
ABSTRACT: When placing an indirect restoration such as a
porcelain veneer, inlay, or onlay, the intaglio surface is typically treat-
ed in some fashion to ensure optimal bonding to the resin-based ad-
hesives and luting cements required to affix them to the tooth tissues.
A variety of surface preparation techniques have been advocated, in-
cluding the use of acids, particle abrasion, various adhesives, and
chemical couplers such as silane. There is often equivocation in the
literature regarding the effectiveness of these materials and surface
preparation techniques. This article will attempt to make some sense
of the various methodologies currently advocated for the treatment of
porcelain surfaces prior to placement.

O ptimal surface preparation techniques for chemical and/
or mechanical bonding to porcelain substrates are cru-
cial in order to ensure clinical success when placing in-

direct porcelain restorations and, when required, repairing them
intraorally. Clinicians are often confused regarding the most effec-
tive way to treat the intaglio surfaces of indirect porcelain restora-
tions prior to placement with various adhesives and luting resins.
They are often equally perplexed about the “ideal” surface treat-
ment for the intraoral repair of preexisting porcelain restorations.
This is not surprising, as there appears to be no clear consensus in
the dental literature, among “opinion leaders,” or from dental man-
ufacturers on exactly what the optimal surface treatment should,
in fact, be. Dental laboratory technicians also appear to lack stan-
dardized protocols on how they should treat the surface of finished
porcelain. For example, in 2007, this author spoke with the owners
and/or ceramists from 11 different dental laboratories regarding
their specific surface treatment protocol prior to sending out fin-
ished feldspathic porcelain veneers. All treated the inner surface of
the veneers with hydrofluoric acid (HF). Only two knew the actual
concentration of the HF they were using. Application times varied
from as short as 30 seconds to as long as 10 minutes. Several labo-
ratory technicians stated they simply etched the veneers until the
surface looked “frosty.” Some laboratories sandblasted the veneers
prior to HF treatment and some did not. After etching, some labo-
ratories placed the veneers in an ultrasonic cleaner, some “steam”
cleaned the veneers, some placed the veneers back in the oven at a
low temperature to “burn off ” any white “residue” left over from
etching, and others merely rinsed them with tap water. Three lab-
oratories stated they “sometimes” used a basic solution to “neu-
tralize the acid” after HF treatment, although they were not sure if
this was a necessary step. This author also questioned approx-
imately 24 “opinion leaders” at a recent symposium1 regarding

their recommendations for the intraoral repair of both composite
and porcelain restorations. While there were many similarities,
there were also significant differences, and no treatment protocols
were exactly the same.

The lack of clear and consistent guidelines regarding the treat-
ment of composite and porcelain surfaces raises several significant
questions. Is there, in fact, an optimal surface treatment protocol
for porcelain restorations prior to placement and for intraoral re-
pair? Is it possible that several viable surface treatment options
exist? Is it even practical to recommend a specific “universal” treat-
ment protocol because of material differences (eg, not all porcelains
are the same)? 

This article will attempt to address these questions, provide some
general guidelines, and no doubt raise additional questions regard-
ing the management of porcelain surfaces. A good place to start is by
examining what we “think” we know.

BONDING TO PORCELAIN—USE OF HF
HF is an inorganic acid capable of etching glass surfaces. It has been
used for hundreds of years to create decorative designs and pat-
terns on glass and various ceramic materials.2 It is also used as a
precursor in the manufacturing of numerous pharmaceuticals,
various polymers (eg, Teflon), and many other synthetic materials
that contain fluorine.3 Contrary to what most dentists believe, be-
cause of its low tendency to dissociate into H+ and F- ions, HF is
considered to be a relatively weak acid from a chemical standpoint.
This doesn’t mean HF is not dangerous. Quite the contrary; due to
its low dissociation potential, HF has the ability to readily pene-
trate skin tissues (often without causing an external burn), where it
can cause extensive internal tissue damage, as well as alter blood
calcium levels (due to the formation of CaF2), which can lead to
dangerous heart arrythmias.4 There have been industrial accidents
where death has occurred due to accidental skin exposure to HF.5

