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Nonretentive Bonded Ceramic Partial Crowns:  

Concept and Simplified Protocol for Long-lasting Dental 

Restorations

Gianfranco Politanoa / Bart Van Meerbeekb / Marleen Peumansc

Purpose: Adhesively luted partial ceramic crowns have been documented to be clinically more durable than direct 
composite restorations when minimally invasively restoring large defects (replacing two cusps or more) in posterior 
teeth. The clinical longevity of such restorations is largely determined by the tooth-preparation design, material se-
lection and adhesive luting procedure. The most frequently recorded failure in medium- to long-term clinical trials is 
fracture of the restoration. The clinical protocol of adhesively luted partial ceramic crowns can be optimized by tak-
ing the etiology of these restoration fractures into account. In this article, a simplified nonretentive bonded ceramic 
partial crown concept is presented that aims to achieve an adhesively luted ceramic restoration – composite ce-
ment – residual tooth structure biomechanical unit that maximally resists functional aging. Therefore, the three pri-
mary components of the bonded restoration-cement-tooth complex must function in synergy.

Methods, Results and Discussion: The clinical protocol starts with a tooth preparation designed to optimally absorb 
chewing stress. A stable, internally rounded and gently sloping tooth-preparation design with all outer margins in-
clined towards the tooth center assures a favorable and homogenous stress distribution with low cyclic fatigue sub-
jected to the adhesive interface. This preparation form additionally enables the dental technician to fabricate a 
well-seating and -fitting ceramic restoration of uniform thickness. As restoration material, monolithic lithium-di silicate 
glass ceramic is sufficiently strong for the partial crown indication and preferred in order to decrease the fracture risk. 
Clinically essential for a long-lasting restoration is the optimal bond that can be obtained by combined micromechani-
cal interlocking and chemical bonding of composite cement to hydrofluoric acid-etched and silanized glass ceramic. 

Conclusion: The clinical effectiveness of this nonretentive bonded ceramic partial crown concept is confirmed by the 
overall high success rate as well as the very low fracture and debonding rate, as was recorded in long-term clinical trials.
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Restoring posterior teeth exhibiting large defects (replac-
ing two cuspids or more) with directly bonded restor-

ative composite is possible, but can be very challenging for 

the dentist, in particular in busy clinical practices where 
treatment time should be as short as possible.69 Upon a 
detailed biomechanical analysis of the remaining tooth 
structure, the tooth should be prepared minimally inva-
sively, preserving as much sound tissue as possible, while 
removing any tooth parts with doubtful stability. In this 
sense, thin unsupported cusps must be reduced, as this 
will increase the durability of the restoration. The most dif-
ficult steps in the fabrication of large direct posterior com-
posite restorations are the creation of a correct form with 
good occlusal anatomy as well as of well-contoured proxi-
mal surfaces with strong and correctly positioned contact 
points with the neighboring teeth. A posterior tooth restored 
in this direct composite workflow can function quite well in 
the medium term (ca 3-5 years).27,54,85 Bruxism and high 
caries risk seriously affect the durability of extensive com-
posite restorations.68,92 Bonded indirect ceramic partial 
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crowns, often also being referred to as “onlays” and “over-
lays”, have been documented to be more durable when 
posterior teeth with large defects need to be minimally inva-
sively restored (Fig 1).5-8,20,25,31,40,52,67,93 Of the different 
factors that contribute to the success of a restoration, in 
particular the material properties and adhesive luting tech-
niques have frequently been studied in the literature, result-
ing in fairly uniform guidelines for the dental practitio-
ner.17,78 However, no consensus has been reached 
regarding a proper preparation form for this restoration 
type.2,10,21,22,41,53,78,88,89 Nevertheless, the tooth-prepara-
tion design is a very important factor determining the suc-
cess of bonded indirect ceramic partial crowns.2,3 In this 

article, a simplified nonretentive tooth-preparation concept 
is presented for these restorations. The aim of this simpli-
fied preparation concept is to create an adhesively luted 
ceramic restoration–composite cement–residual-tooth-struc-
ture biomechanical unit that functions in the most favorable 
way and results in a long-lasting restored tooth.

The basic principles of the bonded restoration-cement-
tooth complex and their contribution to the durability of the 
restored tooth will be discussed first. Second, a correct bio-
mechanical analysis before and during tooth preparation 
will determine the amount of tooth and cusp reduction. 
Third, the clinical protocol for restoring teeth with bonded 
ceramic partial crowns will be described step by step. Fi-
nally, the clinical durability of nonretentive bonded ceramic 
partial crowns will be discussed based on literature data.

1. Basic Principles of the Bonded Restoration-

Cement-Tooth Complex

After restoring the tooth with a bonded partial ceramic 
crown, a strong biomechanical unit consisting of the resto-
ration bonded to the remaining tooth structure is created 
(Fig 2). The three components of this complex should work 
in synergy to result in a long-lasting restoration. 

1a. Tooth preparation

Today, bonded ceramic partial crowns are scientifically rec-
ognized as adequate tooth restorations for the posterior 
region. Despite the good medium- to long-term results, it is 
important to draw correct conclusions from failures that 
have occurred in clinical trials.6,31,40,52,67,80,93 The main 
reason for failure in all these clinical trials is (partial/total) 
fracture. A higher frequency of fractures is recorded for the 
older feldspar ceramics and leucite-reinforced glass-ceram-
ics, compared to the newer and stronger lithium-(di-)silicate 
glass-ceramics, possibly reinforced with zirconia, that today 
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Fig 1  a. Initial situation. The patient complained of pain in the first 
mandibular molar during biting. This tooth showed an unacceptable 
amalgam restoration with caries underneath and a crack at the dis-
tal side. b. After removal of the amalgam filling, infectious dentin 
underneath became visible. The crack at the distal side ran towards 
the tooth center. The cusps were undermined by caries. c. The tooth 
was prepared for a lithium-disilicate glass-ceramic partial crown. All 
infectious dentin was removed. Due to the heavy loading on the buc-
cal and lingual cusps and caries undermining the cusps, the cusps 
were reduced (minimum 1.5 mm) to a level at which enamel was 
supported by dentin. d. Final simplified preparation for a bonded 
nonretentive lithium-disilicate glass-ceramic partial crown. The prep-
aration area is antifragile. The dentin surface was protected by im-
mediate dentin sealing (IDS) and the undercuts were blocked out 
with a highly filled flowable composite. The enamel prisms were sec-
tioned obliquely to give good mechanical support to the restoration. 
e. The bonded lithium-disilicate glass-ceramic restoration shows a 
perfect integration with the surrounding tooth structure. An optimal 
bond of the ceramic restoration via the luting composite to the tooth 
is required to ensure a long-lasting restoration. 

