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ABSTRACT 

Aim: This study aims to test the influence of different surface treatment on the 

shear bond strength between carbon fiber and indirect composite (Ceramage). 

Methods: 2mm thickness of indirect composite resin system were layered onto 

20mm diameter, 4mm thickness disks of carbon fiber with 4 different surface 

treatment. Group A: being directly layering on carbon fiber, Group B: carbon 

fiber was treated with Shofu bonding agent then ceramage layering was done, 

Group C: sandblasting of carbon fiber along with bonding agent was used, Group 

D: carbon fibers were treated with sandblasting, bonding agent and coupling 

agent then indirect composite layering was done.  

Results: Overall comparison between the groups for shear bone strength was 

analysed by ANOVA. The highest shear bond strength was noted for Group D 

(7.10 ± 0.33).  

Conclusion: The shear bond strength of carbon fiber and ceramage treated with 

sandblasting, Universal bonding agent (shofu, ceramage) and Ivoclar silane 

coupling agent showed highest shear bond strength value. 

Clinical relevance: Successful bonding of carbon fiber and indirect composite  

can be achieved by surface roughening and subsequent surface treatment with 

bonding agent and coupling agent.  
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       In today’s dental prosthetic treatments, implant-supported prostheses must 

meet many functional and esthetic needs: preserve underlying residual oral 

tissues, restore masticatory Ability and maintain phonation and esthetic 

appearance 1. Ceramics or resin composite materials could overcome metal 

allergies or inferior esthetic outcome caused by the conventional prostheses made 

with metal alloys 2,3. 

        In the evolving dentistry, carbon fibers have gained great attention owing to 

its light weight, high strength and high modulus of elasticity. Fibers have certain 

biocompatible properties that have been recognized clinically through animal 

research and experimentally in the lab. 

       Carbon fiber is lightweight with a density of 1.6–2.2 g/cm3 4-6 compared to 

the density of compact bone at 2.0 g/cm3 7. Carbon fibers with a bendable small 

diameter, high-strength, and high-modulus material and low specific weight, 

thermal expansion coefficient, electrical conductivity and a good buffering of 

vibration forces 4-6 can be moulded with adaptation into complex curved spaces 

for multiple variations in applied use. 

      Carbon fiber has a graphitic structure with strong crystallite covalent bonds 

that are highly anisotropic for exceedingly large mechanical properties along the 

axis direction but with weak van der waals forces between layers for minimum 

mechanical properties in the transverse or perpendicular direction 4-6,8. Therefore, 

in order to create a high modulus carbon fiber the orientation of the graphitic 

crystal can be improved by different types of thermal and stretching treatments. 
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For example, pan precursor carbon fibers have strengths from 5.65 GPa to 2.4 

GPa and modulus from 436 GPa to 230 GPa. Due to the low density for carbon 

fibers and high mechanical properties carbon fibers can have specific strengths 

and moduli much stiffer and stronger than steel 4-6. Because of such high specific 

strength and modulus, carbon fibers are used in high-performance composites in 

a variety of applications demanding lightness and high mechanical properties 

particularly in the aerospace and aircraft industries 9. Further, carbon fibers have 

complete elastic recovery after unloading for excellent fatigue resistance 5,7. The 

inert nature of carbon fibers produces a material with excellent moisture and 

chemical resistance at room temperature, but oxidization starts at higher 

temperatures in a range from 350–450 c that increases with fiber impurities 4,5. 

Due to the inert nature of carbon fibers, finishes similar to the polymer matrix of 

the reinforced composite are applied to form a thin 100 nm coating for improved 

wetting and impregnation of the carbon fiber 8. 

         In implant prosthodontics, frameworks are used to improve the prosthesis 

rigidity and stiffness, reducing possible complications such as prosthesis fractures 

while rigidly splinting the implants together10. Moreover, thanks to a rigid 

framework a more esthetic prosthesis can be realized, especially when the 

prosthodontic space is limited. The final result is an immediate prosthesis 

showing a more natural appearance without pink soft tissue reconstruction. Stiff 

prosthesis materials are supposed to distribute the stress more evenly to the 
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abutments and implants in order to achieve osseointegration of immediately 

loaded dental implants and reducing the risk of technical complications 11. 

        Until today metal frameworks have been the gold standard to increase the 

prosthesis rigidity and to protect implants from overloads and micromotions 12,13.   

Recent improvements in composite materials have made it possible to fabricate 

metal-free fixed partial dentures by using fiber-reinforced frameworks [14,15]. 

Prosthodontic frameworks made of carbon fiber reinforced composites (CFRC) 

seem to be a viable alternative to traditional metal frameworks in implant 

prosthodontics, providing similar stiffness and rigidity and optimal 

biocompatibility.   An in vitro study by Menini et al. (2015) reported that CFRC 

demonstrated optimal biocompatibility and mechanical characteristics and they 

appear suitable for the fabrication of frameworks for implant-supported full-arch 

dentures 16. 

          Different chemical activation used for metal, ceramic, or resin-optimized 

systems, mostly alcohol, methacrylate or silane-based is thinkable as alternative 

conditioning. The use of opaque, like it is applied on metal-based restorations, 

might improve aesthetical properties by coating the carbon fibre surface but might 

further influence the bonding. Up to now, relevant testing for bonding between 

dental materials and carbon fibre has been done only for dental cements 9–11, 

partly achieving contradictory results for varying cements or pre- treatments. 

Tensile or shear bond tests are appropriate methods for evaluating the bonding 

quality of dental materials 12–14 so carbon fibre also. 
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        Carbon-fiber-reinforced composite (CFRC) is a highly biocompatible 

material composed by 99.9% chemically pure carbon filaments with diameters of 

5–10 µm, embedded in an epoxy resin matrix producing braided meshes with 

5000 to 8000 fibers 17. In the invitro study conducted by Sanchez CR et al. 2020 

conducted a study to assess the bond strength and mechanical failure of carbon-

fiber-reinforced composites against cobalt–chrome structures with ceramic 

veneering. The cobalt–chrome/ceramic group yielded a bond strength value of 

21.71 ± 2.16 MPa, while the carbon-fiber-reinforced composite group showed 

14.50 ± 3.50 Mpa. And they concluded that the chrome–cobalt/ceramic group 

showed greater bonding strength compared to the carbon-fiber-reinforced 

composite; most of the fractures within the cobalt–chrome/ceramic group, had no 

possibility of direct clinical repair 17. 

