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ABSTRACT:  
The critical evaluation of composite bond strength is fundamental to ensuring the longevity and performance of restorative 

treatments in dentistry. This article delves into an in-depth analysis of emerging trends in the assessment of composite bond 

strength within dental applications. It explores recent advancements in adhesive technologies, composite materials, and 

testing methodologies, underscoring their impact on clinical outcomes. The analysis encompasses a thorough examination of 

innovative techniques, such as enhanced bonding agents, improved surface treatment protocols, and novel evaluation 

methods that have garnered significant attention. Furthermore, it discusses the implications of these trends for dental 

practice, highlighting their role in enhancing the durability and effectiveness of dental restorations. By synthesizing recent 

research findings and case studies, this work provides dental professionals and researchers with a comprehensive 

understanding of the current state and future directions of composite bond strength assessment in dentistry. 
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INTRODUCTION 

From historical practices to contemporary techniques, 

dentistry has seen a plethora of direct filling materials 

designed to restore lost tooth structure due to carious 

lesions, preventing alterations in tooth shape and 

function. This evolution from amalgams to Glass 

Ionomer Cements and composites marks significant 

progress in dental materials science.1 Restorative 

materials are crucial in repairing, replacing, and 

reinstating the physical, biological, and mechanical 

functions of teeth.2 Historically, materials such as 

amalgams, hybrid and resin-modified glass ionomers, 

cast metal alloys, and resin-based composites were 

used to address significant carious lesions, severe 

damage, cracks, or endodontic procedures.3 Despite 

their benefits, these materials often faced challenges 

in enduring intraoral compressive, tensile, and shear 

forces, prompting the development of advanced 

solutions like dual-cure composites.4 Composite 

resins are widely utilized in dental practice due to 

their aesthetic appeal, biocompatibility, and 

impressive physical and mechanical properties. They 

feature a matrix phase reinforced by various fillers 

such as ceramics, metals, or polymers.5 Poly methyl 

methacrylate (PMMA) resin, introduced in the mid-

20th century, initially experienced significant 

polymerization shrinkage, resulting in problems such 

as marginal leakage and inadequate wear resistance.6 

The addition of quartz as a filler mitigated issues such 

as marginal leakage and poor wear resistance, 
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resulting in a composite structure with improved 

performance.7 Innovations such as ParaCore by 

Coltene Whaledent, a fiber-reinforced, dual-cure core 

composite, exemplify progress in the field. ParaCore 

incorporates glass particles that provide dentin-like 

strength and flexibility.8 Effective adhesion is critical 

for dual-cure resin treatments, and advancements in 

adhesive technology have significantly improved the 

bonding of dental materials.9 Adhesion to dentin 

presents unique challenges due to its complex 

biological structure, which includes a hyper 

mineralized collagen matrix, apatite crystals, dentinal 

tubules, and a smear layer formed during cavity 

preparation.10 To address these challenges, dentin 

bonding systems are categorized into etch-and-rinse 

and self-etching systems.11Self-etch adhesives 

simplify the process by combining demineralization 

and priming in one step and are classified by pH as 

'mild', 'medium', or 'strong', with options for 'two-step' 

