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Summary

During the last decade, the demand by patients for tooth-coloured restorations has

increased. Common problems associated with large resin composite restorations in

general dental practice include wear, fracture, and secondary caries. Such problems

have restricted their wide-spread use, especially in posterior teeth. Ceramometal

restorations, on the other hand, require excessive tooth reduction and may also have

aesthetic problems. These limitations resulted in the development of resin-bonded

porcelain restorations. Porcelains are well-known as aesthetic and biocompatible

materials, and can be a valuable alternative restorative material when appropriate case

selection and indications for their clinical use are applied. Many in vivo and in vitro

investigations of resin-bonded porcelain restorations have been reported in the literature.

The aim of the present study was to investigate whether or not these investigations are

relevant to private dental practice. For this purpose, the study was divided into three

sections to

1) Investigate the preparation designs used in a specialist private practice, and to

compare the dimensions of the dies of fractured posterior single restorations (shell or

full veneer crowns, and onlays) with those of similar intact restorations,

2) Determine the usual failure modes of resin-bonded porcelain restorations, and

3) Evaluate the survival rates of dittbrent types of such restorations in a comparative

manner

A total of 536 resin-bonded porcelain restorations were selected from a private practice

in which two prosthodontists worked. The restorations comprised shell (full veneer)

crowns (229), onlays (97), inlays (9), labial veneers without incisal coverage (64), labial

veneers with incisal coverage (46), chip porcelain veneers (15), cantilever bridges (49),



and fixed-fixed bridges (27). Of these restorations, 103 posterior single shell crowns

and onlays were selected to investigate preparation dimensions and designs

Measurements of different aspects of the preparations were taken from stone dies of the

prepared teeth, for both intact and subsequently fractured restorations, and for

restorations with and without metal reinforcement. Measurements were taken of the

intercuspal width, isthmus width, height of axial wall, proximal width, depth of occlusal

floor from central fissure, and working cusp reduction. Preparation characteristics such

as preparation taper, retention grooves, margins finished in dentine or enamel, and type

of finishing lines were also assessed.

The results of this study showed that the average porcelain thicknesses were often

within the range of those generally recornmended in the literature (1.5-2.0 mm)

However, thicknesses less than 1.0 mm, and more than 4.0 mm, at the central fissures

and over the working-side cusps, were also found following the removal of previous

amalgam restorations, and extension of preparations into the access cavities of root

canal filled teeth. Preparation dimensions tended to be slightly larger in the fractured

restorations. No significant differences were found between the dimensions for shell

crowns or onlays fabricated with and without metal reinforcement, although the

dimensions of those restorations with metal reinforcement tended to be slightly larger

Prcparation tapcrs wcrc mostly betwecn 2I-40" for the intact restorations, and 10-20"

for the fractured restorations. Large preparation convergences were more frequently

observed after removal of amalgam restorations, but this did not compromise the

retention of the restorations.

Of the 536 restorations, 123 (23%) failed. Bulk fracture comprised the highest number

of failures recorded in this study (10.4%). Other restoration failures included debonding
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(2.8o/"), pulpitis (2.8o/r), chip fracture (2.6Yo), microfracture (l.l%), colour mismatch

(l%) and connector-fracture for bridges (0.6%). No recurrent caries was reported

Fixed-f,rxed bridges showed the highest failure rate (70o/o) followed by onlays (without

and with metal reinforcement), chip porcelain veneers, shell crowns (without metal

reinforcement), cantilever bridges, and then veneers without and with incisal coverage

Restorations survivals were analysed using life table methods. The period covered by

the study records was from 1988 to mid-1995. The overall survival of all of the

restorations at the 75o/o quartile was 58.9+ 6.2 months. The results of the survival

analyses showed that labial porcelain veneers with incisal coverage showed a better

survival than did veneers without incisal coverage. Shell crown restorations

demonstrated a better survival than did onlays, but the difference was not statistically

significant. Comparison of shell crowns and onlays fabricated with and without metal

reinforcement showed that those with a metal substructure survived for slightly longer

than did those without a metal substructure. Shell crowns and onlays placed in the

maxillary arch had better survivals than those placed in the mandibular arch. Cantilever

bridges showed significantly better survivals than did fixed-fixed bridges

The results showed that porcelain restoration thickness was not the most significant

factor determining the longevity of resin-bonded porcelain restorations, since many very

thin and very thick restorations survived during the period of this study. However, bulk

fracture, as expected from the physical characteristics of porcelain materials, was an

important failure reason. The use of metal reinforcement of the porcelain in selected

cases increased the clinical survivals ofthe posterior restorations.
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1.1 lntroduction

Several recent publications have reviewed the alternatives to dental amalgam,

principally in response to concerns about possible mercury toxicity from amalgam

restorations, but also in response to the increasing emphasis now being placed on the

use of more aesthetic dental materials by dentists, patients and the media, especially in

'Western Countries (The Dental Advisor 1992, ADA Council 1994, CRA Newsletter

1994, Leinfelder 1994,Tyas 1994, Burke and Qualtrough 1994, Christensen 1995).

A considerable number of sound, functional amalgam restorations have been needlessly

replaced by, perhaps, less suitable altemative materials, with considerable loss of

additional sound tooth substance. The biological consequences and cost-effectiveness

of such alternative material treatments remain to be determined. Aesthetic ancl

conservative functional aspects of restorative dental materials have been two important

criteria used to determine the success of these materials

An alternative to the use of conventional metallic and ceramometallic restorative

materials for single restorations or bridgework, involves the use of porcelain or ceramlc

materials which are resin-bonded to tooth structure. The porcelain may also be fused to

minimal metal substructures for improved resistance to fracture, and anterior bridge

designs may be modified to reduce fractures at connectors. However, there is scant
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information in the literature on the long-term clinical performance of resin-bonded

anterior and posterior porcelain restorations, apart from anterior porcelain veneers.

Therefore, the present study evaluates the long-term clinical longevity or survival, and

posterior preparation designs, of a large number of various types of resin-bonded

porcelain restorations placed in a specialist private dental practice.

1.2 History of Restorative Materials

Dentists have conventionally divided restorative dental services into anterior and

posterior restorations. Aesthetics and function have been the two most important aims

of restorative dentistry for the anterior and posterior tooth regions, respectively

However, patients are now also increasingly interested in the aesthetic aspects of

restored posterior teeth. But, finding an ideal posterior restorative material which

satisfies both the long-term aesthetic and functional needs of patients has remained

elusive.

1.2.1 Amalgam

Dental amalgam has been a posterior restorative material since the last century. The

first amalgam used in dentistry more than hundred years ago was a combination of

silver coin and mercury. A condensable mass which could be inserted into a cavity and

then carved to the desirable shape were the most attractive characteristics of this

material. Current amalgam alloys contain relatively high amounts of copper. This

element confers less creep with less marginal fracture and ditching of the restorations,

and less corrosion by the elimination of gamma 2 phase. Although dental amalgam has

the advantages of low cost and ease of manipulation, and is clinically durable, it often
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results in subsequent tooth fracture because of its lack of adhesion, corrosive breakdown

and dimensional changes. The material also releases mercury and it is unaesthetic.

1.2.2 Gold

For a long time, gold alloys have been one of the most ideal materials for the restoration

of posterior teeth. They became more popular at the beginning of this century. Gold

alloys contain varying amounts of gold, silver, copper, platinum, palladium and zinc

depending on the different types of alloys (Type I to Type IV). Gold alloys are

corrosion resistant, relatively easy to adjust and cement, and have excellent physical and

mechanical characteristics. Nevertheless, their yellowish colour, high costs and

technique sensitivity are disadvantages

1.2.3 Resin Composite

The importance of aesthetics led to the introduction of resin composite materials to the

dental profession in the 1960's. The f,rrst resin composites were not capable of restoring

occlusal surfaces in the posterior teeth, due to their low wear resistance. Modihcations

to the original materials resulted in smaller filler particles (approximately 3¡rm average)

and higher filler contents (75 - 80 wt%) which produced materials with more wear

resistance. Despite the advantages of excellent aesthetics and ability to bond to tooth

structure, their technical sensitivity, longer chairtime, higher rate of secondary caries

and inadequate wear resistance made them unsuitable substitutes for large amalgam

restorations. One major problem with resin composite is the polymerisation shrinkage

of the material, which often leads to marginal leakage, post-operative sensitivity and the

occurrence of secondary caries. To eliminate the problems caused by polymerisation
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shrinkage of resin composite, heat-cured resin composite was introduced by Wendt in

1987 (Garber and Goldstein I994a). Heat-cured resin composite restorations allow

better control of proximal contours and contacts, and better adaptation (especially at

gingival margins) with better physical properties than with conventional resin composite

restorations, but they are expensive and need more time and skill for fabrication. Resin

composite material is still unsuitable for heavy load-bearing posterior restorations.

1.2.4 Dental Porcelain

One of the earliest inorganic materials which was known and changed by man, was

ceramic. Its hrst use in dentistry goes back nearly 200 years ago. An Italian dentist

made the first individual porcelain teeth in 1808. He never found any great success

because his restorations were opaque and brittle (Mclean 1974). Ceramics were not

accepted in restorative dentistry until the introduction of fixed restorations in the late

19th century. It was in 1903 that Dr. Land first made a porcelain jacket crown (Mclean

1974). By 1925, porcelain was broadly used in dentistry. At the same time, in Europe,

high-fusing porcelains were introduced to the dental profession. During this period,

iridioplatinum metal reinforcement for porcelain restorations was developed. The first

gold alloys fused to porcelain restorations were developed in the USA. In 1963,

Mclean and Ilughes introduced another method of reinforcing porcelain, the alumina

reinforced crown.

The high expense of high-gold alloys led to the development of other alternative alloys

such as Au-Pd-Ag, Pd-Ag, Ni-Cr, Ni-Cr-Be and Co-Cr in the 1970's (Anusavice 1993).

The use of thinner metal copings (0.2-0.3 mm) of Ni-Cr or Ni-Cr-Be alloys, and

construction of porcelain margins came into dentistry in the early i980's to reduce the
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aesthetic problems of metal-porcelain margins for restorations. The relatively low

strengths of the porcelain foil-crown systems are an obstacle for their application in the

posterior regions of the mouth. The same problems with porcelain jacket crowns limits

their use to the anterior incisors.

Although the first porcelain inlays were fabricated at the end of the last century, they

had not been adapted for general use until recent years. The problems of high costs,

f,rring shrinkage, susceptibility to failure under occlusal load, wear of opposing tooth

structure, and the soluble cements then available made them unsuccessful.

These problems have been largely overcome by recent developments in reinforcing

porcelain materials (high alumina core porcelain, prefabricated blocks of porcelain),

together with the ability to etch and bond porcelain to tooth structure. These

developments led to a new concept in restorative dentistry, etched-porcelain resin-

bonded restorations. Etched-porcelain resin-bonded restorations were introduced to the

dental profession nearly two decades ago. Aesthetics and the saving of tooth structure

have been the two main goals for the use of these restorations. Long-term satisfactory

clinical results have been obtained for gold and ceramometal or porcelain fused to metal

(PFM) restorations. However, the appearance of the gold restorations, and the severe

tooth reduction required for PFM restorations has promoted the recent interest in the

resin-bonded porcelain restorations. Problems with other restorative materials, such as

the metallic appearance and mercury release with amalgam, and the marginal

discolouration, postoperative sensitivity, and wear for resin composite have also been

major factors in this change of interest. This enthusiasm for resin-bonded porcelain

restorations is not only for single restorations but also for fixed partial dentures.
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Although resin-bonded fixed partial dentures supported by a metal framework save

tooth structure, the prostheses are often unaesthetic.

Resin-bonded porcelain restorations restore lost tooth structure with the main aims of

returning the natural form and appearance of the tooth, while conserving the existing

tooth structure. Metal substructures may be used in these restorations. Therefore, there

are two types of resin-bonded porcelain restorations: a) all-ceramic, and b) metal-

reinforced porcelain restorations. The strength of these restorations relies on the type

of porcelain materials used (In-Ceram, Empress, Optec-HSP), the restoration design,

and the bond to tooth structure for the all-ceramic restorations; and metal substructure

for the metal-reinforced types of restorations. In this system, a ceramic restoration (

single or bridge) is bonded to a large area of enamel with a resin composite adhesive

The fitting surface of the ceramic restoration is usually etched with hydrofluoric acid

The resin composite adhesive is used to cement the etched porcelain restoration to the

treated tooth structure (enamel and dentine). Silane coupling agents are used to produce

appropriate bonds between the resin composite adhesive and the porcelain restoration.

Success of resin-bonded porcelain restorations depends on the technique and materials

which are used in this system. Porcelain itself is a brittle material without the ability to

withstand plastic deformation, which compromised its wide-spread use as a restorative

material. However, if the deformation of porcelain is prevented, a strong material can

be expected. This can be achieved in several ways. One is the use of a metal

substructure which acts as a support and provides resistance to deformation in porcelain.

In the presence of a strong bond between tooth structure and the porcelain restoration,

dentine can also play the same role for porcelain as it does for enamel. The forces

applied to the porcelain restoration are then transferred through the resin composite
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cement and distributed in the underlying dentine. As a result, no catastrophic damage is

expected since the porcelain is no longer deformed. Another alternative is the use of a

high strength porcelain (In-Ceram, Empress) as a core which supports a veneer of

conventional feldspathic porcelain.

Attempts have been made to improve the quality of the materials used for the resin-

bonded porcelain restorations. Inherent defects such as porosity (introduced during

fabrication) and flaws (produced during the finishing process) are major structural

parameters which lead to catastrophic fracture in porcelain materials. A solution to

these problems is the use of a cast-glass ceramic material (Dicor). Murphy in 1937

(Roulet and Herder l99la) was probably the first dentist to melt glass onto a platinum

sheet that had been burnished in the cavity preparation. Glass-ceramic in general is a

crystallised glass and shows properties of both crystalline and glass materials. The

casting is obtained as a transparent glass. It is amorphous and fragile. Through a

single-step heat treatment (ceramming) at 1,075o C for 6 hours, the cast glass bodies are

converted to a semicrystalline phase. The structural change brings a small decrease in

volume which is compensated for by the expansion of the investment material of the

glass-ceramic casting. Hence, restorations should ht better than those made from

conventional dental porcelains (Roulet and Herder l99la). However, colour mismatch,

the need for special equipment, and technique sensitivity are disadvantages of the

system.

A newer altemative of the all-ceramic type is the pressed glass ceramic system

(IPS/Empress). Two basic glasses are involved in the manufacturing of IPS/Empress.

An amorphous glass is changed to a dispersed microcrystalline phase (leucite) during

processing. Fabrication is based on the injection moulded technique. The material has
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a very high flexural strength which makes it strong enough to be used in all-ceramic

restorations. The marginal ht and colour match appear better than for Dicor (Garber and

Goldstein I994a). Nevertheless, IPS/Empress is expensive and needs special

equipment.

A high strength alumina core ceramic material with a glass infiltrated core (In-Ceram)

has a very high flexural strength. It supports a veneer of feldspathic porcelain in a

similar manner to the metal coping in a PFM restoration. Alumina particles of 3.8 pm

size prevent crack propagation through the porcelain material. It is strong enough for

anterior 3-unit hxed bridges in selected cases, and also for posterior single crowns. The

crowns are rather opaque and difficult to etch because of the high alumina conlent of the

cores.

Optec-HSP is a high strength feldspathic porcelain which is not a core material. It gains

its strength from the growth of leucite crystals (KAlSi2O6). It has been used for bonded

inlays, onlays, crowns and veneers.

Mörmann and Brandestini (1989) developed a computer aided milling system

(CAD/CAM) to make ceramic reconstructions (Cerec), to produce inlays from ceramic

materials at the chairside, in one appointment. The cavity is stereophotogrammatically

scanned immediately after the preparation has been made. A ceramic inlay is then

shaped, according to this scanning, by a microprocessor. The restoration's occlusal

morphology cannot be programmed and must be ground after permanent cementation.

In contrast to Europe, where a feldspathic ceramic block is generally used (Vita-Cerec

Mark II), the ceramic material generally used in the USA is a glass-ceramic block.

Machinable glass-ceramic for dental CAD/CAM application (Dicor/MGC) has been

developed with the crystal growth regulated by a specific heat treatment; the resultant
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microstructure is hne-grained, homogeneous, non-porous, and uniform in size (Roulet

and Herder l99la). A single appointment only, no impression needed, less fracture

incidence, and wear and hardness similar to enamel are the advantages of the system,

Colour mismatch, wear of the resin composite cement and consequently, marginal

fracture of the porcelain are clinical problems associated with the technique.

Another altemative is the Celay (Mikrona) system in which a mouldable resin

composite material is directly shaped in the inlay cavity preparation inside the mouth.

Any occlusal or contact adjustments can be done at this stage. The material is then light

cured before removal from the mouth. This pre-inlay acts as a model which can be

copied to produce a ceramic restoration. This system provides restorations with better

marginal fit than the Cerec system and the processing time is very short (three minutes

for a small inlay), (Garber and Goldstein 1994a). An extensive review of the literature

on direct-milled dental restorations has been published recently (Kelly 1995)
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Literatur:e Review

T\ryQ

2.1 Literature Review

Although some investigators have reported clinically-acceptable results for posterior

resin-bonded porcelain restorations (Jensen 1988, Isenberg et al. 199I, Mörmann and

Krejci 1992), there are still some problems associated with the use of these restorations.

Marginal seal is one of the most important criteria in evaluating the success of

restorations, and the characteristics of the different materials used in the construction of

resin-bonded porcelain restorations are of significant importance

2.1.1 Marginal Adaptation

Various techniques (dye and radioisotope penetration, scanning electron microscope,

light microscope), have evaluated marginal seal and adaptation of ceramic restorations

to the cavity walls. Visual assessment of the restoration and cavity margins by scanning

electron microscopy (SEM) or by light microscopy is one of the techniques which has

provided valuable information.

Studies by Weaver et al. (1991), Qualtrough et al. (1991) and Olin et aI. (1992) revealed

a deterioration of the margins after thermocycling, especially at the enamel/resin

composite interfaces. It was shown by Krejci et al. (1993) that the initial percentages of

continuous margins in enamel exceeded 90%. However, marginal integrity again
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deteriorated after thermocycling. A mismatch of the coeff,rcient of thermal expansion

between the tooth and restorative materials was responsible for this effect.

The marginal fit of resin-bonded porcelain restorations was assessed by several authors

using dye or isotope penetration techniques. Ia.t et al. (1989) studied the marginal fit

of Dicor and Cerestore veneers to enamel and dentine before and after thermocycling.

Their results revealed greater microleakage at the dentine/composite lute than at the

enamel/composite lute interfaces. The same results were achieved by Shortal et al.

(1989), Zaimoglu ef al. (1992) and Reid et al. (1993). Because of its higher inorganic

components, a better etch pattern of the enamel is responsible for a more durable bond

between the enamel and resin cement, in comparison with dentine. The role of dentine

bonding agents (DBAs) in eliminating marginal leakage was tested by ljan et al.

(1989). It was concluded that the DBAs used were not strong enough to produce gap-

free margins at the dentine interface. The authors also showed significantly less

microleakage with Dicor crowns than with Ceramco II samples. The authors suggested

that the higher bond strength between Ceramco II and resin cement produced higher

destructive forces at the tooth/resin cement interfaces and, consequently, more gap

formation. In one study, the effect of DBAs on marginal adaptation of bonded tooth-

cóloured inlays was examined before and after thermocycling (Klaiber et al. 1994)

Class II cavities with the margins in dentine were prepared on extracted human molars

The inlays were made of a heat-pressed glass ceramic (IPS/Empress), and a hne hybrid

resin composite (Brilliant). The dentine adhesives used in this study included A.R.T

Bond, All Bond 2, and Syntec. From the results of this study, it was concluded that the

marginal adaptation of laboratory made inlays was improved by some of the new DBAs

(All Bond 2).
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Sorensen et al. (1991a) and Ferrari (1991) demonstrated less dye penetration in etched

and silanated samples in comparison with untreated samples. The latter study using

glass-ionomer cement (GIC) or resin composite cement showed the deepest dye

penetration in the samples luted with GIC. This conf,rrmed the previous findings by

Shortal et al. (1989). In this study, it was shown that polymaleic acid-based cements

were more soluble than polyacrylic acid-based cements. Therefore, GIC is affected

adversely by early exposure to moisture, and even varnishes do not completely protect a

freshly-set auto-cured GIC. Lacy et al. (1992) compared the marginal seal of porcelain

(G-Cera) and resin composite (Visio-Gem) veneers finished at enamel or dentine, or at

previously-placed GIC restorations. They used different DBAs such as Tenure Solution,

Mirage Bond, Gluma, Scotchbond Dual-Cure, and Scotchbond 2. The best marginal

seal was found in porcelain veneers bonded to enamel. Among the porcelain and resin

composite veneers bonded to dentine, Visio-Gem showed extensive leakage. All

veneers placed over the GIC restorations had higher amounts of leakage.

Sorensen et al. (1992) found that microleakage at the cervical tooth margins was more

than at the incisal margins. This hnding was in agreement with another study by

Zaimoglu et al. (1992). The authors explained these results as being caused by the

different directions of the enamel prisms in the cervical region.

In one study (Olin et al. 1992), the effect of fatigue stresses on veneer restorations was

tested, and microleakage was observed in the thermocycled teeth only. This study also

indicated that the microleakage was apparent at the enamel/resin interfaces, with no dye

penetration at the porcelain/resin interfaces. This latter phenomenon had been also

observed by Shortal et al. (1989) and Sorensen et aI. (1992). Rougher irregularities

created on the etched porcelain than on the etched enamel may explain these findings.
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The cement itself is another factor affecting marginal integrity. Van Meerbeek et al.

(1992) reported more submargination wear for hybrid resin luting cements than for

microfilled cements used with CAD/CAM restorations. This finding was later

confirmed by many other authors including O'Neal et al. (1993) and Kawai et al.

(1994). In addition, the latter studies demonstrated that the vertical loss of cement

(wear) increased linearly with the marginal gap width.

Zaimogltt et al. (1992) showed the effect of polymerisation shrinkage and thermal

dimension change of resin composite cements on microleakage and debonding of

bonded porcelain restorations. They demonstrated that incomplete polymerisation of

resin composite cement led to pulp damage and debonding in bonded porcelain samples.

Strang et al. (1987) indicated that the polymerisation of resin composite cement was

affected by porcelain thickness, shade and opacity. However, Linden et al. (1990)

found that unlike thickness and shade, porcelain opacity had little effect on the

polymerisation of resin composite cement. Fleiter et al. (1992) recommended the use of

light cure resin composite cements in porcelain restorations less than 1 mm. The type of

porcelain is important in polymerisation of resin composite cement. Blackman et al.

(1990) found that with the same thickness of porcelain, both light cure (Porcelite) and

dual cure (Dual-Cure Dicor) cements cured better under Dicor samples than under Vita

VMK 68 samples. Thin ceramic specimens showed a highly-cured state for all

cement/ceramic combinations.

The following statements can be summarised from this review:

1) There is general agreement that metal crown margins can f,rt better than porcelain

crown margins. Among porcelain materials, those which are pressed directly on a die

may give a better marginal fit.
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2) Marginal opening increases after cementation and thermocycling. It is apparent that

cement thickness affects marginal integrity.

3) As expected, porcelain margins terminated on enamel fit better and are more durable

than those terminated on dentine.

4) Etching enamel and treatment of the fitting surfaces of porcelain restorations with a

silane coupling agent (SCA) decreases microleakage.

5) Cervical margins show more microleakage than incisal margins

6) A higher rate of microleakage is observed at the tooth/resin cement interfaces than at

the porcelain/resin cement interfaces.

7) Microfilled resin composite cements wear less than hybrid cements. A direct

relationship between wear and marginal gap width has been shown.

2.1.2 Bond Strength

In the early 1970's, several reports suggested the use of acid-etched resin-bonded

bridges as an alternative to removable prosthodontic appliances. The bond strength of

this type of acid-etch bridge has been studied. The first pontics for these bridges were

natural teeth or plastic denture teeth which were bonded with resin composite to the

adjacent teeth. The method of etching porcelain to improve bond strength was

introduced by Simonsen and Calamia (1983). They examined the effect of different

etching times on bond strength and found that the strength increased as the etching time

increased. Another study by Hofmann and Haller (1991) confirmed this result. By

contrast, a study by Nathanson et al. (1992) showed that increased etching time did not

improve the bond strength of ceramic inlays to extracted teeth. Later, Calamia et al
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(19S7) also reported a stronger bond with 2.5 minutes of porcelain etching than with 20

mrnutes.

The idea of etching porcelain to improve the bond between resin cement and porcelain

derived from etching enamel or dentine for resin composite restorations. In addition,

the presence of a coupling agent, which produces bonds with either porcelain or resin,

has been shown to improve the bond strength of etched-porcelain resin-bonded

restorations. The role of these two factors has been investigated by several authors

One of the earliest studies by Stangel et al. (1987) revealed that silane coupling agents

significantly improved the porcelain to resin bond. A stronger bond was recorded in

this study when a combination of porcelain etching and silane treatment was applied. A

markedly stronger bond was observed in silane-treated samples as compared with

nonsilanated samples by Stacey (1993)

Stokes et al. (1988), Tjan and Nemetz (1988), and Bailey and Bennett (1988) all

demonstrated an enhanced bond strength when silane, or when a combination of silane

and etching were applied to the porcelain surfaces. In contrast to these studies,

Sorensen et al. (199lb) and Jong et al. (1992) found that, although etching the porcelain

surfaces improved the bond significantly, the application of a coupling agent to etched

porcelain did not improve the bond. The application of rigorous stresses by

thermocycling to the samples in these two latter studies, as compared with the previous

studies, may account for the different results.

A requirement for a coupling agent to act as a biproduct molecule is the hydrolysis of

the silane monomers (Equation 1). The more the monomers are hydrolysed, then the

more siloxanol groups (RSitOHlx) that are produced and, consequently, the more bonds
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that will be created between OH groups of the coupling agent and porcelain surface

(Plueddemann, 1991)

Equation I : Hydrolysis of silane coupling agent (Plueddemann 199 I )

The results from a study by Pratt et al. (1989) conhrmed this fact. They reported a

cohesive failure present in the porcelain samples when the silane had the highest degree

of hydrolysis.

The ionic bond at the mineral interfaces þorcelain/coupling agent) is based on an

equilibrium condition (Equation 2). This bond is hydrolysed during exposure to water,

but is reformed when dried (Plueddemann 1991):

M-O-Si- + H2O 
- 

M-O-H +H-O-Si-

Equation 2: Equilibrium condition between silane coupling agent

and mineral surface (Plueddemann 199 l)

Pratt et al. (1989), Diaz-Arnold et al. (1989), and Roulet and Soderholm (1992)

observed a general decrease in bond strength after water storage of silanated porcelain

samples. However, Bailey and Bennett (1988), andDiaz-Arnold and Aquilino (1989)

showed no decrease in bond strength after water storage. The difference between the

RS i(oM.)P RSi (oH)3- Ho-

RRRttt
ìi-(o-li)-o-P

OH

I

OHOH

-oH
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results may be explained by the difference in duration of water storage or the type of

silane agent used (heat or chemical cured). Bailey and Bennett (1988), and Roulet and

Soderholm (L992) demonstrated that the bond strength loss of a chemical-cured silane

agent was higher than that of a heat-cured type after one year. In respect to an existing

equilibrium condition in the bond between porcelain and silane coupling agent,

removing the extra water from the surface may be responsible for more durable bonds in

the samples treated with a heat-cured silane. However, Barghi and Berry (1994) stated

that heat treating of silane may not affect the bond strength. Most investigators have

statedthatdegradation of the bond is time dependent. For example, Pratt et al. (1989)

observed early cohesive failures in porcelain samples subjected to a shear stress,

whereas adhesive failures increased over time. Chang et al. (1994) found no significant

bond strength differences in enamel and cast-glass ceramic (Dicor) samples when

different types of resin composite cements (Twinlook, Optec, Clearfil) were used.

Different etchants and surface treatments of porcelain have been shown to affect bond

strength. Some authors have compared the strength of samples etched with HF or

NH+HFz. Lacy et al. (1988), Bailey and Bennett (1988) and Hofmann and Haller (1991)

found no significant difference between these two etchants. By contrast, Nathanson et

al. (1992) reported a greater bond strength with HF than with NH+HFz

As previously mentioned, Stokes et al. (i988) claimed an increase in bond strength

when a SCA was applied. This study also indicated that the roughened and silanated

porcelain samples had greater bond strengths than the glazed and silanated samples

Other research by Cochran et al. (1988), Lacy et al. (1988), Diaz-Arnold et al. (1989),

and Hosokawa et al. (1995) were in agreement with the former study
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A comparison of etched and roughened porcelain samples showed higher bond strengths

with the etched samples (Wolf et al. 1992). A signif,rcant correlation between bond

strength and average roughness was found for the etched samples, but not for the

sandblasted samples in this study.

Clinical success with adhesive porcelain restorations has been assisted by the ability to

develop a reliable bond of resin composite to the etched porcelain surfaces. The

inegularities which are created by etching are an essential factor in the bond strength of

the adhesive restorations. Therefore, the porcelain material itself is important in

determining the magnitude of bond strength. Chan et al. (1987) and Sorensen et al

(1991b) examined the bond strengths of different types of porcelain materials. A

stronger bond was reported to the feldspathic porcelain than to the aluminous porcelain.

The authors related this result to the poorly-etched surface of the aluminous porcelain.

ljan and Nemetz (1988) showed that the larger porosities and inegularities of the

Ceramco II samples created stronger bonds in comparison with the f,rner-grained

surfaces of etched Dicor samples

Deterioration of the bond over time has been reported by several authors. Bailey and

Bennett (1988), Diaz-Arnold et al. (1989), Burkett et aI. (1992), and Stacy (1993) all

demonstrated a general decrease in bond strength after thermocycling. Different

coefficients of thermal cxpansion bctwccn rcsin compositc and porcclain, and rcsin

composite and tooth contribute to the weakening of the bond.

It has been shown that the bond to enamel is stronger than that to dentine. Tseng et al

(1992) compared the bond strength of resin-bonded porcelain samples to enamel and

dentine using dentine bonding agents (DBAs). The enamel bond was markedly stronger

than the dentine bond. Among samples luted to dentine, those which had been
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thermocycled demonstrated lower bond strengths. The capacity to produce a strong and

durable bond to dentine is a most desirable property in a restorative resin. The smear

layer covers the dentinal tubules and prevents penetration of resin monomer into the

tubules. Bond strengths of resin composite to the etched dentine are generally not as

strong as those to the etched enamel. It may be concluded that to obtain a reliable bond

to dentine, the application of a dentine bonding agent is necessary (Asmussen and

Munksgaard 1988). Kumatsu and Finger (1986) evaluated the role of DBAs on bond

strength and marginal gap of restorative resins. They found that the application of a

dentine adhesive to a dentine smear layer was unfavourable. The smear layer was a

barrier reducing the chance of bonding to the underlying dentine. But, removal of the

smear layer increased dentine permeability, resulting in postoperative sensitivity

Tagami et al. (1990) demonstrated that the superf,rcial dentine was less permeable than

the deeper dentine. This may be due to an increase in either tubule diameter or tubule

density in deep dentine. In addition, the bond strength of resin composite to deep

dentine was lower than that to superficial dentine. The authors explained this in terms

of there being fewer calcium ions available in the deep dentine for chemical bonding,

and by the difference in microporosities present in deep and superficial dentine. Since

cavity preparation includes both superficial and deep dentine, the resin composite is

attachcd to thc supcrficial dentine but is pulled away from the deep dentine, leaving a

gap. Therefore, to prevent gap formation, the early bond strength must exceed the

forces of polymerisation shrinkage of the resin composite (7-9 MPa). Most of the

DBAs did not produce early bond strengths greater than the polymerisation contraction

of the resin composite (Tagami et al. 1990), resulting in breaking of the marginal seal

Current DBAs have improved bond strengths to moist dentine. An in vitro study by
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Øt\o et al. (1990) showed that water storage and thermocycling significantly reduced the

bond strength of DBAs.