partial crown

tooth

luting composite

Fig 2  SEM photograph of a cross-sectioned molar restored with a 
bonded lithium-disilicate glass-ceramic partial crown. The section 
shows the different components of the bonded ceramic restoration-
luting composite-tooth complex. The three components must func-
tion in synergy in order to restore the tooth in a durable way. 
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can be used for this indication.6,8,67,74 It should be noted 
that the geometry of the tooth preps in these clinical trials 
did not often match well with the material-specific proper-
ties of hard and brittle ceramic materials. Nonetheless, the 
fracture resistance of the bonded ceramic restorations 
should be increased. New guidelines for the preparation 
form of bonded all-ceramic restorations were formulated by 
Ahlers et al2 and Arnetzl and Arnetzl.3,4 These guidelines 
describe eight points of interest. First, cavities designed for 
ceramics must have the simplest possible basic geometry. 
Second, an appropriate and uniform layer thickness of the 
restoration is recommended (minimum 1.5 to 2 mm). Third, 
corners and sharp edges must be avoided. Fourth, high ten-
sile stresses should be avoided and must be transformed 
whenever possible into compressive stresses by changing 
the prep design. Fifth, stress peaks and sudden changes in 
cross-section should be avoided by soft and smooth transi-
tions. Sixth, notch stresses must be minimized. Seventh, 
the contact surface with the ceramic restoration must be 
made as large as possible. Finally, enamel bordered resto-
ration margins facilitate a stable and adhesive bond of the 
ceramic restoration via the luting composite to the remain-
ing tooth structure and will thus permanently guarantee bet-
ter marginal quality. 

Fairly similar geometrically simplified preparation designs 
were tested in vitro4,10,60,62,83 and in vivo.5,7,40,64,75 In 
some laboratory studies, the teeth were prepared for the 
treatment of occlusal wear with so-called occlusal ve-
neers.10,41,60,62,83 It must be emphasized that in all in vitro 
studies intact natural teeth were prepared, while in daily 
clinical practice moderate to heavily destroyed teeth are 

most often prepared for ceramic partial crowns. Therefore, 
in this article the preparation design will be described start-
ing from a real clinical situation, ie, a moderately compro-
mised tooth (Fig 3). In addition, the nonretentive tooth-prep-
aration design will be considered as part of an entire 
concept, resulting in the most favorable biomechanical 
loading of the bonded restoration-cement-tooth complex.

The main features of this modified tooth-preparation de-
sign are fourfold and described in Fig 4. After biomechani-
cal analysis (see below), the preparation phase starts with 
removal of the existing defective restoration and selective 
removal of decayed and infected tissues (Figs 3a and 3b). 
Next, a smooth dentin surface is created with gradual and 
soft transitions between concavities and convexities 
(Fig 3c). No resistance and retention form is required. The 
preparation outline follows a smooth and fluid curve, with 
open angles to increase and ensure the mechanical stabil-
ity of the restoration. 

The tooth preparation consists of a dentin part that is 
(ideally) completely surrounded by enamel. As mentioned 
above, the prepared dentin surface should be clean and 
may not show sharp irregularities. This increases the inter-
nal adaptation and marginal fit of the partial crown when 
compared with a retentive tooth-preparation design, as was 
demonstrated in vitro by Kim et al.50 The better the adapta-
tion, the lower the thickness of the cement layer, the easier 
the restoration can be positioned onto the prepared tooth 
surface, the easier the cement will flow during seating and 
cementation, and the more precise the occlusion. If the ce-
ment layer can be reduced to the thinnest possible layer, 
there is less risk of interference with occlusion and articula-
tion after cementation of the restoration. Poor marginal fit 
can exacerbate degradation of the cement in the oral envi-
ronment, resulting in microleakage, marginal discoloration, 
recurrent caries, and periodontal disease.26,46 Although 
there is no consensus on the optimal internal cement 
space for adhesively luted ceramic restorations, an internal 
space of 50-100 μm has been advocated for good perfor-
mance of composite cements65,86 (Fig 4b). A large internal 
cement space can cause higher polymerization shrinkage of 
luting cement and less optimal support to the ceramic res-
toration. In addition, bond strength of composite cements 
to glass ceramics was postulated to decrease with an in-
crease of composite-cement film thickness.9

A flat surface also results in a lower C-factor, decreasing 
the polymerization stress of the luting composite compared 
to a cavity prep with a complex configuration.24 However, 
one has to take into account that there is limited relaxation 
of polymerization stress due to flow because the luting 
composite is bonded at all sides. Feilzer et al23 reported 
that when the thickness of the resin composite is thinned 
down, as when used as luting agent, the wall-to-wall polym-
erization shrinkage may be three times the normal linear 
contraction of bulk resin composite. This is one of the rea-
sons why it is advisable to use a light-curing restorative 
composite for cementation, as the polymerization shrinkage 
is lower compared to a dual-curing luting composite with 
lower filler content. 

a b

c d

Fig 3  a. Initial situation. The old composite restorations with car-
ies recurrence on both mandibular molars needed replacement. b. 
Removal of the existing restorations and caries resulted in deep, 
wide cavities. When kept, the lingual and buccal cusps would func-
tion as long cantilever arms. Reduction of all cusps was therefore 
indicated. c. The cusps were reduced (minimum 1.5 mm) to a level 
at which enamel was fully supported by dentin. The dentin surface 
was smoothed. All margins were located in enamel. The prepared 
tooth surface was then ready for IDS and out-blocking of the under-
cuts. d. Two lithium-disilicate glass-ceramic partial crowns were 
bonded with a light-curing restorative composite.
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cuts (Figs 1d and 4a). IDS protects the freshly cut dentin 
surface, awaiting that the ceramic restoration is made by 
the dental technician. Post-operative sensitivity is thus pre-
vented.63,76 Furthermore, IDS allows a stress-free dentin-
bond development, which even in vitro has been docu-
mented to result in a significantly higher dentin-bond 
strength compared to delayed bonding (adhesive procedure 
just before cementation).18,39,58 Finally, the IDS layer (hy-
brid layer + adhesive layer + flowable composite) forms a 
stable and strong platform for stress dissipation during oc-
clusal loading (Fig 4c). The micro-buildup with the well-stabi-
lized hybrid layer creates a smooth and regular surface that 
allows for the most favorable stress distribution (mainly 
compressive stress) during occlusion and articulation. 

A composite macrocore buildup is not indicated as this 
increases the stress on the recently formed hybrid layer. In 
addition, such a bonded core buildup has a lower elastic 
modulus and thus will flex more than the overlying ceramic 
restoration, by which high tensile stresses may develop in 
the ceramic at the interface with the cement, just below the 
loaded area. This can cause the formation of cracks in the 
ceramic at the interface, which may grow towards a total 
bulk fracture at a later stage.47,48 An exception can be 
made for an endodontically treated premolar when little 
amount of tooth structure is remaining. In this situation, a 
macrocore buildup can be made to provide more retention 
to the restoration and to achieve a better resistance form 
against lateral forces (Fig 5).

