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Impact of Different Surface Treatments on Flexural Strength
and Surface Roughness of Zirconia Implant Material: An In
Vitro study
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A b s t r ac t
Aim: The present study aimed to assess the effect of various surface treatment options on surface roughness and flexural strength of the
zirconia implant material.
Materials and methods: This study included a total of 45 prefabricated samples of sintered zirconia disks. Grit papers of silicon carbide (240–1200
μm) were used to polish the sample surfaces and were then washed with water to clear any particles generated while polishing. These samples
were segregated into three groups (15 samples in each group). Group I: control, group II: UV light-treated zirconia disks, group III: sandblasted
and acid-etched (SLA)-treated zirconia disks. The surface characteristics of test samples post-surface treatment were evaluated with a scanning
electron microscope (SEM). Post-surface treatment of all the three groups, surface roughness was analyzed with a digital optical profilometer.
Flexural strength of zirconia samples was assessed using piston on a Universal load testing machine with the three-point bending test.
Results: The highest surface roughness was recorded in SLA-treated zirconia group (0.524 ± 0.028) next by UV light-treated group (0.510 ±
0.132) and control group (0.466 ± 0.016). However, there was no statistically significant result seen between the groups. The highest flexural
strength was found in the control group (596.21 ± 1.246) next by UV light-treated (488.45 ± 2.108) and SLA-treated zirconia group (424.67 ±
1.022). A statistically significant result was recorded between groups I and II, groups I and III (p < 0.001).
Conclusion: The highest surface roughness was recorded in the SLA-treated zirconia group followed by the UV light-treated group and the
control group. There was a statistically significant difference noted for flexural strength between the control group with the SLA group and the
UV light-treated group.
Clinical significance: The ongoing research in dentistry aims for enhancements in the bioactivity of zirconia implants so as to achieve improved
healing and lowered morbidity. Now a days, zirconia is gradually emerging as an important material that might substitute the gold standard
of the dental implant.
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I n t r o d u c t i o n
The well-established treatment option for oral reintegration post
tooth loss is restoration with dental implants. Pure titanium has
been the chosen material since decades and continues to be the
material of choice for intraosseous dental implants. But, these
titanium implants have esthetic concerns, particularly in the anterior
part of maxilla. The neck of the implant becomes visible due to
gingival recession. Moreover, titanium results in immunologic
reactions with initial local infection leading to probable risk for
loss of implants.1
Zirconia is the most extensively used dental material by dentists
and patients these days because of their superior mechanical
properties, such as high fracture toughness (7–10 MPa m1/2),
flexural strength (700–1200 MPa), high natural appearance, and
biocompatibility. Therefore, the zirconia ceramic material is widely
used clinically particularly as frameworks for fixed restorations and
implant abutments.2
Zirconia has been developed as an alternate for the titanium
implant over the last few years because of its ability to osseointegrate
and due to its other valuable properties such as its color that mimics
the color and translucency of natural teeth. 3 Zirconia can easily be
seen on the radiographs as it is a radiopaque material alike titanium.
Zirconia is associated with less colonization by bacteria compared to
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Various Surface Treatments on Zirconia Implant Material
that with titanium. Zirconia is more biocompatible than titanium as
titanium leads to release of corrosion products at the place where
implants are positioned.4
Surface properties of a biomaterial play a fundamental role
in the osseointegration process. Increased surface roughness of
dental implants resulted in greater bone apposition and reduced
healing time. Sandblasted and acid-etched (SLA) is used to induce
surface erosion by applying a strong acid onto the blasted surface.
This treatment combines blasting with Al2O3 with a grain size of
150 μm and acid etching sequentially to obtain macroroughness
and micropits to increase the surface roughness as well as
osseointegration and more recently, ultraviolet radiation has been
used to increase the hydrophilic properties of the zirconia implants.5
Hence, the present study was done to evaluate the influence of
diverse surface treatments on surface roughness and flexural
strength of the zirconia implant material.

