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Abstract

Since the first application of indirect composite resins, numerous advances in adhesive dentistry have been made.
Furthermore, improvements in structure, composition and polymerization techniques led to the development of a
second-generation of indirect resin composites (IRCs). IRCs have optimal esthetic performance, enhanced mechanical
properties and reparability. Due to these characteristics they can be used for a wide range of clinical applications. IRCs
can be used for inlays, onlays, crowns’ veneering material, fixed dentures prostheses and removable prostheses (teeth
and soft tissue substitution), both on teeth and implants. The purpose of this article is to review the properties of these
materials and describe a case series of patients treated with different type of restorations in various indications.
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Introduction

Composite resins are used daily in clinical practice. Initially the
resin composites were applied in direct restorations, but since the ‘80s
indirect resin composites (IRCs) were also introduced in Dentistry
[1]. Later, in 1990, in order to enhance their mechanical and optical
properties a second generation indirect composite resins was developed
with differences in structure, composition, polymerization technique
and filler reinforcement. These materials have microhybrid fillers
with a diameter of 0.04-1 um [2]. Their filler content is much higher
than in the first generation of IRCs, in order to improve elasticity and
strength and to reduce the organic resin matrix, resulting in reduced
polymerization shrinkage [1]. Various polymerization techniques
combining light, heat, vacuum or pressure are utilized to allow a
higher degree of conversion of IRCs [2-5]. All the above mentioned
contributed to enhanced properties of the second generation of indirect
composite resins.

Several studies [5-9] were initiated to assess the clinical performance
of IRCs. Compared to ceramic materials, IRCs exhibit better stress
distribution [10], repairability, lower cost and ease of handling [11]. On
the other hand, they show inferior long term surface characteristics,
such as surface roughness and esthetics and they are more prone to
color changes [2,3]. Moreover, when compared to direct composites,
their advantages are esthetics, color stability and reduced postoperative
sensitivity [7,8]. The adhesive cementation of restorations fabricated
from IRCs, by means of dual curing cements, minimizes the marginal
gap and compensates for the unavoidable polymerization shrinkage.
Additionally, it is easier to achieve ideal proximal contacts and anatomic
morphology using indirect restorations [11].

Based on their characteristics, IRCs cover nowadays a wide range of
indications, including inlays, onlays, overlays, short-span fixed denture
prostheses (FDP), veneering material of FDS’s and removable dentures
and as a repair material for a variety of restorations.

The aim of this paper is to review some of the applications of these
materials and present clinical cases to illustrate the scope of utilizations
of IRC:s.

Case A

A 45-year-old Caucasian male patient was referred to the Post-
graduate Clinic of Prosthodontics (Dental School, National and
Kapodistrian University of Athens). The maxillary left first molar
had an amalgam filling with secondary caries at the palatal margins
(Figure 1). After removal of the amalgam and caries, the enamel of

the palatal cusp was evaluated as unsupported and had to be removed
(Figure 2). The pulp was vital but the remaining tooth structure was
considered inadequate for a new direct resin composite or amalgam
filling. The question was, whether the vitality of the tooth should be
sacrificed to place a post to retain a core and a crown. In the concept
of minimally invasive restoration, the treatment of choice was an

Figure 2: Preparation for onlay.
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indirect resin composite onlay (Solidex, Shofu; Kyoto, Japan) (Figure
3). Consequently, the root canal therapy could be avoided and the
maximum amount of dental tissue could be preserved. The onlay was
cemented on the tooth with dual polymerization resin cement (Panavia
F 2.0, Kuraray; Tokyo, Japan) following the manufacturer’s instructions
(Figure 4).

Case B

In restoring patients using dental implants, the selection of the
interim restoration is of a great importance, especially in the esthetic
zone, since it can ensure adequate function and esthetics for the patient
and can be used as a guide for the final restoration. For the replacement
of anterior teeth, tooth-supported fixed denture prosthesis (Rochette
Type Bridge) can be a favorable choice to eliminate pressure on the
surgical site [12-14].

A 20-year-old Caucasian male patient was referred for restoration
to the Post-graduate Clinic of Prosthodontics (Dental School, National
and Kapodistrian University of Athens), after a severe accident, which
led to traumatic luxation of the four maxillary incisors (Figure 5 and
6). A long-term provisional restoration was fabricated for immediate
esthetic and functional rehabilitation. The selected restoration was a
resin-bonded partial-coverage FDP retained by the intact maxillary
canines and first premolars (Rochette Type Bridge) (Figure 7) [15,16].

Figure 5: Case B. Initial clinical situation. Buccal view.