Since porcelain materials are brittle, an adhesive cement is recommended to prevent

bulk fracture of the material. Although both resin composite and glass-ionomer cement

(GIC) give good adhesion to tooth structure, they differ in their adhesion to porcelain.

Hoglund ef al. (1992) revealed an adhesive failure at the lute/porcelain interface in the

GIC groups, while failure in the resin composite groups was cohesive. Mclnnes et al.

(1989) reported greater bond strengths to Dicor and etched enamel with resin composite

cement than with GIC. They also found that the bond of resin composite to untreated

dentine was stronger than that of GIC. However, the advantage of GIC was shown in

producing a more satisfactory seal in the gingival areas of approximal boxes of the

cavity preparations

The statements obtained from this review are listed as

1) Etching the porcelain surface improves the bond. Although it has been shown that a

greater bond may be achieved with longer etching times, a distinctive and optimal

etching time for each material seems to be more effective than merely shorter or longer

etching times

2) Most investigators have demonstrated an increase in bond strengths when the

combination of a coupling agent and an etchant is applied. Hydrolysis of the bond

between the coupling agent and porcelain surfaces results in a reduction of the bond

after long-term water storage and thermocycling.

3) There is no significant difference between HF and NH+HFz in producing a stronger

bond. Ammonium bifluoride, however, has been shown to be less dangerous clinically,

and to be especially suitable for etching glass-ceramic materials
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4) Thermocycling weakens the bond between tooth/resin composite and resin

composite/porcelain surfaces

5) Adhesive luting agents produce stronger bonds in resin-bonded porcelain

restorations. The samples luted with a resin cement have greater bond strengths than

those luted with a GIC

6) Bond strengths of resin restorative materials to enamel are stronger than those to

dentine. The bond strengths of DBAs show long-term deterioration after water storage

and thermocyling. Bond strength to the superficial dentine is stronger than that to the

deep dentine.

2.1.3 Preparation Design

Porcelain materials are brittle when unsupported and they fracture easily under tensile

stress. It has been shown by many authors that occlusal stresses, type of cement

(bonded or non-bonded), and preparation design influence the strength and longevity of

porcelain restorations.

The effect of preparation design on the strength of all-ceramic crowns was evaluated by

Friedlander et al., Munoz et a1., and Doyle et al. (1990) in a three-part study. They

evaluated different finish lines and occlusal convergency angles, and compared the all-

ceramic crowns with PFM crowns. The results of the three studies demonstrated that

crowns prepared with higher occlusal convergency angles (15'-20') were significantly

stronger than those with a 5o convergency. More tapered preparations produced thicker

crowns, resulting in stronger restorations. However, with regard to the pulp size, a high

convergency angle was not recommended. It was shown that a 10" occlusal tapered

preparation was the best compromise. The shoulder finish line produced the strongest
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restorations in the all-ceramic crowns. Friedlander et al. (1990) also demonstrated that

with shoulder porcelain the crowns were seated against a flat surface. Therefore, there

may be less lateral stress generated during occlusal loading than occurs with the

cervically inclined surfaces of a chamfer finish line. A chamfer hnish line with 0.8 mm

deepness produced stronger crowns than with 1.2 mm tooth reduction.

Evaluation of specific preparation designs has been performed by several authors

Anusavice and Hojjatie (1988) examined three all-ceramic designs by 2-dimensional

finite element analysis, and compared these designs with a PFM crown. Higher stresses

occurred in the ceramic and cement layer in the all-ceramic crowns as compared with

the PFM crown. They also found that the amount of incisogingival reduction did not

influence the stress distribution in the crowns or cement. The results showed that the

orientation of the applied load was a signihcant factor in stress distribution. The

maximum stress values were obtained when the load was applied horizontally to the

crowns.

Another study by the same authors (1992) indicated the role of crown thickness on the

magnitude of the tensile stress. They employed finite element analysis to evaluate stress

distribution on three crown designs loaded with horizontal and vertical forces of 200 N

They showedthatthe tensile stress induced inthe thicker crowns (1.5 mm) was much

smaller than that in the thinner crowns (0.5 mm). This difference in tensile stress was

significant for the distributed load, in comparison to the concentrated load. Considering

the role of crown flaws and cement voids, the results of the study demonstrated that the

tensile stresses in no-flaw/no-void crowns were significantly lower than in the flaw/void

condition
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In an evaluation of different designs for laminate veneer restorations, Highton et al.

(1987) examined the effect of different tooth preparations on the strength of the veneers.

They demonstrated an increase in the resistance to fracture area, and a decrease in the

concentration of stresses in the veneers with coverage of the incisal edge. They stated

that facial, incisal and gingival reduction provided suitable stress distribution. A study

by Watanabe et al. (1992) using the finite element analysis method also showed the

greatest tensile and compressive stresses in veneers without incisal coverage, and the

least in the veneers with incisal coverage (half way down on the lingual surface).

Hui et al. (1991) examined four different veneer preparations. The preparations were

window, overlay preparation, feathered incisal, and no preparation. It was demonstrated

that the forces required for veneer failures were higher for the window preparation,

because this preparation distributed the stresses similarly to the unprepared tooth. They

also found that the forces at fracture were not statistically related to the thickness of the

restorations, which was in agreement with the results of the study by Anusavice and

Hojjatie (1988).

In a study by Kern et al. (1994) on fixed partial prostheses fabricated with In-Ceram as a

core ceramic veneered with Vitadur-N, two types of preparations were examined. In

this study, the hxed partial prostheses were made to replace a maxillary central incisor,

on extracted human teeth. Two designs for the abutmcnts wcrc considered: 1) a

minimal veneer preparation on the palatal surface and a small dimple in the cingulum,

and 2) the same as for preparation 1, but with an additional box preparation proximal to

the pontic. Their results showed that the fracture strength of restorations were

signif,rcantly higher when proximal box preparations were added. They also found that,

although adding more retentive preparation to the teeth strengthened the restorations, it
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weakened the tooth structure. For this reason, fractures of enamel and/or part of the

abutment tooth were observed in37.5o/o of the cases.

Pospiech et al. (1994) determined the influence of load orientation (45", 60") and the

design of the interproximal connector on stress distribution in the In-Ceram fixed partial

prostheses. They stated that since the average tensile strength of In-Ceram is 340 MPa,

an all-porcelain resin-bonded fixed partial prostheses could be recommended if the

height of the connector is a minimum of 4 mm, with rounded edges and little interdental

separation.

Preparation designs for resin-bonded ceramic inlays and onlays have generally been

based on those for cast alloys, but with greater bulk of ceramic material and usually

slightly more taper than for the metal castings (Banks 1990, Roulet and Herder 1991b,

Ubassy 1992,Broderson 1994, Garber and Goldstein 1994b). In addition, limitations of

cutting instrumentation may dictate the preparation designs for direct milled ceramic

restorations (Jedynakiewicz and Martin 1993). Design aspects will be covered further

in the Discussion section.

From this review of the literature, one can conclude that:

1) In all-ceramic crown preparations, a greater occlusal convergency angle creates

thicker restorations which are stronger

2) Crown preparations with a shoulder finish line produce stronger restorations.

Among crowns with a chamfer finish line, those with less tooth reduction (less inclined

surface) result in stronger crowns

3) In the preparation of veneer restorations, some authors negate the role of veneer

thickness on the strength of the restoration. These authors believe that the orientation of
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the applied load is more important than the veneer thickness. Some other investigators

showed that the induction of tensile stresses on thicker veneers is smaller than on

thinner veneers. This difference is only significant in the case of the application of

distributed load.

2.1.4 Porcelain Strength

Progress in dental porcelain technology is limited by the inherent problems of these

materials, such as their low tensile strength, and brittleness. All dental porcelains tend

to fail at the same critical strain of the order of 0.i% (Mcl-ean and Kedge 1987). For

this reason, increased strength and toughness can be achieved by an increase in the

elastic modulus. Resistance to fracture and microleakage are probably the most

important factors that influence the durability of porcelain restorations. The principal

physical characteristics of porcelains are their high resistance to compression compared

to their low resistance to flexure and tension (Dietschi et al. 1990). Because porcelains

do not have any appreciable plastic deformation, gross fractures occur without any

warning and advance across planes of maximal tensile stress.

Flaws and porosities in the porcelain material introduce cracks and lead to fracture.

Flaws can occur on the edges, surfaces, and within the material, and might grow by

stresses to initiate fracture. The flaws may be formed during surface grinding or from

abrasion in service. Large pores can result from the burnout of organic impurities, or a

non-uniform shrinkage during densihcation. From fracture mechanics, a relationship is

obtained between the behavioural properties of strength (o), fracture toughness (Ktc :

(2Eyi)0 5 
), and the structural characteristic of flaw size

o: Constant x Krcx C -0.5: Constant x( 2Eyi) o': *ç -0.5
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where the constant depends upon the structural characteristics of the flaw and how the

ceramic is loaded, E is Young's modulus, and yi is the effective surface energy for

fracture initiation (Messer et al. 1991). Fracture toughness (Krc) is a measure of the

strain-absorbing properties of brittle materials. It actually relates to the tensile stress

that must be exceeded at the tip of a crack before catastrophic failure occurs (Rosenstiel

and Porter 19S7). Therefore, the first step in understanding the strength behaviour is to

determine the fracture origin, and if possible, the flaw size.

Different methods have been introduced for strengthening of porcelain materials.

Mclean and Kedge (1937) stated that porcelain may be strengthened by dispersing

ceramic crystals of high strength and elasticity in the matrix (Table 1). Alternative

approaches to create greater strength include closure of pores (CAD/CAM systems

which use dense, monolithic ceramic blocks).

Table 1: High strength ceramics (Mclean and Kedge 1987)

Type of Porcelain Flexural Strength (MPa)

Hot-pressed silicon nitride

Hot-pressed silicon carbide

Partially stabilised zir conia

High alumina, 98Yo purity

Cerestore nonshrink alumina ceramic

Dicor castable glass ceramic

Alumina core porcelain

800-900

400-750

640

420-520

125-130

140-1 50

125-1 50

The flexural strength of porcelain materials has been investigated from different aspects.

The use of a rigid substructure, such as metal or high-strength ceramic often improves
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the strength of the weaker veneer porcelain. A primary comparison of the strength of

all-ceramic systems to conventional metal-ceramic restorations has provided useful

information about the ability of the all-ceramic systems to resist clinical failure.

Campbell (1989) examined the strength of some ceramic materials (Hi-Ceram, Dicor,

Cerestore, Optec), a conventional porcelain jacket crown (Vitadur), and some veneered

metal-ceramic alloys. As was expected, the veneered metal alloys were stronger than

the other groups. He also showed that none of the ceramic materials was as strong as

the veneered metal alloys. A significant relationship was found between the flexural

strength of the specimens and modulus of elasticity (E) of the substructure materials.

The strength of the veneered specimens increased as the modulus of elasticity of the

substructure increased. This implies that the rigidity of the substructure plays an

important role in the strength of the veneered porcelain,

Following these findings, other investigators paid attention to the effect of the modulus

of elasticity and the fracture toughness of the porcelain materials on their strength.

Rosenstiel and Porter (1987) compared the KIc of Vita VMK-68 discs with metal-

ceramic crowns. Elhardness ratio and fracture resistance of the metal-ceramic crowns

were significantly higher than that of the porcelain discs. Castellani et al. (1994)

evaluated the fracture resistance of three types of all-ceramic crowns and compared

these to the fractr¡re vahles of metal-ceramic (PFM) restorations. Materials tested in this

study were glass-ceramic (Dicor), aluminous-core porcelain (Hi-Ceram), and glass-

inhltrated aluminous-core porcelain ( In-Ceram). They demonstrated that the PFM

specimens had significantly higher fracture resistance than the Hi-Ceram and Dicor

samples. No signihcant difference between the metal-ceramic and In-Ceram specimens

was found. The all-ceramic specimens showed catastrophic fracture, and cracks were
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visible through the entire thickness of the samples. The metal-ceramic samples on the

other hand, showed superhcial cracking that affected only the ceramic layer, sometimes

with a few chips.

Rosenstiel and Porter (19S9) measured the fracture toughness (Ktc) of Dicor, Cerestore,

Hi-Ceram, Renaissence, and Vitadur-N according to the equation:

KIc:0.016 (EiH)tt2 x (PlCo3t2)

E/H is the elastic modulus to hardness ratio, P is the peak load, and Co is the crack

length which is produced by a Knoop indenter. E/H ratio was calculated from the

formula: b'la':bla- a H/E, where b'la' is the ratio of the diagonals of indentation, b/a is

the ratio of the diagonals of the indenter, and cr:0.45. The results of this study showed

that the fracture thoughness of the Dicor restorations was greater than that of the other

restorations.

As previously mentioned, one method to strengthen porcelain materials is by dispersing

high strength crystals in the material. These crystals help prevent propagation of

microcracks. Hondrum and O'Brien (1988) examined the effects of two types of

dispersed-crystals (aluminium oxide core and magnesium oxide core) on the modulus of

rupture of Vitadur-N and Ceramco. Since there was a belief that the removal of the foil

after construction of the all-ceramic crown may initiate microcracks on the internal

surface of the core, the authors evaluatedthe strengthof the cores with and without foil.

Another theory which was tested in this study was the effect of the application of glaze

to the internal surface of the cores. It had been theorised that the glaze reacts with the

core material to further crystallisation, and can place the surface of the core in a
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compression condition. Therefore, the strength of the core material is enhanced. The

results demonstrated that removing the platinum foil following by glazing the internal

surfaces of the alumina core crowns (Vitadur-N) did not increase their fracture strength.

However, glazingthe magnesia core crowns (Ceramco) improved their fracture strength.

The effect of leaving the foil on the strengths of both aluminium oxide core and

magnesium oxide core crowns was not significant. The authors mentioned that the

different results found between Vitadur-N and Ceramco were due to the porosity of the

materials and the ability of the magnesium oxide core to absorb the glaze.

Seghi et al. (1990) evaluated the modulus of rupture (MOR) of different reinforced and

non-reinforced materials. The MOR was achieved from the equation:

MOR: 3WLl2bd2

where W is the breaking load in newtons, L is the test span in mm, b and d are the width

and the thickness of the specimen in mm, respectively. The materials examined in this

test were: a) Excelco, Ceramco II, Vitadur-N, Vita VMK-68, Mirage and Cerinate,

which are all non-reinforced feldspathic porcelains, b) Vitadur-N (core) Hi-Ceram

(core) and Dicor, which are a reinforced porcelain and glass-ceramic. Both of the

r"ei¡forced materials produccd significantly higher flexural strength values than dicl the

conventional feldspathic porcelains. This hnding conf,trmed an increase in the modulus

of elasticity and, therefore, the flexural strength of crystalline-reinforced porcelain vs.

conventional porcelain.

Scherrer et aI. (1994) compared the fracture resistance of all-ceramic crowns cemented

on extracted molar teeth with the fracture resistance of enamel in intact extracted teeth.
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The all-ceramic crowns were made of Ceramco (feldspathic), Dicor (glass-ceramic) and

In-Ceram (core, alumina-infiltrated glass veneered with Vitadur). The results showed

that intact extracted teeth were significantly stronger than all-ceramic crowns. The

highest fracture resistance among the all-ceramic groups was observed for the In-Ceram

crowns. Kelly et al. (1994) examined the fracture surfaces of seven clinically-failed In-

Ceram f,rxed partial prostheses, using light and electron microscope methods. In all

cases, failures originated from the connector, and for five of the cases from the core-

veneer interface. They also used finite element analysis, and indicated that: 1)

veneering the connector surface seriously degraded load-bearing capacity, 2) high E was

a more important design factor for the core material than high strength, and 3) stress

failures arose due to abutment rotation,

Studies of inhomogeneous and microstructural defects related to porcelain fabrication

have led to significant advancements in ceramic engineering. Kelly et al. (1989)

examined the fracture surfaces of some Dicor and Vitadur-N bars to understand failure

mechanisms, and the source and elimination of strength-limiting flaws, by fractography

In their article, a typical fracture-surface diagram of a glass was presented (Fig. 1)

Glasses, glass-bonded ceramics, and fine-grained polycrystalline ceramics show this

fracture feature. Coarse-grained polycrystalline ceramics and weaker multiphase

ceramics do not reveal such a characteristic.
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Figure l: Typical fracture-surface feature (Ketly et al. 1989)

As can be seen in the hgure, three major regions are distinguished:

1) The 'smooth mirror region' which is produced by slow crack growth during initial

material failure.

2) The 'mist region' at which any increase in strain and kinetic energy increases the

velocity of the crack. At terminal velocity, further increase in the strain and kinetic

energy will not increase the crack velocity, but will nucleate additional microcracks at

the crack tip. These microcracks do not have enough energy to propagate.

3) 'Hackle region' where the cracks extend into uncracked regions, and additional

energy allows the growth of secondary cracks

A relationship between fracture stress and fracture mirror radius is shown by the

equatron

g:4.-0.5: QKrc/ ^,lt.Zn (./r)0.5
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ô: Fracture stress, r Mirror radius, A: Mirror constant, $: Geometric constant, and c:

Flaw size. Therefore, fractography can provide two important items of information: 1)

identification of the source of failure, and2) calculation of the stress at the failure point.

With respect to the previous equations, Kelly et al. (1989) found that the fracture

toughness and the modulus of rupture values of the Dicor bars were less than those of

the Vitadur-N bars. They explained the difference as a result of retaining the 'skin

layer' on the bars. This layer contains a lot of porosities that can act as stress

concentrations. They also reported that fracture was initiated at the surface at the

location of the porosities.

Øilo (1988) compared the flexural strength of different porcelain and ceramic materials

regarding the type and amount of pores. He tested Biodent, Ceramco, NBK 1000,

Vitadur-N, Vita Hi-Ceram, Cerestore, and Dicor. By contrast to the results of Kelly et

al. (1989), Øilo reported the highest flexural strength in the Dicor samples. He also

found the smallest pores size in the Dicor samples, which may explain the material's

higher strength. It was shown that the Ktc values of the aluminous porcelains were 1.5

times that of the feldspathic porcelains. This confirms the reinforcing function of the

strong crystalline particles on arresting crack growth. The results of this study also

revealed a relationship between the number and size of the pores and fracture toughness.

A greater number of dcfccts was obscrvcd in porcelain with more particles and less

glass phase. The important factors for the amount, size and form of pores were

mentioned as: gas inclusion during firing, viscosity of glass phase, particle size, and

distribution, and intemal stresses developed during solidification.

Dickinson et al. (1989) published another study on ceramic and porcelain materials

(Dicor, Cerestore, and Vitadur-N). The Cerestore crowns showed a two-phase failure
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pattern of crack initiation and catastrophic failure. A signihcant difference was found

between crack-initiation load and catastrophic load in the Cerestore samples, but this

difference was not significant in the Vitadur-N and Dicor samples. It was claimed by

the authors that the crack was initiated and easily propagated through the Cerestore

veneer. However, final failure was resisted by the high alumina core material.

Although the Dicor samples appeared to be almost pore-free, they had the lowest

strength values in this study. This was due to insufficient intemal adaptation of the

crowns to the dies, which was mentioned as another important factor in the strength of

all-ceramic systems by the authors.

Regarding the importance of the role of pores and cracks in the flexural strength of all-

ceramic restorations, Yen and Blackman (1993) examined the effect of etching on the

mechanical properties of Dicor and Mirage. They tested different etching times (0,0.5,

I,2.5 and 5 minutes). The flexural strength of the samples were calculated and, as was

expected, there were greater strengths for the Dicor specimens than for the Mirage

specimens for all etching times. Although a l\Yo reduction in flexural strength for

Mirage, and lYo for Dicor, samples were reported in this study after etching, the

difference in flexural strength either between etched and non-etched groups, or between

different etching times was not significant. The results showed that acid etching did not

have a deleterious effect on the flexural strcngths of the two materials. Scanning

electron photomicrographs demonstrated greater surface roughness and irregularities in

both Dicor and Mirage samples after etching, which did not result in a significant

decrease in flexural strength. The authors claimed that the flexural strength of

feldspathic porcelain and cast-glass ceramic materials may be more dependent on the

internal microstructure of the material than on their surface characteristics. Another
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explanation for the cast-glass ceramic (Dicor) f,rndings was that the post-cerammed

surface 'skin layer' was not removed in this study. This 50 pm thick layer of MgSiOz

may contribute to the material's resistance to any weakening effect of etching. By

contrast, Kelly (1994) claimed that removal of the 'skin layer' increased the strength of

Dicor, due to removal of flaws unique to this layer of ceramic. Kelly also mentioned

other factors which influenced the strength of porcelain materials, such as surface

grinding and microcracks associated with leucite grains in feldspathic porcelains.

Fractographic studies of his research on all-ceramic crowns showed that failures

initiated from the cementation surface, as opposed to the occlusal surface.

Yen and Blackman (1993) also believed that resin composite cement may improve the

flexural strength indirectly by resisting the microleakage of moisture into surface cracks,

since moisture can result in crack growth in porcelain materials. In one study by Kern

ef al. (1994), the influences of water storage and thermocycling on fixed bridges were

exâmined. The material used was In-Ceram, as an alumina core ceramic veneered with

Vitadur-N. Their results showed that all of the fractures were cohesive and occurred at

the connectors between the retainer wings. They also indicated that water storage and

thermocycling significantly reduced the fracture strength of the restorations.

To evaluate the irrfluence of resin composite cements on the fracture resistance of all-

ceramic restorations, Dietschi et al. (1990) perfonled a study using Vitadur-N and

Ceramco II. They used both a GIC and a resin composite cement to lute the MOD

inlays to the extracted teeth. Inlays cemented with resin composite resisted fracture

better than did those cemented with GIC. This finding confirmed the superiority of the

resin cements in static resistance to compression and flexion, as well as their better

modulus of elasticity and fracture toughness. In this study, Vitadur-N with aluminium
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oxide profile, cemented with resin composite, exhibited the highest resistance to fracture

among the restored teeth. For low-resistance samples (Ceramco II luted with GIC),

fracture of the inlays with only a small amount of enamel was observed, whereas for

high-resistance samples (Vitadur-N luted with resin composite) more axial fractures

were found. Therefore, among the restored teeth, those with the highest resistance to

fracture behaved mechanically like intact teeth, showing only axial fracture.

Since crack initiation and propagation lead to growth of internal damage and failure of

porcelain materials, Peters et al. (1993) evaluated the distribution of cracks in an MOD

inlay model by finite element analysis. Considering the 'crack concept', as shown by

the presence of a zone of microcracks or 'crack band' in the area of highest stress, they

examined crack initiation and propagation under both concentrated and distributed

loads. According to the crack concept, failure starts with the growth of microcracks to

macrocracks that propagate until fracture of the material occurs. The results showed the

initiation of cracks at internal surfaces within the restoration, and at extemal surfaces

near the load site. The crack initiation and propagation patterns were similar under both

concentrated and distributed loads. However, the material was less prone to cracking

under a distributed load because of the larger area involved.

In this study, the material degradation was explained by a softening behaviour, which

means that before crack initiation, the strain-strcss rclationship was linear. Once a crack

was initiated, the strain increased while the stress decreased. It was shown that although

a ceramic material fails because of crack growth, the material has a shear resistance

from the material grains. When the cracks open, the shear resistance along the cracks is

reduced.
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The following statements can be made from this review:

1) The flexural strength of a porcelain material can be improved by the use a rigid

substructure, such as a metal or high-strength ceramic material, or by bonding the

porcelain to tooth structure.

2) Dispersing a crystalline phase in the porcelain prevents the propagation of surface

microcracks. Therefore, crystalline-reinforced porcelains have higher flexural strengths

than do conventional porcelains.

3) There is an inverse relationship between the number and size of pores, and the

flexural strength of a porcelain material.

4) Moisture and cyclic stresses reduce the flexural strength of porcelain materials.

2.1.5 Biocompatibility

Although early animal studies indicated that acid etching dentine caused moderate to

severe pulp reactions, there is a high probability that the pulp initation was mainly due

to microleakage of bacteria and their products. Because acid etching increases dentine

permeability and dentine wetness, successful bonding of adhesive resins to the etched

dentine requires the use of hydrophilic resins which bond equally to both peritubular

and intertubular dentine (Pashley 1992). Unlike enamel, when dentine is etched its

surface becomes mineral-poor and protein rich, and it tends to become wetter. The

purposes of etching dentine are; removing the smear layer to permit bonding to the

underlying dentine matrix, demineralising the superhcial dentine to permit resin

infiltration into the surface, uncovering both intertubular and peritubular dentine, and

cleaning the dentine surface free of any bioforms (Pashley 1992). Pashley also stated

that the collagen phase of the smear layer is acid insoluble, and responsible for
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reduction of dentine permeability. If sufhcient etching time is allowed, then all of the

smear layer and smear tags will be removed. While this permits the penetration of resin

into the tubules, it also permits the outward flow of the dentinal fluid which may

interfere with the bonding of the adhesive resrn.

Related to the pulp response, most authors believe that many pulpal reactions are due to

bacteria and their products rather than to the effect of acid per se. The role of acid is to

increase the dentine permeability. Therefore, providing a good permanent seal by a

restorative material is obsolutely necessary. Various acids and agents are capable of

removing the smear layer. Stanley et al. (1988) evaluated the pulpal response to

different treatment materials after seven and 2l days. The results showed that

regardless of the treatment materials, pulp response was minimal in the 7-day

specimens. The authors stated that this result was in accord with the removal of the

smear layer and formation of a microporous and rigid structure impregnated by NTG-

GMA ( N p-tolyl glycine glycinemethacrylate), or NPG (N-phenylglycine) and PMDM

(pyromellitic dianhydride 2-hydroxyethyl methacrylate). The PMDM was polymerised

and copolymerised with the resin of the composite, thereby sealing the tubules from oral

contaminations. No bacterial invasion due to microleakage was reported in the

treatment groups. The pulp reaction for the 2l-day specimens was half of that of the 7-

day specimens.

White et al. (1992a) compared the pulpal responses to dentine etching and dentine

treatment with two dentine primers, to an eugenol-containing cement and an acidic

cement. Acidic cement presented the most severe pulp reaction, while dentine etching

and treatment with the primers were not harmful for pulp healing. Other studies of

pulpal responses have found similar results (White et al. 1992b, Snuggs et al. 1992)
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It can be concluded that etching dentine per se does not irritate the pulp, but bacterial

microleakage around the restoration will cause adverse pulpal reactions. Regarding the

concentration of currently used acids, Pashley (1992) recommended the application of

acids which were isotonic with body fluids (approximately I%o), and to use a limited

etching time required to produce an optimum bond

The cause of post-operative sensitivity can be summarised as

1) Inadvertent etching of dentine without adequate sealing,

2) Desiccation of exposed dentine,

3) Separation of resin composite from cavity wall as a result of polymerisation

shrinkage

4) Bacterial colonisation from marginal leakage

2.1.6 Clinical Behaviour

Although etched-porcelain resin-bonded restorations have been used for many years,

there are few long-term controlled clinical evaluations available. As reviewed by

Etemadi (1994), many authors have examined in vitro aspects of these restorations and

tried to relate the results to the clinical behaviour of the restorations. However, strong

correlations between in vitro testing and in vivo performance are lacking.

As with any other restorative systems, the resin-bonded porcelain restorations have been

evaluated from different aspects; such as marginal adaptation, marginal staining,

restoration fracture, wear of the restorative material itself or of the opposing tooth

structure, postoperative sensitivity, and recurrent caries.

Jensen (1988) evaluated 310 resin-bonded porcelain inlay and onlay restorations in a

two-year clinical trial. The restorations were examined at baseline, one and two years
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using USPHS (United States Public Health Service) guidelines. No colour mismatch,

marginal discolouration, secondary caries, wear or fractures were seen at baseline.

However, the percentages of restorations which received Alpha ratings decreased over

time. Only one restoration had some radiolucency at a proximal margin after two years,

which was replaced. For marginal adaptation, 94.8% of the restorations seen at one year

and 90.4Yo of those seen at two years were rated Alpha, while 5.2Yo and 9.6Yo of the

restorations seen at one year and two years, respectively, were rated Bravo.

Krejci ef al. (1992) evaluated a pressed-glass ceramic material (IPSÆmpress) clinically

over 1.5 years. Ten patients received one inlay in a premolar. All cavity margins were

located in enamel. Two replicas of each restoration were taken at the insertion

appointment and after 1.5 years for SEM observations of marginal adaptation. No bulk

fracture, surface porosities, wear or recurrent caries were detected clinically. Occlusal

marginal discolouration was low, but some slight marginal discolouration was observed

proximally. Marginal adaptation was excellent at baseline, with openings only detected

along 2.6Yo of tooth./cement, and 1.8% of the cementlinlay interfaces. After 1.5 years a

significant disintegration of cemenlinlay interfaces had occurred, and the amount of

gap-free margins at this interface dropped from 97 .4o/o to 66.80/o. The authors attributed

this problem to the transferring of occlusal forces to the margins and/or microfilled resin

cement or base material, which do not support the restoration as well as dentine does.

SEM examinations showed an increase of underf,rlled margins from 10.8% Lo 35.5Yo

during the study. Only one patient had a slight hypersensitivity to occlusal loading and

temperature changes, which disappeared after one month.

A two-year clinical study by Broome et al. (1994) evaluated two ceramic inlay systems:

Dicor cast-glass ceramic cemented with Dicor LA cement, and Mirage porcelain
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cemented with Mirage FLC. Twenty eight Class II inlays were placed in maxillary

premolars and evaluated at one month, six months, one year, and two years. The

restorations were examined clinically and radiographically for marginal adaptation,

marginal staining, and secondary caries. After two years, one Dicor restoration

exhibited bulk fracture. No marginal staining or secondary caries was noted. The

marginal gap width (measured by SEM) was 177.6 ¡rm for Mirage and 144.5pm for

Dicor inlays, which was significantly less for Dicor than for Mirage. SEM replicas

revealed wear of resin cement for both groups, with the greatest rate occurring in the

frrst six months. Fracture of the ceramic margins occurred ín9Yo of Mirage and l2o/o of

Dicor inlays after two years. This is a function of wear of the resin cement which led to

exposure of the ceramic margins. Therefore, the results indicated that the marginal

degradation of ceramic inlays consisted of both cement wear and chipping of the

ceramlc.

Ferrari (199i) compared the microleakage and marginal discrepancies of 14 Dicor

crowns with two gold onlays and one metal-ceramic (PFM) restoration. The

preparations for Dicor crowns were made with a shoulder finish line, and for gold

onlays and the PFM crown were made with a shoulder bevel finish line. The gold and

PFM restorations were cemented with zinc phosphate (ZP), and the Dicor crowns were

luted with ZP,GIC and resin composite cements. The Dicor crowns'"vhich lvere luted

with resin composite cement had been treated in three ways: 1) internally etched,

silanised, dentine treated with Gluma bonding system, 2) no etch, no silane treatment,

dentine treated with Gluma, 3) etched and silanised without dentine treatment. The

teeth were extracted after 4-7 months and stained with methylene blue. They were then

sectioned buccolingually and observed under the SEM and stereomicroscope. Gold
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onlays and the PFM crown had lower microleakage than the Dicor crowns. Dye

penetration was the deepest in the Dicor group cemented with GIC. Dye penetration in

Dicor crowns subgroup 1 was lower than in the two other groups. The ZP cement

thickness was maximum in Dicor crowns and minimum in gold onlays. The GIC

cement was not sufhcient to avoid microleakage. The marginal adaptation of bevelled

restorations was better than for the Dicor crowns.