Regarding this new simplified tooth-preparation concept, it 
must be emphasized that this concept works only on the con-

The prep margin is very precise and defined, allowing the 
dental technician to read the prep margin very clearly. Ide-
ally, the prep margin must be located in enamel in order to 
obtain an optimal marginal seal and to give long-term stabil-
ity to the large dentin adhesive surface.15,22 The prepara-
tion in enamel also follows the antifragile concept and is 
able to support the restoration well. The enamel prisms 
must be sectioned obliquely (Figs 4b and 4c). As was 
shown by Giannini et al,33 bonding to obliquely sectioned 
enamel results in a significantly higher bond strength than 
to horizontally cut enamel. This obliquely sectioned enamel 
will be completely supported by dentin. The stresses will be 
relocated in a centripetal way inside the tooth, not outside 
(Fig 4c). The restoration will benefit from the most stable 
support in the areas where the maximum eccentric stress 
is concentrated (Fig 4c). Final preparation of the enamel 
margin should be carried out after application of “immedi-
ate dentin sealing” (IDS). 

Once the dentin surface has been adequately prepared, 
IDS is performed as part of the indirect two-visit workflow. 
This includes the formation of a high-quality hybrid layer 
upon preferential application of either a mild 10-MDP-based 
2-step self-etch adhesive (ie, Clearfil SE Bond 2, Kuraray 
Noritake; Tokyo, Japan) or a 3-step etch-and-rinse adhesive 
(ie, Optibond FL, KerrHawe; Orange, CA, USA), each accord-
ing to the instructions of the respective manufacturer. IDS 
immediately seals dentin and blocks water uptake through 
osmosis from dentin underneath. Placing a highly filled flow-
able composite on top of the adhesive layer enables to mi-
cro-selectively block out potential tooth-preparation under-

partial crown

dentin

luting composite

IDS + flowableenamel

enamel
dentin

partial crown

50–100 micron

partial 
crown

centriceccentric

stress dissipation 
platform

maximum 
eccentric 
stress

preparation

Fig 4  a. SEM photographs of the ceramic restoration-luting com-
posite-tooth complex showing the four requirements of the tooth-
preparation design. (1) The preparation area (white small-dotted 
line) must be antifragile, as during occlusion and articulation, the 
working and non-working occlusal forces are mainly concentrated in 
the lower half of the tooth. (2) The prepared surface must be 
smooth without any abrupt transitions to decrease stress concentra-
tion at the restoration-luting composite-tooth complex. (3) After ap-
plication of IDS and blocking out the undercuts with a flowable 
composite, a stress dissipation area is created (white long-dotted 
line). This means that the forces, absorbed by the restoration, are 
transferred in the most favorable way to the adhesive interface and 
the tooth, by converting the tensile stress in the ceramic and at the 
interface as much as possible into compressive stress. b. A fourth 
requirement is that the prep margins are precisely defined and the 
preparation allows for the best possible internal and marginal fit of 
the ceramic partial restoration. The luting area varies between 50-
100 μm (small white arrows). Ideally, the prep margins are located 
in enamel (large white arrows), although this is determined by the 
extent of lesion. The enamel prisms must be cut obliquely to ensure 
maximum bond strength and to create optimal mechanical stability 
for the restoration (blue arrows). c. By sectioning the enamel prisms 
in an oblique way, the stresses will be mainly relocated in a centrip-
etal way inside the tooth, not outside the tooth. The restoration will 
have the most stable support in the areas where the maximum ec-
centric stress is concentrated.
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dition that a high-quality bond is obtained with the existing 
tooth structure. If application errors are made in this regard, 
failures of the restoration can be expected in the short term. 

1b. Ceramic restoration

Regarding the ceramic materials for bonded indirect restora-
tions, the most favorable results in vivo and in vitro are 
obtained with the strongest etchable ceramics nowadays 
available on the dental market, ie lithium-disilicate glass 
ceramics.7,8,10,40,56,60,62,64,75,83,95 Today, so-called zirco-
nium-reinforced lithium-silicate glass ceramics are also 
available. Lithium-(di)silicate glass ceramics present with a 
similar wear behavior as enamel.81 At the moment, the 
commercial glass ceramic e.max CAD/e.max Press (Ivoclar 
Vivadent; Schaan, Liechtenstein) is the most studied lith-
ium-disilicate glass ceramic in the literature. 

The thickness of the ceramic restoration (minimum 
1.5 mm) must be as uniform as possible, in order to have a 
more homogeneous distribution of stresses and forces in-
side the restoration, the prepared tooth surface and across 
the adhesive interface during occlusal loading. This is real-
ized if the guidelines for this preparation design as de-
scribed above are followed. Promising results were recorded 
in vitro with “occlusal veneers” for the treatment of occlusal 
wear in thicknesses of 0.5 -1 mm, especially when the res-
torations were bonded to enamel.10,41,62,84 At the moment, 
no in-vivo studies are available that show that these mini-
mally invasive occlusal veneers work well in the medium- to 
long-term. The main indication for a partial ceramic crown 
presented in this article is to restore moderately to severely 
compromised teeth. As it is the aim to make a durable res-
toration with a proven clinical performance, the restoration 
must have a minimum thickness of 1.5 mm.3,56 In addition, 
the partial crown must restore the natural anatomy of the 
tooth (Fig 6). This means correct inclination of the buccal 
and lingual cusps (outer and inner inclination), just in order 
to have a loading that will be transferred to the tooth cor-
rectly. During occlusal loading the stresses must be relo-
cated in a centripetal way from the periphery to the center 
of the tooth, in order to allow the tooth to work like a natu-

ral, intact tooth and to be able to dissipate the loads much 
better along the long axis of the roots. 

In this proposed concept, the retention of the restoration 
mainly relies on bonding. Hence, the quality of the bond to 
the restoration is of key importance and is a dominant factor 
required for the long-term success of the bonded lithium-(di)
silicate glass-ceramic restoration. Composite cements pro-
vide the strongest and most durable bonding of ceramics to 
tooth structure and contribute to a higher ceramic strength.91

It is generally accepted that adhesion of composite ce-
ments to ceramics is provided by two major mechanisms: 
micromechanical interlocking and chemical bonding. Micro-
mechanical interlocking or micro-retention can be provided 
upon hydrofluoric-acid (HF) etching, whilst a silane coupling 
agent increases the wettability of the ceramic surface and 
provides a primary chemical bond.91 Various glass ceramics 
differ in chemical composition and microstructure, by which 
it is necessary to establish bonding procedures according 
to the glass-ceramic type.19,55,73 Lithium-disilicate glass 
ceramic requires a shorter HF acid-etching time (20 s) com-
pared to feldspatic and leucite-reinforced glass ceramics. 
Regarding etching time, it is important to follow the instruc-
tions of the manufacturer. 