Figure 7: Long term provisional. Buccal view,

Preparation of the teeth on the palatal side was avoided due to existence
of adequate inter-arch space. The Rochette Bridge restored the missing
teeth and the soft tissues as well. The FDP had a metal framework
and acrylic denture teeth which were veneered with tooth-colored
IRC (Gradia, GC Europe N.V; Leuven, Belgium) and gingiva-colored
composite was used (Gradia Gum, GC Europe N.V.; Leuven, Belgium)
for soft tissues imitation (Figure 8). The esthetic outcome fully satisfied
the young patient.

Case C

Even though implants have become a more common treatment in
everyday clinical practice and most patients demand fixed restorations,
there are still cases where a removable prosthesis may be the treatment
of choice [17]. Despite the evolution of materials and techniques, the
majority of removable restorations still look unnatural. Therefore, the
esthetics of removable prosthesis can be challenging for the clinician.

A 65-year-old Caucasian male patient was referred to the Post-
graduate Clinic of Prosthodontics (Dental School, National and
Kapodistrian University of Athens) (Figure 9). A removable partial
denture with a combination of an attachment and clasps, and two
metal-ceramic crowns at the maxilla were constructed according to the
treatment plan. In this clinical case IRCs (Gradia and Gradia Gum, GC
Europe N.V.; Leuven, Belgium) were used not only at the flanges but also
as veneering material over the prefabricated denture teeth. An adequate
amount of acrylic material was removed both from the labial surface of
the acrylic flanges and the teeth in order to obtain enough space for the
resin [18]. Thus, a natural appearance using both tooth- and gingival-
colored resin composite was achieved through customization of the
removable prostheses (Figure 10-12).

CaseD

A 65-year Caucasian female patient presented for the one-year
recall to the Post-graduate Clinic of Prosthodontics (Dental School,
National and Kapodistrian University of Athens). The patient had a
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metal-ceramic FDP on implants #16-13, a metal- ceramic FDP on teeth
#12-25 and a screw-retained implant supported full arch prostheses on
the edentulous mandible extending from #35 to #45. After the initial
clinical and radiographic evaluation, the patient was diagnosed with
root fractures on teeth #12,24 that were treated with gold posts. Both
teeth were hopeless and had to be extracted. Fractures and cracks were
also observed on the veneering porcelain of the implant supported
FDP in #16-13. The patient reported bruxing during day and night and
admitted being under psychological stress and not using her occlusal
guard regularly.

Figure 8: Long term provisional. Occlusal view.

The treatment plan included extraction of the fractured teeth
and insertion of 4 implants in the area #12-25 (Figure 13). The new
restoration was a cement-retained FDP on implants #12, 11, 14, 25,
where the veneering material was IRC on a metal framework (Figures
14 and 15). The existing restorations were removed (#16-13, #35-45)
and the ceramic veneering was replaced with IRCs (Solidex, Shofu;
Kyoto, Japan) (Figure 16).

The patients bruxing habits were controlled during the whole
period of treatment with interim occlusal guards at all stages of

Figure 9: Case C. Initial clinical situation.

Figure 10: Removable partial denture.

Figure 11: Removable partial denture. Intaglio surface.

Figure 12: Final restorations. Figure 15: Final prosthesis. Occlusal view.
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treatment. The patient received psychological consultation and was
placed in a 4-month recall schedule. The new restorations showed no
sign of wear or fracture during 2 years of clinical use.

Case E

A 58-year old Caucasian male patient presented to the Post-graduate
Clinic of Prosthodontics (Dental School, National and Kapodistrian
University of Athens) complaining of the retention of the mandibular
complete denture. The patient had a metal-acrylic fixed restoration on
the maxilla, with metal occlusal surfaces following the shortened dental
arch concept (teeth#15-25) and was a heavy bruxer.

The patient was treated in a staged-approach treatment starting
with the mandible. Rehabilitation of the maxilla would be initiated
after the completion of treatment of the mandible, in a second stage. Six
implants (3i Osseotite external connection, Biomet 3i; Warsaw, Indiana)
were placed in the intraforamenal area (Figure 17) and screw-retained
implant supported prosthesis was manufactured. Multi-unit abutments
were screwed on the implants and a cast base metal alloy framework was

Figure 16: Final prosthesis. Buccal view.

Figure 17: Case E. Working cast with implant analogs.

Figure 18: Metal framework try-in.

Figure 20: Final prosthesis.

fabricated on them (Figure 18). The passive fit was tested with Sheffield
test on the implant #35. The prosthesis was veneered with tooth-colored
IRC for teeth (Gradia, GC Europe N.V; Leuven, Belgium) and gingiva-
colored IRC for the soft tissues (Gradia Gum, GC Europe N.V; Leuven,
Belgium) (Figures 19 and 20).

