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A
dhesive dentistry has made great strides in the last de-
cades. These improvements have revolutionized many 
aspects of restorative and preventive dentistry. Now, with 
adhesive materials, it is no longer necessary to prepare 
the cavity to provide mechanical retention through such 

features as dovetails, grooves, undercuts, and sharp internal angles 
to retain the filling.1 These improvements have enabled a trend to-
ward minimally invasive dentistry by conserving large quantities of 
tooth substance that would otherwise be removed by a dental bur. 
This article will examine etching techniques, the evolution of bond-
ing agents, and the utility of various dental cements on the market. 

ETCHING
Adhesive systems are generally classified as total etch or self-etch, 
depending on their procedure of application and mechanism of 
adhesion. A third method, called selective etch, will also be dis-
cussed. Although effective adhesion to enamel is achieved with 
relative ease, adhesion to dentin poses a challenge.2 The difficulty 
DISCLOSURE: The author received an honorarium from BISCO, Inc, for his preparation and presentation of the webinar program on which this article is based.

with dentin adhesion is partly due to the biologic characteristics of 
dentin, namely its high organic content, its tubular structure, and 
the presence of the dentin smear layer that forms immediately after 
cavity preparation.3 This smear layer prevents the adhesive from 
interacting directly with dentinal tissue.4 Unless the smear layer is 
modified or removed, neither hybridization nor resin tag formation 
can occur. Bond strength is affected by the extent of resin infiltra-
tion into the exposed collagen network. Different techniques of 
acid conditioning, application of adhesive resin, and evaporation 
of solvents can change the amount of resin uptake and the resulting 
bond strength.5

Total Etch 
Total etch systems generally provide a high bond strength to cut 
and uncut enamel, as well as to sclerotic dentin.6 There is also less 
risk of microleakage. Microleakage at the tooth–restoration inter-
face is considered to be a major factor influencing the longevity 
of the restoration. When microleakage occurs, bacteria and oral 
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ABSTRACT
The development and regular use of adhesive materials has revolutionized many aspects of restorative and preventive dentistry. However, the loss of 
adhesion or retention of a restoration is a frequent problem observed by dental practitioners, especially due to degradation of bond strength. This article 
will discuss the advantages and disadvantages of a variety of techniques and materials, providing information for dentists to choose the ideal combina-
tion for each unique restoration. The article will explain the options for etching systems, review the literature on current knowledge of adhesive systems 
according to their classifications, and discuss cementation options on the market today.
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LEARNING OBJECTIVES
• Identify different adhesive 

bonding agents.
• Describe the advantages and 

disadvantages of using the 
various etching methods. 

• Describe the types of dental 
cements on the market. 
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fluids invade the resin–dentin border, thereby deteriorating the 
bond area, resulting in teeth sensitivity, secondary caries, or pulp 
inflammation.7,8

When compared with self-etch systems, total-etch systems have 
been said to be more technique sensitive due to the separate step of 
etching enamel and dentin; strict protocols must be followed. With 
a total-etch system, isolation and a dry field are critical. Howev-
er, dentin etched with phosphoric acid must not be overdried. Too 
much water inside the dentinal tubules can make adhesion diffi-
cult, but an excess of water indicates that not all the water mole-
cules will attach to acetone molecules and be volatilized. Etching 
enlarges the size and volume of pores in the enamel and roughens 
the surface so that the sealant can penetrate and mechanically lock 
into these spaces.9

Original surface dentin is covered by a smear layer consisting 
of organic and inorganic debris. Etching and rinsing this surface 
removes the smear layer and eliminates the apatite from between 
the collagen fibers. Thus, when the smear layer is removed, the 
resulting open dentin tubules can lead to postoperative sensitivity, 
which may be a problem when not managed correctly.10

Self-Etch
Self-etching systems are part of a trend toward simplification.11 
Self-etching systems were developed to avoid the adverse effects 
of over-etching and over- or under-priming. In line with simpli-
fication, the removal of the smear layer and smear plugs is not 
required with self-etching systems because these systems are ca-
pable of etching the tooth surface while simultaneously preparing 
it for adhesion.11

The better durability of mild two-step self-etch adhesives may 
be attributed to the use of a separate, relatively more hydrophobic 
resin layer on top of the hydrophilic self-etch primer, which ren-
ders the interface less susceptible to water sorption.12 Neverthe-
less, mild two-step self-etch adhesives are not totally immune to 
bond degradation, because they are still hydrophilic, and enzymat-
ic hydrolysis of ester bonds may still occur over time.13

Unfortunately, bond strengths to enamel and sclerotic dentin 
are typically lower with self-etch than with total etch.6 Additional-
ly, bonding to self- or dual-cure composites and cements may be 
noncompatible without the use of dual-cure activators.14 

