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Abstract
Objectives This in vitro study evaluated the influence of dif-
ferent composite bases and surface treatments onmarginal and
internal adaptation of class II CEREC CAD/CAM ceramic
inlays, before and after simulated occlusal loading.
Methods Thirty-two IPS Empress CAD class II inlays (MO or
OD) (n=8/group) were placed on third molars, with margins
1 mm below the cementum-enamel junction (CEJ), following
different cavity treatments. These treatments were non-liner
(control group), a flowable composite liner (Premise flow)
sandblasted or treated with soft air abrasion and a restorative
composite liner (Premise) sandblasted. The restorations were
then luted with Premise. All specimens were submitted to 1,
000,000 cycles with a 100-N eccentric load. The tooth resto-
ration margins were analysed semi-quantitatively by SEM
pre- and post-loading. The internal adaptation was also eval-
uated after test completion.
Results The percentage of satisfactory marginal adaptation
varied from 75 to 87 % pre-loading and 62 to 72 % post-
loading in occlusal enamel, from 71 to 83 % pre-loading and
52 to 63 % post-loading in proximal enamel, and from 68 to
88 % pre-loading and 43 to 66 % post-loading in cervical

dentin. There were no significant differences among groups.
The percentages of satisfactory tooth–composite internal ad-
aptation varied from 81 to 98 % in occlusal dentin, from 63 to
90 % in axial dentin, and from 71 to 84 % in cervical dentin
without any statistical difference.
Conclusions The results of the present study support the use
of flowable or restorative composites as a liner underneath
ceramic CAD/CAM inlays, producing marginal and internal
adaptation which is not different from restorations placed di-
rectly on dentin. Soft air abrasion proved not to be different
from sandblasting for treating cavities before cementation.
Clinical relevance The results of this in vitro test validate the
increasing use of a flowable base/liner underneath CAD/CAM
ceramic inlays to optimise tissue conservation and clinical
procedures; in this case, soft air abrasion is recommended as
a pre-cementation step.
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Introduction

The success of tooth-coloured restorations, whether direct or
indirect, using composites and ceramics, greatly depends on
the quality and stability of their marginal adaptation [1, 2].
With direct adhesive restorations, resin composite polymeri-
sation [3–6] can induce immediate adhesive or cohesive fail-
ures when shrinkage stress exceeds the bond strength of the
adhesive interface or the tooth’s cohesive strength. This results
in a lower restoration quality or the need to replace the resto-
ration. Such initial failures are also likely to subsequently
worsen and expand due to functional stresses [7]. The
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potential occurrence of such defects is directly related to in-
creasing cavity size and depth [8–13]. Apart from various
protocols aimed to limit the risk of defective restoration adap-
tation with a direct approach [14–17], the use of indirect por-
celain or resin composite restorations is still the most common
approach for reducing the adverse effects of bulk polymerisa-
tion contraction in large cavities as the volume of composite
resin is strictly limited to the cementing gap [8, 18–20].

In large and deep cavities (close to or below the cemento–
enamel junction), the application of an adhesive resin liner
underneath the indirect restoration to relocate deep cervical
margins represents an interesting non-invasive alternative to
traditional surgical crown lengthening [21] and facilitates im-
pression technique and cementation procedures. The base also
fulfils additional requirements such as reinforcing undermined
cusps, filling undercuts, providing the necessary geometry for
an inlay/onlay restoration and maintaining dentin seal during
the temporary phase in true indirect restorations [22]. Poor
cavity sealing may result in mechanical, thermal and bacterial
irritation, possibly leading to pulpal pathology [23, 24]. More-
over, without the presence of a liner or base, the removal of the
temporary restoration, re-exposure and cleaning of the pre-
pared dentin surfaces, as well the positive pressure induced
during inlay/onlay insertion, will frequently induce discomfort
in patients and thus demands anaesthesia, which is generally
not needed with lined cavities. Therefore, the application of a
base underneath indirect or chair-side inlays and onlays has
clear technical, biological and clinical advantages over the
classical protocol, which leaves dentin unsealed until the res-
toration cementation [23, 24].