and 'one-step' formulations.12 Contemporary dentin 

adhesives encompass three-step, two-step, and one-

step systems featuring self-etching primers, which 

streamline the application process and enhance 

patient comfort.13 Universal adhesives offer versatile 

options for various clinical scenarios. Examples 

include Single Bond Universal from 3M ESPE and 

Tetric N-Bond Universal from Ivoclar Vivadent, as 

well as the two-step self-etching adhesive Para Bond 

from Coltene Whaledent, which can be used in 

conjunction with dual-cure materials like ParaCore.14 

The effectiveness of restorations is assessed through 

various methods, including profilometry, scanning 

electron microscopy, and Fourier-Transform Infrared 

Spectroscopy with Attenuated Total Reflectance 

(FTIR-ATR) spectroscopy.15 These techniques 

analyze surface properties, fractures, and the impact 

of water aging on resin composites. Innovations such 

as antimicrobial properties in adhesives further 

enhance their utility.16 Acid etching, introduced by 

Buonocore in 1955, revolutionized resin adhesion by 

modifying enamel surface properties. Contemporary 

adhesive systems focus on optimizing bond strength 

through advanced techniques and materials.17 The 

bond strength of composites is influenced by several 

factors, including the adhesive system used, whether 

etch-and-rinse, self-etch, or universal adhesives.18 

Enamel bonding relies on effective surface 

preparation through acid etching, while dentin 

bonding is more complex due to its heterogeneous 

structure. 19Techniques such as acid-etching or self-

etching adhesives are employed to improve bonding 

by removing the smear layer and exposing dentinal 

tubules.20 Proper dentin hydration is essential, as 

excessive moisture or dryness can influence adhesive 

effectiveness. Surface treatments, such as applying 

silane coupling agents to porcelain, are also crucial 

for ensuring robust interfaces.21 Regular oversight, 

quality assurance, and assessment of compressive and 

tensile strength are crucial for maintaining the 

performance of restorative materials.22 By managing 

factors such as surface preparation, moisture control, 

and patient-specific considerations, dentists can 

enhance the effectiveness and longevity of restorative 

treatments, ultimately leading to improved patient 

outcomes.23 Microtensile strength denotes the tensile 

strength measured at a small scale, typically involving 

very thin samples or specific regions of a composite 

material. This measurement is essential for 

understanding the performance of micro- or nanoscale 

components, such as those found in 

microelectromechanical systems or thin-film 

composites.24 It aids in evaluating the properties of 

composite materials at a microscopic level, including 

microfabricated devices or small-scale composite 

structures.25 Additionally, it can provide insights into 

the behavior of individual fibers or matrix phases 

within a composite. Measuring microtensile strength 

requires specialized apparatus to handle small 

samples precisely, such as micro-tensile testers and 

accurate measurement tools for evaluating the tensile 

strength of thin layers or small sections of the 

composite.26 The preparation and testing of samples 

can be more intricate due to their diminutive size, 

necessitating uniformity and consistency for precise 

measurement.27 Macrotensile strength refers to the 

tensile strength of composite materials assessed on a 

larger scale, typically using standard-sized specimens. 

This measure is more indicative of the material’s 

performance in real-world scenarios. It is used to 

evaluate composite materials in structural and 

industrial contexts, such as aerospace, automotive, 

construction, and other fields where composites are 

employed in substantial quantities.28 Testing is 

performed with conventional tensile testing machines 

using standard-sized specimens, measuring how the 

composite material responds to tensile stress, 

including strength, ductility, and failure modes. The 

results can be influenced by factors such as sample 

size, specimen preparation, and testing conditions. 

Ensuring that test samples accurately reflect the 

material's performance in practical applications is 

vital.29 Microtensile strength provides detailed 

insights into the behavior of small-scale or localized 

regions of a composite, while macrotensile strength 

offers a broader view of the material's overall 

performance.30 Microtensile testing can refine the 

design of micro-scale components and understand 

failure mechanisms at a finer scale.31 Macrotensile 

testing is crucial for verifying that composite 

materials meet the necessary performance standards 

for larger-scale applications.32 Both testing methods 

are essential for a comprehensive understanding of 

composite materials: microtensile tests reveal issues 

at the microscopic level, whereas macrotensile tests 

provide data relevant to practical engineering uses.33 

The push-out bond strength of composites, especially 

in dental applications, is a critical measure of how 

effectively a composite material adheres to a tooth 

structure or other substrates, which is essential for 

evaluating the durability and performance of dental 
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restorations and prosthetics.34 This bond strength is 

influenced by several factors, including surface 

preparation, such as cleaning, etching, and the 

application of bonding agents; the type and quality of 

the composite resin, which includes variations in filler 

content and resin matrix properties; and curing 

methods, such as light-curing or dual-curing. 35The 

use of effective bonding agents or adhesives also 

plays a crucial role. Additionally, the application 

technique, including layering and curing, as well as 

the conditioning of the substrate through methods like 

acid etching or sandblasting, and environmental 

factors such as moisture control, temperature, and pH, 

all have significant impacts.36Push-out bond strength 

tests, which measure the force required to debond a 

composite core or restoration, are used in research 

and clinical practice to assess the effectiveness and 

longevity of the bond in real-world scenarios.37 The 

article, "Illustrating Recent Shifts in Composite Bond 

Strength Measurement: A Profound Analysis," 

presents a thorough review of recent advancements in 

the methodologies used to assess the bond strength of 

composite materials. The review highlights 

significant changes and innovations in this field, 

reflecting evolving trends and technological 

advancements. One notable shift emphasized in the 

article is the increasing use of advanced measurement 

techniques.38 

 

DISCUSSION 

Adhesive bonding in dentistry depends on several 

factors, including the type and moisture level of the 

dental substrate, the adhesive system employed, and 

the operator's skill. Bonding to dentin is particularly 

challenging due to its complex structure, which 

includes both mineral and organic components, and 

its inherently moist environment.39 Effective bonding 

requires both hydrophilic and hydrophobic materials 

to prevent collagen matrix collapse and ensure proper 

adhesive penetration into the demineralized 

substrate.40 In vitro bond strength tests are essential 

for predicting the performance of adhesive systems 

and their potential clinical outcomes.41 Effective 

bonding relies on the chemistry of the adhesive and 

the morphological changes it induces in the dental 

tissue, creating a seamless transition between the 

restorative material and the dental substrate, thereby 

enhancing long-term success.42 An adhesive with 

superior bonding capacity can better withstand 

stresses, leading to more durable restorations in 

clinical settings. Bond strength tests rank dental 

adhesive systems based on their bond strength values. 

