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Abstract
Adhesive dentistry dominates the spectrum of restorative dentistry today. 
While there have been significant improvements in composites as well as ad-
hesive systems, certain fundamental prerequisites are still essential to be clini-
cally successful. This review highlights the 10 most important aspects of mod-
ern adhesive technology based on the “most popular” mistakes in the clinical 
protocol: Indication, Contamination, Moisture Control, Evaporation, Poly-
merization, Dentine Sclerosis, MMP Hype, Preparation, Repair and Function. 
If these 10 points are successfully addressed, the probability of success in the 
adhesive technique reaches almost 100%.
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Introduction
Figures from dental health care re-
search impressively demonstrate that 
caries prevention has been successful 
in the Federal Republic of Germany 
[17]. Compared to 1991, 48% fewer 
fillings, 33% fewer extractions and 
18% fewer endodontic procedures are 
performed (Fig. 1) [12, 17].

However, these curves are also an 
indication that the increasing move 
away from “Extension for Preven-
tion” and the simultaneous focus on 
minimally invasive restorative 
measures from around 1992 onwards 
were important flanking measures 
that influenced the course of the 
curves shown. However, it is striking 
that at the beginning of this para-
digm shift, the numbers of root canal 
fillings did not initially decrease but 
increased – a possible explanation for 
this is that the overwhelming major-
ity of colleagues now working with 
adhesives had never learned funda-
mental content of adhesive dentistry 
in their studies. The “endo curve” 
thus reflects nothing more than an 
adhesive learning curve at the begin-
ning of the restorative paradigm shift 
towards composites and ceramics. 
The fact that every dental adhesive 
technique is characterized by con-

siderable technique sensitivity and at 
the same time benefits substantially 
from the skills of the practitioner has 
been amply demonstrated [8, 10]. Al-
though the measurable reduction in 
polymerization shrinkage of compos-
ites over the past 30 years, as well as 
the evolution of adhesive systems, 
have simplified many daily routine 
steps today [2, 5, 6, 16], fundament-
ally important factors of successful 
adhesive technique still persist and 
are critical to clinical success. These 
are highlighted below.

1. Indication: composite 
first, ceramic second
The mean penetration time of proxi-
mal caries through the enamel is 6–8 
years [18]. The prioritization of mi-
nimally invasive interventions there-
fore necessarily starts first with arrest-
ing, sealing or observing measures to 
protect healthy tooth structure [19]; 
minimally invasive excavation is 
only performed in the second step if 
these first measures were not success-
ful [19, 23]. Thereafter, the concept 
of “composite first – ceramic second” 
is applied, which is based on the 
chronological preference of direct vs. 
indirect measures; this does not 
mean that composite is generally 

“better” than ceramic, but that com-
posite should always be the first 
choice, especially in younger pa-
tients, in order to preserve a maxi-
mum amount of healthy tooth struc-
ture for as long as possible [6]. What 
is important initially is not how long 
the selected filling material “lasts” 
but how long the tooth survives in 
the oral cavity, and for this minim-
ally invasive adhesive strategies are 
always preferable to aggressive prep-
arations (and excavations) [11, 16, 
19, 23, 25]. However, with increasing 
age, the described preferences shift 
toward indirect restorations in some 
cases, especially when adhesively 
bonded partial crowns provide effec-
tive stabilization of residual tooth 
structure in fractured cusps or those 
weakened by preexisting restorations 
(especially amalgam) [6, 11]. Today, 
crowns on vital teeth are a last resort 
because, apart from rare exceptions 
(circular defects), partial crowns are 
associated with significantly less den-
tin wounding and involve substan-
tially fewer concomitant endodontic 
risks [1]. Another exception are root 
canal treated teeth with traditionally 
extensive loss of tooth structure – 
crowns are also a stable alternative 
for them [24].
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Fig. 1 Fillings, extractions and root canal fillings in the Federal Republic of Germany since 1991.
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2. Contamination
A contamination-free working field is 
the No. 1 fundamental prerequisite 
for adhesive techniques, or to put it 
the other way round: The No. 1 
source of error in the adhesive proto-
col is contamination of the tooth 
structure substances by saliva, sulcus 
fluid, blood, detergents, astringents, 
lip and skin care products [14]. Even 
cavity disinfection must be men-
tioned in this context, as it also rep-
resents nothing other than contami-
nation of the tooth structure in com-
parison with conventional, retentive 
techniques. A more than question-
able disinfection of enamel and den-
tin is contrasted with a potential re-
duction in adhesion, which should 
be weighed up critically. In any case, 
the author of this review has not per-
formed a “cavity toilet” for 25 years, 
which is supported by his own data 
on H2O2 or CHX (Fig. 2).

