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Acid etching of glass-infiltrated zirconia and
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PURPOSE. The purpose of this study was to evaluate the influence of acid etching treatment on surface
characteristics and biological response of glass-infiltrated zirconia. MATERIALS AND METHODS. A hundred
zirconia specimens were divided into four groups depending on surface treatments: untreated zirconia (group Z);

acid-etched zirconia (group ZE); glass-infiltrated zirconia (group ZG); and glass-infiltrated and acid-etched
zirconia (group ZGE). Surface roughness, surface topography, surface morphology, and Vickers hardness of
specimens were evaluated. For biological response test, MC3T3-E1 cell attachment and proliferation on surface
of the specimens were examined. The data were statistically analyzed using one-way ANOVA and Tukey’s HSD
test at a significance level of 0.05. RESULTS. Group ZGE showed the highest surface roughness (Ra = 1.54 pm)
compared with other groups (P < .05). Meanwhile, the hardness of group Z was significantly higher than those of
other groups (P < .05). Cell attachment and cell proliferation were significantly higher in group ZGE (P < .05).
CONCLUSION. We concluded that effective surface roughness on zirconia could be made by acid etching

treatment after glass infiltration. This surface showed significantly enhanced osteoblast cell response. [J Adv

Prosthodont 2017;9:104-9]
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INTRODUCTION

Recently, zirconia has been widely used as dental implant
substrate due to its excellent properties. Zirconia offers high
flexural strength and high fracture toughness,’ optimal
esthetics,” and high biocompatibility.®

When biomaterial is introduced into human body, the
interaction between the cells and the material surface con-
tributes to osscointegration.* A number of experiments
demonstrated that rough surface zirconia (Ra > 1 pm) yield-
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ed better behavior of osteoblast cells than smooth sur-
face.*> Therefore, several surface treatments have been put
forward to improve the surface roughness, as well as other
surface properties of zirconia such as topography and hard-
ness.

The cell response has been proved to be affected not
only by the surface roughness and topography, but also by
the surface chemistry.” Bioactive glass coatings were pro-
posed to lessen the recovery time of zirconia implant fol-
lowing implantation.® Bioglass4585 (45% SiO,, 24.5% CaO,
24.5% Na,O, and 6% P,0, in wt%), for instance, is one of
the bioactive glass which was used for zirconia coating. Its
phosphorus and calcium proportion was considered equal
to that of the human bone. Therefore, such glass can pro-
duce a strong chemical bond between the implant and the
bone.” Nonetheless, the coefficient of thermal expansion
(CTE) of this glass does not match CTE of zirconia."
Therefore, its use is not proper on zirconia implant.

Glass infiltration, in which glass was infiltrated into the
zirconia substrate, significantly increases the strength of zir-
conia.' The resultant structure involves an outer glass layer,
which was followed by a graded glass-zirconia layer and a
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dense zirconia interior. The CTE of the glass also needs to
match that value of zirconia to prevent the development of
the long-range thermal stress in graded structure.'

Acid etching has been considered for a long time as an
effective method to create surface roughness of titanium
dental implant.”
to ordinary etching techniques because it has a polycrystal-
line structure and lacks silica composition.''® Meanwhile,
previous studies reported that hydrofluoric acid (HF) treat-

ment can react and eliminate the silica content of silica-
16-18

Howevet, zirconia is bioinert and tresistant

based glass-ceramics, creating surface roughness.

This study was designed to investigate the effect of acid
etching treatment on surface characteristics and biological
response of glass-infiltrated zirconia.