The elastic modulus (E) of restorative materials, among
other physical properties, is of great importance to evaluate
their potential stress absorbing and tooth reinforcement effects
[12, 13, 25–27]. The role of the base/liner is of paramount
importance as depending on its material stiffness and defor-
mation capability, stresses within the adhesive interface are
supposedly lowered (when elastic modulus is lower than or
matching the one of the surrounding structures) or are just
passed onto the next interface without absorption (high elastic
modulus) [27]. It was actually suggested that an intermediate
elastic modulus (7–8 GPa, which is about half of the elastic
modulus of dentin) has the best potential for a liner to improve
restoration adaptation of indirect composite restorations [12,
13, 22]. In regard to the restoration itself, the stiffness also has
an impact on residual tooth structure deformation, depending
on the cavity dimensions and tooth configuration [9–11, 28].
However, the optimal liner characteristics for use underneath
ceramic CAD/CAM restorations (higher or lower elastic mod-
ulus) remain to be established.

The interface quality between the resinous base and luting
composite or between the luting composite and inlay resulting
from micro-mechanical retention or copolymerisation was al-
so found to be critical for restoration quality and success [29,

30]. A pre-treatment of the cavity and base/liner has to be
performed following removal of temporisation and before ce-
mentation. This can be achieved using pumice or more often
nowadays, soft air abrasion and sandblasting (airborne-parti-
cle abrasion). These procedures aim to clean and chemo-
mechanically activate the composite liner/base to improve
micro-mechanical retention or adhesion of the restoration
[28, 31]. Although used daily by a large number of practi-
tioners, the respective influence of soft air abrasion and
sandblasting on restoration interface quality is not well known
and only limited evidence is available [32].

The performance of indirect composite and ceramic resto-
rations generated either chair-side (i.e. CAD/CAM) or in a
laboratory, is well documented [2, 33, 34]. Collectively, per-
formance can be considered satisfactory with median annual
failure rates ranging from 1.1 % (CAD/CAM option) to 2.0 %
(composite option). CAD/CAM techniques have also seen
remarkable developments in terms of precision and clinical
application. There have been significant improvements in
software management of function and anatomy, and this ex-
plains their increasing current usage [34–39].

The aim of this in vitro study was to evaluate the influence
of different composite bases and surface treatments on the
marginal and internal adaptation of class II CEREC CAD/
CAM ceramic inlays, before and after occlusal loading. The
null hypothesis was that there is no difference in the marginal
and internal adaptation of class II ceramic inlays with or with-
out composite bases of various elastic moduli and following
two different interface treatments.

Materials and methods

Figure 1 summarises the experimental and restorative proce-
dure flow.

Tooth preparation

Thirty-two extracted human third molars were selected for this
study. The inclusion criteria were the absence of carious le-
sions, complete root formation and comparable coronal di-
mensions and anatomy. The teeth were stored in 0.1 % thymol
solution at 4 °C until the experiment onset. The preparation of
teeth for this in vitro study followed the protocol described by
Rocca et al. [32]. Standardised non-bevelled class II cavities
(two surfaces OD or MO for teeth with no defect subsequent
to extraction) were prepared in all teeth, with the proximal
margin located 1.0 mm below the cementum-enamel junction
(CEJ). Dimensions of the tapered preparations were 4.0 mm in
width and 2.0 mm in depth at the bottom of the proximal box,
and 5.0 mm in width and 3.0 mm in depth for the occlusal
isthmus. All walls had about 10° to 15° of divergence. The 32
prepared teeth were randomly assigned to one of the four
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groups (three experimental groups and one control group),
according to the combination of restorative materials de-
scribed in Table 1.

Restorative procedures

The sample preparation for receiving the CAD/CAM restora-
tions also followed the protocol described by Rocca et al. [32].
The cavities were treated with a three-step etch-and-rinse den-
tin bonding agent (Optibond FL, Kerr) before the application
of a resinous base applied on all dentinal surfaces (about 1-
mm thickness) and extending over the gingival margin of the
distal box, except in the control group, which had no base.

Two different lining materials were used for this purpose: a
flowable nano-filled resin (Premise Flow A2, Kerr) in groups
FS and FP or a nano-hybrid composite restorative resin (Pre-
mise A2, Kerr) in group P. After placement of the resinous
bases, cervical margins were then relocated at the CEJ. The
material characteristics and properties of the resinous bases
are described in Tables 2 and 3.