Selective Etch
Selective etch is a hybrid technique combining both self-etching 
and total etching. It can be used in a situation where there is some 
enamel and some dentin. In that case, one would selectively apply 
phosphoric acid and etch just the enamel, avoiding the dentin. That 
action would provide high bond strength to cut and uncut enamel, 

sclerotic dentin, and dentin without acid etching. However, with 
the sixth and seventh generation of adhesives, an inadvertent etch 
on dentin could decrease bond strength.15,16

CLASSIFICATION OF BONDING AGENTS
Adhesive dentistry began in 1955 with an article by Dr. Michael 
Buonocore on the benefits of acid etching.17 With changing tech-
nologies, dental adhesives have evolved from no-etch to total-etch 
(fourth and fifth generation) to self-etch (sixth, seventh, and eighth 
generation) systems.18

In the 1980s and 1990s, fourth-generation dentin bonding agents 
were introduced. The fourth-generation materials were the first to 
achieve complete removal of the smear layer.19 A three-step pro-
cess is involved; the three primary components (etchant, primer, 
and bonding) of adhesive dentistry are packaged in separate con-
tainers and applied sequentially. The first step is to etch and rinse 
with phosphoric acid.20 The second step is to apply the hydrophilic 
primer, which can infiltrate the exposed collagen network form-
ing the hybrid layer, providing high bond strength and a dentin 
seal.21,22 The third step is to apply the hydrophobic adhesive layer 
from a separate bottle, which then air-thins and light-cures. The 
concept of total-etch technique and moist dentinal are hallmarks of 
the fourth-generation system.23 This system is technique sensitive, 
is complex, and can be time-consuming.24 Also needed was a way 
to prevent collagen collapse of demineralized dentin and to mini-
mize, if not totally eliminate, postoperative sensitivity.

In the 1990s, fifth-generation bonding systems sought to sim-
plify the process of fourth-generation adhesion by reducing the 
clinical steps. The fifth generation combined the primer and ad-
hesive, making it a single-bottle process. This generation achieves 
high clinical bond strength, but the resin–dentin bond is prone to 
water degradation.25

The sixth generation, also known as self-etching primers, elimi-
nated the etching step or included it chemically into one of the other 
steps. It developed from a need to address the issue of sensitivity, 
so instead of etching with phosphoric acid, one etches with acid-
ic primers. Etch and prime is in the first bottle, and hydrophobic 
bonding resin material is in the second bottle. The biggest advan-
tage of the sixth generation is that the efficacy appears to be less 
dependent on the hydration state of the dentin than the total-etch 
systems.22 The sixth-generation system is highly successful when 
bonding to dentin but less effective when bonding to enamel.26

Seventh-generation bonding systems were introduced in late 
1999 and early 2005. These are all-in-one; all the ingredients re-
quired for bonding are placed in and delivered from one bottle.27,28 
This greatly simplifies the bonding protocol, limiting the errors 
that were introduced with previous generations by the dentist or 

When the smear layer is removed,  
the resulting open dentin tubules can lead to  

postoperative sensitivity, which may be a problem  
when not managed correctly.
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dental assistant who had to mix the separate components with oth-
er, more complicated systems. However, these inherently acidic 
systems tend to have a significant amount of water in their formu-
lations and may be prone to hydrolysis and chemical breakdown.29 
They also tend to be more hydrophilic than two-step self-etching 
systems, which makes them prone to water sorption, limits the 
depth of resin infiltration into the tooth, and results in voids.30

The latest developments in the adhesive marketplace are known 
as universal adhesives. These systems have the potential to signifi-
cantly simplify and expedite adhesive protocols. This generation is 
not only a single step in a single bottle, but also can be used with 
all three of the bonding modes (total etch, self-etch, or selective 
etch) (Figure 1 through Figure 3). Additionally, universal adhe-
sives can be used for both direct and indirect restorations, have a 
low film thickness, and are compatible with light-cure, dual-cure, 
and self-cure composites and resins. However, the manufacturers 
of some universal adhesives still recommend the use of separate 
activator and dedicated primers to optimize bond strength to sub-
strates such as porcelain and zirconia.24 As always, the manufac-
turer’s instructions should be followed. 

In summary, the components of an ideal bonding agent include 
ease of use, fewer steps, versatility, compatibility with curing sys-
tems, high bond strength, a low film thickness, no postoperative 
sensitivity, and no microleakage. Universal bonding adhesives 
meet these criteria. 

CEMENTATION
The characteristics of an ideal cement are that it should be easy 
to mix, have a low film thickness and low viscosity, have a short 
setting time, be insoluble in oral fluids, provide a high sheer 
strength, provide a high tensile strength, provide a high com-
pressive strength, and be able to bond to both tooth structure and 
restorations. It should also be biocompatible with pulp and soft 
tissue, available in various shades, and easy to clean up.31 To 
achieve an optimal clinical performance for cement, there should 
always be adequate preparation that includes good resistance and 
retention form.

