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Abstract
The purpose of this comprehensive review was to evaluate and identify the performance of composite/ceramic
onlays versus crowns. The strength of the evidence is based on published trials, systematic reviews and
observational studies.
Methods: The dental literature was reviewed for controlled clinical studies and retrospective cross-sectional
studies from 1966 to 2013. Longevity of onlay or crown is dependent upon many different factors, including material,
patient-and dentist-related. Principal reasons for failure were secondary caries fractures, marginal deficiencies, wear
and postoperative sensitivity.
Minimally invasive dentistry, in cases in which it is appropriate, is a concept that preserves dentition, supports
structures and involves low cost therapy.

Keywords: Onlay; Crown; Composite resin; Porcelain laminate
veneers

Introduction
The aim of this comprehensive review of the relevant literature was
to evaluate the extra coronal restorations.
The choice of restoration depends on the amount of the remaining
tooth which may influence long term survival and cost. An
intermediate technique consists of manufacturing an onlay. This is a
conservative solution. Many innovative techniques and materials have
been introduced into dentistry during the past two decades, such as
ultra conservative cavity preparation, modern dentin adhesives,
hybrid-type resin composites ceramic onlays and inlays. Onlays can be
made of metal alloys, ceramic or composite materials [1].
The chemical composition differs between ceramic and composite
onlays. This explains most of their clinical properties. Ceramic onlays
are mainly composed of glass, with some crystals added to increase
strength [2]. Ceramic materials are resistant to compressive forces but
are susceptible to tensile stresses [3].
It is known that an occlusal cavity restoration reduce tooth stiffness
by 20%, whilst a mesial-occlusal-distal (MOD) cavity preparation by
63% [4]. Although the MOD (mesial-occlusal-distal) onlay is a
variation of the class II inlay, there are enough distinct differences
between the two restorations that the onlay merits consideration as a
separate type of cast restoration. It has been reported by Craig et al
that photoelastic stress analysis showed the superiority of the MOD
onlay in protecting teeth from stress [5,6].
It has been reported that onlays and overlays have been proposed
for restoring root filled teeth [7]. The fabrication of indirect ceramic or
resin composite onlays may permit greater control over occlusal and
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proximal contacts and reduce the negative effect of polymerization
shrinkage when compared to direct restorations [8].
When a substantial part of the facial or lingual surface of a tooth
has been destroyed an alternative restoration must be selected. The
porcelain-fused-to-metal restoration is a combination of esthetic
porcelain veneering material and a metal substructure. There is no
question as to their acceptability and resistance to fracture and
abrasive wear; these are the major advantages of full-coverage
restorations [9,10]. While a porcelain-fused-to-metal crown can serve
as a strong and esthetic restoration, patients too often receive this type
of restorations for minor irregularities that could have been better
handled by conservative treatment [11].
It has been reported that distortion related to margin design in
porcelain-fused-to-metal restoration creates a space for accumulation
of bacterial plaque which could lead to gingival inflammation [12].
Ceramics with framework of zirconium oxide have high fracture
strength and high survival rates clinically [13].

Methods
We did a systematic review of strategies and methods describing the
treatment of teeth with onlay or crown and the subsequent clinical of
failure of these restorations. Approximately articles were included in
this review based on a MED-LINE and PubMed search of English
language. The criteria for selection of this review were; randomized
controlled trials, nonrandomized controlled trials, experimental
clinical studies, prospective studies and retrospective studies.
In 1988 Wendt and Leifelder clearly demonstrated that the
polymerization shrinkage of heat-cured composite onlay occurs before
the restoration is plased [14]. The justification for the use of heatcured composite onlay over direct-placed composite restorations has
been questioned by Bertolotti [15]. Many studies have compared
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ceramic onlay with composite onlay. Ceramic ones are resistant to
compressive forces but are susceptible to tensile stresses and more
prone to fracture then are composite onlays [3,16,17]. Nine clinical
studies have evaluated ceramic and composite materials for
onlays[18-26]. Yet, we can draw no definite conclusions on the best
material for onlay from these studies.
In 1997 Fradeani and other investigators reported on the
performance of 125 IPS-Empress inlay and onlay restorations. Only 18
of these restorations were onlays, 60% of the restorations were
followed for up to 56 months. Apart from 4 restorations that
underwent bulk fracture, the remaining were rated as either “good” or
“satisfactory” according the modified United States Public Health
Service (USPHS) criteria that were used for their evaluation. Estimated
survival was 96% at 4.5 years [27].
In 1998, Lehneret al. carried out a clinical trial involving 138 inlays
and 17 onlays. The restorations were placed by 18 clinicians who used
calibrated technique in a university clinic. After 5.3 years 7
restorations were judged as clinical failures. The Kaplan-Meier
survival rate had dropped to 91% at 7 years [28].
In 2000 few researchers conducted a controlled prospective clinical
trial of IPS-Empress inlays and onlays. After six years the survival rate
was calculated as 93%. The authors concluded that restorations of
larger cavities in molars performed satisfactorily and that cuspal
reconstruction was not a limiting factor for clinical success [19]. Few
studies showed no significant difference between direct and indirect
techniques, with the lower failure rates being observed for the direct
onlay technique. These clinical studies demonstrated the advantage of
the direct method compared to the indirect technique [29-31].
There was one clinical study examining the long-term effectiveness
of posterior indirect resin composite onlays and cast-gold restorations
at 7 years. The restorations that have been placed in the 18 patients
who returned for the 7 year recall examination included 7 gold onlays,
4 concept indirect resin composite onlays, 11 gold inlays and 32
Author