In a clinical study by O'Neal et al. (1993), four different types of inlay systems were

evaluated. Two hundred and thirty inlays/onlays placed for a series of patients

consisted of: 1) direct resin composite (Brilliant), 2) indirect chairside die (P-50), 3)

indirect laboratory processed ceramic (Cerinate), and 4) CAD/CAM (Cerec). An

impression of each inserted restoration was taken at baseline, six months, the end of the

hrst year, and second year. The width and depth of interfacial defects were then

measured. The least interfacial gap was observed in the Brilliant restorations, and the

widest gap was observed in the Cerinate restorations. Vertical loss (wear) of luting

agents was minimum in the Brilliant inlays/onlays, and maximum in the Cerinate

restorations. A direct relationship between the interfacial gap and the vertical loss of the

cement was found in this study. Therefore, the greater the gap width, the greater the

wear of the cement. The depth/width ratio increased during the hrst year and then

tended to level out. The depth/width ratio was greater for the hybrid cement when

compared to the submicron-filled resin cement.

An important factor in the clinical success of all-ceramic restorations is successful

bonding of the restoration to tooth structure. This aspect was studied by Malament and

Grossman (1992). They compared the success of resin-bonded Dicor crowns to those

luted with ZP and GIC cements. Some 985 crowns \\'ere placed in a series of posterior
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and anterior teeth. The results showed 18 failures from 616 bonded crowns with ages

up to four years, and 50 failures from 369 non-bonded crowns with ages up to seven

years. A decrease in the failure rate of non-bonded crowns was observed at 3.5 years.

Fracture rates for molar crowns were significantly higher than for anterior or premolar

crowns when GIC or ZP cements was employed. In contrast, a low fracture rute (2.9%o)

for resin-bonded crowns was uniform, irrespective of tooth location.

Hoglund et al. (1992) evaluated 118 Class II feldspathic porcelain (Mirage)

inlays/onlays inserted in patients' teeth. Half of the restorations were cemented with a

dual-cured resin composite (Mirage) and the other half were cemented with a GIC (Fuji

I) cement. After two years, only one inlay (2%) in the resin composite group fractured,

while in the GIC group nine inlays (I5%) fractured. Most failures were adhesive. Both

cements showed good adhesion to tooth, but differed in adhesion to the porcelain. The

low degree of marginal discolouration and the absence of recurrent caries indicated a

good seal of the margins in both groups.

In a clinical trail, Ellison et al. (1992a) examined the survival of cast-glass ceramic

(Dicor) crowns placed in 20 first molars. This study was planned in response to an

earlier trial in which a high proportion of molar glass-ceramic crowns fractured before

two years of clinical use. A greater tooth reduction (1.0 mm shoulder margins, and I.7

mm occlusal reduction) was made when compared to the first study. The crowns were

luted with zinc phosphate cement. The patients all had anterior occlusal guidance.

After four years, two (10%) had failed, 14 (70%) were clinically acceptable, and four

(20%) were lost to follow up. The first failure was from a fracture subsequent to

endodontic access (2.7 years), and the second was from caries along the margins (3.0

years). In comparison to the previous trial which showed seven of 13 (54%) functional
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fractures, this study had no functional fractures. The results indicated that first molar

glass-ceramic crowns can resist fracture when adequate tooth reduction is undertaken in

selected patients. The same authors (1992b) also placed 80 Dicor crowns in 59 patients

to investigate the clinical performance of cast-glass ceramic material. The criteria for

rejection of preparations from the study were: undehned margins, shoulder< 0.5 mm,

axial reduction< 1.0 mm, and occlusal reduction< 1.3 mm. The crowns were luted with

the same cement. From the 80 crowns, 32 (40%) had failed, 25 (31%) were clinically

acceptable, and 23 (29%) were lost to follow up. The most common reason for failure

was fracture through the body of the crowns. Other failures were: open margins, caries,

and fracture of supporting structure (tooth or build-up). The highest failures were for

molars, and the lowest for anteriors. Therefore, the results showed a high failure rate for

Dicor crowns because the patients were not specially selected, or tooth reduction was

not adequate.

Noack and Roulet (1994) evaluated 210 Dicor inlays after four years of clinical service.

The quality of the restorations was assessed clinically using modified USPHS Ryge-

criteria. The mode of failure was assessed photographically. Within four years, 28

(13%) inlays had failed. Sixteen failures were cohesive through the inlays or from cusp

fracture, while fractures as a result of the restorative process were observed in 12 cases.

Reasons for failures were: insufficient enamel in cervical boxes, endodontically treated

teeth, and wide cavities. Ninety one percent of the characteristics of the inlays were

recorded as Alpha, of which 81%o showed minor marginal wear of the luting composite.

This investigation concluded that the reinforcement of restored teeth by the adhesive

technique must be questioned.
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The lifetime of th¡ee types of resin-bonded porcelain restorations was estimated by

Scherrer et al. (1995). The materials were Cerestore (N: 30), Dicor (N:30), and Hi-

Ceram (N:22). The maximum predicted cha¡acteristic lifetime (at which 63Yo of the

restorations had failed) of the restorations was 23 years for Cerestore, 35 years for

Dicor, and 30 years for Hi-Ceram. These estimates appeared somewhat optimistic.

Seventy five Empress resin-bonded porcelain crowns cemented with Dual and Variolink

resin cements were clinically evaluated by Sorensen et al. (1995) within 30 months.

The preparations had 1.3 mm of axial and 1.5 mm of occlusal reduction. The short-term

results showed no fracture, or any other failures. Only two of 33 patients reported

postoperative sensitivity, which lasted one to two months.

A four -year clinical trial of 101 posterior Dicor crowns with 1.5 mm of axial, and at

least 2.0 mm of occlusal reduction was carried out by Cavel et al. (1995). There were

14.4% of restorations which fractured. No marginal discolouration, colour mismatch,

secondary caries, loss of marginal adaptation and proximal contacts were recorded after

four years.

Friedl et al. (1995) examined the margins of 50 Mirage inlays in vivo over two years.

All margins were located in enamel, and they were evaluated clinically, and

quantitatively using SEM. After two years, the restorations showed no colour change,

no marginal discolouration, and no secondary caries. Postoperative sensitivity was

found in two restorations, which disappeared after two weeks. The quantitative

marginal examination showed less marginal gap at the enamel/composite interface than

at the composite/ceramic interface. The gap at both interfaces increased signif,rcantly

during the hrst year, whereas the percentage of gap at the composite/ceramic interfaces
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did not increase during the second year. This study showed a good clinical performance

for a feldspathic porcelain ( Mirage) after two years.

The longevity of 123 Class I and II Dicor inlays (46 premolars and 74 molars) cemented

with Duo Cement, Dual Cement, and Sonocem was clinically evaluated over 4 to 82

months by Roulet (1995). Twelve inlays (9.7%) failed because of fracture or

endodontic problems, and one was replaced because of postoperative sensitivity. The

estimated longevity of the inlays was 7 6Yo after six years with no difference between the

luting cements. Premolar teeth had a better success, which was not significant. Wear of

resin composite cement was observed in randomly-selected inlays, by SEM assessment.

In one clinical study, 97 lPS/Empress inlays (73 Class II) and onlays (24 Class II) were

examined after twelve months by Reinelt et al. (1995). Only one restoration fractured

All other clinical features such as colour, marginal adaptation, contacts, and tooth and

restoration integrity were highly satisfactory. Hypersensitivity was observed after six

months (I0%) and twelve months (I3%) without any clinical consequences

Isidor and BrQndum (1995) performed a clinical study to evaluate the survival rate of 25

Mirage inlays (13 premolars and 12 molars). The inlays were cemented with a light-

cure composite cement (Mirage Porcelain System) and a dual-cure cement (Mirage FLC

Porcelain System). A light-cure GIC liner was placed in the deep areas of the cavities

The results showed 12 failures which led to replacement of the restorations. Ten

failures were due to fracture, one was from recurrent caries, and one was from a

marginal gap at a proximal area. All fractured inlays had less than 1.5 to 2.0 mm

thickness. Inlays cemented with the light-cure resin composite cement exhibited

signihcantly more failures. The average clinical service before failure was 15.7 months,

and the inlays placed in molars had more tendency for failure than those in premolars.
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A three-year clinical study by Qualtrough and Wilson (1996) of 50 Mirage inlays (21

Class I, 29 Class II) found that five failed within one month of placement and another

three failed by six months, usually from bulk fracture of the porcelain. There was

approximately 1.5 - 2.0 mm occlusal thickness of porcelain present, and a dual-cure

luting cement was used, but no dentine bonding system.

Mörmann and Krejci (1991,1992) evaluated eight MOD Cerec inlays fabricated from

Vita Cerec MK I blocks and placed in lower first molars after five years of clinical

service. The inlays were luted with a microfilled or a hybrid resin cement. All of the

restorations rated Alpha for wear, recurrent caries and colour match. Five USPHS

Alpha and three Bravo ratings were obtained for marginal discolouration and marginal

integrity, respectively. From SEM examination, 8l!13.3% of occlusal margins of

tooth/cement, and 84.I+14.4o/o of occlusal margins of cemenlinlay interfaces rated as

continuous. In the axial portion73.6+19.7o/o of margins of tooth/cement interfaces, and

87+11.5% of the cemenlinlay interfaces were continuous. Two restorations were

fractured. This small, long-term clinical study showed a good clinical performance of

the Cerec inlays. However, based on the SEM findings, improvements to the ceramic

material and its properties, the cavosurface design and the resin composite cement are

suggested,

In another study, Mörmann et al. (1991) evaluated 94 two-surface and three-surface

Cerec restorations inserted in premolars and molars after three years. The preparations

were parallel without enamel bevels (except for the gingival and lateral proximal

margins). The restorations were also evaluated using the USPHS criteria. Alpha ratings

were obtained in 63Yo of restorations for margins, 97o/o for contour, 760/o for surface
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texture, and 63Yo for colour match. Hypersensitivity to cold was reported in seven

patients (seven teeth). The discomfort persisted from one month to l2 months.

In a comparison of Cerec inlays with laboratory-fabricated inlays, Thordrup et al. (1991)

evaluated MOD direct inlays (Cerec Vita Blocks) and indirect laboratory inlays (Vita

Hi-Ceram) in vivo and in vitro. Ten direct and 10 indirect restorations were made on

extracted molar teeth and were then thermocycled (2500 times). Marginal gap, cement

thickness and dye penetration were measured microscopically from 75-100 ¡"rm thick

sections. Twenty molars were selected for the clinical evaluation of direct and indirect

inlays. The restorations were evaluated clinically after one week. Marginal fit of

indirect inlays was superior to that of the Cerec restorations for both in vivo and in vitro

evaluations, specially after cementation. An excess of resin cement was observed with

both methods of fabrication. In the clinical study, all indirect inlays received the rating

R for morphology and colour match, while six Cerec inlays rated S for colour match and

morphology. The frequency of hypersensitivity after cementation was similar for both

groups (direct and indirect). Short hair-line cracks were seen in one in vitro and in two

in vivo indirect inlays, whereas no cracks were observed in the Cerec restorations

One hundred and eighteen Class I and II inlays/onlays restorations, fabricated from

Dicor or Vita ceramic, were placed (by means of the Cerec system) in a series of

patients by Isenberg et al. (1991), Each restoration was evahrated directly (basecl on the

USPHS system), and indirectly (using replicas before and after cementation) at baseline,

six months, one and two years. Colour matching for both materials was not rated below

98% Alpha over the two years of the study. No marginal staining and secondary caries

were observed over two years with any of the materials. Only three of the 118

restorations fractured across the isthmus region during two years of clinical service
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Indirect evaluations showed that a higher rate of horizontal and vertical loss of resin

cement occurred in the first year, but the losses then became constant.

Calamia (1989) evaluated 115 porcelain laminate veneers fabricated from Mirage

porcelain and cemented with Comspan in a clinical trail of three years. The veneers

were cemented on either prepared (N:72) or unprepared (N:43) teeth. The results

showed no colour change after three years. However, marginal discolouration was

observed in 18.60/o and l5o/o of unprepared and prepared teeth, respectively. Marginal

adaptation deteriorated after three years in both groups. Only three fractures (4.I%)

were found for veneers in prepared teeth. One of them was in combination with

debonding of the veneer.

Rucker et al. (1990) evaluated 44 porcelain and 44 resin veneers after two years. Out of

37 porcelain and 36 resin veneers available at two years, nine resin veneers failed while

none of the porcelain veneers failed.

Shaini et al. (1995) evaluated the clinical performance of 372 porcelain laminate

veneers cemented with a microfilled resin composite. Survival analysis showed 88.5%

success after one year, which decreased to 48o/o after six years. The major failures were

fracture (54%) followed by debonding (2I%). The majority of the failures occuned in

those veneers cemented over existing restorations

Since most single all-ceramic restorations have been shown to be acceptable, some

investigators have focused on all-ceramic fixed prostheses. A study by Christensen and

Christensen (1992) examined 20 anterior and 20 posterior three-unit ceramic prostheses

of varying designs including full crown, inlay, and veneer abutments, and cantilever

pontics. The preparations involved l-2 mm tooth reduction and heavy chamfer margins,

with acid etch and/or dentine adhesive being used. The results at trvo years showed
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64Yoftactures (81oá posterior and 47o/o anterior), wear on 80% of the opposing teeth,

and l}Yo irreversible pulpitis which needed endodontics. No debonding, no caries, no

change in colour match and margin staining were observed. The results showed that

80% of anterior prostheses could serve adequately for two years at least, if full abutment

crowns were used. Posterior prostheses of all the designs tested, plus anterior

prostheses using inlay and veneer abutments, or cantilever pontics, were

contraindicated

This review of clinical behaviour of resin-bonded porcelain restorations highlighted the

following outcomes:

1) Fracture of restorations is a very common failure mode reported in most of the

studies mentioned, although less with machine-milled ceramrcs

2) Postoperative sensitivity is another problem commonly reported by investigators.

3) Recurrent caries is not routinely reported in clinical trials of these restorations.

4) Wear of resin composite cement occurs, and marginal discolouration may also occur,

in all types of resin-bonded porcelain restorations. In some cases wear leads to

exposure of ceramic margins. Therefore, both restoration and enamel chipping at the

restoration margins can occur. Wear of cement happens at a higher rate for the f,rrst six

to twelve months of clinical service, after which it becomes constant. For this reason,

marginal deterioration is a common problem for resin-bonded porcelain restoratrons.

5) Glass ionomer cements are not successful for providing gap-free margins and

reduced fractures. The best material which bonds to both ceramic and tooth structure is

resrn composrte cement.
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CITAPTER E

Resea,rch O,bj,,ectives

3.1 Research Objectives

From a review of the literature, it can be seen that the clinical evaluations were

generally limitated by time or sample size. The sample sizes were usually small or, if

large enough, then the duration of study was short. In most of the clinical trials, the

investigators focused on one type of resin-bonded porcelain restoration without making

comparisons between the different restoration types (eg inlay/onlay, onlay/shell crown,

fixed-fixed/cantilever bridge). Again, most of the clinical trials were carried out under

ideal conditions, which may differ from the uncontrolled but more realistic conditions of

private practices. Therefore, the aim of this study was to undertake a long-term

retrospective evaluation of resin-bonded porcelain restorations of different types placed

in a private practice, to determine

1) the preparation designs and dimensions, which might be different from those

reported previously in the literature. It is hypothesised that different preparation designs

for eaclt type of restoraLion may aflect Lhe longevity of the resin-boncletl poroelain

restorations,

2) modes of failures for these restorations including fractures, debonding, irreversible

post-operative sensitivity, colour mismatch,

3) the survival rates of restorations according to the types of restorations (single,

bridgework, with and without metal reinforcement). It is hypothesised that different
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types of restorations may have different clinical performances. The different restoration

sites þosterior, anterior), different oral habits (bruxing), different age groups and

gender, bases and luting cement types, and operators may also affect the survival rates

of the resin-bonded porcelain restorations

For this study, 536 restorations of different types were selected from a specialist private

practice. From these restorations, 105 were selected for assessment of restoration

designs and dimensions. Data for restoration characteristics and longevity were

obtained from the patients' casenotes
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Nlethods and Materials

FO.{JRCITAPTER

4.1 lntroduction

The present study is a clinical evaluation in three parts of resin-bonded porcelain

restorations. In the first section, selected measurements were taken from stone dies of

prepared teeth to find common elements of cavity design for the resin-bonded porcelain

onlay and shell crown (porcelain laminate crown) restorations. In the second and third

sections, patients' casenotes were examined to hnd information on the failure modes,

and the longevity of resin-bonded porcelain restorations constructed and inserted in a

private practice. Dehnitions of the restorations are described at this section to clarify

the terms used in this research report.

4.2 Definition of restorat¡ons

The following definitions are based, where possible, on those defined by Jablonski

(1992),Zwemer (1993), and by the Glossary of Prosthodontic Terms (1994)

Inlay: an indirect restoration of metal, porcelain or resin made to fit an intracoronal

tapered cavity preparation into which it is luted.

Onlay: a cast metal, porcelain or resin composite restoration retained by frictional or

mechanical cavity preparation factors and which overlays one or more tooth cusps
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Laminate or veneer: a conservative, aesthetic restoration of anterior teeth, bonded to the

tooth. (Tooth-coloured materials may also be fused, cemented or bonded to metal

crowns and pontics)

Crown: an artificial prosthesis replacing the natural tooth crown surfaces partly þartial

veneer) or completely (complete or full veneer)

Many types of artificial crowns have been described, none of which adequately

describes the concept ofresin-bonded porcelain coverage oftooth surfaces. Inadequate

terminology includes a) shoulderless jacket crown, and b) shell or cap crown

(preformed thin metal crown filled with a large amount of cement). Perhaps, these

resin-bonded restorations should be called either porcelain veneer crowns (not to be

confused with porcelain veneered crowns), or porcelain laminate crowns. In this

manuscript, however, they are called porcelain shell crowns.

It is often difficult to classify tooth preparations for resin-bonded porcelain restorations,

because such restorations do not require conventional cavity or tooth preparation

designs for adequate retention and resistance form, and the preparation are usually made

to conserve as much natural tooth substance as possible. For instance, no dictionary of

dental terminology describes a chip veneer, which is a small piece or sliver of resin-

bonded restorative material used to replace missing tooth substance or to modify

existing tooth contours.

Because of the more flexible preparation designs possible, one type of resin-bonded

restoration tends to blend in with another type, so that when the conventional

distinctions are applied to laminate veneers, laminate crowns, onlays and inlays, these

often become blurred. This leads to confusion between dentists and third-party
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insurance providers. Unfortunately, suitable terminology and description is also lacking

in even recent dental dictionaries.

4.3 Sample Selection

The present study involved 536 resin-bonded Mirage (Appendix I) porcelain

restorations of different types placed in 222 patients. The restorations were selected

from a specialist private practice in which two prosthodontists worked. The patients'

case notes were withdrawn alphabetically from storage until sufficient number of

restorations were collected, which comprised almost all of the resin-bonded restorations

placed up to the end of 1993. From the patients'case notes, it appeared that the

practitioners began construction of these restorations in 1988. To provide a reasonably

long-term clinical evaluation time, attempts were made to collect the most recent

information about the restorations. Therefore, all data were updated in July 1995

However, not all patients were available for follow up, since some of them had changed

either their practitioners or addresses, or failed to attend for the follow up sessions. The

data for these patients were therefore considered as being 'censored' for statistical

analysis

Permission for the study was obtained from The University of Adelaide Committee on

the Ethics of Human Experimentation.

4.4 Part One: Restoration Designs and Dimensions

From 536 restorations, the stone dies of 105 posterior single restorations (inlay, onlay,

shell crown) were selected haphazardly for this part of the study. The aims of this

section were to find: 1) common preparation designs and dimensions for the resin-

bonded porcelain restorations placed in a private practice and to compare them to those
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designs reported in the literature, and2) the relationship between preparation drmensron

and restoration fracture. For these purposes, a proforma (Form 1, Appendix II) was

used. This form consisted of:

4.4.1 Patient Details

This section was designed to give some general information about each patient such as

the registration number, sruname and initial, birthdate, and the box number in which the

patient's stone casts and dies were kept. These details were not used in the report.

4.4.2 RestorationDetails

This section consisted of the restoration registration number, tooth number (FDI),

surfaces involved in the preparation (occlusal, mesial, distal, buccal or lingual),

restoration type (coded as 2: Shell Crown, 3: Inlay, 4: Onlay), and dates of placement

(and replacement if there was any failed restoration)

4.4.3 Measurements

Data were obtained from measurements taken at the mesial and distal aspects of stone

dies of posterior teeth. In this part of the study, anterior tooth restorations were

excluded. When taking the measurements, the dies were first inserted into a Mirage full

arch die-locator tray (Appendix I), and the opposing full arch stone cast was then

occluded to check the occlusal contact relations. The measurements were taken using a

dial calliperwith 0.1 mm calibration (Appendix I). The measurements were
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4.4.3.1 Intercuspal \ryidth

This was measured at the mesial and distal cusp sites for molars ("a" in Form 1), and

intercuspally for premolars. For this pu{pose, the highest points of the buccal and

lingual cusp preparations were considered as representing the sites of the cusp tips. If

the reduced cusp was flat, then the centre of the reduced surface was selected as the

reference point. The intercuspal width was then measured as the distance between these

two points (Figures I and2).

4.4.3.2 Isthmus Width

Isthmus width measurement is shown as "b" in Form 1. The narrowest part of the

cavity at the occlusal surface was selected, and the isthmus width was measured at the

occlusal cavity margins (Figure 3)

4.4.3.3 Proximal Width

Proximal width is shown as "c" in Form 1. In each cavity with a proximal box, the

cavosurface margins were pencilled, and the proximal width was measured at the widest

part (Figure 4)

4.4.3.4 Height of axial wall

Height of axial wall is indicated as "d" in Form 1. The measurement was taken as the

distance between the gingival floor and pulpal floor (Figure 4)
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4.4.3.5 Depth of Occlusal Floor from the Central Fissure

Depth of occlusal floor from the central fissure was not possible to measure directly.

Therefore, a silicone impression of the die was taken (Appendix I). For this purpose, a

small amount of a laboratory putty was mixed with its accelerator and applied to the die

which had been inserted into the Mirage tray. The opposing cast was immediately

occluded and retained in position until the putty was set. The impression was then cut

buccolingually at the mesial and distal cusp sites for molars, and intercuspally for

premolars, to take more accurate measurements (Figures 5 to 8)

The depth of occlusal floor from the central fissure is indicated as "e" in Form 1, and

was measured at the depression between buccal and lingual cusps (Fig. 9)

4.4.3.6 Cusp Reduction

Cusp reduction is indicated as "f and g" in Form 1 and measurements were taken of the

buccal cusps of the lower, and of the palatal cusps of the upper posterior teeth (working

cusps, Figure 10). The non-working cups of these teeth were not measured because of

the false thickness of impression material in these areas (more than 3-4 mm)

4.4.4 Preparation Characteristics:

These characteristics were assessed onthe dies using amagnifier (1.5 x magnif.) to f,rnd

any specific design features of the restorations as follows:

4.4.4.1 Gingival margins of restorations terminating in dentine or enamel,

4.4.4.2 Margins bevelled occlusally or gingivally,

4.4.4.3 Opposing tooth contacts on margins,

4.4.4.4 Angular cavosurface margin outlines,
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f igure 1- A representative photograph of a prepared molar
tooth showing the cusp tips (arrows) from which the
intelcuspal widths were measured.

f igure 3 - A photograph of a prepared
molar tooth showing the points (arrows)
at which isthmus width was measured at
the narrowest site.

Figure 2 - A representative photoglaph of
a prepared premolar tooth showing the cusp
tips (arrows) from which the intercuspal
width was measured.

Figure 4 - A photograph of a molar tooth (46) representing.
prõximal widih measuied at widest area (black a¡t'ows), and
height of axial wall measured between gingival floor and pulpal
floor (white arrows).



Figure 5 - An occlusal view of two dies inserted in a Mirage tray with shell crown
preparations on molar teeth (46 and 47).

Figure 6 - The same dies in Figur:e 5 with a putty implession and occlucled with the
oppostng cast.



Figure 7- An occlusal view of the same impression in Figure 6 after the putty has set.

Figure I - The internal view of the same impression in Figure 7



Figure 9 -. A photograph showing the djstal view of tooth 46 jn Figure,5 with.sectioned
impression. Depth of occlusal floor was measured from the depression
between buccal and lingual cusps (white arrow) and pulpal floor (black arrow)

Figure 10 - The same sectioned impression of the tooth in Figure 9 used for cusp
reduction measurement at buccal cusp (black arrows). Non-working cusps
show a false thickness (whrite arrows)
as an angle between extensions of the

The
lines.

iaper was measured



4.4.4.5 Sharp internal line or point angles,

4.4.4.6 Retention grooves present,

4.4.4.7 Preparation taper: Preparation tapers of restorations without occlusal and

proximal boxes were measured directly on the dies. For this purpose, the extensions of

the buccal and lingual walls of the preparations were copied onto a piece of paper. The

angle between the two lines was then measured with a protractor (Fig. I 1, page 60).

Figure 11: Preparation taper measured in a premolar or a molar tooth without occlusal

or proximal boxes.

Preparation tapers of restorations with occlusal and proximal boxes were measured

indirectly from impressions of the internal walls (Figures 9 and 10 pencilled area)

Again, the extensions of the internal buccal and lingual walls were copied onto a piece

of paper. The angle between the two lìnes was measured, as before, with a protractor

4.4.4.8 Metal reinforcement present: A metal substructure was sometimes fabricated

to reinforce the restorations. In this study, the presence of metal substructures in
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restorations was assessed using information from the patients' casenotes. Figures 12

and 13 show an example of an onlay restoration with metal reinforcement.

Finally, for further evaluation of different preparation designs, a colour transparency

was taken at 1:1 magnification of each die, using a Minolta camera (Appendix I)

The same measurement procedures were undertaken for any replaced restorations, to

find out if there were any changes made to the original cavity dimensions and designs

The dies of thirty restorations were selected haphazardly from the same 105 stone dies,

and all measurements and assessments were duplicated to evaluate examiner reliability
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Figure 12 - Ametal-reinforced onlay restoration on tooth 46

Figure 13 - The fitting sulface of the same t'estoration in Figure 12



4.5 Part Two: Restoration Failures and Survivals

Further clinical information was obtained in the second section of the study. For this

part, another proforma (Form 2, Appendix II) was used on which data were again

entered from the patients'casenotes. The aims of this section were : 1) to f,rnd the most

important reasons for the placement and replacement of the resin-bonded restorations, 2)

their modes of failure and possible failure reasons, 3) the treatment given after any

restorations had failed, and 4) the longevity or survival rates of the restorations.

Five hundred and thirty six different resin-bonded porcelain restorations were examined.

The types of restorations differed from single (veneer, incisal veneer, chip porcelain,

shell crown, inlay, onlay, ) to various bridgework (fixed-fixed, or cantilever)

To minimise the number of different factors affecting the longevity of the resin-bonded

porcelain restorations, only those fabricated from Mirage porcelain material were

evaluated. Although a single porcelain material was used, different resin luting cements

had been chosen by the two operators (Appendix I). The data obtained from Form 2

included

4.5.1 Baseline Data

Baseline data included registration number, patients' surnames and initials, patients'

gender, antl trirthdate

4.5.2 General Oral Features

These might be considered as associated risk factors, such as bruxism/attrition (obvious

wear present on posterior teeth as assessed from casts and from comments of the

operators).
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4.5.3 Restoration lnformation

a. Tooth number (FDI) for which the restoration was fabricated.

b. Restoration type coded as follows:

1. veneer,

2. shell crown,

3. inlay. (Subsequently excluded, as only two inlays),

4. onlay,

5. fixed-hxed bridge,

6. complex bridge (comprising both fixed-f,rxed and cantilever bridges). These bridges

were excluded from the study because of very small sample sizes (two bridges),

7. cantilever bridge,

8. chip porcelain,

9. veneer with incisal coverage.

c. Number of abutments and pontics for the bridgework.

d: The presence of metal reinforcement in the bridges or single restorations

e. Type ofbases used on the prepared teeth coded as

1. none: (no lining/base was used),

2. glass ionomer cement,

3. calcium hydroxide,

4. other

f. Different resin composite luting cements used coded as:

1. Mirage,

2. Insure+,

3. Ultra-Bond,
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4. Porcelite*,

5. Sono-Cem,

6. Dicor,

7. Other

* Used with All-Bond2 dentine bonding adhesive,

g. Operators were determined by codes I and2.

4.5.4 Basic Problems with the Prepared Tooth

Any basic problem with the prepared tooth was determined in this section as:

a. Root canal filled tooth.

b. Discoloured tooth.

c. Short-term post-operative sensitivity after the insertion of the resin-bonded porcelain

restoratron.

Information about occlusal contacts, and the presence of opposing dentures (shown in

the last section of Form 2) were not included because of insufficient information.

4.5.5 Reasons for Restoration Placement

Information about the reasons for restoration placement were as follorvs:

a. Restoration requested either by the patient or recorunended by the operators

b. The main reason for placement consisted of either a tooth reason or a restoration

reason. Tooth reason refers to tooth problems which led to the construction of a resin-

bonded porcelain restoration. These are coded as:

1. tooth loss,

2. tooth fracture,
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3. discoloured tooth,

4. tooth wear,

5. RCF tooth,

6. malocclusion,

7. tooth defect,

8. tooth sensitivity,

9. tooth prepared as an abutment.

Restoration reason refers to problems associated with the previous restoration, which

might have been a resin composite or an amalgam filling, or a previous resin-bonded

porcelain restoration. These reasons are coded as:

1. restoration fracture,

2. recurrent caries,

3. microleakage sensitivity,

4. discolouration,

5. open contacts/food impaction,

6. restoration lost,

7. malocclusion,

8. restoration wear,

9. mcrcury scare.

4.5.6 Recorded Dafes and Resfo ration ldentification

a. Since assessment of the longevity of the resin-bonded porcelain restorations was the

most important aim of this study, the date that the restoration was first placed, and the

last observation date (if the restoration was still present) or the date when the restoration
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had failed, were obtained from the casenotes. It should be noted that the term

'restoration placement' refers to when the resin-bonded porcelain restoration was placed

for the first time. However, 'replacement' refers to those restorations which were placed

because the original resin-bonded porcelain restorations had failed.

b. The restoration number shows both the total number of restorations inserted and the

number of times that a particular restoration was replaced. If a restoration was replaced,

the restoration suffix number would stay the same while the prefix number (first left

number) would change by one. For example, if a restoration failed, then the prefix

coding would change from 10156 to 20156, where 0156 represents the restoration

number, and the underlined numbers represent the times the restoration was placed (1)

or replaced (2).

4.5.7 Failure Data:

a. To give a general idea about the most coÍrmon problems associated with these

restorations, failure types were considered. In this section failures were divided into

'true and apparent failures'. A failure was considered as a 'true failure' when the

restoration was replaced or repaired due to persistent post-operative sensitivity,

recurrent caries, food impaction, colour mismatch, debonding, bulk or chip fracture, and

co¡lector fracture (in bridgcwork), or when microcracks were present. An 'apparent

failure' on the other hand, was recorded when the restoration failed because of unrelated

factors such as acute trauma, or when part of a bridge (intact second abutment

restoration) had to be replaced because the other abutment restoration was a true failure.

b. Possible failure reasons were listed as: microleakage, poor preparation, poor etch or

contamination, poor enamel quantity/quality, occlusal stress, tooth mobility, restoration
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not seated, poor colour match, and other (eg. trauma). Selection of a particular reason

was often merely an educated guess, even after discussion with the operators.

c. Treatment following failures was important in the evaluation of the resin-bonded

porcelain restorations. This section provided interesting information about the

replacement restorations, and whether or not they were other conservative, or non-

conservative types.

d. Provision was made to obtain extra information on restoration deterioration (eg.

surface roughness, staining, marginal fracture, colour mismatch,...), and wear

information ( eg porcelain restoration, opposing teeth/restorations, cement margins, ...).

However, these data could not be collected because not enough information was present

in the casenotes.