Design and manufacturing of CEREC CAD/CAM
restorations

All prepared teeth were powdered with titanium dioxide
(Cerec Powder; Sirona, Bensheim, Germany), and optical im-
pressions were taken with the Cerec 3D intraoral camera
(Sirona). The inlays were fabricated using the Dental Database
construction mode (software 3.10, Sirona) and were milled in
leucite-reinforced glass-ceramic blocks (IPS Empress CAD
HT, shade A2, Ivoclar Vivadent), with the Endo mode and
the sprue located at the distal/mesial surface. The fit of the
ceramic inlays into their respective cavities was controlled
with low-viscosity polyvinylsiloxane (Fit Checker, GC, To-
kyo, Japan) and under stereomicroscopy. The polishing of
the ceramic inlays was performed with a diamond polishing
system for ceramic restorations (OptraFine, Ivoclar-Vivadent,
Schaan, Liechstentein) and flexible discs (Sof-Lex Pop-on
XT, 3 M-ESPE, St. Paul, MN, USA).

Adhesive cementation

The CAD/CAM restorations were also cemented following
the protocol described by Rocca et al. [32]. The internal sur-
face of each ceramic restoration was etched for 60 s with 5 %
hydrofluoric acid gel (IPS Ceramic Etching Gel, Ivoclar
Vivadent). After 60-s rinsing and drying, a coupling silane
(Monobond S, Ivoclar Vivadent) was applied and left undis-
turbed for 60 s followed by air-drying. A thin layer of bonding
resin (Optibond FL, Kerr) was applied onto the inner surface
of the restoration, and this bonding resin was left uncured and
protected from light until cementation.

Composite lining layers in the cavities were submitted to
different surface treatments: (a) sandblasting with 27 μm alu-
minium oxide particles at 2-bar pressure (MicroEtcher™ CD,

Fig. 1 Flowchart describing the study experimental design and group
distribution with selected procedures and products

Table 1 Restorative procedures under evaluation (n=8 samples per group)

Groups Adhesive Lining Lining treatment Restoration Luting material

CTR OptiBond FL None None IPS Empress CAD HTA2 Premise A2

FS OptiBond FL Premise Flow A2 Sandblasting (Al2O3 27 μ) IPS Empress CAD HTA2 Premise A2

FP OptiBond FL Premise Flow A2 Soft air abrasion (Na Bi-carbonate 100 μ) IPS Empress CAD HTA2 Premise A2

P OptiBond FL Premise A2 Sandblasting (Al2O3 27 μ) IPS Empress CAD HTA2 Premise A2
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Danville Materials) (groups FS and P) or (b) soft air abrasion
with 100 μm sodium bicarbonate particles at 3-bar pressure
(AirFlow Handy 2+, EMS, Nyon, Switzerland) (group FP).
Enamel margins were acid-etched for 30 s with 37.5 % phos-
phoric acid gel (Gel Etchant) prior to the application of one
thin coat of adhesive resin (Optibond FL) which covered all
surfaces of the preparation (composite and enamel) and left
uncured. Specimens of the control group (CTR) were treated
differently. The dentin surfaces of this group were refreshed
by gentle work of a fine diamond bur under water cooling
(Cerinlay No. 3025.018 FG), and the enamel was selectively
etched for 30 s with 37.5 % phosphoric acid gel (Gel Etchant)
prior to a 15-s full cavity etching. The full adhesive system
(Optibond FL Primer and Adhesive) was then applied, air-
thinned, and light-cured for 20 s.

The restorations were cemented with Premise A2, using
ultrasonic assistance (Cementation tip, EMS, Nyon, CH).
Each restoration surface was light-cured for 60 s under glyc-
erine gel (Airblock), from occlusal, buccal and lingual direc-
tions to mimic clinical conditions (Bluephase, in mode High;
Ivoclar Vivadent). The restorations were then finished and
polished with a diamond polishing system for ceramic resto-
rations (OptraFine) and flexible discs (Sof-Lex Pop-on XT)
under continuous water cooling and descending roughness.

