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Abstract: In 1997, the FDA cleared the Er:YAG laser for caries removal, cavity preparation, and laser etching of
enamel. The clearance of the first Er:YAG (2.94 μm) laser focussed on the ability of this wavelength to create
Class I, II, II, IV, and V dental preparations, and its role in restorative dentistry was established. An extensive number of studies were completed investigating adhesion and seal in association with Er:YAG, and evaluating whether
laser cavity preparation and/or laser cavity conditioning could replace the acid-etch procedure or the classic pretreatment procedures prior to resin composite or glass-ionomer restoration. This review presents an overview of
the literature regarding adhesion and sealing efficacy of different (pre)treatment protocols in association with
Er:YAG laser preparation. It is concluded that at present, it is advisable to respect the conventional pretreatment
procedures prescribed by the adhesive materials. Although the majority of present day reports show that microleakage and bond strength values are negatively influenced by laser (pre)treatment as compared to conventional preparation, contradictions remain on how adhesion is best achieved on Er:YAG-lased surfaces. An
explanation for the disparate statements is the heterogeneity in the parameters used when preparing dental tissue
with a laser. Based on these findings, it has to be emphasized that there is a need for “golden standards” regarding energy output in order to eliminate surface and subsurface alterations of dental substrate which negative influence adhesion and seal.
Keywords: Er:YAG laser, adhesion, resin composite, glass-ionomer cement, microleakage, tensile bond strength.
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o date, newer technologies for preparing dental
hard tissue, such as laser irradiation, have become
widespread. The most promising wavelength has been
the Er:YAG laser at 2.94 μm, which has been advocated especially to prepare microcavities in keeping
with “microdentistry”, “minimally invasive dentistry”
or “minimal intervention dentistry”.
Although all adhesive materials and procedures are
developed to act on tooth substrate prepared by conventional techniques, new investigations search for alternative techniques that could produce better effects
than acids. Among the innovations for substrate surface treatment, the role of the Er:YAG laser has also
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been highlighted. This laser, applied to dental surfaces,
results in a rough microretentive pattern that can help
in the retention of restorative materials. As a consequence, the use of acid etching and a dentin primer to
promote infiltration of resin within the hydrophilic organic tissue is no longer recommended by some researchers. This different approach is also recommended
by a number of laser manufacturers. Some dentists
have also started using the Er:YAG laser at low-energy
settings for conditioning both enamel and dentin in
place of conventional acid etching as pretreatment for
adhesive procedures. This means that three different
(pre)treatment procedures involving laser are available

