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ABSTRACT 
Background: Restorative dentistry increasingly demands materials that combine mechanical durability, 

esthetic performance, and biological compatibility. Composite resins and ceramic materials are widely used for 

posterior restorations, their comparative effectiveness remains an area of clinical significance. 

Objective: To compare the fracture resistance, wear behaviour, marginal sealing ability, and colour stability of 

nanohybrid composite resin and lithium disilicate ceramic inlay restorations under simulated intraoral 

conditions. 

Materials and Methods: 32 extracted human molars were divided into two groups (n=16): composite resin 

(Filtek Z350 XT) and ceramic inlays (IPS e.max CAD). Standardized Class I cavities were restored accordingly. 

Specimens were subjected to thermomechanical aging, including 10,000 thermal cycles and 100,000 chewing 

cycles. Fracture resistance, wear volume, microleakage, and colour stability (ΔE) were assessed using a 

universal testing machine, profilometer, stereomicroscopy, and spectrophotometry, respectively. 

Results: Ceramic inlays demonstrated significantly higher fracture resistance (1985.7 N vs. 1280.5 N, p < 

0.001) and lower wear volume loss (0.017 mm³ vs. 0.042 mm³, p = 0.002). Microleakage was less pronounced 

in ceramics, with 87.5% scoring 0–1, while composites showed more dye penetration. Post-aging ΔE remained 

within acceptable limits for ceramics (2.4) but exceeded the threshold in composites (4.6). 

Conclusion: Lithium disilicate ceramics offer superior mechanical and esthetic properties compared to 

composite resins and are better suited for high-stress or esthetically sensitive restorations. Material selection 

should consider the specific clinical scenario and performance expectations. 
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1.INTRODUCTION  

In recent years, restorative dentistry has undergone 

significant transformation, driven by the demand 

for biomimetic materials that restore function and 

replicate the natural esthetics and biomechanical 

properties of tooth structure1. The global 

population becomes increasingly conscious of oral 

health and facial aesthetics, there is an escalated 

emphasis on materials that ensure long-term 

durability, compatibility, and minimal biological 

interference 2. Amidst these advances, composite 

resins and ceramic-based materials have emerged 

as frontrunners in the field of restorative 

procedures, particularly in posterior restorations, 

esthetic rehabilitations, and full-mouth 

reconstructions 3. The progression of restorative 

materials has revolutionized the path of 

technological advancements in dental science. 

Conventional amalgam and gold restorations, 

earlier regarded for long periods, are widely 

substituted by materials that provide better 

esthetics and minimally invasive insertion 

protocols 4. Composite resins, originally developed 

as direct restorative materials in anterior teeth, 

have advanced in composition to include 

nanohybrid, bulk-fill, and bioactive types with 

enhanced polymerization, wear resistance, and 

mechanical properties 5. In contrast, advancements 

in ceramic materials have transitioned from 

traditional to modern high-strength options such as 

lithium disilicate and zirconia-based ceramics 6. 

These innovations have significantly enhanced the 

durability and esthetic quality of indirect 

restorations. 

The clinical decision-making process for material 

selection is multifactorial. Factors that affect 

material selection include the place and extent of 

the cavity, occlusal loading, esthetic requirements, 

patient age, and parafunctional activities 7. 

Composite resins enable conservative cavity 

preparation and restoration, but their 

polymerization shrinkage and susceptibility to 

wear in high-pressure areas question their long-

term performance in posterior use 8. Ceramics, 

despite their superior fracture resistance and colour 

stability, are inherently brittle and often require 

more invasive tooth preparation, along with 

laboratory-based processing that increases time 

and cost. This dichotomy underscores the necessity 

for a comparative clinical and material-based 

evaluation to identify optimal indications for each 

material class 9. The past decade has witnessed an 

upsurge in experimental and clinical research 

focusing on improving the functional and 

biological performance of restorative materials. 