Mechanical loading

The stress test was carried out 24 h after cementation follow-
ing a well-established protocol [40, 41]. This fatigue test in-
cluded simulation of pulpal pressure using 0.9 % saline solu-
tion under a pressure of 14.1 cmH2O during the loading phase
[42] and 1,000,000 cycles with 100-N eccentric occlusal load
at 1.5-Hz frequency, generated by electromagnets. Restored
teeth were contacted by antagonist artificial cusps, made of
stainless steel with a hardness similar to natural enamel
(Vickers hardness: enamel=320–325; steel=315); the diame-
ter of the cusps was 4 mm. By having the specimen holder
mounted on a hard rubber disc, a sliding movement of the
tooth was produced between the first contact on an inclined
plane and the central fossa. These conditions are taken to
simulate about 4 years of clinical service [40, 43].

Specimen evaluation

SEM evaluation of marginal and internal adaptation

The SEM specimen evaluation was performed similarly to the
study by Rocca et al. [32] before (pre-loading) and after com-
pletion of the loading phase (post-loading) on gold-sputtered

Table 2 List of products under
investigation Product Product name (manufacturer) Colour Batch number

Conditioner Gel Etchant (Kerr) – 3133455

Dentin-bonding agent OptiBond FL® (Kerr) – Primer: 3139878

Adhesive:3139882

Flowable resin Premise® Flow (Kerr) A2 3044074

Restorative resin Premise® (Kerr) A2 3047603

Ceramic CAD/CAM Blocks IPS Empress CAD HT

Leucite-based glass ceramic
blocks (Ivoclar Vivadent)

A2 M56172

Table 3 Results for satisfactory marginal adaptation (mean percentages±standard deviation) with statistical analysis for the four groups (luting
composite–tooth interface)

Occlusal enamel Proximal enamel Cervical dentin

Groups Pre-load Post-load Pre-load Post-load Pre-load Post-load

CTR 76 (±9) 62 (±6) 81 (±11) 63 (±15) 68 (±25) 43 (±32)

Diff. pre- and post-load (paired t test) 14.531 (p=0.0063) S** 17.696 (p=0.0012) S** 24.534 (p=0.0041) S**

FS (Premise flow and sandblasting) 82 (±7) 71 (±9) 83 (±14) 58 (±20) 84 (±15) 66 (±21)

Diff. pre- and post-load (paired t test) 10.425 (p=0.0169) S* 25.052 (p=0.0026) S** 18.760 (p=0.0034) S**

FP (Premise flow and Prophy-jet) 75 (±16) 66 (±16) 71 (±15) 52 (±18) 88 (±14) 65 (±23)

Diff. pre- and post-load (paired t test) 9.578 (p=0.0225) S* 19.769 (p=0.0012) S** 23.540 (p=0.0026) S**

P (Premise and sandblasting) 87 (±9) 72 (±8) 75 (±9) 52 (±12) 83 (±25) 54 (±27)

Diff. pre- and post-load (paired t test) 15.194 (p=0.0009) S** 22.479 (p=0.0002) S** 28.315 (p=0.0001) S**

ANOVA NS NS NS NS NS NS

*p<0.01; **p<0.001
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epoxy resin replicas (Epofix; Struers, Rødrove, Denmark) of
the restored teeth. The following segments were observed:
enamel margins on the occlusal and proximal sides and cervi-
cal dentin margins on the proximal side, below the CEJ. The
tooth-luting agent interface was analysed semi-quantitatively
by scanning electron microscope (SEM) (Digital SEM XL20;
Philips, Eindhoven, Netherlands) under×200 magnification,
employing a recognised evaluation method [44, 45]. The fol-
lowing morphological evaluation criteria were considered:
continuous adaptation, overfilling, underfilling, marginal
opening, marginal restoration or tooth fracture. Using propri-
etary software, the entire length of the restoration margins was
examined, all sections and subsections of the margins identi-
fied, and then attributed an adaptation Bgrade^ according to
aforementioned parameters. The results for the restoration
marginal adaptation, before and after loading phase, were then
automatically calculated and represented as percentages of
Bsatisfactory marginal adaptation^ (no marginal opening, res-
toration or tooth fracture) for occlusal and proximal enamel
margins, as well as cervical dentine.