The duration of exposure, the concentration of HF, and the total
surface area affected will obviously have an effect on clinical out-
comes relating to accidental dermal exposure.6 In typical dental
applications (eg, the etching of porcelain veneers and the intraoral
repair of fractured porcelain restorations), concentrations of 4%
to 10% HF are typically utilized. In this author’s opinion, HF in
this concentration range can be used safely for dental procedures,
including intraoral repair, provided caution and common sense
are employed. Whenever HF acid is employed for intraoral repair,
the use of appropriate barrier techniques, viscous HF gel formula-
tions (ie, that stay where you put them), and continual visual
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observation during the application period are mandatory. For those
dentists not comfortable with the intraoral use of HF, acidulated
phosphate fluoride gel (APF) has been shown to have the ability to
etch porcelain, although the application time must be considerably
longer than for HF etching. One recent study showed that a seven-
to 10-minute application of 1.23% APF gel on a leucite containing
porcelaina produced a shear bond strength to compositeb similar
to a four-minute etch with 9.6% HF.7 It should be pointed out that
this same study showed that etching with 9.6% HF for four min-
utes resulted in a very definitive microscopic etching pattern, while
etching for seven to 10 minutes with 1.23% APF resulted in a pit-
ted, but much smoother-appearing surface. This difference in sur-
face morphology could be significant over the long term, and it
would have been interesting to see what effect thermocyling of the
samples, which was not done, would have had on bond strength.
Also, it is unclear why the investigators used 9.6% HF for four min-
utes when the manufacturer of the porcelain tested recommends
that 5% HF acid be used for only 60 seconds. It is possible that the
bond strength to the HF-treated porcelain samples would have
been even higher had the manufacturer’s recommended protocol
been followed. Other studies have also shown that etching with
APF, even with prolonged application times, results in very shallow
etching patterns when compared to HF etching for much shorter
time periods.8 Silica coating, followed by silane application, has
also been explored as an alternative to HF etching of feldspathic-
based porcelains. The authors of one study found that both the
high and low leucite containing feldspathic porcelains they tested
had significantly higher tensile bond strength to composite when
samples were first etched with HF followed by silane treatment, vs.
just silica coating followed by the application of silane.9 Still an-
other study looking at alternatives to HF etching found that simply
roughening porcelain surfaces, followed by treatment with 35%
phosphoric acid gel and silane priming, was as effective as HF-
treated samples to bonded composite.10 Once again, thermocyling
of the samples, which was not done, might have had a significant
effect on the results. Other products also exist and are marketed as
alternatives to HF etching of porcelain.

In this author’s opinion, while other alternatives do exist, they
are less predictable, especially over the long term, when compared
to HF-etched porcelain. Numerous in vitro studies clearly demon-
strate that etching feldspathic-based porcelain with HF has the po-
tential to significantly increase its bond strength to composite
resin.10-16 Dental porcelain generally consists of an amorphous
glassy phase or matrix and a crystalline phase. Treating porcelain
with HF tends to selectively dissolve the glassy matrix, resulting in
a microscopically porous, high-energy, and microretentive sur-
face12,17,18 (Figure 1). In principle, this is similar to what happens
to enamel surfaces after etching with phosphoric acid.

Several important questions arise when using HF to etch porce-
lain. Is there an optimal etching time and concentration of HF that
should be used? Can porcelain be overetched? What is the white
“residue” often seen on the surface of the porcelain after etching
with HF, and how should it be handled? The first question is not
easily answered. This is because the chemical and physical makeup
of dental porcelain is variable, depending on the type of ceramic
being utilized. Years ago, Calamia recommended adjusting the etch-
ing times and concentration of HF depending on the specific por-
celain being treated.19 While all feldspathic porcelains contain
silica dioxide (SiO2), aluminum oxide (Al2O3), and potassium
oxide (K2O), the relative amount of each can vary considerably de-
pending on the specific porcelain being utilized. Alumina content,
crystalline microstructure, size, and concentration can all influ-
ence HF etching times and concentrations.11, 20, 21 As an example,
leucite crystals, which affect optical, thermal, and physical proper-
ties, are incorporated into the matrix of many dental porcelains.22,23

