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ABSTRACT

Background: Root caries management is essential for tooth preservation. Direct restorative materials like resin-
modified GIC, glass ionomer cement (GIC), and composite resins are used for their cariostatic properties and
mineralization potential.

Aim: This meta-analysis study aimed to assess the efficacy of direct restorative materials in the therapy of
surface root caries.

Methods: A search of PubMed, Embase, Cochrane Library, and Google Scholar identified studies on root
caries, restorative materials, remineralization, and mineral density. Additional searches were done on
ClinicalTrials.gov and relevant references were reviewed.

Results: The meta-analysis identified 412 studies, with five meeting the inclusion criteria for analysis. These
studies focused on evaluating the impact of various restorative materials on mineral profiles, outer lesion depth,
and cariostatic efficacy. Key findings include the high remineralization and mineral density retention provided
by GIC, especially when modified with SDF or CPP-ACP. SEM and FTIR analyses showed that these materials
improved mineral composition and reduced organic matrix exposure at the restoration interface, demonstrating
their potential in managing root caries effectively.

Conclusion: GIC and its modified forms, particularly with SDF or CPP-ACP, effectively prevent mineral loss,
enhance remineralization, and reduce lesion depth. These materials show promise in root caries management,
though more clinical investigations are needed to confirm long-term efficiency.

Keywords: Root Caries, Direct Restorative Materials, Mineral Density, Silver Diamine Fluoride (SDF), Casein
Phosphopeptide-Amorphous Calcium Phosphate (CPP-ACP), Glass lonomer Cement (GIC), in Vitro Studies

INTRODUCTION

Periodontal disease and dental caries correlate with alterations in the metabolism and composition of the oral
bacteria at specific points. The inability to regulate and manipulate numerous in vivo environmental conditions
is due to conditions within the mouth are never stable for a long time. While biofilms in situ investigations were
documented to exhibit stability within a single individual, they demonstrated significant variation among
different people (1, 2).

In vitro investigations offer advantages as they allow for the control and modification of environmental
conditions and microbiota (3). The features of biofilms created by predominant cariogenic bacteria in an
artificial mouth were demonstrated to resemble those of caries root surfaces dental plaque (4).

In vitro formation of a biofilm on enamel and dentin results in demineralization identical to that of a natural
caries lesion (5). Fontana et al. (6) demonstrated that biofilm formation has been related to five cariogenic
microorganisms and the extent of enamel demineralization. They discovered that, whereas the duration of
sucrose consumption didn't influence lesion size, the incidence of sucrose intake did. No research has yet been
conducted on the impact of mixed-species oral biofilms composed of primary cariogenic microorganisms on
repaired root surfaces, despite the rising incidence of root-surface caries (7).

This systematic review aimed to assess the efficacy of direct restorative materials in the treatment of surface
root caries. By analyzing present evidence, this review seeks to provide insights into the comparative
effectiveness of these materials, offering clinicians guidance on material selection to optimize the longevity and
success of root caries restorations.
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Patients and Methods

Search strategy: A comprehensive literature search has been performed across multiple databases, involving
Google Scholar, PubMed, Embase, and the Cochrane Library. The search utilized both text terms and medical
subject headings such as Root Caries, Direct Restorative Materials, Remineralization, Mineral Density, In Vitro
Studies. Additional research was performed in ClinicalTrials.gov, and the references of selected research and
reviews were also examined to identify relevant observational research.

Inclusion criteria: (1): Studies evaluating the effect of direct restorative materials on root caries therapy. (2): In
vitro or clinical investigations with quantitative assessments of mineralization, lesion depth, or cariostatic
efficacy. (3): Studies using recognized analytical methods (e.g., Micro-CT, SEM, EDX, FTIR) to measure
outcomes.

Exclusion criteria: (1): Studies not involving direct restorative materials or not focused on root caries. (2):
Studies without quantitative mineralization or cariostatic efficacy data.

(3): Reviews, case studies, or studies lacking specific data on the restorative material's impact on root caries.
Data extraction: Two researchers conducted separate assessments of the titles and abstracts of all the papers
generated to determine their relevance. We thoroughly examined each trial that was discovered and decided
about whether to include it or not. Researchers also independently extracted the data into a standardized data
extraction form. The two reviewers established a consensus on decisions about the inclusion of research and
data extraction. The 3rd researcher would have the final authority to determine trial eligibility and extract data
where discrepancies have been discovered.

RESULTS

Literature search results

The primary search across databases yielded 412 potentially relevant studies, 200 duplicate studies were
removed, 35 full texts were assessed for eligibility. Finally, five investigations have been involved in the
systematic review. The PRISMA flow diagram is illustrated in Figure 1.
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Figure 1: Prisma flow diagram for involved study.
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Characteristics of the studies involved
Our comprehensive systematic review encompassed 5 studies, the baseline summary and features for the
involved studies are illustrated in Tables 1.