MATERIALS AND METHODS

A hundred zirconia specimens were classified into four
groups depending on surface treatments (n = 25): untreated
zirconia (group Z); acid-etched zirconia (group ZE); glass-
infiltrated zirconia (group ZG); and glass-infiltrated and
acid-etched zirconia (group ZGE). Pre-sintered zirconia
(Kuwotech Co., Ltd., Gwangju, Korea) disks with 20 mm in
diameter and 1.2 mm in thickness were used in this study.
Untreated or as-sintered zirconia was prepated by fully sin-
tering the pre-sintered zirconia disks at 1450°C for 2 hours
in a high temperature furnace (KaVoTherm, KaVo Dental
GmbH, Biberach, Germany). Glass infiltration was con-
ducted by dipping the pre-sintered zirconia disks in a solu-
tion of distilled water and glass powder. The specimens
wete then air dried and fully sintered at 1450°C for 2 hours
to make the glass infiltration and densification carried out
simultaneously. The glass used in this study had the coeffi-
cient of thermal expansion close to that of zirconia and
mainly consisted of SiO,, ALO,, and Na,O (92 wt%). Acid
etching treatment was carried out by immersing fully-sin-
tered specimens in 20% HF for 1 hour at 50°C. The speci-
mens were then neutralized by calcium oxide and ultrasoni-
cally rinsed in acetone, alcohol, and distilled water for 20
minutes each to remove any remnants.

The mean roughness (Ra, in um) was measured at three
locations on each specimen using a surface profilometer
(Diavite DH-7, Asmeto AG, Basel, Switzerland). The three-
dimensional surface topography of the specimens was eval-
uated using an atomic force microscope (AFM, Nanoscope
I1I; Digital Instruments, Santa Barbara, CA, USA). The sur-
face morphology of the specimens was observed using
field-emission scanning electron microscopy (FE-SEM,
JSM-7500F, JEOL, Tokyo, Japan).

The Vickers hardness of ten specimens per group was
measured using a microhardness tester (Microwizard
HM-122, Mitutoyo, Kangawa, Japan). Six Vickers indenta-
tions were made on each specimen using a load of 1 kgf for
10 seconds. Vickers hardness (VH) was calculated according
to equation:

VH =1.854 P/d”

where P (in kgf) is the indentation load and d (in mm) is

the arithmetic mean of two diagonals. The imprint created
by the indentation was observed using FE-SEM.

Mouse osteoblast-like cells MC3T3-E1 (ATCC, Manassas,
VA, USA) were used in the cell experiments. The cells were
grown in a-modified minimum essential medium («-MEM,
Moregate Biotech, Bulimba, QLD, Australia) containing
10% fetal bovine serum (FBS, Moregate Biotech, Bulimba,
QLD, Australia) and 1% Penicilin/Streptomycin (Lonza,
Walkersville, MD, USA) in a humidified atmosphere of 5%
CO, at 37°C. The cells were seeded onto the test specimens
in 24-well tissue culture plates (Iwaki, Tokyo, Japan) at a
density of 5 X 10* cells/well. Cell attachment was evaluated
at 4 and 24 hours of incubation. At each time point, cells
that were attached onto the specimens were fixed with 2.5%
glutaraldehyde for 2 hours. Following dehydration in graded
concentrations of ethanol, the specimens were dried in des-
iccator overnight and then stored at room temperature until
FE-SEM evaluation was conducted. Cell proliferation at 24
and 72 hours of incubation (five specimens per group) was
assessed using XT'T assay (EZ-Cytox, Daeil Lab Service,
Seoul, Korea). At each time point, XTT assay was added to
each well and incubation was continued at 37°C in 5% CO,
for 25 minutes. The absorbance of produced formazan was
measured at a wavelength of 450 nm with the subtraction
of the 630 nm background using a plate reader (ELx
800UV, BIO-TEK Instrument Inc., St. Winooski, VT, USA).
Experiments were repeated three times.

IBM SPSS Statistics 20 IBM SPSS Inc., Chicago, 1L,
USA) was used for statistical analysis. The one-way ANOVA
and Tukey’s HSD test were used to make comparison
among the groups. A P value < .05 was considered statisti-
cally significant.

RESULTS

The surface roughness values were found to arrange from
the highest to the lowest value for group ZGE, ZG, ZE,
and Z, respectively (Table 1). Significant differences were
detected among groups (P < .05), except between group Z
and group ZE. The roughness value of group ZGE, reach-
ing 1.54 um, was significantly higher than those of other
groups (P < .05). This value was about three times greater
than that of group ZG and seven times greater than that of
group Z and that of group ZE.