A study by Barghi showed a 50% leucite content porcelainc required
a longer etching time (ie, 150 to 180 seconds) with 10% HF when
compared to a 27% leucite content ceramicd that only required a
60-second etch with 10% HF.24 Some manufacturers recommend
very specific HF concentrations and etching times for their ceram-
ics. The manufacturer of one popular pressable ceramic,a which
has a reported leucite concentration of 35% to 40%, recommends
etching for 60 seconds with 5% HF.25,26 Longer etching times or
higher concentrations of HF with this particular ceramic may ac-
tually result in “over-etching” and weakening of the porcelain sub-
strate by excessively degrading the surface.26 At least one study
supports this contention and found that extending the etching
time of this particular ceramic’s ingots from one to two minutes
with 5% HF significantly decreased the biaxial flexure strength of
the ceramic.27 The manufacturer of another popular pressable
leucite reinforced ceramice recommends “lightly sandblasting the
internal surface with 50 µm Al2O3 at a maximum of 20 PSI and
then placing 5% to 12% HF for 90 seconds to five minutes.”28 One
logical interpretation of this is that dentists could use 12% HF for
90 seconds or 5% HF for five minutes. So, one manufacturera rec-
ommends etching with 5% HF for one minute when treating the
inner surface of its leucite containing pressable ceramic, and

a IPS Empress, Ivoclar Vivadent, Inc., Amherst, NY
b Filtek™ Z250 Universal Restorative, 3M ESPE, St. Paul, MN
c Fortress, Chameleon Dental, Kansas City, KS 
d Ceramco® II, Dentsply, York, PA
e Authentic®, Jensen Industries, Inc., North Haven, CT

FIGURE 1 Typical “honeycomb” pattern seen in a scanning electron

microscope (SEM) of a stackable (ie, powder/liquid) feldspathic porcelain

etched, in this case, for five minutes with 4% HF. A similar etching pattern

is observed when 9% to 10% HF is applied for 90 seconds. Etching with 

HF creates a high-energy, retentive, and hydrophilic surface.
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another manufacturere appears to recom-
mend etching with 5% HF for five minutes
when treating its leucite containing press-
able ceramic. Why there is such a difference
in recommended 5% HF application times
between these two ceramics is difficult to un-
derstand. It is certainly possible that a differ-
ence in leucite concentration, size/orientation
of crystals, or microstructure might affect
etching times. According to one source,29 the
leucite concentration for the aforementioned
popular pressable ceramice is approximate-
ly 8%, depending on the shade. This author
was unable to corroborate this information
despite an extensive Internet search and sev-
eral phone and e-mail contacts with repre-
sentatives of the manufacturer. At least one
company representative suggested etching
the ceramic with 7% HF for one to two min-
utes, although it was unclear on what this
recommendation was based.30

Two lithium disilicate-based ceramicsf,g

replaced a now defunct producth.26 The
manufacturer of these products recommends a very specific etch-
ing time of only 20 seconds with 5% HF,25,26 and studies exist
supporting this protocol.17,31 Powder/liquid or “stackable” porce-
lainsi,j,k,l,m,n,o,p are used extensively in the fabrication of ceramic
restorations. Some opinion leaders/studies recommend 90 seconds
of etching with 10% HF for stackable feldspathic porcelains,32

while others recommend a 120- to 150-second etch with 9.5%
HF.33 The manufacturers of two popular 9.5% HF etching gelsq,r

recommend etching times of 90 seconds (ie, the former manufac-
turer) and 60 seconds (ie, the latter manufacturer).34

In an unpublished study, Byoung Suh tested 10 different felds-
pathic porcelainss,t,u,v,w,x,y by HF etching (ie, 9.5% and 4.0%), fol-
lowed by contact angle analysis and microscopic evaluation. He
first particle-abraded the samples (ie, sandblasting) and found
they all showed an acceptable microscopic etching pattern after a
four- to five-minute etch with 4% HF. These same porcelains
showed a similar etching pattern when 9.5% HF was used for 90
seconds.35 The authors of another study found statistically higher
composite shear bond strength to several stackable porcelain disks
when they were etched with 10% HF for two minutes as opposed
to a longer etch for four minutes at the same HF concentration.

They attributed the lower bond strength
with the longer etching time of four min-
utes to “over-etching” and actual weaken-
ing of the porcelain surface.36 The man-
ufacturer of a popular laboratory ceramic
etching gel sells a 12% to 13% HF etching
gel for stackable porcelainsz and recom-
mends what, to this author, appears to be a
rather long etching time of 10 to 15 min-
utes. According to the manufacturer, this
application time was based on observation
of the contact angle of water droplets placed
on ceramic surfaces and the microscopic
appearance of the porcelain surface after
etching for different time periods (no shear
or tensile bond testing was performed).37

Interestingly, this same manufacturer sells
another product marketed for pressed ceram-
icsaa that uses 5% HF with a recommended
etching time of only 30 to 60 seconds.

