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Missing single-tooth situations present several re-
constructive treatments modalities. The traditional

method is reconstruction with a conventional metal-ce-
ramic fixed partial denture (FPD).1 This technique re-
quires a full-coverage preparation of the abutment
teeth. Consequently, a large quantity of sound tooth
structure is destroyed during the preparation.2 This is
particularly problematic in healthy and young teeth
with large pulpal chambers. In order to limit this de-
struction and thanks to the evolution of adhesive den-
tistry3 and implantology, adhesive FPDs4 and dental
implants5 represent the current alternatives. These treat-
ments have several advantages to conventional FPDs,
especially regarding conservation of tooth structure
and reversibility.6 Nevertheless, when an implant is 

Purpose: The aim of this in vitro study was to evaluate the marginal adaptation and
retention of inlay fixed partial dentures (IFPDs) made with 1 fiber-reinforced
composite and 2 different ceramic materials using quantitative scanning electron
microscope analysis after thermal cycling and mechanical loading, which simulated
approximately 5 years of oral service. Materials and Methods: Eighteen IFPDs made
with fiber-reinforced composite (SR Adoro/Vectris), zirconium oxide-TZP (Cercon),
and magnesia partially stabilized zirconia (DC-Leolux) covered with silica-based
ceramics were tested in this study. The specimens were mechanically loaded in the
vestibular cusp of the pontic element in a computer-controlled masticator with
1,200,000 half-sinusoid mechanical cycles of maximum 49 N each at a frequency of
1.7 Hz. A total of 3,000 thermocycles at 5°C and 55°C, 2 minutes each, were
performed simultaneously. The marginal adaptation was analyzed at the interface of
the luting composite and the abutment inlay/onlay (CI) and at the interface of the
tooth and the luting composite (TC). Results: The percentages of continuous margin
at the CI interface were 94.6 ± 3.1 and 88 ± 6.7 for Adoro/Vectris, 92.9 ± 5 and 85.7
± 6.1 for Cercon, and 96.2 ± 2.1 and 82.2 ± 9.8 for DC-Leolux, respectively, before
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flexibility of the framework may play an important role in the marginal adaptation of
the IFPDs. More rigid materials may transfer less stress to the margins, thus
promoting a more stable adhesion to the dental tissues. Int J Prosthodont
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contraindicated or refused by the patient, metal-free
restorative options may be attractive. The use of com-
posite or ceramic compared to metal alloys offers bet-
ter bonding properties to composite cements, more
appropriate biomechanical behavior, and enhanced es-
thetics. Inlay, onlay, and partial crown-anchored FPDs
can be bonded to adjacent teeth and show acceptable
short-term results.7,8 Fiber-reinforced composites
(FRC),9 high-strength reinforced ceramics,10 and a com-
bination of these 2 materials11 have been proposed for
the fabrication of metal-free inlay FPDs (IFPDs). 

FRC is a new material group with a significantly
shorter history of use than more traditional materials.
Glass fibers have been reported to considerably im-
prove the strength of dental polymers when the fibers
were silanated and preimpregnated with the polymer.12

The combination of resin composite and fiber seems to
better comply with stress and provides a straightforward
procedure in the laboratory because casting is unnec-
essary.13 After simulation of oral stresses, the fracture
resistance and marginal adaptation of IFPDs made with
FRC were better than those of all-ceramic restorations.14