At completion of the mechanical loading and after sample
replication, the restored teeth were embedded in a slow self-
curing epoxy resin (Epofix, Struers, Rødrove, Denmark) and
sectioned mesiodistally for internal adaptation evaluation,
using a slow rotating saw (Isomet 11-1180; Buehlers, Lake
Bluff, USA). The restoration internal adaptation was also
assessed semi-quantitatively on gold-sputtered resin replicas
under SEM at×200 magnification. The restoration internal
adaptation was evaluated according to two criteria: perfect
adaptation (continuity) and interfacial opening. Results were
expressed as the percentage of satisfactory marginal adapta-
tion (gap-free) for occlusal, axial and cervical dentin segments
in relation to the entire length of the respective internal resto-
ration interface examined. A single trained evaluator blindly
performed all SEM observations.

Statistical analysis

No specific procedure was applied to control possible
confounding factors, as plausibly limited only to tooth
anatomy variations; teeth were then randomly assigned
to either control or test groups. Results of the SEM
analysis were submitted to a parametric statistical anal-
ysis, as suggested by normality tests. Comparison
among groups for pre-load and post-load marginal ad-
aptation and internal adaptation were then explored
using an ANOVA test. Comparisons between pre-load
and post-load marginal adaptation values for each group
and restoration area were explored with a paired t test.
The confidence level was set to 95 % (p<0.05). Nor-
mality tests and all other statistical calculations were
performed with Instat 3.10 for Windows (Graphpad,
San-Diego, CA, USA).

Results

The results of satisfactory marginal adaptation at the luting
composite–tooth interface, before and after simulated occlusal
loading, are presented in Table 3 and Figs. 2, 3 and 4. The
results for internal adaptation following loading are presented
in Table 4 and Figs. 5 and 6.

Marginal adaptation

There was no significant difference among groups in either
pre- or post-loading condition for the three margin areas under
evaluation. In both CTR (control) and P (Premise) groups, the
standard deviation of cervical dentin values in the pre-load
and particularly in the post-load condition, were markedly
high, showing important variation in marginal adaptation
quality. The differences in satisfactory adaptation between
the pre- and the post-load conditions were significant for all
groups in the three margin areas under evaluation.

Internal adaptation

There was no significant difference among groups for internal
adaptation between composite and tooth or between compos-
ite and ceramic, along the three interface areas under
evaluation.

Discussion

Phenomena such as leakage, pulpal complications and sec-
ondary caries induced by interface breakdown represent the
major clinical failure patterns observed in all types of direct
restorations [1, 2]. This substantiates the relevance and need
for marginal and internal adaptation testing, particularly if
performed with a simulation of occlusal loading, pulpal pres-
sure and moist environment [12, 13].

The pre-loading as well as post-loading marginal adapta-
tion values of IPS Empress CAD inlays without or with dif-
ferent composite bases following various surface treatments
did not reveal any significant difference among groups for the
three areas under evaluation (occlusal enamel, proximal
enamel and cervical dentin). Cervical dentin adaptation of
restorations with flowable composite was however numerical-
ly superior to restorations without a liner (control group) or a
Premise liner. However, the high standard deviations in the
later two groups, both for pre- and post-loading conditions,
explain the absence of a significant difference. Although such
interpretation is not common, Babnormally^ high standard
deviations in fact suggest that related techniques are less reli-
able, leading in this case to less predictable marginal quality,
despite comparable average adaptation.

Clin Oral Invest (2015) 19:2167–2177 2171



Loading significantly affected marginal restoration adapta-
tion in all groups and all areas under evaluation, confirming
the detrimental effect of simulated functional stresses. The
magnitude of this reduction in satisfactory adaptation was
higher in cervical dentin than in occlusal or proximal enamel,
bringing the percentage of gap-free cervical margins quite low
for the control and Premise groups (43.35 to 54.19 %), sug-
gesting that defective restoration margin quality would occur
over a medium period of function. This reduction in marginal
adaptation of ceramic CAD/CAM restorations appeared com-
parable to that observed in composite inlays, following an
identical study protocol [32]. It also seemed comparable to
the results of previous studies evaluating the fatigue behaviour

of conventional fired porcelain or CAD/CAM restorations
[9–11, 46–50]. However, the interface between composite ce-
ment and tooth presented very consistent values of satisfactory
internal adaptation between the control and experimental
groups at the three interfaces under evaluation. The percent-
ages of these groups were higher than those observed at the
margins, suggesting a rather acceptable post-loading internal
adaptation. For instance, the composite–tooth interface pre-
sented percentages of satisfactory adaptation in cervical dentin
varying from 71.42 % (CTR) to 84.28 % (Premise flow with
sandblasting), indicating that somemarginal defects were like-
ly superficial, with no such damaging effect on restoration
quality, as previously interpreted. Here also, the variability