1c. Luting composite

The strongest luting composite must be selected to create 
a good support for the partial ceramic crown; the antifragile 
margin preparation (Fig 4b) is a key determinant as well. 
Therefore, a light-curing restorative composite is preferred 
to be used as luting agent. A restorative composite is more 
wear-resistant and has better physico-mechanical proper-
ties than a conventional dual-curing luting composite with 
lower filler content. In two in vitro studies, feldspatic ce-
ramic blocks (Vita Mark II, Vita; Bad Säckingen, Germany) 
with a 4-mm thickness and lithium-disilicate glass-ceramic 
blocks (e.max CAD HT, Ivoclar Vivadent) with even an 8-mm 
thickness were bonded to flat dentin surfaces using differ-
ent luting composites.45,82 Both studies showed that the 
micro-tensile bond strength of the light-curing restorative 
composite applied in combination with a 2-step self-etch 

a b

Fig 5  Macrocore buildup on an endodontically treated premolar. A 
fiber-reinforced composite (EverX Posterior, GC; Tokyo, Japan) is 
used to fill the pulp chamber and to constitute the macrocore 
buildup. It was covered with a highly filled flowable composite. This 
macrocore buildup was needed to provide retention to the restora-
tion and to resist lateral forces during articulation. 

a b

Fig 6  a. The partial crown must restore the natural anatomy of the 
tooth (blue arrows). The buccal and lingual cusps must have the cor-
rect inclination in order to induce loading that is transferred cor-
rectly to the tooth (red arrow). This means that during occlusal 
loading, the stresses are relocated centripetally from the periphery 
to the center of the tooth. b. The buccal surface of the overlay on 
the maxillary first molar has a correct inclination (white arrow) for 
optimal stress distribution in the restored tooth. 
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adhesive (Clearfil SE Bond, Kuraray Noritake) was signifi-
cantly higher compared to the tested conventional dual-
curing luting composites applied with their accompanying 
adhesives. Similarly, other in vitro studies showed that a 
light-curing restorative composite can be used to lute thick 
ceramic/composite restorations.35,38 To obtain this result, 
it is important that the restorations transmit light suffi-
ciently, sufficiently powerful LED light-curing units are used, 
light curing is conducted from different sites and that the 
curing time is prolonged extensively and sufficiently. The 
curing time should be 60 seconds per surface (vestibular, 
lingual/palatal, occlusal for premolars, occlusal at mesial 
and distal side for molars). In all the above-mentioned in 
vitro studies, fairly translucent ceramics/composites were 
used (with an opacity of about 50%). In general, for the 
fabrication of ceramic partial crowns, translucent lithium-
disilicate glass ceramics are used as they give the most 
natural outcome. Several clinical trials have also shown 
that inlays/onlays bonded with a light-curing restorative 
composite function well in the long term.12,31,40,52,80 

Cement excess removal is easier thanks to the higher 
viscosity of the restorative composite as compared to the 
significantly more fluent and thinner luting composites. Spe-
cific restorative composites such as Clearfil AP-X (Kuraray 
Noritake) were for instance found to have near-ideal vis-
cosities for luting, even when used at room temperature. 
Preheating stiffer restorative composite might be indicated 
to decrease viscosity; preheating composite in turn facili-
tates the seating of the restorations and contributes to a 
higher degree of conversion.1,71 Clinically, luting with a 

light-curing restorative composite gives the practitioner 
much more control on complete removal of cement excess 
and substantially increases the work time to accurately re-
move cement excess, especially in the difficult interdental 
areas. Good radio-opacity of the luting composite (higher 
than that of dentin) is required in order to visualize poten-
tial residual excess of composite after cementation. Having 
a nearly unlimited work time (when the dental unit light is 
moved away and/or an orange light filter is used on a den-
tal operating microscope or the light source connected to 
magnifying glasses), multiple ceramic restorations in light 
of a quadrant restorative treatment is clinically feasible. 

2. Biomechanical Analysis 

Dental tissues respond biologically to stresses and strains 
imposed during mastication. Teeth compromised due to ex-
tensive carious lesions or large restorations tend to weaken 
the tooth. The stresses in teeth associated with these condi-
tions may lead to cusp fracture. It is essential to prevent 
fractures by starting from a clear concept with a sound tooth-
preparation design and by anticipating the stresses of masti-
cation that may be imposed to the remaining tooth structure. 
For these reasons, the restorative procedure of a bonded 
(direct/indirect) restoration in the posterior region always has 
to start with a profound biomechanical analysis of the tooth. 
This includes analysis of the forces and loading on the tooth 
during occlusion and articulation, as well as analysis of the 
amount and quality of the remaining tooth structure. 

The chewing forces and occlusal loading imposed on a 
tooth are determined by the anatomic position of the tooth 

enamel-dentin thickness of the remaining cusps: amount of cusp reduction

critical unsupported  
dental structure

cut

prepare

save

reduction of the height

hybridization & 
micro-build-up

Fig 7  a. The enamel-dentin thickness of the remaining cusps and 
the cavity depth determine the amount of flexure of the cavity walls. 
For a bonded indirect lithium-disilicate glass-ceramic restoration: (1) 
the non-undermined cusp (right side) is reduced with 1.2-1.5 mm if 
the cavity is deep and wide. The long cantilever arm would otherwise 
flex too much during occlusal loading and can result in fracture after 
long-term clinical functioning. (2) The greatly undermined cusp (left 
side) should be reduced to the level at which enamel is supported by 
dentin. However, if there is a little wall left where enamel is not com-
pletely supported by dentin (yellow arrow), this little wall can be kept, 
as the flexure arm is dramatically reduced by reducing the cusp to 
this level. It is preferable to block out the undercuts with a flowable 
composite (green arrow) and to keep the margin in enamel in the 
cervical area in order to obtain an optimal bond at that cervical mar-
gin. b. Shortcoming in the preparation on the first molar. The inten-
tion was to be less invasive by keeping the two cusps. These cusps 
were, however, not stable enough to resist flexure during occlusion 
and articulation, having resulted in rapid mechanical degradation of 
the adhesive interface. c. After cementation of the lithium-disilicate 
glass-ceramic partial crown with a light-curing restorative composite, 
the larger luting area at the buccal side can be noticed. This will be 
a weak area in this restoration. d. The thick cusps on the prepared 
molar can be kept. The remaining cusps are able to resist the forces 
during occlusion and articulation and will not flex easily. Conse-
quently, the interface will be less stressed. e. The thick buccal cusp 
of the maxillary premolar was maintained for esthetic reasons.
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in the arch, the patient’s occlusion and musculature, and 
the functional and parafunctional load on the tooth. The oc-
clusal loads increase from anterior towards posterior, from 
mesial towards distal, and from premolars towards molars. 
Increasing loads will automatically increase the risk of frac-
ture. The occlusion and articulation on the tooth to be re-
stored should beforehand be registered with articulation 
paper, in order to analyse the strength and location of the 
occlusal contacts at the future restoration margins and on 
the remaining cusps.