Clinicians’ interest in all-ceramic systems is rapidly
increasing as stronger and tougher materials are de-
veloped and commercialized along with novel pro-
cessing technologies. Recently, this development has
led to the application of zirconia-based ceramics in
dentistry. Moreover, computer-aided design/com-
puter-assisted manufacture (CAD/CAM) is among the
most recent advances in dental technology for direct
fabrication of all-ceramic restorations.15 The framework
must then be veneered with conventional feldspathic
porcelain in order to simulate the appearance of the
natural dentition. Adjustments via grinding may be re-
quired to improve the fit of the restoration, and sand-
blasting of the inner surface of the restoration is often
used to enhance the adhesion of the luting agent to
the framework.16 Yttrium oxide, a stabilizing oxide, is
added to pure zirconia (Y-TZP) to stabilize it at room
temperature and to generate a multiphase material
known as partially stabilized zirconia. The high initial
strength and fracture toughness of Y-TZP results from
the physical properties of partially stabilized zirconia.
The so-called transformation toughening ability of Y-
TZP—to transform from a tetragonal crystalline struc-
ture to a more voluminous monoclinic structure that
helps to prevent crack propagation—contributes to the
strength and toughness of the ceramic.17,18 In vitro
studies of Y-TZP specimens have demonstrated a flex-
ural strength of 900 to 1,200 MPa. Y-TZP-based ma-
terials have demonstrated a fracture toughness of 9 to
10 MPam1⁄2, which is almost twice the value demon-
strated by alumina-based materials, and almost 3 times
the value demonstrated by lithium disilicate–based
materials.19 An in vitro study evaluating Y-TZP FPDs

under static load demonstrated a fracture resistance
of more than 2,000 N.20

Issues still in question are the loading forces that can
be withstood and the quality of marginal adaptation
that might be reached with FRC and high-strength ce-
ramic systems when used for IFPD restorations. The
most relevant mechanical properties for reduction of
clinical failures during loading are flexural strength
and fracture toughness, but little information is avail-
able on IFPDs. Since mechanical failure is mainly
caused by excessive stresses or deformation, which can
have a destructive effect on the tooth-restoration in-
terface, a full understanding of the stress fields that de-
velop in FPDs becomes particularly important. On one
hand, some studies with finite element analysis21,22

suggest that IFPDs made with FRC may be a viable al-
ternative to traditional, more invasive FPDs. Resiliency
of the composite may prevent the development of
harmful stresses at the adhesive interface, and rein-
forcement of the fibers may protect the pontic from ex-
cessive strains, thus allowing the restoration to with-
stand high functional loads. On the other hand,
zirconia-ceramic IFPDs exhibited the highest fracture
resistance compared to metal-ceramic and glass-ce-
ramic FPDs, and the failures of all-ceramic FPDs were
always cohesive (located at the connector area that
represent the weakest parts of the FPD).23

These studies provide insight into a number of bio-
mechanical issues, but they do not reveal the marginal
adaptation at the tooth-restoration interface during oc-
clusion and clenching. Although these new materials
showed positive mechanical behavior, further investi-
gations should be performed on their marginal quality. 

The aim of this in vitro study was to evaluate the mar-
ginal adaptation of IFPDs made with 1 FRC and 2 dif-
ferent all-ceramic high-strength materials using quan-
titative scanning electron microscope (SEM) analysis
after simultaneous thermal cycling and mechanical
loading with dentinal fluid that simulated approximately
5 years of oral service. The null hypothesis was that
there is no difference between the marginal adaptation
of the IFPDs before and after fatigue using materials
with varying flexural strengths and Young’s moduli.  

Materials and Methods

Thirty-six human caries-free molars and premolars
of nearly identical size with completed root growth that
were stored in a 0.1% thymol solution were selected
for this study. The teeth were randomly and equally di-
vided into 3 groups. The apex of each root was sealed
with an adhesive bonding system and resin compos-
ite (Optibond FL, Kerr) without removal of pulpal tis-
sue and fixed with the composite onto aluminum
bases.  
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Afterwards, the teeth and aluminum bases were im-
mersed in an autopolymerizing resin (Technovit 4071,
Heraeus-Kulzer) to an apical depth of two thirds of the
root length to create a strong load-resistant support.
Each pair of teeth (1 molar and 1 premolar) was blocked
together with the same autopolymerizing resin, with a
distance of 10 mm between each tooth to prevent
movement during the preparation, impression, and lut-
ing procedures. In this way, the device simulated an
edentulous space resulting from the loss of 1 molar. A
plastic holding device with 2 holes was used as a sup-
port for the IFPDs. Two rubber dampers slightly taller
than the holes were placed in the holding device to sim-
ulate the resilience of the human periodontium.24