M at e r ia l s

and

M e t h o d s

This in vitro study was conducted in the Department of
Prosthodontics and Implantology. This study included a total of 45
prefabricated samples of sintered zirconia disks (Ceramic Industries
Pvt. Ltd, India). Grit papers of silicon carbide (240–1200 μm) were
used to polish the sample surfaces and were then washed with
water to clear any particles generated while polishing. Ultrasonic
cleaning was done using distilled water for 5 minutes. Fifteen
zirconia specimens were used as control. The leftover zirconia
samples were exposed to surface treatments.
Forty-five samples (10 mm × 3 mm) of zirconia disks were
segregated into three groups (Fig. 1).

Group I: Control
Grit papers of silicon carbide were used to polish the samples
surfaces and were not exposed to any surface treatments.

Group II: UV Light-treated Zirconia Disks
In this group, 15 samples were treated for 15 minutes with UV light
using a UV activation device. The UV light was delivered through
a single source (λ = 360 nm and λ = 250 nm) as a spectral mixture.

Group III SLA-treated Zirconia Disks
Diamond paste of 3 μm was used to polish smooth surfaces of
zirconia disks, while Al2O3 with a grain size of 150 μm and pressure
6 bar was used to sandblast the roughened surfaces, followed by

Figs 1A to C: Present study zirconia disks groups: (A) Control; (B) UV
light-treated; (C) SLA-treated

acid etching for 10 seconds with 38–40% hydrofluoric acid (HF).
Double distilled water was used to clean all samples, followed by
use of double distilled water for ultrasonic cleaning for 5 minutes,
followed by air-drying (Fig. 2).

Evaluation of Samples under Scanning Electron
Microscopy
Post-surface treatment, the surface characteristics of test samples
were evaluated using a scanning electron microscope (SEM). All the
samples were mounted with the mounting plate and 90% ethanol
was used to spray the samples. Later, the chamber was filled with
vacuum. A camera is used within the SEM machine lens to focus
precisely at the center of the sample. A 3000× magnification was
used to record all the sample images (Figs 3 and 4).
A digital optical profilometer 210 speed of stylus; 0.5 mm/
second that was connected to a computer software was used to
assess the surface roughness after the surface treatment of all the
three groups.
A piston on three-point bending test on a universal load testing
machine was used to determine the flexural strength of zirconia
samples. A special custom-made jig attached to the Universal
testing machine was used to apply load to the center of the samples.
The samples were loaded in a universal testing machine at 5 mm/
minute cross-head speed until the samples were fractured.

S tat i s t i c a l A n a lys i s
A SPSS software version 20.0 was used to analyze the collected data.
As data were normally distributed, the flexural strength between
the groups was measured using the one-way analysis of variance
(ANOVA). A p value of less than 0.05 was considered as statistically
significant.

R e s u lts
The mean of surface roughness and flexural strength of different
groups post-surface treatment are as shown in Table 1. The highest
surface roughness was recorded in the SLA-treated zirconia group
(0.524 ± 0.028) followed by the UV light-treated group (0.510 ±
0.132) and the control group (0.466 ± 0.016). The highest flexural
strength was noted in the control group (596.21 ± 1.246) followed
by the UV light-treated group (488.45± 2.108) and SLA-treated
zirconia group (424.67 ± 1.022).
The comparison of surface roughness of different groups
post-surface treatment is as shown in Table 2. A highest surface
roughness was recorded in the SLA-treated zirconia group (0.524

Fig. 2: Zirconia disks after SLA

World Journal of Dentistry, Volume 12 Issue 1 (January-February 2021)

39

Various Surface Treatments on Zirconia Implant Material
± 0.028); however, no statistically significant results were found
between the groups.
When flexural strength of different groups post-surface
treatment was compared, a statistically significant result was found
between groups I and II, groups I and III (p < 0.001) and this is as
shown in Table 3.

