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C h a p t e r 5: 

Adaptation of Class II Composite Inlays and Direct 
Restorations, with or without Composite Inserts 





Aim of the study 

The polymerization stresses which develop at the adhesive interface of a direct class II 

composite play an important role in the restoration adaptation; they are proportional or strongly 

influenced by the cavity or increment configuration (volume and design) (Bowen et al, 1983; 

Davidson et al, 1984; Feilzer et al, 1987; Feilzer, 1989). Also, in the specific situation of a direct 

technique, these stresses are generated immediately after performing bonding procedures, well 

before the maximal bond strength is attained (Burrow et al, 1994). 

In addition to incremental or "sandwich" techniques (Lutz and Kull, 1980; Lutz et al, 

1986; Bertolotti, 1991; Tjan et al, 1992; Weaver et al, 1988), which are aimed to direct 

polymerization vectors more favourably (Lutz et al, 1986) and to optimise each increment 

configuration (Davidson and DeGee, 1984; ,Bowen et al, 1983), ceramic or composite inserts 

have also been proposed to improve the quality of the medium-size direct class II restoration 

(Donlay et al, 1989; Feinman, 1992). The rationale here is to reduce the amount of composite to 

be cured in.situ, in-order to reduce polymerisation forces. Using composite, instead of ceramic, 

to fabricate the insert appeared like a logical evolution of the concept. Actually, this would 

facilitate its clinical application and make the restoration more homogenous. 

Another option consists in using a luted restoration, which allows polymerization stresses 

to be restricted to the luting gap. This approach appeared valuable in vitro and in vivo as well 

(Dietschi et al, 1995a and b; Reiss, 1994). However, as adhesion procedures for indirect 

restorations proved imperfect (Tay et al, 1995), changes in the basic protocol have been 

recently proposed (Bertschinger et al, 1996), such as the so-called "dual bonding" technique. 

The rationale of the "dual bonding" is to apply the adhesive prior to taking impression. The 

advantages over the traditional approach are twofold; first, it gives time to the adhesive layer to 

stabilize and to provide optimal bond strength. Then, it protects dentin from any contamination 

or aggression during the temporary phase. While the clinical benefit of this concept seems 

obvious, its possible influence on marginal and internal adaptation of class II restorations 

remained to be evaluated. 

The aim of this in vitro study was then to test the hypothesis that the restorative 

technique and adhesive procedures can influence the marginal and internal adaptation of class 

II composite restorations, following mechanical loading and thermocycling. The value of a 

composite insert technique and of the dual bonding concept were evaluated. The micromor-

phology of the internal adhesive interface and a characterisation of adhesion failures were also 

carried out. 
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Specific Methods and Materials 

Box-shaped Class II cavities (MOD) with parallel walls and bevelled enamel margins 

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. 2.5A). The 32 prepared human 

teeth were randomly assigned to one of the 4 experimental groups, corresponding to the 

different restorative technigues: composite direct filling (DIR), composite inlay (INL), 

experimental method using composite inserts (INS), composite inlay using the "dual bonding" 

method (DUAL) (Table 5.1). 

Restorative procedures 

The same restorative composite material, a fine hybrid brand (Tetric; Vivadent, Schaan, 

Liechtenstein), and the same multi-functional adhesive (Syntac Classic; Vivadent), were used in 

all groups. A luting agent, from the same manufacturer and product line (Variolink; Vivadent), 

was used in the groups INL, INS and DUAL. The characteristics and references of these 

materials are summarised in Table 5.1. 

For the DIR specimens, the cavity was encircled with a metal band, before conditioning 

enamel and dentin with a 37 % H3PO4 acid gel, for 30 s and 5 s, respectively. Dental tissues 

were rinsed and nearly dried with a light air pressure spray (approximately 2-3s), before the 

application of the three adhesive components, following manufacturer instructions. The bonding 

resin was light-cured (Elipar; Espe, Seefeld, Germany) for 40 s before composite application, 

using a conventional horizontal layering (Fig. 5.1). At proximal boxes, each increment was 

maintained under a 1.5 mm thickness and individually cured occlusally for 40 s (light intensity 

produced by the curing device: about 400 mW/cm^) . The occlusal portion of the restoration was 

built-up in three increments, cured occlusally and through the remaining walls for 40 s each, 

after matrix-band removal. 