However, masticatory forces, temperature 

fluctuations, and moisture must also be considered, as 

these factors can affect bond strength in real-world 

scenarios and potentially lead to rapid degradation of 

the adhesive interface. 43 To ensure the reliability of 

the Shear Bond Strength test, bond strength should be 

evaluated in vitro 24 hours after specimen 

preparation. The specimens should be stored in 

distilled water at 37°C and subjected to the 

rmocycling, ranging from 50°C to 55°C for 500 

cycles, with 30 seconds of dwell time and 10 seconds 

of transition time between baths, in accordance with 

ISO 11405 standards. 44A 24-hour period is 

considered adequate for assessing adhesive 

properties, while thermocycling simulates oral 

function stresses by exposing specimens to 

fluctuating temperatures.45 This induces contraction 

and expansion stress between the adhesive and the 

tooth, predicting the clinical performance of the 

adhesive systems. Adhesives containing 

acrylamidosulfonic acid and maleic acid (pH = 0.9-

1.3) are significantly more acidic than those that do 

not include these components (pH = 2.5-3).46Strongly 

acidic self-etch adhesives, containing molecules like 

maleic acid, decalcify hydroxyapatite and exhibit a 

demineralizing effect on dentin, similar to etch-and-

rinse systems.47However, this does not always result 

in higher bond strengths because dissolved calcium 

phosphates are not rinsed away and are unstable in an 

aqueous environment.48 Consequently, the functional 

monomer 2-hydroxyethyl methacrylate (HEMA) 

initially bonds to calcium in hydroxyapatite but 

quickly de-bonds, creating a relatively deep 3-5 µm 

hybrid layer in dentin that lacks hydroxyapatite 

crystals and compromising the adhesive interface.49 In 

contrast, mild self-etch adhesives with 

methacryloyloxydecyl dihydrogen phosphate (MDP) 

interact superficially with dentin and minimally 

dissolve hydroxyapatite crystals, leaving a substantial 

amount around the collagen fibrils.50 MDP forms a 

reaction-integration layer approximately 300 nm-1 

µm deep and chemically bonds to calcium in 

hydroxyapatite; forming stable calcium-phosphate 

and calcium-carboxylate salts.51 This results in a 

stable resin-infiltrated dentin hybrid layer, with 

micromechanical interlocking and chemical adhesion 

contributing to higher shear bond strength. 52Research 

indicates that HEMA, a functional monomer in 

adhesives with low hydrolytic stability under strongly 

acidic conditions, can hydrolyze in aqueous solutions 

with a pH around 1.53 In contrast, mild acidic 

adhesives containing MDP maintain better hydrolytic 

stability in acidic solutions due to their long linear 

alkyl/carbonyl chains, which help balance pH 

effects.54 Most self-etch adhesives are hydrophilic, 

and water is crucial for ionizing the acidic monomer 

to dissolve the smear layer and demineralize dentin. 

High concentrations of HEMA lower water vapor 

pressure, leading to water absorption from the dentin 

and forming water blisters, known as the "over-wet 

phenomenon." This phenomenon creates weak spots 

along the adhesive interface, resulting in flexible 

polymers with reduced bond strength, which might 

explain the low shear bond strength observed with 

Para Bond self-etch adhesive.55Conversely, the high 

mean shear bond strength in low-acidic groups is due 

to differences in their monomer and copolymer 

content.56 Tetric N-Bond Universal combines 
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methacrylated carboxylic acid polymer  with 