        Using implant abutments with different types of restorative materials to 

construct the overlaying crowns are significant factors in determining the amount 

and distribution of the stresses loaded onto the superstructure and implant under 

functional forces 18. 

      Superstructures on dental implants commonly consist of a metal framework 

veneered with ceramic or composite facings. The metal framework is concealed 

with an opaque material that limits the use of naturally translucent facings 19,20. 

As an alternative, fixed partial dentures made of fiber-reinforced composites offer 

high fracture strength in combination with a tooth-colored appearance 21. 

Recently, there have been considerable advances in fiber-reinforcement 
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technology 22, with numerous types of fiber systems being used to reinforce the 

overlaying veneering composite resins. Veneering composites are now 

manufactured as a separate group of materials. The difference between veneering 

and restorative composites generally in-volve more-intensive light curing for the 

veneering composites involving post-conditioning of the surface 23. 

         Indirect light-cured composite resins have been extensively used in tooth 

restoration because they can provide acceptable aesthetics, wear resistance 

similar to tooth structure, and are easy to repair and manipulate in the laboratory. 

Be it any framework material chemical adhesion to the resinous veneering 

material is a common technical complication in prosthodontics. In the last two 

decades there have been several studies which worked on improving the bond 

efficiency between metal framework and resin composites. The hypothesis of this 

study is that individual dental surface treatments and conditioning methods 

enable the highest bond strength values between carbon fiber and indirect 

composites 24. 

           Ceramage (Shofu Dental Products, Inc., Kyoto, Japan) is a light-cured, 

zirconium silicate indirect hybrid composite recommended for use in both 

anterior and posterior regions. A progressive fine structure (PFS) filler of more 

than 73% by weight plus an organic polymer matrix is claimed to deliver superior 

flexural strength, elasticity, and clinically acceptable polishability. It is claimed 

to be highly resilient and more elastic than conventional ceramics 23. No 
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published data have reported the clinical potential of ceramage restorations 

with/without fiber reinforcement. 

         Ayman Ellakwa et al. 19, Conducted a study in 2012 to assess the effect 

implant abutment angulations and two types of fibers on the fracture resistance 

of overlaying ceramage single crowns.  Implant abutment angulations of did not 

significantly influence the fracture resistance of overlaying ceramage single 

crowns constructed with or without reinforcing fibers. With this study they 

concluded that Ceramage has a high fracture resistance. 

        As of our best knowledge, there is no literature found on testing the shear 

bond strength between carbon fibre and overlying indirect composite 

(Ceramege). So, aim of this present study was to evaluate the effect of different 

surface treatment on shear bond strength between carbon fiber and overlying 

indirect composite (Ceramege). 
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AIM  
 
 
 

Effect of different surface treatment on shear bond strength between 

carbon fiber and indirect composite. 
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         In the evolving dentistry, carbon fibers have gained great attention owing 

to its light weight, high strength and high modulus of elasticity. Fibers have 

certain biocompatible properties that have been recognized clinically through 

animal research and experimentally in the lab. They can be used as an alternative 

to metal frameworks, because CFRC (carbon fiber reinforced composite) 

frameworks present some advantages: they are economical, easy to fabricate 

(avoidance of casting), lighter, allow chemical adhesion to the veneering acrylic 

resin, and no costly machineries or instruments are needed for their 

manufacturing. 

         Indirect light-cured composite resins have been extensively used in tooth 

restoration because they can provide acceptable aesthetics, wear resistance 

similar to tooth structure, and are easy to repair and manipulate in the laboratory. 

Be it any framework material chemical adhesion to the resinous veneering 

material is a common technical complication in Prosthodontics. In the last two 

decades there have been several studies which worked on improving the bond 

efficiency between metal framework and resin composites. The hypothesis of this 

study is that individual dental surface treatments and conditioning methods 

enable the highest bond strength values between Carbon fiber and Indirect 

composites. The research on this is meager with respect to shear bond strength 

between carbon fiber and indirect composite4 and here in this study carbon fiber 

disc are subjected to different surface treatment to enhance the shear bond 

strength.  
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        Rosentritt M .et al25. (2014) conducted a study to determine the influence of 

different surface treatments and conditioning on the shear bond strength between 

polyetherketone (PEEK) and composite. Surfaces (570 plates) were used 

untreated, etched, air-particle abraded or activated with silica modified alumina 

oxide. Surface roughness was determined after different treatments. Cylinders of 

composite were polymerized onto the surfaces. Eighteen different pre-treatment 

combinations were applied, partly combined with opaque application. Shear bond 

strength (SBS) was determined following ISO TR 11405. Baseline tests were 

performed 24 h after composite polymerization. For investigating the influence 

of storage and aging, the specimens were either stored in distilled water (37 °C, 

90 days) or thermally cycled (12,000 cycles 5 °C/55 °C, distilled water). They 

found that surface roughness varied between 0.04±0.01 and 6.76±1.11 μm. Only 

etching caused a significant increase. SBS strongly varied between 0.0±0.0 and 

23.2 ± 2.1 MPa. After thermal cycling (TC), nine of the investigated systems 

showed SBS higher than 5 MPa, varying from 8.8± 2.7 MPa to 19.4 ± 2.5 MPa. 

After water storage, nine systems provided SBS higher than 5 MPa, seven even 

values higher than 10 MPa. Maximum SBS was 27.1 ± 3.1 MPa and lowest value 

was 5.4±2.6 MPa. Significant differences were found between the individual 

systems after 24 h, TC and after 90 days storage. The authors concluded that, for 

good bonding between PEEK and composite, cleaning and roughening is 

recommended. Surface conditioning prior to bonding seems essential. 

Combination with opaque revealed an increase in SBS. Clinical relevance 
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Successful bonding on PEEK surfaces can be achieved by surface roughening 

and subsequent surface activation with acetone- or phosphate-based methacrylate 

primers or tribo chemical treatment. 