7

LASER PROCEDURES ON DENTAL HARD
TISSUES – A HISTORICAL REVIEW
Cavity preparation using lasers remains an area of
major research interest since lasers were initially developed in the early 1960s.1 Goldman et al2 and Stern
and Sognaes3 carried out the original research in that
period with hard-tissue treatment including caries therapy and cavity preparation. Basic studies with Nd:YAG
and CO2 lasers followed in the 1970s. As a result of
these investigations, unavoidable disadvantages such as
damage to the dental pulp, carbonization of dentin,
and crack formation in enamel were discussed as limitations in cavity preparation. In 1974, Stern4 concluded
that unless heat-related structural changes and damage
to the surrounding dental tissues could be reduced,
laser technology could not replace conventional dental
rotating instruments.
Although high-powered photothermal lasers can be
used effectively to cut and coagulate soft tissue, they
are not ideal for hard tissue interactions. They compromise tooth structure and create a pathological condition. The thermal ablation efficiency or the thermal
effects were too high, or both. In 1988, Paghdiwala5
tested for the first time the ability of the Er:YAG laser
to ablate dental hard tissues. He successfully created
cavities in enamel and dentin with low energies. Without any water cooling, the prepared cavities showed no
cracks and little or no charring, whereas the mean rise
of temperature in the pulpal cavity was 4.3°C, well
within the margin of pulpal safety.
Studies between 1988 and 1991 by Hibst et al6,7
and Keller et al8 showed that tooth structure could be
removed by the Er:YAG wavelength without causing
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nowadays: (1) Er:YAG cavity preparation without any
pretreatment procedure, (2) Er:YAG cavity preparation and laser conditioning prior to placement of an adhesive restoration, and (3) Er:YAG cavity preparation
in association with the conventional adhesive approach
(acid etching for resin or conditioning for glass
ionomer + adhesive procedure).
The aim of the present overview was therefore to
review the bonding and sealing effectiveness of adhesive restorative materials (resin composites and glassionomer cements) in Er:YAG-prepared cavities in
association with the three previously described pretreatment procedures or their combinations: no pretreatment, laser conditioning, and conventional
conditioning procedure as prescribed by the adhesive
material of choice.
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in a prospective study, it was shown thatewhen
Er:YAG laser was used in conjunction with an adequate
water spray for cooling during cavity preparation, it
was a comfortable (relatively little pain was felt by the
patient) alternative to conventional mechanical preparation.9 Although preparation time for the laser procedure was approximately twice that of a high-speed
handpiece, pulp vitality was maintained. Ablation of
tooth structure was about one order of magnitude
lower than for soft tissue and about two to four times
lower than for bone.10
The safety and the value of using the Er:YAG wavelength for preparation of hard tissues was investigated
during the mid-1990s.11-15 A common finding in these
studies was that tooth structure could be ablated without thermal damage when the Er:YAG was used with
water. Ablation rates in enamel of 20 to 50 μm per
pulse were obtained. Typical microcracks and other
thermal damage such as carbonization were seen when
the wavelength was used without water spray.
In 1997, the FDA cleared the Er:YAG laser for caries
removal, cavity preparation, and laser etching of
enamel. The clearance of the first Er:YAG (2.94 μm)
laser focussed on the ability to create Class I, II, III, IV,
and V dental preparations, and its role in dentistry was
established.16
At present, several laser types with similar wavelengths in the middle infrared region of the electromagnetic spectrum are used commonly for cavity
preparation and caries removal. The Er:YAG, Er:YSSG
and Er,Cr:YSGG lasers operate at wavelengths of
2.940 μm, 2.790 μm, and 2.780 μm. These wavelengths correspond to the peak absorption range of
water in the infrared spectrum. However, the absorption of Er:YAG laser (13,000 cm-1) is much higher than
that of the Er:YSGG (7,000 cm -1 ) and Er,Cr:YSGG
(4,000 cm -1 ). 17,18 The efficiency of ablation is thus
greatest for the Er:YAG laser.
Other non-erbium laser-based cavity preparation systems have been tested during the last three decades. To
date, alternative laser systems, including super-pulsed
CO 2 , Ho:YAG, Ho:YSGG, Nd:YAG, Nd:NLF, diode
lasers, and excimers, have not been proven feasible for
cavity preparation in general practice settings.1
TISSUE INTERACTION – Er:YAG vs Er,Cr:YSGG
Both wavelengths have the highest absorption in water
of any dental wavelength and have a high affinity for
hydroxyapatite.6,19,20 The laser energy couples into the
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hydroxyl radical in the apatite crystal and into the
water that is bound to the crystalline structures of the
tooth. The vaporization of the water within the mineral
substrate causes the surrounding material to literally
explode away.21 The free-running pulse mode provides
the peak power to facilitate the explosive expansion,
and laboratory studies indicate that the pulpal temperature of the treated tooth may decrease by as much as
5°C during laser treatment.
Removal of tooth substance is characterized by a
typical popping sound. Both the pitch and resonance of
sound relate to the propagation of an acoustic shock
wave within the tooth, and vary according to the presence or absence of caries. This feature assists the user
in determining whether caries removal has been completed.22
In contrast to the popping sound during caries removal, the Er,Cr:YSGG laser system creates a loud
snapping sound even when not in contact with any structure in the mouth. This seeming paradox can be explained by an effect termed “plasma de-coupling” of the
beam, in which incident laser energy heats the air and
water directly in front of the laser handpiece. In the
Er,Cr:YSGG laser, this is done intentionally in order to
deliver energy onto the rear surface of atomized water
molecules, with the aim of accelerating them to a
higher speed, known as “hydrokinetic cutting”.23
High-speed photography and the scientific literature
cannot give any credence to the “hydrokinetic effect” as
being a viable means of how laser ablation occurs.24-26
The mechanism by which enamel is removed is thus basically the same for both laser systems: explosive subsurface expansion of interstitially trapped water. 26
Freiberg and Cozean also concluded that “if the proposed hydrokinetic effect exists, it is not effective on
hard materials, which are void of water, and it does not
contribute in any significant degree in the ablation of
dental enamel.”26
The preparations produced by the Er:YAG and
Er,Cr:YSGG lasers have a characteristic chalky surface
when used on enamel. Micromorphology of the lasertreated dentin depicts a retentive pattern similar to
acid-etched enamel and preservation of the anatomical
features of enamel rods.27,28 In dentin, a crater-like surface often accompanied by good definition of the exposed orifices of the dentinal tubules is seen. Most of
the tubules remain open after ablation. Surfaces are
generally clean, without cracks and with very little to
no smear layer. Vaporization of intertubular dentin is
greater than of peritubular dentin, showing a protrusion of the dentinal tubules with a cuff-like appearance.
Scanning electron microscopic images show that laser
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PRESENT-DAY ADHESION TO DENTIN AND
ENAMEL
The basic mechanism of bonding to enamel and dentin
is essentially an exchange process involving replacement of minerals removed from the hard dental tissue
by resin monomers which, upon setting, become micromechanically interlocked in the created porosities.30
Based upon the underlying adhesion strategy, three
mechanisms of adhesion are currently in use with modern adhesives.31,32

The Etch-and-Rinse Approach
The etch-and-rinse technique is definitely still the most
effective approach to achieve efficient and stable bonding to enamel. Retention is the result of (1) formation
of resin tags through in situ polymerization of resin
within the etched pits and (2) envelopment of the exposed hydroxyapatite crystals.
Diffusion-based mechanisms are the basis of dentin
bonding. Hybridization or micromechanical interlocking of resin within the exposed collagen fibril scaffold
should be achieved.
For this approach, a conditioning step (etching with
30% to 40% phosphoric acid) should be followed by
(1) a priming step and application of the adhesive resin,
ie, a three-step application (two-bottle adhesives), or
(2) primer and adhesive are combined into one application, ie, a simplified two-step etch-and-rinse application
(one-bottle adhesives).