Eccentric holes were drilled into the rubber dampers to
create a larger distance between the abutments and to
increase the tilting of the abutments toward the gap
when placed under load. The diameter of the rubber
dumpers was the same as the aluminum bases. In this
way, the load was distributed equally to the underlying
structure, thus avoiding interference with the marginal
adaptation.25,26 One holding device with the same dis-
tance between the rubber dumpers was created (Fig 1).
To simulate the intrapulpal pressure during cavity
preparations and luting procedures, a cylindrical cav-
ity was prepared in each pulpal chamber 1.5 mm below
the amelocementum junction. A metal tube with a di-
ameter of 1.4 mm was luted into the cavity with the
same adhesive and composite used to fix the roots
onto the bases. The pulpar chamber was evacuated with
a vacuum pump (Vacubrand) through a connecting
silicone tube, filled with a bubble-free mixture of horse
serum (PAA Laboratories) and phosphate-buffered
saline solution (PBS, Oxoid) with the aid of a 3-way
valve, and then connected to a serum-infusion bottle.
This bottle was placed vertically 34 cm above the spec-
imen to simulate the normal hydrostatic pressure of 25
mm Hg within the tooth until the test was terminated. 

Tooth Preparation

Different cavity preparations were made on the teeth
to simulate this frequent clinical situation and to cre-
ate the space accommodation for the different struc-
ture frameworks. The cavities were prepared with a ro-
tating diamond bur (25 to 80 µm grain size, FG 8113NR,
3113NR; Intensiv; Sirius 180 XL red contra-angle hand-
piece, Micro-Mega) with water cooling.

The inlay preparation in the premolar was a mesial-
occlusal-distal cavity with the mesial margin in dentin
1 mm below the cementoenamel junction (CEJ), and
the distal margin in enamel 1 mm above the CEJ. The
vestibular-palatal width was 3 mm at the cervical mar-
gin and increased to 4 mm at the upper part of the cav-
ity; the cervical preparation width was 2 mm, similar to
the occlusal depth. The onlay preparation in the molar
was a 2-cusp partial covering with the mesial margin
in dentin 1 mm below the CEJ and the distal margin in
enamel 1 mm above the CEJ. The vestibular-palatal
width was equal to that of the premolar preparation and
the reduction of the cusps was 2.5 mm, with 2 mm of
occlusal depth in the central fossa (Figs 2a and 2b).

All dentin surfaces were sealed immediately after
the tooth preparation with a 3-step adhesive system
(Optibond FL, Kerr; batch no. 25881). Phosphoric acid
(Ultraetch, Ultradent) was applied to the dentin for 15
seconds and then rinsed for 30 seconds. The primer was
spread on the dentin for 30 seconds with a microbrush
without scrubbing and then the adhesive was applied
to the dentin. After a minimum penetration time of 20
seconds, the resin was air thinned and polymerized
(Optilux 500, Demetron) for 60 seconds. Butt joint cav-
ity finishing lines were finished under a stereomicro-
scope (Leica MZ6) with a diamond bur (25 µm grain
size, no. 3113 NR) with water cooling. The polymerized
adhesive was removed with the same diamond bur
only from the cavity enamel finish lines, without 
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Fig 1 The holding device. Teeth were
blocked together at a distance of 10 mm to
prevent any movement.

Figs 2a and 2b The onlay preparation in the molar (a) and inlay cavity in the premo-
lar (b) had mesial margin in the enamel (left) and distal margin in the dentin (right). The
margins were divided into different portions to analyze the marginal adaptation in a se-
lective way. A–B: occlusal enamel; B–C, D–E: approximal enamel; C–D: cervical enamel;
F–G, H–I: approximal dentin; G–H: cervical dentin.
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touching the sealed dentin. Impressions were made
with Imprint II polyvinyl siloxane (3M ESPE) with a si-
multaneous mixing technique according the manufac-
turer’s instructions. Provisional restorations were made
with Fermit N (Ivoclar Vivadent) and inserted without
interim cement to simulate the clinical procedure. 