Nr restor.

Direct

Indirect

concept indirect resin composite inlays. They concluded that the
overall failure rate of indirect resin composite onlays was not
significantly different from that of gold onlays [32].
In 2001, Hickel and Manhart referred an annual failure of 2.3%
(range 0-11.8%) for composite inlays and onlays, as compared with
1.3% (range 0-7.5%) for ceramic inlays and onlays, which were
evaluated in longitudinal studies [33,34]. Kaytan et al. compared the
clinical performance of ceramic onlays and indirect resin composite
over a 24-month period and concluded that both of them were
successful clinically [35].
Salameh et al. investigated in vitro the fracture resistance of
endodontically treated teeth restored with different onlay restorations.
The onlays were made from gold, ceramic and resin composite. They
showed that restoration of endodontically treated teeth with gold
onlays improved fracture resistance when compared to glass ceramic
or resin composite onlays [36].
In 2011 Magne et al. evaluated in vitro the pre-cementation
resistance of CAD/CAM onlays subjected to functional occlusal
tapping. They pointed out the selection of the material had a
significant effect on the risk of CAD/CAM onlay fracture during precementation functional occlusal tapping with composite resin onlays
showing the minimum risk compared to ceramic ones [37]. In 2012
Kois et al. in experimental study evaluated the load-fatigue
performance of ceramic onlay restorations with or without buccal
veneers and the existing amount of tooth structure (non-worn tooth,
worn tooth). Ceramic fracture occurred only in the group of worn
tooth [38].

Clinical evaluation direct and indirect composite onlay
The US Public Health Service (USPHS) evaluation system is the
most commonly used direct method for quality control of restoration.
It was designed to reflect differences in acceptability (yes/no) rather
than in degrees of success [39] (Tables 1 and 2).
Clinical

Material

Performance
Kyou-Li Kim et al. [40]

967

676

Acceptable

Composite resin

Cetin A &Unlu N [41]

100

50

Acceptable

Composite nanohybrid

Acceptable

Hybrid ceramic

50
Kramer N et al [42]

96

96

Failure of 7

IPS Empress

Kuijs et al [43]

54

20

40% postoperative sensitivity

Composite

Caries 58.82%

Composite

+

9% failure

Composite

+

4.4% failure

Ceramic

51

2% failure

Composite

1.4% failure

Cast gold

27.3% unacceptable

Composite resin

3 failure

Cast gold

54
Hickel R [33] clinical rev.

Manhart J et al. review [44]

34

19
Dijken J WV [29]

100

Kevin et al. [32]

54

33
18

16%
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36

9 failure secondary caries 25%

Resin composite

189

1.1% failure

Resin

9

7

Acceptable

Comp. resin

3

4

Failure (fracture)

Com. resin

4

5

Lost

Comp.resin

Chrepa et al. [45]
Bartlett D, Sunderman [46]

32

Table 1: Evaluation of Direct Indirect onlay
Author

Nr. specimens

Material

Results

Belli et al. [47]

10

5 ceramic

Equivalent fatigue strength

5 composite

degradation at lods 0.56 in

Vitadur Alpha

Showed lower fracture resistance

Beatriz et al. [48]

70

Ceramic
Different cements
Suzuki et al. [49]

7

Indirect compos.

Wear resistance similar to type III gold alloy tested

(2 photo, 5 photo/heat)
Magne P et al.

14 onlay

Paradigm MZ100

Survival rate 36%. Failure at av. load 157N & 123N

e-max CAD &MarkII
Morito S et al. [50]

30 maxillary premolars

Ceramic

Fracture ceramic/composite similar to impact teeth.