Rubber dam is often suggested as 
an “all-purpose weapon” against con-
tamination. This is not realistic 
either, because especially in the pro-
ximally very deep cavities, where the 
risk of contamination is greatest, 
rubber dams are extremely difficult to 
place. Of course, rubber dam is a very 
good standard that makes many 
clinical situations much easier, but in 
the really tricky situations it is not 
helpful, because especially subgingiv-
ally, techniques such as “proximal 
box elevation” are much more effec-
tive than simply applying the rubber 
dam [7]. And finally, it should not be 
forgotten that if the proximal depth 
of the cavity can be controlled, in the 
event of bleeding, rubber dams work 
more easily, more quickly and with 
less contamination than astringents, 
which sometimes have devastating 
effects on dentin adhesion [14].

The most dangerous contami-
nation is definitely that which the 
practitioner does not notice. Then 
any adhesive technique will hardly be 
successful. However, if the contami-
nation is detected, decontamination 
is usually relatively easy to perform 
by spraying. The most unfavorable 
time slot for contamination is directly 
after application of the adhesive, as 
long as it has not yet polymerized – 
then the complete process, including 
finishing, must be repeated.

Another contamination that 
should not be underestimated is pro-
visional cement in indirect lab-fab-
ricated restorations. It is difficult to 
remove completely from the dentin 
surface (Fig. 3). Therefore, approaches 
such as “Immediate Dentin Sealing” 
(IDS) make sense in indirect tech-
niques to prevent dentin contami-
nation [9].

3. Moisture control: why 
“wet bonding” failed
The term “wet bonding” has domi-
nated adhesive dentistry for almost 
30 years. If the collagen network is 
exposed during phosphoric acid 
etching of the dentin, it is very sen-
sitive to drying and collapses. If an 

ace tone-based adhesive is then 
used – as published by Kanca with 
All-Bond 2 [15] – (the same applies 
to ethanol-based systems), hybridi-
zation of the dentin surface can only 
succeed if the dentin is either not 
dried at all after phosphoric acid 
etching (which is clinically unwise, 
since one first wants to be convinced 
that it is free of contamination) or is 
re-wetted in a second step (“re-wet-
ting”). However, re-wetting has 
3 major clinical disadvantages: 1. It 
is hardly reproducible. 2. It is de-
pendent on the cavity geometry. 
3. It causes emotional problems for 
the practitioner, who actually wants 
to work “dry” in the adhesive tech-
nique. These 3 aspects mean that the 
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Fig. 2 Influence of “cavity toilet” on dentin adhesion in deep class I cavities (own data).

Fig. 3 Dentin surface after “removal” of a eugenol-free temporary cement with pumice 
powder and brush: almost half of the dentin tubules are still blocked (SEM, 3000× mag-
nification).
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use of “wet bonding” has never been 
able to establish itself and will not 
do so in the future.

