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C h a p t e r 7: 

Adaptation of different ceramic and composite class 
inlays 





Aim of the study 

For class II posterior adhesive restorations, a cavity configuration driven concept 

determines the ideal restorative technique to be applied (Dietschi and Holz, 1990; Dietchi et al, 

1994; Magne et al, 1996). The major concern behind current clinical guidelines is actually to 

take into consideration the negative influence of composite resin polymerization shrinkage on 

dental tissue adhesion and consequently on restoration adaptation. Semi-direct or indirect 

restorative systems appeared to perform better in large cavities because the critical 

polymerization shrinkage is developed only within the thin composite cement layer (Shortall et 

al, 1989; Krejci et al, 1993; Dietschi et al, 1995a and b). As regards the inlay restorative 

material, clinician's choice generally relies on practical considerations related to clinical and lab 

procedures, economical aspects and aesthetics, rather than on scientific evidence. Up to now, 

only a few in vitro trials were designed to determine the influence of the ceramic and composite 

physico-mechanical properties on the restoration quality; the results related to marginal 

adaptation suggested a preference for the less rigid ceramics (krejci et al, 1993; Krejci et al, 

1996) while for the wear of restorations and antagonist teeth, it appeared advantageous to 

produce inlays from composite or "soft" ceramic materials, such as hydrothermal glass (Krejci et 

al, 1993; Krejci et al, 1996). The abundant literature related to the in vivo performances of tooth-

coloured inlays is unfortunately inconclusive (Peutzfeld, 2001); there is a lack of scientific 

criteria to determine which material is the most appropriate and whether the adhesive 

techniques can be indicated without any restriction where the proximal margins are located 

below the cemento-enamel junction. 

The aim of this in vitro study was to test the hypothesis that the nature of the inlay 

(composite resin, hydrothermal glass (LFC) or sintered spinell ceramic) and type of adhesive 

system (total etch versus self etch) and luting composite (dual cure or chemical cure) can 

influence the marginal and internal adaptation of class II indirect restorations, after simulated 

occlusal fatigue loading. Attention was also paid to the quality of the different interfaces, in order 

to identify the restoration's most vulnerable areas. 

Specific Materials & Method 

Sample preparation 

Box-shaped Class II cavities (MOD) with tapered walls and no bevel were prepared, with 

proximal margins located 1.0 mm below (mesially) and above (distally) the cementum-enamel 

junction, such as described in chapter 2 (Fig. 2.5B). The 56 prepared teeth were randomly 

assigned to one of the 7 experimental groups, corresponding to the different restorative 

modalities: 
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• Composite inlays made of Tetric (Vivadent; Schaan, Liechstenstein), luted with a BIS-GMA 

based composite cement (Variolink, Vivadent) and its proprietary adhesive (Syntac classic, 

Vivadent) (group code TEV). 

• Tetric composite inlays, luted with Variolink and another multi-component adhesive 

(Scotchbond MP, 3M; St-Paul, USA) (group code TEVSB). 

• Tetric composite inlays, luted with a 10-Meta based composite cement (Panavia, Kuraray 

Dental; Osaka, Japan) and its proprietary adhesive (ED Primer, Kuraray Dental) (group 

codeTEP). 

• Low fusing ceramic inlays made of LFC Ducera (Ducera; Rosbach, Germany) luted with 

Variolink and Syntac classic (group code DUV). 

• LFC inlays luted with Panavia and ED Primer (group code DUP). 

• Ceramic inlays made of In ceram Spinell and Vitadur alpha (Vita Zahnfabrik; Bad 

Sackingen, Germany) luted with Variolink and Syntac classic (group code VIV). 

• Spinell/Vitadur inlays luted with Panavia and ED Primer (group code VIP). 

The composition and characteristics of the materials under investigation are presented in Table 

7.1. 

Restorative procedures 

Fabrication of composite inlays: 

The prepared teeth were boxed and then isolated using a glycerine gel (Air-block, 

DeTrey/Dentsply; Konstanz, Germany), thinly applied on all cavity surfaces. The inlays were 

fabricated by placing the composite directly on the tooth in three increments; the two first to fill 

each of the proximal parts of the cavity and a last increment to complete the occlusal volume. 