Composite

57% greater ability to absorb impacts than ceramic

Table 2: In-vitro evaluation onlay restorations
The porcelain-fused-to-metal restoration requires considerable
reduction of tooth structure. It is known for a metal-ceramic shoulder
preparation, a facial tooth reduction of about 1.3 to 1.5mm. In 1966
some clinicians reported that the invasive complete metal-ceramic
crown has been correlated with increase pulpal complications.
Radiographic periapical pathologies from 0.4 to 2% were found [51].
In 1970 2.9% periapical pathologies were reported [52]. About ten
years later up to 4% were detected [53].

periodontal health, onlays enable the preservation of healthy tooth
structure [1,54]. In 1970 Roberts referred that greater FPD longevity
for complete crown retainers compared to onlays. The main causes of
failures were secondary caries and loss of retention [54].
Some investigators in a prospective randomized controlled trial
described that the survival rate of ceramic restorations was 95.1%
matched that of gold crowns [55] (Table 3).

Some clinicians recommended onlay as retainers for short-span
FPDsincaries-resistant dentitions. In addition to facilitating superior
Author

Type of

Restorations

Follow up

Failure

Survival

(months

Cause

rate

470 crowns

102±60

Bruxism

93.5% over 10 years

213 onlays

102±60

Non-vital teeth

75.5% at 5 years

75 crowns

42

Fracture

92% at 3.5 years

study
Beier et al [56]

Sjogren et al [57]

Retrospective

Retrospective

35 onlays
Sorensen et al [58]

Prospective clinical trial

75 crowns

14 - 42

Fracture

99% at 3 years

Fradeani [27]

Cases series

144 crowns

6 – 68

Core failure

95% at 3 years

Marguerito[59]

Prospective clinical trial

210 onlays& partial veneer crowns

36

fracture

Table 3: Clinical evaluation of onlays and crowns
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Discussion
There is no comprehensive review of the relevant literature that
identifies when onlay or crown can be used. The sea of information
can overwhelm the clinician. The bewildered dentist is left with the
question of which criteria one should employ to differentiate between
onlays or crowns. The clinician needs to consider some factors when
deciding to cover a cusp by an onlay. Many reasons have been given
for the failure of ceramic onlays. The principal problems of these
constructions to be related to cavity preparation, patient occlusion,
cementing agents, insufficient thickness and internal defects of
ceramics. If the intracoronal cut is less than one third of the distance
from cusp tip to cusp tip, it is preference to place a direct resin
composite [60]. It has been reported that 18-22% of crowns which are
placed are all-ceramic. These crowns require tooth preparations that
involve significant tooth reduction. If these tooth preparations are
accomplished on a young person with large dental pulps, or a person
with sensitive teeth, the result is predictable. These patients need
endodontic therapy. The teeth described above may be restored using
less aggressive tooth crown preparations. In this case more
conservative and potentially longer-lasting restorations could be
accomplished by preparing the tooth for onlay, thereby preserving the
facial and lingual tooth surfaces [61-63].
Experimental study indicated cavity preparation for onlay is wider
than half of the cusp tip to cusp tip distance increase the risk of splits
or cracks [63]. A clinical study was carried out by Murgueitio and
Bernal. They analyzed the survival rate mode of IPS-leucite-reinforced
ceramic onlays and partial veneer crowns regarding thickness under
the following clinical conditions: vital versus non vital teeth, tooth
location and type of opposing dentition. They concluded that
thickness of the restorations, tooth vitality and location of the teeth in
the dental arch influenced restoration failures [64]. A complete crown
preparation for cast-metal and metal ceramic has been correlated with
an increase in pulpal complications. In 1966 only 0.4% to 2%
radiographic periapical pathologies were found, whereas in 1970 2.9%
was reported. Ten years later to 4.0% periapical pathologies were
detected. These results are explained by the increased use of air
turbines and more invasive shoulder or chamfer preparations for
metal-ceramic restorations compared to the feather-edge design used
in the 1960s and 1970s [1,65-67]. Nowadays all ceramic restorations
have improved dramatically. Making tooth preparations for crowns is
relatively easy, undoubtedly, that is one of the reasons that crowns are
used more often than the slightly more difficult onlay.
It has been estimated that there are about 22,000 of its CEREC
computer-aided design/computer–aided manufacturing (CAD/CAM)
devices in offices around the world. The popularity of clinical
CAD/CAM machines has stimulated dentists to provide more
conservative restorations [68,69].
Few studies concerning of cost-effectiveness have been of poor
quality, and no valid comparison of the cost-effectiveness of different
restorative materials used in dental practices in the same patient
population have been published to date.
Kelly and Smales in their long-term cost-effectiveness of single
indirect restorations reported that 1).The benefits of direct placement
restorations include less discomfort and less removal of sound tooth
substance with fewer biological consequences. 2) There was no
support found for the practice of replacing large amalgam and resin
composite restoration with onlay or crowns to prevent potential tooth
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fractures. 3) Indirect anterior restorations with ceramometal crowns
were more cost-effective than porcelain jacket crowns [50].
The relevant literature offers little information regarding the
decision about when to treat a patient with onlay or crown. We need
more research on this issue for better clinical treatment of patients.
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