For the INL specimens (Fig. 5.1), a matrix band was placed around the prepared tooth 

and a thin layer of glycerine gel (Air-block; DeTrey Dentsply; Konstanz, Germany), was applied 

on all cavity surfaces. Then, the inlays were fabricated by placing the composite directly in the 

cavity in three increments; the two first to fill each proximal part of the cavity and a last 

increment to fill the occlusal portion. Each increment was light cured for 40 s. Thereafter, the 

inlays were removed from the cavity and submitted to a photo-thermal treatment (T = 110°C) for 

7 min in a post-curing unit (D.I 500 oven; Coltène; Alstatten, Switzerland). The internal surfaces 

of the inlay were sandblasted with 50 |im aluminium oxide at a 2 bar pressure. Before adhesive 

cementation, the tooth substrate was conditioned similarly to the direct filling group, except that 

the bonding resin was not light-cured. The inlays were cemented following usual procedures, 
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respect ing a 1:1 ratio for the lut ing compos i te base and cata lys t (Vario- l ink). Each restorat ion 

sur face w a s l ight-cured for 60 s. 

For the INS spec imens (Fig 5.1), compos i te inserts w e r e p repared ex temporaneous ly in 

a s i l icone mou ld , wh ich prov ided a n insert co r respond ing to the d imens ions of the prox imal 

cavi t ies, w i th sl ight ly reduced d imens ions . T h e inser ts w e r e luted (us ing the Var io- l ink) in the 

prox imal parts of t he cavi ty, w i th a matrix in p lace, after the DBA w a s app l ied and l ight -cured. 

T h e rema in ing occlusal port ion w a s t hen f i l led as in the direct g roup. 

For the (DUAL) spec imens , the me thod cons is ted in app ly ing the comp le te adhes ive 

sys tem and po lymer is ing the bond ing resin, be fore mak ing the impress ion for the inlay 

fabr icat ion. T h e impress ion w a s m a d e wi th a condensa t ion s i l icone mater ia l (Xan topren 

Mucosa ; Bayer Denta l ; Leverkusen , Germany) a n d the mode l w a s fabr ica ted f rom a hard 

addi t ion s i l icone mater ia l (B lu -Mousse; Parkel l , Fa rmingda le NY, USA) on w h i c h t he inlay w a s 

p roduced . Further p rocedures rema ined u n c h a n g e d . Before t he lut ing of in lays, the cavi ty 

sur faces we re c leaned wi th pumice and covered wi th a th in layer of bond ing res in , left uncu red . 

Restorat ive p rocedures are s u m m a r i s e d in Tab le II. Before f in ishing p rocedures , each 

restorat ion w a s cove red with a g lycer ine gel and l ight -cured for a f inal 20 s i r radiat ion on each 

sur face. Fine d i amonds burs and d isks we re t hen used for an immed ia te restorat ion f in ish ing 

and po l ish ing. 

Mechanica l loading a n d thermal cyc l ing 

All spec imens we re submi t ted success ive ly to 250 '000 cyc les of mechan ica l load ing and 

5 '000 the rma l cyc les by a n a l ternate immers ion in wa te r ba ths at 5 and 55°C (with a 1 min dwel l 

t ime) . T h e axia l load ing force w a s 80 N, at a 1.5 Hz f requency , fo l lowing a one-ha l f s ine w a v e 

curve. T h e s e cond i t ions are be l ieved to s imula te 1 yr of c l in ical serv ice (Krejci et a l , 1990) . 

T h e s tandard ized prepara t ion of spec imen for S E M eva lua t ion , deta i led in chap te r 2 

(Figs. 2 .6-2.10) , w a s app l ied to all samp les for the marg ina l and internal adapta t ion eva lua t ion . 

T h e marg ina l adapta t ion w a s not assessed prior to the fa t igue test. 

Stat ist ics 

All resu l ts we re submi t ted to a non-parametr ic stat ist ical analys is , us ing the Kruskal l 

Wal l is and the Nemeny i tests (as a mult ip le compar i son test) (Sachs, 1974) , at a 0.05 level of 

s ign i f icance. 
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Results 

Marginal adaptation 

The overfilled margins, the underfilled margins and the marginal restoration fractures 

represented insignificant percentages; these results are therefore not reported. Mean per

centages of "continuity" and "marginal tooth fracture", after the fatigue test, are reported in the 

figure 5.2 and Tables 5.Ill and 5.1V. Statistical significance are given in Tables 5.V and 5.VI. 