Improvements in filler technology, resin matrices, 

and silane coupling agents have dramatically 

improved the mechanical properties and optical 

characteristics of composite resins 10. During the 

same period, advances in Computer-Aided Design 

and Computer-Aided Manufacturing milling 

(CAD/CAM milling), digital impression systems, 

and high-temperature sintering have improved the 

precision and marginal adaptation of ceramic 

repairs 11. Bioinspired improvements like the 

addition of antibacterial compounds and 

remineralizing agents to composites, and the 

creation of translucent multilayered ceramics, 

indicate a trend toward materials that engage with 

the oral environment positively 12. Despite these 

advances in technology, comparative evaluations 

determining the in vitro as well as in vivo 

behaviour of next-generation composites and 

ceramics are still limited and tend to be non-

standardized. Most of the available literature 

focuses on isolated factors like bond strength or 

wear, without comparing a comprehensive analysis 

of clinical performance like longevity, marginal 

integrity, colour stability, and failure modes.  Few 

studies contextualize these results in the context of 

real-world clinical scenarios that account for 

operator variability, patient compliance, and 

occlusal dynamics 13. As restorative dentistry 

becomes more personalized and interdisciplinary, 

the imperative for integrated data-driven insights 

into material performance grows.  

The role of restorative materials takes on 

discriminating importance when considered within 

the wider scope of maxillofacial rehabilitation. In 

clinical scenarios such as post-traumatic facial 

restoration, prosthodontic management of partially 

edentulous arches, or aesthetic enhancement 

following orthognathic interventions, striking the 

ideal balance between mechanical resilience and 

esthetic precision is essential. Rather than being 

used in isolation, composite and ceramic materials 

are typically integrated into complex restorative 

systems that incorporate adhesive agents, luting 

materials, and carefully designed occlusal schemes 
14. Consequently, a nuanced understanding of how 

these materials respond to functional stresses, 

cyclic loads, and thermal fluctuations is crucial for 

effective treatment planning in both maxillofacial 

and prosthodontic contexts. Patient-centric factors 

such as biocompatibility, allergy potential, and 

maintenance requirements significantly influence 
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the prolonged functional stability of restorative 

treatments. Composite resins, for instance, may 

release trace amounts of monomers such as 

bisphenol A-glycidyl methacrylate (Bis-GMA) or 

triethylene glycol dimethacrylate (TEGDMA), 

which have raised concerns regarding 

biocompatibility, particularly in individuals with 

hypersensitivity reactions 15. On the other hand, 

ceramics, being inert and metal-

free, tend to be favoured by chemical-sensitive 

patients or those requiring periodontal 

maintenance. Furthermore, from a practitioner’s 

perspective, ease of manipulation, technique 

sensitivity associated with each material can 

significantly influence the choice and outcome of 

restorative procedures. This study is intended to 

bridge these clinical and scientific discrepancies by 

performing a systematic comparative analysis of 

modern composite and ceramic materials 

employed in restorative dentistry. Using 

standardized test regimens and simulating intraoral 

conditions, this study will provide exhaustive data 

on mechanical performance, failure mode, esthetic 

properties, and biological interactions. The 

products chosen for this study are commonly 

employed commercial systems with established 

clinical histories, making the results applicable and 

interpretable to everyday dental practice. 

This study aims to conduct a comparative 

assessment of composite and ceramic restorative 

materials with a focus on three core parameters. 

First, it evaluates their fracture resistance and wear 

behaviour to determine mechanical reliability 

under stress. Second, it examines marginal 

integrity and the extent of microleakage following 

thermomechanical loading, reflecting their 

performance in dynamic oral environments, and 

the study also investigates esthetic properties such 

as colour accuracy, translucency, and the stability 

of these attributes over time when subjected to 

simulated aging conditions. 

 

2 MATERIALS AND METHODS 

Study Design  

This research was conducted as a controlled in 

vitro experimental study designed to evaluate and 

compare the performance of contemporary 

composite and ceramic restorative materials under 

simulated oral conditions. The study aimed to 

replicate clinically relevant mechanical and 

thermal stresses to provide meaningful insights 

applicable to everyday dental practice. 

 

Sample Selection and Group Allocation 

32 extracted caries-free human molars were 

utilized in the study and stored in 0.5% 

chloramine-T solution at 4°C for future use. The 

teeth were randomly allocated into two major 

groups (n=16 for each) reliant on the restorative 

material: Group A was restored with nanohybrid 

composite resin restorations (Filtek Z350 XT, 3M 

ESPE, USA), while Group B was restored with 

lithium disilicate ceramic restorations (IPS e.max 

CAD, Ivoclar Vivadent, Liechtenstein). Each 

subgroup was again split into two subgroups (n=8) 

based on the individual evaluation parameters: a 

subgroup for fracture resistance and wear, and a 

subgroup for microleakage and esthetics. 

