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Introduction

of ceramic restorations, placement of orthodontic brackets or repair of chipped porcelain restorations. Chemical
reactions, application protocol, and etching effect are presented as well.

STUDY SELECTION: Available scientific articles published in PubMed and Scopus literature databases, scientific
reports and manufacturers' instructions and product information from internet websites, written in English, using
following search terms: “acid etching, ceramic surface treatment, hydrofluoric acid, acidulated phosphate fluoride,
ammonium hydrogen bifluoride”, have been reviewed.

RESULTS: There are several acids with fluoride ion in their composition that can be used as ceramic surface
etchants. The etching effect depends on the acid type and its concentration, etching time, as well as ceramic type.
The most effective etching pattern is achieved when using hydrofluoric acid; the numerous micropores and
channels of different sizes, honeycomb-like appearance, extruded crystals or scattered irregular ceramic particles,
depending on the ceramic type, have been detected on the etched surfaces.

CONCLUSION: Acid etching of the bonding surface of glass - ceramic restorations is considered as the most
effective treatment method that provides a reliable bond with composite cement. Selective removing of the glassy
matrix of silicate ceramics results in a micromorphological three-dimensional porous surface that allows
micromechanical interlocking of the luting composite.

However, to ensure a long-term bond
between ceramic material and tooth structures,
orthodontic brackets or composite material used for

The increasing use of ceramic materials in the
fabrication of indirect restorations as well as
placement of orthodontic brackets on teeth restored
with ceramic crowns imposed a need for improvement
of cements that enable bonding [1] [2]. The most
appropriate are luting composites [3] [4] which not
only provide the strongest bond but can increase the
fracture resistance of the restored tooth and indirect
ceramic restoration as well [3] [4] [5] [6] [7]-

repair, treatment of ceramic bonding surface is
required [8]. There are various methods for the stated
purpose. According to the mechanism of action, they
could be grouped into three categories: methods of
mechanical, chemical or chemo-mechanical surface
treatments. The mechanical alteration can be
achieved by surface acid etching, airborne particle
abrasion or grinding with diamond rotary instruments
[8] [9]. The chemical treatment is performed using
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universal or ceramic primers, i.e. silanization [10] [11],
while the method used for chemo-mechanical
alteration of the bonding surface is tribochemical silica
- coating, i.e. silicatization [12] [14]. Numerous
alternative treatments are proposed for treatment of
restorations made up from zirconia such as: selective
infiltration etching (SIE) [15] [16] followed by
application of various silane-based zirconia primers
[17] [18], gas - phase chloro -silane pretreatment [19],
gas - plasma, argon - ion bombardment, alumina or
zirconia sandblasting [20], [21], non - termal plasma
treatment [22], nano -structure alumina coating [23] or
aluminium nitride coating by reactive magnetron
sputtering [24].

Which surface conditioning method will be
selected depends on the chemical composition of the
ceramic restoration [8] [25] [26]. Ceramics the matrix
of which is based on silicon dioxide (“conventional” or
glass - ceramics) belong to the group in which acid
etching is the recommended surface treatment [26].
These include feldspar - based, leucite-reinforced,
lithium disilicate [25] [26] and zirconia-reinforced
lithium silicate ceramics [26] as well as fluorapatite
ceramics. Airborne particle abrasion (sandblasting)
can be used for surface treatment of all types of
ceramics [9] [14] [20] [21] [26]. Universal or ceramic
primers having reactive radicals in their molecule
change the chemical composition of the ceramic
surface, thus making it much more reactive for binding
with composite cement [8] [10] [11] [26].
Tribochemical silica - coating is primarily used for the
treatment of aluminium trioxide and zirconium dioxide
ceramics [14] [16]; acid etching will not have any
impact on their surface morphology, as these
materials don’t contain silicon in their composition [9].

Acid etching as a method for mechanical
alteration of glass - ceramic surface, application
protocol and the effect on surface micromorphology
are presented in this review paper.

Etching Acids

The acid etching of silica-based dental
ceramics was first introduced in 1983 by Simonsen
and Calamia [27]. Although acids represent chemical
agents, they are not included in the group of agents
for a chemical but in those for mechanical alteration,
because they cause a mechanical type of changes
onto the ceramic surface.

The acids that are used as ceramic etchants
are the hydrofluoric acid (HF), the acidulated
phosphate fluoride (APF), and the ammonium
hydrogen difluoride.