An important question to be dis-
cussed in the history of adhesive 
technology is: why were the classic 
multi-bottle adhesives (Syntac, Opti-
Bond FL, ART Bond, EBS Multi, 
Gluma Solid Bond, Scotchbond 
Multi-Purpose etc.) so successful in 
the German market for over 
30 years? The answer is simple: be-
cause they exhibited virtually no 
technique sensitivity: as long as the 
minimum requirement of using the 
appropriate vials in the correct se-
quence was met, one could hardly 
do anything wrong – especially with 
“wet bonding”. All multi-bottle ad-
hesives contained sufficient water to 
allow the re-wetting process to be 
carried out almost by itself without 
any additional step [21]. All further 
“developments” that followed in the 
adhesive sector were 100% market-
ing-driven “bogus simplifications” 
in the form of a simple reduction in 
the number of bottles. However, 
since all of these adhesives for 
chemical reasons could no longer 
contain water, the observed rate of 
postoperative hypersensitivity in-
creased dramatically [3]. In other 
words: suddenly adhesive systems 
were technique sensitive – and many 
disappointed users returned to the 
multi-bottle adhesives because they 
had much fewer problems with 
them.

It was not until the evolution of 
universal adhesives about 8 years ago 

that an effective reduction in tech-
nique sensitivity was again observed, 
along with chemical coupling to the 
dentin [5]. In particular, the tradi-
tional advantage of the classic multi-
bottle adhesives of functioning on 
etched as well as unetched dentin 
was again successfully realized, and 
in the event of unintentional or in-
tentional dentin etching, the univer-
sal adhesives are just as successful 
thanks to innovative solvent con-
cepts (water addition) even without 
explicit “re-wetting”.

4. Evaporation: please do 
not “blow gently”
A term often heard in the course of 
adhesive application is “gently blow-
ing”. This expression is incorrect. 
Primers or adhesive mixtures contain 
solvents and often also water, and it 
is therefore not expedient to gently 
blow adhesives. “Drying” is the better 
expression in most cases, because 
only when there is no more liquid 
flow in the cavity has the solvent suc-
cessfully evaporated and dentin ad-
hesion to the cavity floor reaches a 
good level (Fig. 4).

5. Polymerization
After contamination, light curing 
ranks second among errors in the ad-
hesive technique. The main sources 
of error are (a) too short polymeri -
zation of the adhesive, (b) uninten-
tional swiveling of the light guide 
and (c) an ill-conceived polymeri -
zation protocol for indirect tech-
niques.
To (a): If an averagely thick layer of 
composite is light-cured for 20 s ac-
cording to the instructions for use, 
the same period of time for a 
200-fold thinner layer of adhesive 
seems excessively long. However, this 
is not a question of polymerization of 
the adhesive layer at the cavity floor, 
but of curing of the “resin tags”, 
which penetrate up to 300mm deep 
into the dentinal tubules – through-
curing in the opaque dentin thus 
requires exactly the specified 10 (self-
etch) or 20 (etch&rinse) seconds.
To (b): Tilting the light guide by as 
little as 10° reduces dentin adhesion 
to the cavity floor by more than 50%. 
Unfavorably bent light guides, re-
duced mouth opening and careless-
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Fig. 4 Only complete blowing or better drying of the (universal) adhesive after the 
reaction time produces good adhesion to the cavity floor.

Fig. 5 Penetration of resin tags into the 
dentin during bonding (CLSM, 2000×).

Fig. 6 Sclerotic dentin in class V.
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ness of the assistant can easily lead to 
such and even worse situations [20].
To (c): When adhesively cementing 
indirect restorations, it should be 
borne in mind that polymerization 
of light-curing materials through the 
ceramic is problematic. An average 
translucent glass-ceramic absorbs ap-
prox. 90% of the light energy at a 
thickness of 4 mm. Furthermore, it is 
practically impossible to polymerize 
an adhesive that has not been poly-
merized separately through the ce-
ramic and luting composite 300 mm 
into the dentin [9]. One solution 
would be, for example, a completely 
dual-curing luting procedure, but 
this runs the risk of reducing the 
time required for clean excess re-
moval. Alternatively, we recommend 
staying with light-curing materials 
but applying them with IDS and 
polymerizing a universal adhesive 
separately [9].