Laboratory Manufacturing Process

Eighteen IFPDs were made using 3 different materials
with different flexural strengths and Young’s moduli.
FRC (SR Adoro/Vectris, Ivoclar Vivadent) (Figs 3a and
3b), zirconium oxide-TZP (Cercon, DeguDent) and
magnesia partially stabilized zirconia (DC-Leolux, DCS
Dental) covered with silica-based ceramics were tested
in this study (Figs 3a and 3b). 

The FRC system (group 1) consisted of 2 materials:
glass fibers with different orientations (Vectris) and a mi-
crofilled composite (Adoro) for the veneering of the
fiber framework. The design of the fiberglass framework
was premodeled with a photo-curing resin (Spectra
Tray, Ivoclar) to obtain the oval shape, and its thickness
checked against the molding model. The model was
embedded in a transparent silicone impression paste
(Transil) to form a mold. Next, this resin was removed
and the fibers were applied into the silicone mold. The
pre-impregnated pontic fibers were condensed in a
deep-drawing polymerization process. After a cycle of
vacuum-forming processes and then light curing in a
VS1 unit (Ivoclar Vivadent) for 10 minutes according to
the manufacturer’s recommendations, the FRC was
sandblasted using the Rocatec system (3M ESPE) with
a small grain size of 80 µm at 2.5 bar of pressure for 10
seconds, and then treated with silane (Wetting agent,
Ivoclar Vivadent). A sheet of wave fibers framework
was placed on the pontic structure and VS1 cycle was
repeated. The Adoro material was built incrementally
using the quick pre-curing light unit. The final poly-
merization/tempering was performed in the Lumamat
100 unit by means of light and heat curing. An additional
tempering step at 104°C was performed to maximize the
strength and surface quality of the restorations.

Cercon (group 2) is a CAM system that can produce
a framework of zirconium oxide-TZP. The Cercon brain
machine automatically mills the framework from an un-
sintered zirconium oxide blank (Cercon base). Next, the
chalky-soft state is sintered in the Cercon heat furnace
at 1,350°C. Finally, the framework is veneered with
low-fusing dental ceramic (Cercon ceram S) specially
tailored to the coefficient of the thermal expansion of
zirconium oxide.

The principle of the Precident system (DCS Dental)
(group 3) is based on touchless, contact-free mea-
surement and milling in a CAD/CAM process. These
2 operations are separated for organizational reasons.

The data of the abutments are taken with the help of
a noncontact laser (Preciscan), which at maximum
resolution can take 300,000 points/minute. The ac-
quired data are transferred by modem to the milling
machine (Precimill), which prepares the substructure
from a sintered magnesia partially stabilized zirconia
(DC-Leolux). Finally, the framework is covered with
low-fusing ceramic (Cercon ceram S). The framework
of the ceramic IFPDs (groups 2 and 3) was extended
up to 1 mm of the margins of the cavity preparation in
order to have etchable silica-based ceramic on the
closing margins and to optimize the adhesion with
tooth tissue. All connections of the inlay/onlay with the
pontic elements were 3.5 � 3.5 mm.