The Self-etching Adhesives
A nonrinse acidic monomer simultaneously conditioning and priming the dentin and enamel is used. This approach eliminates the rinsing phase.
There are two types of self-etching adhesives: mild
and strong. Strong self-etching adhesives have a rather
low pH (<1) and exhibit a bonding mechanism (primarily diffusion based) and interfacial ultramorphology in
dentin resembling that produced by etch-and-rinse adhesives. Mild self-etching adhesives (pH around 2) dissolve the dentin surface only partially, so that a
substantial number of hydroxyapatite crystals remain
within the hybrid layer. Adhesion is obtained microme-

9

Glass-ionomer Cements and Glass-ionomer
Adhesives
Glass-ionomer cements are the only materials that are
self-adhering to tooth tissue.34 A two-step approach is
needed: conditioning and cleaning of the surface, eliminating the need for acid etching with polyalkenoic acid,
in order to remove the smear layer and to expose the
collagen fibrils up to about 0.5 to 1 μm deep. 35
Therein glass-ionomer components will then interdiffuse and establish a micromechanical bond following
the principle of hybridization.31,36 Consequently, chemical bonding is obtained by ionic interaction of the carboxyl groups of the polyalkenoic acid with calcium of
hydroxyapatite that remains attached to the collagen
fibrils.34 A two-fold bonding mechanism similar to that
of mild self-etching adhesives is achieved. It should be
emphasized that the infiltration capacity of glass
ionomers is limited by the high molecular weight of the
polycarboxyl-base polymer, so that only shallow hybrid
layers are formed.

DEVELOPMENT OF RESIN DENTIN ADHESIVES
AND THEIR CLASSIFICATION
Successful bonding to enamel was achieved with ease.
The development of predictable bonding to dentin,
however, has been more problematic. The chronological method of classifying dentin bonding systems is
called the “general system” and refers to different generations.37
As research on adhesion in Er:YAG laser dentistry
only started in 1990s, especially 4th and 5th generation adhesives have been investigated. Nowadays, with
the introduction of one-step self-etching or so-called
all-in-one adhesives, a limited number of studies have
already evaluated the 6th generation adhesives.

Fourth-generation Adhesives
It was only in the early- to mid-1990s that a significant
advance in adhesive dentistry was made with the development of multistep dentin adhesive systems. With
these systems, the obligatory pretreatment of dentin
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chanically through shallow hybridization and by additional chemical interaction of specific carboxyl/phosphate groups of functional monomers with residual hydroxyapatite.33

vo
rbe
ha
n t the het- lten
with conditioners and/or primers that made

Qu

STATE OF THE ART/REVIEW

by
ht

opyrig

C
All
eR
ech
te

z
erogeneous and hydrophilic dentin substrateesmore
se nreceptive to bonding was mandatory. The pretreatment
procedure was followed by the application of a low-viscosity adhesive resin, unfilled or semifilled, that copolymerized with the primed dentinal surface layer and
simultaneously offered bonding receptors for copolymerization with the restorative resin composite.
Fifth-generation Adhesives
The fourth-generation adhesives were characterized by
the complexity of number of steps or compounds involved. The intended purpose of the fifth-generation
adhesives was to achieve similar or improved bonding
and sealing, but with fewer bottles and/or in less time.
Not all of these fifth-generation adhesives have fulfilled
these requirements: bonding strength was comparable,
clinical performance was not as good as or comparable
to the fourth-generation adhesives. On the other hand,
improvement of these systems still continues.

Sixth-generation Adhesives
This generation refers to simplification of the systems
and the introduction of true single-bottle systems or
all-in-one systems. In this “war of the bottles”, the idea
of self-etching adhesives is not new. Already in the
early 1990s, the concept of self-etching primers was introduced with Scotchbond 2 (3M). The self-etching adhesives nowadays provide monomer formulations for
simultaneous conditioning and priming of both enamel
and dentin. Next to the classification on the number of
application steps, self-etching adhesives should also be
subdivided into mild and strong self-etching adhesives,
depending on their pH and thus etching potential.

