. 2017; Tan et al. 2017). Furthermore, the 

presence of cavitated lesions in older adults can complicate oral hygiene practices, providing 

protected niches for biofilm accumulation and making these lesions more challenging to treat 

effectively (Tokumoto et al. 2022; Duke and MacInnes 2021). On the other hand, younger 

individuals, although not immune, typically exhibit a different pattern of susceptibility to root 

caries, influenced by factors such as diet, oral hygiene habits, and the overall health of gingival 

tissues (Ogwo et al. 2023). 

Understanding the biofilm composition of root caries lesions is essential for developing 

targeted preventive and therapeutic strategies. The microbial composition of biofilms can indicate 

the potential pathogenicity of the lesion and inform the choice of antimicrobial agents or other 

interventions aimed at controlling or eliminating the biofilm. Differences in biofilm composition 

between control and cavitated lesions and across different age groups can provide insights into the 

dynamics of root caries progression and the factors influencing the effectiveness of various 

treatment approaches. 

Research into the comparative biofilm composition of control versus cavitated root caries 

lesions remains sparse, especially across distinct age demographics. Such information is critical 

for tailoring prevention and treatment strategies to the specific needs and challenges presented by  

different stages of lesion development and patient ages. The evolving understanding of the oral 

microbiome and its role in dental diseases highlights the need for more focused investigations in 

this area. 
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Therefore, this study aims to comprehensively analyze the biofilm composition over 

control and cavitated root caries lesions in two distinct age groups: patients younger than 65 and 

those older than 65. By elucidating the differences in biofilm composition associated with lesion 

type and age, this study seeks to contribute to developing more effective, age-specific strategies 

for the prevention and management of root caries. 

Materials and Methods 

Participants 

Patients under comprehensive care enrolled in the Advanced Education in General 

Dentistry (AEGD) dental clinic at the University of Maryland School of Dentistry were screened 

for the presence of cavitated root caries lesions. The Institutional Review Board (IRB) and 

University of Maryland School of Dentistry (Baltimore, MD) approved the study (HP-00090352).    

Forty-four adults (27 females and 17 males) met the inclusion criteria after completing the clinical 

exam. The inclusion criteria were high caries risk, presence of cavity located in the root surface, 

18 years or older, have not taken any antibiotics in the last six months or received any active 

periodontal treatment in the last 12 months causing bleeding on the collecting site. Patients that use 

orthodontic appliances or denture attached to the tooth presenting RC lesion, alteration in the motor 

condition that modifies tooth brushing habits, use of commercial antiseptic mouthwash on the day 

of sample collection, history of current or past smoking, tobacco use, presence of gingival bleeding  

in the site of collection, and being pregnant or lactating were excluded. All patients were randomly 

selected, informed of the research objectives and signed the informed consent. The mean age was 

61.4 years, ranging from 34 to 84 (Table 3).  
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Characteristics of research subjects Number of patients 

Gender distribution  

Male 17 

Female 27 

Age distribution (years)  

30-49 5 

50-69 26 

>70 13 

Table 3: Characteristics of the research subjects  

Clinical Assessment 

The patients were subjected to visual examination, seeking signs indicative of root caries, 

such as discoloration or changes in the texture on the root surface. Lesions may appear as dark 

spots or shadows that contrast with the lighter color of healthy root surfaces, ranging in color from 

light brown to black, depending on the lesion's age and activity level. 

 The tactile examination was performed following the visual examination to evaluate 

suspected root caries lesions. Using a dental explorer, the operator (D.M) gently touches the  

identified spots to test their texture. Healthy root surfaces were typically hard and smooth, while  

cavitated lesions, with broken surface integrity, formed a detectable pit or groove carious lesions 

that might feel soft, sticky, or leathery due to demineralization.   

Subsequently, patients were divided into four groups: two controls group (B65C= 13, 

UP65C=12) and two root caries group (B65RC=13, UP65RC=6). The control groups were non-
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cavitated, and the RC patients had one or more root caries lesions when clinical examination was 

completed. Root surface lesions were categorized as carious lesions when they present a dentin 

cavitation with soft. The American Dental Association Caries Classification System (Young et al. 

2015) was used to diagnose and define RC lesions.   

Sample Collection 

Supragingival dental plaque samples of control groups were collected by gently swabbing 

using sterile micro brush applicator over the tooth (Figure 10). All samples were taken by one 

examiner (D.M). All specimens were placed into sterile 1.5 ml microcentrifuge tubes containing C 

2.1 buffer solution (133 mM ammonium acetate, 0.04% sodium azide, and .04% bromophenol 

blue) and stored at -800C. All samples were frozen in UMSOD laboratory until they were 

transported on ice to the Genomics Resource Center for further processing. 

