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The success of a reliable restora-
tion literally depends on the right lut-
ing. Modern high-performance com-
posites are now also increasingly 
being used in the CAD/CAM sector. As 
in classic filling therapy, creation of the 
optimum adhesive bond is achieved 
with the appropriate universal bond. 
Dr. Ralf Böhner, Manager R&D Adhe-
sive Materials at the Swiss dental spe-
cialist COLTENE explains the optimal 
procedure based on the latest findings 
from current materials research.

There is no patent recipe for creating 
the ideal adhesive bond for composites; 
there are too many material variants 
involved (Fig. 1a): Whether simple repairs, 
fabricating a crown using the cut-back 
process, characterising work with stains or 
luting to tooth enamel and other dental 
materials used – a reliable adhesive bond 
is the basic prerequisite for successful 
treatment. The chemical composition of 
the material used provides information 
about its "species-appropriate" use in 
dental practice.

 According to the origin of the Latin 
word – a composite is a combination of 
two or more materials linked to each other. 

In general, dental composite consists of an 
(usually) inorganic filler and a resin matrix 
of polymerised methacrylates. Owing 
to their excellent material properties, 
composites are increasingly used for 
permanent restorations in CAD/CAM 
technology. Due to the outstanding 
flexural strength and the modulus of 
elasticity, which is very similar to that 
of dentine, the so-called "Reinforced 
Composite blocks" are less brittle than 
ceramic by nature. This avoids stress 
peaks and significantly reduces the risk of 
spalling and cracking, both in fabrication, 
as well as in-situ. In addition, composite 
provides a shock-absorbing effect which 
makes it ideally suited for implant resto-
rations as well as providing the feel of 
a natural bite. Compared with classic 
ceramics, this flexible dental material can 
be conveniently polished and adapted 
anytime. Physical studies also confirm the 
good abrasion resistance as well as the 
gentle behaviour of the substance with 
regard to the antagonists in the mouth.

Composite must always be applied 
with an adhesive technique (regardless 
of its respective dosage form). In this 
context, the marketing of some products 
available on the market (Fig. 1b) such as 

Lava Ultimate (3M), CERASMART (GC) or 
SHOFU Block HC (Shofu) as "composite" 
or "hybrid-ceramics" regularly caused 
confusion in the past due to the ceramic 
fillers they used. Meanwhile a number 
of established manufacturers now offer 
composite CAD/CAM blocks for the fabri-
cation of inlays, onlays, crowns and veneers 
such as BRILLIANT Crios (COLTENE), 
LuxaCam Composite (DMG) and Grandio 
Blocs (VOCO). The only true "polymer infil-
trated porous ceramic" in this sector is 
currently VITA ENAMIC (Vita Zahnfabrik). At 
the same time, composites should not be 
confused with PMMA blocks: such acrylate 
materials are not necessarily filled and are 
therefore not suitable for permanent resto-
rations. 

Increased network density
The mechanical properties of composite 
differ depending on whether the ma- 
terial has been normally light-cured or 
manufactured industrially. When light-
curing with a polymerisation lamp, it 
is particularly important to minimise 
resultant shrinkage. 

On the other hand, increased temper-
ature and increased pressure during 
machine production reduce air inclusions 
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Fig. 2: Low network density (left) means wide 
meshes and all the fish pass through the net. 
High network density (right) means tight me-
shes and only the small fish pass through the 
net.

Fig. 1b: Composite-based CAD/CAM blocksFig. 1a: Selection of composite syringes from 
different manufacturers
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and optimise physical properties. More 
methacrylate groups are also converted as 
the temperature rises. This automatically 
increases the network density of difunc-
tional methacrylates. A higher number of 
network points in the composite makes it 
difficult for an applied bond to penetrate 
into the material – similar to a fishing net: 
low network density means a coarse-
meshed net that allows all fish to pass 
through. If the mesh size is reduced (high 
network density), only small fish can pass 
through (Fig. 2). 

Free methacrylate groups play an 
important role in the cured composite 
as double bonds: during polymerisation, 
approximately 80 % of these groups are 
converted in a resin matrix of methacrylate 
monomers. After the application of a 
bond based on methacrylate monomers, 
the double bonds of the bond can 
copolymerise with the remaining double 
bonds in the cured composite during the 
subsequent light-curing process. The 
result is a firm bond to the bond used. 