ADHESION TO DENTIN AND ENAMEL IN
LASER DENTISTRY
Since the report of Buonocore, 38 the standard approach for enamel pretreatment has been acid etching.
Effective adhesion to enamel has been achieved with
relative ease and has repeatedly proven to be a durable
and reliable clinical procedure for routine applications
in modern adhesive restorative dentistry.39 The formation of a hybrid layer and resin tags is essential to the
establishment of a strong bond at the dentin level.40,41
One way of achieving this is by a complete dissolution
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of the smear layer and the demineralization of intertubular and peritubular dentin by means of acid etching, resulting in an exposed collagen matrix that is
infiltrated by resin that polymerizes in situ.
With the introduction of the Er:YAG laser, in contrast to other available lasers, it became possible to
remove dentin and enamel more effectively. 8,42,43
Moreover, cavity pretreatment with Er:YAG laser (laser
etching) was proposed by some as an alternative to
acid etching of enamel and dentin: laser irradiation of
enamel and dentin has been reported to yield an anfractuous surface (fractured and uneven) and open
tubules, both apparently ideal for adhesion.44 Roughened dentin surfaces with open tubules without smear
layer production were reported by others.45-51
Next to cavity preparation, the ablative effect of
Er:YAG light in healthy enamel and dentin could also be
used for modifying the dental surfaces and eliminating
the need for acid etching. Some researchers have
explored the use of lasers to modify the surfaces of
teeth intentionally and to improve bonding of restorations.28,50-53
When referring to the previously mentioned mechanisms of adhesion, it must be clear that there is a contradiction between the adhesion approach promoted
after laser preparation without conventional conditioning (etching or the use of a glass-ionomer conditioner)
and the well-established pretreatment for adhesive procedures with present-day composites and glass-ionomer cements after conventional cavity preparation
with the bur.
The question remains of how appropriate adhesion
can be achieved in lased cavities. Indeed, the ablation
process does not leave hydroxyapatite-depleted collagen on the dentin surfaces, in contrast to acid etching
which exposes a microporous, demineralized collagen
fibril network that can be hybridized using conventional resin-based adhesives.31 Consequently, when the
laser-conditioned tissue is not separately acid etched,
collagen is not exposed, and consequently no hybrid
layer can be formed.54 Even the use of a dentin primer
to promote infiltration of resin within the hydrophilic
organic tissue is no longer recommended.55 Despite
this different approach, laser manufacturers commonly
continue to maintain that at low-energy settings, enamel and dentin can be conditioned with the Er:YAG in
place of conventional acid-etching procedures as pretreatment for adhesive procedures.
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Present-day adhesive dentistry in general is confronted
with the following shortcoming: adhesive restorations
have a limited durability in vivo56 as a result of loss of
retention and marginal adaptation. 57,58 It has been
shown that the immediate bonding effectiveness of
contemporary adhesives is quite favorable, regardless
of the approach. In the long term, however, the bonding effectiveness of some adhesives drops dramatically, whereas the bond strengths of other adhesives are
more stable.59 In a recent systematic review of current
clinical trials evaluating the clinical effectiveness of contemporary adhesives,30 the following conclusions were
drawn:

• Glass-ionomer cements bond most effectively and
durably to tooth tissue.
• Three-step etch-and-rinse adhesives and two-step
self-etching adhesives show a clinically reliable and
predictably good clinical performance.
• The clinical effectiveness of two-step etch-and-rinse
adhesives was less favorable, and an ineffective clinical performance was noted for the one-step selfetching adhesives.
• Simplification of the application procedure appears
to induce loss of effectiveness.
• The simplified adhesives might be faster and easier
to use clinically, the resultant technique-sensitivity
rises rapidly.
In the light of laser adhesive dentistry, the aim of
this paper was then to review the literature on:
• The effectiveness of contemporary adhesives and
adhesive materials (including glass-ionomer cements) in association with Er:YAG-lased cavities and
to compare the data with those of the adhesive efficacy in conventionally (bur-) prepared cavities;
• The added value of laser pretreatment in order to
eliminate conventional pretreatment procedures.

ADHESION: BOND STRENGTH AND
MARGINAL SEALING ABILITY
1. Bond Strength
Resin Composites
Different bond strength tests have been developed.60,61
Currently, the shear and microtensile bond strength
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First hypothesis: laser irradiation is as effective as
traditional acid-etching procedures to pretreat
enamel and dentin
In general, studies on bonding to laser-treated teeth
have been reported using 4th and 5th generation
bonding agents. 44,63-82 No studies after the year
200067-82 could substantiate the hypothesis that laser
irradiation was equally effective as traditional acid-etching procedures to pretreat enamel and dentin for
bonding. Moreover, acid etching laser-conditioned
enamel and dentin significantly improved the bonding
effectiveness of the total-etch adhesive. Thus, the conclusion was reached that (1) an Er:YAG laser created a
laser-modified layer that adversely affected adhesion to
dentin and therefore could not constitute an alternative
bonding strategy to conventional etching, 72 and (2)
there were subsurface changes in Er:YAG-lased dentin
and enamel which could also result in subsurface fissuring that is unfavorable to adhesion.68