Adhesive Procedure

Provisional restorations were removed and the inner
surfaces of the teeth previously sealed with bonding
were sandblasted with CoJet system (3M ESPE) using
a small grain size of 30 µm at 2 bar of pressure for 2
seconds. The inner surfaces of the FRC and the zirco-
nium area of the ceramic IFPDs were treated with
CoJet system (30 µm at 2 bar for 10 seconds). The clos-
ing ceramic margins were etched with 10% hydroflu-
oric acid for 60 seconds and 2 layers of silane-coupling
agent (Monobond S, Ivoclar Vivadent) were applied
and heated for 1 minute (ID 500, Colténe) on all inner
surfaces. All enamel and dentin surfaces were luted
with Optibond FL and Tetric Transparent (Ivoclar
Vivadent) using the ultrasonic technique according to
the manufacturer’s instructions. The luting cement
was light activated for 60 seconds each for the cervi-
cal, buccal, lingual, and occlusal surfaces. The margins
of the restorations were then finished with 15 µm di-
amond burs (Composhape, Intensiv) and polished with
a composite finishing and polishing kit (Hawe Neos
Dental) using a slow-speed handpiece (Fig 4).

Evaluation

The samples were cleaned with rotating nylon brushes
(Hawe Neos) and dentifrice (Signal Anti Caries) before
making the impressions for the replicas. Seven partial
impressions for each FPD before and after the thermal
and mechanical tests were taken to compare the qual-
ity of the marginal adaptation. Six different regions—
approximal enamel, approximal dentin, cervical enamel,
cervical dentin, and occlusal and buccal enamel—were
recorded to identify the areas with greater stress (Fig
5). Gold-sputtered (SCD 030, Provac) epoxy resin repli-
cas (Epofix, Struers) of all samples were fabricated
using polyvinylsiloxane impressions (President Plus
Light-body, Colténe) and subjected to a quantitative
evaluation of marginal adaptation at a standard 200�
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Fig 4 Adhesive IFPD made with FRC after
the luting procedures.

Figs 3a and 3b Lateral view of the IFPD made with (a) FRC (Adoro/Vectris) and (b) zir-
conium oxide-TZP tetragonal zirconia (Cercon).

Impression Type of replica Tested sites

Distal molar Approximal enamel: a–b, c–d
Cervical enamel: b–c

Mesial premolar Approximal dentin: a–b, c–d
Cervical dentin: b–c

Vestibular premolar P: Approximal enamel: a–b
Vestibular molar M: Cervical dentin: c–d
Buccal molar Approximal dentin: d–e

Buccal enamel: e–f

Palatal premolar P: Approximal enamel: a–b
Palatal molar M: Approximal dentin: c–d

Occlusal premolar P: occlusal enamel: a-b, c-d
Occlusal molar M: occlusal enamel: e-f

Gingival premolar P: cervical enamel: a-b
Gingival molar M: cervical dentin: c-d
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Fig 5 Outline of the nondestructive replica technique. P = premolar; M = molar. 
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Fig 6 Loading machine with 6 watertight cells (A) and the ther-
mocycle device (B). (right) The black arrow indicates the rub-
ber dampers that increased the tilting of the abutments when
placed under load. The arrowhead points to the silicone tube
filled with a mixture of horse serum and phosphate-buffered
saline solution used to simulate the intrapulpal pressure during
all stress cycles. The white arrow shows the level of the water
during the thermocycles.

B

A

magnification using SEM (XL20, Philips) with a custom-
made module programmed within image processing
software (Scion Image, Scion). All specimens were
subjected to quantitative evaluation and examined for
continuous margins (no gap, no interruption of conti-
nuity), noncontinuous margins (gap due to adhesive or
cohesive failure, fracture of restorative material, or
fracture of enamel related to restoration margins),
overhangs, and underfilled margins. The percentages
of continuous/noncontinuous margin were evaluated
separately for tooth-luting composite and luting com-
posite-restoration interfaces. The specimens were me-
chanically loaded at the vestibular cusp of the pontic
element in a computer-controlled masticator with
1,200,000 cycles of 49 N each at a frequency of 1.7 Hz.
Flat palatal cusps of maxillary first molars were used as
an antagonist to ensure that the vestibular cusps did
not slide into the central fossa of the pontic element.
In this way, the contacting vectors of all FPDs were sim-
ilar in each sample because the main loading was par-
allel to the long axis of the abutments. A total of 3,000
thermocycles at 5°C to 55°C to 5°C were performed si-
multaneously (Fig 6). The chamber was automatically
emptied after 2 minutes with 10 seconds of air pres-
sure to avoid mixing the cold and warm water.27,28 By
having the specimen holders mounted on a rubber

rest, a sliding movement of the FPDs was produced
during loading. These conditions are believed to sim-
ulate approximately 5 years of clinical service.29,30

Differences in means were compared with the use of
matched paired t tests and 1-way analysis of variance
(ANOVA). The level of significance was set at P = .05.

