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Dental components manufactured with zirconia (ZrO2) represent a significant percentage of the implant-prosthetic
market in dentistry. However, during the last few years, we have observed robust clinical and pre-clinical scientific
investigations on zirconia both as a prosthetic and an implantable material. Dental devices manufactured from
ZrO2 are structurally and chemically stable with biocompatibility levels allowing for safe and long-term function in

the oral environment.

mucointegration osseointegration zirconia biocompatibility cell response

| 1. Introduction

The requirements for biomaterials are for them to be biocompatible coupled with high durability while exposed to
the harshness of the oral environment. Additionally, they should not affect or interfere with the recipient’s
physiology and general health. Prosthetic components and implants made from zirconia (ZrO,) reveal excellent
biological and mechanical properties and superior aesthetic advantages when compared to other biomaterials
available on the market I2E! Wwith the ever increasing body of research conducted around zirconia, clinical use of
zirconia implants is on the rise due to their biological, aesthetic and physical properties. 4. Moreover, it presents
itself as an excellent material in the manufacture of customized implants, prosthetic components and various other

dental prostheses by means of 3D printing technology B,

The challenge with products manufactured with ZrO, is their hardness and the complexity in the treatment of their
surfaces W&l However, current advanced manufacturing protocols have been able to develop nanoscale textures
on this material by applying techniques such as anodizing, high-intensity lasers, acid etching and surface coatings
[BIRILONILLIILZ] - Gnjlitskyi and collaborators reported the use of high-speed femtosecond laser on ZrO, surfaces for
surface nanotexturization, which has been proven to be of significant importance in terms of cell adhesion and
osseointegration in an animal model . Thus, the nano-interaction between ZrO,-based surfaces and cells reveals

a new and promising path in research which needs more scientific investigation.

Studies on the biological interaction of ZrO, have become increasingly relevant and are following a path similar to
other well proven materials such as titanium and its alloys 3141 Rottmar et al. demonstrated that zirconia
surfaces had the best performance with regards to fibrinogen adsorption and thrombogenicity 151, Furthermore,
reports prove zirconia to have an advantage in terms of biological properties with soft peri-implant tissues thereby

modulating fibers and cell attachment and behavior with greater effectiveness and biocompatibility 181271 Along
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with the properties mentioned above, zirconia has a low surface energy 18I therefore it retains very low
amounts of plaque and consequently has less bacterial colonization on its surface. In a study, Kunrath et al.
showed by comparing surfaces with different morphologies which were exposed to the bacterium Staphylococcus
epidermidis that there was less bacterial adhesion on ZrO, surfaces 8. Moreover, Roehling et al., revealed a

significant reduction in the formation of oral biofilm on zirconia surfaces after 72 hours 12,

| 2. Zirconia Applications and Variations

With the aim of offering an alternative to metal-based dental prostheses, structural ceramics have been improved
and are now widely used in dentistry. Among all dental ceramics, zirconia has emerged as a versatile and
promising material due to its biological, mechanical and optical properties which have contributed to its rapid and
widespread adoption in dentistry. Zirconia has been a material of choice which, when used with CAD/CAM
technology, has allowed the fabrication of various prosthetic components and customized implants for a broad
range of treatment options. Zirconia-based ceramics are routinely used for structural applications in engineering
such as in the manufacturing of cutting tools, gas sensors, refractories and structural opacifiers 2%, The ceramic
composites that are currently in use in medical and dental devices originated from structural materials used in the
aerospace and military industry. In order to meet structural demands, zirconia is doped with stabilizers to achieve
high strength and fracture toughness 211, These materials have been modified to suit the additional requirements of
biocompatibility 22,

3. Surface Modifications Aiming at Improved Biological
Responses

3.1. Sand Blasting

Sandblasting, which is also known as airborne particle abrasion, produces a surface topography that has micro-
roughness. Various parameters affect the roughness that is created on the implant surface, this includes the size,
shape and kinetic energy of the particles used in the sandblasting process 23, During the process of sandblasting,
compressed air pressure creates an impulse which ejects the particles toward the surface of the implant. Thus, the
kinetic energy which is obtained by the particles depends on their density, volume and velocity. The main
advantage of the process of sandblasting is that a homogenous and gentle anisotropic abrasion can be obtained
on hard materials like ceramic, glass and silicon. Alumina particles are the generally preferred sandblasting
materials because of their low cost, hardness and needle-like shape. The major disadvantage of using the
sandblasting technique is that it may slightly change the surface chemistry because of inevitable alumina
contamination and in the case of ceramics induce micro-cracks within the implant or the prosthetic part prior to any
functional stresses 24, Many studies have proven that although the sandblasted zirconia surfaces show slight

enhancement in cell attachment, their metabolic activity is still inferior to that of etched zirconia surfaces [231[23],

3.2. Acid Etching
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The process of acid etching is performed with either hydrofluoric acid, nitric acid or sulfuric acid. Acid etching
treatment can also be used to overcome alumina contamination as it has been proven to remove the alumina
residues (Table 1). Heat treatment follows thereafter, which helps smoothen the sharp edges made as a result of
the etching process [28. Advantages of acid etching include the homogenous roughening of the material,
regardless of its size and shape 24, This method presents no risk of delamination and does not exert stress on the
material 281, However, it might cause undesirable chemical changes which can be a disadvantage of the process
29 The topography formed after acid etching depends on prior treatment, composition of acid mixture,
temperature and the length of exposure to the etchant. Acid etching is generally used to generate a micro scale
surface texture which has the ability to achieve interlocking between the implant and the bone [£Z. Recent studies
show that combining the sandblasting and acid etching techniques enhances the degree of micro-roughness of
zirconia as well. Such a combination has been proposed and is currently used in some commercially available
zirconia implants; the purpose is to optimize micro-roughness, which would also provide a more receptive surface

for osteoblast cell attachment and proliferation 28129,

Table 1. Summary of the current chemical and physical treatments for zirconia implant surface.