The hydrofluoric acid is the most frequently
used acid, which when applied onto the ceramic
surface reacts with the silica matrix creating silicon

tetrafluoride and molecules of water that are released
(8] [28]:

4HF(1) + SiOz(s) —
Hydrofluoric acid silica matrix

SiF4 (g) +  2H0()
silicon tetrafluoride water

The silicon tetrafluoride reacts with other
molecules of hydrofluoric acid forming a soluble
complex ion, hexafluourosilicate:

2HF() + SiF,(g) — [SiFel” (ag) + 2H*(aq)
HF acid  silicontetrafluoride hexafluourosilicate hydrogen ions

Further on, the hydrogen ions react with the
hexafluorosilicate complex forming a fluorosilicic acid
that can be rinsed off:

[SiF” (aq)  +
hexafluorosilicate

2 H' (aq) —
hydrogen ion

H,SiFs(1)
fluorosilicic acid

By dissolving and removing the surface layer
of the glassy matrix containing silica (SiO,), silicates
(SiO44') and leucite crystals (K,0°+Al,05°4Si0,), the
surface becomes porous with a pore size of 3 - 4 ym.

The acidulated phosphate fluoride contains
1.23% fluoride ions originated from sodium fluoride
and hydrofluoric acid, acidified with 0.1 M phosphoric
acid [8].

The ammonium hydrogen difluoride, NH4;HF,
in reaction with silica matrix creates silicon
tetrafluoride and ammonium fluoride:

SlOZ +4 NH4HF2 g S|F4 +4 NH4F + 2 Hzo

This acid may be used as a glass etchant or
as an intermediate for the production of hydrofluoric
acid [8].

There are different products that may be used
for ceramic etching. It should be noted that, besides
their efficiency, these products are forbidden in some
countries because of their highly toxic potential.

Products for Acid Etching

IPS Ceramic Etching Gel, Ivoclar Vivadent
[29], is an aqueous solution of 4% hydrofluoric acid in
the form of a gel, unlike VITA CERAMICS ETCH,
VITA Zahnfabrik [30], which is an alcoholic solution of
5% hydrofluoric acid and 10% sulfuric acid in the form
of a gel. Porcelain Etch, Ultradent [31], is 9%
hydrofluoric acid gel; mainly because of its high
viscosity, according to the manufacturer’s instructions,
it may be used for intraoral repairs of fractured
porcelain in porcelain — fused — to - metal or all-
ceramic restorations, as well as for the porcelain
surface treatment before placing an orthodontic
brackets. PORCELAIN ETCHANT, Bisco [32] [33],
can be supplied in two different concentrations, like
4% and 9.5% of hydrofluoric acid gel (for intra - or
extra - oral application). Mirage offers two different
Porcelain Etchants [34]: 9.6% gel of HF acid and 4%
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Acidulated Phosphate Fluoride gel. APF - gel may be
used intra -orally and is indicated for luting of
orthodontic brackets to porcelain crowns.

Application Protocol

After the application, which is performed with
a disposable micro brush, IPS Ceramic Etching Gel or
VITA CERAMICS ETCH are left to react for 20 s when
treating lithium disilicate and 30 s for zirconia-
reinforced lithium silicate ceramic, 60 s for feldspar -
based or leucite-reinforced and 120 seconds for
treatment of fluorapatite ceramics. Then, HF acid
should be thoroughly rinsed off from the treated
surface with water spray into a polyethylene cup. The
diluted solution should be neutralised with a
neutralising powder composed of sodium - and
calcium - carbonate (Na,CO; and Ca,COs; IPS
Neutralizing Powder, Ivoclar Vivadent) in 5 minutes
[35]. Eventually, the restoration is recommended to be
placed in an ultrasonic bath. To remove the porcelain
salts and debris formed by treatment with Porcelain
Etch (90 s - etching time), Ultradent recommends a
subsequent use of 35% phosphoric acid, Ultra-Etch,
for 5 seconds; then, the treated restoration should be
rinsed with water and dried [31].

Etching Effect

The effect of acid etching depends on the acid
type and its concentration, the etching time and the
ceramic type being treated. The most effective is
hydrofluoric (HF) acid [8]; increasing the concentration
and the etching time [36], increases the etching effect.
Surface roughness and etching pattern depend on the
ceramic type as well; acids do not affect
polycrystalline ceramics that do not contain glassy
matrix [9][14]. Contrary, the silica matrix and leucite
crystals are selectively dissolved in glass-ceramics,
generating three-dimensional porous structure [9][37].
The effect is multiplied: cleanses the bonding surface
by removing the unwanted oxides, debris and grease
[38], increases the roughness thus increasing the
bonding area and wettability of the ceramic surface
[39], and creates micro retention (micropores, grooves
and channels) that can be easily infiltrated with
uncured flowable composite cement [40][41], all
together significantly increasing the resin - ceramic
bond strength.

