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Abstract: 

The interest in repairing failed restorations has been growing; such a procedure may prolong the 

life span of defective direct and indirect dental restorations. The intraoral repair using resin-

based composite materials has major benefits, as it preserves the main body of the restoration, 

avoids unnecessary removal of sound tooth structure, is an easy and fast treatment, avoids 

additional appointments, and is inexpensive. This case report demonstrates the use of nanohybrid 

Ormocer®, or organically modified ceramic, materials. 

The use of all-ceramic dental restorations has become more popular during the last 30 years for 

several reasons, such as their favorable optical properties, excellent esthetics, wear resistance, 

color stability, chemical durability, biocompatibility, and strengthening of the remaining tooth 

structure when the restorations are adhesively bonded.1,2 This trend has been fueled, in large part, 

by the increasing number of patients requesting esthetic restorations and metal-free alternatives 

to traditional prosthodontics. 

Dental ceramics can be classified as predominantly glassy (feldspathic glass, eg, Vitablocs Mark 

II, Vita, vita-zahnfabrik.com); particle-filled glassy (eg, lithium disilicate-reinforced, e.max® 

Press, Ivoclar Vivadent, ivoclarvivadent.us); and polycrystalline (alumina, eg, Procera®, Nobel 

Biocare, nobelbiocare.com; zirconia, eg, Lava™, 3M Oral Care, 3m.com).3-6 

The most common clinical indications for all-ceramic restorations consist of inlays, onlays, 

partial crowns, full crowns, bridges, veneers, and posterior occlusal veneers (table tops).7-9 These 

restorations present a scientifically proven, high-quality permanent treatment option for the 

esthetically challenging anterior and load-bearing posterior regions when the indications and 

limitations of the respective ceramic systems are respected and an appropriate luting procedure is 

employed; their reliability has been documented in the literature.8,10,11 

However, every ceramic restoration is vulnerable to failure during clinical service due to biologic 

(eg, secondary caries, pulp status, periodontal disease) and mechanical/technical (eg, chipping of 

veneer ceramic, ceramic bulk fracture, cusp fracture of retaining tooth, loss of retention) 

reasons.12 Brittleness, crack initiation and crack propagation, and low tensile strength are the 
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weaknesses of ceramics8,13 and jeopardize the materials’ integrity during clinical service when 

errors in restoration fabrication or inappropriate use of the material occurs.14 Flaws in the 

microstructure of the ceramic or related to fabrication have been identified as causes for 

catastrophic failure of ceramic restorations.15,16 Also, the cusps of the restored teeth are 

vulnerable.15,17 In recent years, fracture-related failures have been observed to be an increasing 

problem as a result of the fast-growing popularity of ceramic restorations.18 

Intraoral repair of failed ceramic restorations offers both the dentist and patient a time-saving and 

cost-effective alternative to replacement1,19,20 and contributes to the preservation of tooth 

structure, as every complete removal and replacement of a defective restoration leads to an 

extension of the original preparation.21 The repair involves the bonding of resin-based products 

to the remaining ceramic and, if applicable, other adjacent structures such as dentin, enamel, and 

metal. Each involved structure requires a specific pretreatment-protocol sequence to prepare 

these different substrates for the application of the repairing composite.22 

The intraoral pretreatment of defective glass-ceramic restorations prior to the application of the 

repairing composite can be done sufficiently using hydrofluoric acid etching or tribochemical 

silica coating (CoJet™, 3M Oral Care).23-25 Etching with hydrofluoric-acid gel followed by 

silanization is a well-established conditioning method to promote adhesion of resin-based 

materials to feldspathic, leucite, and lithium-disilicate glass-ceramic restorations.26-29 However, 

the hazardous effects of hydrofluoric acid in vivo, which include the irritation of soft tissues, are 

well recognized.28,30,31 Hydrofluoric acid is one of the most corrosive inorganic acids, and its use 

can cause a chemical burn with progressive and serious tissue necrosis accompanied by severe 

pain.31,32 Due to this serious potential hazard, intraoral application of hydrofluoric acid seems to 

be too dangerous and should be avoided, especially as an effective and nonhazardous alternative 

exists in tribochemically assisted bonding (intraoral silicatization and subsequent silanization) of 

repair composite to the failed ceramic structure.20,23,25,29 The use of acidulated phosphate fluoride 

gel has been proposed as a safe intraoral alternative to the employment of hydrofluoric acid for 

ceramic surface etching with little risk for injuring the soft tissues; however, this pretreatment 

has never became a clinical standard probably due to its deficient efficiency.20,30,33 Airborne-