 

Special challenges
In industrially cured CAD/CAM composites, 
the high network density, few non-po-
lymerised double bonds and a lack of 
inhibition layer make it difficult to create 
an effective adhesive bond. Normally, 
when curing composite with light in the 
presence of air, an inhibition layer remains 
on the surface as an adhesion promoter to 
the next layer of composite. When a further 
layer of composite is applied, a firm bond 
is formed between the inhibition layer 
and the additionally applied composite 
during curing. Without an inhibition 
layer, the surface should be roughened 
with a diamond grinder. This is the case, 
for example, when repairing an existing 
restoration. Sandblasting with corundum 
and the use of a bonding system prove 
useful here. Ideally, the adhesion promoter 
penetrates the surface of the composite 
and later polymerises when exposed to 
light together with double bonds still 
present in the composite. Bondings, which 
are also used for adhesion to the tooth 
structure, often create an adhesive bond 

to both the resin matrix and the fillers in 
the composite.  

Utilisation of the chemical 
morphology

A look at the exact composition of com- 
mercially available composites quickly 
reveals how a solid bond can be created 
in detail. Among other things, the resin 
matrix of industrially cured CAD/CAM 
composites consists of polymerised di- 
functional methacrylate monomers. 
Due to their cross-linking, this matrix is 
insoluble in solvents such as bonds or 
similar adhesion promoters, but can be 
penetrated by these. In addition, reactive, 
non-polymerised double bonds are 
present in the matrix after polymerisation. 
In practice, the size, shape and type of 
fillers vary considerably, making it difficult 
to develop a generally applicable luting 
strategy. From splitters to spheres, there 
are many different types. For example, 
inorganic fillers between 0.02 and 10 µm 
include dental glasses, glass and oxide 
ceramics, cluster fillers as well as nanopar-
ticles such as SiO2 or YbF3 (Figs. 3a – d).  
For composites, the actual bonding pro- 
cess to create an optimal bond essentially 
takes place in four steps. 

Step 1: 
Enlargement and roughening of the 
surface

If the individual pages of two books are 
interlocked alternately, they can only be 
pulled apart again with great difficulty  
(Fig. 4). The reason for the observed effect 
lies in the large contact area in combi-
nation with the surface roughness of the 
paper. A similar mechanical retention can 
be achieved with composite by increasing 
the contact area. This can be achieved, 
for example, with a diamond grinder, but 
sandblasting is by far more suitable (Figs. 5 
a + b). The edges of fragment-shaped cor- 

Fig. 3a: Comparison of fillers used in  
BRILLIANT Crios 

Fig. 3b: CERASMART 

Fig. 3c: Lava Ultimate Fig. 3d: Shofu HC
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undum quite literally carve notches into 
the surface of the composite (Figs. 5 c + d).  
The pressure of the sandblasting device 
should be adapted to the composite 
(25-50 µm aluminium oxide at 1.5 bar). If 
the surface is blackened beforehand with 

a graphite pencil, the abrasion can even 
be tracked visually. 

Of course, the size of the blasting 
material has an enormous influence on 
the result: at higher mass, the composite 
is removed much faster due to the higher 
kinetic energy. Special caution is necessary 
if inorganic fillers partially break out due 
to the extremely abrasive process and 
thus permanently weaken the adhesive 
bond. The larger the fillers and the worse 
their bond to the resin matrix, the greater 
the risk of such disintegration. The etching 
of composite with hydrofluoric acid (HF) 
is also controversial. Oxide ceramic fillers 
such as aluminium oxide or zirconium 
oxide are not suitable for this purpose, 

Figs. 5 a + b: Sandblasting media Cojet and 
Cobra (Renfert)

Fig. 5 b: 

Figs. 5 c + d: BRILLIANT Crios sandblasted Fig. 5 d

CoJet

CoJet

Renfert

Renfert

Figs. 5a + b: Hydrofluoric acid etchable glasses or silicate ceramics can be dissolved a) partially 
or b) completely per filler size which increases the surface roughness and creates mechanical 
retention.

only fillers made of glass, silicate or glass 
ceramics. If the filler materials tend to 
be small, then etching with hydrofluoric 
acid may lead to complete dissolution 
of the glass-based filler materials on the 
surface (Fig. 6 a). If the fillers are larger, 
it may be that they are only partially 
dissolved (Fig. 6 b) The exact effects of 
such a pretreatment are – depending 
on the etching power of the hydrofluoric 
acid and the type and size of the fillers – 
unfortunately difficult to predict.