Most dentists and ceramists have noticed
that a white “residue” sometimes remains
on the surface of HF-etched porcelain re-

storations. At times this residue can be quite extensive and cover
virtually the entire etched porcelain surface. The extent of this pre-
cipitate is no doubt related to the type of porcelain, concentration
of HF, and the time of application. One study, through energy dis-
persive spectrometer analysis, determined this residue to consist of
the reaction products of porcelain and HF.8 Basic chemistry has
shown that when an acid and base react, various salts are produced
as byproducts of the reaction. In the case of HF etching, the porce-
lain acts as a base, and when it reacts with HF, various insoluble
metallic salts are formed.31 In this author’s opinion, the white res-
idue consists not merely of “porcelain salts,” but also of numerous
microscopic crystalline fragments exposed, possibly weakened by
HF exposure, and displaced after the glassy matrix supporting
them has been dissolved by HF and the porcelain surface washed
and dried. This water insoluble “crystalline residue/salt mix” rather
tenaciously adheres to the porcelain surface and is often difficult to
remove. While many believe this white “frosting” to be indicative of
a “good etch” of the porcelain, this is probably an inaccurate assess-
ment. In fact, in this author’s opinion, if the white precipitate is
excessive, this may be indicative of over-etched porcelain (Figure
2). Several authors have discussed the potential for over-etching

f IPS e.max CAD, Ivoclar Vivadent, Inc., Amherst, NY
g IPS e.max Press, Ivoclar Vivadent, Inc., Amherst, NY
h IPS Empress II, Ivoclar Vivadent, Inc., Amherst, NY
i Ceramco III, Dentsply, York, PA
j Omega® 900, Vident, Brea, CA
k Ex-3, Noritake Co., Inc., Arlington Heights, IL
l IPS d.SIGN, Ivoclar Vivadent, Inc., Amherst, NY
m Duceram® Plus, Dentsply, York, PA
n Luxor
o VMK-68, Vident, Brea, CA
p Creation, Jensen Industries, North Haven, CT

q HF etching gel, Bisco, Inc., Schaumburg, IL
r HF etching gel, Ultradent Products, Inc., South Jordan, UT
s Synspar, Jeneric Pentron, Inc., Wallingford, CT
t IPS d.SIGN, Ivoclar Vivadent, Inc., Amherst, NY
u OPC, Jeneric Pentron, Inc., Wallingford, CT
v Noritake, Noritake Dental Supply, Aichi, Japan
w Vintage, Shofu Dental Corp., San Marcos, CA
x Vita, Vident, Brea, CA
y Initial, GC America, Inc., Alsip, IL
z “Etch it Kit”, American Dental Supply, Easton, PA
aa Etch it Kit for Pressable Porcelain, American Dental Supply, Easton, PA

FIGURE 2 In this example, the intaglio surface

of a porcelain veneer was purposely over-etched

by the author with 9.5% HF placed for 15 min-

utes. Much of the clearly visible “white residue,”

a combination of porcelain salts and porcelain

debris, could not be removed even after an

aggressive air/water spray for two minutes and

wiping with cotton pellets soaked in acetone.
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porcelain and how this could adversely af-
fect porcelain physical properties and/or
bond strength to composite15, 27, 36, 39-42

In any case, this surface residue is a poten-
tial contaminant, and it makes sense to re-
move it before proceeding to the bonding
phase of treatment.

In this author’s experience, removal of
this material with water alone is usually not
effective, even after a vigorous air/water
spray. Acetone or alcohol rubbing is only
slightly more effective. This author has
found that placing the etched restorations
in an ethanol solution followed by ultra-
sonication for five minutes is usually, but
not always, effective in removing any residue (Figures 3A through
3C). Sometimes light brushing with a toothbrush and/or longer
ultrasonication times are also required. Other authors have recom-
mended a similar protocol using distilled water.32 This author pre-
fers an alcohol solution because it evaporates more easily than
water and is probably a better solvent when it comes to removing
potential contaminates (eg, grease and oils from handling, surfac-
tants from acid gels, saliva, try-in paste residue, etc.). Other au-
thors have recommended the use of steam cleaning to remove any
residue/salts left after HF etching of porcelain.43 In any case, the
idea is to have an etched, clean, reactive, and high-energy surface
prior to the next phase of porcelain surface preparation (ie, treat-
ment with a silane coupling agent).

BONDING TO PORCELAIN—USE OF SILANE
Silanes are a class of organic molecules that contain one or more
silicon atoms. Dozens of different silane compounds exist, and
they are used extensively in industry and manufacturing. The spe-
cific silane typically used in dentistry for both intraoral repair and
treatment of ceramic restorations prior to placement is 3-meth-
acryloxypropyltrimethoxysilane. Note: all other use of the term
“silane” in this article will refer specifically to this monomer.