 

Tooth Preparation and Restoration Protocol 

Standardized Class I cavities (4 mm depth × 5 mm 

width × 6 mm length) were prepared on all 

specimens with a high-velocity rotary instrument 

and diamond burs with continuous water irrigation, 

and the measurements were analysed with a digital 

caliper. For the composite group (Group A), a two-

step etch-and-rinse adhesive (Adper Single Bond 2) 

was used, and incremental placement of 

nanohybrid composite in 2 mm increments, each 

light curing for 20 seconds with an LED light-

curing unit (Bluephase, Ivoclar, 1200 mW/cm2). In 

the ceramic group (Group B), intraoral scanning 

with an intraoral scanner (Medit i500) created 

cavity scans, and lithium disilicate inlays were 

created using CAD/CAM milling. Internal surfaces 

were reacted with 5% hydrofluoric acid, silanated, 

and bonded using a dual-cure resin cement 

(Variolink Esthetic DC) under 20 N constant load 

for 5 minutes. All restorations were finished with 

fine diamond burs and polished using respective 

kits applicable to the used material. 

 

Thermomechanical Aging Protocol 

To simulate intraoral conditions, all the specimens 

were subjected to a standardized 

thermomechanical procedure. The procedure 

involved 10,000 thermal cycles from 5°C to 55°C 

with 30 second dwell time in the baths and was 

carried out using a programmable thermocycler 

(SD Mechatronik). After thermal cycling, 

mechanical loading was done using a chewing 

simulator (Willytec, Germany) by applying 

100,000 cycles at a fixed 50 N load and 1.6 Hz 

frequency simulating about one year of clinical 

masticatory performance. 
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Evaluation of Fracture Resistance and Wear 

Behaviour 

After the aging process, all samples were 

embedded in acrylic resin and subjected to fracture 

resistance testing by a universal testing machine 

(Instron 3366, USA). A vertical compressive load 

was applied at the center of the occlusal surface 

with a 4 mm steel ball at a crosshead speed of 1 

mm/min until it fractured, and the load at failure 

was measured in Newtons. For assessment of wear 

resistance, occlusal surfaces were measured using 

a contact profilometer (Surftest SJ-210, Mitutoyo) 

in terms of volumetric material loss before and 

after simulated chewing. 

 

Assessment of Microleakage and Marginal 

Integrity 

To assess microleakage, all restored samples were 

immersed in 0.5% basic fuchsin dye at 37°C for 24 

hours. Following dye exposition, each tooth was 

sectioned buccolingually with a water-cooled low-

speed diamond saw (Isomet 1000, Buehler). Dye 

penetration in the restoration–tooth interface was 

assessed under a stereomicroscope (Leica EZ4 HD, 

40× magnification) and graded on a 0 to 3 scale, 

with greater leakage being characterized by higher 

scores. Marginal integrity was also evaluated with 

scanning electron microscopy (SEM) (Hitachi S-

3400N) at 1000× and 2000× magnifications to 

check for interfacial adaptation and any marginal 

gaps. 

Esthetic Evaluation and Colour Stability 

Colour match and translucency were measured 

immediately after restoration and following aging 

with a spectrophotometer (VITA Easyshade V). 

Colour change was measured by comparing ΔE 

values from pre-aging and post-aging with 

Commission Internationale de l'Éclairage CIE Lab 

measurements, values greater than 3.3 being 

clinically unacceptable. Translucency was 

determined by comparing the translucency 

parameter (TP) measured against reference black 

and white backgrounds to characterize each 

material's optical properties. 

 

Statistical Analysis 

Data analysis was conducted with the aid of IBM 

SPSS Statistics for Windows, Version 22.0 (IBM 

Corp., Armonk, NY, USA). Mean and standard 

deviation were determined for all measured 

variables. Fracture resistance and colour difference 

(ΔE) values were compared between groups via 

independent sample t-tests. Microleakage scores 

were related using the non-parametric Mann–

Whitney U test, whereas wear volume and TP 

values were compared using two-way ANOVA 

with Bonferroni post hoc correction. Significance 

was set at p < 0.05 for all tests. 