D i s c u s s i o n
“Dental implants have led to the enhancement of many patients”
quality of life. Currently, use of implants as a treatment option is
the most prevalent prosthetic solution, specifically in instances
of anterior teeth replacement where esthetics is a concern. The
increased expectations and demand from patients for esthetic
dental treatment is growing progressively, which has increased
the interest of clinicians in the osseointegration and success of the
implant. The surface qualities of dental implants are considered
to assume a significant part in their clinical achievement. One of
the more significant surface attributes of implants is the surface
topography or roughness. The level of roughness is resolved either
by the machining process during the preparation of the implant or
by the resulting alteration of the surface.6 So, the present study was
considered UV light and SLA was the surface treatment methods.
The chief reasons for the beneficial clinical use of zirconia
implants are their good dimensional stability and chemical
composition, biocompatibility, adequate hardness, tooth-mimic
color, reduced thermal conductivity, ease of use with machines,

increased flexural strength and Weibull modulus, osseointegration
comparable to titanium implants, decreased plaque accumulation,
and reduced corrosion risk.7,8 In this study, zirconia was taken
as an investigational material. This is in accordance with the
Table 1: Mean and standard deviation of different group’s surface
roughness and flexural strength after the surface treatment
Groups
Group I: Control
Group II: UV lighttreated zirconia disks
Group III: Sandblasted
and acid-etched treated
zirconia disks

Surface roughness
(mean ± SD)
0.466 ± 0.016
0.510 ± 0.132

Flexural strength
(mean ± SD)
596.21 ± 1.246
488.45 ± 2.108

0.524 ± 0.028

424.67 ± 1.022

Table 2: Comparison of different group’s surface roughness after the
surface treatment
Groups
Group I: Control
Group II: UV lighttreated zirconia
disks
Group III: Sandblasted and acid-etched
treated zirconia
disks

Mean ± SS
F value p value
0.466 ± 0.016 20.183 0.18
0.510 ± 0.132

Significance
NS

0.524 ± 0.028

p > 0.05; NS, not significant

Table 3: Comparison of different group’s flexural strength after the
surface treatment
Groups
Group I: Control
Group II: UV lighttreated zirconia
disks
Group III:
Sandblasted
and acid-etched
treated zirconia
disks
Fig. 3: SEM image of the polished zirconia disk

Mean ± SD
F value
596.21 ± 1.246 29.263
488.45 ± 2.108

Significance
HS

424.67 ± 1.022

Post hoc Tukey test—group I vs. group II, group I vs. group III—p < 0.001
p < 0.05, HS, highly significant

Figs 4A to C: SEM images after surface treatment: (A) Control; (B) UV light-treated; (C) SLA-treated
40

p value
0.001
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study conducted by Gahlert et al.9 who also used the roughness
of the zirconia implant material on microscale to assess the
osseointegration.
In the present study, the surface roughness was found to be
more in the SLA-treated zirconia group followed by the UV lighttreated group and the control group. These results are similar
to those obtained by Bachle et al.10 and Gahlert et al.,11 who
demonstrated an increase in surface roughness by acid etching
and air-borne particles. With the change in surface topography,
the physics and surface chemistry may change as well. In 2009,
Hisbergues et al.12 demonstrated that acid etching of zirconia
does not provide surface roughness. This result is contradictory
to the present study results. In 2009, Andreiotelli et al.13 reported
that reduced thermal degradation may weaken zirconia’s surface
stability and thereby probably resulting in sand blasted implant’s
promotion failure.
A study by Att et al.14 stated that the zirconia surface may
transform from the hydrophobic to hydrophilic state after UV light
treatment. This could be the cause of reduced surface roughness in
UV light-treated group when compared to the SLA zirconia group. It
was demonstrated by Han et al.15 that hydrophilicity improves with
UV radiation, thus advocating absence of surface roughness with
UV radiation as there is no difference in surface texture.
In this study, flexural strength was highest in the control group
followed by the UV light-treated group and lowest with the SLAtreated zirconia group. Although it was statistically significant, this
could be ascribed to the manufacturing procedure and the physical
and chemical composition shows significant differences.16 Surface
hardness is considered as density indicator and it can be assumed
that the denser material would have added resistance to surface
determination and wear.17
The limitation of the present study could be the microflora
around implants is similar to that of natural teeth; microbial
pathogens associated with periodontitis may contribute to implant
failure. Hence, further research should be conducted to evaluate
an adhesion of oral bacteria. And effect of UV light on in vivo on
osteoconductive potential of zirconia should be the target of
exploration and the impact of these changes and suitability of
zirconia for its use as the dental implant material.
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The highest surface roughness was recorded in the SLA-treated
zirconia group followed by the UV light-treated group and the
control group. There was a statistically significant difference noted
for flexural strength between the control group with the SLA group
and the UV light-treated group.
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