Results

All restorations were still in place after the stress test was
complete, meaning that the retention amounted to 100%
for all groups. No fractures of the restorations or abut-
ments were found after fatigue loading. Only 2 hairline
fractures of the veneering material, which spread into
the buccal and vestibular areas, were found in the gin-
gival part of the connection between the pontic and the
abutment tooth in the FRC group (Figs 7a and 7b). 

Marginal adaptation was analyzed at the interface of
the luting composite and the abutment inlay/onlay (CI)
and at the interface of the tooth and luting composite
(TC) (Fig 8). The results of the marginal adaptation are
shown in Table 1. Statistically significant differences 
(P < .05) were found for all groups before and after
loading concerning the percentage of continuous mar-
gins as the total marginal length at the CI and TC in-
terfaces. No differences were observed after the cycle
test between the 3 groups at the CI interface (Fig 9).
However, significant differences were found after load-
ing between the FRC group and the 2 ceramic systems
at the TC interface (Fig 10).

The prevailing marginal defect in all groups was
pure marginal opening (Figs 11a and 11b). Some frac-
tures found after the final observation were traced to
enamel-dentinal fractures (EF) and filling fractures (FF).
No significant difference was detected in the subfrac-
ture of the dental tissue (EF) near the margin between
the 3 groups. However, significant differences (P < .05)
were found in hairline cracks in the restoration (FF)
along the margins between DC-Leolux (4.1%), FRC
(0.4%), and Cercon (1.7%) after loading. In some cases,

Table 1 Percentage of Continuous Margin for the Total
Marginal Length Before and After Loading (Means ± SD)
at the CI and TC Interfaces

Adoro/Vectris Cercon DC-Leolux

CI interface
Before loading 94.6 ± 3.1 92.9 ± 5 96.2  ± 2.1
After loading 88.0 ± 6.7 85.7 ± 6.1 82.2  ± 9.8

TC interface
Before loading 86.7 ± 6.7 93.3 ± 3.4 96.1 ± 2.4
After loading 62.5 ± 16.4 83.2 ± 5.9 75.3 ± 7.0
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Fig 9 Continuous margin at the CI interface with quantities (red
lines), means/ANOVA (green lines), and means and SDs (blue
lines).

Fig 10 Continuous margin at the TC interface with quantities
(red lines), means/ANOVA (green lines), and means and SDs
(blue lines).

100

95

90

85

80

75

70

65
Before After Before After Before After
Adoro/Vectris Cercon DC-Leolux

M
ar

g
in

al
 a

d
ap

ta
tio

n 
(%

)

Fig 8 Continuous margin of the FRC restoration. A = the
enamel; B = the luting cement; C = the restoration. The arrow
indicates the TC interface; the arrowhead indicates the CI in-
terface.

Figs 7a and 7b Hairline fracture of the veneering material in
the gingival part of the connection between the pontic and the
abutment in the FRC group. The arrow indicates the microcrack
that spread into the vestibular area. The black frame (above) in-
dicates the fissure in the resin composite, which is also shown
at 200� magnification (right).  
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noncontinuous pure margin identified only as open
margin changed in EF or FF. No more than 0.5% of over-
hangs and underfilled margins were found before and
after loading, with no significant differences among the
groups. No difference in continuous margin was de-
tected between approximal enamel and approximal
dentin. The within-group comparisons between the
onlay preparation (molar) and the inlay cavity (premo-
lar) did not show significant differences (P > .05).
Severe changes in continuous margin were detected at
the TC interface in the dentinal margin after the test. The
values were 20.8% for group 1, 53.8% for group 2, and
32.2% for group 3. Significant differences were found
between Cercon and the other 2 groups (P < .05).