 

Ethical Considerations 

A controlled in vitro comparative experimental 

study was conducted over three months in the 

Department of Conservative Dentistry and 

Biomaterials Science. Ethical approval for the use 

of extracted human teeth and compliance with the 

laboratory safety guidelines were attained from the 

Institutional Research Ethics Committee 

(Approval ID: DENT/RES/2025-04). All of the 

procedures adhered to agree with the Helsinki 

Declaration for biomedical research. 

 

3.RESULTS 

Fracture Resistance 

All the specimens survived thermomechanical 

aging before load testing. The average fracture 

resistance of lithium disilicate ceramic inlays was 

significantly greater (1985.7 ± 140.6 N) than that 

of nanohybrid composite resin restorations (1280.5 

± 115.3 N), with a highly significant difference (p 

< 0.001). These results validate the better load-

carrying property of ceramic-based materials 

under simulated occlusal stress, as mentioned in 

Table 1. 

 

Table 1. Fracture resistance (in Newtons) of composite resin and ceramic inlay restorations following 

mechanical loading 

Group Mean Fracture Resistance (N) Standard Deviation (N) p-value 

Composite Resin 1280.5 115.3 < 0.001 

Ceramic Inlay 1985.7 140.6 < 0.001 

Ceramic inlays showed higher fracture resistance values compared to composite resin restorations. Values are 

presented as mean ± standard deviation, with statistical significance at p < 0.001. 
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Figure 1. Fracture resistance (in Newtons) of composite resin and ceramic inlay restorations 

 

Figure 1 represents the comparison of the fracture 

resistance (in Newtons) of composite resin and 

ceramic inlay restorations. Ceramic inlays 

demonstrated significantly higher fracture 

resistance (1985.7 ± 140.6 N) compared to 

composite resins (1280.5 ± 115.3 N). Error bars 

represent standard deviation. Statistical analysis 

confirmed a highly significant difference (p < 

0.001). 

 

Wear Resistance 

Wear resistance testing indicated statistically 

significant differences in volumetric loss. 

Composite resin restorations had a larger mean 

wear volume (0.042 ± 0.006 mm³) than that of 

ceramic inlays (0.017 ± 0.004 mm³), with a p-value 

of 0.002. This corroborates the established clinical 

knowledge that ceramics have greater surface 

durability and reduced abrasion rates in dynamic 

masticatory loads, as mentioned in Table 2. 

 

Table 2. Mean wear volume loss (mm³) in composite and ceramic restorations after thermomechanical 

simulation 

Group Mean Wear Volume Loss (mm³) Standard Deviation (mm³) p-value 

Composite Resin 0.042 0.006 0.002 

Ceramic Inlay 0.017 0.004 0.002 

 

Composite resin restorations exhibited greater volumetric wear loss than ceramic inlays. Values are expressed 

as mean ± standard deviation with p = 0.002. 

 

 
Figure 2. Mean wear volume loss (mm³) of composite resin and ceramic inlay restorations after 

thermomechanical loading 
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Figure 2 illustrates that Composite resin 

restorations exhibited significantly higher 

volumetric wear loss (0.042 ± 0.006 mm³) 

compared to ceramic inlays (0.017 ± 0.004 mm³) 

after 100,000 chewing cycles. The difference was 

statistically significant (p = 0.002). Error bars 

represent standard deviation. The results highlight 

the superior wear resistance of ceramic materials 

under simulated occlusal loading conditions. 

 

 

 

 

Microleakage and Marginal Adaptation 

After dye penetration and stereomicroscopic 

analysis, ceramic inlays showed drastically lower 

microleakage scores, with 87.5% of the specimens 

having only superficial dye infiltration (score 0 or 

1). Composite resin restorations, on the other hand, 

showed deeper penetration with 62.5% of the 

specimens scoring 2 or 3, as mentioned in Table 3. 

These variations were further validated by SEM 

analysis, which revealed tighter and more uniform 

marginal interfaces in the ceramic group, as would 

be expected given their better adaptation and lower 

polymerization shrinkage.  