Each increment was light cured for 40 seconds. Thereafter, the inlays were removed from the 

cavity and submitted to a photo-thermal treatment (T= 110 °C) for 7 minutes in a post-curing 

unit (D.I 500 oven, Coltène AG; Alstatten, Switzerland). After completion of this procedure, the 

inlays were reseated on their specific preparation and their intrados, when needed, was 

trimmed (with a diamond conical bur) until a perfect seat was obtained. 

Fabrication of the ceramic inlays: 

A hard stone master model made from a polyvinylsiloxane impression (President light 

and heavy body, Coltène AG) was prepared for each sample. A die spacer was applied on this 

model, without contacting the margins. A second impression (from the master model) was then 

taken to fabricate the specific refractory dies used for both types of ceramic inlays. Both LFC 

and Spinell inlays were fabricated according to the manufacturer's instructions. 
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The In ceram technique implies three basic steps, with a progressively reduced 

processing temperature: 1) fabrication of a base by sintering spinell crystals (MgA^C^) - 2) the 

infiltration of this porous structure by a coloured glass, finalizing the fabrication of the high 

strength substructure - 3) the veneering of this spinell base with a traditional cosmetic reinforced 

porcelain (Vitadur alpha). 

The LFC inlays are also constituted of two components: a base made of traditional 

feldspathic porcelain, fired on a refractory die at a temperature of 930°C, then covered by the 

low fusing ceramic (firing temperature of 660°C). 

Luting procedures 

Three different pre-treatments were applied to the internal surfaces of the inlays, prior to 

cementation. After fabrication, all types of inlays were first sandblasted to remove any 

contaminant and to produce internal micro mechanical retentions. Sandblasting was performed 

with 50|im AI2O3 powder at 2 bar pressure. For the LFC ceramic inlays, the internal surface was 

additionally treated with 5% hydrofluoric acid (Vita Cerec Etch, Vita Zahnfabrik) for 1 min. 

Ceramic inlays of groups DUV and VIV (for cementation with the Bis-GMA composite) were also 

silanated (Command Ultrafine Porcelain Repair Bonding System; Kerr; Orange, USA). The 

distribution of these pre-treatments is summarized in Table 7.II. 

Dental tissues were treated by applying the manufacturer's instructions concerning each 

selected adhesive (Syntac classic, Scotchbond MP and ED primer), with exception of an 

additional 5 s acid-etching (using 37% H3PO4 gel) of samples which received the Syntac-classic 

adhesive (Gwinett et al, 1992). 

The catalyst and base pastes of both luting composites were mixed in a 1:1 ratio and 

applied on all internal surfaces of the cavity. Then, the inlays were completely seated, cement 

excesses removed and margins leveled with a probe and a small brush. The inlay margins were 

covered with either a glycerin isolating gel (Airblock, DeTrey-Dentsply; Constance, Germany) 

when Variolink was used (groups TEV, TEVSB, DUV, VIV) or a gel containing a chemical 

polymerization catalyst (Oxyguard; Kuraray) when Panaviava was used (groups TEP, DUP, 

VIP). Each restoration surface was finally light-cured for 60s, for a total of 180s (Elipar, Espe; 

Seefeld, Germany) (light intensity produced by the curing device = 400 mW/cm^). 

Restorative procedures are summarized in Table 7.II. 

Mechanical loading was applied such as described in chapter 2 (Figs. 2.1-2.4). However, 

the mechanical loading was limited to 250'000 cycles at 80N (1.5 Hz frequency) and followed by 

5'000 thermal cycles. For that purpose, samples were alternatively immersed in water baths at 5 

and 55°C (with a 1min dwell time). The standardized preparation of specimen for SEM 

evaluation, detailed in chapter 2 ; Figs. 2.6-2.10), was applied to all samples for the marginal 
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and internal adaptation evaluation. As regard the restoration adaptation in enamel, mesial and 

distal margins were separately evaluated. The integrity of the interface between the inlay and 

luting cement was also observed, but not guantitatively evaluated. 