The amount and quality of the remaining tooth structure 
is analysed by evaluating the size of the existing restoration 
and the presence of decay, defects, cracks and wear facets. 

The type, size and depth of the cavity preparation deter-
mines the reduction in fracture resistance of the tooth to a 
great extent. The fracture resistance of intact teeth, teeth 
with a cavity prep and restored teeth was studied in several in 
vitro studies using different methods such as finite element 
analysis, measuring cuspal deflection or cusp stiffness during 
occlusal loading, and by fracture tests.34,36,42,59,66,70,77 
These studies show that increasing the depth of the cavity, 
increasing the isthmus width and loss of the marginal 
ridges resulted in the largest reduction in fracture strength. 
The fracture resistance of teeth with cavities gradually de-
creases for teeth having solely an occlusal class-I cavity, to 
teeth undermined by a two-surface class-II cavity, and finally 
teeth exhibiting a three-surface MOD cavity preparation hav-
ing the lowest fracture resistance. Large MOD cavities re-
sulted in a decrease in fracture resistance by 59% to 76%, 
compared to that of intact teeth.13,16,77,87 Other in vitro 
studies recorded that occlusal loading (150 N) of premolars 
with an MOD cavity resulted in a widening of the cusps over 
a distance of 114-179 μm.36,59 After direct restoration of a 
tooth with composite, a cusp deflection of about 7-9 μm 
was still measured. One also has to take into account the 
changes that take place at the cusps due to polymerization 
shrinkage of the composite, as was shown by Tantbirojn et 
al90 and González-López et al.37 The adhesive is also a de-
termining factor. The observed effects will be magnified if 
the bond is inadequate. According to Reeh et al,77 end-
odontic procedures alone (access preparation, instrumenta-
tion and obturation) have only a small effect on the tooth, 
reducing its relative stiffness by 5%. This reduction in stiff-
ness did not depend on the sequence of the endodontic 
treatment before or after cavity preparation. Other in vitro 
studies recorded a more pronounced decrease in fracture 
resistance after endodontic treatment.42,70 The least favor-
able situation regarding fracture resistance of the prepared 
tooth is an endodontically treated premolar/molar with a 
large MOD cavity.32,36,42,70,77 In these teeth, complete 
cusp coverage (overlay) is needed to increase the fracture 
resistance of the restored tooth. 

In summary, the reduction in fracture resistance will be 
most pronounced in teeth with large, wide and deep cavi-
ties. Bonding of a restoration to these cavity walls rein-
forces the tooth, but flexure will still occur during occlusal 
loading. This results in mechanical degradation of the adhe-
sive interface. Along with hydrolytic and enzymatic bond 

degradation, loss of adhesion will occur with time, leading 
to open coronal margins, marginal discoloration, secondary 
caries, increased flexure of the cavity walls, and possible 
fracture of the cusp. In these kind of large, wide and deep 
cavities, where the cusp functions as a long cantilever arm, 
cusp reduction followed by cusp coverage increases the 
fracture resistance of the tooth and the clinical longevity of 
the restoration4,42,57 (Fig 7a). For a bonded indirect ceramic 
partial crown, one should avoid keeping cusps that flex dur-
ing occlusal loading, as they will negatively influence the 
longevity of the restoration (Figs 7b and 7c). Hence, a cusp 
can be maintained in the following situations: 

1. A very thick cusp that is able to support occlusion and 
articulation (Fig 7d). The cusp contributes to a great ex-
tent to the fracture resistance of the tooth. Keeping this 
part of the tooth structure does not provide many prob-
lems of instability to the residual dental structure. The 
remaining cusp is able to resist the forces during occlu-
sion and articulation and will not flex easily. Conse-
quently, the interface will be less stressed. A shortcom-
ing in these situations is that the occlusal margin is not 
protected. Enhanced exposure of the restoration margin 
to occlusal wear results in more extensive marginal dis-
crepancies.88 In addition, as enamel wears more than 
ceramic in these areas, positive ceramic steps will be 
formed after long-term clinical functioning. If these 
steps are not adjusted, initial cracks may be initiated at 
exactly these points.31,51 Therefore, when making a par-
tial crown that does not cap all cusps, the fit and adap-
tation at the occlusal surface must be perfect and the 
luting marginal gap must be kept as small as possible. 

2. A thick buccal cusp of a maxillary premolar can be main-
tained for esthetic reasons, but the strength of the fi-
nally restored tooth will not be the same as that of one 
restored with a circumferential preparation (Fig 7e). In 
these situations, we need to evaluate the latero-trusive 
path and the guidance of the premolars. In case of a 
missing first molar, the premolars are often overloaded 
during occlusion and articulation.

In all other situations, the cusps are better reduced as this 
allows the ceramic restoration to function in the best pos-
sible condition, namely under compression. Reducing the 
cusps contributes to the antifragile preparation form. In 
general, for bonded indirect lithium-disilicate glass-ceramic 
restorations, the cusps, where enamel is supported by den-
tin, are reduced with 1.2 to 1.5 mm. This is a slightly more 
invasive approach than what is often described in the litera-
ture, where cusps 2.0 to 2.5 mm thick are kept.5,53 The 
main goal of this minimally hazardous dentistry is to create 
a long-lasting restoration-cement-tooth complex.

3. Clinical Protocol, from Concept to Clinic

The different steps of the clinical protocol are explained in 
detail and documented with clinical pictures (Figs 8-20). 
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3a. Biomechanical analysis of the tooth before removal of 

the defective restoration (Fig 8) 

See Fig 8.

3a. 1. Evaluation of the quality and amount of remaining tooth 

structure 

Size and depth of the existing restoration, decay and de-
fects will inform the dentist about the most optimal restora-
tion type (direct versus indirect; cusp capping or no cusp 
capping).

A radiograph shows the depth of the existing restoration 
and caries, and the risk of pulp exposure.

Evaluate the future location of the proximal prep margin. 
Take correct measures in case of deep subgingival mar-
gins. Gingival correction without or with removal of the sup-
porting bone can relocate the margins iuxta- or supragingi-
val.94 Removal of the supporting bone is indicated when the 
biologic width has been invaded. A non-invasive alternative 
of surgical crown lengthening to bring the margins supra-
gingivally is deep margin elevation (DME). This technique 
proposes the application of composite resin in the deepest 
part of the proximal areas in order to reposition the cervical 
margin supragingivally, which is expected to facilitate isola-
tion and improve impression-taking and adhesive luting of 
the indirect restoration.17,49,61 Several in-vitro studies show 
promising results with DME.29,43,79,96 However, the influ-
ence of the DME technique on clinical performance, longev-
ity of the restorations and periodontal health is not yet 
known.44 A 12-month clinical trial showed that DME is a 
clinically sensitive technique, especially when performed on 
deep subgingival margins.28 A higher incidence of bleeding 
on probing was recorded on teeth treated with DME and in 
coincidence with deep margins placed at or closer than 
2 mm to the bone crest.