particle abrasion with aluminum oxide (Al2O3) is used for preconditioning ceramic surfaces 

prior to a resin application.20,33,34 Alternatively, micromechanical roughening of the glass-

ceramic surface prior to the application of the repair components using diamond burs or rotary 

carborundum stones is employed.20,33,35 However, completely and reliably pretreating all 

respective surfaces, especially difficult-to-reach areas, with these rotary instruments without 

endangering the integrity of neighboring teeth is difficult. Sandblasting or air-abrasion 

pretreatments provide, along with enhanced effectiveness, access to difficult-to-reach repair 

sites.25 

After physical or etching pretreatment of the glass-ceramic surface, the subsequent application of 

a silane is critical for promoting covalent chemical bonding of composite to ceramic with 

sufficient bond strengths.33-36 The ceramic-resin bond is formed by both etching the surface to 

create micromechanical attachment features and by the application of silane coupling agents to 

provide chemical interaction between the silicon-based ceramic and carbon-based composite 

resins.1 The fracture resistance of the ceramic-composite adhesion zone is controlled primarily 

by the ceramic microstructure and ceramic surface treatment.37 



Recently, multimode universal adhesives were introduced that enable clinicians to use self-etch 

bonding procedures to dental substrates as well as etch-and-rinse regimens (selective enamel etch 

or total etch of enamel and dentin) with prior application of phosphoric acid.38,39 Some of these 

universal adhesives also incorporate a silane primer for chemical bonding to silica-based 

ceramics or methacryloyloxydecyl dihydrogen phosphate for chemical bonding to zirconia-based 

ceramics without the need for an extra primer step.22,38,40 This is advantageous for the intraoral 

repair of defective ceramic restorations, especially in complex clinical scenarios, when different 

dental tissues (enamel, dentin) and prosthetic substrates (glass-ceramic, veneering porcelain, 

zirconia coping, metal framework) both need adhesive pretreatment. 

Most composite materials contain organic monomer matrices based on conventional 

methacrylate chemistry (eg, bisphenol A-glycidyl methacrylate [bisGMA], urethane dimethacry-

late [UDMA], triethyleneglycol dimethacrylate [TEGDMA]). Alternative chemical formulations 

use silorane resins41 and Ormocers® (The Fraunhofer Insitute for Silicate Research ISC, 

www.isc.fraunhofer.de),42 which is the abbreviation for organically modified ceramics. Patented 

technology, these nonmetallic inorganic compound materials are composed of an inorganic Si-O-

Si-glass network (backbone molecule) and an organic polymer phase. Ormocer technology was 

developed by the Fraunhofer Institute for Silicate Research ISC in Würzburg, Germany and 

introduced in 1998 as a dental restorative material.42 Since then, further development of 

Ormocer-based composites for this range of applications has been significant. In dental Ormocer 

products of the past, conventional methacrylates were supplemented in the pure Ormocer 

chemistry in the monomer matrix (in addition to initiators, stabilizers, pigments, and inorganic 

filler particles) to improve workability. Newer products feature a pure Ormocer matrix chemistry 

without conventional dimethacrylates and nanohybrid inorganic filler particles. A low 

polymerization shrinkage and a low shrinkage stress have been measured for these materials. 

This clinical report illustrates the intraoral repair of a defective ceramic inlay using air-abrasive 

tribochemical pretreatment and subsequent application of a multimode adhesive and an Ormocer 

restorative combination. 

Case Presentation 

A 56-year-old male presented to the dental office with a fractured palatal cusp adjacent to a 

glass-ceramic inlay in a first maxillary bicuspid (). The main reasons for failure of ceramic 

inlays, onlays and partial crowns are bulk fracture of the restoration, tooth fracture, postoperative 

symptoms, and secondary caries.43,44 In vivo, tooth fractures are usually the result of the 

accumulation of repeated stress during oral function, producing cracks, which extend from 

internal preparation line angles at the floor of a restoration cervically toward the cementoenamel 

junction.15,45 Although fractures can occur in healthy teeth, they are more common in decayed or 

restored teeth.46 Fractured cusps usually result from insufficient cusp support when an 

intracoronal restoration weakens the marginal ridge.45 The crack often extends in mesiodistal and 

buccolingual directions, commonly involving one or both marginal ridges and a buccal or lingual 

groove. The crack terminates in the cervical region either parallel to the gingival margin or 

slightly subgingival.45 
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A flowable nanohybrid Ormocer was applied to the internal line and point angles of the fracture 

site (). Due to its excellent wetting properties, the low-viscosity Ormocer ensures a good and 

void-free adaptation of the first repair increment to the surrounding tissues and materials. 