The silane most often used in dentistry is the 3-methacryloxypropyl-

trimethoxysilane, which is a difunctional molecule. The left side of this mol-

ecule is nothing more than a methacrylate group capable of

co-polymerization with methacrylate-based adhesives and resins routinely

used for dental procedures. The right side, after hydrolysis, has the potential

to form chemical bonds to the porcelain surface.

In dentistry, silane is potentially useful as a chemical coupler link-
ing organics (ie, resin-based materials) to inorganics (eg, porcelain,
some oxidized metals, and glass fillers in resin-based composites). A

number of theories—ranging from its ability to simply act as a
good wetting agent to the actual formation of covalent chemical
bonds at the involved interfaces—exist regarding how silane actu-
ally functions.44-46 Note: this author highly recommends an excellent
paper on silane chemistry and interactions written by Meyer Rosen in
1978 while working for Union Carbide.44 Infrared spectroscopy has
shown that silane has the potential to react with hydroxyl (-OH)
groups present on the surface of porcelain and metal substrates.46-48

To be able to function as a coupling agent and interact chemically
with porcelain surfaces, silane must first be hydrolyzed.45 Acetic
acid is commonly used to “activate” or hydrolyze silane by react-
ing with the three methoxy (-OCH3) groups located at one end of
the silane molecule (Figure 4). Ideally, all three of the terminal
methoxy groups will convert to hydroxyl (-OH) groups, although
only one or two may actually react, resulting in incomplete hydro-
lysis and a potentially less effective silane.46,47

Single-bottle silanes are pre-hydrolyzed by the manufacturer
and, while variations in chemistry exist, typically consist of 1% to
5% silane in a water/ethanol solution with an acetic acid adjusted

FIGURES 3A THROUGH 3C A useful technique for cleaning veneers is to place them in ethanol fol-

lowed by ultrasonication. In this case, a full 15 minutes of ultrasonication was required to remove the

white residue on the veneer depicted in Figure 2.

FIGURE 4 This diagram demonstrates unhydrolyzed silane (ie, 3-metha-

cryloxypropyltrimethoxysilane) on the left. To be able to function as a cou-

pling agent and interact chemically with porcelain surfaces, silane must

first be hydrolyzed. Acetic acid is commonly used to “activate” or hydrolyze

silane by reacting with the three methoxy (-OCH3) groups located at one

end of the silane molecule and replacing them with hydroxyl (-OH) groups.

Silane in the active form is shown on the right.
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pH of 4 to 5.44,45 Once hydrolyzed, silane molecules have a ten-
dency to react with one another, forming high-molecular weight
oligomers44,47 (ie, polysiloxanes) that can actually function as a
lubricant49-51 and potentially decrease bond strength to porcelain.
It is important to remember that one-bottle pre-hydrolyzed silane
solutions have a limited shelf life, and this author recommends re-
frigerated storage and replacement after one year, as well as bring-
ing refrigerated silane to room temperature prior to use. If the silane
solution appears at all cloudy or “milky” in appearance, or any type
of precipitate is noticed, it should be discarded.

Two-bottle silane systems typically consist of an unhydrolyzed sil-
ane/ethanol solution in one container and an acetic acid/water solu-
tion in the other.35 These are mixed together by the clinician to
hydrolyze the silane prior to application. It is unclear to this author
precisely how much time is required for an acceptable degree of
hydrolysis to occur once the solutions of two-part silane systems are
mixed. The authors of one paper state “0.5 to 2 hours should be
sufficient,”45 while another author cites a study showing hydrolysis
was “complete 10 minutes after mixing with 0.1% acetic acid.”44

The authors of another study determined the hydrolysis rate of
silane by the use of Raman spectroscopy and determined that 30 to
50 minutes was required.52 Still another study found that the two-
part systembb they tested did not have the same degree of hydrolysis
20 minutes after activation when compared to the two pre-hydro-
lyzed systems they tested.47 One reputable manufacturer and re-
spected researcher stated to this author that, based on contact angle
analysis and in-house testing, its two-part silane was effective im-
mediately after mixing, but performed optimally if left alone on
the porcelain surface for five minutes after it was applied.35 This is
probably an indication of further hydrolysis of the silane and/or
increased chemical interaction with the porcelain during the wait-
ing period. Two-bottle systems should have a longer shelf life than
pre-mixed systems and might be a better choice for dentists whose
use of silane is infrequent.