Statistics 

The post-loading and thermo-cycling results only are presented. All results were 

submitted to a non-parametric statistical analysis, using the Kruskall Wallis and Nemenyi tests, 

at a 5% level of significance. 

Results 

Marginal adaptation 

The results of the marginal evaluation after the fatigue test, together with their statistical 

evaluation, are reported in Fig. 7.1 and Tables 7.Ill to 7.V. Overfilled margins, underfilled 

margins and marginal restoration fractures presented percentages inferior to 3%; no attempt 

was therefore made to analyse these results. The proportion of continuous margins in enamel 

varied between 85 .1% (VIP) and 98.3% (DUP) on the distal side, and between 85.4% (DUV) 

and 99.6% (DUP) on the mesial side. 0.7% (VIP) to 5.7% (TEVSB) and 0.2% (DUV) to 3.4% 

(TEV) of marginal tooth fractures were recorded on, respectively, the distal and mesial sides. As 

regards the marginal adaptation to enamel in general, no significant difference was found 

among experimental groups for either of the selected criteria. 

Regarding the restoration adaptation to dentin, "continuity" scores varied between 63.6% 

(VIP) and 99.2% (TEVSB); the only defect observed was the "marginal opening". VIP samples 

showed significantly more adaptation defects when compared to those of the TEVSB group. 

This was the only significant difference observed concerning dentine marginal adaptation. 

Internal adaptation 

The results of the restoration internal quality are presented in Fig. 7.2 and Table 

7.VI. Fig.7.3 presents the comparison between the different intra-tooth segments, with all group 

pooled data. Tables 7.VII and 7.VIII summarize the statistical analysis for, respectively, the 

influence of the restorative technique and the intra-tooth location. 

The internal interface evaluation showed proportions of mean continuous adaptation 

(whole interface) ranging from 32.1% (TEV) to 87.3% (DUP), with significant differences 

between the group DUP and groups TEV and DUV. The proportions of continuity between the 

tooth and restoration were 89.4% (TEP) to 100% (DUP and TEVSB) for gingival enamel, 28.9% 

(TEV) to 96.10% (DUP) for gingival dentine, 34.8% (TEV) to 87 .1% (DUP) for axial dentin and 

28.7% (TEV) to 79.4% (DUP) for occlusal dentin. Except for the gingival enamel segment, 
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significant differences were found between the Ducera-Panavia (DUP) and Tetric-Variolink 

(TEV), or Ducera-Variolink (DUV) groups in all other evaluated segments as well as for the 

whole interface. The Ducera-Panavia (DUP) combination also showed a better gingival 

adaptation than the Tetric-Variolink-Scotchbond-MP (TEVSB) combination. 

Significant differences were found between the different cavity locations, mainly between 

the gingival enamel and other dentin segments, in all groups with exception of the association 

Ducera-Panavia (DUP). The adaptation to dentin was found to be different between occlusal 

and axial segments with the Ducera-Variolink combination. 

Micromorphology of the internal interfaces 

Adhesive failures took place predominantly over the hybrid layer or within the bonding 

resin layer base, as the tooth side is concerned (Fig. 7.4 & 7.5). However, the accuracy of the 

indirect SEM observation method did not allow a precise identification of the limit between the 

hybrid layer and bonding resin. An adhesion failure located under the hybrid layer was only 

exceptionally observed. In the samples made with the Syntac, the hybrid layer was well 

organised, with numerous resin tags visible mainly in occlusal segments (Fig. 7.5). In the 

Panavia samples, the hybrid layer was less structured and showed shorter and less numerous 

resin tags (Fig. 7.6). When present, these resin tags remained mostly embedded inside the 

hybrid layer and the underlying dentine in case of a gap formation (Fig. 7.5). Cohesive failures, 

within the restoration or the tooth, were never observed. 