hydrophilic monomers like MDP and HEMA, along 

with hydrophobic monomer Decandioldimethacrylate 

and Bisphenol A glycidyl methacrylate.57 This blend 

effectively bridges the gap between the hydrophilic 

dentin substrate and hydrophobic resin restorative, 

resulting in high mean shear bond strength. Single 

Bond Universal, containing Vitrebond Copolymer, 

MDP, HEMA, and dimethacrylate resin, may not 

achieve similar bond strength due to competition 

between the polyalkenoic acid copolymer and MDP 

monomer for calcium bonding sites, which might 

prevent effective monomer approximation during 

polymerization.58 The high mean shear bond strength 

observed in lower acidic groups, compared to high 

acidic groups, can also be attributed to the presence of 

nano-fillers like silicone dioxide in the adhesives 

used. These fillers help fill microporosities on dentin, 

enhancing mechanical adhesion.59 Studies show that 

filled adhesives exhibit stronger physical properties 

due to their ability to flex and relieve polymerization 

stress. Universal adhesives in lower acidic groups 

demonstrated significantly higher shear bond 

strength, whereas the two-step self-etch adhesive in 

the high acidic group had lower bond strength.60 

Despite the overall equivalence of dentin adhesive 

systems in bond strength, variations are believed to be 

highly dependent on adhesive formulation.61 Micro-

tensile bond strength tests assess the adhesion of 

composite materials to tooth structures or other 

substrates by applying a tensile force to small bonded 

samples, typically around 1 mm thick. This method 

provides detailed insights into the performance of 

adhesives and composites at a microscopic level, 

detecting small defects or variations that could affect 

restoration performance.62 Macro-tensile bond 

strength tests apply tensile force to larger bonded 

specimens, usually around 2-5 mm thick.63 These 

tests are more clinically relevant as they better mimic 

the conditions found in actual dental restorations, 

offering a broader view of adhesive and composite 

bonding performance.64 Composite bond strength 

refers to how well composite materials adhere to 

tooth structures or other substrates, which is crucial 

for the durability and longevity of dental 

restorations.65 Factors influencing bond strength 

include the type of adhesive system used—whether 

etch-and-rinse, self-etch, or universal adhesives—the 

composition and properties of the composite resin, 

such as its filler content and matrix formulation, and 

the efficiency of light or dual curing processes.66 

Proper moisture management during application is 

also important for ensuring a high-quality bond. Both 

micro-tensile and macro-tensile bond strength tests 

are essential for evaluating the performance of dental 

composites and adhesives.67 Micro-tensile tests offer 

precision and are useful for assessing small-scale 

adhesion issues, while macro-tensile tests provide 

insights into larger-scale performance.68 Combining 

these methods allows researchers and clinicians to 

gain a comprehensive understanding of composite 

material adhesion to tooth structures, leading to 

improved restorative practices. Recent advances are 

enhancing traditional testing methods.69 Advanced 

non-destructive testing methods and real-time 

monitoring systems offer greater precision and deeper 

insights into bonding interface behavior under 

varying conditions.70 Computational modeling and 

artificial intelligence are increasingly employed to 

predict and evaluate bond strength. Integrating finite 

element analysis with artificial intelligence 

algorithms enhances simulation accuracy and bond 

performance forecasts, aiding in the optimization of 

adhesive formulations and application techniques.71 

Material innovation is also a key focus, with new 

composite materials and adhesives enhancing bond 

strength and durability. Standardizing testing 

protocols is crucial for comparing results across 

studies and ensuring reliable data. Universal testing 

standards are recommended for accurate and 

comparable assessments of composite bond 

strength.72While minimum bond strength of 17-20 

MPa is generally sufficient in clinical practice,one  

study found variations in performance among 

different adhesive systems.73 Total-etch systems like 

Prime and Bond NT demonstrated superior bond 

strength compared to self-etching adhesives such as 

Clearfil S3, Xeno III, Clearfil Protect Bond, and G 

Bond. However, some research suggests that self-

etching systems, especially all-in-one types, can 

outperform traditional total-etch systems.74 Despite its 

antibacterial properties, Clearfil Protect Bond did not 

exceed the bond strength of Prime and Bond NT or 

Xeno III. Self-etch adhesives may be affected by 

residual acidity, smear layer presence, and hydrolytic 

instability. Bulk-fill composites like Tetric N-Ceram 

showed lower push-out bond strength compared to 

conventional composites, likely due to their 

composition and polymerization properties.75 

 

LIMITATIONS 

Adhesive systems differ in their functional 

monomers, pH levels, and filler contents. 

Nonetheless, in vitro tests of dentin bond strength 

face several limitations, such as variations in the type 

and age of teeth used, the extent of dentin 

demineralization, the specific bond strength testing 

methods, storage conditions, and environmental 

humidity. Despite these challenges, research has 

shown that ‘universal adhesives’ generally provide 

good shear bond strength under simulated clinical 

conditions. This suggests that they are effective as 

bonding agents for dual-cure core build-up 

composites.76 

 

FUTURE DIRECTIONS 

Advancements in artificial intelligence and machine 

learning are enhancing the accuracy and efficiency of 

bond strength predictions by using sophisticated 

algorithms to identify failure points. Non-destructive 
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testing such as ultrasound, radiography and 

thermography are continually being developed to 

become more efficient and less invasive. Real-time 

monitoring with sensors and IoT technology is 

integrated with computational models to improve 

performance predictions. Research on new materials 

and adhesives makes the brand more durable and 

reliable.77 Establishing standardized assessment 

processes ensures consistency across studies and 

industries. Interdisciplinary collaboration in materials 

science, mechanical engineering, and chemistry is 

crucial for creating robust evaluation methods. 

Emphasis on sustainability focuses on green materials 

and technologies to minimize environmental impact 

while maintaining high performance. Advanced data 

analytics leverages big data for deep insights, and the 

development of user-friendly, portable tools enhances 

assessment across various applications.78  

 

CONCLUSION 

The field of dentistry has witnessed notable 

advancements in assessing composite bond strength, 

driven by a focus on improving the reliability and 

longevity of dental restorations. Key trends include 

the development of advanced adhesive systems, 

innovations in composite materials, and refined 

testing methodologies. These advancements have led 

to more precise and consistent evaluations of bond 

strength, which are crucial for optimizing clinical 

outcomes. Emerging techniques, such as novel 

bonding agents and enhanced surface treatments, 

have shown significant improvements in adhesive 

performance and material durability. Additionally, 

advancements in non-destructive testing methods 

offer new opportunities for real-time assessment and 

monitoring of bond integrity. Future research should 

continue to explore these developments to further 

enhance the effectiveness of composite materials and 

bonding techniques. The implications of these trends 

are profound for dental practice, addressing common 

challenges like bond failure and material degradation. 