         Fernandesa CA. et al26 conducted  a study in 2009 to determine the 

microtensile bond strength of various resin composite/adhesive systems to 

alumina particle abraded Ti–6Al–4V substrate after aging for 24 h, 10 days, and 

30 days in distilled water at 37 ◦C. Four laboratory resin composite veneering 

systems (Gradia, GR; Solidex, SOL; Ceramage, CER; and Sinfony, SF) were 

bonded to 25mm diameter machined disks of Ti–6Al–4V with their respective 

adhesive and methodology, according to the manufacturer’s instructions. 

Microtensile bars of approximate dimensions 1mm × 1mm × 6mm were prepared 

for each resin composite/adhesive system. After cutting, groups (n = 12) from 

each adhesive system were separated and either stored in water at 37 ◦C for 24h 

(baseline) or aged for 10 or 30 days prior to loading to failure under tension at a 

cross head speed of 1.0 mm/min. Failure modes were determined by means of 

scanning electron microscopy (SEM). Significant variation in microtensile bond 

strength was observed for the different systems and aging times. SOL and GR 

showed the highest mean bond strength values followed by SF and CER at 

baseline. Aging specimens in water had an adverse effect on bond strength for 

SOL and CER but not for the SF and GR groups. In vitro bond strength of 

laboratory resin composites to Ti–6Al–4V suggests that strong bonds can be 
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achieved and are stable for certain systems, making them useful as an alternative 

for esthetic fixed prosthetic restorations. 

         Huang X27. (2009) wrote a review paper on the research and development 

activities conducted over the past few decades on carbon fibers. The two most 

important precursors in the carbon fiber industry are polyacrylonitrile (PAN) and 

mesophase pitch (MP). The structure and composition of the precursor affect the 

properties of the resultant carbon fibers significantly. Although the essential 

processes for carbon fiber production are similar, different precursors require 

different processing conditions in order to achieve improved performance. The 

research efforts on process optimization are discussed in this review. The review 

also attempts to cover the research on other precursor materials developed mainly 

for the purpose of cost reduction. 

         In a review article by Petersen R28. (2016), Carbon fibers have multiple 

potential advantages in developing high-strength biomaterials with a density 

close to bone for better stress transfer and electrical properties that enhance tissue 

formation. As a breakthrough example in biomaterials, a 1.5 mm diameter 

bisphenol-epoxy/carbon-fiber-reinforced composite rod was compared for two 

weeks in a rat tibia model with a similar 1.5 mm diameter titanium-6-4 alloy 

screw manufactured to retain bone implants. Results showed that carbon-fiber-

reinforced composite stimulated osseointegration inside the tibia bone marrow 

measured as percent bone area (PBA) to a great extent when compared to the 

titanium-6-4 alloy at statistically significant levels. PBA increased significantly 
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with the carbon-fiber composite over the titanium-6-4 alloy for distances from 

the implant surfaces of 0.1 mm at 77.7% vs. 19.3% (p < 10_8) and 0.8 mm at 

41.6% vs. 19.5% (p < 10_4), respectively. The review focuses on carbon fiber 

properties that increased PBA for enhanced implant osseointegration. Carbon 

fibers acting as polymer coated electrically conducting micro-biocircuits appear 

to provide a biocompatible semi-antioxidant property to remove damaging 

electron free radicals from the surrounding implant surface. Further, carbon fibers 

by removing excess electrons produced from the cellular mitochondrial electron 

transport chain during periods of hypoxia perhaps stimulate bone cell recruitment 

by free-radical chemotactic influences. In addition, well-studied bioorganic cell 

actin carbon fiber growth would appear to interface in close contact with the 

carbon-fiber-reinforced composite implant. Resulting subsequent actin carbon 

fiber/implant carbon fiber contacts then could help in discharging the electron 

biological overloads through electrochemical gradients to lower negative charges 

and lower concentration. 

        Maruo Y29. et al in 2014 investigated the effects of four different kinds of 

fibers on the flexural properties of fiber-reinforced composites. Polyethylene 

fiber, glass fiber and two types of carbon fibers were used for reinforcement. 

Seven groups of specimens, 2 x 2 x 25 mm, were prepared (n = 10 per group). 

Four groups of resin composite specimens were reinforced with polyethylene, 

glass or one type of carbon fiber. The remaining three groups served as controls, 

with each group comprising one brand of resin composite without any fiber. After 
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24-h water storage in 37C distilled water, the flexural properties of each specimen 

were examined with static three-point flexural test at a crosshead speed of 0.5 

mm/min. Results. Compared to the control without any fiber, glass and carbon 

fibers significantly increased the flexural strength. On the contrary, the 

polyethylene fiber decreased the flexural strength. Among the fibers, carbon fiber 

exhibited higher flexural strength than glass fiber. Similar trends were observed 

for flexural modulus and fracture energy. However, there was no significant 

difference in fracture energy between carbon and glass fibers. 

The authors concluded that fibers could, improve the flexural properties of resin 

composite and carbon fibers in longitudinal form yielded the better effects for 

reinforcement. 

         Menini M. et al30. (2017) conducted a study to investigate the 

biocompatibility and mechanical characteristics of dental implant frameworks 

made of carbon fiber composite. The biocompatibility of intact samples and 

fragments was evaluated by cell count and MTT test according to EN-ISO 10993-

5:2009 directions. Destructive and non-destructive mechanical tests were 

performed in order to evaluate: porosity, static and dynamic elastic modulus of 

carbon fiber samples. These tests were conducted on different batches of samples 

manufactured by different dental technicians. The samples were evaluated by 

optical microscope and by SEM. A compression test was performed to compare 

complete implant-supported fixed dentures, provided with a metal or carbon fiber 

framework. Carbon fiber intact and fragmented samples showed optimal 
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biocompatibility. Manufacture technique strongly influenced the mechanical 

characteristics of fiber-reinforced composite materials. The implant-supported 

full-arch fixed denture provided with a carbon fiber framework, showed a yield 

strength comparable to the implant-supported full-arch fixed denture, provided 

with a metal framework. Carbon fiber-reinforced composites demonstrated 

optimal biocompatibility and mechanical characteristics. They appear suitable for 

the fabrication of frameworks for implant-supported full-arch dentures. Great 

attention must be paid to manufacture technique as it strongly affects the material 

mechanical characteristics. 