 

Table 3. Microleakage scores of composite and ceramic restorations after dye immersion and sectioning 

Score Composite Resin (n = 8) Ceramic Inlay (n = 8) 

0 1 4 

1 2 3 

2 3 1 

3 2 0 

Score 0 = no dye penetration; Score 3 = penetration along entire cavity wall 

 

Ceramic inlays demonstrated lower microleakage 

scores than composite resin restorations. Scores 

range from 0 (no penetration) to 3 (penetration 

along the entire wall). 

 

Colour Stability and Esthetic Properties 

Spectrophotometric analysis before and after aging 

showed high discolouration of composite 

restorations, with ΔE rising from 1.2 to 4.6, which 

is beyond the acceptable limit of 3.3. However, 

ceramic inlays retained ΔE values within the 

acceptable range (0.9 before aging and 2.4 after), 

which shows enhanced colour stability, as 

mentioned in Table 4. 

Moreover, qualitative evaluation of translucency 

parameters (TP) preferred ceramics due to their 

layered optical properties, contributing to more 

natural appearance, particularly in anterior and 

esthetically critical regions. 

 

Table 4. Colour stability (ΔE values) of composite and ceramic restorations before and after 

thermomechanical aging 

Group ΔE Before Aging ΔE After Aging Clinically Acceptable (<3.3) 

Composite Resin 1.2 4.6 No 

Ceramic Inlay 0.9 2.4 Yes 

 

Post-aging ΔE values exceeded the clinical 

acceptability threshold (ΔE > 3.3) for composite 

resin, while ceramic inlays remained within the 

acceptable range. 

 

4.DISCUSSION  

The results of this comparative analysis highlight 

the material-specific performance advantages of 

lithium disilicate ceramics compared with 

nanohybrid composite resins in key areas of 

restorative performance, i.e., fracture resistance, 

wear pattern, marginal integrity, and esthetic 

longevity 16. Such distinctions have significant 

clinical implications for material choice, especially 

for posterior restorations in which occlusal load 

opposition, longevity, and esthetic integration are 

salient treatment considerations.  

The considerable difference in fracture resistance 

between composite and ceramic restorations in this 

study is consistent with prevailing literature and 

material science theory. Ceramic inlays made of 

lithium disilicate exhibited approximately 55% 

greater fracture resistance than their composite 

equivalents 17. This can be most plausibly 

explained by the inherent microstructure of lithium 

disilicate, which is made up of densely 
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interconnected crystalline phases in a glassy matrix, 

promoting crack deflection and energy absorption 
18. In contrast, composite resins, even when 

reinforced with nano or microhybrid fillers, retain 

a significant proportion of the resin matrix 

vulnerable to polymerization shrinkage and 

viscoelastic deformation. The results validate prior 

studies that report ceramics to be more resilient 

under vertical compressive forces, particularly in 

molar regions where occlusal stresses are highest 
19. Notably, the use of dual-cure resin cement for 

ceramic inlays may have also contributed to 

improved stress distribution across the adhesive 

interface, mitigating stress concentration at the 

marginal ridges.  

Wear resistance is an essential performance 

criterion for any restorative material to withstand 

the cyclic forces of mastication. Wear volume loss 

measured on composite restorations was over 

twice the measure on ceramic inlays, affirming the 

superior abrasion resistance of ceramics. The 

relatively soft resin matrix in composites may be 

more prone to fatigue degradation and plucking of 

filler particles under load, leading to increased 

surface roughness and loss of anatomical form over 

time 20. In contrast, the highly sintered ceramic 

restorations retain their structure and exhibit 

excellent surface degradation resistance. These 

findings are clinically relevant, as restoration wear 

can contribute to occlusal disharmony, food 

impaction, and eventual loss of proximal contacts, 

factors that compromise long-term function and 

comfort. Additionally, increased surface roughness 

in worn composites can facilitate plaque retention 

and secondary caries formation.  