At the end of this stage, colour transparencies were taken of some of the restorations to

facilitate the evaluation of different designs, and any differences present between the

original restorations and their replacements.

Thirty restorations were selected at random from the same 536 restorations, and the

assessments were duplicated to evaluate examiner reliability.
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CHAPTER

,kr.olt*
and

lntroduction

The results and discussions of this study are presented in three sections

5.1 Preparation dimensions and design,

5.2 Restoration failures, and

5.3 Restorations survivals.

Discussion of each section will be presented at the end of that section. The results of

restoration failures and survivals will be discussed in one section (5.3.3).

5.1 SECTON ONE . PREPARATION DIMENSIONS AND DESIGN

As the thickness of porcelain appears to be an important criterion for the strength and

survival of resin-bonded porcelain restorations, different aspects of preparation

dimension were measured. In this chapter, the in vitro results of posterior preparation

dimensions and design are presented, These results will then be compared with reports

in the dental literature.

5.1.1 General Data

As mentioned previously, only the stone die preparations of posterior single restorations

(shell crown, onlay, inlay) were collected for this part of the study. Tables of the results

for preparation dimensions and characteristics are shown in Appendix III. The
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distribution of restorations in the maxilla and mandible is shown in Table 1. Out of 105

restorations, 46 were shell crowns, 57 were onlays, and only two were inlays

Of 105 restorations, 20o/o were shell crowns located in the maxilla, with 24Yo located in

the mandible; and 29o/o werc onlays located in the maxilla, with 25o/o in the mandible.

Although the distribution of both types of restorations in the mandible were similar,

relatively more onlays were located in the maxilla. Since the sample size for the inlays

was very small, they were excluded from the study

From 103 shell crowns and onlays,25 fai\ed (11 shell crowns and 14 onlays), (Table 2).

Eight of the failed onlays were located in the maxilla, and six were located in the

mandible. Of the 11 failed shell crowns, two were in maxillary, and nine were in

mandibular teeth. Failure occurred more frequently in molar teeth. Represented in

Table 3 is the failure type of shell crown and onlay restorations. In both types of

restorations, bulk fracture and pulpitis were reported more frequently. Occurrences of

debonding and chip fracture were very low in these 103 restorations.

Table 4 shows the percentages of different tooth surfaces involved in the preparations of

each type of restoration to give some idea of the design of the restorations. However,

since in shell crowns all of the tooth surfaces were prepared, the number of surfaces

involved in these restorations is listed as 'all surfaces', regardless of any existing

occlusal or proximal boxes. As can be seen in the table, MOD preparations were the

dominant tooth surfaces involved in the onlay restorations. In l.6Yo of instances, the

onlay preparations extended part way down the buccal and lingual tooth surfaces.

ln many instances, the onlays and shell crowns were reinforced occlusally with metal

inserts fused to the porcelain. Unsupported porcelain extended peripheral to the metal

inserts, to avoid compromising the aesthetics of the restorations (Figure 12, Chapter 4)
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5.1.2 Measurements

As also mentioned previously, different aspects of the preparations were measured at the

mesial and distal sites of premolar and molar teeth to determine any differences in

cavity size and design at these sites. The total numbers of measurements in each table

were different because the number of surfaces involved for each preparation differed

from one tooth to the another. Average, maximum, minimum, and the standard

deviations of the measurements for each group are given in the tables. The preparation

dimensions of failed restorations are presented in separate tables for comparison with

surviving restorations. Only the preparation dimensions of those 12 restorations with

bulk fracture (f,rve shell crowns, and seven onlays) are shown in the present section,

since bulk fracture is more relevant to the preparation dimension. Therefore, the term

'failed' refers to the restorations with bulk fracture.

5.1.2.1 Intercuspal \ryidth

Intercuspal width measurements of preparations for surviving shell crown and onlay

restorations are shown in Tables 5a and 6a. For shell crown restorations, the average

intercuspal width measurements for premolar teeth were 4.6 mm in mesial, and 5.0 mm

in distal sites (Table 5a). The average intercuspal widths for molar teeth were 5.7 mm

and 6.8 mm in mesial and distal sites, respectively. The maximum intercuspal width

measured was 6.3 mm for premolars, and 7.0 mm for molars. The mmtmum

measurement was 3.0 mm for premolars, and 3.9 mm for molars. Table 5b shows the

same measurements for failed shell crowns. A comparison of a\¡erage intercuspal

widths in intact and failed shell crowns showed no marked differences between the two
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groups. Minimum and maximum dimensions measured in both groups were

approximately in the same range

For intact onlay restorations, the average intercuspal width measurements for premolars

were 4.5 mm and 6.1 mm in mesial and distal sites (Table 6a). The same measurements

for molars were 5.8 mm in mesial and distal sites, respectively. The maximum

intercuspal width measured was 7.1 mm for premolars, and 7.5 mm for molars. The

mrnrmum measurement of intercuspal width for premolars was 3.5 mm, and for molars

was 4.0 mm. The average intercuspal widths for surviving and failed onlays (Table 6b)

were not significantly different.

As can be seen from the tables, only small differences existed between the shell crown

and onlay preparations. In each group the preparations appeared to be larger in the

distal than in the mesial sites.

The most cornmon distribution of measurements for surviving shell crowns was

between 4.0-5.9 mm, while it was more than 6.0 mm for failed shell crowns (Diagrams

la and 1b). In onlays, the intercuspal width dimensions were mostly more than 6.0 mm

in both failed and surviving restorations (Diagrams 2a and 2b)

5.1.2.2 Isthmus Width

Isthmus width was measured in mesial and distal sites of premolars and molars for both

the shell crown and onlay restorations. The average isthmus width for surviving shell

crowns were 3.6 mm and 3.9 mm in mesial and distal sites of premolars, and 3.8 mm

and 4.2 mm in mesial and distal sites of molars, respectively (Table 7a). The isthmus

widths ranged from2.2- 4.8 mm in premolars, and from2.7- 5,5 mm in molars. For

failed shell crowns, there was no occlusal step or slot to measure isthmus width in the
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premolars (Table 7b). The average isthmus width in distal sites of failed shell crowns

was larger than that for surviving shell crowns in molar teeth, as were the minimum and

maximum isthmus widths.

The average isthmus width for intact onlay restorations was 3.1 mm in mesial and 3.7 in

distal sites of premolars, and 3.1 mm in mesial and 3.8 mm in distal sites of molars,

respectively (Table 8a). The minimum isthmus width measured in premolars and

molars was 1.2 mm and 0.5 mm, respectively. The maximum isthmus width was 4.9

mm in premolars and 5.4 mm in molars, respectively. When comparing isthmus width

dimensions in surviving and failed onlays, no significant differences were found

between the two groups (Table 8b).

The average isthmus widths in premolars and molars for shell crowns were not

markedly different from those of onlays. The minimum isthmus widths were the same

for both shell crown and onlay restorations. Minimum isthmus widths for both failed

shell crowns and onlays were generally larger than that in surviving restorations. The

cavities had slightly wider isthmuses in distal than in mesial sites.

Diagrams 3a and 3b show the distribution of isthmus width measurements in intact and

failed shell crown restorations. The distribution of measurements was approximately

the same in both groups (>4.0 mm). Isthmus width was distributed between 3.0-3.9 mm

in surviving, and 24 mm in faìled onlays (l)iagrams 4a and 4b).

5.1.2.3 Proximal Width

Proximal width dimension had an average of 4.6 mm and 4.4 mm in mesial and distal

sites of premolars, and 4.5 mm and 5.6 mm in mesial and distal sites of molars for shell

crown restorations (Table 9a). Minimum proximal width was 3.6 mm and 3.5 mm in
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premolars and molars, respectively. The maximum dimension measured in premolars

was 5.9 mm, and in molars 6.8 mm, respectively. The number of proximal width

measurements for failed shell crowns was very small (Table 9b). The average proximal

width for failed and surviving shell crowns was approximately the same (Table 9b)

However, maximum proximal widths for surviving shell crowns were much larger than

failed shell crowns

The average proximal width measurements for intact onlays were 4.8 mm in mesial and

5.4 mm in distal sites of premolars ( Table 10a). These measurements were 4.8 mm and

4.9 mm in mesial and distal sites of molars, respectively. Proximal widths ranged

between 2.I- 6.8 mm for intact onlays, and 3.4- 6.2 mm for fractured onlays. The

average proximal widths in failed and surviving onlays were approximately similar

(Table 10b). The distal measurements were generally larger than the mesial for both

shell crowns and onlays.

Proximal width measurements for surviving shell crown restorations were distributed

approximately equally across the interval ranges ( Diagram 5a), as were the

measurements for failed shell crowns (Diagram 5b). In onlay restorations, however,

proximal width measurements were mostly distributed between 4.0-5.9 mm for both

failed and surviving groups (Diagrams 6a and 6b).

5.1.2.4 Height of Axial Wall

The results of height of axial wall measurements for surviving shell crown and onlay

restorations are shown in Tables 11a and l2a.The average dimensions for shell crowns

were 2.8 mm in mesial and 3.4 mm in distal sites of molars. Height of axial walls

ranged from 1.5- 4.8 mm for surviving, and from I.2- 3.8 mm for failed shell crowns
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Only three axial walls were found for surviving shell crowns in premolar teeth (two in

mesial and one in distal sites). Therefore, the measurements cannot be used for any

comparisons and were excluded from Table 1la. The maximum dimensions measured

were 3.7 mm in mesial, and 4.8 mm in distal sites of molar teeth. Average, maxlmum

and minimum height of axial walls for failed shell crowns are presented in Table 1lb.

The dimensions were very similar for both the intact and failed shell crowns

The average heights of axial walls measured for surviving onlay restorations were 2.3

mm in mesial and2.6 mm in distal sites of premolars, and2.7 mm and 3.0 mm in mesial

and distal sites of molars (Table 12a). The height of axial wall dimensions ranged from

1.8- 3.6 mm in premolars, and 1.3- 4.9 mm in molars. The axial wall heights for

fractured onlays were almost the same as those for surviving onlays (Table 12b)

Preparations were larger in distal than mesial sites for both shell crown and onlay

restorations.

The measurements were mostly distributed between 2.0-2.9 mm for intact and failed

shell crowns (Diagrams 7a and 7b). While the measurements were usually between 2.0-

2.9 mm for intact onlays, they were usually between 2.0-3.9 mm for failed onlay

restorations (Diagrams 8a and 8b)

5.1.2.5 Depth of C)cclusal Floor from Central Fissure

Depth of occlusal floor frorn the central f,rssure (or opposing cusp tip) is a very

important aspect of preparation dimension since it shows the thickness of the restoration

at this point. The average dimensions of intact shell crowns without metal

reinforcement were 2.8 mm in mesial sites of premolars, and 3.9 mm in mesial and 3.0

mm in distal sites of molars (Table 13a). The thinnest areas measured were 0.9 mm in
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premolars, and 1.9 mm in molars. The thickest areas measured were 5.7 mm and 6.1

mm in premolars and molars, respectively. Generally, more tooth reduction was

expected for restorations with metal reinforcement. However, reduction was greater for

shell crowns without metal reinforcement, when comparing the average and maximum

values for shell crowns with metal reinforcement (Table 13b). Preparations were mostly

distributed between 2.0-2.9 mm in both groups (Diagrams 9a and 9b). Table 13c shows

the depth of occlusal floor measurements for failed shell crowns. There was no molar

and premolar category in this table because of the very small sample sizes when they

were divided into four subgroups (molar and premolar, with and without metal

reinforcement). Therefore, they were considered as posterior teeth only, since no

significant difference was found between depth of occlusal floor in molar and premolar

teeth. For this reason, a valid comparison with two other groups (Tables 13a and 13b) is

diffrcult. Generally speaking, the depth of occlusal floor for failed shell crowns was

larger than that of surviving shell crowns. A few large tooth reductions at the central

fissures for fractured shell crowns caused this difference which is evident from the large

standard deviation. The measurements were most frequently distributed between 3.0-

3.9 mm (Diagram 9c).

The maximum and minimum depths of occlusal floor were markedly different for

surviving onlays. with and without metal reinforcement (Tables 14a and 14b). While

the thickest areas of onlays without metal reinforcement were generally larger than

those of onlays with metal, the thinnest areas were much smaller than those for onlays

with metal. Depth of occlusal floor for failed onlays is presented in Table l4c. The

depth of the occlusal floor was not significantly different between the with and without

metal reinforcement groups for failed onlays. However, the depths were slightly smaller
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than for related groups of surviving onlays (Tables 14a and 14b). The measurements

were dominantly distributed between 2.0-2.9 mm in all three groups (Diagrams 10a, 10b

and 10c). An example of an onlay preparation with large depth of occlusal floor on a

root canal filled tooth is shown in Figure J.

5.1.2.6 Cusp Reduction

Another important preparation dimension is cusp reduction, which represents the

thickness of the restoration at the cusp tips. In this study, cusp reductions were

measured on the working side only because of the importance of these cusps in function

and also, as mentioned in section 4.1.3c, the impressions gave spurious result for the

non-working side cusp reduction dimensrons.

The average amount of cusp reduction was recorded as 1.9 mm in mesial sites of

premolars, and l.'7 mm in mesial and distal sites of molars, for intact shell crowns

without metal reinforcement (Table 15a). For shell crowns with metal reinforcement,

cusps had an average reduction of 2.0 mm in mesial sites of premolars, and2.2 mm and

2.9 mm in mesial and distal sites of molars, respectively (Table 15b). The amount of

cusp reduction for shell crowns with metal reinforcement was generally more than for

shell crowns without metal reinforcement. The most usual distribution of cusp

reduction was between 1.0-i,9 mm for shell crowns without metal, and 1.0-3.9 mm for

shell crowns with metal reinforcement (Diagrams lla and l lb). The average cusp

reduction for fractured shell crowns with and without metal was not markedly different

(Table 15c). The dimensions of cusp reduction for failed shell crowns were in the same

range for surviving shell crowns. The amount of cusp reduction was most often

distributed between 2.0-2.9 mm for failed shell crowns (Diagram 11c).
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The average cusp reduction for onlays with metal reinforcement was slightly larger than

that for onlays without metal reinforcement (Tables 16a and 16b). In both groups the

cusp reduction measurements were most often distributed between t.0-2.9 mm

(Diagrams l2a and l2b). Cusp reduction less than 1.0 mm was common for onlays

without metal reinforcement, which was not seen in the any other groups (Table 16a)

The average cusp reduction for failed onlays was not significantly different from the

surviving restorations. The cusp reduction for failed onlays was in the range of

surviving onlays (Table 16c). Most cusps were reduced between 1.0-2.9 mm for the

failed onlays, which was the same as for the intact restorations (Diagram 12c)

5.1,3 Preparation Characfersúrcs

All preparation characteristics were again evaluated at the mesial and distal sites of

premolar and molar teeth to determine if there were any differences in preparation

design at each proximal surface of these teeth. The results are presented in Tables I7a

and 17b for shell crown, and in Tables 18a and 18b for onlay restorations. Preparation

characteristics offailed restorations included all types offailures (from 25 restorations),

since no obvious differences were found between the preparation features in different

types of failed restorations.

5.1.3.1 Gingival Margin in Dentine or Enamel

Since bonding to dentine or cementum is not as reliable as it is to enamel, margins

finished in dentine or cementum were evaluated in this section. For intact shell crown

restorations, a total average of 9o/o of the preparation margins were located in dentine

(Table 17a). This percentage was 4.7 for intact onlay preparations (Table 18a). None of
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the margins in failed shell crowns and onlays was located in dentine (Tables 17b and

1 8b)

5.1.3.2 Margins Bevelled Occlusally or Gingivally

Because of the importance of f,rnishing lines, the existence of any bevelled margins in

the preparations were examined. For the shell crown preparations in premolars and

molars, around 7Yo of surviving, and l3o/o of failed restorations on average had some

evidence of minimally bevelled gingival margins. For the onlay preparations, an

average of l2o/o and 23o/o of gingival margins had been minimally bevelled in intact and

failed restorations, respectively. In several instances, the gingival margin bevelling was

incomplete, and the distinction between bevelled and chamfered margins was uncertain.

Apart from at the sites of gingival proximal boxes, all other margins were prepared as

heavy chamfers. Bevelled gingival margins were less evident at distal sites

5.1.3.3 Opposing Tooth Contact at Restoration Margins

For intact shell crown restorations, an average of I .4Yo of preparations had contacts with

opposing teeth at the margins which was found in molars only. For the intact onlays, an

average of 93Yo of preparations had marginal contacts with opposing teeth. There was

no opposing tooth contacts with restoration margins for failed shell crowns and onlays,

5.1.3.4 Angular Cavosurface Margins

None of the shell crown and onlay preparations had sharp, angular cavosurface margin

outlines. All outlines were curved and blended into one another
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5.1.3.5 Sharp Internal Line or Point Angles

None of the shell crown and onlay preparation had any sharp internal line angles.

5.1.3.6 Retentionboxes

With a reliable bond to tooth structure, no extra retention should be necessary ln resrn-

bonded porcelain restorations. In the evaluation of the dies, any existing shallow boxes

in the preparations (Figure 2), were recorded as retention boxes until further discussions

were made with the operators. For shell crowns, 4.3o/o and l3Yo of the preparations on

average had retention boxes in intact and failed restorations, respectively. For onlays,

retention boxes existed in an average of 5.8Y" of surviving, and l5Yo of failed

restorations. There was no pattem for sites.

5.1.3.7 Metal Reinforcement

Application of metal reinforcement was evaluated because of its effect on restoration

strength. Some 60Yo of premolars, and 50o/o of molars had shell crowns with metal

reinforcement, which did not fail (Table l7a). For failed shell crowns, 43Yo of

premolars and 25Yo of molars had metal reinforcement (Table I7b), which was

markedly less than for the nonfailed shell crowns, but the numbers were small. The

percentages of intact onlays with metal reinforcement (18%:o and 19o/o in premolars and

molars, respectively, Table 18a) were considerably less than for the shell crowns (60%

and 50o/o in premolars and molars, respectively). None of the few failed onlays in

premolars had metal reinforcement, whereas 25o/o of the failed onlays in molars had a

metal substructure (Table 18b).
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5.1.3.8 PreparationTaper

Preparation taper is generally regarded as a very important aspect of design, since there

is considerable emphasis on restoration retention and the amount of tooth reduction

relating to taper in the literature. For intact shell crowns, an average of 64Yo of

preparation tapers were less than 20'(Table 17a). This was 43%o for failed shell crowns

(Table 17b). An average of ITYo of intact (Table 18a), and 45o/o of failed onlays (Table

18b) had been prepared with less than 20" taper. Preparation taper in premolars and

molars was mostly between 2I"-40" for intact onlays, and 10'-20' for failed onlays

(Table 19 and 20). Preparation taper for intact and failed shell crowns was often less

than 20" (Table 19 and 20). The distribution of preparation taper is shown in Diagrams

13a and 13b for intact and failed restorations, respectively. Large (> 20') and small

(< 20') preparation tapers on molar and premolar teeth are shown in Figures 3 to 7

5.1.4 ExaminerReliability

The Kappa values for the general features of the stone dies ranged from 0.53 - 1.00,

while the probability values of the paired t-tests for the measurements taken from the

stone dies ranged from 0.09 - 1.00. The results from Form 1 are shown in Appendix VI

The results of Kappa values show good to excellent agreements for examiner reliability

Paired t-tests revealed no significant differences between any of the original and

duplicate measurements

5.1.5 Limitations of the Study

As described previously, there were limitations present in the degree of accuracy of the

measurements and observations made. Taking measurements on small dies of the
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prepared teeth with an ordinary dial calliper and protractor was difhcult and, some

measurements were retaken several times. Since the preparations were extremely

variable in shape and size, using the same reference points to take the measurements for

all dies was also sometimes diffrcult.

For measuring the depth of the occlusal floor, and the working-side cusps reduction, a

silicone putty impression of the dies was taken while they were occluded with the

opposing cast. Accurately occluding the upper and lower casts was sometimes difficult,

especially in partially edentulous arches.

In some instances, there was uncertainty in distinguishing bevelled from chamfered

preparation margins, and the presence of bevelled gingival margins in proximal boxes.

Although there were relatively few dies for restorations which subsequently failed from

fracture, this mirrored the actual clinical situation.
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Figure L- Depth of occlusal floor fi'om central
fissule in an onlay design without metal
reinforcoment prepaled on a loot canal filled tooth
(16).

Figure 3- Lalge external preparation taper
(>40") in an onlay design without motal
leinforcement of a molar tooth (17).

Figure 2 - Retention slots in an onlay
pleparation of a molat"tooth (26).

f igure 4 -Large external preparation taper
(>40') in a shell crown design without
metal leinforcement of a molar" tooth (36)"
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Figure 5: External prepalation taper
(>20") in a shell crown design without
metal reinforcement of a molar tooth (17).

Figure 6 - Intelnal proparatron taper
(<20") in a shell crown design without
metal leinforcement of a premolar
tooth (25).
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Figure 7- Intelnal pleparation taper (<20" )
in an onlay design of a premolar tooth (25).

{i'.r¡



40

35

30

25

2Q

15

10

E Mesial Premolar

I Distal Premolar

tr Mesial Molar

N Distal Molar

Dimension (mm)
3-3.9 4-4.9

E
oc
c)
foo

LL

5-5.9 >6

5

0

Figure La - Intercuspal wir th in mesial and distal of molar and premolar teeth
in-intact Shell Crowns (N=45).

E Mesial Molar

r Distal Molar

Dimension (mm)
44.93-3.9 5-5.9

s
O

c)
fool-

LL 10

15

>6

20

5

0

40

35

30

Figure Lb - Intercuspal width in mesial and distal of molar teeth in failed Shell
Crowns (N=11).



40

35

30

25

20

15

10

I Mesial Premolar

I Distal Premolar

tr Mesial Molar

N Distal Molar

Dimension (mm)
3-3.9 4-4.9

s
oc
o
fg
o

LL

>65-5.9

5

0
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Figure 5b - Proximal width in mesial and distal of molar teeth in failed Shell
Crowns (N=4).
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Figure 6a - Proximal width in mesial and distal of molar and premolar teeth in
intact Onlays (N=28).

Figure 6b - Proximal width in mesial and distal of molar teeth in failed Onlays
(N=13).

W Mesial Molar

r Distal Molar

Dimension (mm)
3-3.9 5-5.94-4.9

s
oco
foot-

LL

>6
0

1

I 5

0

5

40

35

30

25

20



n Mesial Premolar

I Distal Premolar

tr Mesial Molar

N Distal Molar

40

35

30

25

20

15

10

5

0

Dimension (mm)
1-1.9 3-3.92-2.9

E
oc
o
f
croL

LL

>4

Figure 7a - Height of axial wall in mesial and distal of molar and premolar
teeth in intact Shell Crowns (N=11).
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5.1.6 Discussion

Resin-bonded posterior porcelain restorations are relatively new to the dental

profession. The criteria for tooth preparation for these restorations were based initially

on those for traditional cast-metal restorations. These criteria have been changed over

time to more closely match the fabrication and handling characteristics and physical

properties of dental porcelains. Minimum cavity wall divergence is recommended for

cast-metal restorations, to provide maximum retention. However, for bonded-porcelain

restorations, retention depends largely on an effective bond to tooth structure. Therefore,

slightly larger preparation tapers can be recommended to reduce friction of the fragile

porcelain restoration with the cavity walls during its placement, and to provide a bulkier

restoration, which is consequently stronger (Roulet and Herder 1991, Ubassy 1992,

Broderson 1994). In most of the literature, the recommended preparation designs for

resin-bonded porcelain restorations are appropriate for previously-unprepared or

minimally carious teeth. However, these designs might not be applicable for the

replacement of existing amalgam restorations or for the restoration of carious or

fractured teeth. The results of the present study revealed some divergence in practices

from recommended preparation designs

For the dies of the prepared teeth, all cavosurface margins were smoothly curved and no

sharp internal line angles were found. This is a requirement for porcelain strength, since

sharp angles act as stress concentration areas, and conf,rrms changes in the criteria for

the retention of cast restoration preparations (Garber and Goldstein 1994b).

Although marginal bevels are not recommended for all-porcelain restorations (Garber

and Goldstein 1994b, Banks 1990), in the present sludy 7o/o of shell crown, and l2%o of

onlay preparations had what appeared to be small bevelled gingival margins (Tables 17a
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and 18a). It seems that this type of preparation design, which was present with some

proximal boxes, was not used deliberately by the operators for the resin-bonded

porcelain restorations, and may have been present from previous cavity preparations for

amalgam restorations. Higher failure rates were found in restorations with bevelled

gingival margins (Tables 17b and 18b). Very thin edges of porcelain can be easily

fractured by handling, or during cementation

Occlusal slots or boxes were present in relatively few preparations for shell crowns, but

in 47o/o of premolars and 8lo/o of molars for onlay restorations (Figure 2). These

occlusal slots were the result of the removal of previous amalgam restorations

However, as most of the shell crowns were fabricated because of tooth discolouration,

wear or malocclusion, this explains the lower number of occlusal slots present in such

restorations.

Preparation tapers were usually measured intemally (at occlusal boxes) for onlays, and

extemally for shell crowns (Figure I 1, Chapter 4). The average isthmus widths of these

occlusal boxes ranged between 3.I-4.2 mm ( Tables Taand 8a). When comparing these

values to the average intercuspal widths of 4.5-6.8 mm (Tables 5a and 6a), the widths of

the occlusal boxes were approximately two-thirds those of the intercuspal widths. This

ratio shows that the occlusal boxes were wider than perhaps expected. Very divergent

axial walls, oftcn bctwccn 2l-40" at occlusal boxcs wcrc rcsponsible for thc largc

isthmus widths in these areas (Table 19). However, most of the external preparation

walls were prepared with less than 20" tapers, mostly seen in shell crown preparations

(Table 19), which accords with recommended preparation tapers (Fuzzi et al. 1989,

Banks 1990, Roulet and Herder 1991, Malament and Grossman 1992)
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While near parallel preparation tapers are recommended for the retention of indirect

conventional cast-metal restorations, more divergent preparations are favoured for resin-

bonded porcelain restorations. Larger preparation tapers not only reduce the friction of

restorations with the cavity walls during their try-in, but also produce bulkier

restorations, which are stronger ( Freidlander et al. 1990, Munoz et al. 1990, Doyle et al.

1990). In the present study, smaller preparation tapers of 10-20' were found with the

fractured restorations (Table 20), while tapers were mostly between 21-40" (Table 19)

for the intact restorations. Smaller preparation tapers may be one of the reasons for

restoration fracture in this study, because of reduced restoration bulk. Larger

preparation taper (21-40'), especially in molar teeth where access is more difficult, does

not seem to compromise restoration retention, and may be the most practical preparation

design for replacing previous amalgam restorations

With an effective bond of porcelain restorations to tooth structure established by resin

composite adhesives, there is no need to cut occlusal steps or proximal boxes. After

discussions with the operators, it was found that the few shallow retention boxes present

in the preparations (Tables l7a and 18a) were usually left after amalgam removal, at an

early stage of the operators' experience with resin-bonded porcelain restorations. These

boxes were not seen in the more recent preparations. These boxes would have had a

minimal effect in increasing the strength of the restorations. In addition, any such boxes

and any undercuts present in the dies were heavily blocked out before the porcelain

restorations were fabricated.

Bonding to enamel is always emphasised in order to produce strong and durable bonds

between porcelain restorations and tooth structure (Tseng et aI. 1992, Swift et al. 1995)
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In the present study, 9%o of shell crown and 4.7Yo of onlay margins were in dentine

(Tables lTaand 18a). Since none of these restorations failed, it seems that an adequate

bond was produced with the dentine bonding adhesives used. Newer dentine bonding

systems are reported as being able to overcome the initial polymerisation contraction of

resin composites, and to provide early strong bonds (Øilo et al. 1990, Swift et al. 1995).

Proximal boxes of varying sizes were present for 26Yo of shell crown, and for 44Yo of

onlay preparations ( Tables 17a and 18a). The number of MOD cavities was much

higher for onlays than for shell crowns, as a result of the removal of existing amalgam

restorations. Large proximal boxes resulted in large internal preparation tapers, mostly

seen for the MOD onlay restorations. Proximal box widths were larger in distal than in

mesial sites, which might be because of the larger contact areas found distally, or

because of the difficulty of access for distal preparations. Similar findings were

reported by Stassinakis et al. (1996).

To reinforce the restorations, a metal substructure was incorporated in 57Yo of shell

crown, and in l9Yo of onlay restorations (Tables 17a and 18a). The amount of tooth

reduction present for restorations with and without metal reinforcement was not

markedly different (Tables 13a-16c). The average occlusal reduction at the central

fossae was between2.l-3.9 mm forboth intact shell crowns and intact onlays (Tablcs

13a-14c), which was slightly more than the L5-2.0 mm reconÌmendecl in the literature

(Roulet and Herder 1991, Ellison et al. 1992,Garber and Goldstein I994b, Cavel et al

1995). This increased reduction resulted from the occlusal slots present in most of the

dies, specially for the onlay preparations ( Tables 17a and 18a). In several instances,

molar preparations were extended into the pulp chambers of root canal filled teeth

(Figure 1)
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The average working-cusp reduction was between 1.2-2.9 mm ( Tables l5a-16b) for

intact shell crowns and onlays, with and without metal reinforcement. Again, it seems

that no extra reduction was required for those restorations with a metal substructure.

Although the average cusp reductions were almost within the recommended range (1.5-

2.0 mm), thicknesses less than 1.0 mm and more than 4.0 mm were also found for intact

restorations. In contrast to the study by Milleding et al. (1995), in which fractures

occurred in thinner restorations, the results of this study showed that the fractured

restorations were slightly thicker than the intact restorations at the central fossae and

working cusps. Therefore, it seems that porcelain thickness is not the only factor

determining the survival of posterior resin-bonded porcelain restorations. Thickness

might be an important clinical factor for fracture of restorations during the early stages

However, other factors such as porcelain voids and flaws (Øilo 1988, Messer et al

1991), moisture (Kelly et al. 1989, Messer et al. 1991, Malament and Grossman 1992)

and the deterioration of adhesive bonds are also responsible for fracture of the

restorations over the longer term.

5.1.7 Conclusions and Recommendations

For the 103 posterior porcelain shell crown and onlay preparation designs examined in

this strrdy, it was founcl that:

1) Proximal boxes and occlusal steps or slots were present more frequently in onlay

than in shell crown preparations. The boxes were usually larger on the distal than on the

more accessible mesial preparation sites, and resulted from the removal of existing

amalgam restorations
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2) The average widths of the isthmuses were approximately two-thirds of the

intercusþal site widths, and wider than expected because the internal tapers or

convergency angles were frequently greater than 20". The usual amount of preparation

taper was greater than the recommendations of 6-15o made for porcelain restorations,

but taper could not be related to subsequent restoration fracture

3) There were vide variations in the amounts of preparation reduction in the central

fossae and over the working cusps, ranging from 0.5-6.0 mm. However, although the

average occlusal thickness of porcelain measured centrally was slightly more than the

mrnrmum recommendation of 1.5-2.0 mm, the average thickness over the working-

cusps was generally within the recommended range.

4) Essentially, the average preparation dimensions for both the intact and the fractured

restoration groups were very similar, and there were wide variations present in the range

of measurements recorded for both groups

5) Preparation dimensions were similar in restorations with and without metal

reinforcement.