The adhesion between the Panavia cement and sandblasted In ceram Spinell core 

proved partially defective in all samples, especially in axial segments (Fig. 7.6). A similar 

debonding was less frequently observed (2 samples out of 8), and to a lesser extent, in the In 

ceram samples, when sandblasting and silane application were performed in conjunction with 

Variolink. 

Discussion 

Marg ina l adapta t ion 

T h e ma in marg ina l defect obse rved in ename l for both samp le s ides w a s the "tooth 

f racture" , a l though its propor t ion rema ined a round or under 5 % of the overal l p rox imal marg ins . 

Due probab ly to the inferior number of cyc les app l ied to the samp les of this s tudy (s imulat ing 

about 1 Year of cl inical service) (Krejci et al , 1990) , th is propor t ion w a s rather low w h e n 

c o m p a r e d to the pe rcen tages repor ted in the p rev ious two chap te rs (in wh ich a s imula t ion of a 4 

Year cl in ical serv ice w a s per fo rmed) . Ename l mic ro-c racks are representa t ive of in vitro tests 

inc lud ing mechan ica l load ing, espec ia l ly af ter long- term fa t igue of ceramic in lays (Krejci et a l , 

1993) . Actual ly , the occu r rence of this defect is not repor ted in the absence of fa t igue test ing 
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(Dietschi et a l , 1995a and b) . Clinical repor ts do not substant ia te any cl in ical s ign i f icance of the 

p r o b l e m w i th ident ical ind i rect adhes ive restorat ions (Herder, 1988; Sa lchow, 1989). T h e 

p ropor t ions of ename l micro- f ractures appeared min ima l in restorat ions c e m e n t e d wi th Panav ia , 

w h i c h p r e s u m a b l y ac ted as a stress breaker . Actual ly the Panav ia E-modulus is s igni f icant ly 

l ower t han the o n e of Var io- l ink . It is, however , impor tan t to report the occur rence of cohes ive 

e n a m e l f rac tu res as it m igh t a lso be an indirect observa t ion of a def ic ient den t in adhes ion , 

lead ing to s t ress concen t ra t ion and conve rgence to marg ina l ename l . 

A s r ega rds the marg ina l adapta t ion to dent in , overal l resul ts can be cons idered 

sat is fac tory as t he cont inu i ty percentages we re a b o v e 7 5 % , excep t for the comb ina t ion of 

Tet r ic -Var io l ink and In ce ram-Panav ia . These resul ts are in acco rdance wi th those of a similar in 

v i t ro fa t igue test (Krejci et a l , 1996). W h e n us ing fo rmer genera t ions of adhes ives , propor t ions of 

de fec t i ve marg ins in den t i n , regarding compos i te or ceramic in lays, p roved much higher (krejci 

e t a l , 1993a a n d b) . A l t hough an inf luence of s o m e mater ia l mechan i ca l proper t ies such as the 

e last ic i ty m o d u l u s w a s ant ic ipated, p resen t resul ts fa i led to show any c lear t rend be tween the 

marg ina l adap ta t ion of compos i te a n d ceramic res tora t ions. In fact, the pe r fo rmance of 

adhes i ves a p p e a r e d to b e the leading factor. Sco t chbond M P favourab ly in f luenced the 

compos i t e inlay marg in gual i ty , wh i l e Panav ia a l l owed a sl ight improvemen t in marg ina l 

adap ta t ion of bo th Tetr ic a n d Ducera LFC in lays, whi le the pe r fo rmance of the s a m e c e m e n t 

c o m b i n e d to In c e r a m in lays produced d isappo in t ing resul ts in den t in . 

Internal adap ta t ion 

T h e adhes ion to e n a m e l appeared as the mos t eff ic ient under all cond i t ions ei ther for 

g ing iva l e n a m e l or at the p lace of occ lusa l e n a m e l remnan ts , wh i le a lot of gaps we re obse rved 

at the den t ine level . 

Influence of restorative materials 

T h e assoc ia t ion Duce ra LFC-Panav ia s h o w e d over 8 5 % of cont inui ty wi th the dent in , 

w h i c h has to be cons ide red as a sat is factory pe r fo rmance (Fig. 7.7). M e a n propor t ions of 

de fec t - f ree in ter faces underneath res tora t ions m a d e of Tetr ic or Ducera LFC luted wi th 

Var io l ink -Syntac a re cons ide red insufficient. O ther mater ia l comb ina t ions pe r fo rmed moderate ly . 