Positive effects of low-viscosity materials on internal adaptation and interfacial integrity have 

been shown in literature.51). Subsequently, the remaining volume of the defect was filled using a 

regular-viscosity nanohybrid Ormocer to rebuild the lost palatal cusp of the premolar (). A clean 

new microbrush was engaged as a perfect modeling instrument to carefully adapt the restorative 

material to the edge of the ceramic inlay (). After removal of the metal matrix bands, additional 

10-second curing cycles from mesial-palatal and distal-palatal directions were executed to 

guarantee sufficient material polymerization in these areas, thus ensuring excellent 

physicomechanical properties. 

In this situation, the adhesive bond between the ceramic inlay and palatal cusp was no longer 

strong enough after many years of clinical service (bond degradation) to withstand intraoral 

stresses and occlusal/masticatory forces (). Opposing tooth contacts in dynamic occlusion 

generating high loads on the oral cusp also may have contributed to the fracture. The complete 

palatal cusp separated from the ceramic inlay, because of harmful stress distribution resulting in 

crack formation and propagation along the adhesive interface, and disintegrated parallel to the 

gingival margin due to peak stresses exceeding its remaining load-bearing capacity. A mixture of 

fatigue effects as a result of normal function (subcritical stresses) for many years, detrimental 

excessive loads during mastication or unphysiologic tooth contacts (bruxism, clenching), and 

hydrolytic degradation of the adhesive and luting resin were probably responsible for that 

catastrophic event. In most clinical cases of teeth showing fracture-related failures, the weakest 

bond in restorative technique is the interface between the restorative material and tooth 

structures.47 The steep cusp-fossa relation of maxillary premolars is a predisposing factor for 

crack initiation, especially in teeth with cavity preparations.48 However, the treatment of a 

fractured cusp has a good prognosis, especially when the crack does not extend below the 

gingival attachment.49 But clinicians face challenges when a missing functional cusp of a 

maxillary premolar has to be replaced.50 

During the clinical inspection, the damaged tooth demonstrated sensitivity in the cold test and 

showed no negative reaction to the percussion test. After discussing with the patient the possible 

restorative alternatives and treatment fees, the patient decided on a tooth structure-saving direct 

repair restoration using nanohybrid Ormocer materials. 

Treatment started with thoroughly cleaning the affected tooth of external deposits using a 

fluoride-free prophylaxis paste and a rubber cup. Subsequently, the fracture site was cleaned, 

loose fragments were removed, and the fracture margins were smoothened (). A retraction cord 

was placed in the gingival sulcus besides the fractured cusp to control the soft tissues (). After 

placing metal matrix bands in the mesial and distal proximal areas to protect the neighboring 

teeth from subsequent pretreatment steps of the repair procedure (), the intaglio surface of the 

ceramic inlay at the fracture site was roughened and tribochemically silica coated (CoJet) using 

an intraoral air-abrasion device (). Subsequently, the operation site was cleaned, using oil-free 

compressed air. 



A multimode adhesive was selected for bonding. These modern one-bottle adhesives are 

compatible with all conditioning techniques of hard dental tissues, the self-etch technique, and 

the phosphoric acid-based conditioning techniques (selective enamel etching or complete etch-

and-rinse pretreatment of enamel and dentin). The selected adhesive was also qualified for the 

repair of all-ceramic restorations without the need to use an additional ceramic primer. In this 

repair case, the adhesive was used, employing the self-etch technique. Ample amounts of the 

multimode adhesive were applied and distributed generously using a microbrush in the area of 

the fracture site on the respective dentin, enamel, and glass-ceramic surfaces (). All bonding 

areas were sufficiently covered by the adhesive. 

After at least 20 seconds of carefully scrubbing the adhesive into the hard dental tissues and on 

the intaglio ceramic surface, the solvent was carefully evaporated from the bonding agent with 

oil-free compressed air (). The adhesive was subsequently light cured for 10 seconds (). The 

result was a shiny surface, evenly covered with adhesive (). This should be carefully checked, as 

any bonding areas that appear dull are an indication that insufficient amount of adhesive has 

been applied to those sites. In the worst case, this could result in reduced bonding of the 

subsequent restoration in these areas and, at the same time, in reduced dentin sealing, which 

could lead to postoperative sensitivity. If such areas are found in the visual inspection, an 

additional bonding agent is selectively applied to them. 

The repair restoration was finished first with fine-grit diamond-bur instrumentation and then with 

abrasive disks; occlusal interferences in static and dynamic occlusion were eliminated. The use 

of diamond-impregnated composite polishers achieved a high-gloss finish on the restoration’s 

surface. and show the completed direct Ormocer repair restoration with cusp replacement, 

reconstructing the original tooth shape. 