Acid type: The expressiveness of the surface
micromorphology after acid etching depends on the
acid type. HF - etching results in higher ceramic
surface roughness, compared to other acids that may
be used for this purpose [42][43][44][45]. A scanning
electron microscope analysis of Della Bona and
Anusavice [43] has shown that ceramic surface
etched with 4% acidulated phosphate fluoride for 2
min was covered with precipitates, grooves could be
detected after using ammonium bifluoride (1 min),
while irregular etching pattern with pores as

characteristic topographic feature was observed when
the surface was treated with 9.6% hydrofluoric acid for
2 minutes. Etching the feldspathic porcelain with APF
for 10 min resulted in shallow patterns, compared to
deep channels, pores and precipitates formed by HF
etching for 1 min; larger and deeper channels have
been created when the HF - etching time was
increased up to 4 min [44]. An insignificant effect of
APF may be explained by low concentrations of
hydrofluoric acid and available fluoride ions [43][45].
However, when the application time of 1.23% APF gel
(clinically used as a topical fluoride for reduction of the
incidence and progress of caries) was prolonged up to
60 min, increasing in surface roughness was
detected, with numerous pores and deposits of
particles in the form of precipitate or degradation
material in the glassy matrix [46].

According to Kato et al. [47] the strongest
immediate bond was achieved by etching of the
feldspathic porcelain surface with HF acid (23.7 MPa);
when using a solution of sulfuric and hydrofluoric acid
(SHF) the bond strength was 21.3 MPa, while it was
significantly lower when etching with ammonium
hydrogen bifluoride (18.4 MPa). The weakest bond
was built with phosphoric acid used as an etching
agent. Significant reduction in bond strength after
thermocycling was observed for all acids, although the
HF - and SHF - treated groups exhibited bond
strengths greater than 15 MPa [47]. When the etching
time with 1.23% APF gel of the leucite - reinforced
ceramic was prolonged up to 10 min, shear bond
strength value was not significantly different to that
after etching with 9.6% HF acid for 4 minutes (17.33
MPa and 17.64 MPa respectively) [48].

Acid concentration: An effect of acid etching
depends not only on the acid type, but on its
concentration as well. An increase in HF acid
concentration increases the microroughness of the
ceramic surface [49]. Uniform crystal structure is
observed as a result of a dissolving of the glassy
phase when the treatment is performed by HF acid
with  higher concentration (52%), whereas an
amorphous structure expressing large porosity can be
detected when etching with lower concentration
(20%), when more of the crystalline phase has been
dissolved [50].

Ceramic’s bi-axial flexure strength after
surface etching depends on the HF acid
concentration. When HF etching of low fusing

feldspathic porcelain was conducted during 45 or 90
s, the mean value for bi-axial flexure strength was not
significantly reduced when increasing HF acid
concentration from 5 to 10%. Increasing the acid
concentration to 20% resulted in a significant
decrease in the strength for the both etching periods.
However, an acid concentration (5, 10 or 20%) had no
significant effect on reduction of the bi-axial flexure
strength when the etching period was prolonged to
180 s [49].
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Etching time: The etching time of hydrofluoric
acid affects the expressiveness of micro -
morphological changes and microroughness of the
ceramic surface [49]: extending the etching time,
increases the depth of the pores.

According to Wolf et al. [51], the longer the
action of the acid is, the rougher the ceramic surface
is; anyway, etching longer than 60 s increases the
occurrence of cohesive failures in the ceramic
material. A SEM analysis confirmed minor changes in
the structure when etching the ceramic surface
between 20 and 60 s; prolonged acid etching between
90 and 180 s resulted in a more pronounced surface
morphology with protruded lithium disilicate crystals
[52]. Bajraktarova Valjakova [36] had found more
pronounced etching pattern when the etching time
was prolonged from 20 up to 120 seconds. A
difference in micro-morphology was not observed
when the acid etching time was extended from 20 to
30 s; prolonged etching up to 90 and 120 s caused a
visible change and emphasising of the surface
micromorphology. The pores and grooves in feldspar -
based and leucite-reinforced ceramics became
deeper; lithium disilicate - and lithium silicate - crystals
became more protruded as a result of increased
dissolving of the surrounding silica matrix. Prolonged
etching of polymer - infiltrated ceramic network
material resulted in the significant dissolving of the
ceramic network [36].