DNA Extraction and Purification.  

The QIAamp DNA mini kit (Qiagen, Hilden, Renania, Germany) was used to extract 

bacterial DNA. The V3-V4 regions of the 16S rRNA gene was amplified and then sequenced using 

an Illumina HiSeq 2500 (San Diego, CA, USA), which was adapted to produce 300 pb paired-end. 

This sequencing was conducted at the Genomic Resource Center of the Institute of Genome 

Sciences, University of Maryland School of Medicine, located in Baltimore, MD, USA. Afterward, 

using the SILVA rRNA database, the obtained cleaned reads were grouped into operational 

taxonomic units (OTUs) based on their similarity (97%). The richness of the biofilm samples was 

assessed by analyzing the percentage of OTUs representatives at the genus level.  
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Figure 10. Flowchart describing the groups, sample collection and 16S RNA Sequencing. 
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Statistical Analysis    

For the biofilm composition on non-cavitated vs. cavitated root surfaces across the two age 

groups, only descriptive statistics were used to summarize the 16S rRNA sequencing findings.  

1)Bacterial Diversity: Reporting each group's average Shannon diversity index to describe the 

biofilm's biodiversity. Higher values indicate a more diverse microbial community. 

2)Bacterial Dominance: Utilizing the Simpson's dominance index to describe how evenly the 

bacteria are distributed within the biofilm. Lower values suggest a more equitable distribution 

among bacterial species. 

3)Most Prevalent Bacteria: Listing the most commonly identified bacteria in the biofilm of 

cavitated lesions and healthy root surfaces, along with their relative abundance percentages.   
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Results 

The analysis of the microbial composition at the genus level revealed distinct variations in 

the prevalence of bacteria among the studied groups. Genus Streptococcus was consistently 

identified as the dominant bacteria among the most prevalent genera across all participant groups. 

However, notable differences were observed in its relative abundance between individuals with 

cavitated root caries lesions and those with non-cavitated root surfaces. 

In participants above 65 with non-cavitated lesions, Genus Streptococcus accounted for an 

average of 80% of the bacterial composition, compared to 54% in those under 65, highlighting an 

age-related difference in microbial prevalence. Conversely, in cavitated root surfaces, Genus 

Actinomyces constituted only 5% of the bacterial population in older participants and 21% in 

younger participants, suggesting that the presence of cavitation significantly influences the 

microbial ecosystem.  

Other prevalent genera identified include Genus Veilonella, Genus Corynebacterium, 

Genus Granulicatella and Genus Caphytocynofaga, each showing distinct patterns of distribution 

between the different age groups and root surface conditions. For instance, Genus Corynebacterium 

was more abundant in cavitated lesions of older individuals, while Genus Veilonella was 

predominantly found in the younger cohort. Genus Lactobacilli was not found, this suggests that 

they exist below the detection level of a 16S rRNA gene survey with bacterial universal primers.    
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Figure 11. Comparison of Shannon’s index (alpha diversity) across the four groups.  

The comparison between patients younger than 65 years old and those older than 65 years 

old reveals interesting trends. In general, older patients tend to show a different bacterial profile in 

their root caries lesions, possibly due to changes in saliva composition, pH, and other age-related 

oral health changes. These shifts could influence the microbial ecosystem within the oral cavity, 

leading to variations in the predominant bacteria between the two age groups. 
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Figure 12. Shannon’s index by subjects group.  

The Shannon diversity index (figure 12), which measures the diversity of the bacterial 

community, indicates a greater diversity in cavitated lesions across both age groups. This increased 

diversity within cavitated lesions suggests that the environment within these lesions supports a 

wider range of bacterial species. Moreover, the Shannon index might slightly differ between the 

two age groups, potentially reflecting age-related changes in oral microbiota composition. 
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Figure 13. Simpson’s dominance index of specific species inside the biofilm community 

across the four groups.  

 

Simpson's dominance index (Figure 13) is a measure of the dominance of particular species 

within the community. The figures imply that non-cavitated lesions tend to have a higher 

dominance index, suggesting a few species predominate in these environments. In contrast, with 

their higher bacterial diversity, cavitated lesions would have a lower dominance index, indicating 

no single bacterial species overwhelmingly dominates the community. 

Discussion 

The findings from this study contribute to the growing body of literature on the role of 

microbial communities in the development and progression of root caries, with a specific focus on 

age-related differences in biofilm composition. The observed dominance of Streptococcus in  
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cavitated root caries lesions across all age groups identified this genus as a key player in the 

cariogenic process. However, the marked difference in its prevalence between olderer (80%) and 

younger individuals (54%) with non-cavitated lesions underscores the influence of age on oral 

microbial dynamics. This variation suggests that the microbial ecosystem associated with root 

caries is not static but evolves with age, possibly due to physiological changes, alterations in 

immune response, or differences in oral hygiene practices over time. 