Discussion 

A laboratory investigation showed preparing maxillary premolars with large and deep mesial-

occlusal-distal (MOD) preparations can severely weaken teeth by approximately 59% of their 

original fracture strength, and composite and ceramic inlays both were not able to completely 

restore the original load capacity of the teeth.15 However, other reports in the literature 

demonstrate that direct and indirect adhesively bonded restorations can partly restore the fracture 

resistance of teeth weakened by cavity preparations up to values not significantly different to 

unprepared healthy teeth.52-54 

The palatal cusps of maxillary premolars present a special fracture risk.15,17,53 Maxillary 

bicuspids have an unfavorable anatomic shape, crown volume, and crown/root proportion, 

making them more susceptible to cusp fractures compared with other posterior teeth when 

submitted to occlusal load application.55,56 Each preparation weakens the tooth, and once the 

continuity of the enamel is broken, the tooth is at higher risk for fracture.15,47,57,58 The depth of 

the cavity preparation seems to be the most critical factor with regard to fracture risk for the 

prepared tooth.59,60 The fractured cusp usually results from a lack of cusp support due to a 

weakened marginal ridge because of Class II restorations or extensive caries.47,49,56,61 Optimal 

restorations for teeth with extensive Class II MOD preparations are onlays that include cuspal 



coverage to reduce cuspal flexion under masticatory load, but it is debatable at which degree of 

tooth destruction or cavity size onlays should be preferred instead of bonded inlays.15,54,62,63 

Findings from an in vitro investigation showed ceramic coverage of compromised cusps did not 

demonstrate an increased risk for fracture resistance after fatigue loading when compared with 

less invasive partial-coverage restorations.54 However, the same study reported enhanced 

exposure of restoration margins to occlusal wear could result in more extensive marginal 

discrepancies. Occlusal contact points of antagonist teeth sliding over restoration margins of 

intracoronal ceramic inlay restorations could compromise the integrity of the marginal seal under 

clinical conditions.54 Marginal fit decreases faster when ceramic margins are directly loaded and 

marginal chipping is able to occur.64 After adhesive cementation, the quality of marginal 

adaptation of ceramic restorations is likely to deteriorate because of hydrolytic and mechanical 

stresses.44,65 When marginal quality decreases, the risk for partial debonding, gap formation, and 

secondary-caries formation increases. This can promote crack initiation and propagation in the 

layer of the adhesive cement, and, in a worst-case scenario, eventually result in cuspal fracture 

adjacent to ceramic inlays. This is because the mechanisms (adhesive bond) that transfer stresses 

during occlusal loading from the ceramic restoration to the tooth structure and vice versa no 

longer function reliably.66 

Meanwhile, many dental schools in Europe and North America have begun to include teaching 

repair of restorations in their academic curricula.67,68 The intraoral repair of defective ceramic 

restorations using resin composite compared with complete restoration replacement has major 

benefits, as it preserves the main body of the restoration, avoids unnecessary removal of sound 

tooth structure, is an easy and fast treatment procedure, avoids additional appointments, and is an 

inexpensive solution for such problems.19,21 The main disadvantage of repair restorations is the 

anticipation of the long-term survival of this kind of dental restorations.30 However, when 

weighing the potential benefits against the risk for early failure in suitable and carefully selected 

clinical cases, this treatment alternative deserves at least one attempt. The results of a prospective 

cohort study showed 1 year after repair of defective restorations a low failure rate.69 A practice-

based study reported a better prognosis for repairs on restorations that failed due to caries 

compared with fracture-related failures.70 

Nonetheless, a high-quality direct resin-based repair restoration continues to be dependent on 

several prerequisites, such as protection of patients’ soft tissues, careful and adequate 

pretreatment of the different involved substrates, effective and correct application of the adhesive 

system, appropriate handling of the restorative material, and sufficient curing of the composite.22 

The repair restorations are typically performed using direct resin-based materials. Supplementary 

to composites based on traditional methacrylate chemistry, the materials options in the sector of 

light-activated direct-placement restoratives were expanded by a pure Ormocer version that does 

not contain added conventional dimethacrylates in its chemical formulation. 

Conclusion 

Interest in the repair of insufficient restorations has garnered increasing popularity and is a 

valuable method for considerably prolonging the clinical life span of defective direct and indirect 



dental restorations.14,70 It is reported that porcelain repair systems form durable bonds to 

fractured porcelain and exposed metal surfaces. 
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