The proximal adaptation of the restorations to enamel proved to be satisfactory with both 

gingival finishing levels [enamel side: 70.25 % (INS) to 92.5 % (DIR), dentin side: 77.4 % 

(DUAL) to 94.6 % (DIR)]. In all groups, some portions of the enamel margins exhibited marginal 

fractures, with a lower incidence in the group of direct restorations, which margins were bevelled 

[enamel side: 5.4 % (DIR) to 29.4 % (INS), dentin side: 4.4 % (DIR) to 19.4 % (INS)]. The 

proportion of "continuity" at the level of dentin was globally judged acceptable, with the insert 

technique giving values above the inlays, although the difference was not significant [59 % (INL) 

to 87 .9% (INS)] 

Internal adaptation 

Mean percentages of "continuity" between the restorative material and internal cavity 

walls after the stress test are reported in the figure 5.3 and table 5.VII. Related statistical 

significances are given in Table 5.VIII. 

The evaluation of internal adhesive interfaces showed lower mean scores of 

"continuity" than those of the marginal adaptation. The application of the dual technique 

significantly reduced the amount of interfacial debonding (gaps), as compared to the direct filling 

and the inlay techniques, in the occlusal portions (OD) and in gingival dentin (GD, Tables VII 

and VIII). The adaptation of the restorative material to the gingival enamel was overall better 

than to dentin [gingival enamel: 66.7 % (DIR) to 100 % (DUAL); dentin segments: 27.76 % (DIR, 

gingival) to 77.75 % (DUAL, occlusal)], with most differences being statistically significant (Table 

5.IX). No statistical difference in the regional dentin adaptation was found in any of the groups. 

Micromorphology of internal interfaces 

The most common observation was again that debonding took place predominantly at 

the top of the hybrid layer (Figs. 5.4 and 5.5). Only insignificant proportions of the defective 

interfaces showed evidence of other failure mechanisms such as cohesive fractures in dentin, 

within the hybrid layer, or an absence of hybrid layer formation. A debonding resulting from 

detachment of the hybrid layer from its base was rarely detected. Two main trends were 

observed regarding the micromorphology of failed interfaces. When the bonding resin was light-

cured prior to insertion of the restorative material 
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(groups DIR, INS, DUAL), a certain proportion of tags were pulled out of the dentin and the 

hybrid layer (Fig. 5.3?), while in other specimens (INL), tags remained primarily attached to the 

hybrid layer. 

It also appeared on many sections that the micromorphology of external margins 

abruptly changed toward internal areas. The continuity or the gap was often restricted to the 

very superficial portion of the interface. In some other specimens or sections, the gap seemingly 

was filled of debris in its external portion. 

Discussion 

A single adhesive (Syntac) and restorative system (Tetric and Variolink) was used in the 

present study to emphasise the influence of the restorative technique. A slight modification of 

the basic adhesive procedure was a 5 s dentin etching (with 37 % H3PO4) prior to the 

application of the primer, to more efficiently condition the substrate and, supposedly, to obtain a 

thin, regular and well infilrated hybrid layer (Gwinett et al, 1992). 

Marginal adaptation 

The higher proportion of enamel micro-fractures found in non-bevelled preparations 

likely reflects the influence of prism orientation in bonding efficiency to acid-etched enamel 

(Munechika et al, 1984) and the value of bevel in maintaining restoration margin integrity 

(Dietschi et al,, 1995a). Enamel micro-cracks are typical of in vitro tests with mechanical loading 

(Krejci et al, 1993), while they are rarely observed in the absence of the fatigue test (Dietschi et 

al, 1995a and b). However, no reports are available that could demonstrate the clinical 

significance of this problem in adhesively luted restorations. 

Surprisingly, the inlays presented the lowest proportion of continuous margins in dentin. 

These results do not seem in accordance with those of previous studies which compared direct 

filling and inlay techniques (Shortall et al, 1989; Krejci et al, 1990; Dietschi et al, 1995a and b). 

The performance of the adhesive (Syntac), on one hand, could account for this apparent 

contradiction. On the other hand, because marginal gaps are likely to be smaller in inlays, it 

could be assumed that some defects were below the sensitivity threshold of SEM observations 

of replicas of non-etched margins in previous studies. 