'Within the limitations of this study, it was concluded that factors other than preparation

design would also seem to be important in determining the survival of posterior resin-

bonded porcelain restorations. The results of the present study showed that thc usual

criteria statecl for the preparation of resin-bonded porcelain restorations can be modif,recl

according to the clinical situation, provided that an adequate adhesive bond is obtained

between the porcelain restoration and tooth structure, and a minimum bulk of porcelain

is present occlusally, generally within the range of 1.0- 2.0 mm. There is more

flexibility in preparation designs for bonded-porcelain than for traditional cast

restoratrons
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5.2 SECTION TWO: RESTORATION FAILURES

5.2.1 Introductíon

In this section, the in vivo investigation of restoration failures is presented in two parts:

5.2.2 Sample population (including gender, age range, restoration distribution in

maxilla and mandible, restoration distribution for operator 1 and 2, and the

reasons for restoration placement and replacement),

5.2.3 Restoration failures (failure types and failure reasons)

Tables of the results for restoration failures are shown in Appendix IV

5.2.2 Sample Population

5.2.2a, Gender

The patient sample used in this study was drawn entirely from a specialist private dental

practice in which two prosthodontists worked. There were 222 patients involved in the

study. Of this population,I40 (630/0) were female, and 82 (37%) were male (Table 1).

The number of patients seen by each dental operator is shown in Table 2a. For each

operator, most of the patients were aged from 31-50 years. There were no significant

differences present in gender distribution, either between the age groups or the operators

(P>0.2s)

5.2.2b Age Range

Since age is relative, the considered age for each patient in this study was the age of the

patient at the time the resin-bonded porcelain restorations were placed. The age range

was classif,red into five groups. Table 1 shows the age cohorts, and numbers and
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percentages of male and female patients in each cohort. Most of the patient population

belonged to the age range of 31-50 years for both male and female patients. The lowest

number of patients was found in the age cohort of 10-20 years. The age distribution of

patients ranged from a minimum of 10 years to a maximum of 69 years. Table 2b

presents the number of restorations in each age cohort. The highest number of

restorations were placed in the age group of 41-50 years. The age group of 21-30 years

had the lowest number of restorations.

5.2.2c Distribution of Restorations

In this section, the distribution of restorations is presented as:

5.2.2cI: Restoration distribution in male and female patients,

5.2.2c2: Restoration distribution in the maxilla and mandible,

5.2.2c3: Restoration distribution with and without metal reinforcement,

5.2.2c4: Restoration distribution by operators

5.2.2c1 Restorøtion Dßtríbution in Male and Femøle Patients

Table 3 shows the numbers of each type of restoration placed in rnale and female

patients. The number of restorations placed in males was 210 and in females 326.

There was a significant difference present in the distribution of the restoration types

between males and females (p: 0.001).

5.2.2c2 Restoratíon Dßtribution in Maxilla and Mandible

The distribution of the restorations in the anterior and posterior regions of the maxilla

and mandible is presented in Table 4. The number of restorations placed in the
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maxillary arch (362) was considerably higher than that placed in the mandible (174)

Most of the veneers, shell crowns, fixed-fixed and cantilever bridges were placed in the

anterior region of the maxilla. This showed a priority indication for resin-bonded

porcelain restorations for aesthetic reasons. Onlays were almost totally placed in the

posterior region. Four onlays placed in the anterior region, were constructed on canine

teeth to restore tooth wear. In the mandible, the total number of restorations placed in

the posterior region (113) was almost twice that placed in the anterior region (61). Shell

crowns and onlays were the two dominant restorations constructed for the posterior

region of the mandible.

5.2.2c3 Restoration Distribution ll/ith ønd Without Metal Reinforcement

The total number of restorations placed in the practice is shown in Table 5. There were

536 restorations of different types (labial veneers with and without incisal coverage,

shell crowns, onlays, inlays, porcelain chips, fixed-fixed and cantilever bridges)

involved in this study. The highest numbers of restorations were shell crowns (43Y" of

total restoration population), and the lowest were porcelain chips (3%) and inlays

(I.6%). The other restorations in order of numbers were onlays followed by veneers,

cantilever bridges, veneers with incisal coverage, and hxed-fixed bridges. Table 5 also

shows the percentage of restorations with and without metal reinforcement, Most of the

shell crowns, onlays and inlays were without metal reinforcement. All bridges had

metal substructures except for one cantilever bridge. Most of the retainers (65%) for the

bridges were shell crowns (Table 6)
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5.2.2c4 Restoration Distribution by Operøtors

Tables 7 and 8 represent the distribution of restorations in the anterior and posterior

regions of the maxilla and mandible for operators I and 2. The total number of

restorations placed by operator 1 was approximately 1.5 times those placed by operator

2. Again, the number of restorations placed in the anterior region of the maxilla was

higher than those placed in the same area of the mandible for both operators. In the

mandible, most restorations were placed in the posterior region by both operators. The

numbers of shell crowns and onlays with and without metal reinforcement are also

presented in Tables 7 and 8. Most of the shell crowns and onlays placed by the

operators were without metal reinforcement. Restorations with metal substructures

were often made for the posterior teeth. All bridges had metal reinforcement except for

one cantilever bridge. This bridge was one of the first restorations placed by operator 2

It was the technician's mistake to make it without a metal substructure. The bridge was

lost to follow up at an early stage, and was excluded from the survival analysis.

5.2.2d Reasons for Restoration Placement

This section is subdivided into two sections

5.2.2d1 Tooth-related reasons,

5.2.2d2 Restoration-relatecl reasons

5.2.2d1 Tooth-RelatedReøsons

Any primary problem with a tooth which led to the placement of a resin-bonded

porcelain restoration, was considered as a 'tooth-related reason'. Table 9a shows the

tooth problems in male and female patients which led to the construction of single or
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bridge, resin-bonded porcelain restorations. 'Abutment' and 'missing' teeth refer to

reasons for placement of a resin-bonded porcelain bridge. Missing teeth represent the

number of pontics. There was a significant difference present in the distribution of the

reasons between males and females þ < 0.001). In female patients, more aesthetic

reasons such as discolouration and tooth missing were the dominant reasons for

fabrication of relatively more restorations. In male patients, however, the dominant

reasons were tooth wear and malocclusion.

5.2.2d2 Prevíous Restoration-Related Reasons

Any problem relating to a previous existing restoration of any type, which led to the

construction of a resin-bonded porcelain restoration, was considered as a 'restoration-

related reason' (Table iOa). Again, a significantly different distribution was present

þ<0.001). In this category also, the more aesthetic problems such as discolouration and

wear of previous restorations were the reasons for relatively more restoration

placements in female patients. In male patients, the problems with previous restorations

which led to the fabrication of a resin-bonded porcelain restoration were considerably

less than those in female patients, but included restoration fractures. Mercury scare

from amalgam restorations was apparently a worry in a few female patients only (13

restorations)

The reasons leading to the placement of each type of restoration are presented in Tables

9b and 10b. Fractures of teeth and previous restorations were dominant reasons for the

placement of shell crown and onlay restorations. Discolouration of teeth and previous

restorations were common factors for the placement of shell crown and veneer
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restorations. Tooth wear and malocclusion were found to be more important reasons to

fabricate a veneer with incisal coverage, onlay and shell crown restorations.

5.2.3 RestorationFailures

In this section information about failure types and failure reasons for individual

restorations are presented as

5.2.3a: Failure types for different restorations,

5.2.3b: Failure types for different age groups,

5.2.3c: Failure types for operators,

5.2.3d: Failure types for bruxer and nonbruxer patients,

5.2.3e: Failure types with different bases,

5.2.3f: Failure types with different adhesive cements,

5.2.3g: Failure reasons and treatments after failures.

In some cases there were no reasons mentioned for failures in the patients' casenotes

Therefore, some assumptions were made in these cases according to either other

information in the casenotes or after discussions with the operators. The bridges,

irrespective of the number of units, were considered as one restoration. Therefore, the

failure type was presented as one failure for the whole bridge and not as failures of

individual components of the bridge.

To differentiate between different failure modes, the following descriptions were used:

o 'Debonding'refers to an adhesive failure caused by breakdown of the luting cement,

o 'Bulk fracture' is a large catastrophic failure occurring through the body of the

restoration,

94



o 'Chip fracture' is a small fracture of a superhcial layer of porcelain of the restoration

which is not catastrophic,

o 'Connector fracture' is separation of the bridge components at a connector,

o 'Colour mismatch' is the inability to match the restoration colour with the colour of

the existing teeth,

o 'Pulpitis' is any irreversible pulpal change or persistent post-operative sensitivity

which needs treatment,

o 'Secondary caries' is recurrent caries under the restoration or at the restoration

margins (there were no instances recorded),

o 'Microcracks' are fractures in the body of the porcelain restorations which do not

cause any bulk or chip fractures. The restorations are still intact and there is no need

for any special treatment. Microcracks were considered as true failures since they

were fractures of the porcelain material,

o 'Apparent failure' refers to any failure occurring from extrinsic factors, rather than

directly from material or restoration problems. This was separated from 'true

failures' mentioned above which occurred because of problems inherent in the

restorations. Apparent failures were caused by eg. external acute trauma, a weakened

tooth which fractured after root canal f,rlling, or tooth extraction because of root

resorption or failed root canal therapy.

5.2.3.a Failure Types for Different Restorations

Table 11 displays the number and percentage of failures for each restoration type. The

percentages presented in the last column of the table are the proportions of failures of
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each type of restorations to the total number of that type of restoration in the study. The

total number of failures was 1I5 (2I%) out of 536 restorations (excluding apparent

failures). Fixed-fixed bridges showed the highest percentage of failures (10%), mainly

from bulk fracture. The rate of failures with cantilever bridges was much lower (20%).

Onlay restorations, without and with metal reinforcement, were the next highest type of

failed restoration (37Yo and 32o/o, respectively), (Table 11). Bulk fracture was the most

conìmon failure mode in both subgroups of onlays, followed by pulpitis and chip

fracture. Failures of shell crowns, with and without a metal substructure, were slightly

lower (15% arÅ 22%o, respectively). Bulk fracture was reported in 16 of the shell

crowns without a metal substructure, but in none of the crowns with metal

reinforcement. Again, pulpitis followed by chip fracture were other common failures.

Veneers without incisal coverage showed more failures (14%o) than those with incisal

coverage (2%). Bulk fracture was the most common failure mode in the veneer

restorations.

The second last row of Table 11 shows the percentages of each failure type as a

proportion of the total number of failures (123). The last row of the table, however,

represents the percentages of each failure type as a proportion of the total number of the

restorations. Bulk fracture was the predominant failure mode, followed by debonding,

pulpitis and chip fracture. Microfractures were not always recorded in the patients'

casenotes by the operators. Therefore, the number of restorations with microfractures

may be higher than presented in this study. No recurrent caries was reported.

It should be noted here that the number of failures in Table 11 does not necessarily

represent the number of failed restorations since, in a few cases, a combination of two

failures occurred with the one restoration. For example, with the fixed-fixed bridges,
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two bridges had a combination of bulk/chip fracture, and bulk fracture/colour mismatch.

Similarly, one cantilever bridge showed pulpitis/debonding. One shell crown (without

metal reinforcement) had debonding/food impaction. Two onlays failed because of bulk

fracture/debonding (without metal), and bulk fracture/colour mismatch (with metal).

Table 12 shows the number of failed restorations for the anterior and posterior regions

of the maxilla and mandible. In each row, the percentage of failures relative to the

number of that restoration placed in the anterior and posterior regions of the maxilla and

mandible are presented in parentheses. Out of 27 fixed-ftxed bridges, 17 failed (16

anterior and I posterior). With regard to the total number of f,rxed-fixed bridges in the

anterior and posterior regions (Table 4), failures of this restoration were very high. Of

fhe 49 cantilever bridges, eight anterior and one posterior bridge failed. It should be

noted that two of the failures in the anterior region were 'apparent', and not directly

related to the restoration or material. Bulk fracture and debonding were the most

common failure modes for cantilever bridges, while for fixed-f,rxed bridges bulk fracture

through the retainers or connectors were the dominant failure causes (Table 11). No

connector fractures were reported for the cantilever bridges. Shell crowns without metal

reinforcement showed a higher level of failure than those with metal reinforcement in

the posterior afea. As can be seen from Table 12, failures of restorations in the

mandible were much higher than those in the maxilla.

Retainer designs for the bridges are shown in Table 6, and the number of failed retainers

for the bridges in the anterior and posterior regions are presented in Table 13. Veneer

retainer designs for both types of bridges showed the highest failures.
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5.2.3b Failure Types for Different Age Groups

As mentioned previously in section 5.2.2b, patients were divided into five age groups.

Table 14 shows the number of failures for each age group. It also shows the percentage

of failures in each age group relative to the number of restorations in that group. Most

failures happened after the age of 31 years, with the age cohort of 31-40 years showing

the highest failures (36%). The lowest failures were in the age group of 21-30 years

(12%). Bulk fracture was cornmon in the age cohorts of 31-40, 41-50, and 5l* years,

and pulpitis was only reported by patients in these three groups. Other failure modes

were spread across all groups. However, apparent failures were more common in the

teenager group (10-20 years).

5.2.3c Failure Types for Operators

Presented in Tables 15 and 16 are the number of failures of restorations placed by the

two operators. The rate of failures were 22o/o and 25Yo for operator 1 and 2,

respectively. Bulk fracture failures did not differ between operators. While debonding

and colour mismatch occurred more often in restorations placed by operator 1, pulpitis

was reported more often by patients treated by operator 2. Although microfractures

were noted in the restorations of operator 1 only, operator 2 might not have reported this

problem in the patients' casenotes.

Displayed in the last column of Tables 15 and 16 (in parentheses) are the percentages of

failures of each type of restoration relating to the total numbers of that restoration placed

by each operator. Fixed-fixed bridges and onlay restorations had the highest failures for

both operators. Shell crown and chip restorations placed by operator I showed
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considerably more failures than those placed by operator 2. On the other hand, the

failure of cantilever bridges for operator 2 was twice that for operator I .

5.2.3d Failure Types for Bruxer and Non-bruxer Patients

Because of the possible importance of the effects of parafunctional habits on the

longevity of resin-bonded porcelain restorations, the distribution of restorations and

their failures in bruxer patients are presented in this section. There were 16 bruxer

patients involved (eight male, eight female). Shell crowns and onlays were the more

common restorations found in bruxer patients, especially in the posterior region (Table

l7a). No fixed-fixed bridges were constructed and only two cantilever bridges were

made for these patients. The number of posterior teeth which received bonded porcelain

restorations was approximately twice that in the anterior region. Table 17b presents the

number and percentages of failures relative to the total number of restorations placed in

bruxers (N: 63), and non-bruxers (N: 473), excluding apparent failures. The total

percentage of failures in bruxers (30%) was higher than in non-bruxers (22Yo), which

was not significant. The percentages of bulk and chip fiactures, and microfractures

were relatively higher in bruxers, but not markedly different from those in nonbruxers.

Table 17c represents the failure modes of each restoration type in bruxer patients in the

anterior and posterior regions. Except for restorations which were specif,rcally

constructed for the anterior region (veneers, chip restorations ), and one cantilever

bridge, all other failures in bruxers occurred in the posterior teeth. Presented in the last

row of Table l7c are the percentages of failures of each type of restoration relative to

the total number of such restorations constructed in bruxers. Most of the failures

occurred with onlays and shell crowns without metal reinforcement, while no failures
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were found in the same restorations with metal reinforcement. Table 17d represents the

average, minimum and maximum longevity of restorations before they failed in bruxers

and non-bruxers. The average longevity of restorations was 22.38, and 22.11 months in

bruxers and non-bruxers, respectively

5.2.3e Failure Types with Different Liners/Bases

Three major groups are presented as'bases'in Tables 18-23. According to the

operators, these materials were only used as thin liners over deep axial walls. The

prepared teeth which did not receive any bases were named as group'none' in the tables

Glass ionomer cements were the major base material. Some'other'types of bases were

also variously used to a limited extent by operator 2. Of the total number of teeth

involved in this study (565), 610/o received no bases, and 36Yo received glass tonomer

cement bases (Table 18). Tables 19 and 20 showthe different bases used by the two

operators. The number of teeth without bases was approximately twice those with

bases, for both operators. While operator 2 used a wider range of different bases,

operator 1 recorded the use of glass ionomer cement bases only. Both operators used

glass ionomer cement bases in approximately one-third of their restorations

Failure types with different bases for operators l and 2 are shown in Tables 2l and 22,

respectively. Teeth with glass ionomer cement bases showecl a higher incidence of post-

insertion pulpitis for operator 2. Debonding was found more often in teeth without any

bases for both operators. The percentage of failed restorations relative to the total

numbers of restorations in each group is presented in parentheses in the last row of

Tables 2I and 22. For operator 1, the percentages of restoration failures with and
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without bases were similar (Table 21), while teeth with glass ionomer bases

higher percentage of failures for operator 2 (Table 22).

Post-operative sensitivity was a common problem reported with resin-bonded porcelain

restorations. Displayed in Table 23 are the numbers of cases of short-term post-

operative sensitivity with regard to the different bases used in this study. For both

operators, post-operative sensitivity was dominantly seen in restorations with glass

ionomer cement bases. Table 24 shows the number of cases of short-term post-

operative sensitivity, and those which led to intractable pulpitis, for the different

restoration types. Out of 52 cases of post-operative sensitivity, 15 became intractable

and needed treatment. The percentages of post-operative sensitivity and intractable

pulpitis to the total numbers of teeth restored (565) in the study are presented in

parentheses in the last column of Table 24. Nine percent and 2.lo/o of the total teeth

restored showed post-operative sensitivity and intractable pulpitis, respectively.

5.2.3f Failure Types with Different Resin Composite Luting Agents

Table 25 shows the different resin composite cements used by the operators. Ultra-

Bond was almost totally used by operator 1, whereas operator 2 mainly used Mirage and

Insure cements. A wider variety of adhesive cements was used by operator 2 than was

used by operator 1. The frequency of cement usage is shown as a percentage of the total

number of restorations (536) in the last row of Table 25. Ultra-Bond, Mirage, and

Insure were most commonly used by the operators. Failure types associated with the

different cements are shown in Table 26. The percentages of failures associated with

the different cements are displayed in the last row of the table. The highest failures

were recorded for Mirage, followed by Ultra-Bond. Bulk fracture, debonding and
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pulpitis were common reasons for the failures with both cement types. Restorations

cemented with Insure showed the lowest rate of failure (3%)

5.2.39 Failure Reasons and Treatments after Failures

In this section the reasons assumed for failures and the treatments of failed restorations

are presented:

5.2.391: Debonding,

5.2.392: Bulk Fracture,

5.2.393 : Chip Fracture,

5 .2.3 94: Microfractures,

5.2.395 : Colour Mismatch,

5.2.396: Pulpitis,

5.2.3 g7 : Apparent Failure.

The percentages described here are shown in the last column of Table 11

It should be noted that the operators did not record the failure reasons in all instances.

In these cases some assumptions were made after discussion with the operators and

according to the existing facts in the casenotes. For example, if a restoration fractured

and the patient was a bruxer, the reason for fracture was assumed to be 'occlusal stress'.

Some restorations failed more than once and the operators hacl to remake them. One

option was to remake the restoration with the same original design (eg porcelain onlay

replaced by another onlay), or to remake the restoration with a different resin-bonded

porcelain design (eg porcelain onlay replaced by a shell crown). Another option was to

replace the resin-bonded porcelain restoration with a completely different restoration,

such as a gold or a porcelain fused to metal (PFM) crown or bridge. Out of 116 failed
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restorations, 48 were remade and the rest replaced. Out of the 48 remade resin-bonded

porcelain restorations, 11 failed again. Nine of these restorations were remade for the

second time, and two rebonded. One restoration failed for a third time and was then

replaced with a PFM crown.

5.2.3g1 Debonding

In some cases a combination of debonding and bulk fracture, or pulpitis were reported.

Out of 536 restorations, 15 (2.8%) debonded (Table 11). Most of the debondings were

assumed to be caused by occlusal stress and poor enamel quantity, followed by poor

etching or contamination, and poor enamel quality. In two shell crowns, a combination

of occlusal stress and poor enamel quantity probably led to the debondings. Out of 15

debonded restorations, five were remade, five were rebonded, and ltve were replaced.

All restorations which had debonded because of possible poor enamel quantity had to be

hnally replaced with PFM or gold crowns. One shell crown was remade twice and was

finally replaced with a PFM crown.

5.2.392 Bulk Fracture

Of the 536 restorations, 56 (10.4%) had bulk fractures (Table 11). The dominant reason

for bulk fracture was thought to be occh¡sal stress (52 cases), Three other cases

fractured because of possible poor enamel quantity. In one instance, the restoration had

been fabricated on a root canal filled tooth with a cast-post, which resulted in restoration

fracture probably because of lack of tooth structure. In 24 cases the operators had to

replace the restorations with another type. However, in most instances, the fractured

restorations were either remade (24 cases), or they were repaired (8 cases). Of the 24
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remade restorations, four refractured and were replaced with PFM or gold crowns. Of

the 27 fixed-hxed bridges, there were bulk fractures in 11 instances. They probably

fractured due to occlusal stress (10 cases), and poor enamel quantity (one case). Five of

these fractured bridges were replaced with PFM bridges. Three were remade as

cantilever bridges, where one retainer was involved for the cantilever, and the other

retainer was either remade or repaired, or left in place after some adjustment. In the

other three cases, the fractured retainers were repaired and the remaining components

were left as cantilever bridges. Three fixed-fixed bridges also had connector fractures.

One of them was replaced, one was remade as a cantilever bridge, and one was adjusted

and left as a cantilever bridge. Out of the 49 original cantilever bridges placed, only

three had bulk fractures. Two of these bridges were replaced with PFM bridges, and

one was repaired.

5.2.393 Chip Fracture

Only 14 (2.6%) of 536 restorations had chip fractures. The most important reason for

chip fracture was thought to be occlusal stress (13 cases). In one case, the restoration

was chipped because of trauma from a partial denture clasp. Of these chipped

restorations, 10 were repaired, and four were adjusted.

5.2.394 Microfrøcture

Six shell crowns and onlays were noted to have microfractures. These were assumed to

occur because of occlusal stress or, in one case, because of poor enamel quantity. Only

one of the restorations was remade, and the others were left without any special

treatment.
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5.2.395 Colour Mßmatch

Five restorations (1%) had colour mismatch problems (two shell crowns, one veneer,

one onlay, and one fixed-fixed bridge). The most common reason for colour mismatch

was a root canal filled tooth. In one case no reason was recorded by the operator, and it

was assumed that there was some difficulty in selecting the correct shade. For the onlay

and fixed-fixed bridge, there \¡/as a combination of colour mismatch and restoration bulk

fracture. Of the f,rve restorations, three were remade (two shell crowns, one fixed-f,rxed

bridge), and two were replaced (one veneer, and one onlay with another material)

5.2.396 Pulpitis

As shown previously, out of 536 restorations, 15 (2.7%) were associated with

intractable pulpitis which required treatment. Pulpitis was reported with eight shell

crowns, six'onlays and one cantilever bridge. The reasons for the pulpitis were assumed

to be microleakage, occlusal stress, and poor etching or contamination during

cementation. Of the onlays, one was remade as a shell crown and the others were

remade as onlays again. One onlay required a root canal filling, and was then remade.

Of the shell crowns, frve were replaced with PFM or gold crowns, and one was remade.

Two of the shell crowns required root canal frllings after which the access cavities were

repaired. One cantilever bridge had pulpitis and debonding at the same time which was

possibly caused by poor etching or contamination during cementation. The bridge was

rebonded and the pulpitis disappeared

10s



5.2.397 Appørent Failure

Eight restorations (1.5%) had apparent failures. External acute trauma and tooth

fractures (root canal filled and root resorbed) were factors causing the apparent failures.

One veneer, four shell crowns, two cantilever bridges and one fixed-fixed bridge had

apparent failures. Four of these failed restorations were remade and two were replaced

with PFM crowns. Two of the teeth that fractured were replaced by implants.

5.2.4 ExaminerReliability

The percentage agreements for the clinical features of failure type, failure reason, and

treatment given ranged from 97 - 100%. Because most of the observations were zero,

Kappa values could only be calculated in four instances. The results from Form 2 are

shown in Appendix VI

5.2.5 Limitations of the Study

The accuracy of the information in this study depended upon the accuracy of the

information detailed by the operators in the patients' casenotes

Some information, such as the reasons for restoration failures, required some

estimations to be made from the other existing facts in the casenotes, as well as some

cross-checking with the operators. The sample population was selected from the

operators' files to find the oldest restorations, which led to small sample sizes in some

groups such as inlays, porcelain chip veneers, and hxed-fixed bridges. Such

restorations were subsequently, either discontinued or seldom placed.
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The limited duration of the study also affected the survival analyses results, as 75th and

median survival quartiles could not be calculated in some cases (labial veneers with and

without incisal coverage, cantilever bridges).

Since the samples were collected from a specialist practice, the results of this study do

not represent private general dental practices. In analysing the restorations survivals,

attempts were made to follow up the patients, and to update the data. However, this was

a problem, since some of the patients either could not be located, or did not wish to

attend.

5.3 SECT¡ON THREE: RESTORATION SURVIVALS

5.3.1: Introduction

This section deals with the survival characteristics of restorations of different types. For

this study, the restoration survivals were analysed using life table methods (BMDP

Statistical Software Program lL, Dixon 1992). Various analyses included the survival

estimates of;

5.3.2.1 all restoration types,

5.3.2.2 veneers with and without incisal coverage,

5.3.2.3 onlays with and without metal reinforcement,

5.3.2.4 shell crowns with and without metal reinforcement,

5.3.2.5 cantilever and fixed-f,rxed bridges,

5.3.2.6 restorations luted with different resin composite cements,

5.3.2.7 restorations in patients with parafunctional habits,

5.3.2.8 restorations in patients from different age groups,
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5.3.2.9 restorations in male and female patients,

5.3.2.I0 restorations by arch distribution,

5.3.2.1 1 restorations placed by different operators.

As mentioned previously, inlay and chip restorations were excluded from the survival

analysis because of their small sample sizes. Apparent failures were also excluded from

the restorations failures since they occurred due to factors not directly related to the

restorations or materials. The number of units involved in the f,rxed-fixed bridges were

three, including one pontic and two retainers. One anterior fixed-fixed bridge comprised

six units (two pontics and four abutments), which was excluded from the survival

analyses. All of the cantilever bridges were 2-units. The difference between the

numbers of restorations and failures in this section, as compared with the numbers

presented in section 5.2 (Restorations Failures), is because the inlay and chip

restorations, and the apparent failures were excluded from the survival analyses. The

75th survival quartile results were used wherever possible for the survival times. When

insufficient failures occurred during the study period, then the survival quartiles could

not be provided. Data used for the life table survival estimates are shown in Appendix

V.

5.3.2 RestorationSuruivals

5.3.2.1 Survival of All Restoration Types

There were sufficient numbers of restorations for porcelain laminate veneers (with and

without incisal coverage), onlays, shell crowns, and cantilever bridges to allow

statistical analysis (Table 4). There was a statistically significant difference present
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between the individual restoration types in their survivals (P: 0.001). The survival

characteristics of each restoration type and of all restorations are shown in Diagram I

The estimated 75th survival quartile for all restorations was 58.0+ 6.2 months.

Mantel-Cox Statistic 27.870, P: 0.001

5.3.2.2 Veneers With and \üithout Incisal Coverage

Diagram 2 shows the survivals of both groups of porcelain laminate veneer restorations.

Although veneers with incisal coverage survived better than veneers without incisal

coverage, the difference between the two groups was not significant (P:0.13). No

survival quartile results were possible for either type of veneer since the number of

failures was too small during the period of study. The survival estimates showed that

approximately 960/o of veneers with incisal coverage, and 85% of veneers without

incisal coverage survived at 84 months.

Mantel-Cox Statistic: 2.294, P: 0.13

0.8542749Cantilever Bridges

0.40llt627Fixed-Fixed Bridges

0.8218940229Shell Crowns

0.67653297Onlays

0.9745I46Veneers with incisal coverage

0.8756864Veneers without incisal coverage

Proportion CensoredCensoredFailedNumberRestorations

0.9745I46Veneers with incisal coverage

0.8756864Veneers without incisal coverage

Proportion CensoredCensoredFailedNumberRestorations
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5.3.2.3 Onlays With and Without Metal Reinforcement

Survival characteristics of onlays are presented in Diagram 3. Since the sample size for

the onlays with metal reinforcement was small, failures in this group can have a

significant effect on the survival analysis results. No signif,rcant difference was found

between the survivals of the two groups (P:0.84). The 75th survival quartile was 35.5+

7.6 months for onlays without a metal substructure, and 41.9+ 15.8 months for onlays

with metal reinforcement.

Mantel-Cox Statistic: 0.039, P: 0.84

5.3.2.4 Shell Crowns With and Without Metal Reinforcement

In contrast to the onlays, the sample sizes for the shell crowns with and without metal

reinforcement were large enough to make valid statistical comparisons. There was no

significant difference found between the two groups of shell crowns (P:0.96), as shown

in Diagram 4. The 75th survival quartile for shell crowns was 60.4+ 13.0 months, and

53.6+ 8.3 months, without and with metal reinforcement, respectively.

Mantel-Cox Statistic: 0.002, P: 0.96

0.'13t45t9Onlays with metal reinforcement

0.65512778Onlays without metal reinforcement

Proportion CensoredCensoredFailedNumberRestorations

0.8553962Shell crowns without metal reinforcement

0.811363l16',7Shell crowns without metal reinforcement

Proportion CensoredCensoredFailedNumberRestorations
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Diagram 5 presents the survival of shell crowns versus onlays. As mentioned in section

5.2.3a, the failure rate of onlays was higher than that of shell crowns. The results of the

survival analysis also showed that shell crown restorations survived better than did

onlays. The 75th survival quartiles for shell crowns and onlays were 60.21 13.7 and

38.01 9.5 months, respectively. However, the difference between the two restoration

types was not statistically significant (P:0.14).

Mantel-Cox Statistic: 2.175, P: 0.14

5.3.2.5 Cantilever and Fixed-Fixed Bridges

The survival characteristics of both types of bridges are presented in Diagram 6. The

number of failures of the cantilever bridges during the study was insufficient to

calculate the 75th survival quartile. However, the survival estimates showed that

approximately 79%o survived at least 84 months. For the fixed-fixed bridges, the 75th

survival quartile was20.7! 6.7 months, and the median survival was 56.3+ 7.i months

A significant difference in survival times was present between the two types of bridges

(P: 0.02). Flowever, there were relatively few fixed-hxed bridges present.

Mantel-Cox Statistic: 5.871, P: 0.02

0.67653297Onlays

0.8318940229Shell Crowns

Proportion CensoredCensoredFailedNumberRestorations

0.40lll627Fixed-Fixed Bridges

0.8642749Cantilever Bridges

Proportion CensoredCensoredFailedNumberRestorations
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5.3.2.6 Restorations Luted with Different Resin Composite Cements

In evaluating the survival of the restorations for different adhesive cements, only

Mirage, Insure and Ultra-Bond were analysed, because of the small sample sizes for the

other cements, As described in section5.2.3f, Mirage cement had the highest failures

followed by Ultra-Bond. The survival analysis in of the restorations in Diagram 7

showed a significant difference between the three groups (P: 0.007). The restorations

cemented with Mirage had a75th survival quartile of 34.9 + 8.2 months, while for those

cemented with Ultra-Bond, the period was 80.6 months. However, insuff,rcient failures

for Insure precluded any fuither analysis.