Marginal adaptation and sealing ability are the 

basic measures of the restoration to inhibit 

microleakage, secondary caries, and pulpal 

irritation. The dye penetration test in this 

investigation provided a general trend of decreased 

microleakage with ceramic inlays compared to 

composite restorations 21. This is particularly 

significant given the broader cavity preparations 

required for inlays, which might theoretically 

predispose to marginal gaps. The accuracy of 

CAD/CAM milling and the dimensional stability 

of ceramic materials helped ensure superior 

marginal adaptation. Moreover, the pre-

cementation surface treatments, etching with 

hydrofluoric acid and silanization improved the 

micromechanical and chemical bond between the 

ceramic and the luting cement, which in turn 

minimized interface degradation 22. Composite 

restorations, even when placed incrementally and 

light-cured under controlled conditions, continue 

to be susceptible to polymerization shrinkage and 

technique sensitivity. These factors may have led 

to the marginal gaps and variable dye penetration 

scores observed. 

The esthetic performance of a restoration is 

increasingly regarded as a measure of clinical 

success, especially in patients with high esthetic 

demands. Spectrophotometric evaluation in the 

current study confirmed that ceramic inlays 

showed clinically acceptable colour stability even 

after thermomechanical aging 23. In contrast, 

composite restorations had ΔE values greater than 

the perceptibility threshold after aging, showing 

visible discolouration. The esthetic advantage of 

ceramics can be linked to their optical 

characteristics, such as high translucency, colour 

stability, and resistance to extrinsic staining. 

Composite resins, even with improvements in filler 

technology and pigment stabilization, still suffer 

from the problem of preserving long-term colour 

stability because of their organic nature, due to 

which they absorb water and staining agents. This 

finding supports the recommendation of ceramics 

for restorations in the esthetic zone or for patients 

with dietary habits that predispose to staining, such 

as high intake of coffee, tea, or red wine. 

Collectively, the results of this study confirm that 

ceramics outperform composites in high-stress and 

esthetically demanding clinical situations. 

However, practical considerations in daily dental 

practice must be acknowledged. Composite resins, 

although mechanically less desirable, present 

unique strengths such as ease of placement, 

reduced expense, conservative preparation, and 

facile repairability, making them a good fit for 

small to moderate, non-load-bearing restorations 

or provisional use. Conversely, ceramic 

restorations, though they offer higher durability 

and better esthetics, involve additional steps in the 

laboratory, cost more in materials, require more 

extensive tooth reduction, and should be reserved 

for cases where such benefits justify these trade-

offs. While the study employed rigorous and 

standardized in vitro protocols, it cannot fully 

replicate the complexities of the oral environment, 

such as salivary dynamics, microbial activity, and 

individualized occlusal forces 24. Future in vivo 

studies and long-term clinical trials are needed to 

validate these findings in real-world settings. 

The comparative analysis given herein confirms 

that lithium disilicate ceramics demonstrate better 
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mechanical and esthetic performance compared to 

nanohybrid composite resins in all tested 

parameters. Though composites continue to be 

useful for conservative and cost-effective 

restorations, ceramics can now be the material of 

choice in high-load and esthetic demanding 

situations. These findings form a solid reference 

point for evidence-based material selection for 

restorations and reflect the essential role of 

material science in modern dentistry. 

 

5.CONCLUSION 

This comparative in vitro study demonstrated that 

lithium disilicate ceramic inlays significantly 

outperform nanohybrid composite resin 

restorations in key functional and esthetic 

parameters. Ceramic inlays showed the higher 

mean fracture resistance at 1985.7 N, against 

1280.5 N for composites, and a significantly lower 

wear volume loss of 0.017 mm³ against 0.042 mm³. 

Microleakage assessment also demonstrated better 

marginal sealing in ceramics, with 87.5% of the 

specimens having a score of 0 or 1, whereas 62.5% 

of the composite restorations had more significant 

dye penetration (scores of 2 or 3). About colour 

stability, post-aging ΔE values were within 

clinically acceptable ranges in ceramics (2.4), but 

beyond in composites (4.6), suggesting overt 

discolouration. The results verify that ceramic 

materials have better long-term performance, 

especially for load-carrying and esthetically 

critical restorations. Yet, simplicity of 

manipulation, lower cost, and conservative nature 

continue to recommend composite resins for 

smaller cavities and less critical areas. Clinical 

context, patient considerations, and functional 

requirements should therefore influence the choice 

of material. Additional clinical studies with follow-

up of several years' duration are suggested to 

confirm these in vitro findings and guide further, 

more specific material guidelines in restorative and 

prosthetic dentistry. 