The important point to remember is that the goal of silane hy-
drolysis is to create terminal hydroxyl groups on each silane mole-
cule. These hydroxyl groups are then capable of reacting directly
with corresponding hydroxyl groups present on the surface of
feldspathic porcelain (through oxidation of SiO2). The opposing hy-
droxyl groups interact with one another (via hydrogen bonding)
and then, through a condensation polymerization (ie, loss of water)
reaction, covalent bonds are formed between the silane and por-
celain. Not only does the silane bond directly to the porcelain in
this fashion, but the individual silane molecules bond to one
another, forming a polymer “network” on the porcelain surface44

(Figures 5 and 6). In theory, the ideal situation would be one in
which a “monolayer” of silane molecules lines the surface of the
porcelain.45 Clinically, this is not possible, but it still makes sense
to use the minimum amount of silane required, and this author
recommends that no more than one to two coats be placed. Ex-
cessive application of silane could, in principle, create too thick a
coating by consecutive silane layers bonding to each other, one on
top of another, and creating an unnecessarily thick and intrinsically
weak layer, which could be prone to cohesive failure. Clinically, the

bb Silanit, Ivoclar Vivadent, Inc., Amherst, NY 

FIGURE 5 The hydroxyl groups on one end of the activated silane molecule

are now capable of reacting directly with corresponding hydroxyl groups

present on the surface of feldspathic porcelain. The opposing hydroxyl

groups first interact with one another via hydrogen bonding. As water is

lost, a condensation polymerization reaction occurs and covalent bonds 

are formed. Warm dry air encourages this reaction.

FIGURE 6 In this illustration, the individual silane molecules have covalent-

ly bonded not just to the porcelain surface, but to adjacent silane molecules,

essentially forming a polymer “network” on the surface. The methacrylate

group on the other end of the silane molecule can now react—via free radical

addition polymerization—with methacrylate groups in subsequently placed

adhesives and methacrylate-based materials.
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surface of the porcelain should NOT look shiny after silane appli-
cation and drying. In this author’s opinion, a shiny surface on the
porcelain after silane application and drying could be an indica-
tion of excessive silane deposition and, if seen, the surface should
be sandblasted under low pressure, re-etched with HF, cleaned
with ethanol in an ultrasonic, and the silane re-applied. A properly
silane-treated porcelain veneer visually appears essentially the
same as it did prior to placing the silane (ie, matt/dull finish). Nu-
merous studies have shown that heat treatment of silane-treated
porcelain has the potential to significantly improve bond strength
to composite.41,51,53-56 This author recommends that warm-air
drying be used for 60 seconds to dry the surface of the porcelain
after silane application. This is a simple and clinically feasible chair-
side procedure that has been shown in some studies to significantly
improve bond strength of silane-treated porcelain to compos-
ite.51,54,55 Complete removal of water is critical as it is the basis be-
hind the condensation polymerization reactions that allow silane
to actually bond to porcelain. Warm/dry air is simply very effective
at removing alcohol and water from the surface, and by “heating
up” the substrate, one can speculate that the reaction rate will be
accelerated, molecular interactions become more frequent, and the
formation of chemical bonds occurs in greater numbers. Once the
inorganic end of the silane molecule is bonded to the porcelain,
the methacrylate group on the other end is free to bond (via free
radical addition polymerization) with methacrylate groups in res-
in-based dental materials and adhesives (Figure 6). While there is
equivocation in the literature,11 it appears that most studies find
proper use of silane significantly improves the bond strength of
resin-based composites to porcelain.10,15,57-60

BONDING TO PORCELAIN: HIGH-
CONTENT ALUMINA AND ZIRCONIA 
CORE-BASED CERAMICS
High-content alumina and zirconia core-based ceramicscc,dd,ee,ff,gg,hh,ii

are highly resistant to chemical attack from HF,11,61-63 and a different
approach is required if the clinician elects to bond these restorations
into place using resin-based adhesives and luting cements (as op-
posed to conventional cementation). One method that has been
shown to be quite effective in increasing bond strength to these
materials is the technique of silica coating followed by silane ap-
plication.61-63 One simple and effective technique utilizes silica
coated 30 µm aluminum oxide particlesjj followed by the applica-
tion of silane. According to the manufacturer, sandblasting with
this material utilizes “impact energy to apply a silica coating to the
target surface.”64 Whether this transfer of silica is due to particles