6. Dentinal sclerosis
Especially in cervical defects, the den-
tin is often hypermineralized (Figs 
5, 6). It has been repeatedly shown 
that this type of dentin is an unfavor-
able bonding surface, which is respon-
sible for numerous failures in class V 
restorations. The most effective ap-
proach in adhesive restorative therapy 
is to remove the hypermineralized sur-

face with a coarse diamond bur; this 
improves adhesion enormously [22].

7. MMP hype
It has been known from basic science 
for over a decade that dentin ad-
hesion has many enemies: intrinsic 
moisture, hydrolysis and enzymatic 
degradation [13]. Much research has 
been conducted on the latter in par-
ticular, in order to effectively combat 
a potential “weak link” in adhesive 
technology [13]. A widely favored 
agent is chlorhexidine digluconate, 
which is said to have MMP-inhibiting 
properties [4, 13].

These studies are scientifically in-
teresting and in part quite inno-
vative, but by no means justify a sig-
nificant change in the clinical proto-
col [13]. As described under “con-
tamination”, the following still 
applies: CHX and other cavity dis-
infection or stabilization measures 
are primarily nothing more than con-
tamination and are sufficiently sus-
pected of reducing the effectiveness 
of the adhesive technique (Fig. 2). 
Therefore, nothing beats a clean, 
contamination-free cavity.

8. Preparation
Preparation errors can also contribute 
to the longevity of adhesive restora-
tions. The main errors are (a) the 

handling of unground enamel, 
(b) beveling of the enamel margin 
and (c) too timid preparation ge-
ometries in indirect restorations.
To (a): When bonding to unpolished 
enamel, e.g. for diastema closure, 60 s 
of enamel etching are recommended. 
However, this only applies to very 
young patients, e.g. for diastema 
bonding after orthodontic treatment. 
If older patients are bonded to unpre-
pared enamel, a more invasive pro-
cedure is recommended in relation to 
their age. In other words, for a 
60-year-old, this may even involve 
roughening with a diamond bur. 
Bonding in self-etch mode without 
phosphoric acid is contraindicated in 
these cases anyway.
To (b): According to our clinical 
studies, an enamel margin chamfer is 
not an indispensable prerequisite for 
clinical success in composite restora-
tions in the posterior region. How-
ever, since paramarginal fractures (so-
called “white lines”) are formed at 
the cavity margin without proximal 
beveling due to the polymerization 
“pull” (Fig. 8), a narrow beveling in 
the sense of “edge breaking” is still 
useful.
To (c): Leaving severely weakened 
cusps in (laboratory-fabricated) indi-
rect restorations is usually a mistake 
in the long term (Fig. 9). The same 
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Fig. 7 Sclerotic deposits in the dentinal tubules in the CLSM 
(3000× magnification).

Fig. 8 Paramarginal fractures (arrows) in the absence of proxi-
mal enamel bevel (SEM, 100× magnification).
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applies to preparation margins at 
cusp tip level (regardless of whether 
direct or indirect restorations are 
used), as they almost always cause 
problems later on. In these cases, 
“minimal invasiveness” is counter-
productive [11].

9. Repair
The 5 pillars of minimally invasive 
tooth preservation are prevention, 
excavation, preparation, sustainabil-
ity and reparability. Especially the 
latter is fundamentally important for 
true minimal invasiveness in par-
tially defective tooth-colored restora-
tions. Why should a restoration that 
is 20% defective be 100% renewed 
and risk the removal of large 
amounts of healthy tooth structure? 
Therefore, minimal invasiveness is 
not possible without conclusive re-
pair concepts.

10. Function
Good function is still a decisive fac-
tor for clinical success. Wherever rea-
sonably possible, adhesive restora-
tive measures should be accom-
panied by the establishment of good 
function. For example, the restora-
tion of a sufficient anterior canine 
guidance with minimally invasive 
composite abutments is standard 
practice for us before more extensive 
restoration is carried out in the pos-
terior region.
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