         Ellakwa A. et al31. in 2012 conducted a study to assess the effect of three 

implant abutment angulations and two types of fibers on the fracture resistance 

of overlaying Ceramage single crowns. Three groups, coded A to C, with 

different implant abutment angulations (group A/0◦, group B/15◦, and group 

C/30◦ angulation) were restored with 45 overlay composite restorations; 

15Ceramage crowns for each angulation. Groups A, B, and C were further 

subdivided into three subgroups (n=5) coded: 1, crowns without fiber 

reinforcement; 2, crowns with Connect polyethylene reinforcement; and 3, 

crowns with Interlig glass reinforcement. All crowns were constructed by one 

technician using the Ceramage System. The definitive restorations (before 

cementation) were stored in distilled water at mouth temperature (37◦C) for 24 

hours prior to testing. Before testing, the crowns were cemented using Temp 

Bond. The compressive load required to break each crown and the mode of failure 
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were recorded. The speed of testing was 1 mm/min. The tested crowns were 

examined using a stereomicroscope at 40×, and selected crowns (five randomly 

selected from each group) were further examined by scanning electron 

microscopy (SEM) to reveal the composite–fiber interface. Fracture resistance of 

single crowns was not affected by the different abutment angulations chosen (0◦, 

15◦, 30◦) or fiber reinforcement (Connect and Interlig fibers). Crowns in group A 

exhibited Cerage loads to fracture (N) of A1 = 843.57,168.20, 

A2=1389.20,193.40, and A3=968.00, 387.53, which were not significantly 

different from those of groups B (B1=993.20, 327.19, B2= 1471.00, 311.68, 

B3=1408.40, or groupC (C1=1326.80.785.30, C20= 1322.20, 285.33, C3 = 

1348.40 527.21. SEM images of the fractured crowns showed that the origin of 

the fracture appeared to be located at the occlusal surfaces of the crowns, and the 

crack propagation tended to extend from the occlusal surface towards the gingival 

margin. The authors concluded that Implant abutment angulations of 0◦, 15◦, and 

30◦ did not significantly influence the fracture resistance of overlaying Ceramage 

single crowns constructed with or without reinforcing fibers. The two types of 

fibers used for reinforcement (Connect and Interlig) had no effect on the fracture 

resistance of overlaying Ceramage single crowns. 

           Resin-based32 CAD/CAM compound materials might be promising for 

single-tooth restorations. Insufficient clinical data are available for this new 

material class. The purpose of this study was to describe initial clinical in vivo 

results for indirect particle-filled composite resin CAD/CAM restorations after 
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24 months. Indirect particle-filled composite resin restorations were fabricated 

with a CAD/CAM method (CEREC Bluecam intraoral scanner, CEREC 

MCXLmilling unit) by calibrated dental students. Forty-two partial crown 

restorations were seated adhesively in 30 patients with caries lesions or 

insufficient restorations (baseline). Strict inclusion criteria were defined for the 

patient collective. Follow-up evaluation comprised 40 restorations after 12 

months and 33 restorations after 24 months. Evaluation criteria were modified 

FDI criteria with grades (1) to (5). Rating with FDI criteria (5) was defined as 

clinical failure.  The success rate of indirect particle-filled composite resin 

CAD/CAM restorations after 12 months was 95.0% with two debondings 

observed. The cumulative success rate for indirect particle-filled composite resin 

CAD/CAM restorations after 24 months was 85.7% with two tooth fractures and 

one debonding. Statistically significant differences were found for baseline and 

24-month follow-up evaluation for anatomic form and marginal adaptation 

criterion examined in respect to FDI criteria guidelines. To conclude the study, 

this study demonstrates particle-filled composite resin CAD/CAM restorations 

having a clinical success rate of 85.7% after 24 months. Adhesive bonding 

procedures need to be ensured carefully. A longer clinical evaluation period is 

necessary to draw further conclusions. 

        Dental composite formulations have been continuously evolving ever since 

bisphenol A glycidyl methacrylate was introduced to dentistry by Bowen33 in 

1962. Dental restorative composite materials can be divided into direct composite 
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(directly placed into the oral cavity and cured) and indirect composite (externally 

fabricated and cured by means of light and/or heat). Indirect composites are also 

referred as prosthetic composites or laboratory composites. Two commercially 

available indirect resin composite materials and human enamel. Human enamel 

specimen taken from buccal surface of extracted third molars was used as control 

in this study. Buccal cusp of maxillary premolars (extracted for orthodontic 

purpose) was used as an antagonist in this study. 10 samples of 15 mm diameter 

and 2 mm of thickness were prepared in the custom fabricated metal die. All the 

test and control specimens were stored in distilled water for 7 days before the 

wear test. After initial weight measurement, the specimens were subjected to wear 

simulation.  All samples exhibited a loss of weight after wear simulation process. 

The value of ‘t’ in t-test for percentage weight loss of Ceramage and control was 

calculated to be −4.32, P < 0.001, indicating that there is statistically significant 

difference in percentage weight loss between Ceramage and control.  The authors 

concluded that all samples exhibited a loss of weight and an increase in surface 

roughness after wear simulation process. 

          Hummel S. et al.34 in 2016 conducted a study to compare effects of 

combining hydrofluoric or orthophosphoric acid with microetching as 

precementation treatments. Nine specimens of three composite materials were 

prepared to simulate heat cured indirect restorations. The specimen surfaces were 

prepared with one of three treatments. Adhesive Bond II and Twinlook cements 

were used to bond a phosphoric acid-etched disk of P50 to the treated surface. 
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Scanning electron microscopy and microscopic analysis of the fractured and 

treated surfaces were also performed. Bond strengths for all surface treatments 

did not significantly differ. Hybrids had a higher bond strength with etching than 

microfills, and mechanical roughening produced the greatest bond strengths with 

microfills. Microetching with orthophosphoric acid produced higher bond 

strengths than microetching with hydrofluoric acid on hybrids. Acid etching alone 

is not sufficient to produce effective bond strengths, and hydrofluoric acid 

treatments are detrimental to the resin composite.  

        Ohkubo et al35. in 2005 conducted a study to evaluate the bond strength of 

resin composite to magnetic Fe-Pt alloy, using 4 adhesive metal primers. Seventy 

disk-shaped patterns (7.5 mm in diameter, 2.0 mm thick) were cast from a 

custom-made Fe-Pt ingot using a high-frequency centrifugal casting machine. 