Ongoing research and development will be crucial in 

advancing restorative dentistry and improving patient 

outcomes. 

 

Financial support and sponsorship  
Nil 

 

Conflicts of interest 

There are no conflicts of interest 

 

REFERENCES  
1. Miyazaki M, Iwasaki K, Onose H. Adhesion of single 

application bonding systems to bovine enamel and 

dentine. Oper Dent. 2002; 27:88–94.  

2. Naughton W, Latta M. Bond strength of composite to 

dentin using self etching adhesive systems. 

Quintessence Int. 2005; 36:259–62.  

3. Tay F, Pashley D, Suh B, Carvalho R, Itthagarun A. 

Single step adhesives are permeable membranes. J 

Dent. 2002; 30:371–82.  

4. Arlin K, Filiz Y, Saadet G. Bonding to enamel and 

dentin using self-etching adhesive systems. 

Quintessence Int.  2004; 35:367–70.  

5. Bouillaguet S, Gysi P, Wataha JC, Ciucchi B, Cattani 

M, Godin C, et al. Bond strength of composite to 

dentine using conventional, one step and self etching 

adhesive systems. J Dent. 2001; 29:55–61.  

6. Chuang S, Chang L, Chang C, Yaman P, Liu J. 

Influence of enamel wetness on composite restorations 

using various dentin bonding agents: Part 2 - effects on 

shear Bond strength. J Dent. 2006; 34:352–61.  

7. Kerby RE, Knobloch LA, Clelland N, Lilley H, Seghi 

R. Microtensile bond strengths of one-step and self-

etching adhesive systems. Oper Dent. 2005; 30:195–

200.  

8. Senawongse P, Sattabanasuk V, Shinada Y, Otsuki M, 

Tagami J. Bond strengths of current adhesive systems 

on intact and ground enamel. J Esthet Restor Dent. 

2004; 16:107–16.  

9. Sensi LG, Lopes GC, Monterio S, Baratieri LN, Vieira 

LC. Dentin bond strength of self-etching primers-

adhesives. Oper Dent. 2005; 30:63–8.  

10. Fornazari IA, Wille I, Meda EM, Brum RT, Souza 

EM. Effect of Surface Treatment, Silane, and 

Universal Adhesive on Microshear Bond Strength of 

Nanofilled Composite Repairs. Oper Dent. 2017; 

42:367-74. 

11. El-Deeb HA, Ghalab RM, Elsayed Akah MM, 

Mobarak EH. Repair bond strength of dual-cured resin 

composite core buildup materials. J Adv Res. 2016; 

7:263-9. 

12. Imazato S, Kinomoto Y, Tarumi H, Torii M, Russell 

R, McCabe J. Incorporation of antibacterial monomer 

MDPB into dentin primer. J Dent Res. 1997; 76:768–

72. 

13. Yoshida Y, Meerbeek Van, Okazaki M, Shintani H, 

Suzuki K, Inoue S. Comparative study on adhesive 

performance of functional monomers. J Dent Res. 

2004; 83:454–8.  

14. Sauro S, Pashley D, Montanari M, Chersoni S, 

Carvalho R, Toledano M, et al. Effect of simulated 

pulpal pressure on dentin permeability and adhesive of 

self etch adhesives. Dent Mater. 2007; 23:705–13.  

15. Mosharrafian S, Sharifi Z. Comparison of push-out 

bond strength of two bulk-fill and one conventional 

composite to intracanal dentin in severely damaged 

primary anterior teeth. J Dent. (Tehran) 2016; 

13(03):207–214. 

16. Lopes G, Baratieri L, Andrada C, Vieira C. Dental 

adhesion: present state of the art and future 

perspectives. Quintessence Int. 2002; 33:213–24.  

17. Meeerbeek Van B, De Munck J, Yoshida Y, Inoue S, 

Vargas M, Vijay P, et al. Buonocore memorial lecture 

adhesion to enamel and dentin: Current status and 

future challenges. Oper Dent. 2003; 28:215–35. 

18. Moosavi H, Hariri I, Sadr A, Thitthaweerat S, Tagami 

J. Effects of curing mode and moisture on 

nanoindentation mechanical properties and bonding of 

self-adhesive resin cement to pulp chamber floor. Dent 

Mater. 2013; 29(06):708–717. 