Overa l l , c o m p o s i t e in lays s h o w e d more adhes ive fa i lures than ceramic in lays, w h e n 

cons ide r ing the s a m e a d h e s i v e and lut ing cemen t , a l t hough only f ew signi f icant d i f ferences 

w e r e ident i f ied . Resu l ts of t he internal adapta t ion also fa i led to subs tan t ia te the concep t that a 

h igh elast ic i ty modu le cou ld have a nega t i ve in f luence o n the restorat ion adapta t ion , because of 

a rest r ic ted s t ress absorp t ion by highly rigid mater ia ls (ceramics o p p o s e d to compos i te res ins) . 

However , t h e res tora t ion f i t cou ld have p layed an impor tant role here . Actual ly, compos i t e inlays 

fabr ica ted wi th t he intra-oral technique (B lankenau et a l , 1984; Fü l leman, 1986) exhibi t a 
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superior accuracy, compared to indirect restorations (Peutzfeld and Asmussen, 1990; O'neal 

and Miracle, 1993). The internal cementing gap of ceramic inlays, due to the use of die spacers 

during the fabrication, was rather large (up to 300 mm), although the marginal fit met accepted 

standards (below 100 mm) (O'neal and Miracle, 1993; Dietschi et al, 1992) (Fig. 7.8). Therefore, 

the hybrid layer possibly sustained more pressure during the luting of accurate composite 

inlays, what has potential to produce more interfacial defects (Dietschi et al, 1995; Tay et al, 

1995). The fragility of this interface was recently confirmed by several studies including 

morphological descriptions of failed adhesive interfaces (Van Meerbeek et al, 2001). Actually, a 

collapse or compaction of superficial demineralized collagen fibbers is likely to occur when 

bonding resin is not polymerised prior to inlay insertion. Here well, the observation of adhesive 

failures at a higher magnification showed that gaps developed mainly over the hybrid layer. At 

the level of gaps, most of the resin tags remained attached to the dentin side within the hybrid 

layer. This presumably reflects a local weakening of resin tags, strangled at their base by the 

collapsed collagen meshwork, such as found on top of desiccated etched dentin (Pashley et al, 

1993). The dual bonding technigue might be a solution to this problem (Bertschinger, 1996; 

Herzfeld, 1996). It consists of simply light-curing the bonding resin before the impression 

procedure, which alleviates the risk of disturbing the frail resin impregnated collagen meshwork 

during luting procedures. 

An adhesive failure at the base of the hybrid layer was only exceptionally observed, 

showing that the hybrid layer produced with the adhesive products under investigation resisted 

the fatigue test. This suggests as well that a rather good impregnation of etched dentin was 

obtained or that the "microporous" zone, often found at the hybrid layer base (Sano et al, 1994 

and 1995), does not mechanically compromise adhesion. 

It was established that the luting composite E-modulus plays a role in stress distribution 

within adhesive interfaces, when thick cement layers are considered (Scherrer and De Rijk, 

1993). Thus, Panavia (the less rigid luting composite) should have produced less interfacial 

defects; this assumption is applicable to Ducera LFC groups and to a lesser extent to In ceram 

groups, for which the reduction in internal gaps was below the level of significance. 

Influence of the location 

It could not be shown that the integrity of the internal dentine-restoration interface was 

influenced by the intratooth location. More adhesive failures were observed in the occlusal 

portions, although this was only a trend, with the exception of one significant difference in the 

Ducera Panavia group. It was hypothesized that the surfaces located just underneath the 

artificial cusp sustained higher mechanical stresses, what adversely affected the adhesive 

interface integrity. 
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It was shown that some anatomical parameters, such as tubule orientation, density and 

remaining dentin thickness play a significant role on the adhesion to dentin (Pashley et al, 1995; 

Watanabe et, 1996; Bouillaguet et al, 2001). The reduction in tubule density and unfavourable 

tubule orientation observed in peripheral dentin, proved also to reduce adhesion efficacy at 

gingival restoration margins (Cagidiaco and Ferrari, 1995). This zone was a critical one in the 

present study, for the groups TEV, TEVSB, TEP and DUV. 