Fig. 2 Percentages of marginal
adaptation for occlusal enamel
margins expressed as percentage
of Bsatisfactory marginal
adaptation^ before (pre) and after
(post) loading

Fig. 3 Percentages of marginal
adaptation for proximal enamel
margins expressed as percentage
of Bsatisfactory marginal
adaptation^ before (pre) and after
(post) loading
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in internal adaptation results (as demonstrated by standard
deviations) was quite high but with no specific trend among
groups or areas. The interface between composite and etched
ceramic proved totally satisfactory as demonstrated by per-
centages of continuous adaptation at 100 % or at the lowest
at 87.63 % for the sandblasted flowable liner in cervical area.
This demonstrated the reliability of bonding procedures to the
IPS Empress CAD ceramic material and also confirms previ-
ous findings and the relatively high percentage of continuous
ceramic–composite interface reported in similar fatigue stud-
ies [10, 47]. These results are however in contrast with the
findings of Bortolotto et al. [51], where CAD/CAM feldspath-
ic porcelain inlays presented significantly lower percentages
of continuous ceramic–composite interface in comparison
with composite inlays.

The rationale for using a base or liner underneath large
indirect class II restorations and, in particular, its use for cer-
vical margin relocation (CMR) is multifactorial. Possible ad-
vantages include the facilitation of clinical procedures, a more
conservative preparation, protection of the dentin during tem-
porary phase and cementation [21, 52, 53], and the bio-

mechanical advantage, of a Bstress breaking^ layer concept
[22]. The application of flexible liners and bases has been
extensively described in the literature [12, 13, 22, 27,
54–58], and it is considered that the presence of such a layer
contributes to lower strains exerted on the adhesive interface
by functional load. Excessive stresses can induce debonding,
which in turn can trigger post-operative sensitivity (induced
by hydrodynamic phenomena) [59] and may also reduce the
restoration’s tooth strengthening effect or allow fluid move-
ments or bacterial penetration towards the pulp when the gap
extends to the margin. Moreover, sealing the dentin and plac-
ing the liner following cavity preparation has been proven to
increase bond strength and adhesive interface quality in full
crown preparations, class II restorations and also veneers
[60–64]. However, the thickness of the layer [57] as well as
its material stiffness has shown various effects on restoration
quality and adaptation. In a previous study, with a low E
modulus liner, adaption of composite MOD inlays was found
to be inferior to a restoration without a base, while an optimum
Bstress absorbing effect^ was observed around 7–7.5 GPa
[22]. In the same study, the restorative material presented

Fig. 4 Percentages of marginal
adaptation for cervical dentin
margins expressed as percentage
of Bsatisfactory marginal
adaptation^ before (pre) and after
(post) loading

Table 4 Results for satisfactory internal adaptation (mean percentages±standard deviation) with statistical analysis for the four groups (luting
composite–tooth interface and luting composite–ceramic interface)

Occlusal dentin Axial dentin Cervical dentin

Groups Composite–tooth Composite–ceramic Composite–tooth Composite–ceramic Composite–tooth Composite–ceramic

CTR 89 (±14) 99 (±2) 86 (±14) 100 (±0) 71 (±29) 90 (±26)

FS (Premise flow and sandblasting) 98 (±2) 100 (±0) 90 (±17) 100 (±0) 84 (±27) 88 (±23)

FP (Premise flow and Prophy-jet) 97 (±3.11) 100 (±0) 77 (±33.98) 100 (±0) 81 (±30.66) 100 (±0)

P (Premise and sandblasting) 81 (±30) 100 (±0) 63 (±28) 100 (±0) 81 (±21) 100 (±0)

ANOVA NS NS NS – NS NS
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more interfacial defects immediately after placement, though
this was attributed to a reduced wetting ability of the specific
brand tested in that study.