19. Behr M, Rosentritt M, Groger G, Handel G. Adhesive 

bond of veneering composites on various metal 

surfaces using silicoating, titanium-coating or 

functional monomers. J Dent. 2003; 31(1):33–42. 

20. Segreto D, Brandt WC, Correr-Sobrinho L, Sinhoreti 

MA, Consani S. Influence of irradiance on the push-

out bond strength of composite restorations 



Wadhawan R et al. 

26 

Journal of Advanced Medical and Dental Sciences Research |Vol. 12| Issue 8| August 2024 

photoactivated by LED. J Contemp Dent Pract. 2008; 

9(02):89–96. 

21. Meda EM, Rached RN, Ignácio SA, Fornazari IA, 

Souza EM. Effect of different adhesive strategies and 

time on microtensile bond strength of a CAD/CAM 

composite to dentin. Oper Dent. 2019; 44(03):262–

272. 

22. Troia Jr MG, Henriques GE, Mesquita MF, Fragoso 

WS. The effect of surface modifications on titanium to 

enable titanium–porcelain bonding. Dent Mater. 2008; 

24(1):28–33.  

23. Oskoee PA, Kimyai S, Talatahari E, Rikhtegaran S, 

Pournaghi-Azar F, Oskoee JS. Effect of mechanical 

surface treatment on the repair bond strength of the 

silorane-based composite resin. J Dent Res Dent Clin 

Dent Prospects. 2014; 8:61-6. 

24. Mandava J, Vegesna DP, Ravi R, Boddeda MR, 

Uppalapati LV, Ghazanfaruddin MD. Microtensile 

bond strength of bulk-fill restorative composites to 

dentin. J Clin Exp Dent. 2017; 9(08):e1023–e1028. 

25. Chang J, Platt JA, Yi K, Cochran MA. Quantitative 

comparison of the water permeable zone among four 

types of dental adhesives used with a dual-cured 

composite. Oper Dent. 2006; 31(03):346–353. 

26. Tay FR, Suh BI, Pashley DH, Prati C, Chuang SF, Li 

F. Factors contributing to the incompatibility between 

simplified-step adhesives and self-cured or dual-cured 

composites. Part II. Single-bottle, total-etch adhesive. J 

Adhes Dent. 2003; 5(02):91–105. 

27. Cavalcanti SC, de Oliveira MT, Arrais CA, Giannini 

M. The effect of the presence and presentation mode 

of co-initiators on the microtensile bond strength of 

dual-cured adhesive systems used in indirect 

restorations. Oper Dent. 2008; 33(06):682–689. 

28. Tay FR, Pashley DH, Yiu CK, Sanares AM, Wei SH. 

Factors contributing to the incompatibility between 

simplified-step adhesives and chemically-cured or 

dual-cured composites. Part I. Singlestep self-etching 

adhesive. J Adhes Dent. 2003; 5(01):27–40. 

29. Carvalho RM, Pegoraro TA, Tay FR, Pegoraro LF, 

Silva NR, Pashley DH. Adhesive permeability affects 

coupling of resin cements that utilise self-etching 

primers to dentine. J Dent. 2004; 32(01):55–65. 

30. Van Meerbeek B, De Munck J, Mattar D, Van Landuyt 

K, Lambrechts P. Microtensile bond strengths of an 

etch&rinse and selfetch adhesive to enamel and dentin 

as a function of surface treatment. Oper Dent. 2003; 

28(05):647–660. 

31. Pereira R, Lima DANL, Giorgi MCC, Marchi GM, 

Aguiar FHB. Evaluation of bond strength, 

nanoleakage, and marginal adaptation of bulk-fill 

composites submitted to thermomechanical aging. J 

Adhes Dent. 2019; 21(03):255–264. 

32. Hickel R, Brüshaver K, Ilie N. Repair of restorations-- 

criteria for decision making and clinical 

recommendations. Dent Mater. 2013; 29:28-50. 

33. Wendler M, Belli R, Panzer R, Skibbe D, Petschelt A, 

Lohbauer U. Repair Bond Strength of Aged Resin 

Composite after Different Surface, and Bonding 

Treatments. Materials. 2016; 9:547. 

34. Hickel R, Peschke A, Tyas M, Mjör I, Bayne S, Peters 

M, et al. FDI World Dental Federation – clinical 

criteria for the evaluation of direct and indirect 

restorations. Update and clinical examples. J Adhes 

Dent. 2010; 12:259-72. 

35. Rinastiti M, Ozcan M, Siswomihardjo W, Busscher 

HJ. Immediate repair bond strengths of microhybrid, 

nanohybrid and nanofilled composites after different 

surface treatments. J Dent. 2010; 38:29-38. 

36. Ozcan M, Pekkan G. Effect of different adhesion 

strategies on bond strength of resin composite to 

composite-dentin complex. Oper Dent. 2013; 38:63-

72. 

