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Microleakage Evaluation of Two Different Fabricated Composite Inlays: An In Vitro Study
Abstract

The clinical longevity of tooth-coloured restorations, whether direct or indirect, mainly depends on the strength of the restoration, marginal fit, and its bond strength to the tooth structures. This in vitro study investigates the extent of microleakage in composite inlays fabricated using two different indirect techniques: conventional manual fabrication and advanced 3D printing. Twenty multirooted extracted human teeth were prepared with standardised inlay cavities and divided into two groups. The samples were randomly divided into groups of indirect restorations fabricated using a conventional technique and 3D printing. Group 1 restorations were made using conventional impressions and layered composite resin, while Group 2 employed digital scanning and additive manufacturing (AM) to produce inlays. All restorations were cemented using self-adhesive resin cement and evaluated under a stereomicroscope following dye penetration with 1% methylene blue. The study revealed significantly lower vertical and angular microleakage in the 3D printed group, indicating superior marginal adaptation. These results highlight the clinical potential of 3D printed composite restorations in reducing polymerisation shrinkage and enhancing marginal integrity. The findings underscore the evolving role of digital and additive technologies in restorative dentistry, promising improved accuracy, efficiency, and patient outcomes. Dentistry is currently witnessing the beginnings of the additive age, where promising processes are developing in parallel. It is still uncertain which of these processes will ultimately prevail.
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Introduction 
The Global Burden of Disease 2015 study concluded that oral health has not improved in the last 25 years: the age-standardised prevalence rate of untreated caries in primary teeth was 7.8% (573 million children), and 126 million children worldwide had incident cases of caries in primary teeth in 2015. Dental caries, according to the WHO, remains the most frequent chronic disease in early childhood in most communities around the world, having a negative impact on the quality of life of both the child and their family, and is considered a public health problem (Ortiz-Ruiz et al., 2020; McGrath, 2022). The clinical longevity of tooth-coloured restorations, whether direct or indirect, mainly depends on the strength of the restoration, marginal fit, and its bond strength to the tooth structures. The clinical success of indirect restoration depends on various factors. Polymerisation shrinkage remains a major disadvantage of composite resin fillings, which causes stress to the filling material and to the restored surfaces and may lead to marginal leakage, discolouration and sensitivity1. Volumetric shrinkage values between 1.08% and 4.68% are reported1. Polymerisation shrinkage in resin composites generates stress at the interface between the composite restoration and the tooth substance, resulting in marginal gap formation and microleakage2. Indirect restorations have been touted as a possible way to minimise this drawback3. (Abbasi et al). Indirect restorations play a significant role in control of polymerisation shrinkage, secondary polymerisation, enabling improved control over contacts and contours, physical properties and esthetics.
Computer-aided design-computer-aided manufacturing (CAD-CAM) can be subtractive (milling) or additive (three-dimensional (3D) printing). Nowadays, computer-aided design/computer-aided manufacturing (CAD/CAM), here indicated as CAD/CAM technology (CCT), is widely used since digital impression is more comfortable for patients (mainly vulnerable ageing population or younger ones) (Barenghi et al., 2019).  3D printing is also known as rapid prototyping or solid free form fabrication.  3D Printing is a disruptive technology for healthcare and provides significant research and development avenues (Javaid et al., 2022). 3D printing systems presented some advantages over milling as the production of complex geometries, less waste material, lower cost, higher accuracy, and faster production4. 
Indirect 3D printed restorations are a viable option for fabricating dental restorations. With this technique, systemic errors in the fabrication of restoration, such as shrinkage, can be compensated during the CAD process5. This technique also allows clinicians to optimise the roughness of the restoration’s bonding surface and the use of existing photocurable, chemically curable or dual curable restorative material for indirect restorations. It also provides good reproducibility, minimising human errors and techniques that reduce workload in large defects6. 
The study aimed to evaluate the microleakage of indirect and 3D printed composite inlays using conventional and digital impression techniques to compare two kinds of composite materials and techniques, along with evaluation of microleakage. 