Second hypothesis: preparation of tooth substrate
with Er:YAG laser or diamond bur is equally
effective in terms of bond strength
A second hypothesis was that preparation of tooth substrate with Er:YAG laser or diamond bur is equally
effective in terms of bond strength. With the introduction of the 6th generation self-etching self-priming
bonding systems, this hypothesis has been advanced
more than before. In the meantime, there is evidence
that this hypothesis should be rejected not only for the
4th and 5th generation adhesive systems, but also for
the self-etching and self-priming bonding systems.83,84
An explanation can be found in surface alterations
due to laser irradiation. For example, Nd:YAG laser is
known to create an acid-resistant layer on the surface
of dentin and enamel, which might be useful as a preventive measure against dental caries.85,86 The underlying process is not clearly understood, but may be due
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test methods are the most frequently used.59 The fact
that there is evidence that the smear layer is absent
when dental hard tissue is irradiated by the Er:YAG
laser7,42 has supported the view that there is no need
to acid etch (phosphoric acid) the enamel and dentin in
association with Er:YAG laser preparation for smear
layer removal prior to bonding. The latter is a requirement when burs are used, for rotating instruments always produce a smear layer.37,62
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ing effects of the laser irradiation. At subablative
ergy densities, the Er:YAG laser decreases the water
amount in dentin, which later can be partly restored by
water uptake. Relative decrease of organic tissue within
the dentin was detected as well, which may indicate
that the Er:YAG laser selectively removes organic tissues.87 In addition, Kataumi et al54 observed cracks
below the hybrid layer, indicating that subsurface damage was caused by Er:YAG irradiation. These findings
were confirmed by Fe-SEM examination in the study of
De Munck et al, demonstrating significantly more microcracks in laser-irradiated than in fractured dentin
surfaces.73
Hybridization is a requirement for effective dentin
adhesion. Surface alteration as a result of laser irradiation may therefore interfere with dentin adhesives even
when laser irradiation is followed by acid etching. The
more acid-resistant laser irradiated surface might have
reduced the acid effectiveness, especially in those situations where less acidic self-etching adhesives are used.
Next to an increased acid resistance, there is also less
collagen left for hybridization after Er:YAG irradiation.
Moreover, the subsurface damage can also exceed the
thickness of the hybrid layer, leaving a weakened substrate without resin reinforcement underneath. This
finding, among others, explains the cohesive fractures
of dentin and enamel frequently observed. 67,68,71,73
The theory of subsurface damage and insufficient hybridization with self-etching adhesives, resulting in low
tensile bond strengths, is substantiated in studies
where the superficial layer of the lased cavity is acid
etched or removed by air abrasion70,74 or additionally
pretreated with glutaraldehyde.73 It seems that the formation of an interdiffusion zone similar to that obtained when the dentin is prepared conventionally and
acid etched is difficult to create.88-90
Besides these structural changes, the phenomenon
of vitrification has not yet been addressed. Vitrification
means the recrystallization of the dentinal apatite and a
formation of an additional phase of calcium phosphate.
This phenomenon increases hard tissue resistance to
acid demineralization, dental hardness, and dental
abrasion, and also seals the dentinal tubules to a depth
of up to 4 μm, thus reducing permeability and dentinal
hypersensitivity.91-93 These structural alterations which
modify the qualities of dentin and enamel surfaces can
prevent the restorative materials from successfully
bonding to the tooth. Moreover, hard-tissue cohesive
microfractures can be found in the areas below the irradiation target.68
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• Total-etch and self-etching adhesives bond significantly less effectively to Er:YAG-lased than to burcut enamel/dentin.
• The acid-etching technique remains mandatory even
after laser conditioning for both dentin and enamel.
• There is a reduced thickness of the hybrid layer in association with Er:YAG-lased dentin and acid etching.
• To date, it is not advisable to use all-in-one or selfetching systems in association with Er:YAG-lased
cavities.
• Subsurface damage initiated by Er:YAG ablation is
probably the major reason for the decrease in bond
strength and cohesive failure in the sub-bonding
layer in dentin and enamel.
• There is a need to further clarify the effects of enamel and dentin laser conditioning on adhesive bonding.
• There is a need for further research of the micromorphological alterations of dental surface and the
substrate/restorative-material interface.

i

CONCLUSION

Qu

The process of vitrification is associated with the
amount of laser energy on the dental substrate, and
laser energy is also associated with heat. The heat generated by the laser beam might induce an intense and
rapid temperature increase in dentin located under the
irradiated area.94 Due to the low coefficient of thermal
diffusion in dentinal tissue, heat is not scattered but contained within a restricted area below the lased surface.
A rapid and substantial heat output from the laser
therefore produces an intense thermal expansion of the
dentin below the lased surface. This is followed by a
rapid contraction during the subsequent cooling phase,
resulting in high internal tensions. In addition, light energy can be transmitted to the underlying dentinal layers as a collision wave. This mechanical solicitation as
well as the internal tensions may be responsible for the
presence of microfractures in lased dentinal tissue.
Even the enamel etched by the laser shows fractures
where the course is perpendicular to the bonded surface, probably as a result of the direction of the enamel
prisms and anisotropic characteristics. 68 The application of an energy output under 200 mJ using the
Er:YAG laser is advised.94 The lack of golden standards
for energy output in relation to the type of tooth substrate needs to be highlighted. This makes it more difficult
to interpret and compare the findings of all previously
mentioned studies with their heterogeneous energy
output.
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strate in order to avoid vitrification and surface
alterations which might negatively influence adhesive
strength.

GLASS-IONOMER CEMENTS
For the purpose of clarity in this review, adhesive restorative materials are classified into four major groups.
It is still common to refer to some materials as glass
ionomers. These materials have compositional elements of glass-ionomer cements, but the typical acidbase reactions which characterize the glass-ionomer
cement are lacking.
The glass-ionomer category includes both conventional (or conventionally setting) and resin-modified
materials. The basic composition, setting chemical reactions, and structures are compared in Table 1.
There are different types of conventional glass-ionomer cements (GICs).95
1. GICs for direct restoration: these are typical acidbase reaction materials, generally consisting of a
calcium aluminosilicate glass powder, a liquid containing polyalkenoic acid, and an acid serving as a complexing agent.
2. Metal-reinforced GICs: the powder contains fluoroaluminosilicate glass and a silver alloy, or the glass is
sintered with silver.
3. Highly viscous GICs: as stated, these materials are
more viscous than the classic GICs and were designed as an alternative to amalgam for posterior
preventive restorations.
4. Low-viscosity GICs: developed as liners, fissure protection materials, sealing materials for hypersensitive
cervical areas, and endodontic materials.
Resin-modified glass-ionomer cements (RM-GIC) are
defined as materials that undergo both polymerization
and acid-base reaction. The basic components of the
liquid are polycarboxylic acid, water, and HEMA. It may
also contain a small amount of cross-linking material.
The composition and structure of the fluoroaluminosilicate glass for RM-GICs are basically similar to those of
conventional cements.
Polyacid-modified resin composites (PAM-RC) were
the result of a search for new materials where an acid
monomer could polymerize in the presence of fluoroaluminosilicate glass. A PAM-RC or compomer is mainly
a resin composite with fluoride-releasing potential. The
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Table 1 Classification of glass-ionomer cement compomer and resin composite according to Saito et al95
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Material