Increased surface roughness and resin -
ceramic bond strength were noted when increasing
the etching time up to 120 s when treating feldspar -
based ceramic Vita Mark II; however, prolonged
etching of 180 s hurt the bond strength [53].
Nagayassu et al. [54] detected the negative effect of
long-term (4 min) HF etching over the resin -ceramic
bond. According to Zogheib et al. [52] prolonging the
etching time increases the average roughness of the
treated surface, but at the same time slightly reduces
the flexural strength of the IPS e.max CAD ceramic.
However, when the etching time was increased from
45 to 90 and 180 s, bi - axial flexure strength values of
feldspathic porcelain were not significantly different
when using 5% HF acid [49].

Ceramic type: Different ceramics expressed
different surface pattern when acid - etched under the
same conditions; surface etching of feldspar-based
ceramic for 5 min produces pores of 5 - 7 ym depth,
while 5 min etching of the glass ceramic increases the
pores depth up to 10 um [28]. According to Kim et al.
[55] the effect of the surface treatment primarily
depends on the chemical composition of the ceramic;
hydrofluoric acid etching is the most appropriate
treatment of a lithium disilicate ceramic, while
tribochemical silica coating has a positive impact on
the bond of luting composite to aluminum oxide and
zirconium oxide ceramics. According to Valandro et al.
[56], HF acid is not useful in the treatment of ceramics
with a polycrystalline structure. The surface of the
leucite-reinforced ceramic, after HF etching, gets a

honeycomb appearance, while exposure of crystals is
observed after etching of the lithium disilicate ceramic

[9].

The effect of hydrofluoric acid etching on the
micro-morphology of various types of glassy ceramics
is not the same and depends not only on their
chemical composition but the structural molecular
arrangement as well. Feldspathic VITA Mark Il
compared to leucite-reinforced IPS Empress CAD, as
well as lithium disilicate IPS e.max CAD and zirconia-
reinforced lithium silicate Celtra Duo, have a similar
chemical composition and percentage contribution of
components, but surfaces get different etching pattern
as a result of the different molecular distribution.
According to manufacturers’ official documents, silica
and alumina contribution (in the abovementioned
ceramics) is as follows: SiO,: 56 -64%, 60 - 65%, 57 -
80%, 56 - 64%; Al,Os3: 20 - 23%, 16 - 20%, 5%, and
4% respectively. It may be noted that all glassy
ceramics have almost identical content of silicon
dioxide - about 60%, while the presence of aluminium
oxide is similar between feldspar - based and leucite-
reinforced ceramics - about 20%, and between lithium
disilicate and zirconia-reinforced lithium silicate -
about 4%. However, the specific internal structure and
presence of other oxides, influence the effect of HF
acid etching. According to Bajraktarova-Valjakova et
al. [36] numerous micropores and channels of
different sizes with irregular ceramic particles can be
observed on the surface of VITA Mark Il; the etching
surface of IPS Empress CAD gets honeycomb-like
appearance, while numerous elongated or bean-like
crystals have been extruded as a result of silica -
matrix dissolving after etching of IPS e.max CAD and
Celtra Duo respectively. HF etching of VITA Enamic
causes dissolving of the superficial ceramic network,
so that acrylic polymer network became visible with
scattered irregular ceramic particles [36].

Hydrofluoric acid etching has no effect on the
so-called polycrystalline ceramics; such are aluminium
trioxide [57] [58] and zirconium dioxide partially
stabilized with yttrium oxide [59]. Increase in
mechanical strength by increasing the number of
crystals and reducing the content of glass (silicon
dioxide), leads to the creation of acid - resistant
ceramics (non - etchable). Treatment with any acid
will not induce any satisfactory (microretentive)
changes to the surface micro - morphology to ensure
proper bonding of composite cement [9] [25] [45] [60]
[61] [62] [63]. Surface treatment of such ceramic
restorations is performed using other methods:
tribochemical silica coating [12] [13] [16], chemical
treatment with methacryloyloxydecyl dihydrogen
phosphate (MDP) - containing primers [13], or
alternative methods [15] [16] [17] [18] [19] [20].

In conclusion, there are various methods that
can be used for the treatment of ceramic bonding
surface when adhesive luting is recommended.
Undoubtedly, the most appropriate treatment method
for silica-based ceramics is acid etching. Expressed
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microroughness, and microretentive pattern that is
achieved by etching with hydrofluoric acid, ensure
long-term bond between luting composites and
ceramic materials.
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