37. Atalay C, Yazici AR, Ozgunaltay G. Bond strengths of 

bulk-fill resin composite repairs: effect of different 

surface treatment protocols in vitro. J Adhes Sci 

Technol. 2018; 32:921-30. 

38. Özcan M, Koc-Dundar B. Composite–composite 

adhesion in dentistry: a systematic review and 

metaanalysis. J Adhes Sci Technol. 2014; 28:2209-29. 

39. Van Meerbeek B, Yoshihara K, Yoshida Y, Mine A, 

De Munck J, Van Landuyt KL. State of the art of self-

etch adhesives. Dent Mater. 2011; 27:17-28. 

40. Fukegawa D, Hayakawa S, Yoshida Y, Suzuki K, 

Osaka A, Van Meerbeek B. Chemical interaction of 

phosphoric acid ester with hydroxyapatite. J Dent Res. 

2006; 85:941-4. 

41. Van Landuyt KL, Yoshida Y, Hirata I, et al. Influence 

of the chemical structure of functional monomers on 

their adhesive performance. J Dent Res. 2008; 87:757- 

61. 

42. El-Askary FS, Salah M, Anwar MN, Özcan M. 

Immediate and delayed repair bond strength of a new 

ormocer resin restorative material as a function of 

mechanical and chemical surface conditioning 

methods. J Adhes Sci Technol. 2017; 31:310-26. 

43. de Jesus Tavarez RR, Almeida Júnior LJDS, Guará 

TCG, Ribeiro IS, Maia Filho EM, Firoozmand LM. 

Shear bond strength of different surface treatments in 

bulk fill, microhybrid, and nanoparticle repair resins. 

Clin Cosmet Investig Dent. 2017; 9:61-6. 

44. Spyrou M, Koliniotou-Koumpia E, Kouros P, 

Koulaouzidou E, Dionysopoulos P. The reparability of 

contemporary composite resins. Eur J Dent. 2014; 

8:353-9. 

45. Koç-Vural U, Kerimova L, Baltacioglu İH, Kiremitçi 

A. Bond strength of dental nanocomposites repaired 

with a bulkfill composite. J Clin Exp Dent. 2017; 9: 

e437-42. 

46. Abo El Naga A, Zahran R. The Microshear Bond 

Strength of Repaired Resin Composite after Different 

Surface and Bonding Treatments. J Am Sci. 2017; 

13:79-86. 

47. Brosh T, Pilo R, Bichacho N, Blutstein R. Effect of 

combinations of surface treatments and bonding agents 

on the bond strength of repaired composites. J Prosthet 

Dent. 1997; 77:122-6. 

48. Teixeira EC, Bayne SC, Thompson JY, Ritter AV, 

Swift EJ. Shear bond strength of self-etching bonding 

systems in combination with various composites used 

for repairing aged composites. J Adhes Dent. 2005; 

7:159–64. 

49. Hiraishi N, Breschi L, Prati C, Ferrai M, Tagami J, 

King N. Technique sensitivity associated with air 

drying of HEMA-free, single bottle, once step self etch 

adhesive. Dent Mater. 2007; 23:498–505.  

50. Eliasson ST, Tibballs J, Dahl JE. Effect of different 

surface treatments and adhesives on repair bond 

strength of resin composites after one and 12 months 

of storage using an improved microtensile test method. 

Oper Dent. 2014; 39: E206-16. 

51. Tantbirojn D, Fernando C, Versluis A. Failure 

Strengths of Composite Additions and Repairs. Oper 

Dent. 2015; 40:364-71. 



Wadhawan R et al. 

27 

Journal of Advanced Medical and Dental Sciences Research |Vol. 12| Issue 8| August 2024 

52. Baur V, Ilie N. Repair of dental resin-based 

composites. Clin Oral Investig. 2013; 17:601-8. 

53. Monticelli F, Osorio R, Proemca J, Toledano N. 

Resistance to degradation of resin dentin bonds using a 

one step HEMA - free adhesive. J Dent. 2007; 35:181–

6.  

54. El-Askary FS, El-Banna AH, van Noort R. Immediate 

vs delayed repair bond strength of a nanohybrid resin 

composite. J Adhes Dent. 2012; 14:265-74. 

55. Kashi TJ, Erfan M, Rakhshan V, Aghabaigi N, 

Tabatabaei FS. An in vitro assessment of the effects of 

three surface treatments on repair bond strength of 

aged composites. Oper Dent. 2011; 36:608-17. 

56. Eliasson ST, Dahl JE. Effect of curing and silanizing 

on composite repair bond strength using an improved 

micro-tensile test method. Acta Biomater Odontol 

Scand. 2017; 3:21-9. 

57. Bonstein T, Garlapo D, Donarummo J. Bush PJ. 

Evaluation of varied repair protocols applied to aged 

composite resin. J Adhes Dent. 2005; 7:41-9. 

58. El namsi NM. Effect of some repair protocols on the 

repair bond strength to strength to a nanocomposite. 