After the bonding surfaces were airborne-particle abraded with 50 mm Al2O3, 

specimens were divided into groups (n=7) and primed with either Metal Primer 

II (MP), Meta Fast Bonding Liner (BL), New Meta Color INFIS Opaque Primer 

(IN), or Epricord Opaque Primer (EP). Nonprimed specimens served as controls 

(n=7). A resin composite (New Meta Color INFIS) was then applied to all 

specimens and polymerized. After the specimens were immersed in 37C water 

for 24 hours or thermal cycled at 4C to 60C with a 1-minute dwell time of up to 

10,000 cycles, the shear bond strengths (MPa) were measured using a universal 

testing machine at a crosshead speed of 0.5 mm/ min. Although IN had the lowest 

strength, there were no significant differences in bond strengths of the 
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other 3 primers (MP, BL, and EP) before thermal cycling. The bond strengths of 

MP and EP were slightly altered by thermal cycling; however, BL and IN 

underwent a significant decrease. The results of this in vitro study indicate that 

MP and EP provide superior long-term shear strength when bonding the resin 

composite evaluated to Fe-Pt alloy.  

           Guess PC. et al36. 2008 evaluated the shear bond strength between various 

commercial zirconia core and veneering ceramics, and to investigate the effect of 

thermocycling. The authors used the Schmitz–Schulmeyer method to evaluate the 

core–veneer shear bond strength (SBS) of three zirconia core ceramics (Cercon 

Base, Vita In-Ceram YZ Cubes, DC-Zirkon) and veneering ceramics (Cercon 

Ceram S, Vita VM9, IPS e.max Ceram). A metal ceramic system (Degudent U94, 

Vita VM13) was used as a control group for the three all-ceramic test groups (n 

= 30 specimens/group). Half of each group (n = 15) was thermocycled (5–55 °C, 

20,000 cycles). Subsequently, all specimens were subjected to shear force in a 

universal testing machine. Fractured specimens were evaluated microscopically 

to determine the failure mode.  The all-ceramic groups showed combined failure 

modes as cohesive in the veneering ceramic and adhesive at the interface, whereas 

the metal ceramic group showed predominately cohesive.  

        Fischer J. et al.37 (2010) conducted a study to evaluate the bond strength of 

different veneering ceramics to Ce-TZP/A. Cubes of Ce-TZP/A (NANOZR) 

(edge length, 10 mm) were layered with veneering ceramics (5 mm in thickness) 

with or without application of a liner and sheared at the interface. The effect of 
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different surface treatments (polished with 3-μm diamond paste or airborne-

particle abraded) was evaluated with 1 veneering ceramic (Cerabien ZR). Shear 

bond strength of 5 additional veneering ceramics (IPS e.max, Initial ZR, 

Triceram, Vintage ZR, or VITA VM 9) to polished Ce-TZP/A was measured 

(n=10). Polished Y-TZP (Hint-ELs ZrO2 HIP) veneered with 2 ceramics 

(Cerabien ZR, Vintage ZR) served as the control. Mean shear bond strength 

values (MPa) were calculated. Shear bond strength with different veneering 

ceramics showed bond strength values with means ranging between 14.2±1.7 

MPa (IPS emax with liner) and 27.5±4.2. A significant difference was found 

between the results of shear bond tests with Y-TZP and Ce-TZP/A. The 

application of a liner on Y-TZP had no significant effect. The authors concluded 

that Airborne-particle abrasion is not necessary to enhance the shear bond 

strength of the evaluated veneering ceramics to Ce-TZP/A. Liners impair the 

shear bond strength of veneering ceramics to Ce-TZP/A.  

          Guess PC et al38. 2008 evaluated the shear bond strength between various 

commercial zirconia core and veneering ceramics, and to investigate the effect of 

thermocycling. The authors used the Schmitz–Schulmeyer method to evaluate the 

core–veneer shear bond strength (SBS) of three zirconia core ceramics (Cercon 

Base, Vita In-Ceram YZ Cubes, DC-Zirkon) and veneering ceramics (Cercon 

Ceram S, Vita VM9, IPS E.max Ceram). A metal ceramic system (Degudent U94, 

Vita VM13) was used as a control group for the three all-ceramic test groups (n 

= 30 specimens/group). Half of each group (n = 15) was thermo cycled (5–55 °C, 
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20,000 cycles). Subsequently, all specimens were subjected to shear force in a 

universal testing machine. Fractured specimens were evaluated microscopically 

to determine the failure mode.  The all-ceramic groups showed combined failure 

modes as cohesive in the veneering ceramic and adhesive at the interface, whereas 

the metal ceramic group showed predominately cohesive fractures. The authors 

stated concluded that the SBS between zirconia core and veneering ceramics was 

not affected by thermocycling. None of the zirconia core and veneering ceramics 

could attain the high bond strength values of the metal ceramic combination. 

            Fernades CA. et al39. (2009) conducted a study to determine the 

microtensile bond strength of various resin composite/adhesive systems to 

alumina particle abraded Ti–6Al–4V substrate after aging for 24 h, 10 days, and 

30 days in distilled water at 37 °C. Four laboratory resin composite veneering 

systems (Gradia, GR; Solidex, SOL; Ceramage, CER; and Sinfony, SF) were 

bonded to 25 mm diameter machined disks of Ti–6Al–4V with their respective 

adhesive and methodology, according to the manufacturer's instructions. 

Microtensile bars of approximate dimensions 1 mm × 1 mm × 6 mm were 

prepared for each resin composite/adhesive system. After cutting, groups (n = 12) 

from each adhesive system were separated and either stored in water at 37 °C for 

24 h (baseline) or aged for 10 or 30 days prior to loading to failure under tension 

at a cross head speed of 1.0 mm/min. Failure modes were determined by means 

of scanning electron microscopy (SEM). Significant variation in microtensile 

bond strength was observed for the different systems and aging times. SOL and 
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GR showed the highest mean bond strength values followed by SF and CER at 

baseline. Aging specimens in water had an adverse effect on bond strength for 

SOL and CER but not for the SF and GR groups. In this In Vitro study, author 

concluded that bond strength of laboratory resin composites to Ti–6Al–4V 

suggests that strong bonds can be achieved and are stable for certain systems, 

making them useful as an alternative for esthetic fixed prosthetic restorations. 