Next, the tooth to be restored is analysed for presence 
of cracks and fractures. These critical areas decrease the 
tooth’s fracture resistance. The presence of wear facets 
indicates heavy loading during occlusion and articulation. 
Cusp capping in these regions will be needed in case of a 
bonded indirect lithium-disilicate partial crown.

3a. 2. Analysis of forces and loading on the tooth to be 

restored

Attention should be paid to the patient’s musculature, func-
tional/parafunctional activities, intensity and direction of 
the forces, location and strength of the contact points, and 
loading of the cusps.

3b. Rubber-dam isolation

Strict rubber-dam isolation is required in order to perform a 
high quality adhesive procedure (IDS and blocking out the 
undercuts). It is preferable to isolate 4-5 teeth under rub-
ber-dam before starting the preparation as isolation at this 
moment is easier than after prepping. In addition, the den-
tist will have a better visibility during prepping when the 
teeth are isolated under rubber-dam.

a b c

Fig 8  a. Initial situation. Maxillary molar with unacceptable amal-
gam restoration. Large marginal defects are noticed. b. Biomechani-
cal analysis of the buccal part of the tooth. The presence of cracks 
decreases the fracture resistance of the tooth. The wear facets indi-
cate heavy loading during occlusion and articulation. One can expect 
the buccal cusps to be undermined. Cracks are noticed at enamel 
surrounding the amalgam restoration. c. Biomechanical analysis of 
the palatal side of the tooth. Similar as at the buccal side, open 
margins and wear facets can be observed. A crack line is noticed at 
the distal marginal ridge. 

Fig 9  a. The unacceptable amalgam restoration was removed in a 
minimally invasive way with a multiblade tungsten carbide bur. An ul-
trasonic device with water cooling can be used to remove the last 
pieces of amalgam at a low biological cost. b. Caries-infected dentin 
was removed with a round tungsten carbide bur (Komet H1SEM, 
Brasseler; Lemgo, Germany) dry and at low speed (7000 rpm). A cen-
tripetal approach was followed. This included starting at the periph-
ery towards the critical points. In this way, possible pulp exposure 
would have been programmed. It is very important that all caries-in-
fected dentin be removed in order to realize a good-quality hybrid 
layer that will remain stable in the long term. c. After removal of the 
restoration and all infected tissues, a more detailed biomechanical 
analysis takes place. The thickness and quality of the cusps, the 
thickness of marginal ridge and the presence of crack lines was con-
trolled. At the buccal side, the cusps were undermined. Cusp reduc-
tion was needed. d. At the palatal cups, enamel was supported by 
dentin. Because of the heavy occlusal loading (wear facets) and the 
crack line at the distal side, the palatal cusps were also reduced.

a b

c d
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3c. Tooth preparation

After removal of the restoration and all infected tissues, the 
remaining tooth structure is evaluated (Fig 9). A more de-
tailed biomechanical analysis is then performed to control 
the thickness and quality of the cusps (enamel supported 
by dentin), the thickness of the marginal ridges and to de-
tect the possible presence of crack lines. Thin, unsupported 
cusps behave like a cantilever wall and must be reduced 
with at least 1.5 mm. By reducing the cusps (Fig 10), the 
flexural behavior of the cantilever wall is dramatically re-

duced and the geometry of the forces is changed. Compres-
sive instead of tensile forces will work mainly on the resid-
ual dental structure. Guidelines to treat teeth with crack 
lines are demonstrated by clinical cases (Figs 11 and 12).

3d. Immediate dentin sealing (IDS) using a gold-standard 

adhesive and microselective out-blocking of undercuts

Documented gold-standard adhesives are the 3-step etch-
and-rinse adhesive Optibond FL (KerrHawe) and the mild 
2-step self-etch adhesive Clearfil SE Bond (Kuraray Nori-
take).14,72 The adhesive is applied according to the instruc-
tions of the respective manufacturer (Fig 13). After polymer-
ization of the adhesive, a highly filled flowable composite is 
applied to micro-selectively block out undercuts in the dentin 
preparation (Fig 14). At the same time, deep, tight and com-
plex cavities are corrected geometrically. The application of 
the flowable composite will stabilize and protect the newly 
formed hybrid layer and increase its degree of conversion.

3e. Re-preparation of the enamel margins (Fig 15)

See Fig 15.

3f. Cementation of the lithium-disilicate ceramic partial 

crown (Figs 16–19)

 Check the fit and marginal adaptation of the ceramic par-
tial crown (Fig 16).

 Adhesive treatment of the lithium-disilicate glass-ceramic 
partial crown (Fig 17).

Fig 10  After thorough biomechanical analysis, it was decided to re-
duce all cusps. This contributes to a more equal and favorable load-
ing on the tooth and interface, and increases the longevity of the 
restoration. a. Before reduction. b. Depth grooves (±1.4 mm) were 
made on each cusp and the marginal ridge. An olive shaped dia-
mond bur (833G314014; Hager and Meisinger; Neuss, Germany) 
was used as a calliper. c. The same bur was used to cut the cusps 
circumferentially, guided by the depth grooves prepared with the ol-
ive-shaped diamond bur. d. After cusp reduction, the dentin support 
was analysed cusp by cusp. e. The tooth preparation was finalized 
using the same olive bur. Smooth transitions were created inside 
the preparation to remove sharp irregularities. f. Also the prep out-
line was made smooth with the same bur. g and h. Final tooth prep 
before (g) and after (h) sandblasting with Al2O3 (30 μm).

Fig 11  a. Initial situation: amalgam restoration that needed re-
placement because of the presence of several severe cracks in the 
surrounding tooth structure. b. After removal of the existing restora-
tion, the cracks are clearly visible at the base of the lingual and buc-
cal cusps (blue arrows). c. The mechanical resistance of the cusp 
walls was tested with an excavator. At the buccal side, the cusp 
fractured spontaneously at the level of the crack line. At the lingual 
side, the crack lines are clearly visible. The lingual cusp resisted the 
pressure executed with the excavator. d. Reduction of the lingual 
cusps more or less at the level of the crack. The preparation margin 
was kept in enamel.

a b

c d

a b

c d

e f

g h
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a b

c

d e

f

g

Fig 12  a. Initial situation. Old, large, unacceptable class-I compos-
ite restoration. Cracks are present at the mesial, distal and palatal 
side. b. Residual dental structure after removal of the existing resto-
ration and infected dentin. Crack lines are running from the mesial 
and palatal side towards the center of the cavity. In this deep, wide 
cavity with completely undermined cusps, total cusp reduction is 
needed. c. Detailed analysis of the cracks in the tooth (blue ar-
rows). d. The cusps were circumferentially reduced until a level that 
enamel was completely supported by dentin. e. The crack was sand-
blasted with Al2O3 powder (30 μm). f. After sandblasting, the crack 
line is contaminated with the non-hydrosoluble Al2O3 powder parti-
cles. g. Cleaning of the crack line with sodium bicarbonate (40 μm) 
air polishing, followed by generously rinsing with an air-water spray. 
The prepared tooth was ready for immediate dentin sealing.