Egypt Dent J. 2013; 61:1-9. 

59. Tanaka T, Hirano M, Kawahara M, Matsumura H, 

Atsuta M. A new ion-coating surface treatment of 

alloys for dental adhesive resins. J Dent Res. 1988; 

67(11):1376–80. 

60. Tabatabaei MH, Alizade Y, Taalim S. Effect of 

various surface treatment on repair strength of 

composite resin. J Dent (Tehran). 2004; 1:5-11. 

61. Alex G. Universal adhesives: the next evolution in 

adhesive dentistry? Compend Contin Educ Dent. 2015; 

36:15-26. 

62. Ayar MK, Guven ME, Burduroglu HD, Erdemir F. 

Repair of aged bulk-fill composite with posterior 

composite: Effect of different surface treatments. J 

Esthet Restor Dent. 2019; 31:246-52. 

63. Maneenut C, Sakoolnamarka R, Tyas MJ. The repair 

potential of resin composite materials. Dent Mater. 

2011; 27: e20–7. 

64. Özcan M, Corazza PH, Marocho SM, Barbosa SH, 

Bottino MA. Repair bond strength of microhybrid, 

nanohybrid and nanofilled resin composites: effect of 

substrate resin type, surface conditioning and ageing. 

Clin Oral Investig. 2013; 17:1751-8. 

65. Bociong K, Szczesio A, Sokolowski K, Domarecka M, 

Sokolowski J, Krasowski M, et al. The influence of 

water sorption of dental lightcured composites on 

shrinkage stress. Materials (Basel). 2017; 10:1142. 

66. Sadaghiani M, Rahbar M, Saati K, Kokabi H, Amini S. 

Comparison of the Micro-Tensile Bond Strength of 

Composite Resin Restoration in Micro-and Nano-

hybrid Composite Resins using Different Interfacial 

Materials. JRMDS. 2018; 6:436-44. 

67. Nagano D, Nakajima M, Takahashi M, Ikeda M, 

Hosaka K, Sato K, et al. Effect of Water Aging of 

Adherend Composite on Repair Bond Strength of 

Nanofilled Composites. J Adhes Dent. 2018; 20:425-

33. 

68. Ahmadizenouz G, Esmaeili B, Taghvaei A, Jamali Z, 

Jafari T, Amiri Daneshvar F, et al. Effect of different 

surface treatments on the shear bond strength of 

nanofilled composite repairs. J Dent Res Dent Clin 

Dent Prospects. 2016; 10:9-16. 

69. Fujishima A, Fujishima Y, Ferracane JL. Shear bond 

strength of four commercial bonding systems to cp Ti. 

Dent Mater. 1995; 11(2):82–6. 

70. Yanagida H, Matsumura H, Taira Y, Atsuta M, 

Shimoe S. Adhesive bonding of composite material to 

cast titanium with varying surface preparations. J Oral 

Rehabil. 2002; 29(2):121–6. 

71. Yanagida H, Taira Y, Shimoe S, Atsuta M, Yoneyama 

T, Matsumura H. Adhesive bonding of titanium–

aluminium–niobium alloy with nine surface 

preparations and three self-curing resins. Eur J Oral 

Sci.2003; 111(2):170–4. 

72. Adell R, Lekholm U, Rockler B, Branemark PI. A 15-

year study of osseointegrated implants in the treatment 

of the edentulous jaw. Int J Oral Surg. 1981; 

10(6):387–416. 

73. Taira Y, Matsumura H, Yoshida K, Tanaka T, Atsuta 

M. Influence of surface oxidation of titanium on 

adhesion. J Dent. 1998; 26(1):69–73. 

74. Taira Y, Yanagida H, Matsumura H, Yoshida K, 

Atsuta M, Suzuki S. Adhesive bonding of titanium 

with a thione-phosphate dual functional primer and 

self-curing luting agents. Eur J Oral Sci 2000; 

108(5):456–60. 

75. Zavanelli RA, Pessanha Henriques GE, Ferreira I, De 

Almeida Rollo JM. Corrosion-fatigue life of 

commercially pure titanium and Ti–6Al–4V alloys in 

different storage environments. J Prosthet Dent 2000; 

84(3):274–9. 

76. Atsu S, Berksun S. Bond strength of three porcelains 

to two forms of titanium using two firing atmospheres. 

J Prosthet Dent. 2000; 84(5):567–74. 

77. Da Silva L, Martinez A, Rilo B, Santana U. Titanium 

for removable denture bases. J Oral Rehabil. 2000; 

27(2):131–5. 

78. Matsumura H, Yoneyama T, Shimoe S. Veneering 

technique for a Ti–6Al–7Nb framework used in a 

resin-bonded fixed partial denture with a highly filled 

indirect composite. J Prosthet Dent. 2002; 88(6):636–

9. 
 

 

 

 

 


	Review Article