Table 1. Surface roughness and Vickers hardness of the
test groups (mean and standard deviation)

Group Ra (in um) VH (in GPa)
z 0.21 + 0.022 12.09 + 0.19¢
ZE 0.23 £ 0.022 11.68 £ 0.18°
G 0.50 £ 0.10° 6.23+£0.172

ZGE 1.54 +0.19° 10.25 + 0.20°

* Different letters mean significant difference (P < .05).
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Fig. 1. AFM pictures of the surface of specimens. (A) Z, (B)

Fig. 2. FE-SEM images (x10000 magnification) of
specimen surfaces. (A) Z, (B) ZE, (C) ZG, (D) ZGE.

The topography pictures of the specimens are exposed
in Fig. 1. The pictures proved that the roughest surface was
successfully produced on ZGE specimens.

The surface morphology images of specimens are
shown in Fig. 2. The specimens of group Z had identical
grain structure and closed inter-grain pores. Meanwhile,
glass covered and infiltrated along the boundaries of zirco-
nia grains in ZG specimens. For ZE and ZGE specimens,
HF treatment led to the dislodgment of outer grains,
uneven grain structure and extension of inter-grain spaces.
Appatently, ZGE specimens had more irregular and rough-
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ZE, (C) ZG, (D) ZGE.

Fig. 3. FE-SEM images of Vickers indentation impression
in the outer surface of specimens. (A) Z, (B) ZE, (C) ZG,
(D) ZGE. The arrows indicate radial cracks emanating
from the indent edges.

er surface than ZE specimens.

The Vickers hardness values were ordered from the
highest to the lowest value for group Z, ZE, ZGE, and ZG,
respectively (Table 1). Statistical analysis indicated signifi-
cant differences in Vickers hardness between groups (P <
.05).

The imprints produced by Vickers indentation on sur-
face of the specimens are shown in Fig. 3. The indentation
patterns on Z, ZE, and ZGE surfaces were relatively alike
with radial cracks emanating from the indent edges. On the
other hands, no radial crack was observed on ZG sutface.
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Fig. 4. FE-SEM images (x300 magnification) of MC3T3-E1 on specimens at 4 hours (A) and 24 hours (B) after incubation.

The images of MC3T3-E1 cells on the specimens at 4
and 24 hours after incubation are presented in Fig. 4.
Various cell-cell connections were observed on all sutfaces.
The number of adherent cells increased over the period of
time on all the specimens and seemed to be greater on ZGE
surface.

The XTT assay results of MC3T3-E1 cells at 24 and 72
hours after incubation were shown in Fig. 5. Over the
observation period, the number of cells increased signifi-
cantly on all surfaces. Noticeably, the cell count on ZGE
surface at each time point was significantly higher than
those on other groups (P < .05). The density of cells was
lowest on ZG surface (P < .05).

DISCUSSION

This study evaluated the effect of acid etching treatment on
glass-infiltrated zirconia’s surface characteristics and biologi-
cal response.

Based on the literature, the implant surfaces with Ra < 1
um are described as smooth and those with Ra > 1 pm are
expressed as rough.” In this study, group Z, ZE, and ZG
showed the smooth surfaces, with the average surface
roughness Ra 0.21, 0.23, and 0.50 um, respectively. No sig-
nificant difference was observed between the roughness val-
ues of groups Z and ZE. The result indicated that HF etch-
ing treatment didn’t seem to produce any alteration in
roughness of zirconia due to its acid inertness. This finding
was in agreement with a previous study.”” On the other
hand, the rough surface was only made on group ZGE (Ra
= 1.54 um), which was prepared by acid etching following

mZ nZE nZG mZGE

Optical density

24 hours

72 hours

Culture time

“

Fig. 5. Evaluation of MC3T3-E1 cell proliferation by XTT
assay. Different letters mean significant difference (P < .05).

glass infiltration. This roughness value of group ZGE was
dramatically greater than those of the other groups. This
result could be explained by the fact that HF can dissolve
the silica component of glass-infiltrated zirconia and gener-
ate surface roughness.'*'®
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Vickers hardness value of group Z was significantly
higher than those of the other groups. The decrease in the
hardness values of group ZE and ZGE could be explained
by the relationship between surface roughness and hardness,
in which the hardness was decreased as the result of the
increasing roughness.”’* The unevenness of the surface
morphology may be another reason for reducing hardness
of such groups. Furthermore, we suggest that the greater
decline in the hardness of group ZGE compared with
group ZE could be assigned to the surface chemical altera-
tion because group ZGE was introduced to the glass infil-
tration before acid etching process.