a b

c

e f

g

d

h

Fig 13  a. A 3-step etch-and-rinse adhesive (Optibond FL, Ker-
rHawe) was applied according to the instructions of the manufac-
turer. First, the dentin surface was etched with phosphoric acid 
(35%) gel for 15 s. b. The etch gel was rinsed for 15 s. c. A wet den-
tin surface is visible. d. The dentin surface was gently air dried for 5 
s. e. Immediately after drying, the dentin was rehydrated by gener-
ous application of the water-ethanol based primer, while gently rub-
bing the primer into the dentin surface with a microbrush for at least 
for 20 s. f. Gentle evaporation of the solvent contained in the primer 
by air drying for 5 s. g. The particle-filled bonding agent was applied. 
A uniform adhesive layer was created by moving the bonding gently 
over the whole surface. h. The adhesive was light-cured for 20 s 
with a high-intensity light-curing unit (1200 mW/cm2). The tip of the 
light-curing unit must be placed as close as possible to the surface. 
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 Adhesive treatment of the tooth prep to lute the ceramic 
partial crown (Fig 18).

 Cementation of the ceramic partial crown (Fig 19).

3g. Finishing and polishing of the restoration margins (Fig 20)

See Fig 20.

4. Durability of Bonded Ceramic Partial Crowns

The durability of bonded ceramic partial crowns is deter-
mined by several factors, ie patient, operator, materials, 
amount and quality of the tooth structure to be bonded to 
and the restoration maintenance. 

Regarding the patient factor, high caries risk, heavy oc-
clusion/bruxism and poor oral hygiene have a considerable 
influence on the clinical performance of restorations. Caries 
recurrence is rarely seen in clinical trials, as these restora-
tions are commonly placed in motivated patients with low 

caries risk. Because of the higher cost of the restoration, 
most of the patients have a high socio-economic status and 
maintain good oral hygiene. 

Bruxism also has a negative effect on the durability of 
bonded indirect ceramic partial crowns, as restoration frac-
ture is more frequently recorded in patients with brux-
ism.5,6,67,93 In these clinical trials, feldspatic or leucite-re-
inforced glass ceramics were used. In the retrospective 
analysis of Belli et al,8 the fracture rate of lithium-disilicate 
glass-ceramic onlays (e.Max CAD, Ivoclar Vivadent) was sig-
nificantly lower compared to that of leucite-reinforced glass-
ceramic onlays (Empress CAD, Ivoclar Vivadent). Lifetime 
estimations showed that only 10% of the e.Max CAD (Ivo-
clar Vivadent) onlays will fail due to catastrophic fracture 
after 30 years, while Empress CAD (Ivoclar Vivadent) onlays 
were estimated to reach a 10% fracture rate already at 
10 years of service. 

a b

c

e f

d

Fig 14  a. Hybridized dentin surface, having used a 3-step etch-
and-rinse adhesive. b. Microselective out-blocking of all undercuts 
with a highly filled flowable composite. The flowable composite was 
applied centripetally, ie, from periphery to the center of the dentin 
surface. c. The flowable composite was light cured for 40 s with a 
high-intensity light-curing unit (1200 mW/cm2). The tip of the light-
curing unit must be placed as close as possible and perpendicular 
to the surface. d. After IDS and blocking out the undercuts with a 
highly filled flowable composite, a perfect adhesive surface was cre-
ated: smooth and without undercuts. e. Application of glycerine gel 
on the layer of flowable composite to remove the oxygen-inhibited 
layer at the surface. f. Complete polymerization throughout the glyc-
erine gel for at least 20 s.

a b

c d

Fig 15  a. The gel was rinsed off with an air-water spray, upon 
which the prepared tooth surface was air dried. b. The enamel mar-
gins were re-prepared with a fine-grit olive-shaped diamond bur 
(833F314012, Hager and Meisinger) at medium speed without 
water. The bur was inclined 45 degrees to section the prisms 
obliquely. c. The interproximal areas were finished with a medium-
grit metal strip. d. The final antifragile tooth preparation, just before 
impression taking. A large dissipation platform was created. The 
preparation margins in enamel were well defined. 

Fig 16  Monolithic lithium-disilicate glass-ceramic partial crowns 
made in e.Max Press (HT, Ivoclar Vivadent).
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Next, the operator also co-determines the durability of 
the restoration to a large extent. He has to ensure that the 
clinical procedure is carried out accurately and correctly. 
Placement of bonded indirect restorations requires the clin-
ical execution of a highly technique-sensitive protocol. Pro-
found knowledge of adhesive techniques by the operator is 
required. This was shown in a 4-year clinical trial of Fran-
kenberger et al,30 who evaluated ceramic inlays/onlays 
placed by two operators with different levels of experience 
in placing adhesive restorations. Significantly more failures 
were recorded for the unexperienced operator (24.6%), 
compared to the experienced operator (2.6%). Therefore, in 
order to reduce the number of application errors during the 
clinical procedure, the protocol must be simplified, stan-
dardized and easily reproducible as proposed in this article.

Regarding the amount and quality of the remaining tooth 

structure, a deep cervical cavity outline ending in dentin is 
reported as a risk factor for the survival of bonded indirect 
ceramic restorations.11,93 One has to keep in mind that 
these teeth are often heavily compromised with a low 
amount of sound tooth structure available to bond the res-
toration to. In addition, strict isolation is more difficult to 
obtain when restoring teeth with deep cervical margins. 

Tooth vitality is another factor determining the restora-
tion survival in several clinical trials. Vital teeth perform sig-
nificantly better than non-vital teeth.6,67,93 Here too, one 
has to be aware that non-vital teeth are in general more 
heavily destroyed with less tooth structure available to bond 
the restoration to. 