Percentages of defect-free margins in dentin varied from 63.63% (VIP) to 99.25% 

(TEVSB), while percentages of defect-free internal interfaces varied between 28.92% (TEV) and 

96.10% (DUP). In many sections, the external margins were found in continuity, while the 

internal interface showed an extended gap close to the surface; the contrary was also often 

observed. As a matter of fact, marginal adaptation can not be considered as the ideal evaluation 

parameter because of these quantitative discrepancies with internal adaptation quality. This 

reveals once again the complementarity of marginal and internal evaluation methods. The 

marginal integrity evaluation produces meaningful information about the potential of restorations 

to resist leakage, while the observation of the internal interfaces facilitates the localization 

adhesive failures and helps understanding their mechanism. 

Conclusions 

This in vitro study evaluated the marginal and internal adaptation, after mechanical 

loading, of class II inlays made of composite and two different ceramic materials, luted with 

different combinations of adhesives and resinous cements. The association Tetric-Variolink-

ScotchbondMP and LFC Dureca-Panavia, produced nearly 100% of continuous marginal 

adaptation in dentin, while other combinations of adhesive, luting composite and inlay material 

showed variable but higher proportions of adhesive failures. On the other hand, the internal 

adaptation to dentin proved to be perfectible in nearly every combination tested. The Ducera-

Panavia association only produced a satisfactory score of continuity in all evaluated segments. 

Composite inlays, in particular, showed deficiencies as regards dentin-restoration 

interface. Contrarily to a wide-spread belief, the hypothesis that material's rigidity can influence 

the adaptation quality of tooth coloured inlays was not confirmed. This finding however 

deserves confirmation by a prolonged fatigue test or clinical study. 
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Table 7.IA: Composit ion of products under investigation (adhesives) 

Products 

Condit ioner 

Dentin-
bonding-
agent 1 

Dentin-
bonding-

agent 2 

Dentin-
bonding-
agent 3 

Product name 

(manufacturer) 

Uitraetch 

(Ultradent) 

Syntac Primer 

(Vivadent) 

Syntac Adhesive 

(Vivadent) 

Heliobond 

(Vivadent) 

Scotchbond MP 

primer 

(3M) 

Scotchbond MP 

bonding resin 

(3M) 

ED Primer 

A & B 

(Kuraray) 

Composit ion 

H 3 P 0 4 3 7 % 

gel 

T E G M A 

Maleic acid in watery acetone solution 

Polyethylene -GMA 

glutaraldehyde 50% in watery solution 

Bis G M A 

Dioxaoctamethylenedimethacrylate 

aqueous solution of HEMA 

polyalkenoic acid copolymer 

Bis GMA 

HEMA 

HEMA 

MDP 

(5-NMSA) 

Batch 
numbers 

-

440565 

708788 (Dual) 

560075 

717017 (Dual) 

560089 

709349 (Dual) 

19940413 

19940413 

41117 
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Tabie 7.IB: Composi t ion of products under investigation (restorative materials) 

Products 

luting 
cement 1 

luting 
cement 2 

restorat ive 
material 1 

restorat ive 
material 2 

restorat ive 
material 3 

Product name 

(manufacturer) 

Variol ink 

(Vivadent) 

Panavia 

(Kuraray) 

Tetric 

(Vivadent) 

Duceram & 
Duceram LFC 

(Ducera) 

In Ceram Spinell 
& 

Vitadur Alpha 

(Vita Zahnfabrik) 

Composi t ion 

filler: si lanated SiC>2. Ytterbium 

fluorid, si lanated Ba-silikat glass 

resin: UDMA, Bis-GMA, TEGDMA 

filler: si lanated inorganic glass 
(77wt% ) ?? 