After the surface has been rough-
ened, it should always be cleaned 
again. Cleaning in an ultrasonic bath, 
rinsing with ethanol or blasting with 
steam remove dirt residues without 
destroying the newly formed surface 
structure. Surfactants which infiltrate the 
subsequent adhesive bond by depositing 
themselves on the affected surface should 
not be used In an ultrasonic bath.

Step 2: 
Surface activation 
In contrast to the treatment of glasses and 
plastics, the plasma treatment of dental 
composites has not yet been extensively 
investigated. Hereby, activation with 
plasma cleans the surface and simulta-
neously increases the surface energy, 
which in turn leads to better wetting of 
the bond/primer. The formed reactive, 
relatively short-lived radicals polym-
erise accordingly with the primer. Air or 
oxygen plasma has the advantage that it 
can be used without an additional suction 
device; furthermore, OH groups form on 
the resin matrix to further improve the 
adhesive bond to polar bonds. 

Step 3: 
Priming/bonding the surface 
CAD/CAM composites are composed of 
approximately 50 % filler materials and 
50 % resin matrix. With conventional, light-
curing materials, the volume fraction of the 
resin matrix is somewhat lower on average. 
To obtain a good result, a stable bond to 
both substrates needs to be created. 

Fig. 4: Interlocked single pages
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Figs. 7 a+b: Possible problems if silane is used exclusively: a) the silane 
is oriented on the surface of the composite. b) there is an improvement 
in adhesion on the silanisable filler, while silane on the resin matrix can 
even lead to a negative effect with regard to the adhesive bond to the 
luting material (incompatibility between the silane group and the luting 
material/adhesive).

Figs. 8 a+b: Schematic diagram for creating the adhesive bond to the filler 
using acid derivative monomers (P/C with a polymerisable methacrylate 
group) in a) combination with difunctional monomers (two polymerisa-
ble methacrylate groups per molecule). b) the combination of two diffe-
rent types of monomers ensures compatibility with the luting composi-
te/adhesive.

Step 4:
Priming/bonding to the resin matrix 
and to inorganic fillers

A silane is applied to achieve adhesion 
to fillers such as glass or glass ceramics 
(Si-OH and polymerisable double bond 
in one molecule). The silane group points 
in the direction of the filler, the double 
bond can later copolymerise with the 
methacrylate-based luting material (Fig. 
7 a). However, a silane is unsuitable for 
oxide ceramic fillers (e.g. ZrO2). In the 
worst case, silane can even weaken 
the adhesive bond to the resin matrix: 
if the double bonds are oriented in the 
direction of the resin matrix, the silane 
groups point in the direction of the 
luting material. However, these cannot 
polymerise with the methacrylate groups 
of the luting material (Fig. 7 b).

Ionic interactions can also be used 
to create an adhesive bond to the fillers.  
These are generated by specific acid 
groups. Compounds that contain car-
boxylic acid are, among others, polyacrylic 
acid derivatives as used in glass ionomer 
cements, or 4-MET which is often found 
in bonding materials. MDP, a phosphoric 
acid derivative also commonly used in 
bondings, is particularly well suited for 
improving the bonding to oxide-ceramic 
fillers such as zirconium oxide, but also 
for glasses and glass ceramics (Fig. 8 a).  If 

difunctional methacrylates are added to 
this bond, they can generate a good bond 
to the resin matrix (two polymerisable 
double bonds per molecule). General-
purpose bonding systems such as ONE 
COAT 7 UNIVERSAL (COLTENE) have the  
advantage that they contain both acidic 
monomers for a stable bond to the 
inorganic filler as well as difunctional 
methacrylates for the bond to the resin 
matrix (Fig. 8 b).