As described in our protocol, the most optimal bond to 
dentin is obtained using either a 3-step etch-and-rinse or a 
2-step self-etch gold-standard adhesive. This is confirmed 

a b c

d e f

g h i

Fig 17  a. The inner side of the lithium-disilicate glass-ceramic par-
tial crown was etched with HF acid-etch gel (9.6% buffered porcelain 
etch, Ultradent; South Jordan, UT, USA) for 20 s. The gel was applied 
over the whole inner surface. The action of the acid was increased by 
rubbing with a microbrush. b. The HF acid-etch gel was rinsed off very 
carefully with an air-water spray for 60 s. c. Next, the surface was 
dried with air. d. A drop of fresh silane (Monobond Plus, Ivoclar Viva-
dent) was applied onto the etched ceramic surface. e. It must wet the 
whole inner surface. f. After 60 s, the silanated surface was actively 
air dried to remove residual solvent. g and h. The particle-filled bond-
ing agent was applied on the whole silanized surface. Premature po-
lymerization by the operatory light must be prevented. i. A light-curing 
restorative composite was applied at the inner surface. It was spread 
out with a smooth instrument over the whole surface, until the com-
posite covered the margins.

a b

c d e

Fig 18  a. Strict isolation under rubber-dam is required. After re-
moval of the temporary restoration, the prepared surface is contami-
nated. b. The surface was slightly roughened by air abrasion (30 
μm) for 5 to 10 s. c. Phosphoric-acid (35%) etch gel was applied on 
the whole prepared tooth surface. The gel creates a microretentive 
etch pattern on the prepared enamel and cleans the dentin surface 
covered with the IDS layer. d. The phosphoric acid-etch gel was 
scrubbed onto the tooth surface with a microbrush for 30 s. e. After 
rinsing and drying, a drop of the particle-filled bonding agent was ap-
plied on the whole prepared tooth surface with smooth movements. 
Premature polymerization by the operatory light must be prevented. 
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in a practice-based study of Collares et al,11 where bonded 
ceramic inlay/onlays bonded with a simplified adhesive (2-
step etch-and-rinse and 1-step self-etch adhesive) pre-
sented a risk of failure that is 142% higher than restora-
tions bonded with adhesives that come with a bonding resin 
that is applied separately (3-step etch-and-rinse and 2-step 
self-etch adhesive). A similar conclusion was drawn by van 
Dijken and Hasselrot.93 

Finally, regular maintenance of the bonded ceramic resto-
rations will lengthen their life span. The occlusion and articu-
lation must be checked during recalls and corrected if 
needed. Rough areas must be re-polished to a high surface 
gloss, as they result more easily in the formation of cracks 
with a possible catastrophic failure as a long-term conse-
quence. In addition, the ceramic-tooth interface must be care-
fully monitored, corrected and re-polished if needed.31,51,52,74 

Three clinical trials were found in the literature that evalu-
ated the performance of nonretentive ceramic partial crowns 
after long-term clinical functioning (Table 1).5,7,40 The clinical 
protocols (preparation, adhesives, luting materials) were 
slightly different than the ones presented in this article. The 
survival rates varied between 96% and 100% after 7 to 
10 years. Very few fractures occurred and almost any resto-

ration was lost. Next to the high success rate in these clini-
cal trials, a very good long-term clinical performance is re-
ported by Milichich.64 He has bonded more than 3000 
lithium-disilicate glass-ceramic partial crowns over a period 
of 9 years using a nonretentive prep design. Only 2 fractured 
restorations and no debonding incidents were reported. 

CONCLUSION

All the above-mentioned positive results confirm the clinical 
effectiveness of the concept advanced in this article for the 
placement of bonded indirect ceramic restorations. Never-
theless, long-term controlled clinical trials are necessary to 
evaluate the proposed restoration type.
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Fig 19  a. The partial crown filled with luting composite was gently 
positioned on the prepared tooth surface. b. The right path of inser-
tion was searched and partially adapting the restoration was started. 
Premature polymerization by the operatory light must be prevented. 
Uniform pressure was applied on the occlusal surface, going from 
gentle to strong. c. During positioning of the partial crown, a mixture 
of bonding agent and composite was squeezed out at the margins. 
d. The excess of composite was removed at the margins with a 
probe. This push-squeeze procedure was repeated 2-3 times. e. The 
partial crown was stabilized with a finger. The margins were checked 
with a probe and the last composite excess was removed. If the 
margins disappear, the partial crown adapted well. f. Before polymer-
ization, floss was placed interproximally to further remove excess 
luting composite. The restoration was stabilized with a finger. The 
floss was moved from the lingual towards the buccal side. This must 
be repeated until all composite excess is removed interproximally. g. 
A bit of composite was left on the easily accessible surfaces (buc-
cal, palatal) but never in the interproximal area. h. The partial crown 
was stabilized with a smooth, rounded instrument. Each surface was 
polymerized for 20 s with a light intensity of 1200 mW/cm2: buccal, 
palatal, mesio-occlusal and disto-occlusal. i. Glycerine gel was ap-
plied at the margins. j. Re-polymerization of the luting composite 
after glycerine-gel application. Each accessible surface (buccal, pala-
tal, mesio-occlusal and disto-occlusal) was polymerized again for 2 
cycles of 20 s with a light intensity of 1200 mW/cm2.
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Table 1  Overview of clinical trials that evaluated nonretentive ceramic partial crowns

Authors Patient/resto-
ration number

Material Adhesive and 
luting composite

Duration 
(years)

Survival (%) Fracture/ 
debonding

Arnetzl et al5 264/310 Vita Mark II Syntac Classic & 
Variolink

8 96.5% 2 fractures 
(patient with 
bruxism); no 
debondings

Belleflamme et al7 94/137 84 e.Max CAD
12 Vita Enamic
3 Composite 
(not specified)

IDS: Optibond FL
Excite & 
Variolink

1-10
(±4.5)

99% e.Max CAD
89.9% Vita 
Enamic

2 debondings
(all restorations 
included)

Guess et al40 25/80 40 ProCAD
40 e.Max Press

Syntac Classic & 
Tetric Ceram

7 97% ProCAD
100% e.Max 
Press

1 bulk fracture; 
no debondings

e.Max CAD, e.Max Press, ProCAD, Syntac Classic, Tetric Ceram, Excite, Variolink: Ivoclar Vivadent, Schaan, Liechtenstein; Vita Mark II, Vita Enamic:  
VITA Zahnfabrik, Bad Säckingen, Germany; Optibond FL: KerrHawe, Orange, CA, USA. 

Fig 20  a. The interproximal margins were checked for composite 
excess with a sharp scaler from the occlusal towards the cervical re-
gion. b. A small excess of composite was left at the buccal and 
lingual margin (blue arrows), just to be sure that the whole marginal 
gap was filled with luting composite. This excess of composite was 
removed with polishing rubbers. c. A rubber polishing point, Brownie 
FG (Shofu Dental; Kyoto, Japan), was used under water cooling at 
low pressure and 15,000-20,000 rpm. The point removed the com-
posite excess, which became visible by producing a brown powder. 
d. When powder production was no longer visible during the finish-
ing procedure, all composite excess was removed. e. Polishing the 
margins to a high gloss was realised using a silicon yellow cup 
(Identoflex C9, KerrHawe) at a speed of 5000-7000 rpm, dry and 
with very low pressure. f. In a last step, the margins were cleaned 
and glossed with a soft synthetic brush. g. Using a sharp probe, the 
adaptation of the margins was checked. h and j. The restoration 
margins were invisible and non-probable.

a b

c c
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e f
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procedure. 