Basic composition

Setting reaction

Structure of set material

Glass-ionomer cement

Powder:
fluoroaluminosilicate glass
Liquid:
polyacrylic acid,
polybasic carboxylic acid,
Water
Powder:
fluoroaluminosilicate glass
Liquid:
polyacrylic acid,
water-soluble methacrylate
monomer (HEMA, etc, ... ),
catalyst
Paste:
filler (containing fluorine, etc, ...),
methacrylate monomer,
acidic monomer,
catalyst
Paste:
filler (oxide filler, etc, ...),
methacrylate monomer,
catalyst

Acid-base reaction

Filler:
fluoroaluminosilicate glass powder
Matrix:
polyacid salt

Acid-base reaction
Polymerization

Filler:
fluoroaluminosilicate glass powder
Matrix:
polymer acid salt,
methacrylate powder

Polymerization

Filler:
filler containing fluorine
Matrix:
methacrylate polymer,
acidic polymer
Filler:
oxide filler
Matrix:
methacrylate powder

Resin-modified glassionomer cement

Compomer

Resin composite

fluoride-releasing characteristic should not be overemphasized. The material has no potential to self-adhere
to tooth structure.

Laser dentistry and glass-ionomer adhesion
Glass ionomers are auto-adhesive to dental tissue through
combined micromechanical and chemical bonding.
Er:YAG laser creates a rough microretentive pattern,
which could aid in retention of this material. The determination of tensile bond strength with conventional
glass ionomers is not easy, as these are brittle materials
and failure during testing occurs frequently cohesively
within the cement.96 The RM-GICs, due to their resinous content, are more suited for tensile bond strength
tests. It has been shown that they have higher tensile
bond strength for enamel and dentin than the conventional cements.97 Data on the tensile bond strength of
GIC in association with laser dentistry are very scarce.
To our knowledge, there is only the study by Corona
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et al,98 investigating the influence of Er:YAG laser on
the adhesion of RM-GICs (Vitremer R, 3M, St Paul,
MN, USA; and ProTec CEM, Vivadent, Schaan, Liechtenstein) to dentin. The authors found that Er:YAG
laser influenced the adhesion of RM-GICs, mainly Vitremer R, and that the application of primer or conditioner after Er:YAG laser irradiation of dentin provided
better adhesion between the tested cements and the
substrate. More research, however, is needed to draw
conclusions in this matter.

CONCLUSION
• The investigation of the bond strength has been limited to resin-modified glass-ionomer cements. Information is too scarce to draw conclusions.
• No information is available yet on the influence of
Er:YAG-lased dental tissue on the bond strength of
conventionally setting glass-ionomer cements.
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MICROLEAKAGE
Studies so far have only investigated microleakage in association with Er:YAG-lased cavities. It should also be
mentioned that all current adhesives appear incapable
of completely sealing the restoration margins and thus
preventing microleakage.99-103 Furthermore, all resinbased restorative materials show volumetric shrinkage
during polymerization, resulting in imperfections at the
interface of restorative material and the cavity wall.
There are many techniques for the assessment of
microleakage, and as a result there is also a considerable variance in data.103 The oldest and the most common method used for detecting leakage in vitro is the
one using organic dyes as tracers. Many dyes can be
used with different particle sizes and affinity for substrates, but this does not appear to influence the test
results significantly.103 The main disadvantage, however, of this type of microleakage evaluation is that it is
a qualitative method. As a consequence, the results obtained in each study group render interpretation and
especially comparison of the results difficult.

RESIN COMPOSITES
To etch or not to etch?
Data on the quality of the margins of composite fillings
in relation to the use of Er:YAG laser for hard tissue
preparation have been discussed. Controversial results
regarding the quality of the margins of composite
restorations conditioned conventionally by acid etching,
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1. microleakage when large voids are present; here, water, large molecules, and bacteria can migrate along
the cavity walls;
2. nanoleakage when small voids are present which can
only be penetrated by water and small molecules.