Cementation materials include zinc phosphate cements, poly-
carboxylate cements, glass-ionomer cements, polyacid-modified 
composite cements, resin-based cements, and resin-modified glass 
ionomer cements. Additionally, the newest cement choices are bio-
ceramic luting cements. 

With conventional cementation, the tooth is simply rinsed and 
dried and the restoration is cleaned, rinsed, and dried. There are 
no primers on the tooth, nor on the restoration. Zinc phosphate is 

relatively inexpensive, easy to mix and clean up, and radiopaque. 
Unfortunately, it has a very low pH, relatively low bond to tooth 
structure, and solubility in oral fluids, and it often induces pul-
pitis.32 Polycarboxylate cements are difficult to clean up, and 
they undergo a relatively fast viscosity change after mixing.32 
Glass-ionomer cements release fluoride and have strong bonds in 
their adhesion to enamel and dentin. However, they too can irri-
tate the pulpal tissue due to their acidic nature. Polyacid-modified 
composite cements provide relatively high bond strength and low 
solubility in oral fluids, although they do undergo hygroscopic 
expansion and thus lose bond strength quickly.33 Resin-modified 
glass-ionomer cements are easy to use, are relatively stable, and 
release fluoride. Unfortunately, they are also acidic in nature and 
hydrophilic.34 Resin-based cements can be either dual-cure, light-
cure, or both. They provide high bond strength, are not water sol-
uble, and do not tend to irritate pulpal tissue. They are, however, 
extremely technique sensitive.35

The most recent addition to cementation options, bioactive ce-
ments, are also known as ion-releasing and recharge cements. A 
desirable bioactive restorative material would create a bond with 
surrounding tooth structure and release ions to allow remineraliza-
tion at tooth margins after an acid challenge. A bioactive cement 
may have the additional benefit of attracting calcium phosphate 
precipitates to its surface to occlude an existing cement gap.36 Some 
of these newer cements contain a regenerative ability. Hydraulic 
silicate cements, such as mineral trioxide aggregate, total fill, and 
calcium-enriched cement, have claims of bioactivity.37 However, 
the retention strength of current bioactive materials should not yet 
be expected to match that of an adhesive resin cement.36

CONCLUSION
This article has discussed the evolution of materials and techniques 
that enable the trend toward minimally invasive dentistry. Mini-
mally invasive dentistry involves the ability to bond various mate-
rials in a predictable manner to both enamel and dentin substrates, 
enabling dentists to routinely place porcelain veneers, direct and 
indirect composites, and a plethora of other restorative and esthet-
ic materials. The increasing demand for esthetic restorative treat-
ments has led to great advances in dentistry, including the devel-
opment of adhesive integrated materials (such as adhesive systems 
and composites) and techniques aimed at restoring natural tooth 
appearance. Success in adhesive dentistry results in long-lasting 
restorations. Choosing the right materials and techniques is key to 
achieving a successful restoration.

Fig 1. Self-etch: minimum treatment time with reduced risk of postoperative sensitivity. Fig 2. Selective-enamel etch: enhanced adhesion to enamel and optimum marginal integrity.
Fig 3. Total etch (etch and rinse): maximum adhesion to both enamel and dentin with optimum marginal integrity.
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1. The difficulty with dentin adhesion is partly due to
the biologic characteristics of dentin, such as which
of the following?
A. high organic content
B. tubular structure
C.  presence of the dentin smear layer that forms imme-

diately after cavity preparation
D. all of the above

2. Which of the following techniques can change the
amount of resin uptake and the resulting bond
strength?
A. acid conditioning
B. application of adhesive resin
C. evaporation of solvents
D.  all of the above

3. Which of the following is an effect of microleakage at
the tooth–restoration interface?
A. teeth sensitivity
B.  secondary caries
C. pulp inflammation
D. all of the above

4. Self-etching systems are part of a trend toward which
of the following?
A. simplification
B.  complexity
C.  over-complicating
D.  none of the above

5. In what year is adhesive dentistry said to have begun?
A.  1905
B. 1925
C. 1955
D. 1985

6. Traditionally, what are the three primary components
of adhesive dentistry?
A. etchant, primer, and bonding
B. acid, primer, and bonding
C. etchant, bonding, and polishing
D.  etchant, rinsing, and bonding

7. The sixth-generation system is highly successful when
bonding to which, but less effective when bonding to
which?
A. enamel/dentin
B. dentin/enamel
C.  tooth/restoration
D.  restoration/tooth

8. Which of the following is a characteristic of an ideal
cement?
A.  high viscosity
B.  very thick film
C.  short setting time
D. soluble in oral fluids

9. Which of the following is the newest addition to
cement choices?
A. zinc phosphate
B.  polyacid-modified composite
C.  resin-modified glass-ionomer
D. bioceramic luting

10. What would a desirable bioactive restorative
material do?
A. create a bond with surrounding tooth structure
B.  release ions to allow remineralization at tooth mar-

gins after an acid challenge
C. A and B
D. none of the above
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