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Effect of 37% Phosphoric Acid Etchant on Surface
Topography of Zirconia Crowns – An In Vitro Study
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ABSTRACT
Background: This in vitro study was conducted to evaluate the surface topography of dental zirconia specimen after
etching with 37% phosphoric acid. Methods: These samples were divided into 4 groups based on the etching time – with
Group-I as a control and Group-II, Group-III and Group IV with etchant application time of 5, 10 and 15 minutes
respectively at room temperature. Results: The specimens were evaluated under Scanning electron microscope. The
SEM analysis revealed changes in surface topography for all the etched zirconia specimens. Conclusions: The microirregularities on the surface increased with longer etching times.
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INTRODUCTION
Zirconia-ceramics is one of the most popular nonmetallic material used in prosthetic dentistry owing
to its superior mechanical properties, excellent
esthetics & biocompatibility. Light transmission is
approximately 48%, and the refractive index is
2.3.[1,2] Sintered yttria-stabilized tetragonal zirconia
polycrystals
(Y-TZP)
are
described
as
‘polycrystalline, high-strength oxide ceramics’
without a ‘glass phase’.[3] However, the hardness of
yttria stabilized zirconia (3Y-TZP) causes problems
with surface enhancement and makes it difficult to
ensure appropriate preparation for bonding between
the luting cement and the prosthetic restoration.
The homogenous, densely packed structure of
zirconia crystals and the absence of a glass matrix
make etching and silanization impossible. For this
reason, bond strength is lower than for glass ceramic
restorations.[4,5] The minimum tensile bond strength
acceptable in clinical conditions ranges between 10
and 13 MPa.[6] A strong, durable resin-to-ceramic
bond is established through the formation of
chemical bonds and by micromechanical
interlocking.[7-9]
Ceramics based on silicates like dental porcelain and
glass ceramics can be etched by hydrofluoric acid
(HF in water) followed by silanization with an
organosilane to achieve good bonding. Since
zirconia is a silica-free ceramic and so resistant to
conventional acid-etching techniques.
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Zirconia ceramic is not readily etched by HF owing
to its high crystallinity, making it difficult to roughen
the surface for mechanical retention.[2,10-14] On the
other hand, air-abrasion using Al2O3 particles has
been found to be effective in cleaning and
roughening surfaces.[15,16] Wegner and Kern
demonstrated that a durable resin–zirconia bonding
can be achieved by air-abrasion in combination with
resin materials containing an adhesive monomer,
such as 10-methacryloyloxydecyl dihydrogen
phosphate (MDP).[17] Other surface treatments of
zirconia
including laser treatment selective infiltration
technique (SIE) hot etching solution nanostructured
alumina coating, and slurry-coated ceramic have
been developed to improve and enhance the surface
roughened area to facilitate the mechanical
interlocking of the ceramic and bonding resin.[14,18-23]
The purpose of this study was to investigate the
effect of 37% phosphoric acid, a commonly used
etchant, on the surface topography of zirconia to
examine whether surface roughness is affected or not
by the increased etching times, which is essential for
the interlocking of resin cement.

MATERIALS & METHODS
A total of 60 samples of monolithic Zirconia crowns
designed for mandibular first molar each fabricated
using CAD-CAM technology was used in this study.
The samples were then cleaned for five minutes with
acetone, ethanol and distilled water in an ultrasonic
bath in order to remove contaminants to facilitate the
surface treatment.
These samples were divided into 4 groups (n=15)
based on the etching time. With one group (Group-I)
as a control, specimens in other 3 groups were
etched using 37% phosphoric acid. Etchant was
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surface with an irregular grain structure compared
with the control. Group-III specimens had the
irregular grain shape and enlargement of inter-grain
space. Group-IV images of the zirconia specimens
revealed irregular morphology and formation of the
micro-porosities
more
evident
at
higher
magnification.
The scanning electronic microscopic images showed
that the etchant effect was both at the inter-granular
and intra-granular level with more preferentiality for
the grain boundaries depending on etching time.
Nevertheless, observations at higher magnification
showed no significant evolution of the granular
texture.
Group-III

RESULTS
Group –I

Figure 1: SEM image of surface of untreated specimen
at (A)×500, (B) x1000, (C) x2000 and (D) x3000
magnification.

Figure 3: SEM image of surface of specimen after
etching with 37% phosphoric acid concentrations after
10 minutes at (A)×500, (B) x1000, (C) x2000 and (D)
x3000 magnification.

Group-IV

Group-II

Figure 2: SEM image of surface of specimen after
etching with 37% phosphoric acid concentrations after
5 minutes at (A)×500,
(B) x1000, (C) x2000 and (D)
x3000 magnification.