           Rosentritt M. et al40. (2014) conducted a study to test the influence of 

different surface treatments and conditioning on the shear bond strength between 

polyetherketone (PEEK) and composite. Surfaces (570 plates) were used 

untreated, etched, air-particle abraded or activated with silica modified alumina 

oxide. Surface roughness was determined after different treatments. Cylinders of 

composite were polymerized onto the surfaces. Eighteen different pre-treatment 

combinations were applied, partly combined with opaque application. Shear bond 

strength (SBS) was determined following ISO TR 11405. Baseline tests were 

performed 24 h after composite polymerization. For investigating the influence 

of storage and aging, the specimens were either stored in distilled water (37 °C, 

90 days) or thermally cycled (12,000 cycles 5 °C/55 °C, distilled water The 

authors found that surface roughness varied between 0.04±0.01 and 6.76±1.11 

μm. Only etching caused a significant (p<0.001) increase. SBS strongly varied 

between 0.0±0.0 and 23.2± 2.1 MPa. After thermal cycling (TC), nine of the 

investigated systems showed SBS higher than 5 MPa, varying from 8.8± 2.7 MPa 

to 19.4±2.5 MPa. After water storage, nine systems provided SBS higher than 5 
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MPa, seven even values higher than 10 MPa. Maximum SBS was 27.1±3.1 MPa 

and lowest value was 5.4±2.6 MPa. Authors found significant differences were 

found between the individual systems after 24 h, TC and after 90 days storage. 

The authors concluded that good bonding between PEEK and composite, 

cleaning and roughening is recommended. Surface conditioning prior to bonding 

seems essential. Combination with opaque revealed an increase in SBS. 

Successful bonding on PEEK surfaces can be achieved by surface roughening 

and subsequent surface activation with acetone- or phosphate-based methacrylate 

primers or tribo chemical treatment. 
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The purpose of this study was to determine the shear bond strength between 

carbon fiber (RUTHINIUM) and indirect composite (Ceramage, SHOFU, Japan) 

with various surface treatments. 

To evaluate the shear bond strength between these materials, the test specimens 

were divided into 4 groups. 

Group A: (Control group) 8 Carbon fiber discs + Indirect composite          

Group B:  8 Carbon fiber disc treated with Universal Bonding agent (SHOFU) 

                  and curing cycle (30 seconds) + Indirect composite. 

Group C:  8 Carbon fiber disc with Sandbast Alumina (110µm size) +  

                   Universal Bonding agent + Indirect composite. 

Group D: Carbon fiber disc with Sandblast Alumina (110µm size) + Universal  

                  Bonding agent + Silane coupling agent (IVOCLAR) + Indirect  

                  composite. 

Fabrication of mold for carbon fibre disc: 

The proposed carbon fibre disc was 20 mm diameter with 4mm thickness. To 

prepare the mold for carbon fibre disc, 3 coins of one Rupee were placed together 

and checked for thickness using metal gauge, and it was measured as 4mm. the 

putty mold (Condensation silicon) of this was prepared. The lab putty is shaped 
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into box form and stoppers are prepared on it and separating media was applied. 

Counter mold was prepared opposing the stoppers. 

 

Carbon fibre (Test specimen) with a shape of circular pattern with a diameter of 

20mm and thickness of 4mm is fabricated by following steps: 

Step 1 – Preparation of cardboard template 

Step 2 - Circular layers of carbon fibres are oriented one over the other 

Step 3 - Packed layers impregnated resin catalyst mix 

Step 4 - Completely impregnated layers placed between two OHP sheets 

Step 5 - Excess resin removed using silicon spatula and uniform binding of the  

             layers established using roller which is available in the carbon fibra kit,  

             (RUTHINIUM). 

Step 6 - The layers are packed in the prepared mold and vacuum sealed using  

             vacuum sealing machine. 

Step 7 - Vacuum sealed packets were kept for curing for 2 hours at 70° 

             to 80˚C as per manufactures recommendations. 

Step 8 - Retrieve the disc followed by finishing was done using rotary  

             Instruments.  
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Layering technique for the indirect composite with different surface 

treatments: 

Group A (control group): 8 carbon fibre discs were prepared on which,  

       Step 1 - Indirect composite layering was done and light cured for 3 minutes  

                    (As per the manufacturer guidelines) 

       Step 2 - Finishing and polishing of the disc was done using dura-green  

                    stones and diamond burs (SHOFU). 

 

Group B: 8 carbon fibre discs were prepared on which, 

      Step 1 - Universal Bonding Agent (SHOFU) was applied and light cured for  

                    30 seconds (A s per manufacturers guidelines) 

      Step 2 - Indirect composite layering was done and light cured for 20 seconds  

                    (As per the manufacturer guidelines) 

      Step 3 - Finishing and polishing of the disc was done using dura-green  

                    stones and diamond burs (SHOFU). 

 

Group C: 8 carbon fibre discs were prepared and sandblasted with Alumina    

                 (110µm size) particles for increasing the surface roughness.    
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     Step 1 - Universal Bonding Agent (SHOFU) was applied and light cured for  

                  30 seconds (as per manufacturers guidelines) 

     Step 2 - Indirect composite layering was done and light cured for 20 seconds  

                   (As per the manufacturer guidelines) 

     Step 3 - Finishing and polishing of the disc was done using dura-green stones  

                       and diamond burs (SHOFU). 

 

Group D: 8 carbon fibre discs were prepared and sandblasted with Alumina  

                  (110µm size) particles, 

    Step 1 - Universal Bonding Agent (SHOFU) was applied and light cured for  

                 30 seconds (as per manufacturers guidelines) 

    Step 2 - Silane coupling agent (IVOCLAR) layered on Universal Bonded  

                  side of the carbon fibre surface disc 

    Step 3 - Indirect composite layering was done and light cured for 20 seconds  

                 (As per the manufacturer guidelines) 

    Step 4 - Finishing and polishing of the disc was done using dura-green stones  

                 and diamond burs (SHOFU). 
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The prepared carbon fibre disc with layered indirect composite were ready 

evaluation of shear bond strength (test specimens). The test specimens were sent 

to Engineering Lab (Praj Dental Lab) for determination of shear bond strength in 

Universal testing machine. Shear bond strength test was done at 1 mm/min speed 

with an accuracy of ± 1%. Each sample was placed in the Universal Test Machine 

as shown in (fig 11) and a progressive load was placed on the samples until the 

indirect composite debonded from the carbon fibre disc. The maximum load at 

which the indirect composite debonded in different groups were tabulated along 

with its shear bond strength. The tabulated results of all the samples were 

subjected to statistical analysis. 
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Table 1: Classification of samples 

Sl no Groups Test samples, surface treatment and bonding agent used. 