Discussion

Although this study has some limitations in terms of its
clinical relevance, especially regarding the restricted
sample sizes, the absence of detachments or fractures
of the IFPDs suggests that both ceramic and FRC sys-
tems could be used in clinical practice. Nevertheless,
some remarks must be made regarding the quality of the
margins and the hairline fractures found in the FRC
group. The most critical area in FPDs and particularly in
IFPDs is the connection at the gingival portion of the pon-
tic between the abutments, because this surface con-
stitutes the tensile side of the beam.31 When occlusal
forces are applied directly to the long axis of the FPD at
the midspan (pontic), compressive stresses will develop
at the occlusal aspect of the connector at the marginal
ridge, and tensile stresses will develop at the gingival sur-
face of the connector.32 These tensile stresses could
contribute to the propagation of microcracks at the gin-
gival surface of the connector through the veneering ma-

terial in an occlusal direction, and may eventually result
in fracture of the composite. The presence of hairline
fractures in the gingival area of the pontic in 2 IFPDs of
the FRC group could be related to the greater flexibility
of the fiber framework compared to the ceramic mate-
rials supported by zirconia. These microcracks can com-
pensate for the reduced stiffness of the fiber, but could
lead to delamination or fracture of the layering material. 

The clinical fracture resistance of IFPDs is related to
span of the pontic and the size, shape, and position of the
connectors. The basis for the proper design of the con-
nectors and the pontic is the law of beams: deflection of
a beam increases as the cube of its length, is inversely
proportional to its width, and is inversely proportional to
the cube of its height.33 Moreover, the flexibility of the
beam is in direct relation to the amount and type of
fibers that compose the framework. The position of the
FRC layer had an effect on the flexural strength of the test
specimen. The highest flexural strength was achieved
when the FRC layer was located at the tension side of the
test specimens. The particulate filler composite was the
weakest part of the test specimen; when it is located on
the tension side, fracture can easily result. The FRC struc-
ture benefits most when the tensile stresses can be
transferred to the reinforcing fibers. The veneering par-
ticulate filler composite is strong in compression stress,
and thus the FRC structure requires fewer reinforce-
ment fibers on the compression side.34

Usually, it is better to place the FRC laminates sym-
metrically to the FRC framework to prevent polymer-
ization shrinkage effects and deformations, as well as
thermal stresses.35 Nevertheless, it is often very diffi-
cult to design the FRC framework with an optimal 
design because of the abutment location and occlusal
parameters.
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Figs 11a and 11b The same portion before (left) and after (right) the stress cycles. The inner area (A) shows the ceramic restora-
tion (Cercon), the middle area (B) shows the luting cement, and the lower area (C) shows the dental tissue. The arrowheads and ar-
rows indicate the continuous (left) and noncontinuous (right) margins as a result of the simulated 5-year period.
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One theoretical assertion is that lower-elastic mod-
ulus frameworks would produce a better stress trans-
fer to the tooth and reduce tensile stresses at the 
adhesive interface,36 although no scientific evidence
has shown this to be true. Vallittu37 hypothesized that
a lower modulus of elasticity might allow the FPD to de-
flect to some extent during function without the for-
mation of stresses that may cause debonding. Brunton
et al38 preferred restorative materials such as FRCs to
ceramic materials because of the their flexibility, re-
pairable properties, and equivalent fracture resistance.
They reported that FRC materials showed similar frac-
ture resistance when compared to ceramic materials
under compressive loads for posterior restorations.