Mantel-Cox Statistic: 9.850, P: 0.007

5.3.2.7 Restorations in Patients with Parafunctional Habits

The results of the present study showed that the survival of restorations placed in

patients with parafunctional habits did not differ signihcantly from those placed in non-

bruxerpatients (P:0.26), as shown in Diagram 8. Restorations for bruxers had a75th

survival quartile of 58.1 t 9.0 months, and those for non-bruxers had a75th survival

quartile of 58.5 t 5.2 months

0.9'760262Insure

0.8120547252Ultra-Bond

0.697T3l102Mirage

Proportion CensoredCensoredFailedNumberCements
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0.1239l554Bruxers

0.8131486460Non-Bruxers

Proportion CensoredCensoredFailedNumberPatients Groups

Mantel-Cox Statistic: 1.270, P: 0.26

5.3.2.8 Restorations in Patients from Different Age Groups

Statistically signfficant differences were found between the five age groups (P: 0.02)

The best survival characteristics belonged to age groups 10-20, and 21-30 years

(Diagram 9). The numbers of failures in these two groups were too small to allow for

75th survival quartiles. The restorations placed in the patients of the two groups

survived well during the period of this study. In the age group of 31-40 years, the 75th

survival quartile was32.2+ 10.5 months. In the age groups of 41-50 and 51+ years, the

75th survival quartiles were 65.81 25.7 and 55.1+ 22.0 months, respectively

Mantel-Cox Statistic: 11.860, P: 0.02

5.3.2.9 Restorations in Male and Female Patients

The total number of restorations placed in female patients was approximately twice

those placed in male patients. Diagram 10 represents the survival characteristics of the

0.7376281045l+

0.83t28261544l-50

0.6872JJ10531-40

0.91828902t-30

0.905566rl0-20

Proportion CensoredCensoredFailedNumberPatient Age Groups

113



restorations placed in male and female patients. A borderline significant difference was

found between the survival of the restorations in both groups (P: 0.06). In the female

patients, the 75th survival quartile was 47.9+ 6.8 months. However, insuff,tcient failures

occurred in the male patients to allow statistical analysis

Mantel-Cox Statistic: 3.430, P: 0.06

5.3.2.10 Restorations by Arch Distribution

Because of the limited numbers of some posterior restorations (eg veneers, and bridges),

and some anterior restorations (eg onlays), only the survivals of posterior shell crowns

and onlays were analysed according to their dental arch distributions. Diagram 11 shows

the survival characteristics of shell crown and onlay restorations placed in the posterior

teeth of the maxilla and mandible. The survival rates of the restorations was not

significantly different(P: 0.11). The maxillary restorations demonstrated superior

survival characteristics. The estimated 75th survival quartiles of the restorations were

57.0 months for the maxilla, and 28.0 months for the mandible.

Mantel-Cox Statistic :2.630, P: 0.1l

0.79251663tlFemale

0.8216235197Male

Proportional CensoredCensoredFailedNumberPatients'Gender

0.667l36107Mandible Posterior

0.7359228lMaxilla Posterior

Proportional CensoredCensoredFailedNumberRestorations Sites
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5.3.2.11 Restorations Placed by Different Operators

A signif,rcant difference was found between the survivals of restorations placed by the

two operators (P:0.001, Diagram 12). For the restorations placed by operator 1, the

75th survival quartile was 82.6+ 7.3 months, whereas for those placed by operator 2 the

75th survival quartile was at 31.6t 4.5 months

Mantel-Cox Statistic: 16.780, P: 0.001

0.7816548213Operator 2

0.8224853301Operator I

Proportional CensoredCensoredFailedNumberOperators
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Diagram 4: Survival characteristics of shell crowns with and without metal
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5.3.3 Drscussion

5.3.3.1 Introduction

ln the Literature Review on the clinical behaviour of resin-bonded porcelain

restorations, different types of failures occurring at variable rates were reported. The

most common problems reported in the literature were restoration fracture, marginal

deterioration and discolouration, post-operative sensitivity and pulpitis, and debonding

(Jensen 1988, Calamia 1989, Thordrup 1991, Broome et al. 1994, Noack and Roulet

1994, Friedl et al. 1995, Isidor and Brondum 1995, Friedl et al. 1996)

5.3.3.2 Bulk Fracture

Bulk fracture comprised the highest number of failures reported in the present study

(103% of the total number of restorations, Table 11). Some investigators reported no

fractures in their studies (Iftejci et al. 1992, Sorensen et al. 1995), while others reported

restoration fractures either at a lower rate (Calamia 1989, Mörman and Krejci 1992,

Högland et al. 1992), or at a higher rate than in the present study (Christensen and

Christensen 1992, Shaini. et al. 1995, Cavel et al. 1995).

The reasons for fracture are variably presented in the literature. In the present study, the

main reason for restoration fracture was thought to be excessive occlusal stress. It is

obvious that other contributing factors such as restoration design, inherent defects in the

porcelain, and effective bonding to tooth structure are also important. Improper

bonding to tooth structure sometimes led to a combination of debonding and bulk

fracture in the present study. The probable reasons for ineffective bonding in these

cases were recorded as poor enamel quantity and moisture control
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Any sharp, angular uneven preparation surfaces may act as foci for stress

concentrations, which may cause porcelain fracture. Glass ionomer cement bases (GIC)

are often used to block out undercuts and level out uneven cavity floors. The success of

resin-bonded porcelain restorations depends on uniform tooth preparation with a

minimum thickness of GIC bases (Isidor and Brondum 1995). In the present study, bulk

fracture for the restorations with GIC bases was approximately twice that for

restorations without any bases (Table 18b). This may confirm the effect of the use of

GIC bases in reducing the strength of porcelain restorations in this study. However, the

operators claimed that they only used glass ionomer cement in a thin layer, as a lining

on deep axial walls, and not to block out any undercuts. Any preparation unevenness or

undercuts were later blocked out on the dies before fabrication of the resin-bonded

porcelain restorations

Incomplete setting, and hydration or dehydration of GIC bases at an early stage of

setting reduces the mechanical strength of the material, which then impairs its bonding

to tooth structure. These factors make conventional GIC bases unsuitable under resin-

bonded porcelain restorations. It has also been reported that cleaning temporary

cements from GIC bases is difficult, which again may compromise the bonding

procedure (Milleding et al. 1995). As can be seen from Tables 19 and 20,the operators

avoided using GTC hases in most of the restorations. This may have been because of

their experiences with a higher numbers of failures in a few restorations based with

GIC

Any resiliency under porcelain restorations creates stress in the porcelain material,

which may then lead to restoration fracture. Very thick or uneven resin composite

cement lutes may produce some resiliency under porcelain restorations. In addition, a

tt7



thick layer of resin composite cement will produce a larger polymerisation shrinkage,

which, in turn, can create stress in the porcelain body, and/or break the bond to

restoration or tooth structure. Therefore, it is essential to prepare a smooth cavity for

resin-bonded porcelain restorations, and to produce an appropriate thin space for an

even layer of cement. Poor-fitting restorations need thicker resin composite cement

hlms

Complete polymerisation of resin composite cement is another important issue in the

strength of restorations, and the bond strength to tooth structure. Incomplete curing of

the resin composite cement will create different regions of resiliency in the cement

layer, which may also lead to porcelain fracture. Strang et al. (1987) and Linden et al

(1990) showed the significant effect of porcelain thickness and shade on the

polymerisation of resin composite cements. Although light-cure composite cements

polymerise well under restorations with a thickness less than 1.0 mm (Fleiter et al.

1992), the use of a dual-cure cement is recommended with thicker restorations

(Milleding etal.1995,Isidor and Brodum 1995). The latter authors, who were in favour

of dual-cure cements, stated that when light-cure cements were used, the cement in the

deeper areas was not completely cured, which caused flexure of the restorations. Dar¡

and Jacobsen (1995) stated that luting agents are insufficiently cured by dual or

chemical cure during the early stage of restoration placement, and the cements required

24 hours to reach their maximum cure. Therefore, the restoration may be vulnerable to

loading in the ftrst 24 hours. In the present study, Mirage adhesive cement showed the

highest failures (Table 26). UItra-Bond cement also had rather high failures. Since all

the cements used by the operators were dual-cure, the difference in the failure rates may
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have been related to the experience of the operators at the time that Mirage and Ultra-

Bond were used.

The design of resin-bonded porcelain restorations is an important factor in the strength

of the restorations. Highton et al. (1987) and Watanabe et al. (1992) demonstrated a

higher level of success in labial veneers with incisal coverage than in those without

incisal coverage. The same results were obtained in the present study. Veneers with

incisal coverage had the lowest failure rates in the study (2Yo, Table Il). The only

failure found in these restorations was one debonding because of probable moisture

contamination during cementation. A more suitable stress distribution was responsible

for the better performance of the veneers with incisal coverage in the two studies

mentioned previously. The only problem with this design is the larger amount of tooth

reduction required, which is not as conservative as a veneer without incisal coverage.

However, superior aesthetic results and resistance to fracture seem to be distinct

advantages over veneers without incisal coverage. The results of the survival analysis

also revealed a longer life-time for veneers with incisal coverage.

In terms of inlay/onlay designs, tooth cusp coverage by means of an onlay is

recommended (Milleding et al. 1995). Although none of the inlays in the present study

failed, a valid comparison with the onlays cannot be made because of there being only 9

inlays. Possibly, the operators avoided construction of porcelain inlays because of their

limited usefulness in restoring occlusal form.

In the present study, a comparison of partial (onlay) and full coverage (shell crown)

restorations showed that higher fracture/debonding failure rates were recorded for the

onlays. An explanation for this may lie in the advantage of using full tooth coverage to

produce maximum bonding between tooth and restoration. It is obvious that in the shell
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crown designs more peripheral enamel is available to produce a reliable bond. A more

homogenous stress distribution with the shell crown designs, as compared with the

onlay designs, may also contribute to the higher success of the shell crowns. Cusp

flexure is more likely to occur with inlay/onlay designs than with a shell crown design.

Full tooth coverage, less probability of cusp deformation, no marginal contact with

opposing teeth, and more enamel available for bonding might be important factors

affecting the better performance of shell crown restorations.

Onlay and shell crown restorations with metal reinforcement performed similarly

overall to those without metal, as shown by the results of the survival analyses

(Diagrams 3 and 4). However, failures from bulk fractures for the metal-reinforced

restorations were less than half those for the non-reinforced restorations (Table 11).

Therefore, the effectiveness of metal reinforcement for resin-bonded porcelain

restorations, especially in high stress-bearing areas, was conf,trmed. Although the use of

metal reinforcement for porcelain restorations sometimes needs more tooth reduction,

which might also compromise the bonding to tooth structure, metal reinforces the

restoration and reduces the risk of fracture. Since fracture is a common failure reason

reported for resin-bonded porcelain restorations, sacrificing a small amount of tooth

structure for the benefit of creating stronger restorations seems to be worthwhile. In this

study, the operators used metal reinforcement for restorations of larger cavities, to avoid

large bulk of porcelain. Sometimes when replacing a large amount of lost tooth

structure in cases of caries or tooth fracture, or when replacing amalgam restorations, an

uneven preparation is created. This will result in different porcelain thicknesses in

different areas of the preparation. Sintering such a porcelain restoration creates clifferent

shrinkages, and stresses in the restoration. One way to reduce this problem is by the
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modification of the preparation, using GIC bases. But, to avoid potential problems

associated with the use of GIC materials, an underlying metal substructure is

recommended to provide an even thickness of porcelain, and to provide rigidity and

resistance to deformation in the porcelain restoration (Garber and Goldstein, 1994)

The presence of voids and flaws in the porcelain is another factor which weakens the

material (ØtIo 1988, Kelly et al. 1989, Messer et al. 1991). Thordrup et al. (1991)

compared MOD Cerec inlays with laboratory made inlays, and found some microcracks

in the indirect laboratory inlays and none in the Cerec inlays.

In the present study, cantilever bridges performed much better than the fixed-fixed

bridges (Table 11). This opposes the results of a study by Christensen and Christensen

(1992) in which resin-bonded porcelain cantilever bridges were not recommended

because of their high failure rate. Analysis of restoration survivals in the present study

revealed a signif,rcantly longer lifetime for cantilever bridges than for the hxed-f,rxed

bridges. As can be seen in Diagram 5, the survival curve for the f,rxed-hxed bridges

dropped dramatically, whereas that of the cantilever bridges dropped more steadily. In a

fixed-fixed bridge, the pontic is rigidly connected between two retainers, which have

different directions of flexion when loaded. This situation leads to torquing and shear

stresses in the porcelain which are beyond its flexural strength. However, when a

cantilever bridge is loadecl, all the unit will behave like a single tooth with less stresses

in the porcelain. In addition, the higher number of units sometimes involved in fixed-

hxed bridges creates complexity in its design. A fixed-fixed bridge may be more likely

to flex when loaded than a cantilever bridge. Three cases of connector fractures in

hxed-fixed bridges confirmed the occurrence of more deformation in these restorations.
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In this study, bridges with shell crown abutment design survived better than those with

veneer designs, which is in agreement with the results of Christensen and Christensen

(1992). This might be because of a better load distribution along the long axis of the

tooth when a shell crown abutment was chosen.

5.3.3.3 Post-Operative Sensitivity

Post-operative sensitivity is another problem commonly reported for resin-bonded

porcelain restorations. Although some investigators did not report this problem in their

clinical trials (Calamia 1989, Rucker I99I, Hogland etal. 1992, Broome etal. 1994),

most in vivo studies have reported post-operative sensitivity of various rates (Thordrup

et al. 1991, Krejci et al. 1992, Sorensen 1995, Freidl et al. 1995). In the present study,

at least 9Yo of restorations showed some post-operative sensitivity (Table 24). One

possible reason for this is phosphoric acid etching of the dentine. Although the acid

itself does not seem to cause irritation to the pulp, it increases dentine permeability

(Pashley 1992), which may then allow access for bacteria and their products to the pulp

following any microleakage.

Premature tooth contacts may also be responsible for immediate post-operative

sensitivity symptoms, which will disappear after occlusal adjustment. Hypersensitivity

may also occur when weak cusps are retained (Milleding et al. 1995). These cusps can

be more easily bent under load or from the polymerisation shrinkage of the cement.

This might be the reason for the higher post-operative sensitivity reported for onlays

than for the shell crowns (Table 24). This type of sensitivity usually disappears after the

high initial bonding strength of cement to tooth and porcelain surfaces decreases (Molin

and Karlson, 1992). Different resin thicknesses of composite cement provide different
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degrees of polymerisation shrinkage and resiliency in the cement. This resiliency can

produce painful symptoms in teeth (Milleding et al. 1995). The presence of microcracks

in tooth structure, which can be opened by the polymerisation shrinkage of cement or by

tooth function, may also create post-operative sensitivity.

GIC bases are often used to block out undercuts and to seal the dentinal tubules, to

avoid post-operative sensitivity. However, in the present study, most of the instances of

sensitivity occurred when GIC liners were used (Table 23). This finding opposed the

results of a study by Wat and Cheung (1995) who found post-operative sensitivity

associated with 640/o of onlay restorations, but no symptoms in those teeth based with

GIC. This emphasises the relevance of other factors such as heavy occlusal loads, tooth

cracks, weak cusps, resilient load-bearing materials and preparation trauma. In the

present study, the duration of sensitivity was not recorded, but it is obvious that most

cases disappeared after a while, and the operators did not have to do any special

treatment. However, some instances of sensitivity may persist and lead to irreversible

pulpal changes (Christensen and Christensen 1992, Roulet 1995). In the present study,

2.7Yo of cases showed persistent pulpitis which was thought to be mainly caused by

microleakage with bacterial contamination, and occlusal stresses. Of the 15 instances of

persistent pulpitis, three teeth were root canal treated, and five restorations were

replaced with PFM or full gold crowns. This again shows the possible influence of

factors such as tooth cracks, flexible cusps, and uneven resin cement thicknesses which

needed to be controlled with other alternative restorations. Seven other restorations

were remade, replaced with another porcelain restoration design, or rebonded, which

reveals the possible role of contamination and microleakage.
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5.3.3.4 Debonding

Providing a strong bond between porcelain and tooth is critical for the success of resin-

bonded porcelain restorations. However, adhesive failure has been reported frequently

in the clinical evaluation of these restorations (Calamia 1989, Noak and Roulet 1994,

Shaini et al. 1995). In the present study, the occurrence of debonding was very low

(2.8%), and lower than reported in the studies mentioned. Polymerisation shrinkage of

resin composite cement can be responsible for the breakdown of the bond to tooth, or to

porcelain surfaces (Tagami et al. 1990). In resin-bonded porcelain restorations, the

shrinkage stresses might be of minor importance if an even cavity floor has been

prepared. However, because the construction of well-htting restorations may be

difficult with uneven cavity floor preparations, different thicknesses of cement will

create different polymerisation shrinkage stresses. It has been shown that newer dentine

bonding adhesives are able to overcome the initial debonding forces from

polymerisation sh¡inkage (Swift et al. 1995)

In the present study, occlusal stresses were thought to be the most conìmon reason for

debonding, which is in agreement with a study by Lutz et al. (1991). Occlusal forces

create strains in the cement layer. If an adequate bond to tooth and porcelain surfaces

has been produced, then these strains can produce cohesive failure in the cement layer,

which can be seen as an early cleboncling of the restoration (Pratt et al. 1989)

The bond strength of resin composite cement to tooth and porcelain surfaces has been

shown to deteriorate over time (Bailey and Bennett 1988, Burkett et al. 1992).

Microleakage and the hydrolysis of silane coupling agents may be responsible for

adhesive failures over the long-term. These two factors might be additional reasons for

restoration debondings in the present study
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Poor enamel quantity was reported as another possible important reason for debonding

in this study. It has been shown that the bond to enamel is usually stronger than the

bond to dentine (Tseng et aL 1992). Bonding strengths to deep dentine are even weaker

than those to superficial dentine (Tagami et al. 1990). Where the replacement of large

amounts of tooth structure is required, then bonding to dentine is unavoidable

However, the application of dentine adhesives may enhance bond strengths where there

is insufficient enamel available (O'Sullivan et al. 1987, Asmussen and Munksgaard

1988, Kumatsu and Finger 1986).

In the present study, when the enamel quantity or quality was poor, and an inadequate

bond to dentine was produced, the operators had to replace the failed resin-bonded

porcelain restorations with other non-bonded alternatives (PFM or full gold crowns).

Optimal moisture control is necessary to create reliable bonding to porcelain and tooth

surfaces and, consequently, to increase the strength of the restorations (Milleding et al.

1995). In the present study, the operators did not routinely use rubber dam when

cementing the restorations, and contamination of tooth or restoration surfaces could

have resulted in some debonding failures. In these cases, the restorations were

recemented with care, and performed well subsequently

5.3.3.5 ParafunctionalHabits

Although Table 17b demonstrated a higher failure rate in patients who bruxed (30%)

than in non-bruxers (22Yo), the survival analysis revealed no significant difference

present between the two groups. The average longevity of the restorations was almost

the same in both groups (Table 17d). This shows that resin-bonded porcelain

restorations can perform well in patients who brux, if the restorations are designed
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correctly for specific cases. For many of these patients, night guards or occlusal splints

were also made, but the compliance by the patients was not known.

Since most restoration fracture failures occurred for onlays and shell crowns constructed

without metal reinforcement, the results of this study suggest the use of metal

substructures in restorations required for the posterior teeth. Considering the higher

occurrence of bulk and chip fractures, and microfractures in the restorations of patients

who brux (Table 17b), the use of metal substructures might also lead to longer survivals

of restorations in this group of patients

5.3.3.6 AgeDistribution

A review of the literature by Hawthome (1992) reported that generally, restorations of

conventional types placed in very young and very old patients did not perform as well as

those placed in patients from other age groups. The present study revealed quite

different results, as the failure rate of restorations in younger patients (10-30 years) was

very low. Survival analysis also showed significantly better success for restorations in

patients aged between 10-30 years. Most of the restoration fractures, pulpitis and

debondings occurred in the age groups between 31 to 51+ years.

The restorations in very young patients (10-20 years) performed very well, probably

becat¡se the teeth for which the restorations hacl been constnrctecl were either intact or

less damaged and worn. Therefore, stronger teeth with adequate enamel were available

to support and bond the restorations. However, in older patients, more tooth structure

had been lost. This resulted in less enamel being available to create adequate bonding,

and an increased probability of weakened cusp deformation, which consequently led to

failure of the restorations. The fewer teeth present in older patients may be another
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reason for the higher failure rate in this group, since the magnitude of load on the

remaining teeth is increased

5.3.3.7 ArchDistribution

In this study, the failure rate of the posterior mandibular restorations was higher than the

posterior maxillary restorations (Table 12). The survival analysis also revealed longer

times for maxillary than for mandibular restorations. One possible reason for this is the

greater difficulty with moisture control in producing an adequate bond between the

restoration and tooth surfaces in the mandible, especially as rubber dam isolation was

often not used. The different directions of masticatory forces in the maxilla and

mandible, and the different stresses on working and non-working cusps are other

possible reasons

5.3.3.8 Operators

Although Tables 15 and 16 showed approximately the same overall percentages of

failures for restorations placed by the two operators, the results of the survival analyses

revealed signif,rcantly better survivals for restorations placed by operator 1. Because the

restorations lined with GIC showed a higher failure rate for operator 2 (Tables 2l and

22), one possible reason for the different restoration survivals may have been less

appropriate use of GIC linings by operator 2. Significantly higher failures also occurred

for restorations cemented with Mirage, which was used predominantly by operator 2.

However, since both operators had the same level of experience, treated similar patients,

used the same porcelain material (Mirage), and one person fabricated the restorations, it
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is difficult to determine the reasons for the difference found in the restoration survival

rates

5.3.4 Conclusions and Recommendations

For the 536 resin-bonded porcelain restorations assessed in this clinical study, the

hndings for the restoration failures and survivals can be summarised as:

1) Full coverage resin-bonded porcelain restorations (shell crowns) performed better

than did partial coverage restorations (onlays). Although the full-coverage restorations

required more tooth reduction, their survival times were improved

2) Onlays with metal substructures performed slightly better than those without a metal

substructures. Therefore, the fabrication of restorations with metal reinforcement is

recommended in selected cases, especially for posterior teeth and for restorations in

patients with parafunctional habits. Although the failure rates of shell crowns with

metal reinforcement were lower than those without metal reinforcement, the results of

the survival analysis did not show better survival for shell crowns with metal

substructures.

3) Construction of porcelain laminate veneers with incisal coverage resulted in a much

lower failure rate than for laminate veneers made without incisal coverage

4) Fixed-fixed bridges failed far more frequently and within a shorter period than did

cantilever bridges. Therefore, in selected cases, construction of cantilever bridges is

recommended over f,rxed-frxed bridges

5) Although the restoration survivals varied for different age groups, the results of this

study showed that resin-bonded porcelain restorations can be successful in any age

group provided that sufficient enamel and tooth structure remaln.
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6) The small differences present in the failure rates and survivals of restorations placed

in bruxer and non-bruxer patients, showed that resin-bonded porcelain restorations are

not contraindicated in patients with parafunctional habits, provided that appropriate

preparation designs and metal reinforcement are used.

7) Restorations lined with GIC showed higher failure rates than when linings were not

used, although the GICs were generally used in thin layers. From the results of this

study, GIC linings placed under resin-bonded porcelain restorations are not

recommended. It seems that a reliable bond and reduced post-operative sensitivity can

be achieved with suitable dentine bonding systems

8) Significantly more failures occurred for restorations cemented with Mirage, than for

two other resin luting cements.

9) Restorations for posterior teeth in the mandible generally showed higher failure rates

than those for the maxillary teeth. Therefore, resin-bonded porcelain restorations for

posterior teeth, especially for the mandible, should be appropriately designed and metal

reinforcement also considered.

10) Bulk fracture was the most common failure mode recorded t'or the restorations in

the present study. Other less frequent failure modes were debonding, pulpitis, chip

fracture, colour mismatch, and connector fracture. No recurrent caries was recorded

The failure rates in this study were lower than those reported in most other studies.

which demonstrates the importance of operator experience for case selection and

preparation design for the success ofresin-bonded porcelain restorations
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Annendix I
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MATERIALS DETAILS

l- Mirage Porcelain: Chameleon Dental Products, Kansas City, KS, USA.

2- Mirage Die-Locator Tray: Chameleon Dental Products, Kansas City, KS, USA'

3- Dial Calliper: Rabone Chesterman Ltd, Switzerland.

4- Lab Putty: Condensation type. Coltène/Whaledent Inc., Mahwah, NJ, USA.

5- Camera: Minolta SRT-202 body with Vivitar 95 mm f2.8 macrolens, 2 x teleconventer, and Dine ring flash.

6- Film: Ektach¡ome 100 Plus colour transparency film.

7- Resin Composite Cements (Light cured/Dual cured):

a: Mirage: Chameleon Dental Products, Kansas City, KS, USA'
b: Insure: Cosmedent, Chicago,IL, USA.
c: Ultra-Bond: Den-Mat Corp., Santa Maria, CA, USA.
d: Porcelite: Kerr Cotp., Orange, CA, USA.
e: Sono-Cem: ESPE GmbH, Seefeld, Germany.

f: Dicor: Dentsply Int., York, PA, USA.
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Annendix III
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RESULTS OF PREPARATION DIMENSIOI{S (Section 5.1)

Table 1: Distribution of restorations types in maxilla and mandible

Table 2: Number of failed restorations in maxilla and mandible Q\:25)
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Total

lnlay
Onlay

Shell Crown

Restoration
Type

7

0

6

I

Molar
Maxilla

J

0

2

1

Premolar

10

0

5

5

Molar
Mandible

5

0

I

4

Premolar

25

0

1 4

11

Total



Total

Onlay

Shell Crown

Restoration

Type

11

7

4

Molar

1

0

1

Premolar

Fracture

0

0

0

Molar

2

1

1

Premolar

Debonding

5

J

2

Molar

4

1

J

Premolar

Pulpitis

I
i
0

Molar

1

1

0

Premolar

Chip

25

1 4

I I

Total

Table 3: Failure for each restoration. (N:25)

Table 4 of different surfaces involved in preparations for each type of restoration Q.{:105)

Total

4 Surfaces (All Surfaces)

3 Surfaces (MOD)
2 Surfaces ( BO, OL)
2 Surfaces (MO, DO)
1 Surface (Occlusal)

Preparation Surfaces

43.8

43.8

0

0

0

0

Shell Crown
%

s4.3

7.6

40

0

6.7

0

%
Onlay

1 9

0

0

0

0.95

0.95

%
Inlay

vl



Table 5a: Number and dimension of intercuspal width measurements in mesial and distal of
surviving premolars and molars for Shell Crowns (N:45)

Table 5b: Number and dimension of intercuspal width measurements in mesial and distal of
failed premolars and molars for Shell Crowns (N:11)

Total

Molar

Premolar

Tooth

Distal
Mesial
Distal
Mesial

Cavity
Site

a
J

0

1

0

2

3-3.9
mm

1 l
1

2

2

1 2

4-4.9
mm

1 2

J

J

0

6

s-5.9
Ítm

I J

5

5

1

2

>6

mm

45

9

11

J

22

Total

6.8

5.7

5.0

4.6

Mean

0.8

0.9

1 1

0.8

SD

7.0

7.0

6.3

6.3

Max

4.3

3.9

4.4
3.0

Min.

Total

Molar

Premolar

Tooth

Distal
Mesial
Distal
Mesial

Cavity
Site

0

0

0

3-3.9
mm

i
0

1

4-4.9
mm

2

0

2

5-5.9
rnm

8

5

a
J

>6

mm

1 1

5

6

Total

6.8

5.7

Mean

0.6

0.8

SD

7.5

6.7

Max.

6.0

4.4

Min.

vu



Table 6a: Number and dimension of intercuspal width measurements in mesial and distal of
premolars and molars for surviving Onlays (N:59)

Table 6b: Number and dimension of intercuspal width measurements in mesial and distal of
and molars for failed Onlays CN:21)

Total

Molar

Premolar

Tooth

Distal
Mesial
Distal
Mesial

Cavity
Site

4

0

0

0

4

3-3.9
mm

11

a
J

a
J

1

4

4-4.9
mm

I 7

7

8

I
1

5-5.9
mm

27

9

1 2

4

2

>6

nìm

59

1 9

z)
6

11

Total

5.8

5.8

6.1

4.5

Mean
nìm

0.8

0.8

0.8

0.9

SD

1.5

6.9

7.r
6.2

Max.
mm

4.r
4.0

4.9

3.5

Min.
mm

Molar

Premolar

Tooth

Total

Distal
Mesial
Distal
Mesial

Cavity
Site

1

0

I

3-3.9
mm

'I
I

0

1

4-4.9
mm

6

a
J

a
J

s-5.9
nìm

13

1

6

>6

mm

2 1

10

1 1

Total

6.4

5.8

Mean
mm

0.7

0.9

SD

7.5

7.0

Max.
mm

5.5

aÀ).+

Min.
mm

vlll



Total

Molar

Premolar

Tooth

Distal
Mesial
Distal
Mesial

Cavity
Site

0

0

0

0

0

<1

mm

0

0

0

0

0

1-1.9

nìm

5

0

2

I
2

2-2.9
nìm

5

I
2

0

2

3-3.9
mm

11

4

2

2

J

>L

mm

2 1

5

6

J

7

Total

4.2

3.8

3.9

3.6

Mean

0.3

1.1

1 0

0.9

SD

4.7

5.5

4.8

4.8

Max.

3.8

2.7

2.9
2.2

Min.

Table 7a: Number and dimension of isthmus width measurements in mesial and distal of surviving
premolars and molars for Shell Crowns (N:21)

Table 7b: Number and dimension of isthmus width measurements in mesial and distal of failed premolars

and molars for Shell Crowns (N:8)

lx

Total

Molar

Premolar

Tooth

Distal
Mesial

Distal
Mesial

Cavity
Site

0

0

0

<l
mm

0

0

0

1-1.9
mm

2

0

2

2-2.9
mm

I

0

1

3-3.9
ÍLm

5

1J

2

>4

mm

8

3

5

Total

5.7

3.4

Mean

0.4

0.8

SD

6.2

4.3

Max.

5.5

2.5

Min.



Table 8a: Number and dimension of isthmus width measurements in mesial and distal of premolars and

molars for surviving Onlays (N:38)

Table 8b: Number and dimension of isthmus width measurements in mesial and distal of premolars

and molars for failed Onlays (N:16)

X

Total

Molar

Premolar

Tooth

Distal
Mesial
Distal
Mesial

Cavity
Site

1

0

I
0

0

<1

nìm

2

1

0

0

1

1-1.9

mm

9

I
7

1

0

2-2.9
mm

1 5

7

6

0

2

3-3.9
mm

11

5

J

2

I

>4

mm

38

1 4

1 7

a
J

4

Total

3.8

3.1

3.1

3.1

Mean

I 1

I 2

1.3

1 5

SD

5.2

5.4

4.7

4.9

Max

1 7

0.5

2.2

r.2

Min.

Total

Molar

Premolar

Tooth

Distal
Mesial
Distal
Mesial

Cavity
Site

0

0

0

<l
mm

2

0

2

1- 1.9

mm

3

2

1

,).)0

mm

2

1

I

3-3.9
nìm

9

4

5

>4

mm

1 6

l
9

Total

4.3

aa
J.J

Mean

r.4
I 2

SD

6.0

4.7

Max.

2.4

I 0

Min.



Table 9a: Number and dimension of proximal width measurements in mesial and distal of surviving

Shell Crowns Q'{: 14)

Table 9b: Number and dimension of proximal width measurements in mesial and distal of failed

Shell Crowns (N:4)

Total

Molar

Premolar

Tooth

Distal
Mesial
Distal
Mesial

Cavity
Site

4

0

I
2

i

3-3.9
mm

5

2

J

0

0

4-4.9
Ítm

2

0

0

I
I

5-5.9
mm

ô
-t

2

I
0

0

>6

nìm

t4
4

5

Ĵ

2

Total

5.6

4.5

4.4

4.6

Mean

1.3

0.9

1
a
J

1 J

SD

6.8

6.0

5.9

5.5

Max.

4 1

3.5

3.6

3.7

Min.

Total

Molar

Premolar

Tooth

Distal
Mesial

Distal
Mesial

Cavity
Site

I

0

I

3-3.9
mm

I

0

I

4-4.9
mm

2

2

0

s-5.9
mm

0

0

0

>6
mm

4

2

2

Total

5.4

4.2

Mean

0.3

I 0

SD

5.6

4.9

Max.

15

3.5

Min.