DECLARATION 

   Competing interest  
The authors declare that there are no competing 

interest.  

Funding  

The work was not funded.  

Ethical Approval  

“Not applicable”  

Consent for publication  

“Not applicable” No funding was received from 

any financially supporting body 

Competing interests 

The authors declare no competing interests. 

 

1. Singer L, Fouda A, Bourauel C. Biomimetic 

approaches and materials in restorative and 

regenerative dentistry: review article. BMC 

Oral Health. 2023 Feb 16;23(1):105. doi: 

10.1186/s12903-023-02808-3.  

2. St John KR. Biocompatibility of dental 

materials. Dent Clin North Am. 2007 

Jul;51(3):747-60, viii. doi: 

10.1016/j.cden.2007.03.003.  

3. Duarte S Jr, Phark JH. Advances in Dental 

Restorations: A Comprehensive Review of 

Machinable and 3D-Printed Ceramic-

Reinforced Composites. J Esthet Restor Dent. 

2025 Jan;37(1):257-276. Doi: 

10.1111/jerd.13371 

4. Schmalz G, Schwendicke F, Hickel R, Platt JA. 

Alternative Direct Restorative Materials for 

Dental Amalgam: A Concise Review Based on 

an FDI Policy Statement. Int Dent J. 2024 

Aug;74(4):661-668. doi: 

10.1016/j.identj.2023.11.004 

5. Bompolaki D, Lubisich EB, Fugolin AP. Resin-

Based Composites for Direct and Indirect 

Restorations: Clinical Applications, Recent 

Advances, and Future Trends. Dent Clin North 

Am. 2022 Oct;66(4):517-536. doi: 

10.1016/j.cden.2022.05.003. Epub 2022 Sep 7. 

PMID: 36216444. 

6. Huang B, Chen M, Wang J, Zhang X. Advances 

in zirconia-based dental materials: Properties, 

classification, applications, and prospects. J 

Dent. 2024 Aug;147:105111. doi: 

10.1016/j.jdent.2024.105111.  

7. Aldowish AF, Alsubaie MN, Alabdulrazzaq SS, 

Alsaykhan DB, Alamri AK, Alhatem LM, 

Algoufi JF, Alayed SS, Aljadani SS, Alashjai 

AM, Alamari AS. Occlusion and Its Role in the 

Long-Term Success of Dental Restorations: A 

Literature Review. Cureus. 2024 Nov 

7;16(11):e73195. doi: 10.7759/cureus.73195.  

And Ceramic Materials . Bulletin of Stomatology and Maxillofacial Surgery.2025;21(6).296-304.
doi:10.58240/1829006X-2025.21.6-296                                                                                                                  303



Journal Bulletin of Stomatology and Maxillofacial Surgery, Vol. 21 № 6  
 

 
Dr Sounyala Rayannavar,  Innovations In Restorative Dentistry: A Comparative Study Of Composite 

 

 

8. Petersen RC. Advancing Discontinuous Fiber-

Reinforced Composites above Critical Length for 

Replacing Current Dental Composites and 

Amalgam. J Nat Sci. 2017 Feb;3(2):e321.  

9. Bayne SC. Correlation of clinical performance with 

'in vitro tests' of restorative dental materials that use 

polymer-based matrices. Dent Mater. 2012 

Jan;28(1):52-71. doi: 10.1016/j.dental.2011.08.594.  

10. Aydınoğlu A, Yoruç ABH. Effects of silane-

modified fillers on properties of dental composite 

resin. Mater Sci Eng C Mater Biol Appl. 2017 Oct 

1;79:382-389. Doi: 10.1016/j.msec.2017.04.151.  

11. Solís Pinargote NW, Yanushevich O, Krikheli N, 

Smirnov A, Savilkin S, Grigoriev SN, Peretyagin P. 

Materials and Methods for All-Ceramic Dental 

Restorations Using Computer-Aided Design (CAD) 

and Computer-Aided Manufacturing (CAM) 

Technologies-A Brief Review. Dent J (Basel). 2024 

Feb 22;12(3):47. doi: 10.3390/dj12030047.  

12. Parhi S, Pal S, Das SK, Ghosh P. Strategies toward 

development of antimicrobial biomaterials for 

dental healthcare applications. Biotechnol Bioeng. 