1 Group A 

(Control group) 

8 Carbon fiber discs + Indirect Composite 

2 Group B 8 Carbon fiber disc + Universal Bonding agent 

 + Indirect composite 

3 Group C 8 Carbon fiber disc + Sandbast Alumina (110µm size) +  

Universal Bonding agent + Indirect composite. 

4  Group D Carbon fiber disc + Sandblast Alumina (110µm size) + 

Universal Bonding agent + Silane coupling agent + Indirect  

composite. 
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Fig: 1 Prepared molds

 for carbon fibre 

disc 
 

Fig: 11 testing for shear bond strength 

Fig: 2 Milled metal disk for mould preparation 

Fig: 3 The 4mm thickness was measured 
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Fig: 4 The armamentarium for disk carbon fibre disk 

Fig: 5 Carbon fibre disk prepared 

Fig: 6 Prepared carbon fibre disk samples 
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Fig: 6 Ruthinium carbon fibra kit 

Fig: 7 Shofu Indirect composite kit

 
 

Fig: 5 Carbon fibre disk prepared 
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Fig: 8 the Prepared disks with different surface treatment 
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Fig: 9 Samples were prepared for testing 
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Fig: 10 Universal testing machine

 
 

Fig: 5 Carbon fibre disk prepared 
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Fig: 11 Testing for shear bond strength 
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Fig: 12 Testing for shear bond strength 
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Results 

Data were analysed using SPSS software 17.0 version.  

  

Table 2: Shear Bond Strength (MPAs) 

Group N Mean Std. Dev 

95% Confidence Interval for 

Mean 

Lower Bound Upper Bound 

Group A 8 2.25 0.15 2.13 2.38 

Group B 8 4.24 0.19 4.08 4.40 

Group C 8 5.70 0.17 5.56 5.84 

Group D 8 7.10 0.33 6.82 7.38 

Total 32 4.82 1.84 4.16 5.49 

 

 

 

Overall comparison between the groups for shear bone strength was analysed by 

ANOVA. There was a statistically significant difference was noted in mean 

values (p<0.001). 
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Graph 13: Shear Bond Strength (MPAs)
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The pairwise comparison was conducted further to evaluate the pair wise 

significance between the groups. The highest shear bond strength was noted for 

Group D (7.10 ± 0.33) followed by Group C (5.70 ± 0.17), group B (4.24 ± 0.19) 

and group A (2.25 ± 0.15). 

 

Table 4: Multiple Comparisons 

Groups Inter group 
Mean 

Difference 
p-value 

95% Confidence Interval 

for Mean 

Lower Bound Upper bound 

Group A 

Group B -1.98 .000 -2.30 -1.67 

Group C -3.44 .000 -3.76 -3.13 

Group D -4.84 .000 -5.16 -4.53 

Group B 

Group A 1.98 .000 1.67 2.30 

Group C -1.46 .000 -1.78 -1.15 

Group D -2.86 .000 -3.18 -2.55 

Group C 

Group A 3.44 .000 3.13 3.76 

Group B 1.46 .000 1.15 1.78 

Group D -1.40 .000 -1.72 -1.09 

Group D 

Group A 4.84 .000 4.53 5.16 

Group B 2.86 .000 2.55 3.18 

Group C 1.40 .000 1.09 1.72 
 

 

Table 3:  

 
Sum of 

Squares 
df Mean Square F Sig 

Between 

Groups 
103.267 3 34.422 

700.594 

 

.000 

Significant 

Within 

Groups 
1.376 28 .049   

Total 104.643 31    
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There was a statistically significance difference with each group with all the other 

group. 
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    Progress in the field of restoration and prosthetic rehabilitation system are 

occurring rapidly in the field of dentistry. The dentist is bombarded with a variety 

of choices for prosthetic materials and adhesive resin system to enhance the 

aesthetics of the prosthesis. 

   In today’s dental prosthetic treatments, implant-supported prostheses must meet 

many functional and esthetic needs: preserve underlying residual oral tissues, 

restore masticatory ability and maintain phonation and esthetic appearance 1. 

Ceramics or resin composite materials could overcome metal allergies or inferior 

esthetic outcome caused by the conventional prostheses made with metal alloys 

2,3. 

        In the evolving dentistry, carbon fibers have gained great attention owing to 

its light weight, high strength and high modulus of elasticity.  

         In implant prosthodontics, frameworks are used to improve the prosthesis 

rigidity and stiffness, reducing possible complications such as prosthesis fractures 

while rigidly splinting the implants together10. Moreover, thanks to a rigid 

framework a more esthetic prosthesis can be realized, 11. 

Carbon-fiber reinforced composite (CFRC) is a highly biocompatible material 

composed by 99.9% chemically pure carbon filaments with diameters of 5–10 

µm, embedded in an epoxy resin matrix producing braided meshes with 5000 to 

8000 fibers 17. 

         Indirect light-cured composite resins have been extensively used in tooth 

restoration because they can provide acceptable aesthetics, wear resistance 
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similar to tooth structure, and are easy to repair and manipulate in the laboratory. 

Be it any framework material chemical adhesion to the resinous veneering 

material is a common technical complication in prosthodontics. In the last two 

decades there have been several studies which worked on improving the bond 

efficiency between metal framework and resin composites. 

     Metal frameworks supporting fixed prostheses are expensive and time 

consuming to fabricate and for this reason possible alternatives are emerging. 