Internal adaptation 

The results emphasise the relatively poor adhesion to dentin in both direct and inlay 

techniques. The higher polymerization stresses exerted on adhesive interfaces with a direct 

filling technique could account for this observation. However, as regards the inlay restorations, 

the minimal stresses developed in the cementing space, should have provided optimal 
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conditions for an effective adhesion. These results failed to support that concept. Dietschi and 

collagen fibrils may become compacted during conventional luting procedures because the 

hybrid layer structure is not stabilised by a cured bonding resin. The phenomenon could even 

be amplified in small cementing gaps where the pressure exerted on the adhesive interfaces is 

likely to increase. This theory is supported by the description of a "collagen smear layer" found 

on the top of demineralized dentin (Eick, 1992; Pashley et al, 1993), which is mainly composed 

of compacted collagen fibres, and by the very low module of elasticity of demineralized dentin 

(Balooch et al, 1998). If the hybrid layer surface really collapses during inlay insertion, a resin-

poor, collagen-rich interface would be created which may be the weakest link of the adhesive 

process (Tay et al, 1995). 

As expected, the dual bonding produced the best results. Actually, by light-curing the 

bonding resin before taking the impression, the risk of a subseguent compression of the frail 

monomer impregnated collagen mcshwork was alleviated. 

The objective for using the composite insert technigue was similar and was also 

expected to be a clinical simplification to the inlay option. The advantage of the insert was less 

significant, most likely because of its approximate adaptation to the cavity, creating a thicker 

cement layer, which generates higher polymerization shrinkage stresses. However, the su

periority of the insert technigue over a direct restorative approach (Donaly et al, 1989; George 

et al, 1995; Appleguist etbal, 1996) was confirmed. 

The difference in the morphology of failed adhesive interfaces between the inlay and 

other restorative technigues may have been due to the problem of the collagen meshwork 

collapse. With the conventional inlay cementation, a clear separation occurred over the hybrid 

layer surface, with most of the resin tags remaining anchored in the hybrid layer. With the other 

restorative methods, some resin tags were pulled out at the places adhesion failed, showing 

they have not been properly hybridized to the surrounding peritubular dentin but were 

cohesively attached to the restorative material. This connection was possibly defective in the 

INL specimens (Dietschi et al, 1995). 

Recent reports (Ciucchi, 1997) demonstrated regional differences in dentin morphology 

and related bond strength. The orientation and density of tubules, in relation with their intra-

tooth location or the remaining dentin thickness appear critical. However, with the adhesive 

used in this study (Syntac), no significant regional differences were noted regarding the lack of 

continuity between the materials and the cavity walls. Only the gingival dentin portion, with its 

unfavourable anatomy (Watanabe et al, 1996; Cagidiaco and Ferrari, 1995), consistently 

showed values of continuity lower than in axial or occlusal areas, although these differences 

were not significant. 
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Comparison between external and internal evaluations 

When comparing the "continuity" scores, respectively for the marginal and internal 

restoration adaptation, there does not seem to be any correlation between them. Thus, these 

results support the null hypothesis that there is no correlation between the adaptation of resin-

bonded composite restorations to external vs. internal cavity adaptation. This may be due to the 

fact that the two methods of analysis provide different observations. The well recognised and 

widely used method for evaluating marginal adaptation (Luescher et al, 1977; Roulet, 1990) 

provide valuable information as regards the marginal integrity but does not identify or localize 

the origin of any observed failures. It was shown that the guality of the external adhesive 

interface may not be representative of the overall internal situation and that some artefacts can 

alter marginal evaluation. There is some uncertainty whether polishing debris and other 

contaminants can be fully removed from the marginal defects, even by acid-etching the margins 

before making the replicas. The main contribution of evaluating the internal adaptation is to fo

cus on the micromorphology of the restoration-tooth interface, which allows for a better un

derstanding of still existing limitations in adhesive restorations. The marginal and internal 

adaptation evaluation methods should therefore be considered complementary. This double 

assessment represents a significant advance for evaluating the performance of adhesive 

restorations in simulated clinical conditions. 