2021 Dec;118(12):4590-4622. doi: 

10.1002/bit.27948.  

13. Palaniappan S, Elsen L, Lijnen I, Peumans M, Van 

Meerbeek B, Lambrechts P. Three-year randomised 

clinical trial to evaluate the clinical performance, 

quantitative and qualitative wear patterns of hybrid 

composite restorations. Clin Oral Investig. 2010 

Aug;14(4):441-58. Doi: 10.1007/s00784-009-

0313-1. Epub 2009 Aug 8. PMID: 19669176; 

PMCID: PMC2908443. 

14. Rosenstiel SF, Land MF, Crispin BJ. Dental luting 

agents: A review of the current literature. J Prosthet 

Dent. 1998 Sep;80(3):280-301. doi: 

10.1016/s0022-3913(98)70128-3. PMID: 9760360. 

15. Söderholm KJ, Mariotti A. BIS-GMA--based resins 

in dentistry: are they safe? J Am Dent Assoc. 1999 

Feb;130(2):201-9.doi: 

10.14219/jada.archive.1999.0169.  

16. Hassan A, Hamdi K, Ali AI, Al-Zordk W, Mahmoud 

SH. Clinical performance comparison between 

lithium disilicate and hybrid resin nano-ceramic 

CAD/CAM onlay restorations: a two-year 

randomized clinical split-mouth study. Odontology. 

2024 Apr;112(2):601-615. doi: 10.1007/s10266-

023-00841-w.  

17. Desai PD, Das UK. Comparison of fracture 

resistance of teeth restored with ceramic inlay and 

resin composite: an in vitro study. Indian J Dent Res. 

2011 Nov-Dec;22(6):877. doi: 10.4103/0970 

9290.94663.  

18. Phark JH, Duarte S Jr. Microstructural 

considerations for novel lithium disilicate glass 

ceramics: A review. J Esthet Restor Dent. 2022 

Jan;34(1):92-103. Doi: 10.1111/jerd.12864.  

19. Albeshir EG, Alsahafi R, Albluwi R, Balhaddad 

AA, Mitwalli H, Oates TW, Hack GD, Sun J, 

Weir MD, Xu HHK. Low-Shrinkage Resin 

Matrices in Restorative Dentistry-Narrative 

Review. Materials (Basel). 2022 Apr 

18;15(8):2951. doi: 10.3390/ma15082951.  

20. Preis V, Weiser F, Handel G, Rosentritt M. Wear 

performance of monolithic dental ceramics 

with different surface treatments. Quintessence 

Int. 2013 May;44(5):393-405. doi: 

10.3290/j.qi.a29151 

21. Yantcheva SM. Marginal Adaptation and 

Micropermeability of Class II Cavities 

Restored with Three Different Types of Resin 

Composites Comparative Ten-Month In Vitro 

Study. Polymers (Basel). 2021 May 

20;13(10):1660. doi: 10.3390/polym13101660.  

22. Alghazzawi TF, Lemons J, Liu PR, Essig ME, 

Janowski GM. Evaluation of the optical 

properties of CAD-CAM generated yttria-

stabilized zirconia and glass-ceramic laminate 

veneers. J Prosthet Dent. 2012 

May;107(5):300-8. doi: 10.1016/S0022-

3913(12)60079-1.  

23. Stefanini M, Felice P, Mazzotti C, Mounssif I, 

Marzadori M, Zucchelli G. Esthetic evaluation 

and patient-centered outcomes in single-tooth 

implant rehabilitation in the esthetic area. 

Periodontol 2000. 2018 Jun;77(1):150-164. doi: 

10.1111/prd.12215.  

24. Preethanath, R. S., Jayaraj, M., T., N., & 

Archana, P. (2024). Alternative Approaches to 

Antibiotics in Dentistry: Probiotics, 

Antimicrobial Peptides in Periodontal Disease. 

International Journal of Pharmaceutical 

Quality Assurance, 15(01), 296–298. 

https://doi.org/10.25258/ijpqa.15.1.44 

 

 

 

And Ceramic Materials . Bulletin of Stomatology and Maxillofacial Surgery.2025;21(6).296-304.
doi:10.58240/1829006X-2025.21.6-296                                                                                                                304


	ORIGINAL RESEARCH