res in : MDP 

filler: silanated SiC>2 and mixed 

oxyde, Ytterbium fluorid, si lanated Ba-

silikat glass 

resin: UDMA, Bis-GMA, TEGDMA 

core: hybrid ceramic: glass phase 
surrounding leucite crystals 

veneering: homogenous 
hydrothermal dental glass 

core: sintered MgAl2Ü4 crystals, 

glass infiltrated 

veneering: reinforced aluminous 
porcelain 

Batch 
numbers 

616853 
(catalyst) 

614053 (base) 

41117 

705453 

-

-
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Table 7.11: Summary of restorative procedures 

Group 
codes 

TEVSB 

TEV 

TEP 

DUV 

DUP 

VIV 

VIP 

Restorative 
technique 

semi-direct 
intra-oral 

indirect, 

laboratory-made 

Adhesive 

Scotchbond MP 

Syntac 

ED primer 

Syntac 

ED Primer 

Syntac 

ED Primer 

Luting cement 

Variolink 

Variolink 

Panavia 

Variolink 

Panavia 

Variolink 

Panavia 

Restorative 
material 

Tetric 

Duceram & 

Duceram LFC 

In Ceram Spinell 

& Vitadur alpha 
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Table 7.Ill: Marginal integrity of the restorations expressed as mean percentages 
of continuity (+/- standard deviation) 

Groups 

location 

Enamel 

Enamel 

(dentine side) 

Dentine 

TEV TEVSB TEP DUV DUP VIV VIP 

91.62% 

(8.90) 

94.00% 

(8.45) 

67.70% 

(34.78) 

96.12% 

(10.96) 

98.00% 

(4.04) 

99.25% 

(2.12) 

93.00% 

(13.21) 

98.44% 

(3.85) 

74.86% 

(22.74) 

96.00% 

(6.39) 

85.38%> 

(21.25) 

84.14% 

(14.92) 

98.25% 

(3.24) 

99.62% 

(1.06) 

96.12% 

(8.79) 

95.12% 

(4.67) 

90.69% 

(7.25) 

87,50% 

(12.98) 

85.12% 

(13.87) 

93.62% 

(10.46) 

63.62% 

(30.53) 

Table 7.IV: Marginal integrity of the restorations expressed as mean percentages 
of marginal tooth fracture (+/- standard deviation) 

Groups 

location 

Enamel 

Enamel 

(dentine side) 

TEV TEVSB TEP DUV DUP VIV VIP 

5% 

(3.54) 

3.44% 

(5.88) 

5.67% 

(9.97) 

0.56% 

(1.67) 

1.56% 

(4.67) 

-

3.78% 

(5.7) 

0.22% 

(0.67) 

1.25% 

(2.31) 

0.56% 

(1.67) 

1.17% 

(1.87) 

1.11% 

(3.33) 

0.67% 

(2.00) 

-

Table V: Statistical analysis of the influence of restorative techniques on marginal 

integrity of restoration-cavity interface ("continuity" parameter), as given by the 

Kruskall-Wallis and Nemenyi tests. 

Marginal evaluation 

Enamel (E) 

Enamel, dentine side (ED) 

Dentine (D) 

P 

0.672 

0.879 

0.O23 

significant differences 

-

-

VIP vs TEVSB* 

* = p<0.05; ** = p< 0.01 
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ible VI: Internal integrity of the restorations expressed as mean percentages of 
mtinuity (+/- standard deviation) 

TEV 

95.82% 

(11.81) 

28.92% 

(21.67) 

34.84% 

(30.58) 

28.67% 

(29.29) 

32.12% 

(22.70) 

TEVSB 

100% 

50.74% 

(20.82) 

56.86% 

(13.46) 

41.62% 

(29.72) 

59.30% 

(7.09) 

TEP 

89.43% 

(23.07) 

69.81% 

(21.44) 

62.03% 

(30.73) 

32.17% 

(33.15) 

57.79% 

(22.98) 

DUV 

91.65% 

(15.46) 

38.89% 

(16.54) 

43.51% 

(15.78) 

17.36% 

(10.94) 