t
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In terms of adhesion, dental restorations have to fulfill two requirements: retention through adhesion and
sealing through adhesion. A good seal is important to
prevent further decay and exposure of the dentin to
the oral environment, and to prevent pulpal damage.
Voids created during insertion and function may lead to
ingression of oral fluids along the tooth/restorative-material interface. Two types of leakage can be distinguished
on the basis of the size of the voids:
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those remaining unconditioned after Er:YAGnlasing, and
sserethose acid etched after Er:YAG lasing have e
been
nz
ported.29,46,48-53,64,104-108 Laser etching next to cavity
preparation and as an option for cavity conditioning
prior to resin composite adhesion was investigated in a
limited number of studies.29,51,52,106
All studies on microleakage evaluating the use of an
Er:YAG laser have in common that adhesion to the gingival wall appeared to be more difficult to achieve than
to the occlusal (enamel) walls. These observations coincide with the greater technique- and substrate-sensitivity of the dentin as compared to enamel.31 It was demonstrated that laser irradiation seemed to be associated
with more leakage than acid treatment at enamel margins (in bur-cut as well as in Er:YAG-prepared cavities),
and was not advised for promoting a bond between
resin composite materials and enamel in cavities both
with29,52 and without a bevel.29,104,106,107 In the study
by Delmé et al,29 SEM analysis of the enamel surfaces
demonstrated that laser irradiation as well as additional
laser-etching rounded off the enamel irregularities, resulting in a less retentive surface than that provided by
acid etching. This might explain the poorer seal. A similar effect was also noted on the surface of lased dentin
samples. In general, it is thus recommended to acid
etch enamel margins whatever type of cavity preparation was performed.
At the gingival walls, none of the procedures (Er:
YAG lased, Er:YAG lased and laser etched, Er:YAG
lased and acid etched, conventionally prepared and acid
etched) completely eliminated microleakage irrespective of the composite formulation and associated adhesive system. There was a tendency towards a better
seal when Er:YAG-lased cavities were acid etched. Conventional preparation and acid etching appeared to be
superior to Er:YAG preparation and acid etching of the
gingival walls. When the gingival walls were Er:YAG
lased but not etched, the quality of the marginal seal of
resin composites appeared to be dependent on the
resin composite and associated three-step adhesive system used.29 The ethanol-water based system produced
a better seal than the water based system. The explanation put forward was that leakage is influenced by
the nature of the composite and adhesive. A good penetration capability has been described for adhesive systems, although remaining water in the water-based
systems may hamper resin penetration/polymerization.31 This finding also coincides with the previously
described sub-surface damage, water evaporation in
the superficial layer, and the alteration of the superficial layer of lased tooth structure.65,73,87-90
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As far as bond strength was concerned, it was not advised to use all-in-one or self-etching systems. Research
on microleakage with the all-in-one systems in Er:YAGlased cavities is scarce.109 The study by Palma Dibb et
al109 showed that Etch and Prime 3.0 (Degussa, Düsseldorf, Germany) showed a 7- to 50-fold higher microleakage (in %) at the enamel margins as compared
to a filled single-bottle acetone-based adhesive (Bond-1,
Jeneric/Pentron, Wallingford, CT, USA) and an unfilled
acetone-based single-bottle adhesive (Prime & Bond
NT, Dentsply/Caulk, Milford, DE, USA), both with
37% phosphoric acid etching for 15 s following laser
conditioning. The all-in-one systems showed a microleakage value of 77.8% (± 20.7%) vs 0% for Prime
& Bond NT, and 71.6% (± 24.3%) at the gingival
dentin/cementum margins.

Influence of Er:YAG laser energies on
microleakage
Most of the studies investigating the microleakage of
resin-based materials following cavity preparation with
the Er:YAG laser have, to date, investigated three
areas: cavity preparation and dental-tissue conditioning
with the laser, cavity preparation with the laser and
conventional etching with phosphoric acid, and conventional cavity preparation with a high-speed diamond
bur in an air-rotor handpiece and laser conditioning.110
The results, as previously shown, were conflicting. An
explanation can be found in the large number of variables involved, such as the choice of laser parameters,
restorative material, and cavity shape. Although they
did not give clear cut trends, there appeared to be
agreement that the conventionally prepared, beveled
and etched cavity walls produced a better resin-based
composite/dental tissue seal compared to margins of
laser-prepared cavities (pulse energies within the range
of 200 to 300 mJ);111,112 cavities with a high C-factor
were also found to exhibit the worst leakage. Furthermore, investigations on the quality of the seal of resinbased composite restorations in dentin highlighted the
importance of the choice of dentin bonding agent:113
using the same microfilled resin composite and laser
parameters of 250 mJ at 2 Hz, two of the seven dentin
bonding agents tested exhibited significantly lower microleakage scores for lased cavities when compared to
conventional preparation. Two others showed no difference, and the efficacy of the remaining three agents
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What about 6th generation adhesives or all-in-one
systems?

vo
rbe
ha
l
(one of which Scotchbond Multipurpose;n3M, St Paul, ten
t

Qu

STATE OF THE ART/REVIEW

by
ht

opyrig

C
All
eR
ech
te

esstoethat
MN, USA) was reduced when compared
nz
achieved with conventional cavity preparation. On the
basis of this study, Roebuck et al110 evaluated the influence of three Er:YAG laser energies on the microleakage of Class V resin-based composite restorations.
They concluded that optimum sealing was achieved
with energies of at least 240 mJ at the enamel margin
and with energies no higher than 200 mJ to finish the
dentin margin. However, while all the pulse energies
compared favorably to the control group in enamel, a
similar result was found only using 300 mJ, with 100
mJ to finish, at dentin margins. Hence, care must be
taken with the choice of pulse energy.
CONCLUSION

• Microleakage with total-etch and self-etching adhesives is in general significantly higher in association
with Er:YAG-lased enamel/dentin as compared to
conventional preparation.
• The acid-etching technique thus remains mandatory
even after laser conditioning for both dentin and
enamel.
• To date, the information on the sealing ability of all-inone systems in Er:YAG-lased cavities is insufficient. The
data on bond strengths in association with these systems on enamel and dentin surfaces suggest that these
systems should still be avoided.
• Care must be taken with the energy output, which
emphasizes the need for standards for laser energy
output in relation to the different tooth substrates.