Conclusion 

By using the products under investigation, the quality of external and internal adaptation 

after mechanical and thermal loading, proved to be influenced by the restorative technique. The 

conventional procedure used for inlay cementation, which consists in applying the adhesive just 

prior cementation, without polymerization, proved defective. The dual bonding or insert 

techniques showed the better potential for maintaining the margins and internal interface free of 

gap. 
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Table 5.1: Composition of products under investigation (manufacturer's data) 

Products 

conditioner 

dentin-
bonding-agent 

luting cement 

restorative 
material 

Product name 

(manufacturer) 

Ultraetch 

(Ultradcnt; Salt-lake 
City, USA) 

Syntac Primer 
(SP) 

(Vivadent; Schaart, 
Liechtenstein) 

Syntac Adhesive 
(SA) 

(Vivadent) 

Heliobond 
(HB) 

(Vivadent) 

Variolink 

(Vivadent) 

Tetric 

(Vivadent) 

Composition 

H3PO4 37% 

gel 

Tetraethylene glycoidimethacrylate 

Maleic acid in watery acetone solution 

Polyethylene glycoidimethacrylate 

glutaraldehyde in watery solution 

Bis GMA 

3.6-
Dioxaoctamethylenedimethacrylate 

filler: silanated SiC>2. Ytterbium 

fluoride silanated Ba-silicate glass 

resin: UDMA, Bis-GMA, TEGDMA 

filler: silanated SiÜ2 and mixed oxide, 

Ytterbium fluoride silanated Ba-silicate 
glass 

resin: UDMA, Bis-GMA, TEGDMA 

Batch numbers 

440565 

708788 (Dual) 

560075 

717017 (Dual) 

560089 

709349 (Dual) 

616853 
(catalyst) 

614053 (base) 

705453 
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able 5.11 : Summary of restorative procedures 

Group 
codes 

DIR 

INL 

INS 

DUAL 

Restorative 
methods 

Direct, 

horizontal layering 

semi-direct 

intra-oral inlay 

composite insert 
proximally, 

direct filling occlusally 

semi-direct 

extra-oral inlay 

Etching 

enamel: 30s 

dentin: 5s 

Bonding (steps) 

before filling: SP+SA+HB 

before luting: SP+SA+HB 

before restoration: SP+SA+HB 

before impression: SP+SA+HB 

before luting: HB 

Light-
curing 

Yes 

No 

Yes 

Yes 

No 

Luting 

No 

Yes 

Yes 

Yes 

D = Syntac primer: SA = Syntac Adhesive; HB = HelioBond 
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Table 5.1 II : Marginal integrity of the proximal region of the restorations 
expressed as mean percentages of continuity (+/- standard deviation) 

Enamel (distal box) 

Enamel (mesial box) 

Dentin 

DIR 

(n=8) 

92.5% 

(12.6) 

94.6% 

(10.9) 

74.6% 

(33.8) 

INL 

(n=8) 

80.4% 

(19.6) 

84.4% 

(19.5) 

59% 

(30.8) 

INS 

(n=8) 

70.2% 

(19.75) 

80.6% 

(15.2) 

87.9% 

(23.3) 

DUAL 

(n=8) 

80.75% 

(8) 

77.4% 

(29.2) 

72% 

(12.5) 

Table 5.IV: Marginal integrity of the proximal region of the restorations 
expressed as mean percentages of marginal-tooth-fracture (+/- standard 
deviation) 

Enamel (distal box) 

Enamel (mesial box) 

DIR 

(n=8) 

5.4% 

_i9-5] 
4.4% 

(10.5) 

INL 

(n=8) 

13.9% 

(11.5) 

6.4% 

(12.3) 

INS 

(n=8) 

29.4% 

_J1M5) 
19.4% 

(15.2) 

DUAL 

(n=8) 

19.25% 

(8) 

11.4% 

(11.6) 

Table 5.V : Statistical analysis of the influence of restorative techniques on 
integrity of proximal restoration-cavity margins ("continuity" parameter) 

Comparisons 

INL vs. DIR 

INL vs. INS 

INL vs. DUAL 

DIR vs. INS 

DIR vs. DUAL 

INS vs. DUAL 

Enamel (E) 

n.s. 

n.s. 

n.s. 

* 

n.s. 

n.s. 

Enamel, dentin side 

(ED) 

n.s. 

n.s. 

n.s. 

n.s. 

n.s. 

n.s. 

Dentin (D) 

n.s. 

n.s. 

n.s. 

n.s. 

n.s. 

n.s. 