Contrary to these results, in our study the direct com-
parison between FRC and ceramic-reinforced systems
suggests that different materials could have an influence
on the quality of the margin, primarily at the TC inter-
face. In any case, the null hypothesis was rejected. The
statistical difference between the FRC and the all-ce-
ramic restorations may be related to their varying lev-
els of flexibility. Our results may suggest that the reduced
stiffness of FRC can negatively influence the marginal
adaptation under load. The fiber framework may absorb
the stress generated during loading, but the increased
flexibility might have led to opening of the margins. 

Any significant differences between approximal
enamel and approximal dentin was found within each
group for both interfaces after the fatigue test. All
margins are in enamel but deferred from the base of
the cavity box. The first margin continues in the cervi-
cal enamel and the second continues in the cervical
dentin. The opening of the margin in the cervical dentin
does not have an influence on the overhanging enamel.
The bonding between the luting composite and the
enamel is so strong that the gap created at the dentin
interface stopped at the CEJ. Marginal adaptation at
the dentinal margins decreased dramatically after me-
chanical loading. The percentage of continuous mar-
gin changed from 21% to 54% after the test. A signif-
icant difference was found between the stiffer system
(Cercon) and the other 2 groups. Regardless, the dis-
integration of the margins in dentin was so high in all
groups that the IFPDs could be contraindicated when
1 or both abutments have margins in dentin, until the
adhesion between the luting composite and the dentin
is improved. 

The marginal adaptation at the CI interface de-
creased after mechanical and thermal loading, but no
significant differences were found between all groups.
The values ranged between 82.2% and 88%.

Successful ceramic-resin bonding is achieved by
the formation of chemical bonds and micromechani-
cal interlocking at the resin-ceramic interface. With
conventional silica-based ceramics, acid etching and

application of a silane-coupling agent create a rough
surface of increased wettability for successful ce-
ramic resin bonds. Zirconium-oxide ceramics are not
silica based and the application of acidic agents, such
as hydrofluoric acid, does not create a sufficiently
roughened surface for enhanced micromechanical
retention. Advances in adhesive dentistry have re-
sulted in the recent introduction of modern surface
conditioning methods such as silica coating that re-
quire airborne particle abrasion of the surface before
bonding to achieve high bond strength. In this tech-
nique, the surfaces are air abraded with aluminum
oxide particles modified with silica.39,40 The blasting
pressure results in the embedding of silica into the ce-
ramic surface, rendering the silica-modified surface
more chemically reactive for the resin with silane-
coupling agents. The tribochemical silica coating fol-
lowed by silanization, which increased the silica con-
tent on the ceramic surface, evidently enhanced the
bond between the ceramic surfaces and the luting ce-
ment. Since the silica layer is well attached to the ce-
ramic surface, this provides a basis for silanes to en-
hance the resin bond. Airborne particle abrasion with
aluminium oxide abrasive particles has proven to be
effective both for composite and aluminium- and zir-
conium-oxide ceramics.41 In this study, the adhesion
between dental tissue and all-ceramic IFPDs was in-
creased, leaving 1 mm or more of silica-based ceramic
along the margins without zirconia at the interface.
This treatment may explain the good results of the
marginal adaptation at both adhesive interfaces of the
all-ceramic systems.

Conclusions

Within the limitations of this experimental study with re-
gard to the samples size and contacting vectors, sev-
eral conclusions can be drawn. The flexibility of the
framework may play an important role in the marginal
adaptation of adhesive inlay/onlay FPDs. More rigid
materials may transfer the stress to the margin to a
smaller degree than flexible materials, which may re-
sult in a more stable bond to the dental tissues under
load. When FRCs are used for IFPDs, high-fiber volume
fraction and a well-designed framework shape is nec-
essary to increase the maximum stiffness of the IFPDs.
All-ceramic systems reinforced with zirconia could be
used for IFPDs in clinical practice, but a simplified
CAD/CAM technique is required to allow faster con-
struction of the zirconia framework. As the marginal
adaptation in dentin after load was low in all groups,
IFPDs may be contraindicated when abutment margins
reach dentin, independent of the material used, until
adhesion between the luting cement and the dentin is
improved. 
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