Methodology 
Multirooted teeth, which had been extracted, were obtained from the Department of Oral and Maxillofacial Surgery, DAPM RV Dental College. Teeth have grossly decayed surfaces were eliminated. Inlay cavities were prepared on 20 extracted multirooted teeth. The samples were divided into two groups. The samples were randomly divided into groups of indirect restorations fabricated using a conventional technique and 3D printing. 
Cavity Preparation 
Group 1 Conventional Restoration
To produce an indirect composite restoration, inlay cavity preparation was done. Polyvinyl silicone impressions were taken, and die stone models of the samples were obtained. A micro-ceramic indirect composite resin was used for restoration. Composite layering was done after the application of the spacer. The filled samples were cured.
Fig. .1 Conventional Restoration of teeth
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Group 2: 3D-Printed restoration 
Similar to group 1 samples, inlay cavities were prepared. The samples were scanned using extra-oral digital scanners. 3D printed models and restorations were obtained. The samples were cemented using light-cure resin cements.
Fig. .2 3D printed restoration of teeth
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Stereomicroscope Image 
After obtaining the laboratory-prepared inlays, the restorations were cemented using self-adhesive resin cement. The specimens were coated with a single layer of varnish. The specimens were immersed in 1% methylene blue dye for 24 hrs. The specimens were sectioned mesiodistally. The specimens were observed under stereomicroscopy at a magnification 20x. Dye penetration was observed along two planes. Firstly, a vertical line is drawn parallel to the axial wall, and a horizontal line is drawn at the tooth-restoration interface at the gingival seat. 
Fig. .3 Stereomicroscopic Images









Table 1: Direction and measurements of teeth







Results
Table 2. Morphometric analyses of length and area of dye penetration
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Statistical Analysis 
The difference in the mean vertical length of dye leakage was statistically significant between the 2 groups at p<0.001. The analysis demonstrates that Group 2 has a significantly lower mean vertical length of dye leakage compared to Group 1.
The difference in the mean vertical length of dye leakage was statistically significant between the 2 groups at p<0.001. The analysis demonstrates that Group 2 has a significantly lower mean vertical length of dye leakage compared to Group 1.




Table 3 Comparison of mean vertical length of dye leakage 
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2 has a significantly lesser mean vertical length of dye leakage compared to Group 1.
Table 4 Comparison of the mean horizontal length of dye leakage 
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The difference in the mean angle of dye leakage was statistically significant between the 2 groups at p=0.01. The analysis demonstrates that Group 2 has a significantly lower mean angle of dye leakage compared to Group 1
Table 5 Comparison of the mean angle of dye leakage
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Discussion 
In the present study, marginal leakage was evaluated along the axial wall, the gingival seat and also the axial-gingival line angle of the tooth restoration margin. Dye penetration is noted in all the specimens. Microleakage was observed more along the gingival seat (horizontal dimension) when compared to the axial wall. Ceramic hybrid resins were used in groups 1 and 2.
“Microleakage” is defined as the passage of bacteria and their toxins between restoration margins and tooth preparation walls.” In manual technique, polymerisation shrinkage refers to the volumetric decrease, leading to potential issues like marginal gaps, stress on the tooth structure, and post-operative sensitivity due to the shrinkage forces generated during the curing process7. Shrinkage is caused due to high stresses in the cavity wall influencing the C-factor, light activation protocols, filling technique, micro tensile bond strength8 (A.D. Loguercio et al.) and visco-elastic behaviour9(R.R Braga et al). The present study reveals that the microleakage is significantly less for 3D printed resins as they are photopolymerized, which results in minimal polymerisation shrinkage. This is attributed to the Stereolithography (SLA) or digital light processing (DLP) mechanism used in 3D printing technology. Liquid resin is layered with a focused UV laser beam, creating a highly accurate, detailed dental restoration based on a digital design. This aids in obtaining restoration with intricate geometries and a precise fit within the patient's mouth. Polymer shrinkage decreases with an increase in the inorganic filler content. Thus, the higher the inorganic filler content, the lower the polymerisation shrinkage. The 3D printing technology comparatively resolved the contradiction between a higher double-bond conversion rate and lower polymerisation shrinkage. It might have great potential to reduce the incidence of marginal leakage in caries restorative procedures10 (M. Zhao et al.). Another crucial aspect is the margin adaptation that can affect the clinical success of the printed restoration.AM indirect restorations have better margin adaptation than subtractive-manufactured  restorations 11,12In the study group, 2 had lower microleakage resulting in favourable adaptation. The present study has strengths, including the use of stable and precise printing technology, as well as the comparison between materials with similar characteristics and clinical applications, which differ in their composition and energy source for conversion; however, further studies are necessary to evaluate the potential of 3D printed restorations to their fullest.
 Conclusion
3D printing already has diverse applications, and holds a great deal of promise to make possible many new and exciting treatments and approaches to fabricate dental restorations. Digital manufacturing will change the face of dentistry in the near future in terms of treatment time and simplicity. While both additive and subtractive techniques can be used to produce restorations with adequate marginal fit, errors can arise depending on the CAD system used and the clinician's expertise. Application intertwined with improved skill, considering patient comfort and demand, must be focused. Moving forward, several key trends are anticipated to emerge in the field of 3D printing technology for polymer composites, profoundly impacting the design, preparation, and practical production applications of these materials. These trends will set new standards for performance, sustainability, and efficiency.
Dentistry is currently witnessing the beginnings of the additive age, where promising processes are developing in parallel. It is still uncertain which of these processes will ultimately prevail
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