When the surface of a brittle material is indented with a
Vickers indenter, radial cracks often generate around the
indentation impression as a result of residual tensile stress
that develops during the removal of the indenter.® In the
present study, FE-SEM images of the indentation impres-
sions showed that cracks were emanated from the indenta-
tion imprints on all the surfaces, except on ZG surface. This
result revealed that ZG surface seemed to be more resistant
to crack initiation during the indenter removal compared
with other surfaces. Actually, FE-SEM surface morphology
images indicated that through glass infiltration process, glass
penetrated outer zirconia grain boundaries in ZG speci-
mens. Some previous studies reported that composite glass-
zirconia structure in glass-infiltrated zirconia could reduce
and transfer the residual tensile stress from the outer sur-
face into the intetior.*** We suggested that the decrease of
surface tensile stress, due to the effect of glass-zirconia
structure as mentioned above, might be a possible explana-
tion for apparently better resistance to crack generation of
group ZG compared with the other groups during the
removal of Vickers indenter.

The adhesion of osteoblast cells on biomaterials is
strongly influenced by sutface roughness.” A few studies
reported that rough surfaces favor the attachment of osteo-
blasts.””* In this study, the difference in cellular attachment
among the groups was examined. From the results of
FE-SEM, ZGE specimens with the rough surface showed
the highest cell adhesion after 4 and 24 hours of culture. We
suggest that rough surface may enhance the attachment of
osteoblasts compared to the smooth surface.

In the present study, we witnessed the significantly high-
er value of cell proliferation on ZGE surface than on the
other surfaces. This finding was in accordance with the pre-
vious studies, which reported the higher proliferation rate
of osteoblasts on rough zirconia surface than on smooth
one.*” We suggest that the surface roughness is able to
influence the proliferation of cell on zirconia in the way
that rough surface may improve the proliferation of osteo-
blasts.

Rough surface, which was created on group ZGE, takes
advantages of the osteoblastic response. However, the
greater surface roughness may also lead to the higher rate
of the attachment of microorganisms around the implant.”
Therefore, more experiments will be conducted in the near
future to evaluate the influence of such surface treatment
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on the behavior of bacteria on zirconia implants.

Surface chemical modification through glass infiltration
process may also affect the behavior of osteoblasts. Cell
experiments showed that osteoblast proliferation was signif-
icantly lower in group ZG compared with the other groups.
Actually, bioactive glass, based on silicate content, attached
to the bone through the formation of a silica-rich layer on
which hydroxyapatite was formed.”” High content of ALO,
may diminish the bioactivity of the glass due to the forma-
tion of Si-O-Al linkages, which reduce the release of Si and
reduce the formation of hydroxyapatite layer on material
surface.” In fact, AL O, is one of the main compositions of
the glass used in this study. This could explain the worst cell
behavior of group ZG. The glass used in this study, there-
fore, may need to be further modified to improve the bioac-
tivity.

A limitation of the present study is that study examined
the attachment and proliferation of cell in a short period of
time. More comprehensive outcomes would be achieved
with long-term evaluation. Further studies are needed to
perform the osteoblastic response 7z vivo. Likewise, glass
infiltration and acid etching can be a promising solution for
zirconia surface treatments and requires more inclusive
studies.

CONCLUSION

Within the limitations of this study, we concluded that
effective surface roughness on zirconia could be made by
acid etching treatment following glass infiltration. This sur-
face showed significantly enhanced osteoblast cell response.
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