actually becoming embedded in the target surface, actual me-
chanical/chemical transference (ie, tribochemistry), or both, is
unclear to this author. In this author’s opinion, it is unlikely that,
in the case of high alumina or zirconia cores, there is actual
imbedding of silica-coated particles due to the intrinsic hardness
of the target material. It may be more feasible that the silica-coat-
ed particles actually “bounce off” these ceramics, but prior to do-
ing so there is an actual transference of silica from the particles to
the target substrate (ie, tribochemistry). In any case, this technique
has proven to be effective (more so than conventional sandblasting)
not just with high-strength alumina and zirconia-based ceramics,
but also when bonding to composite65,66 and metal surfaces.67-69

One can speculate that by silica-coating metal or composite sub-
strates, not only is the surface mechanically roughened, but the
number of available hydroxyl groups for surface silane coupling is
significantly increased. Silica coating is not effective, or required,
with conventional feldspathic porcelains simply because significant
amounts of SiO2 and free hydroxyl groups are already present
(much more so than metals and composites). If the dentist opts
to conventionally cement zirconia or high alumina core-based
crowns/bridges, silane is not required. However, this author still
recommends briefly sandblasting the inner surface of the restora-
tion under low pressure (ie, approximately 20 PSI), followed by
placement with whatever conventional cement is chosen by the
dentist. Note: this author prefers resin-modified glass ionomer ce-
ments.kk,ll Care should be taken when sandblasting these restora-
tions, making sure to use low pressure for short time periods, as at
least one study has found that sandblasting with 50 µm AL2O3 (at
40 PSI) had the potential to induce flaws in dense alumina and zir-
conia ceramic plates, resulting in decreased physical properties.70

UNDERSTANDING ALL OF THIS
After a fairly extensive literature review, numerous discussions
with manufacturers, laboratory technicians, and researchers, it is
apparent to this author that no single specific HF concentration
and application time exists that is optimal for etching all porce-
lains. As a consequence, it is not surprising that currently recom-
mended HF concentrations and application times vary signif-
icantly. It also appears that there is potential to both under-etch
and over-etch porcelain. As Calamia suggested years ago,19  HF
concentrations and application times should, ideally, be adjusted
depending on the specific nature of the porcelain being treated. In
this regard, dentists are somewhat at the mercy of manufacturers,
and it should be incumbent on them to provide accurate and
scientifically supported recommendations on precisely how to
optimally treat and place their specific product(s). It is then in-
cumbent on dentists and ceramists to actually follow these proto-
cols. As it is, even when specific protocols do exist, this author
suspects they all too often are ignored, not understood, or dentists
and ceramists are simply not aware of them. In regards to etching
porcelain, one goal should be to determine the time frame re-
quired, at a very specific HF concentration, that will adequately
etch various porcelains without excessively degrading and/or weak-
ening the substrate.

In any case, while recognizing that exceptions are likely to exist,
it is probably safe to make some generalizations regarding porce-
lain surface treatment.

cc In-Ceram, Vident, Brea, CA
dd Procera® All Ceram, Nobel Biocare, Yorba Linda, CA
ee LAVA, 3M ESPE, St. Paul, MN
ff Wol-Ceram, XPdent Corp, Miami, FL
gg Cercon, Degudent, Frankfurt, Germany
hh CERAC InLab, Sirona Dental Systems, Charlotte, NC
ii Everest, KaVo Dental Corp., Lake Zurich, IL
jj CoJet™ Sand, 3M ESPE, St. Paul, MN
kk RelyX™ Luting Plus, 3M ESPE, St. Paul, MN
ll Fuji Cem, GC America, Inc., Alsip, IL



P R AC T I C A L  A P P L I C AT I O N S

46 F U N C T I O N A L  E S T H E T I C S  &  R E S T O R A T I V E  D E N T I S T R Y : Series 2, Number 1

1. It appears that low-pressure sandblasting, followed by 60 to
120 seconds of etching with 9% to 10% HF, has scientific sup-
port and validity when treating conventional powder/liquid
stackable porcelains. A variation that also appears effective is
sandblasting followed by 4% to 5% HF applied for four to
five minutes.