GLASS-IONOMER CEMENTS
Glass-ionomer cements chemically adhere to dental structure by bonding of the cement’s carboxylic groups to calcium and phosphate ions in the tooth; micromechanical
interlocking of the glass ionomer and dental tissue also
provides retention. In RM-GICs, the resinous components
lead to the formation of a hybrid layer114,115 that minimizes the occurrence of the microleakage phenomenon.116 Although RM-GICs show superior bond strength
to tooth substrates compared to conventional GICs, they
undergo substantial shrinkage due to the polymerization
of HEMA, which is incorporated as a resin component.117
The previously mentioned research makes it clear
that pretreatment procedures are necessary for all restorative materials with resinous components. Conventional GICs possess a coefficient of thermal expansion
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closely approximating that of dental tissues and a low
setting shrinkage; they are reported to provide good
marginal sealing, show little microleakage at the restoration-tooth interface, and have a high retention
rate.116 Providing the cavity surface is cleaned of debris
and smear layer through proper conditioning prior to
placement of the glass-ionomer material, there will be
an immediate ion exchange between the cement’s carboxylic groups and the calcium and phosphate ions of
the tooth. For conditioning of the bur-prepared dentin,
pretreatment with weak acid solutions such as polyacrylic acid have been strongly advised. 118-120 As
Er:YAG-lasing of enamel and dentin results in smear
layer-free surfaces, the question may rise whether conditioning of enamel and dentin surfaces is necessary in
order to improve marginal adaptation.
The study of microleakage in association with conventional glass ionomers is limited to Quo et al121 and
Delmé et al.122 Quo et al121 demonstrated that Er:YAG
laser provided an equivalent method of substance removal when evaluated for microleakage of GIC materials (Fuji II LC and Fuji II) compared to a high-speed
handpiece, and that the RM-GIC had significantly more
leakage compared to the conventional GIC. In the
study by Delmé et al,122 it was concluded that the application of KetacFil Plus (3M ESPE, St Paul, MN, USA)
to laser-prepared enamel and dentin resulted in a better and more reproducible seal compared to conventionally prepared tooth surfaces. When using the more
viscous Fuji IX (GC, Tokyo, Japan) Er:YAG lasing did
not improve marginal adaptation.
Microleakage of RM-GIC restorations has been investigated in a limited number of studies.121, 123-125 On
the basis of these and due to the heterogeneous set-up
of the studies, it is difficult to draw final conclusions.
However, the 4 studies had in common that pretreament procedures as prescribed for adhesive materials
were required for better adhesion. In addition, the use
of Er:YAG laser for cavity preparation and surface
treatment tended to result in higher microleakage scores than when cavities were conventionally prepared.
All studies on microleakage in association with GICs
concluded that GIC, both pure and resin modified, did
not prevent microleakage, whether the mode of toothsubstance removal was by Er:YAG or the high-speed
handpiece, and that leakage at the gingival (dentin/cementum) margin was in all cases higher than at the occlusal enamel margins.
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• Research on the sealing ability of glass-ionomer cements in Er:YAG-lased cavities is scarce.
• Adhesion with resin-modified glass ionomers has to
be achieved in the same way as with resin composites due to their resinous components: the pretreatment procedure using acid etching or conditioner is
therefore mandatory in order to obtain good bonding and consequently, a good seal.
• More research is needed on the sealing ability of conventional glass ionomers, as the information is very
scarce. The available information suggests that because of the smear layer-free surfaces, pretreatment
conditioning might not be necessary.

GENERAL CONCLUSION
Studies in the beginning of the 1990s showed that
there was in general no difference between tensile
bond strength values and microleakage scores for resin
composites in teeth where tooth substrate was Er:YAG
lased or conventionally prepared and acid-etched.
More recent studies have not substantiated the hypothesis that laser irradiation was equally effective as traditional acid etching procedures for pretreating enamel
and dentin for bonding. A second hypothesis that
preparation of tooth substrate with Er:YAG laser or diamond bur was equally effective in terms of bond
strength was also not substantiated. Recent research
has shown that lasing of dentin and enamel may result
in surface and sub-surface alterations negatively influencing both adhesion and seal. Based on these findings,
the energy output using Er:YAG laser should be emphasized: the advised output energy in the past was
regularly too high. It is currently important to establish
golden standards for optimal enamel and dentin preparations, as well as for conditioning of these surfaces.
The effectiveness of the currently favored three-step
etch-and-rinse adhesives and the two-step etch-andrinse adhesives in Er:YAG lased cavities is also greater
than the newer all-in-one systems. The data on bond
strengths in association with these systems on enamel
and dentin surfaces suggest that it is still better to avoid
usage of the latter systems. In the present-day studies,
acid etching of lased surfaces is also advised.
Studies on glass-ionomer cement adhesion in Er:YAG
laser dentistry are scarce. When glass ionomers are investigated, studies are confined to resin-modified formulations. As these cements are resin based, the findings
coincide with those of the resin composites. Pretreat-
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