34.78% 

(10.39) 

DUP 

100.0% 

96.10% 

(7.88) 

87.08% 

(9.21) 

79.37% 

(22.27) 

87.31% 

(8.38) 

VIV 

95.22% 

(11.69) 

65.19% 

(13.08) 

62.69% 

(20.25) 

65.79% 

(13.56) 

66.45% 

(14.48) 

VIP 

97.20% 

(7.92) 

73.61% 

(8.31) 

75.90% 

(19.24) 

57.43% 

(23.28) 

68.29% 

(17.27) 

Pooled 

94.01% 

(16.89) 

60.11% 

(26.32) 

60.46% 

(26.20) 

46.06% 

(31.05) 

ble VII: Statistical analysis of the influence of restorative techniques on internal 
egrity of restoration-cavity interface ("continuity" parameter), as given by the Kruskall-
allis and Nemenyi tests. 

Internal evaluation 

Gingival enamel 

Gingival dentine 

Axial dentine 

Occlusal dentine 

Mean 

P 

0.845 

0.0001 

0.006 

0.0001 

0.0001 

significant differences 

-

DUP vs TEV**/ DUV**/TEVSB"* 

DUP vsTEV*7DUV** 

DUP vs TEV*/ DUV** 

DUP vs TEV */ DUV** 

p<0.05; " = p< 0.01 



Table VIII: Statistical analysis of the influence of intratooth location on the marginal 

and internal integrity of restoration-cavity interface ("continuity" parameter), as 

given by the Kruskall-Wallis (p) and Nemenyi tests (significant differences). 

groups 

TEV 

TEVSB 

TEP 

DUV 

DUP 

VIV 

VIP 

Pooled data 

P 

0.0009 

0.0050 

0.0036 

0.0001 

0.0861 

0.0380 

0.0009 

0.0001 

significant differences 

GE \ /sGD** /AD** /0D** 

GE vs GD' / AD" I OD" 

GE i / sOD" 

GE vs GD7 OD**, AD vs OD* 

-

GE vs GD*7 AD* / OD* 

GE vsGD7 0D** 

G E \ / s G D * 7 A D * / 0 D * * 

* = p<0.05; ** = p< 0.01 
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100 
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50 

25 

TEV TEVSB TEP DUV DUP 
Groups 

VIV VIP 

Figure 7.1: Results of the marginal adaptation evaluation (% of continuity) 

GE GD AD OD Mean 

125 

100 

Figure 7.2: Results of the internal adaptation evaluation, per group and cavity area 

(% of continuity). 
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Figure 7.3: Results of the internal adaptation evaluation (all group 

pooled data) per cavity area (% of continuity). 
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Figure 7.4: Section of a Tetric-Variolink-Syntac inlay. The debonding (G) occurred over the hybrid 
layer (HL), as clearly evidenced with an acid-etching of the sample surface, (microphotograph of 
a replica, original magnification 283x) (D = dentin; LC = luting cement). 

Figure 7.5: Detailed view of the sample showed in the Figure 5. With Syntac and SBMP 
adhesives, the hybrid layer (HL) appeared well structured. At the level of gaps (G), the resin tags 
mostly remained attached to the dentin (D) (microphotograph of a replica, original magnification 
1135x) (LC = luting composite). 
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Figure 7.6: Section of an In-ceram-Panavia inlay (VI). In this area, adhesion failed (F), on both the 
dental (D) and inlay sides. The hybrid layer was found less structured with the ED-Primer 
(LC=luting cement) 

Figure 7.7: Section of a LFC Ducera-Panavia inlay (DU). This association produced the best 
restoration adaptation after the fatigue test (microphotograph of a replica, original magnification 
149x) (LC=luting cement; D=dentin). 
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Figure 7.8: Section of an In-ceram-Panavia inlay. With lab-made inlays, the marginal fit is 
satisfactory but the use of dye spacers generally creates a wider cement space in the inner 
portions (microphotograph of a replica, original magnification 82x) (V =veneering porcelain; 
S=Spinell core; LC=luting cement; D=dentin). 
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