The unetched zirconia surface of the control
specimens GROUP-I showed a homogenous fine
grain structure. GROUP-II showed the specimen

Figure 4: SEM image of surface of specimen after
etching with 37% phosphoric acid concentrations after
15 minutes at (A)×500, (B) x1000, (C) x2000 and (D)
x3000 magnification.

DISCUSSION
A lot of research has been focused on finding luting
materials that offer adequate retention of a fixed
dental prosthesis. However, not only are the physical
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applied to each of the 15 specimens in Group-II,
Group-III and Group IV for 5, 10 and 15 minutes
respectively. The volume of etchant for each sample
was 1mL. After etching, the samples were rinsed off
with acetone & cleaned in distilled water bath
ultrasonically. The specimens were examined with a
Hitachi S – 3000H scanning electron microscope for
surface topography analysis.
The zirconia specimen crowns from each etched
group were air-dried, mounted on a brass stub with
carbon adhesive tape, and gold sputter coated for 3
min. Surface topography areas were randomly
selected and photographed using an electron
microscope at 500µ, 1000µ, 2000µ and 3000µ
magnification.
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composition of the zirconia specimen was also not
evaluated, nor were the physical properties before
and after surface treatment evaluated.
Further research is needed to evaluate these factors.
Acceptable etching with phosphoric acid, if
obtained, will eliminate the need for use of more
hazardous hydrofluoric acid, as has been reported in
many studies about the toxic nature of fumes that
result from HFA.[35] In addition to better handling
properties, phosphoric acid provides the advantage
of ease of availability, being available in almost
every dental practitioner’s office.

CONCLUSION
Within the limitations of this in vitro study, the
following conclusions were drawn:
1. Etching with a 37% Phosphoric acid solution can
serve as an alternative method for roughening
zirconia surfaces.
2. An increase in etching time has a positive effect on
micro-morphology of the zirconia surface.
3. Long-term investigations are necessary to ensure the
clinical efficacy of 37% phosphoric acid etching of
zirconia for resin–zirconia bonding.
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characteristics of the luting cement responsible for
the retentive phenomenon but also of considerable
importance is the surface characteristics of the fitting
surface of the prosthesis.[9] Prostheses fabricated
from zirconia-ceramics are supposed to be more
clinically durable than those prepared from other allceramic systems. A rough and irregular surface of
yttria stabilized zirconia (3Y-TZP) creates microretentive depressions for the bonding systems, thus
increasing the bonding surface as well as the
wettability and surface energy.[24] Airborne-particle
abrasion has been used in an attempt to enhance the
surface area available for bonding: the treatment,
however, appeared to be inadequate to establish
reliable ceramic/ cement bonds.[25,26] In addition
Kern et al and Yang et al also expressed concern that
particle abrasion if carried out too aggressively could
damage the surface causing a negative impact on the
physical properties.[16,27] Alternative techniques like
selective infiltration etching and use of hot chemical
etching solutions have been proposed,[20] and have
shown good results in achieving adequate surface
roughness of the ceramic restoration.[21] Selective
Infiltration Etching uses a heat-induced maturation
process to pre-stress the surface grain boundaries in
zirconia in order to allow infiltration of molten glass
into these boundaries.[24] The glass is then etched out
using HF, thereby creating a 3D network of intergranular pores that allows Nano mechanical
interlocking of resin cement.
Lee et al in their study demonstrated that higher
concentrations and longer etching times using
hydrofluoric acid (HFA) resulted in sufficient
etching of the surface of zirconia restoration.[28] In a
recent study, also, it has been seen that HF etching
could induce the tetragonal-to-monoclinic phase
transformation of zirconia due to low-temperature
degradation.[29] Such effects are more prominent at
higher temperatures and concentrations as pointed
out by Guo et al and Xie et al.[30-32] According to
Egilmez et al, the flexural strength of zirconia
decreased significantly after immersion in 4% acetic
acid at 80°C for 7 days.[33] In other studies, Y-TZP
readily corroded after immersion in 100°C
HCl/Fe2Cl3, hydrofluoric acid (HF), nitric acid, and
sulfuric acid for 30 minutes.[21,34] These findings
collectively suggest the potential adverse effects of
acid solutions on the crystalline structure and
mechanical properties of Y-TZP.
Thus the present study was aimed at testing an
alternative protocol for etching zirconia based
restorations. The use of 37% phosphoric acid has
shown acceptable etching of the specimens as
observed on electron micrographic examination. The
extent of surface roughness is also directly
dependent on the duration of exposure with longer
etching times resulting in rougher surfaces. The
quality of bonding after acid etching with phosphoric
acid was, however, not tested clinically or under
laboratory conditions. The effect on the chemical
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