2. In the case of a popular pressable ceramic,a the recommended
treatment protocol of 5% HF applied for 60 seconds has scien-
tific support and should be followed. The manufacturer of this
particular product is one of the few that this author found to
have very specific recommendations, as far as HF concentra-
tions and application times, for a number of its bondable ce-
ramics. Specific manufacturer recommendations for many of
the other pressable and/or high leucite containing ceramics
are vague, do not exist, or could not be found and/or verified
by this author. Some ceramic manufacturers shift responsibil-
ity by simply recommending following the directions of the
manufacturer of whatever HF-etching gel or liquid is being
utilized. As a result, specific treatment protocols appear to be
largely speculative. Perhaps these are the restorations many
ceramists stated (to this author) that they simply etch until the
“surface looks frosty.” While this is certainly not very scientific,
and likely not optimal, in the absence of specific guidelines, it
may be the best ceramists and dentists have in some situations.

3. High-strength alumina and zirconia core-based crowns cannot
be etched with HF. As a result, it is not possible to “bond” these
restorations with conventional HF/silane treatment. Silica
coating, followed by silane application, has been shown to be a
viable alternative.

4. Proper use of hydrolyzed silane, in conjunction with warm-air
drying, has scientific support and is advisable after HF etching
of feldspathic porcelains or silica coating of high alumina, zir-
conia, metal, and composite surfaces.

TREATMENT PROTOCOLS
Two general treatment protocols successfully used by the author for
surface treatment of stacked (powder/liquid) porcelain veneers prior
to placement are presented below. These protocols may not be valid
for all stacked porcelains and when available, manufacturer recom-
mendations regarding etching times and HF concentrations should
be followed. The first protocol assumes that the veneers are not etched
at the dental laboratory. The advantage of this protocol is that the den-
tist has complete control over the surface preparation. In the second
protocol, the veneers have been etched at the dental laboratory. This
requires a certain degree of faith in the lab technician and assumes
he/she has properly etched the porcelain. The author recognizes other
protocols exist, are valid, and are clinically successful.

A. Protocol #1. Veneers NOT Etched by the Dental Laboratory
1. Try in case for fit and esthetics. Once the decision to place the

veneers is made, proceed to Step #2.
2. Briefly sandblast veneers under low pressure (ie, 20 PSI) with

50 µm Al2O3 or 30 µm aluminum oxide particles.

3. Etch with 9% to 10% HF gel for 90 seconds, wash, and dry.
4. Ultrasonicate for five minutes in ethanol; dry well.
5. Apply one to two coats of pre-hydrolyzed silane and warm-air

dry for 60 seconds.
6. Place a thin layer of HEMA (hydroxyethylmethacrylate)-free

unfilled resin.mm Do not cure. HEMA-free resins are less hy-
drophilic than HEMA-containing resins and may be less prone
to water sorption.

7. Fill veneers with a light-cure only resin veneer cementnn,oo and
bond in place. Veneer cements that have a dual-cure capacity
contain tertiary aromatic amines that may discolor with time,
potentially altering the shade of the veneers.71-73

B. Protocol #2. Veneers Etched by the Dental Laboratory
1. After receiving the veneers from the dental laboratory, inspect

the inner surface. Properly etched veneers should have a dull/
matt finish and no shiny areas. If the veneers have shiny areas,
briefly sandblast and re-etch with 9% to 10% HF for 90 sec-
onds. If the veneers appear well etched, proceed to Step #2.

2. Ultrasonicate for five minutes in ethanol; dry well. Note: an alter-
native to using an ultrasonic is to clean the veneers with phosphoric
acid, wash, and dry. The basic idea is to ensure a clean, fresh, high-
energy surface before applying silane, as it may be possible the
veneers were contaminated from normal handling and exposure
at some point between the laboratory and the time of placement.

3. Before the veneers are tried in, apply one to two coats of pre-
hydrolyzed silane and warm-air dry for 60 seconds.

4. Try in veneers to access fit and esthetics. Note: this author
rarely uses try-in pastes. Once approved, place the veneers back
in the ultrasonic to remove any surface contaminates. Silane
does not need to be re-applied.

5. The cleaned veneers should be dried thoroughly and brushed
with a thin coat of HEMA-free bonding resin. Note: see Step
#6 in Protocol #1.

6. Perform the same as Step #7 in Protocol #1.

CONCLUSION
Optimizing porcelain surfaces prior to treatment with various
adhesives and luting resins requires an understanding of the in-
volved substrates and materials, as well as a logical and systematic
methodology in their manipulation. It is clear that while much is
known, even more remains to be learned. It is hoped that this arti-
cle has answered some questions, raised others, and provided greater
insight into the nature of bonding to porcelain.
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