The increased abundance of Actinomyces in cavitated root surfaces among younger adults 

(21%) compared to older individuals (5%) is particularly noteworthy. Actinomyces is often 

associated with the initial stages of dental plaque formation and has a recognized role in the 

development of root caries as indicated by the results.   

The presence of other bacteria such as Veilonella, Corynebacterium, Granulicatella, and 

Capnocytophaga, and their distinct distribution patterns between age groups and lesion types, 

further illustrates the complexity of the oral microbiome. Corynebacterium’s predominance in 

older individuals’ cavitated lesions, for instance, may reflect its adaptation to the altered 

microenvironment within these carious sites. Conversely, the prevalence of Veilonella in the 

younger cohort’s lesions might be influenced by dietary factors or the biochemical milieu specific 

to their oral cavity. 

Each genus contributes differently to the microbial ecosystem of cavitated lesions and  

non-cavitated root surfaces, affecting the disease's development and progression. 

Streptococcus, particularly Streptococcus mutans, is a well-documented protagonist in the 

initiation and progression of dental caries, including root caries. Its ability to adhere to dental 

surfaces, form biofilms, and produce acid from fermentable carbohydrates makes it a key player in 
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enamel demineralization and the subsequent development of carious lesions. The high prevalence 

of Streptococcus in cavitated root caries lesions across all age groups,  underscores its significant 

role in the cariogenic process. This dominance also highlights the potential for interventions aimed 

at reducing Streptococcus levels, such as the use of antimicrobial agents or probiotics, to prevent 

or mitigate root caries development. 

Actinomyces is another crucial genus, known for its role in the early stages of dental plaque 

formation and its association with root caries. The higher prevalence of Actinomyces on cavitated 

root surfaces in younger adults suggests its role in predisposing these surfaces to carious lesions. 

This finding points to the importance of maintaining diligent oral hygiene practices, especially for 

young adults, to prevent Actinomyces from contributing to the initiation of root caries. Moreover, 

understanding the conditions that favor Actinomyces overgrowth could lead to targeted preventive 

strategies, such as altering the oral pH or disrupting biofilm formation. 

Veilonella, found predominantly in younger individuals with cavitated lesions, is notable 

for its lactate-utilizing ability, which may influence the caries process by modulating the oral 

microbial ecosystem's pH. Its presence reflects the complex interactions within the biofilm that can 

either protect against or promote caries development, depending on the broader microbial context. 

Corynebacterium, more abundant in cavitated lesions of older individuals, and other genera  

like Granulicatella and Capnocytophaga, demonstrate the diversity of bacteria involved in root 

caries beyond the traditional culprits. These bacteria may contribute to the progression of caries 

through various mechanisms, such as influencing the biofilm's structural integrity, acid production, 

or interactions with other microbes. The specific roles of these genera in root caries suggest that a 
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multifaceted approach to managing the oral microbiome could be beneficial for preventing or 

controlling the disease. 

The variations in the Shannon diversity index and Simpson's dominance index observed in 

this study offer profound insights into the microbial ecology of cavitated root caries lesions versus 

non-cavitated root surfaces, underlining the complexity of the biofilm's microbial community. The 

Shannon index, which quantifies the diversity within a community by considering both the 

abundance and evenness of species present, revealed a greater diversity in cavitated lesions across 

all age groups. This increased diversity suggests a more complex microbial ecosystem within 

cavitated lesions, possibly due to a more varied array of ecological niches or a higher level of 

nutrient availability that supports a wider range of bacterial species. This complexity could 

contribute to the resilience of the biofilm, potentially complicating efforts to disrupt cariogenic 

bacteria through traditional oral hygiene practices. 

Conversely, the Simpson's dominance index, which emphasizes the concentration of 

dominance in a community, pointing to how evenly spread the bacterial population is, illustrates 

another aspect of microbial dynamics. A lower dominance index in cavitated lesions implies a more 

equitable distribution of species, contrary to what one might expect in a disease-associated biofilm, 

where a few pathogenic species often predominate. This finding suggests that root caries lesions 

provide a habitat that supports a broad spectrum of microbial life, rather than being dominated by  

a single or a few cariogenic pathogens. This diversity and distribution pattern might contribute to 

the pathogenicity of the lesion, affecting disease progression and the efficacy of antimicrobial 

treatments. 
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The differences observed in the Shannon and Simpson indices between age groups also 

warrant attention. These differences could reflect age-related changes in the oral environment, such 

as alterations in saliva composition, pH, and nutrient availability, which might influence the 

microbial community structure. Additionally, these findings suggest that the oral microbiome's 

response to the cariogenic challenge is modulated by the host's age, pointing to the need for age-

specific preventive and therapeutic strategies that consider the microbial diversity and dominance 

patterns. 