XI



Molar

Premolar

Tooth

Total

Distal
Mesial
Distal
Mesial

Cavity
Site

2

0

I
0

1

3-3.9
mm

I 2

2

6

1

J

4-4.9
mm

11

2

4

4

I

5-5.9
nìm

J

1

I
I
0

>6

Íìm

28

5

I2

6

5

Total

4.9

4.8

5.4

4.8

Mean

1.1

1.1

0.8

0.4

SD

6.4

6.8

6.7

5.4

Max.

3.1

2 1

4.3

4.4

Min.

Table 10a: Number and dimension of proximal width measurements in mesial and distal of surviving

Onlays (N:28

Table 10b: Number and dimension of proximal width measurements in mesial and distal of failed

Onlays (N: 13)

Total

Molar

Premolar

Tooth

Distal
Mesial
Distal
Mesial

Cavity
Site

2

I

1

3-3.9

mm

4

2

2

4-4.9

mm

5

2

-t

5-5.9
fitm

2

1

I

>6

mm

1
a
J

6

7

Total

4.9

5 I

Mean

0.9

0.8

SD

6 I

6.2

Max.

3.5

3.8

Min

xll



Molar

Premolar

Tooth

Total

Distal
Mesial
Distal
Mesial

Cavity
Site

2

0

I

0

1-1.9

mm

5

2

1

1

1

2-2.9
mm

0

3-3.9
mm

J

aJ

0

0

I
1

0

0

0

>A

nìm

11

J

5

Total

3.4

2.8

Mean

r.2
I 0

SD Max.

4.8

3.7

2.6
1.5

Min.

Table 1la: Number and dimension of height of axial wall measurements in mesial and distal of
surviving Shell Crowns : 11)

Table 11b: Number and dimension of height of axial wall measurements in mesial and distal of failed

Shell Crowns :6)

Molar

Tooth

Premolar

Total

Distal
Mesial
Distal
Mesial

Cavity
Site

0

0

0

<l
mm

1

1-1.9
mm

I

0

4

1

a
J

2-2.9
mm

I

I
0

3-3.9
mm

0

0

0

>4

mm

6

2

4

Total

3.2

Mean

0.8

0.8

SD

3.8

2.9

Max

2.7

1 2

Min.

xllt



Total

Molar

Premolar

Tooth

Distal
Mesial
Distal
Mesial

Cavity
Site

J

0

2

0

i

1-1.9
mm

1 4

a
J

4

5

2

2-2.9
mm

7

2

2

2

1

3-3.9
nìm

I
0

1

0

0

>4

mm

25

5

9

l
4

Total

3.0

2.7

2.6
2.3

Mean

0.5

1.1

0.6

0.6

SD

3.7

4.9

3.6

5.5

Max

2.5

1
a
J

2.0
I 8

Min.

Table 12a: Number and dimension of height of axial wall measurements in mesial and distal of
surviving Onlays (N: 25)

Table 12b: Number and dimension of height of axial wall measurements in mesial and distal of failed

Onlays (N: 15)

Total

Molar

Premolar

Tooth

Distal
Mesial
Distal
Mesial

Cavity
Site

I

1

0

<1

mm

1

0

I

1-1.9

mm

5

2

aJ

2-2.9
mm

6

2

4

3-3.9
mm

2

2

0

>A

mm

1 5

1
8

Total

3.0

2.7

Mean

t.2
0.7

SD

4.3

3.4

Max.

0.9

1.5

Min.

xlv



Total

Molar

Premolar

Tooth

Distal
Mesial

Distal
Mesial

Cavity Site

I

0

0

1

<l
mm

I

1

0

0

1-1.9

mm

1

I
2

4

2-2.9
mm

2

I
1

0

3-3.9
mm

2

I
0

I

4-4.9
mm

2

0

2

0

>5

mm

15

4

5

6

Total

3.03

3.9

2.8

Mean

1.02

1.3

1.6

SD

4.2

6.1

5.7

Max.

1.9

2.1

0.9

Min.

Table 13a: Number and dimension of depth of occlusal floor measurements in mesial and distal of molar and premolar teeth

in surviving Shell Crowns without metal reinforcement (N: l5)

Table l3b: Number and dimension of depth of occlusal floor measurements in mesial and distal of molar and premolar teeth

in surviving Shell Crowns with metal reinforcement 21

Table l3c: Number and dimension of depth of occlusal floor measurements in mesial and distal of posterior teeth in failed

Shell Crowns with (l'J:4 :9)metal reinforcement

Molar

Premolar

Tooth

Total

Distal
Mesial
Distal
Mesial

Cavity Site

0

0

0

0

<1

mm

0

2

l-1.9
mm

2

0

12

2

2

8

2-2.9
mm

5

3-3.9
mm

7

1

I

0

0

0

0

4-4.9
mm

0

0

0

0

>5

mm
15

Total

2t
3

J

2.1

t

2.5

Mean

0.6

SD

0.4
0.2

3.2

3.2

3-J

Max

2.4

2.9

1.1

Min.

Tooth

Without
Metal

with
Metal

Total

Distal

Mesial

Distal
Mesial

Cavity Site

0

0

0

0

0

<l
mm

1

I

0

0

0

r-1.9
mm

2

I

I

0

0

2-2.9
mm

6

1

J

I
I

3-3.9
mm

4-4.9
mm

0

0

0

0

0

4

1

I
I
I

>5

mm

13

4

5

2

2

Total

J 0

3.5

4.1

4.8

Mean

1.0

1.0

1.9

2.5

SD

4.1

5.1

6.0

6.6

Max.

1.8

2.3

).J

3.0

Min.

xv



Table l4a: Number and dimension of depth of occlusal floor measurements in mesial and distal of molar and premolar teeth

in surviving Onlays without metal reinforcement :4

Table l4b: Number and dimension of depth of occlusal floor measurements in mesial and distal of mola¡ and premolar teeth

ln survlvlng with metal reinforcement CN: 13)

Table 14c: Number and dimension of depth of occlusal floor measurements in mesial and distal of posterior teeth

in failed Onlays with (N:7) and without l3 metal reinforcement

Mola¡

Premolar

Tooth

Total

Distal
Mesial

Distal
Mesial

Cavity Site

6

3

I

2

<l
mm

4

I
2

I

l-1.9
mm

t4

3

6

5

2-2.9
mm

l0
7

2

I

3-3.9
mm

1l
4

6

I

4-4.9
mm

2

I
1

0

>i
mm

47

t9
l8

l0

Total

3.1

3.2

2.4

Mean

1.4

1.4

1.1

SD

5.5

5.2

4.5

Max.

0.7

0.7

0.6

Min.

Molar

Premolar

Tooth

Total

Distal
Mesial
Distal
Mesial

Cavity Site

0

0

0

0

<l
mm

I

0

I

0

l-1.9
mm

7

4

I

2

2-2.9
mm

J

1

I

I

3-3.9
mm

2

0

2

0

4-4.9
mm

0

0

0

0

>5

mm

l3
5

5

J

Total

2.3

3.2

2.5

Mean

0.5

1.5

0.8

SD

3.2

4.8

3.4

Max.

2.0

1.4

2.0

Min.

with
Metal

Tooth

Without
Metal

Total

Distal

Mesial

Distal
Mesial

Cavity Site

0

0

0

0

<l
mm

0 6

0

2

3

I

l-1.9
mm

10

3

6

0

I

2-2.9
mm

)
2

0

0

I

3-3.9
mm

1

0

0

0

1

4-4.9

0

0

0

0

>5

mm

0

20

5

8

J

4

Total

2.6

2.1

2.3

3.0

Mean

0.4

0.3

0.5

1.1

SD

3.2

2.4

2.9

4.3

Max

2.2

1.5

2.0

1.9

Min

xvl



Tooth

Molar

Premolar

Total

Distal
Mesial

Distal
Mesial

Cavity Site

2

0

0

2

<l
mm

8

J

4

I

1-1.9
mm

J

I
I

I

2-2.9
mm

2

0

0

2

3-3.9
mm

0

0

0

4-4.9
mm

0 l5
4

5

6

Total

1.7

1.7

1.9

Mean

0.3

0.5

1.3

SD

3.4

Max.

2.2

2.3

0.5

Min.

1.4

1.2

Table l5a: Number and dimension of cusp reduction measurements in mesial and distal of molar and premolar teeth

Ul Shell Crowns without metal reinforcement (N:15)

Table 15b: Number and dimension of cusp reduction measurements in mesial and distal of molar and premolar teeth

ln survrvlng Shell Crowns with metal reinforcement (N=2¡

Table I 5c: Number and dimension of cusp reduction measuremenis in mesial and distal of posterior teeth in failed Shell Crowns

with (N:4) and without metal reinforcement

Molar

Premolar

Tooth

Distal
Mesial

Cavity Site

Total

Distal
Mesial

2

0

0

2

<l
mm

8

I
I

6

1- 1.9

mm

6

0

3

)

2-2.9
mm

4

3-3.9
mm

6

2

0

I

I
0

0

4-4.9
mm

4

l5

Total

23

4 2.9

2.2

2

Mean

l.l
0.6

1.0

SD

4.0

2.9

3.5

Max.

1.4

1.5

0.1

Min

Tooth

Without
Metal

with
Metal

Total

Distal

Mesial

Distal

Mesial

Cavity Site

0

0

0

0

0

<1

mm

a
0

0

1-1.9
mm

4

2

7

2

J

0

2

2-2.9
mm

2

0

0

2

0

3-3.9
mm

0

4-4.9
mm

0

0

0

0

l3

4

5

2

2

Total

2.1

2.2

3.2

2.3

Mean

0.4

0.7

0.2

0.2

SD

2.5

2.8

3.3

2.4

Max

1.5

1.3

1.3

2.1

Min.

xvlt



Table l6a: Number and dimension of cusp reduction measurements in mesial and distal of molar and premolar teeth

in surviving Onlays without metal re

Table I 6b: Number and dimension of cusp reduction measurements in mesial and distal of molar and premolar teeth

ln with metal reinforcement(N: I

Table l6c: Number and dimension of cusp reduction measurements in mesial and distal of posterior teeth

in failed Onlays with Q',1 and without (N:13) metal reinforcement

Molar

Premolar

Tooth Cavity Site

Total

Distal
Mesial

Distal
Mesial

1l
4

2

5

<1

mm

14

5

6

J

l-1.9
mm

15

6

8

I

2-2.9

mm
I

3-3.9
mm

4

I
2

0

0

0

0

4-4.9
mm

44

t6
18

10

Total

t.7
2.0

1.2

Mean

1.0

0.8

1.1

SD

3.4

3.6

3.9

Max.

0.3

0.7

0.4

Min

Molar

Premolar

Tooth

Total

Distal
Mesial

Distal
Mesial

Cavity Site

2

I
0

1

<l
mm

4

I
I

2

l-1.9
mm

4

I
J

0

2-2.9
mm

2

I
I

0

3-3.9
mm

0

0

0

0

mm
4-4.9

t2
4

5

t

Total

2.1

2.6

1.3

Mean

0.9

0.8

0.9

SD

3.1

J.t

1.8

Max.

0.9

1.5

0.4

Min.

wirh
Metal

Tooth

Without
Metal

Total

Distal
Mesial

Distal
Mesial

Cavity Site

I

0

0

0

I

<l
mm

l0
2

4

2

2

t-1.9
mm

7

2

3

I

I

2-2.9
mm

2

I
I
0

0

3-3.9
mm

0

0

0

0

0

4-4.9
mm

20

5

8

t
4

Total

1.6

1.8

2.04

2.0

Mean

0.5

0.8

0.8

0.6

SD

2.0

2.8

3.1

J.J

Max

l.l
0.9

1.2

1.4

Min.

xvul



Table 7la: Cha¡acteristics of tooth preparation in surviving Shell Crown restorations þremolar: 25, mola= I

Table l7b: Characteristics of tooth preparation in failed Shell Crown restorations (premolar: 7, molar: 8)

Molar

Premolar

Tooth

Mesial %

Distal %

Cavity Site

Average

Distal %

Mesial %

9

10

10

8

8

Gingival
margrn ln

dentine

7

0

20

4

8

Margins
bevelled

gingivally

t.4
1 0

0

0

0

Opposing
tooth

contact at

Margins

0

0

0

0

0

Angular
cavosurface

margins

0

0

0

0

0

Shurp

internal
line/point

angle

4.3

20

0

0

4

Retention
grooves

64

30

20

80

80

Prep.
taper<20

26

50

1 6

Proximal
Box

26

60

1 2

Occlusal
Box

Metal
Reinforcement

57

50

60

Average

Molar

Premolar

Tooth

Distal %
Mesial %

Distal %
Mesial %

Cavity Site

0

0

0

0

0

Gingival
margln ln

dentine

I îJ
0

0

0

29

Margins
bevelled

gingivatly

0

0

0

0

0

Opposing
tooth

contact at

Margins

0

0

0

0

0

Angular
cavosurface

marglns

0

0

0

0

0

Sharp

internal
line/point

angle

I J

0

25

20

0

Retention
grooves

43

25

I I
J

7 1

7 I

Prep.

taper<20

aa
JJ

50

T4

Proximal
Box

40

75

0

Occlusal
Box

33

25

43

Metal
Reinforcement

xlx



Table 18a: Characteristics of tooth

Table 18b: Characteristics of tooth

in surviving Onlay restorations þremolar: 17, mola= 2

in failed Onlay restorations (premolar:4, molar: 16)

Molar

Premolar

Tooth

Average

Distal %
Mesial %

Distal %
Mesial %

Cavity Site

4.7

8

8

0

0

Gingival
margin in

dentine

I 2

1 5

23

0

0

Margins
bevelled

gingivally

9.3

4

1 5

t2
6

Opposing
tooth

contact at

Margins

0

0

0

0

0

Angular
cavosurface

marglns

0

0

0

0

0

Sharp
internal

line/point
angle

5.8

8

4

6

6

Retention
grooves

Prep.

taper<20

1 7

1 2

1 9

1 8

24

44

46

4 1

Proximal
Box

67

8 I

47

Occlusal
Box

T9

I9

1 8

Metal
Reinforcement

Molar

Premolar

Tooth

Average

Distal %

Mesial %

Distal %
Mesial %

Cavity Site

0

0

0

0

0

Gingival
nlargrn ln
dentine

Margins
bevelled

gingivally

.¿-.)

t9
25

50

0

0

0

0

0

0

Opposing
tooth

contact

0

0

Angular
cavosurface
margrns at

Margins

0

0

0

0

0

0

0

0

Sharp

internal
line/point

angle

1 5

1 3

25

0

0

Retention
grooves

45

at 1

38

100

75

Prep.

taper<20

75

69

100

Proximal
Box

75

75

75

Occlusal
Box

20

25

0

Metal
Reinforcement

XX



Table 19: Percentage of preparation taper in premolars and molars in surviving
Shell Crown (N:64) and Onlay (N:71) restorations

Total
Onlay Molar

Onlay Premolar

Total

Shell Crown
Molar

Shell Crown
Premolar

Sites

2.2

0.7

I 5

t2.6

0.7

1 1.9

<100

8.9

5.2

3.7

20

3.7

16.3

l0-20'

30.3

20.7

9.6

8.1

3.7

4.4

2r-40"

5.2

3.7

I 5

a
J

1 5

I 5

4l-60'

2.2

0.7

1.5

1.5

1.5

0.0

61-80"

3.7

).t
0.0

2.2

2.2

0.0

>800

Table 20: Percentage of preparation taper in premolars and molars in failed
Shell Crown (lttr:32) and (N:38) restorations

Total

Onlay Molar
Onlay Premolar

Total

Shell Crown
Molar

Shell Crown
Premolar

Sites

5.7

4.3

1.4

8.5

I 4

7 I

<100

20

t4.3

lL4
l0-20'

5.7

15.7

4.3

7 I

5.1

1 4

1 1.4

7 1

4.3

2l-40"

I 0

10.0

0.0

4.3

4.3

0.0

4I-60'

0

0.0

0.0

0

0.0

0.0

61-80" >800

II.4
tr.4
0.0

5.7

5.7

0.0

xxl



Annendix IV

-

RESULTS OF RESTORATION FAILURES (Section 5.2)

Table l: Distribution of restorations in male and female patients by age gloups

N:222

x : 1.977, df : 4, p: 0.74

Table 2a: Distribution of restorations in male and female patients in different age

grou by operator Q\:222)

Total

>50
41-s0

3 1-40

2t-30
r0-20

Age
Groups

63

l0
14

1 6

I 3

10

Female
(%)

37

7

10

1 0

5

5

Male
(%)

100

I 7

24
26

1 8

1 5

Total
(%)

140

22

3Z

36

28

22

Female

82

1 6

2t
23

t2
10

Male

222

38

53

s9

40

Total

Total

>50
41-50

3 1-40

2l-30
t0-20

Age

Groups

60

6

l4
1 9

I 2

9

Female

I 0

12

T2

4

9

Male
Operator 1

41

I 6

1 J

Female

80

1 6

I 8

I 7

35

6

9

1 I
8

1

Male
Operator 2

222

38

53

59

40

32

Total

: 5.232, df :4, p:0.26 : 4.930, df : 4, p : 0.29

xxll



Table 2b: Distribution of restorations in different age groups (\l:536)

Table 3: Distribution of restoration types in male and female (N:536)

:24.400,df :7, p:0.001 (sig. diff.)

Table 4: Distribution of restorations in anterior and posterior re ions of maxilla and mandible Q'.1:536)

Total

>50
41-50
31-40
21-30
10-20

Age Groups

64

27

8

I 0

i 6

3

Veneer

46

7

20

3

0

1 6

Incisal
Veneer

229

39

77

43

40

30

Shell
Crown

97

22

39

29

7

0

Onlay

9

0

5

2

1

1

Inlay

I 5

4

9

0

0

2

Chip

27

2

4

I
6

7

Fix-Fix
Bridge

49

7

6

11

6

1 9

Cantilever
Bridge

536

r08
168

106

76

78

Total

Total

Male
Female

Gender

64

14

50

Veneer

46

1 7

29

Incisal
Veneer

229

87

142

Shell
Crown

97

5 I
46

Onlay

9

2

7

Inlay

1 5

11

4

Chip

27

9

I 8

Fix-Fix
Bridge

49

I 9

30

Cantilever
Bridge

s36

210
326

Total

Total

Mandible

Maxilla

Post.

Ant.

Post.

Ant.

Arch

64

0

15

6

43

Veneer

0

I2

I
JJ

Incisal
Veneer

46

60

2T

35

1i3

Shell
Crown

229 97

47

1

46

3

Onlay

0

7

0

Inlay

9

2

1 5

0

0

8

Chip

27

J

J

1

20

Fix-Fix
Bridge

49

1

2

6

40

Cantilever
Bridge

536

113

6 I
r02
260

Total

XXIII



Table 5: Distribution of restorations by metal reinforcement (N:536)

Table 6: Distribution of retainers in fixed-fixed and cantilever bridges OI:105)

Iotal
Cantilever Bridge
Fix-Fix Bridge
Chip
lnlay
Onlay

Shell Crown
lncisal Veneer

Veneer

Restoration Type

30.8

9

5

0

0.6

3.2

I 2

0

0

with
Metal(%)

70.2

0.2

0

J

I
1 5

31

8

1 2

Without Metal
(%)

100

9.2

5

J

1 6

t8.2
43

I
I2

Total
(%)

t59
48

27

0

J

1 9

62

0

0

With Metal
(no.)

377

1

0

1 5

6

78

r6l
46

64

Without
Metal (no.)

s36

49

2l
1 5

9

97

229

46

64

Total
(no.)

Total

Cantilever Bridge
Fix-Fix Bridge

Bridge Type

z.)

1l
I 2

Veneer

Anterior

l0
2

8

Incisal
Veneer

57

29

28

Shell
Crown

0

0

0

Onlay

0

0

0

Inlay

0

0

0

Veneer

Posterior

0

0

0

Incisal
Veneer

I 1

6

5

Shell
Crown

J

1

2

Onlay

1

0

I

Inlay

105

49

56

Total

xxlv



Table 7: Distribution of restorations in maxilla and mandible for operator I ( +with metal, - without metal)Q.,1:320)

Table 8: Distribution of restorations in maxilla and mandible for operator 2 (+with metal, - without metal)(N:216)

Total

Mandible

Maxilla

Arch

Post.

Ant.
Post

Ant.

53

0

1 5

6

)z

Veneer

22

0

1 1

1

1 0

Incisal
Veneer

JJ

1 8

2

7

6

Shell
Cr.*

91

r6
17

5

53

Shell
Cr.-

I 4

J

0

11

0

Onlay+

60

a
J i

1

25

J

Onlay-

J

I
0

2

0

Inlay+

)
0

0

3

0

Inlay-

I 4

0

6

0

8

Chip

1 0

2

1

1

6

Fix-Fix
Bridge

17

0

1

2

14

Cantilever
Bridge

320

7 I
54

63

r32

Total

Total

Mandible

Maxilla

Arch

Post.

Ant
Post.

Ant.

1 1

0

0

0

I i

Veneer

24

0

7

0

I 7

Incisal
Veneer

29

i 0

0

1 0

9

Shell
Cr.+

76

I 8

2

11

45

Shell
Cr.-

5

4

0

1

0

Onlay+

I 8

9

0

9

0

Onlay-

0

0

0

0

0

Inlay+

aJ

1

0

2

0

Inlay-

I
0

1

0

0

Chip

1 7

1

2

0

14

Fix-Fix
Bridge

a
-t I

I
1

4

25

Cantilever
Bridge+

1

0

0

0

1

Cantilever
Bridge-

216

44

1 J

5t
t22

Total

xxv



Table 9a: Reasons for placement of restorations relating to tooth pro.blems in male and female patients (NI:497)

x : 52.950, df : 8, p < 0.001 (sig. diff.)

Tablegb: Reasons for placement of different restorations relating to tooth problems by restoration type (NI:497)

Total

Male
Female

Gender

101

32

69

Abutment

78

28

50

Missing

94

56

38

Wear

82

48

34

Malocclusion

60

7

53

Discoloration

59

22

37

Fracture

9

4

5

RCF

7

1

6

Defect

7

4

J

Sensitive

497

202

29s

Total

Total

Cantilever Bridge
Fix-Fix Bridge
Chip
lnlay
Onlay
Shell Crown
lncisal Veneer

Veneer

Restoration 1-ype

105

0

i
J

68

I 0

23

Abutment

78

49

29

0

0

0

0

0

0

Missing

94

0

0

4

0

27

I 9

25

l9

Wear

59

0

0

4

I
22

30

0

2

Fracture

82

0

0

1

0

I 6

49

1 I
5

Malocclusion

60

0

0

0

0

2

30

7

21

Discoloration

9

0

0

0

0

I
8

0

0

RCF

7

0

0

0

0

1

4

0

2

Defect

7

0

0

2

0

J

2

0

0

Sensitive

497

98

85

1 1

1

72

143

43

49

Total

xxvl



Table 10a: Reasons forplacement of restorations relating to previoug restoration blems in male and female patients O{=149)

x :35.463, df : 8, p < 0.001 (sig. diff.)

Table 10b: Reasons for placement of different restorations relating to previous restoration problems by restoration type OI:149)

Total

Male

Female

Gender

45

6

39

Discol.Æoor
shape

1 J

0

I J

Wear

44

I 9

25

Fracture

2

0

2

Malocclusion

1 5

9

6

Microleakage/
Sensitivity

I J

0

1 J

Hg
SCATE

7

J

4

Caries

5

4

1

Contacts/Food
impaction

5

2

a
J

Loss

r49

43

106

Total

Total

Cantilever Bridge
Fix-Fix Bridge
Chip

Inlay
Onlay
Shell Crown
lncisal Veneer
Veneer

Restoration Type

45

0

0

0

0

I

J/
2

5

Discol./Poor
shape

I a
J

0

0

0

2

J

8

0

0

Wear

44

0

2

2

1

9

20

0

1 0

Fracture

2

0

0

0

0

0

2

0

0

Malocclusion

1 5

0

0

0

2

2

11

0

0

Microleakage
/Sensitivity

1 3

0

0

0

J

5

5

0

0

Hg
scare

7

0

0

0

0

t
4

0

0

Caries

5

0

0

0

0

J

2

0

0

Contacts/Food
impaction

5

0

I
2

0

0

1

I
0

Loss

149

0

a
J

4

8

26

90

a
J

I 5

Total

xxvll



Table I l: Failure modes for different restorations + with metal, - without metal reinforcement)Qt{:123)

Table 12: Numbers and percentages of failed restorations for anterior and (N:116)

Total o/o

Total
(%)

Chip

Cantilever
Bridge

Fix-Fix Bridge
Inlay-
Inlay+
Onlay+

Onlay-

Shell Cr.+

Shell Cr.-

lnc. Veneer

Veneer

Restoration

2.8

15
(12)

0

3

1

0

0

0

3

3

3

1

1

Debond

2.8

1

1(

5

2)

0

1

0

0

0

0

6

2
6

0

0

Pulpitis

10.4

56
(46)

2

3

11

0

0

5

13

0

16

0

b

Bulk
Fracture

2.6

1

I
4
1( )

2

1

2

0

0

0

4
1

4
0

0

Chip
Fracture

1 1

(5)
6

0

0

0

0

0

0

3

3

0

0

0

Microfracture

0.6

(2)
3

0

0

3

0

0

0

0

0

0

0

0

Connector
Fracture

1 0

(4)
5

0

0

1

0

0

1

0

0

2

0

1

Colour
Mismatch

0 1

1

(1)

0

0

0

0

0

0

0

0

1

0

0

Food
Impaction

0.0

(0)
0

0

0

0

0

0

0

0

0

0

0

0

2

Caries

1.5

(7)
8

0

2

1

0

0

0

0

0
4
0

1

t
Apparen

36 (22)
1 (2)
e (14)

Total
(%)

23

123
4 (27)

10 (20)
1e (70)
0 (0)
0 (0)
6 (32)
2e (37)
e (15)

Mandible

Maxilla

Total

Post. (%)
Ant. (%)

Post. (%)
Ant. (%)

Arch

9

0 (0)
4 (27)
t (t7)
4 (e)

Veneer

1

0 (0)
l (33)

0 (0)
0 (0)

Incisal
Veneer

9

s (18)
2 (100)

I (6)
I (7)

Shell
Crownt

35

t6 (47)
3 (16)

4 (2s)
12 (r2)

Shell
Crown-

5

3 (43)
0 (0)

2 (t7)
0 (0)

Onlay+

27

12 (30)
0 (0)

i5 (1e)
0 (0)

Onlay-

4

0

0

0

4 (s0)

Chip

t7

1 (100)
2 (100)

0 (0)
i4 (35)

Fix-Fix
Bridge

9

0 (0)
l (33)

r (100)
7 (3s)

Cantilever
Bridge

116

.)/
l3
24

42

Total

xxvul



Table l3: Failures for each of retainer in fixed-fixed and cantilever

Table 14: Failure modes for different (NI:123)

:41

Fix-Fix Bridge

Total (%)

Cantilever Bridge

Bridge Type

1o (43)

2

8

Veneer

7 (70)
0

7

Incisal
Veneer

2r (37)
6

I 5

Shell
Crown

0

0

0

Onlay

0

0

0

Inlay
Anterior

0

0

0

Veneer

0

0

0

Incisal
Veneer

3 (27)
1

2

Shell
Crown

0 (0)

0

0

Onlay

0 (0)

0

0

Inlay
Posterior

4r (3e)
9

32

Total

ailure Mode

otal

Failure
ood Impaction

pitis
Mismatch

Fracture
Fracture

ulk Fracture

3

2

2

10-20
Years

15 19

5

0

0

2

0

1

9 12

1

0

0

0

0

1

I
6
0

2t-30
Years

38

2

0

I
1

2
0

1

17
6

3t-40
Years

31 18

0

0

4
2
1

0

7

16
1

41-50
Years

30

0

I
2

0

1

2

15
6

5l+
Years

123

I
I
I 5

5

6

3

14
56
15

Total

XXIX



Table 15: Failure modes for operator 1 Q'J:70)

Table 16: Failure modes for 2 3

Tofal (%)

Cantilever Bridge
Fix-Fix Bridge
Chip

Inlay
Onlay

Shell Crown
Incisal Veneer

Veneer

Restoration Type

e (13)

0

0

0

0

2

6

0

I

Debonding

30 (43)

0

J

2

0

l3
6

0

6

Bulk
Fracture

e (13)

1

I
2

0

2

a
J

0

0

Chip
Fracture

I (1)

0

1

0

0

0

0

0

0

Connector
Fracture

6 (e)

0

0

0

0

J

J

0

0

Micro-
fracture

5 (7)

0

1

0

0

1

2

0

1

Colour
Mismatch

3 (4)

0

0

0

0

a
J

0

0

0

Pulpitis

I (1)

0

0

0

0

0

1

0

0

Food
Impaction

6 (e)

1

0

0

0

0

4

0

I

Apparent
Failure

70 (22)
2 (r2)
6 (60)
4 (2e)
0 (0)
24 (32)
2s (20)
0 (0)
e (r7)

Total
(%)

Total(%)

Cantilever Bridge
Fix-Fix Bridge
Chip
Inlay
Onlay
Shell Crown
Incisal Veneer

Veneer

Restoration Type

6(ii)
J

1

0

0

1

0

1

0

Debonding

26 (4e)

J

8

0

0

5

1 0

0

0

Bulk
Fracture

5 (e)

0

I
0

0

2

2

0

0

Chip
Fracture

0

Connector
Fracture

2 (4)

0

2

0

0

0

0

0

0 (0)

0

0

0

0

0

0

0

0

Micro-
fracture

0 (0)

0

0

0

0

0

0

0

0

Colour
Mismatch

12 (23)

I

0

0

0

a
J

8

0

0

Pulpitis

0 (0)

0

0

o

0

0

0

0

0

Food
Impaction

2 (4)

I
1

0

0

0

0

0

0

Apparent
Failure

s3 (25)

8 (25)
13(71)

0 (0)
0 (0)
11 (48)
3 (3)
I (5)
0 (0)

Total
(%)

XXX



Total

Cantilever Bridge
Fix-Fix Bridge
Chip

Inlay-
Inlay+
Onlay
Onlay+

Shell Crown -
Shell Crown+
Incisal Veneer
Veneer

Restoration Type

1 9

2

0

6

0

0

1

0

0

0

6

4

Anterior

44

0

0

0

2

0

20

a
J

1 6

1
J

0

0

Posterior

63

2

0

6

2

0

2 I

a
J

1 6

J

6

4

Total
Table l7a: Number ofrestorations laced in bruxer (N:63)

Table 17b: Failure modes for bruxers and nonbruxers (N:123)

Iotal (%)

Apparent Failure
Food Impaction
Pulpitis

Colour Mismatch
Microfracture
Connector Frac.

Chip Fracture
Bulk Fracture

Debonding

Failure Mode

1e (30)

r (2)
0 (0)
2 (3)
0 (0)
3 (5)
0 (0)
3 (5)
e(r4)
r (2)

Bruxers
(%)

104 (22)

7 (r)
1 (0.2)
13 (3)
5 (1)
3 (1)
3 (1)
rr (2)
47 (e)
14 (3)

Nonbruxers
(%)

r23

8

I
1 5

5

6

a
J

t4
56

1 5

Total
(1.{o)

xxxl



Table 17c: Failure modes for different restorations in bruxer patients (A: anterior, P: posterior)

Table 17d: Longevity of the restorations before they failed.