(• = p<0.05) 

76 



Table 5.VI : Statistical analysis of the influence of restorative techniques on 
integrity of restoration-cavity margins ("marginal tooth fracture" parameter) 

Comparisons 

INL vs. DIR 

INL vs. INS 

INL vs. DUAL 

DIR vs. INS 

DIR vs. DUAL 

INS vs. DUAL 

Enamel (E) 

n.s. 

n.s. 

n.s. 

** 

* 

n.s. 

Enamel, dentin side (ED) 

n.s. 

n.s. 

n.s. 

n.s. 

n.s. 

n.s. 

(• = p<0.05; - = p<0.01) 

fab le 5.VII : Internal integrity of the restorations expressed as mean 
Dercentages of continuity (+/- standard deviation) 

GiF 

GD 

AD 

OD 

WDI 

DIR 

(n=8) 

66.7% 

(47.1) 

27.8% 

(18.1) 

45.2% 

(17.5) 

50.8% 

(29.1) 

48.4% 

(11.5) 

INL 

(n=8) 

87.5% 

(24.8) 

38% 

(13.8) 

39.4% 

(16.2) 

44.4% 

(8.3) 

43.1% 

(10) 

INS 

(n=8) 

95.8% 

(11.8) 

48.1% 

(20.7) 

54.4% 

HUL. 
61.4% 

_ (19-6) 

57.1% 

(15.2) 

DUAL 

(n=8) 

100% 

„_H . 
62.4% 

(18,1) 

53.25% 

05.5) 
77.75% 

(19.3) 

63.9% 

(12.8) 
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Table 5.VIII : Statistical analysis of the influence of restorative techniques on 
integrity of internal adhesive interface 

Compar isons 

INL vs. DIR 

INL vs. INS 

INL vs. DUAL 

DIR vs. INS 

DIR vs. DUAL 

INS vs. DUAL 

GE 

n.s. 

n.s. 

n.s. 

n.s. 

n.s. 

n.s. 

G D 

n.s. 

n.s. 

n.s. 

n.s. 

-

n.s. 

AD 

n.s. 

n.s. 

n.s. 

n.s. 

n.s. 

n.s. 

OD 

n.s. 

n.s. 

** 

n.s. 

* 

n.s. 

WDI 

n.s. 

n.s. 

* 

n.s. 

n.s. 

n.s. 

(• = p<0.05; ** = p<0.01) 

Table5.IX : Statistical analysis of the inf luence of the different cavity segments 
on integrity of internal adhesive interfaces 

Compar isons 

GE vs. GD 

GE vs. AD 

GE vs. O D 

GD vs. AD 

GD vs. OD 

AD vs. OD 

DIR 

n.s. 

n.s. 

n.s. 

n.s. 

n.s. 

n.s. 

INL 

* 

n.s. 

n.s. 

n.s. 

n.s. 

n.s. 

INS 

** 

* 

n.s. 

n.s. 

n.s. 

n.s. 

DUAL 

** 

* 

n.s. 

n.s. 

n.s. 

n.s. 

WDI 

** 

* 

n.s. 

n.s 

n.s. 

(• = p<0.05; » = p<0.01) 
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DIR INS INL 

igure 5.1: Diagrammatic representation of the restorative techniques under evaluation DIR = 
irect; INS = Insert; INL = Inlay 

79 COMPOSIT1 i ORATION: • DR WITHOUT COMPOSITE INSERTS 



Enamel Enamel (D) Dentine 

125 

1 0 0 

75 

50 

25 

DIR INL INS 
Groups 

DUAL 

Figure 5.2: Results of the marginal adaptation in dentin (% of continuity 
±SD) 

GE GD I I AD OD Mean 

1 2 5 

100 

DUAL 

Figure 5.3: Results of internal adaptation (% continuity ±SD) 
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Figure 5.4: SEM microphotograph of a CP sample section (composite filling) showing the 
adhesive interface with its different constituents, as revealed by the observation method: the 
resin tags (RT), the hybrid layer (HL) and the bonding resin together the composite 
restoration (CP). GAP = gap; debonding at the hybrid layer surface represents the typical 
failure mode at the dentin interface 

Figure 5.5: SEM microphotograph of a CP sample section (composite filling) demonstrating 
the failure mode at the dentin interface (GAP) while continuity is obvious at the enamel 
interface; this shows the superiority of adhesion to enamel in a clinical configuration 
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