Zirconia Implants Surface Treatments

Treatment Procedure Disadvantages Characteristics References
High pressure Surface micro-
Sandblasting alumina (Al,05 cracks, Structural Low cost, h.ardness and [23][25]
stress, needle-like shape
release S
contaminations
Combinations of:
~ 0
(1) 48/0 . Remove the alumina
hydrofluoric acid S .
(HF) Undesired contamination. Micro
Acid etching o . . scale surface texture for [27](28][29]
(2) =70% nitric acid chemical changes .
bone to implant contact
(HNO5) interface
(3) =98% Sulfuric
acid (H,SOy)
Selective |pf|ltrat|on Coat.mg and glass Extended only.to Nano-porous surface [31][32]
technique heating procedure the surface grains
Silicon carbide Smoother surface Average surface
Polishing pol_ishing pape_r.with compared to acid roughness between 8 [32][33][34]
diamond or silica etching and and 200 nm. No surface
suspension sandblasting chemistry modifications.
(1) CO, laser Disrupts chemical coﬁ?a?nui:zgin
Laser treatment (2) ER:YAG P N [35][26][37]
. structure Improve material
(3) Cr:YSGG .
wettability
Ultraviolet light UVC photons No effects on Effect of [S8][9]40][21]
[42][43][44]

treatment (UVC)

surface roughness

superhydrophilicity
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Zirconia Implants Surface Treatments

Treatment Procedure Disadvantages Characteristics References
and surface
chemistry
Obtained by

electrophoretic
deposition (EPD)

and plasma- N Low cost and a high
o Coating-implant .
spraying: deposition rate. Good [45][46][47][48]
. . bond strength and . .
Coating (1) Reinforced modification of biocompatibility, [49][50][51][52]
hydroxyapatite (HA) . corrosion resistance,
i chemical structure . o
(2) Calcium and bioactivity
Phosphate
(Ca(PO)a)
(3) Bioglaze (RKKP)
[39][40][41]{42]
(1) Immobilized Structural Improved biochemical (43](44]145](46)
Biofunctionalization arginine—glycine— chemical changes properties and biological [47][28]1491150]
aspartate (RGD) 9 responses (GL2)53](54]
55]
Self-assembled Surface vapor
Self-assembl n;?”g:ﬁgirsn?f gﬁz\ée Van der Waals deposition of active [SelE7I58l59)
y 9 .p layer interactions organic compound and (601
and terminal

. L molecule adhesion
functionalization
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This technique involves coating the surface of the material with a specific infiltration glass and then heating it at a
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of %Oégydrofluoric acid and rinsing with water U This selective infiltration etching technique is often used to

create a nano-porous surface on zirconia implants 22 The major advantage of this technique is that the actual
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19, 286.

F%RASNNIE customized dental implants: Manufacturing processes, topography,
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sm@othienergisheal pririaicey. Jvirresthébrhiasts2@iigd 2elP8Bto2ddth roughened and smooth surfaces 22,
Polishing of a zirconia surface is performed by using a silicon carbide polishing paper and a diamond or silica
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In contrast with sandblasting and acid etching techniques, laser treatment exerts zero risk of surface contamination

10. De la.Hoz, M.E.T.; Katunar, M.R.; Gonzalez, A.;: Sanchez, A.G.: Diaz, A.O,; Ceré, S. Effect of
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of inducing pre-function cracks and partial transformation to the monoclinic phase as a result [E8IE7],
13. Altmann, B.; Rabel, K.; Kohal, R.J.; Proksch, S.; Tomakidi, P.; Adolfsson, E.; Bernsmann, F,;
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materials. Dent. Mater. 2017, 33, 241-255.
Various studies have shown that bone implant contact of the implants treated with ultraviolet (UV) light was deeply
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[43][44]
18. Kunrath, M.F.; Monteiro, M.S.; Gupta, S.; Hubler, R.; de Oliveira, S.D. Influence of titanium and

3_fi682{?n@°diﬁed surfaces for rapid healing on adhesion and biofilm formation of staphylococcus
epidermidis. Arch. Oral Biol. 2020, 117, 104824.
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drawbacks, this technique is said to provide low cost and a high deposition rate 4311481 (Table 1). For depositing CP-

based coatings, new techniques are constantly being developed to address the issues associated with plasma
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Implant Loading Stadlinger et loaded: 81.9%:; BIC unloaded: 69.8%). [106](108]
al. No BIC significant difference submerged zirconia and the
g non-submerged zirconia implants. nd
Gahlert etal.  No difference of bone formation pattern in direct contact with am. Int.
. Noumbissi et zirconia and surface-modified titanium implant surfaces. 10511111
Chemical . . ] . . . .
Property al. ercgnla oxide high reS|stance.to cgrrpsmn and ions release. [112]
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-3109.
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Liagre et al. No pseudo-teratogen effect.
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