Additional strengthening of the  
adhesive bond
Furthermore, hydrogen bonds, entangle-
ments or chemical bonds can strengthen 
the bond to the resin matrix. If the surface 
of the resin matrix contains polar NH or 
OH groups, hydrogen bonds may form 
between the CAD/CAM composite and 
the adhesive. How stable this bond is can 
be seen in the example of water, which is 
liquid and non-gaseous at room temper-
ature due to the hydrogen bonds. Entan-
glements are loops or chains that form 
within the resin matrix during polymer-
isation if monomers of the bond have 
previously penetrated the restoration 
material. In turn, chemical bonds are 
formed when the double bonds present 
in the penetrating primer come into 
contact with still unpolymerised double 
bonds and polymerise with each other.  
Although such a bond is probably the 

best way to generate an adhesive bond, 
this form of stabilisation also depends on 
the network density and the number of 
polymerisable methacrylate groups in 
the composite: the higher the network 
density, the more difficult it becomes 
for the bond to penetrate the polymer 
matrix. The chance of forming chemical 
bonds with a dwindling number of 
polymerisable methacrylate groups is 
also reduced.

Resin-based luting materials
Ideally a matched resin-based luting 
material is used for the adhesive luting 
of a composite-based CAD/CAM material. 
Unfortunately, the sometimes used term 
cement is somewhat misleading in this 
context, as this also includes unsuitable 
zinc phosphates or (resin-reinforced) 
glass ionomer cements. Depending on  
the indication, light-curing and/or dual- 
curing materials (methacrylate) are more 
suitable for luting a restoration. 

When a restoration is later modified in 
terms of shape and shade, the adhesive 
bond naturally plays at least as important 
a role as in the original luting of the resto-
ration to the tooth structure. Aesthetic 
adjustments with light-curing composite 
stains are possible at any time. As stains 
on occlusal surfaces sometimes quickly 
fade, it is advisable to remove some ma- 

Matrix  Filler  Luting composite
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Method Effect Effectiveness

Enlargement of the surface Diamond tool - Enlargement of the  
 surface
- Creating retention

- Sufficient for light-curing   
 composites

Etching with hydrofluoric 
acid

- Enlargement of the  
 surface of etchable filler

- Precise investigations
 necessary; strongly   
 dependent on the size   
 and type of filler and 
 the hydrofluoric acid used

Sandblasting with  
corundum

- Enlargement of the  
 surface
- Creating retention

- Optimal procedure for   
 light-curing and CAD/CAM  
 composites

Activation of the surface 
with plasma

Air, O2 or N2 - Cleaning
- Improvement of wetting
- Generation of radicals
- Generation of NH- and   
 OH-groups resp.

- More precise investigations  
 necessary

Argon - Excellent cleaning
- Improvement of wetting
- Generation of radicals

- More precise investigations  
 necessary

Bonding/Primer Silane - Bonding improvement to  
 glass and silicate ceramic   
 fillers

- Poor bonding to oxide   
 ceramic fillers and the 
 resin matrix

Acidic monomers in com-
bination with mono- and 
difunctional monomers

- Bonding improvement to  
 glass and silicate and 
 oxide ceramic fillers
- Bonding improvement to  
 the resin matrix

- Universal enamel and   
 dentine bond; the com-  
 patibility of bond and 
 substrate should be  
 matched to one another

Luting material Light-curing or dual-curing 
luting composite

- Very good compatibility   
 with silanes and bondings

- Optimal procedure

The options for surface treatment are summarised here once again:

terial from the original restoration before 
applying them in order to subsequently 
coat the new shade with a transparent, 
polymerisable composite. 

Conclusion
Permanent restorations based on a 
mo-dern high-performance composite 
should always be adhesively luted. The  

best current strategy for creating a relia- 
ble adhesive bond on a CAD/CAM com- 
posite such as BRILLIANT Crios is blasting 
with corundum, followed by the appli-
cation of a matched universal bond 
with acid group-bearing methacrylates 
and neutral mono and difunctional 
methacrylates. Composite-based resto-
rations can be adapted at any time and 

have excellent mechanical properties due 
to their dentine-like modulus of elasticity 
and high flexural strength.
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