Table 18: Different bases used with different restorations Q'{:565)

1e)

Total (%)

Pulpitis

Microfracture
Connector Frac

Chip Fracture

Bulk Fracture

Debonding

Failure Mode

r (2)

1A

Veneer

0 (0)

Incisal
Veneer

0 (0)

Shell
Crown*

s (8)

2P

2P

1P

Shell
Crown-

0 (0)

Onlay+

e (r4)

3P

5P

1P

Onlay-

3 (5)

1A

2A

Chip

0 (0)

Fix-Fix
Bridge

0 (0)

Cantilever
Bridge

18 (30)

2

J

0

J

9

1

Total

Non-Bruxers
Bruxers

Patients

22.r1
22.38

Average
Longevity

(mth)

1

I 5

Minimum
(dav)

78.t
65.2

Maximum
(mth)

Iotal (%)

Cantilever Bridge
Fix-Fix Bridge
Chip

lnlay
Onlay
Shell Crown
lncisal Veneer
Veneer

Restoration Type

348 (61)

40

4t
14

2

t7
133

40

6 1

None

202 (36)
6

I J

I
7

79

87

6

J

GIC

1 ( )5
IJ

.J

2

0

0

1

9

0

0

Other

565

49

56

1 5

9

97

229

46

64

Total

XXXII



Table 19: Different bases used I (Ni:331)

Table 20: Different bases used by 2 (N:234)

Total

Cantilever Bridge
Fix-Fix Bridge
Chip
Inlay
Onlay

Shell Crown
Incisal Veneer

Veneer

Restoration Type

2t0
I 5

I 0

1

1

1 6

84

20

5 1

None

t2l

5

58

40

J

2

GIC

2

1 0

I

0

0

0

0

0

0

0

0

0

Other

331

I 7

20

t4
6

74

r24
23

53

Total

Veneer

Restoration Type

Total

Cantilever Bridge
Fix-Fix Bridge
Chip

Inlay
Onlay

Shell Crown
Incisal Veneer

138

25

a
J 1

1

I
1

49

20

1 0

None

8 I
4

3

0

2

2 1

47

a
J

1

GIC

1 5

1J

2

0

0

I
9

0

0

Other

234

)L

36

1

a
-t

ZJ

105

z3

11

Total

xxxltl



Table 21: Failure modes with different bases for operator I

Table 22: Failure modes with different bases for 2 J

Total (%)

Apparent Failure
Food Impaction
Pulpitis
Colour Mismatch
Microfracture
Connector Frac.

Chip Fracture

Bulk Fracture

Debonding

Failure Mode

1 8

None

4s (2r)
6

I
I
4

2

I
5

7

2s (2r)
0

0

2

1

4

0

4

1 2

2

GIC

0 (0)

0

0

0

0

0

0

0

Other

0

0

I
9

30

9

Total

70 (2r)

1

J

5

6

Debonding

Failure Mode

Total (%)

Apparent Failure
Food Impaction
Pulpitis
Colour Mismatch
Microfracture
Connector Frac

Chip Fracture

Bulk Fracture

23 (r7)
2

0

2

0

0

2

2

11

4

None

24 (30)
0

0

10

0

0

0

2

1 I
1

GIC

6 (40)

0

0

0

0

0

0

I
4

1

Other

s3 (23)
2

0

1 2

0

0

2

5

26

6

Total

xxxlv



Iotal
Cantilever Bridge
Fix-Fix Bridge
Chip

lnlay
Onlay

Shell Crown
lncisal Veneer

Veneer

Restoration Type

2

0

0

0

0

I
0

0

I

None

I 5

0

5

0

0

6

4

0

0

GIC

0

0

0

0

0

0

0

0

0

Other

1 7

0

5

0

0

7

4

0

I

Total
Operator 1

11

1

0

0

0

0

1 0

0

0

None

22

I
0

0

I
9

11

0

0

GIC

2

1

0

0

0

0

1

0

0

Other

35

J

0

0

I
9

22

0

0

Total
Operator 2

Table 23: Postoperative sensitivity with different bases for operators I and 2

Table 24: Numbers with postoperative sensitivity, and postoperative sensitivity leading to pulpitis in different
restorations

Post-operative

Sensitivity Leading to
Pulpitis

Post-operative
Sensitivity (short-
term)

Sensitivity

0

I

Veneer

0

0

Incisal
Veneer

8

26

Shell
Crown

6

I 6

Onlay

0

1

Inlay

0

0

Chip

0

5

Fix-Fix
Bridge

I

J

Cantilever
Bridge

15

(2.7)

52
(e)

Total
(%)

xxxv



Table 25 of cements used :53

Table 26: Failure modes with different cements Qll:l23)

Total (%)

Operator 2
Operator 1

Operator

t41 (26)
r24
I 7

Mirage

67 (13)
63

4

Insure

2e7 (ss)
4

293

Ultra-Bond

13 (2)

11

2

Porcelite

s (t)
5

0

Sono-Cem

e (2)

9

0

Dicor

4 (1)

0

4

Other

536

216
320

Total

Total (Yo)

Apparent Failure

Food Impaction
Pulpitis
Colour Mismatch
Microfracture
Connector Frac.

Chip Fracture
Bulk Fracture
Debonding

Failure Mode

sl (36)

2

0

11

0

0

2

5

27

4

Mirage

2 (3)

0

0

I

0

0

0

0

I

0

Insure

66 (22)
5

I
2

5

6

I
9

28

9

Ultra-Bond

2 (ts)
i
0

1

0

0

0

0

0

0

Porcelite

1 (20)

0

0

0

0

0

0

0

0

I

Sono-Cem

1 (11)

0

0

0

0

0

0

0

0

I

Dicor

0 (0)

0

0

0

0

0

0

0

0

0

Other

123

8

1

1 5

5

6

J

t4
56

15

Total
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1- Overall Total Restorations

75th Quartile: 57 .99 t 6.19

2- Veneers without Incisal Coverage

Annendix V

-

LIFE TABLES ESTIMATES

92.2
89.s
86.3
83.8

81.5

79.9
77.9

76.5

74.2
7t.9
7t.9
7t.9
67.7

67.7

+ 1.25
+ t.46
+ r.67
+ 1.81

+ t.94
+ 2.03

t2.13
+ 222
+ 2.37
+ 2.55
+ 2.55
+ 2.55
+ 4.76
+ 4.76

0.029
0.029
0.035

0.028
0.027
0.019
0.024
0.019
0.029
0.030
0.00

0.00
0.058

0.00

408.5

370.s
34t.0
31 1.5

287.0

263.0
242.5
209.0
17T.O

130.0
83.5

47.5

17.0

1.0

0-6
6-12
t2-t8
t8-24
24-30
30-36
36-42
42-48
48-54
s4-60
60-66
66-72
72-78
78-84

Cumulative
Proportion

Surviving + SE %

Proportion True
Failure

(Total 104)

Proportion Exposed
(Total514)

Time Period
(months)

93.2 !3.27
93.2 + 3.27
89.6 t 4.04
89.6 ! 4.04
89.6 + 4.04
87.6 x 4.4r
85.5 ! 4.77
85.5 + 4.77
85.5 ! 4.77
85.5 + 4.77
85.5 + 4.77
85.5 + 4.17
85.5 + 4.77

0.07
0.00
0.04

0.00

0.00
0.022

0.tJ23

0.00

0.00

0.00
0.00

0.00

0.00
0.00

59.0

s2.0
51.0

46.s
45.0

45.0
42.0
38.0

35.0

30.5
20.5

12.0

5.0
5.0

0-6
6-t2
t2-t8
t8-24
24-30
30-36
36-42
42-48
48-54
54-60
60-66
66-72
72-78
78-84

Cumulative
Proportion

Surviving + SE %

Proportion True
Failure

(Total 8)

Proportion Exposed
(Total64)

Time Period
(months)

75th Quartile : Not Provided
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3- Veneers with Incisal Coverage

75th Quartile: Not Provided

4- Onlays without Metal Reinforcement

100.0 + 0.00
100.0 + 0.00
100.0 + 0.00
95.8 + 4.08
95.8 + 4.08
95.8 + 4.08
95.8 + 4.08
95.8 + 4.08
95.8 + 4.08
95.8 + 4.08
95.8 r 4.08
95.8 + 4.08
95.8 r 4.08

0.00

0.00
0.00

0.00

0.042
0.00

0.00

0.00

0.00
0.00

0.00

0.00
0.00
0.00

33.0

30.0
27.0
24.0
22.0
22.0
22.0
20.5

19.0

18.0

13.0

6.0
1.5

1.5

0-6

6-12
r2-r8
r8-24
24-30
30-36
36-42
42-48
48-s4
54-60
60-66
66-72
72-78
78-84

Cumulative
Proportion

Surviving I SE %

Proportion True
Failure

(Total 1)

Proportion Exposed
(Total46)

Time Period
(months)

90.8 + 3.30
86,9 t 3.86
8t.6 x 4.45
80.2 ! 4.59
74.5 t 5.06
73.02 r 5.18
73.02 + 5.18
7f .3 + 5.33
6l .3 + 5.73
60.5 r 6.36
60.5 ! 6.36
60.5 + 6.36
52.4 t9.32
52.4 !9.32

0.04

0.04
0.06

0.02

0.07
0.02

0.00
0.02

0.06

0.10
0.00

0.00

0.13

0.00

72.0

69.0
65.0

59.5

56.5

50.0
47.0
42.5

36.0
29.5

2r.0
I 5.5

7.5

0.5

0-6
6-12
t2-t8
t8-24
'24-'3tJ

30-36
36-42
42-48
48-54
54-60
60-66
66-72
72-78
78-84

Cumulative
Proportion

Surviving I SE %

Proportion True
Failure

(Total27)

Proportion Exposed
(Total78)

Time Period
(months)

75th Quartile : 35.48 t7.64
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5- Onlays with Metal Reinforcement

75th Quartile : 41.94 + 15.83

6- Shell Cowns without Metal Reinforcement

89.2 + 7.22
83.2 + 8.85
83.2 r 8.85

83.24 + 8.85
83.2 r 8.85

74.9 + 11.22

74.9 ! 1r.22
62.4 + t4.74
62.4 + 14.74

62.4 t 14.74

62.4 + t4.74

0.00
0.07
0.00

0.00

0.00
0.10

0.00

0.r7
0.00

0.00
0.00

15.5

15.0

13.0

12.0

1 1.0

10.0

8.5

6.0
2.5
1.0

1.0

0-6
6-12
12-t8
t8-24
24-30
30-36
36-42
42-48
48-54
54-60
60-66
66-72
72-78
78-84

Cumulative
ProporLion

Surviving t SE %

Proportion True
Failure

(Total 5)

Proportion Exposed
(Total 19)

Time Period
(months)

92.2 !2.t7
89.04 + 2.60
87.3 !2.81
83.9 r 3.19
82.04 + 3.38
80.01 3.59
76.6 !3.93
76.6 !3.93
75.2 ! 4.t2
72.9 !4.57
72.9 t 4.57
72.9 X 4.57
72.9 ! 4.57
72.9 + 4.57

0.02
0.03

0.02
0.04

0.02

0.02
0.04

0.00
0.02

0.03

0.00

0.00

0.00
0.00

130.5

117.5

106.5

100.s

91.0
80.5

7 r.5
62.0
51.5

33.5
18.0

9.0

2.0
0.5

0-6
6-12
12-r8
t8-24
24-30
30-36
36-42
42-48
48-54
54-60
60-66
66-72
72-78
78-84

Cumulative
Proportion

Surviving t SE %

Proportion True
Failure

(Total31)

Proportion Exposed
(Total 167)

Time Period
(months)

75th Quartile : 60.43 ! 12.97
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7- Shell Crowns with Metal Reinforcement

75th Quartile: 53.62 + 8.30

8- Total Onlays

88.4

88.4

88.4

88.4

84.9

84.9
84.9

74.3

74.3

74.3

74.3

74.3

74.3

+
+
+
+
+
+
+
+
+
+
+
+
+

4.5r
4.5r
4.51

4.51

5.47
5.47
5.47
8.50

8.50
8.50
8.50
8.50
8.50

0.03

0.00

0.00

0.00

0.04
0.00

0.00

0.13

0.00

0.00

0.00
0.00
0.00

38.0

33.0

30.0

27.0
26.0
23.0

20.5
16.0

8.0

5.5
4.0
2.0
0.5

0-6

6-12
12-t8
r8-24
24-30
30-36
36-42
42-48
48-54
54-60
60-66
66-12
72-78
78-84

Cumulative
Proportion

Surviving + SE %

Proportion True
Failure

(Total9)

Proportion Exposed
(Total62)

Time Period
(months)

90.5
86.2

81.8

80.6
ts.9
73.3

73.3

70.3

66.7

60.1

60.1

60.1

52.1

52.1

+
+
+
+
+
+
+
+
+
+
+
+
+
+

3.01

3.56
4.00
4.tl
4.sr
4.70
4.70
4.97
5.34
6.01

6.01
6.01

9.10
9.10

0.03

0.05

0.05

0.01

0.06
0.03

0.00

0.04

0.05

0.98

0.00

0.00
0.t3
0.00

87,5
84.0

78.0

71.5

67.5
60.0
s5.5
48.5

38,5

30.5
21.0

15.5

7.5
0.5

0-6
6-12
12- 18

r8-24
24-30
30-36
36-42
42-48
48-54
54-60
60-66
66-72
72-78
78-84

Cumulative
Proportion

Surviving t SE %

Proportion True
Failure

(Total32)

Proportion Exposed
(Total97)

Time Period
(months)

75th Quartile: 38.02 + 9.48
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9- Total Shell Crowns

75th Quartile : 60. 15 + 13.7 |

10- Cantilever Bridges

91.2 + 1.99

88.8 t2.27
87.5 + 2.42
84.8 + 2.79
82.6 + 2.91

80.98 + 3.06
78.3 + LZZ
76.3 !3.53
7 5.1 + 3.69
73.1!4.07
73.1+ 4.07
73.1+ +.Ol
73.1!4.07
73.1+ 4.97

0.02

0.03

0.01

0.03

0.03

0.02
0.03

0.03

0.02

0.03
0.00

0.00
0.00

0.00

168.5

150.5

136.s

127.5

rt7.0
103.5

92.0

78.0
59.5

39.0
22.0

I 1.0

2.5

0.5

0-6
6-t2
12-t8
t8-24
24-30
30-36
36-42
42-48
48-54
54-60
60-66
66-72
72-78
78-84

Cumulative
Proportion

Surviving + SE %

Proportion True
Failure

(Total40)

Proportion Exposed
(ToLal229)

Time Period
(rnonths)

100.0 + 0.00
93.8 + 4.28

87.05 r 6.05
83.5 + 6.77
79.4 !7.56
79.4 ! 7 .56
79.4 x 7 .56
79.4 !7.56
79.4 + 7.56
79.4 ! 7 .56

79.4 !7.546
79.4 !7.56
79.4 ! 7 .56

0.00
0.00

0.06

0.07

0.04
0.05

0.00

0.00
0.00

0.00

0.00
0.00

0.00

36.0
32.0

28.0
24.5

20.5

18.0

16.5

t2.5
8.0

6.0
4.0
1.5

0.5

0-6
6-12
t2-18
r8-24
24-30
30-36
36-42
42-48
48-54
54-60
60-66
66-72
72-78
78-84

Cumulative
Proportion

Surviving t SE %

Proportion True
Failure

(Total 7)

Proportion Exposed
(Total49)

Time Period
(months)

75th Quartile : Not Provided
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I 1- Fixed-Fixed Bridges

75th Quartile:20.69 + 6.65

12- Mftageluting Cement

82.2 + 7.24
78.4 + 7.91
70.8 t8.72
62.7 + 9.42
62.7 + 9.qZ
62.7 + 9.+Z
53.7 !9.98
53.7 + 9.98

43.97 + 10.28
43.97 + 10.28
43.97 + 10.28
43.97 + 10.28

0.08

0.05

0.097

0.1 I
0.00

0.00
0.t4
0.00

0.i8
0.00
0.00
0.00

24.5
22.0
20.5

17.5

15.0

14.5

14.0

I 1.5

I 1.0

6.0

3.0
1.5

0-6
6-t2
t2-t8
t8-24
24-30
30-36
36-42
42-48
48-54
54-60
60-66
66-72
72-78
78-84

Cumulative
Proportion

Surviving + SE %

Proportion True
Failure

(Total l6)

Proportion Exposed
(Total27)

Time Period
(months)

90.8 + 2.93
85.1 + :.69
82.8 + 3.93

78.0t + 4.37
74.3 ! 4.66
7t.7 ! 4.85
68.9 + 5.06
67.1 + S.ZZ

62.1+ 5.99
58.8 + 6.44
58.8 r 6.44
58.8 r 6.44
58.8 r 6.44
58.8 r 6.44

0.02

0.06

0.03

0.06

0.05

0.035

0.04

0.03

0.07

0.05
0.00
0.00

0.00
0.00

86.5

80.5

73.0

69.0

63.0
57.0

50.0

39.0
27.0
19.0

15.0

8.5

3.0
1.0

0-6
6-t2
t2-18
r8-24
24-30
30-36
36-42
42-48
48-54
54-60
60-66
66-72
72-78
78-84

Cumulative
Proportion

Surviving + SE %

Proportion True
Failure

(Total 31)

Proportion Exposed
(Total 102)

Time Period
(months)

75th Quartile: 34.86 + 8.20
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13- Ultra-Bond Luting Cement

75th Quartile: 80.58 + -

14- Insure Luting Cement

92.04 + 1.75

90.7 r 1.89
87.95 + 2.14
87.0 !2.22

85.04 + 2.38
83.5 + 2.50
82.4 + 2.58
80.7 + 2.71

80.01 + 2.77
77.6 + 3.02
77.6 + 3.02
77.6 + 3.02
71.6 + 6.38

0.03

0.01

0.03
0.01

0.02
0.02

0.01

0.02

0.01

0.03

0.00

0.00
0.08

218.5

205.0
198.5

186.5

177.5

164.0

154.0

t42.0
r24.0
98.0

60.5

3s.0
13.0

0-6

6-12
12-18
t8-24
24-30
30-36
36-42
42-48
48-54
54-60
60-66
66-72
72-18
78-84

Cumulative
Proportion

Surviving + SE %

Proportion True
Failure

(Total47)

Proportion Exposed
(TotaI252)

Time Period
(months)

94.7 + 3.78

94.7 x3.78
94.7 + 3.79
94.7 !3.78
94.7 + 3.78

94.7 + 3.78

94.7 r3.78
94.7 + 3.78

0.03

0.00

0.00
0.00

0.00

0.00
0.00

0.00

30.0

2t.5
l3.0
8.0
6.5

6.0

5.5

2.5

0-6
6-12
12-18
r8-24
24-30
30-36
36-42
42-48
48-54
54-60
60-66
66-72
72-78
78-84

Cumulative
Proportion

Surviving t SE %

Proportion True
Failure

(Total2)

Proportion Exposed
(Total62)

Time Period
(months)

75th Quartile : Not Provided
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15- Bruxer Patients

75th Quartile: 58.48 + 5.21

I 6- Non-Bruxer Patients

96.2+ 2.62
91.95 + 3.87
83.3 + 5.41
81l0l + 5.72
81.01+ S.lZ
77.8 + 6.32
77.8 + 6.ZZ
77.8 ! 6.32

74.04 + 7.06
53.6 r 10.08
53.6 + 10.08

53.6 + 10.08

0.00

0.04

0.094
0.03
0.00

0.04

0.00
0.00

0.05

0.27

0.00
0.00

47.5

45.0

42.5

36.5

30.s
25.5

22.5

22.0

20.s
t4.5
7.0

3.5

0-6
6-12
12-18
r8-24
24-30
30-36
36-42
42-48
48-54
54-60
60-66
66-72
72-78
78-84

Cumulative
Proportion

Surviving t SE %

Proportion True
Failure

(Total 15)

Proportion Exposed
(Total54)

Time Period
(months)

9t.7
89.2

86.8

84.2
81.6

80.3

87.1

76.4

74.3

74.4

74.4

74.4
69.9

69.9

+
+
+
+
+
+
+
+
+
+
+
+
+
+

1.37

r.57
t.74
1.90
2.06
2.t4
2.26
2.36
2.50
2.50
2.50
4.8s
4.85
4.85

0.03

0.03

0.03

0.03

0.03

0.02
0.03

0.02

0.03

0.00

0.00
0.00

0.06
0.00

361.0
325.5
298.5

275.0

256.5

237.5
220.0

187.0

150.5

I 15.5

76.5
44.0
17.0

1.0

0-6
6-t2
t2-r8
t8-24
24-30
30-36
36-42
42-48
48-54
54-60
60-66
66-72
72-78
78-84

Cumulative
Proportion

Surviving + SE %

Proportion True
Failure

(Total 86)

Proportion Exposed
(Total460)

Time Period
(months)

75th Quartile:58.14 t 8.96
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17- Age Group (10-20)

75th Quartile : Not Provided

18- Age Group (21-30)

98.2 + I.7l
95.8 !2.98
93.2 + 3.96
90.4 ! 4.62
90.4 + 4.62
90.4 ! 4.62
83.6 + 0.: t
83.6 r 6.31
83.1 + 6.31
83.6 + 6.31
83.6 + 6.31

0.00
0.03

0.03

0.03

0.00

0.00

0.08
0.00

0.00

0.00
0.00

46.0
40.0
37.0
34.0

30.s
29.0
26.5

20.5

18.0

1 1.0

2.0

0-6
6-r2
T2-IB
t8-24
24-30
30-36
36-42
42-48
48-54
54-60
60-66
66-72
72-78
78-84

Cumulative
Proportion

Surviving + SE %

Proportion True
Failure

(Total6)

Proportion Exposed
(Total6l)

Time Period
(months)

97.1 + Z.Ot
97.t + 2.01

95.02 + 2.87
95.02 + 2.87
95.02 + 2.87
90.02 + 4.39
84.7 + 5.53
84.7 + 5.53
80.7 + 6.S:
80.7 + 6.53
80.7 + 6.S¡
80.7 + 6.S3

80.7 + 6.53
80.7 + 6.53

0.02
0.00

0.02

0.00
0.00

0.0s
0.06

0.00

0.05

0.00

0.00

0.00
0.00

0.00

61.5

51.5
46.0
42.0
4t.0
38.0

33.5
27.0

2t.5
15.5

7.5

2.0
1.0

0.5

0-6
6-r2
t2-18
t8-24
24-30
30-36
36-42
42-48
48-54
54-60
60-66
66-72
72-78
78-84

Cumulative
Proportion

Surviving t SE %

Proportion True
Failure

(Total 8)

Proportion Exposed
(Total90)

Time Period
(months)

75th Quartile : Not Provided
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19- Age Group (31-40)

75th Quartlle: 32.211 10.50

20- Age Group (41-50)

87.9 + 3.29
85.8 t 3.53
79.3 !4.t4
75.9 !4.40
73.5 + 4.58
70.8 ! 4.78
70.8 x7.78
66.t !5.t7
62.3 + 5.54
62.3 ! 5.s4
62.3 ! 5.54
62.3 ! 5.54

48.5 + t2.95

0.07

0.02

0.08
0.04

0.03

0.04
0.00

0.07

0.06

0.00
0.00

0.00

0.22

91.0

82.5

79.0

70.5

62.5

56.0
51.0
45.5

34.5
25.5

21.5

14.0

4.5

0-6
6-t2
l2-18
l8-24
24-30
30-36
36-42
42-48
48-54
54-60
60-66
66-72
72-78
78-84

Cumulative
Proportion

Surviving t SE %

Proportion True
Failure

(Total33)

Proportion Exposed
(Total 105)

Time Period
(months)

95.04 + 1.83

90.8 1 1.83

88.9 12.55
86.1 12.81
81.2 !3.17
8t.2 13.67

80.01 r 3.67
78.6 r 3.80
76.9 t3.98
74.9 + q.ZS

74.9 ! 4.58
74.9 ! 4.58
74.9 ! 4.58
74.9 !4.s8

0.00
0.04

0.02

0.03

0.06

0.00
0.01

0.02

0.02

0.03

0.00

0,00
0.00

118.0

111.5

99.0

93.0
88.0
76.0

69.5

51.5
45.5

39.0

2s.0
1l.0
3.0

0-6
6-12
12-T8
t8-24
24-30
30-36
36-42
42-48
48-54
54-60
60-66
66-72
72-78
78-84

Cumulative
Proportion

Surviving I SE %

Proportion True
Failure

(Total26)

Proportion Exposed
(Total 154)

Time Period
(months)

75th Quarttle : 65.7 6 t 25.7 |
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2I- Age Group (51+;

75th Quartile: 55.06 r22.01

22- Gender (Male)

86.3

86.3

8r.2
78.9

77.7

76.5

75.3

75.3
73.8

68.1

68.1

68.1

68.1

68.1

+
+
+
+
+
+
+
+
+
+
+
+
+
+

3.40
3.7r
3.90
4.t0
4.22
4.32
4.42
4.42
4.57
5.27

5.27
5.27

5.27

5.27

0.09

0.05

0,04

0.03

0.03

0.02

0.02

0.00

0.02
0.08

0.00
0.00

0.00

0.00

92.0

85.0

80,0

72.0

65.0

64.0
62.0

58.5

51.5
39.0

27.5
20.5

8.5

0.5

0-6
6-12
t2-r8
r8-24
24-30
30-36
36-42
42-48
48-54
54-60
60-66
66-72
72-78
78-84

Cumulative
Proportion

Surviving + SE %

Proportion True
Failure

(Total28)

Proportion Exposed
(Total 104)

Time Period
(months)

95.2 ! 1.56

92.3 + 1.98

88.1 r 2.45

86.8 I 2.58

85.5 !2.70
83.5 r 2.88

82.03 r 3.00
82.03 r 3.00
80.04 + 3.24

76.3 !3.75
76.3 !3.75
76.3 + 3.75

76.3 !3.75
76.3 + 3.15

0.006

0.03

0.05

0.01

0.02

0.02
0.02

0.00
0.02

0.05

0.00

0.00
0.00

0.00

170.5

163.0

r52.5
140.0

133.0

t25.5
117.0

100.0
82.5

63.5

38.0
16.s

3.0
0.5

0-6
6-12
t2-t8
t8-24
24-30
30-36
36-42
42-48
48-54
54-60
60-66
66-12
72-78
78-84

Cumulative
Proportion

Surviving 1 SE %

Proportion True
Failure

(Total35)

Proportion Exposed
(Total 197)

Time Period
(months)

75th Quartile : Not Provided
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23- Gender (Female)

75th Quartile:47.88 t 6.84

24- ArchDistribution (Posterior Maxilla)

90.1

87.6

85.2

8r.7
78.6

77.4

74.6
72.2
69.8

68.7

68.7

68.7

63.8
63.8

+
+
+
+
+
+
+
+
+
+
+
+
+
+

1.81

2.04
2.24
2.50
2.72
2.80
2.97
3.16
3.36
3.47
3.47

3.47
5.72

5.72

0.05
0.03

0.03

0.04
0.04
0.01

0.03
0.04

0.03

0.02
0.00
0.00
0.07
0.00

238.0
207.5

188.5

t7 t.5
154.0

t37.5
t25.5
109.0

88.5

66.s
45.5

31.0
14.0

0.5

0-6
6-12
t2-t8
t8-24
24-30
30-36
36-42
42-48
48-54
s4-60
60-66
66-72
72-78
78-84

Cumulative
Proportion

Surviving + SE %

Proportion True
Failure

(Total66)

Proportion Exposed
(Total 317)

Time Period
(months)

93.8!2.70
91.4 + 3.10
87 .5 + 3.70
84.8 r 4.10

84.8 r -

80,5 + -
80.5 + -
80.5 r -

76.1+ -

72.9 ! 5.90
58.5 r 8.0
58.5 + -
58.5 + -
58.5 + -

lt.0
75.0
68.0
64.0

60.0

55.0

50.0
45.0

28.0

24.0
19.0

13.0

8.0
3.0

0-6
6-12
12-T8
18-24

24-30
30-36
36-42
42-48
48-54
s4-60
60-66
66-72
72-78
78-84

Cumulative
Proportion

Surviving I SE %

Proportion True
Failure

(Total22)

Proportion Exposed
(Total 81)

Time Period
(months)

75th Quartile: 57.00 + -
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25- Arch Distribution (Posterior Mandible)

75th Quartile:28.00 + -

26- Operator 1

89.2 + 3.08
84.9 + 3.06
80.4 + 4.05
76.8 + 4.38
7r.8 x4.74
66.7 ! 5.06

62.0 ! 5.37
60.5 +-

60.5 r -

58.2+ -
58.2 + -
58.2 r -

58.2 + -
50.9 r -

86.0

77.0
73.0
63.0
59.0
52.0
42.0
37.0

32.0
25.0

2s.0
t7.0
9.0

6.0

0-6
6-t2
12-18
r8-24
24-30
30-36
36-42
42-48
48-54
54-60
60-66
66-72
72-78
78-84

Cumulative
Proportion

Surviving + SE %

Proportion True
Failure

(Total 36)

Proportion Exposed
(Total 107)

Time Period
(months)

92.3 r 1.58

91.2 + r.69
88.5 r 1.92

87.3 + 2.01

86.1!2.11
84.8 + 2.21

83,8 r 2.28
8t.9 !2.43
80.7 + 2.52
78.7 + 2.72
78.7 X2.72
78.7 !2.72
73.9 x s.28
73.9 ! 5.28

0.03
0.01

0.03

0.01

0.01

0.02

0.01

0.02

0.01

0.03
0.00
0.00

0.06

0.00

262.0
246.5
239.0
224.0
2t0.5
195.5

184.5

169.5

t47.0
I 18.0

76.5
44.0
16.5

1.0

0-6
6-12

12- 18

t8-24
24-30
30-36
36-42
42-48
48-54
54-60
60-66
66-72
72-78
78-84

Cumulative
Proportion

Surviving + SE %

Proportion True
Failure

(Total 53)

Proportion Exposed
(Total301)

Time Period
(months)

75th Quartile: 82.63 + 7 .31
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27- Operutor2

75th Quartile : 31.63 t 4.48

92.2 t2.03
86.2 + 2.78

8r.9 t3.22
76.4 + 3.73

71.4 + 4.10

69.3 ! 4.24

64.5 ! 4.57

64.5 ! 4.57

56.4 ! 5.91

5t.7 x 7 .05

5t.7 + 7 .05

51.7 x 7 .05

5r.7 + 7.05

0.03

0.06

0.05
0.07

0.07
0.03

0.07
0.00

0.13

0.08

0.00

0.00
0.00

r46.5
t24.0
102.0
87.5

76.5
67.5

58.0

39.5
24.0
t2.0
7.0

3.5

0.5

0-6
6-12
12-18
t8-24
24-30
30-36
36-42
42-48
48-54
54-60
60-66
66-12
72-78
78-84

Cumulative
Proportion

Surviving I SE %

Proportion True
Failure

(Total48)

Proportion Exposed
(Total213)

Time Period
(months)



Appendix VI

Form 1 : duplicate assessments from 30 dies

i. General features of the EPRB preparations

2. Measurements of the EPRB preparations

1. Kappa values show good to excellent agreements for examiner reliability

Paired t-tests show no significant differences between any of the original and

duplicate measurements.
2

li

0.611.00Preparation taper <200

1.000.89Margins bevelled occlusally and

gingivally

0.630.53Fissures left at cavo surface

margins

1.001.00Gingival margins in
dentine/cementation

DistalMesial

Feature

Site - Kappa Values'

0.790.15Cusp reduction (lingual)

0.190.78Cusp reduction (buccal)

0.380.43Depth of occlusal floor

1.000.35Height of axial wall

0.090.t7Proximal width

0.270.r4Isthmus width

0.790.35Intercuspal width

DistalMesial

Measurement
(mm)

Site - P values (paired t-tests)2



Failure type :

Sensitive pulpitis

Secondary caries

Food impaction

Colour mismatch

Debonding

Bulk fracture

Chip fracture

Connector fracture

Microfracture

Failure reason :

Microleakage

Poor anat./PreParation

Poor etch/contamin

Poor enamel qualitY

Poor enamel quantitY

Occlusal stress

Tooth mobile

Restoration not seated

Poor colour match

Trauma

Treatment given :

None/adjust

Resin repair

Remake

Replace by different material

Rebond

Root canal f,rlling

Other treatment

100

100

100

100

100

100

100

100

100

100

100

100

100

100

100

100

100

100

100

100

100

100

100

100

100

100

1.00

1.00

1.00

1.00

Feature
o/o age agreement Kappa Values

Form 2 : duplicate assessments from 30 restorations

rii