Recent improvements in composite materials have made it possible to fabricate 

metal-free fixed partial dentures by using fiber-reinforced frameworks41-42. Fiber-

reinforced acrylic resin prostheses offer a cheaper alternative for the patient and 

additional advantages for the clinicians (avoidance of casting)43-44. Fiber 

reinforcements may carry the loads, providing stiffness, strength and thermal 

stability. The polymeric matrix binds the fibers together transferring the load 

among them in the direction perpendicular to the fiber axis and guarantees the 

fibers protection against chemical attack and mechanical damage45. 

       Metal–composite restorations have long been used as an alternative to PFM 

restorations46-48. Indirect light-cured composite resins have been extensively used 

in tooth restoration because they can provide acceptable aesthetics, wear 

resistance similar to tooth structure, and are easy to manipulate in the laboratory 

and to repair49-52. However, durable bonding between composite resins and metal 

frameworks has been a challenge. Years ago, macro- or micro-mechanical 

retention on the metal substructures such as beads, loops and pits, or sandblasting 
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and etching, were the only mechanisms for bonding composite materials to 

metallic substrates. However, recent developments resulting in chemical bonding 

have been achieved49,50,53,54, including silicoating systems and functional 

monomers systems52,53. 

     Carbon fibre–composite restorations have not been well accepted generally 

due to what has been perceived as an insufficient ability to bond resin to Carbon. 

However, several systems have been developed over the last two decades in order 

to improve the bond strength of composites to metals, including titanium, PEEK 

and Carbon fibre. These systems involve treatment of carbon fibre surface to 

render it more reactive to bonding agents either by coating the surface with 

silicate (enabling bonding through a silane coupling agent) or by conditioning the 

surface with organic acids in solvents or embedded in methacrylate-based liquids 

that bond to the carbon fibres and to the resin composites52,53,54. 

      This study mainly focuses on the shear bond strength of indirect composite 

material to carbon fibre. In order to provide steadiness and increased fracture 

resistance, the resin matrix have to be bonded to the core material such as carbon 

fibre and PEEK. Surface roughness was shown to play an important role for 

adhesive technique and therefore different surface treatments were used to 

increase roughness and bonding area55-56. In shear bond testing, the roughness of 

the material contributed to a high extent to the initial bonding strength. Various 

studies have shown that the interface between the aesthetic material and core 
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material can be made strong by altering the surface roughness of core material 

improves the its bond to the adhesive resin matrix.  

     In our study the highest shear strength noticed in Group D with 7 MPA and 

lowest with Group A with 2 MPA. Any type of surface treatment was not done 

in group A, so it showed the least shear bonding strength, whereas, the group D 

treated with surface treatment showing highest bonding strength. 

     Group D system utilizes universal bonding agent (SHOFU) and a silane 

coupling agent (IVOCLAR) to create a bond between the monomers of the 

composite and the silica layer on the carbon fibre surface. Previous studies have 

reported that silicoating promotes a high and durable bond between titanium and 

composites49,50,57,58. So, in this study we used the universal bonding agent and 

coupling agent to create bond between the two materials.  Matinlinna et al.59-61 

have demonstrated that commercial dental silanes show differences in chemical 

composition, pH, solvent system and silane concentration that can provide 

different bond strengths to metal surfaces. This may explain why shear bond 

strength values of Group C were substantially different from the Group D, being 

more prominently affected by the use of coupling agent. 

    The absence of fractures at the interface between all the groups suggests an 

effectiveness of bonding between these substances. This is also in agreement with 

the bond strength of titanium and indirect composite62.  

       The current study evaluated four indirect composite and adhesive systems 

employing different methods of surface treatment to enhance bonding to carbon 
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fibre. The shear bond strength tests showed that of the composite systems 

exhibited bond strength that exceeded the 2 MPa level (Table 2).  

       Although shear testing is the most commonly used method to assess metal–

composite bond strength, several studies suggest it can produce misleading results 

from high stress concentration within the substrates, leading to a high incidence 

of cohesive failures62-64. Tensile strength tests and in particular the microtensile 

testing method, has been considered to be more appropriate for bond strength 

evaluation since it allows a more uniform distribution of the stress, a reduction of 

the incidence of premature cohesive failures, and consequently a more realistic 

measurement of bond strength of the adhesive interface66-68. The use of micro-

tensile testing in this study resulted in low occurrence of cohesive failures. 

       The present in vitro work suggest that the indirect composite systems and 

Carbon fibre would be acceptable for achieving clinically high bond strength, 

surpassing the minimum level of 7 MPa. However, it should be noted that a 

minimum bond strength level for clinical long-term bond stability of indirect 

composites to carbon fibre has not yet been determined and further clinical 

research should be undertaken to investigate these materials. 
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SUMMARY 

This study aims to test the influence of different surface treatment on the shear bond strength 

between carbon fiber and indirect composite (Ceramage). 2mm thickness of indirect composite 

resin system were layered onto 20mm diameter, 4mm thickness disks of carbon fiber with 4 

different surface treatment. Group A: being directly layering on carbon fiber, Group B: carbon 

fiber was treated with Shofu bonding agent then ceramage layering was done, Group C: 

sandblasting of carbon fiber along with bonding agent was used, Group D: carbon fibers were 

treated with sandblasting, bonding agent and coupling agent then indirect composite layering 

was done.  

Overall comparison between the groups for shear bone strength was analysed by ANOVA. The 

highest shear bond strength was noted for Group D (7.10 ± 0.33). The shear bond strength of 

carbon fiber and ceramage treated with sandblasting, Universal bonding agent (shofu, 

ceramage) and Ivoclar silane coupling agent showed highest shear bond strength value.  

Successful bonding of carbon fiber and indirect composite can be achieved by surface 

roughening and subsequent surface treatment with bonding agent and coupling agent.  
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CONCLUSION 

     It can be concluded that for achieving good bonding between Carbon fiber and 

indirect composite, surface roughening and surface treatment is recommended. 

For adhesive bonding, a surface treatment prior to bonding seems to be essential. 

The combination with the application of universal bonding agent in most cases 

revealed an increase in shear bond strength. The data showed that thirty-two of 

the tested systems - mainly including universal bonding and coupling agent 

achieved sufficient shear bond strength. The combination of surface roughening 

(mechanical) and subsequent treatment with chemical agents (bonding agent and 

coupling agent) allows for highest bond strength values on carbon fiber surfaces. 
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