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Influence of thermal stress on enamel bond
strength of two-step adhesive systems

Shear bond strength
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Influence of thermal stress on dentin bond

strength of two-step adhesive systems
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Interview Prof. Bart Van Meerbeek
2-step bonding system
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a1 Despite the ongoing evolution of bonding agents still many dentists
prefer to use either one or the other type of the older generation of multi-

step adhesives. What do you think is the reason for that?

Bart
feel familiar and are satisfied with a specific product; therefore, they do

Many dentists still prefer a certain type of bonding procedure, and

not see a clear need to change their bonding procedure and dental adhe-
sive. In my opinion, what they were taught in their studies also contributes
to their choice. Dentists tend to continue doing it that way if they believe
the technique they have learned is efficient.

Q2 For a long time the scope of research was focused on the variety of
adhesive monomers and the methodology of bond strength testing as well
as the level of bond strengths itself. Nowadays the scope seems to be more
on bond durability and long-term performance. How do you consider the

different generations of bonding agents on that point?

Bart
ing effectiveness, which means they perform well when bonded to model

Most adhesives nowadays guarantee sufficient ‘immediate’ bond-

dentin under ideal laboratory circumstances and tested relatively shortly
after their application, usually after 24 hours or 1 week. Consequently, in
most cases we cannot differentiate among today’s adhesives based only on
immediate bond-strength data.

For this reason, it is extremely important to challenge the products
to learn their behavior in the long term. As editor of the Journal of Adhe-
sive Dentistry, | must tell you that we do not accept papers reporting bond-
strength data without aging. Of course, artificial aging in the lab cannot be
directly translated to the clinical situation but, at least, it gives an idea on
the stability of the bond.
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Though a scientifically documented product-dependency ex-
ists, the 3-step ER and 2-step SE adhesives are still considered the
gold standards. This is mainly because sufficient and repeatedly con-
sistent evidence of favorable long-term bonding performance was
recorded for particular commercial adhesives in both laboratory and
clinical research, the latter beyond ten years of clinical service. All
other simplified adhesives should somewhat be regarded as ‘trade-
off” adhesives, which traded in some of their bonding performance
for ease-of-use, hereby not yet reaching the proven level of the gold
standards, while quite often also not having been tested clinically for
a sufficiently long time.

Q3 There are perceptions about a potential weakness of simplified
E&R adhesives in regard to collagen degradation and for both strate-
gies, E&R and SE approaches, in regard to the hydrolysis of the poly-
mer matrix itself. What is important for the general practitioner to
know on these topics?

Bart Two main bond-degradation pathways have been documented
in scientific literature. There is first the so-called enzymatic
bio-degradation (1), involving MMPs along with cysteine cathepsins.
A lot of attention in research is given to this pathway; however, the
proportional contribution of such enzymatic activity to bond degra-
dation is still unclear and in my personal opinion still much less rel-
evant than the second bond-degradation pathway. Second, there is
water sorption (2), or water uptake by the adhesive interface, induc-
ing hydrolytic bond-degradation mechanisms.

| definitely consider water sorption as the most important
degradation pathway. The oral environment and the dentin itself are
the two water sources. The adhesive interface can absorb water
from the underlying dentinal tissue through osmosis, and this may
lead to hydrolytic degradation of the adhesive interface with dentin.

| believe that nowadays the importance of a good interfacial
seal to prevent water sorption is underestimated, while this is be-
sides the actual bonding performance another primary requirement
an adhesive should meet. Too much attention goes nowadays to en-
zymatic bio-degradation, which | consider a kind of research ‘trend’
that will gradually pass with time.

Most important for bond durability is a stable and hydrophobic
adhesive interface that ensures a good seal and prevents/limits wa-
ter uptake. It must be clear for the general practitioners that adhe-
sives should provide this hardly permeable seal.

Q4 Tooth erosions, bulk-fill techniques, shorter light-curing pro-
tocols, just to mention some trends, implicate new challenges for ad-
hesive dentistry. What are your recommendations in order to achieve
a high level of bond strength, durability and long-term performance
in direct protocols?
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Bart My preferred bonding protocol combines selective enamel
etching with a SE approach based on 10-MDP. Among many functional
monomers, 10-MDP is nowadays considered the most effective
monomer. On top of micromechanical interlocking achieved by
10-MDP’s etching capacity, this monomer provides additional chemi-
cal interaction potential. Chemical interaction is the innermost con-
tact that molecules can have to each other and that’s fundamental for
bond durability. A common misunderstanding is the idea that chemi-
cal interaction will increase bond strength; it will not! Chemical inter-
action is responsible for maintaining bond strength at a stable level.

Also of high importance for bond-strength durability is the
immediate seal of the interface. Postponing light curing creates os-
motic effects with the consequence that water is absorped from the
underlying dentin. As mentioned earlier, this targeted interfacial
seal must be, of course, highly hydrophobic.

| also strongly believe that in order to protect and stabilize the
hybrid layer, the adhesive layer should have a certain thickness. A
thick adhesive layer can act as a shock-absorbing layer or stress ab-
sorber, which for instance compensates for the shrinkage of the
overlayered composite and so will impose tensile stress to the un-
derlying adhesive interface.