Volume 27, No. 3, 2024

Table 1: characteristics of our included study.
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mouth dentin other material
Restorations of bovine root
Specimens mtp intraoral Secondary root caries exhibited a
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hundred meters and 150 meters
on the subsurface, respectively;
however, no effects were noted
for the other materials.

Abbreviations: Micro-CT: FTIR: Fourier-transform infrared spectroscopy; Micro-computed tomography;
SEM/EDS: Scanning electron microscopy with energy dispersive spectroscopy; SEM: Scanning electron

microscopy,

Risk of bias evaluation
Of the five clinical investigations, three have been deemed to have a "low risk" of bias, whilst two have
been assessed as having a "moderate risk". All clinical trials have been deemed to have a "low risk™ of bias.
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Figure 2: risk of bias graph.
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Figure 3: risk of bias summary.

DISCUSSION

Root caries, a type of tooth decay that affects the roots of teeth, is a growing concern, especially among older
adults and those with gingival recession. These lesions develop when the tooth’s root surface becomes exposed
to bacteria, leading to demineralization and cavity formation. Treating root caries presents unique difficulties
because the complexity of the root surface structure & the proximity to gingival tissues, making it crucial to
select restorative materials that can withstand the oral environment, bond effectively to the root surface, and
resist further bacterial invasion (8).

Direct restorative dental materials—Ilike glass ionomer cements, composite resins, & resin-modified glass
ionomers—are widely used in treating surface root caries. Each of these materials varies in properties like
adhesion, wear resistance, fluoride release, and ease of application, all of which can influence their effectiveness
in the long-term success of root caries treatment (9). While composite resins offer excellent esthetics and
strength, glass ionomer cements provide additional benefits, including fluoride release that can help reduce
secondary caries risk. Resin-modified glass ionomers combine the advantages of both, providing enhanced
adhesion & durability (10, 11).

In the present meta-analysis research, we assessed the effect of various direct restorative dental substances on
the therapy outcomes of surface root caries. Consequently,Zhao IS et al. (12) reported that both silver diamine
fluoride therapy & alteration with casein phosphopeptide-amorphous calcium phosphate had a significant
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impact on depth of outer lesion (p-less than 0.001). Scanning electron microscopy /EDX revealed an elevation
of phosphorus & calcium in the root dentine close to the restoration in groups three and four (casein
phosphopeptide-amorphous calcium phosphate modified glass ionomer cement).

Additionally, our findings indicated that Fourier-transform infrared spectroscopy (FTIR) revealed a significant
impact of casein phosphopeptide-amorphous calcium phosphate modified glass ionomer cement & silver
diamine fluoride treatment on the amide I-to-hydrogen phosphate ratio at the material-root interface (p-value
equal 0.001).

Zan KW et al. (13) discovered through Micro-CT analysis that the 28-day REM sample exhibited reduced
mineral loss on the surface of the dentin compared to the 4-day DEM specimen, indicating remineralization of
the surface of dentin surrounding the restoration.

Similarly, Tonprasong et al. conducted a systematic review to evaluate the efficiency of direct restorative
substances in root caries treating in both clinical & in-vitro studies. Their review also provided updates on
current developments and future perspectives in restorative dental materials for root caries. The findings showed
that glass ionomer cement (GIC) exhibited an excellent cariostatic effect in most in vitro studies. Resin-
modified glass ionomer (RMGIC) restorations demonstrated lowered activity of recurrent caries but were less
effective than GIC. For composite resin restorations, development efforts primarily focus on enhancing tooth
structure strength and incorporating antimicrobial properties (16).

Additionally, Yip et al. performed an elemental analysis to evaluate the mineral composition of repaired root
surfaces subjected to a simulated oral biofilm in culture system of an artificial mouth. Their research revealed
that GICwas the only restorative material between the tree evaluated that provided
both therapeutic & preventive impacts on the root surface against an initial cariogenic challenge posed by
mixed-species biofilm, under conditions simulating a high-caries-risk environment without supplementary oral
therapeutic interventions. Applying scanning electron microscopy, Yip et al. noted that following 3 weeks of
biofilm culture, only GIC exhibited a significant elevation in the calcium-to-phosphorus (Ca) ratio on the root
surface adjacent to the restoration (P-value less than 0.01), whereas this effect wasn't detected on the enamel
side (P-value equal 0.72) (17).

CONCLUSION

This meta-analysis study indicated that glass ionomer cement and its modified forms, particularly when
combined with silver diamine fluoride or CPP-ACP, provided superior outcomes in preventing mineral loss,
enhancing remineralization, and reducing lesion depth. Elemental analysis confirmed that GIC-based
restorations led to increased calcium and phosphate deposition, contributing to their preventive and therapeutic
advantages. Overall, these materials hold significant promise in root caries management, although further
clinical studies are needed to confirm their long-term efficacy across diverse populations.
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