Choosing IRCs for this screw-retained prosthesis offers the clinician
the possibility to retrieve this prosthesis if considered necessary during
the treatment of the maxilla and add or remove material in order to
achieve optimal occlusal contacts or to repair possible fractures of the
material.

Discussion

In several clinical cases, the IRCs can be used to modify existing
prostheses or to replace metal-ceramic restorations. Fractures on the
existing metal-ceramic restorations are a common finding in bruxing
patients. The lack of adequate repairability intraorally and the need of
replacement of the metal-ceramic restorations is time consuming and
remains a financial burden for the patient. In these cases the IRCs offer
the patient better stress distribution [19,20], functional and esthetical
results similar to ceramics, as in the presented Case C and the option to
repair future fractures intraorally.

The ultra fine compact filled composite resin that is used in these
prostheses, demonstrates wear not statistically different from that of
human enamel [20]. Focusing on stress distribution, the IRCs seem to
reduce the impact force under static and dynamic load when compared
to metal-ceramic restorations [19].

Another advantage of IRCs is the variety of color combinations for
teeth and gingiva, which offers the clinician the opportunity to obtain
an optimal white and pink esthetic outcome. In clinical cases B, C and E
the use of both tooth- and gingiva-colored IRCs led to natural looking
restorations.
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According to an in vitro study conducted by Magne et al. [21],
indirect onlays seem to be the treatment of choice for extended
restorations, including cusp coverage, in vital teeth. IRCs exhibit good
mechanical properties, greater capacity to distribute tensions in a
more homogeneous way than ceramics [10], and reduced risk during
try-in [11]. Additionally, they have lower cost than ceramic materials
and several researches have reported that they present a good success
and survival rate [22,23] qualifying them as a competitive restorative
procedure in stress-bearing regions as in Case A.

A matter of concern is the bond between IRCs and the underlying
metal alloy or ceramic material. The bonding between composite resins
and metal alloys is based mainly on micromechanical retention [24].
New metal- resin bonding techniques promise a stronger chemical
bond between resin and base [25,26] or Ti-alloys [27,28]. Furthermore,
composite resins with chemically active monomers that bond directly
to the surface of airborne-particle abraded alloys by means of various
bonding agents lead to some kind of chemical bond [24]. The creation
of a proper metal-resin interface can significantly improve the resin-
alloy shear bond strength [24,29]. As far as zirconia is concerned,
Komine et al. [30] concluded that airborne-particle abrasion leads to
increased bond strength between IRCs and zirconia ceramics. It is still
unclear whether the use of micromechanical retention is mandatory or
not. According to some manufacturers’ instructions airborne-particle
abrasion and application of a specific metal alloy primer may provide
a durable bond between metal framework and IRCs (GC, SR Adoro).

A common disadvantage referred in the literature is their
unpredictable color stability and translucency [31,32]. However, in
several in-vitro trials the measured color changes were within the
clinically acceptable range [31-34].

As mentioned before, the use of indirect composite resins for a
wide range of applications has been increasing, mainly as a result of
their improved mechanical properties, convenient handling, favorable
esthetics and abrasion similar to natural hard tissues. IRCs are used
with increasing frequency as a viable alternative to porcelain and direct
composite, with promising clinical results [22,23,35-37].

In some in-vitro studies, it has been reported that IRCs designed
for the same applications presented different mechanical behavior,
especially as far as wear and hardness were concerned [5,38]. Mandikos
etal. [38] propose that despite their wear and hardness difference, IRCs
can perform satisfactorily under clinically induced conditions of wear.

However, there are not enough clinical trials on these materials
for all clinical applications. Dukic et al. [22] evaluated 71 indirect
resin composite restorations (onlays) on permanent premolars after 36
months in use. They concluded that IRCs restorations can be a good
treatment option for severely damaged teeth. Huth et al. [23] evaluated
IRCs inlays placed by students, after 4 years. The researchers used the
same criteria as the previous ones, the modified USPHS criteria. They
found that after 4 years, the clinical acceptable restorations vary from
76.6% to 87.2% depending on the different IRCs brand. Hence, IRCs
restorations seem to be a viable treatment option in stress-bearing
preparations. Jongsma et al. [35] evaluated forty-five patients with 86
IRCs crowns and 5 onlays after 3 years of clinical performance. They
concluded that IRCs restorations exhibit 91.6% survival rate and 84.8%
success rate.

Consequently, more in-vitro and especially clinical trials are needed
to verify the longevity of IRCs in different clinical indications. On the
opposite side IRCs seem to be an alternative choice as restorative or
veneering material in selected clinical cases.
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