Conclusion 

Within the limitation of this being a preliminary study, it can be concluded that the 

significant age-related differences in the prevalence and diversity of these genera underscore the 

need for age-tailored oral healthcare strategies. For younger adults, who may experience a shift 

towards a microbiome that includes higher levels of Actinomyces and Corynebacterium, 

preventive measures might focus on interventions that modulate the biofilm composition to favor 

non-cariogenic bacteria. For older individuals, strategies that target Streptococcus and Veilonella 

might be more effective in preventing root caries. 
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Overall Discussion 

The thesis presented offers a profound exploration of two pivotal realms within dental 

medicine: the challenges associated with managing cervical composite restorations, and the 

intricate biofilm composition dynamics on root caries lesions across different age demographics. 

The investigation into non-carious cervical lesions (NCCLs) underscores the intricate balance 

required in selecting and applying restorative protocols to enhance the longevity of dental 

restorations. (de Albuquerque et al. 2022; Digole et al. 2020). The scoping review within the first 

chapter casts light on the diverse outcomes stemming from various surface pre-treatment 

techniques, revealing the critical nature of adhesion and the subsequent impact on restoration 

durability.(Costa et al. 2020; Morgana Favetti et al. 2017; Saboia et al. 2006). This foundational 

understanding serves as a prelude to the deeper examination of microbial influences on root caries, 

merging mechanical restoration considerations with biological dynamics. 

Transitioning to the microbial ecosystem's role in root caries progression, Chapter 2 delves 

into the age-related variations in biofilm composition, particularly focusing on cavitated and non-

cavitated lesions. The detailed analysis of microbial diversity, dominated by genera such as 

Streptococcus and Actinomyces, reveals a complex interplay within the oral microbiome (Tonetti 

et al. 2017; Tan et al. 2017) . These findings highlight how the microbial landscape shifts with the 

presence of cavitation and the patient's age. This nuanced understanding of biofilm composition 

underlines the necessity for a dynamic approach to dental care, responsive to the changing 

microbial profiles associated with different stages of life and dental health statuses (Reddy et al. 

2021; W. Chen, Zhu, and Zhang 2023).  

The juxtaposition of these detailed investigations into restorative challenges and microbial 

dynamics offers a comprehensive view that bridges the gap between clinical dentistry and 
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microbiological research. This dual perspective is crucial for developing holistic dental care 

strategies that are not only effective in restoring dental aesthetics and function but also in 

preventing the onset and progression of root caries through biofilm management (Qutieshat et al. 

2021; Fee et al. 2020). The research underscores the importance of considering the oral 

microbiome's role in dental diseases, advocating for a preventive approach that takes into account 

the microbial factors contributing to lesion development. 

Furthermore, the thesis brings to light the critical role of patient-specific factors, 

particularly age, in determining the most effective treatment and prevention strategies. The 

distinction between younger and older populations in terms of biofilm composition and the 

response to restorative procedures emphasizes the need for age-tailored dental care. This approach 

is paramount for addressing the unique challenges presented by the dental health landscape of an 

aging population, which is increasingly retaining natural dentition into later life and, as a result, 

facing a higher risk of root caries("Oral Health for Older Americans | Adult Oral Health | Basics | 

Division of Oral Health | CDC" 2023) . 

The exploration of NCCLs and the microbial composition associated with root caries 

within this thesis contributes significantly to the dental field. It provides a scaffold for future 

research aimed at refining dental restoration techniques and developing targeted interventions to 

manage and prevent root caries. By highlighting the intricate relationship between mechanical 

restorative efforts and the biological environment of the oral cavity, the research underscores the 

need for an integrated approach that leverages advancements in both dental materials science and 

microbiology. 
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Conclusion & Remarks  

The thesis summarizes the exploration of dental restorative challenges and microbial 

dynamics, advocating for a nuanced, patient-centered approach to dental care. This comprehensive 

perspective is instrumental in advancing the field of restorative dentistry, guiding clinical practice 

towards more personalized, effective, and preventative strategies. Through a deeper understanding 

of both the material and microbial aspects of dental health, dental professionals can better navigate 

the complexities of restoring and maintaining the oral cavity, ultimately enhancing patient 

outcomes and oral health quality of life.  
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