In summary, | would like to state that selective enamel etch-
ing, a SE approach based on 10-MDP, a hydrophobic seal and an ad-
hesive layer with a certain thickness are essential requirements to
achieve long-term bond stability.

Q5 GC has a successful history in the development of HEMA-free
bonding agents. Where do you see the specific benefits of this feature?

Bart Today, HEMA is still added to many commercial adhesives due
to some positive features. It can act as a co-solvent for other mono-
mers in preventing water/monomer phase separation. Thanks to its
low molecular weight and thus small size, along with its high hydro-
philicity, HEMA is an effective surface-wetting as well as interdiffu-
sion/penetration agent, the latter to infiltrate into the wet,
demineralized collagen-rich dentin relatively deeply exposed upon
phosphoric-acid etching as part of an E&R bonding protocol.

However, HEMA has also major disadvantages. It is too hydro-
philic and this leads to high water sorption. Many commercial adhe-
sives contain water and HEMA in the same solution, and the fact that
HEMA is too compatible with water makes it nearly impossible to re-
move water from the interface. Another negative point is HEMA's low
polymerization ability, remaining soft as a kind of gel despite being
cured. If it does not cure properly, the resin matrix will consequently
not be strong; so, HEMA has a low contribution to the mechanical
strength and stability of the polymer matrix, and actually weakens it.
HEMA is also very sensitive to hydrolysis. Another negative aspect is
that, as it is a small molecule, it can compete with other functional
monomers, inhibiting chemical interaction; for example, our re-
search has shown that HEMA can affect 10-MDP’s nano-layering. Its
unfavorable biocompatibility, particularly in terms of its documented
allergic potential, is finally another disadvantage of HEMA that can-
not be ignored.
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Due to all these limitations, dental manufacturers attempt to
develop and produce HEMA-free/poor adhesives, by which there is
definitely a need to find an effective replacement for HEMA.

Q6 What is your wishlist in regard to a most effective 2-step bond-
ing agent in terms of composition, technological features and perfor-
mance?

Bart A separate primer should serve as adhesion promoter. This
primer has to be 10-MDP based, rendering chemical binding poten-
tial. This 10-MDP monomer must be of good quality and be present
in the solution in a sufficiently high concentration. The primer has to
contain also photo-initiators, not enabling the primer to be cured of
course, but to make sure that all areas, even in the deeper parts of
the hybrid layer, will receive photo-initiators, so the infiltrated resin
can polymerize efficiently in situ after the adhesive resin in the third
and final step is applied.

The final step involves indeed the copious application of a
separate adhesive resin, the actual glue. This adhesive should pro-
vide a good seal of the interface, it has to polymerize well, must
present good mechanical properties and must be of hydrophobic na-
ture to reduce water uptake. And it must be applied in a sufficiently
thick layer.

We believe, based on previous researches, that a thicker ad-
hesive layer can serve as a stress/shock-absorbing layer. When the
composite that is placed on top of this layer shrinks, the interface is
subjected to tensile stress; with an elastic layer (buffer layer) we can
prevent that this tensile stress will cause interface de-bonding.

Q7 In your opinion, the application of an HEMA-free hydrophobic
layer following the application of an hydrophilic primer would opti-
mize the adhesive performance to the tooth substrate ?

Bart

sealed to avoid that water is absorbed by the adhesive interface
through osmosis, which causes interfacial porosities and conse-
quently weakens the interface.

This sealing has to be realized immediately and the applica-
tion of a HEMA-free hydrophobic layer, when correctly polymerized,
can reduce water uptake and hydrolytic bond degradation.

Due to the water content, dentin must always be properly
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Message from Professor

G2-Bond Universal (GC), a universal adhesive
in @ new configuration for stable long-term bonding
to tooth enamel and dentin

BEDIFAIEBIURFENDRZELRIEEDZHD
FUWBROIZN—YILEBEI[G2-RVR 2= N—H)L]

Bart Van Meerbeek

(BIOMAT - Biomaterials Research group, Department of Oral Health Science, KU Leuven)

To durably bond to tooth tissue, believed pri-
mary important is to achieve an interface of highly
hydrophobic nature that keeps the adhesive inter-
face sealed against water uptake. Water sorption
and resultant hydrolytic effects constitute the main
bond-degradation pathway. In this regard, the cur-
rent generation of universal adhesives (UAs) should
be regarded as ‘trade-off’ adhesives; they combine
the primer and adhesive-resin function in a single
solution that proportionally contains more solvent
and less resin, as compared to when a separate
primer and adhesive resin are employed by multi-
step adhesives (Van Meerbeek et al., 2020). UAs typ-
ically present with a thin film thickness without
stress-absorbing potential (Ahmed et al., 2020).
Having traded in some bonding performance for
ease-of-use, UAs in their current configuration have
not yet approached the gold-standard multi-step
adhesive benchmarks. A recent multi-parameter
research project revealed that the experimental
precursor of G2-Bond Universal, instructing to sep-
arately apply a 10-MDP-based primer prior to a
highly hydrophobic particle-filled adhesive resin in
both etch-and-rinse or self-etch mode, successfully
combined high bonding potential with bond-degra-
dation resistance thanks to limited water uptake of
a significantly thick adhesive film (Yao et al., 2020).
This new UA configuration promises durable clinical
adhesive performance.
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