In two recent studies, the cervical dentin adaptation of
CAD/CAM ceramic inlays placed over a liner made of restor-
ative composite was either not significantly different from
inlays placed directly on dentin [50], as observed following
a similar number of loading cycles, or inferior to non-lined
cavities following a reduced loading phase [65]. However, in
the later study, different adhesives were used in the non-lined
and lined cavities and this prevents the ability for proper com-
parison of both conditions. The use of self-adhesive composite
cements as liners has led to inferior cervical dentin adaptation,

and therefore, these products are not recommended for cervi-
cal margin relocation [65].

Among other parameters, a durable bond and cohesion
between the restoration and the remaining tooth structure are
mandatory for satisfactory long-term performance of indirect
restorations. Mechanisms or procedures aimed at obtaining
these goals are diverse. The polymerisation between the luting
cement and the composite base (co-polymerisation) provides
the strongest link but depends on the amount of residual free
radicals which continue to decrease over time [66]. This pro-
gressive reduction takes place over 8 to 10 days, and the sub-
sequent reduced potential for chemical bonding has no impact
on a chair-side CAD/CAMapproach because the restoration is

Fig. 5 Percentages of internal
adaptation for the composite–
ceramic interface expressed as
percentage of Bsatisfactory
marginal adaptation^

Fig. 6 Percentages of internal
adaptation for the composite–
tooth interface expressed as
percentage of Bsatisfactory
marginal adaptation^
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completed on the same day as the base is placed. In addition,
many clinicians try to promote additional micro-mechanical
retention through sandblasting or in general, any other rough-
ening procedure (i.e. a diamond bur) before cementation [31,
67, 68]. In the present study, no or only small percentages of
gaps were observed along the composite–ceramic interface
suggesting that the combination of co-polymerisation and soft
air abrasion or sandblasting was promoting a stable interface
and that once again, the weakest interface of indirect adhesive
restorations remains at the dentin level [22, 57, 58].
Sandblasting has however the potential to partially remove
the adhesive layer and is therefore to be considered technically
more sensitive [67]. Accordingly, soft air abrasion represents a
feasible, gentler and reliable alternative for the cleaning and
preparation of cavities before cementation.

Despite the absence of a significant difference in marginal
or internal restoration adaptation, the present results suggest
that placing a liner made of restorative or flowable composite,
whatever the surface treatment applied is (soft air abrasion or
sandblasting), leads to an adaptation similar to non-lined cav-
ities with even more consistent margin quality, when applying
a flowable liner. These observations fully support the use of
CMR and composite liners underneath ceramic CAD/CAM
inlays for deep proximal cavities, without any detrimental
effect on restoration quality when compared to the classical
treatment protocol and placement of the restoration directly in
contact with dentin. Overall adaptation of large class II ceram-
ic CAD/CAM restorations to enamel (satisfactory adaptation
varied from 52 to 63 % post-load) or cervical dentin (satisfac-
tory adaptation varied from 43 to 66 % post-load) remains
substantially unreliable and further material and clinical pro-
tocol improvements are needed to enhance restoration quality
following functional loading.

Conclusions

Within the limitations of this in vitro experiment, the marginal
adaptation of indirect class II inlays in occlusal and proximal
enamel as well as cervical dentin areas have shown perfectible
margin quality with a significant degradation following occlu-
sal loading in all groups and segments under evaluation. In-
ternal adaptation however presented higher proportions of sat-
isfactory adaptation at the tooth–composite interface, demon-
strating a rather good outcome of the technique. The compos-
ite–ceramic interface presented very few defects and can be
considered of adequate quality. The null hypothesis was also
confirmed, namely that the presence of a composite liner un-
derneath ceramic CAD/CAM restorations following different
surface treatments did not affect restoration marginal or inter-
nal adaptation and appears therefore a suitable alternative to
the conventional protocol for indirect class II inlays where the
restoration is placed directly over dentin. The clinical

relevance of this study is about using a composite base under-
neath indirect restorations to avoid additional preparation in
the presence of undercuts and to relocate deep cervical mar-
gins to facilitate impression taking and control of cementation
procedures.
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