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Anatase is one of the three main crystalline forms of titanium 
oxide (TiO2), the other two being rutile and brookite. Among 
these, anatase is particularly valued for its unique 
photocatalytic and bacteriostatic properties, making it a 
material of great interest for biomedical and industrial 
applications. Anatase, characterized by a tetragonal structure, 
has demonstrated remarkable efficacy in the generation of 
reactive oxygen species (ROS) under UV irradiation, a 
mechanism that underlies its bacteriostatic capabilities. 
 

 
 
In the field of biomedicine, anatase is mainly used in the 
coatings of medical devices, such as dental and orthopedic 
implants or high-end prosthetic abutments.  
 
These coatings not only improve the biocompatibility of 
implants, but also impart bacteriostatic properties that help 
prevent post-operative infections, a significant problem in the 
clinical setting.  
 
Anatase's ability to inhibit bacterial growth by reducing biofilm 
formation on implant surfaces makes it a material of choice for 
improving the safety and efficacy of medical devices. 
 
One of the main approaches for the formation of anatase layers 
on metal surfaces is through titanium nitride (TiN) coating.  
Tin is known for its excellent hardness, wear resistance, and 
anti-corrosion properties, making it an ideal substrate for the 
deposition of anatase layers. Techniques such as physical vapor 

deposition (PVD) and anodic oxidation are commonly used to 
create these coatings. 
 
Anodizing is an electrochemical process that allows an oxide 
layer to form on the surface of titanium, which can later be 
converted into anatase. This method allows to precisely control 
the morphology and composition of the oxide layer, optimizing 
the photocatalytic and bacteriostatic properties of anatase. 
 
In recent years, numerous studies have investigated the clinical 
applications of anatase, with a focus on dental and orthopedic 
implant coatings. Research continues to show that anatase 
coatings not only improve the biocompatibility and durability of 
implants, but also provide an effective barrier against bacterial 
infections. These developments represent a significant advance 
in the design of safer and longer-lasting medical devices. 
 
In conclusion, anatase stands out as a highly valuable material 
due to its unique properties and applications in biomedical 
coatings. The combination of bacteriostatic properties and 
biocompatibility makes it a key component in improving the 
performance and safety of modern medical devices. 
 

 
 

Bacteriostatic properties of anatase 
Anatase is known for its exceptional bacteriostatic properties, 
which primarily stem from its ability to generate reactive 
oxygen species (ROS) when exposed to ultraviolet (UV) light.  
These reactive species include free radicals such as hydrogen 
peroxide (H2O2), hydroxyl radical (•OH), and singlet oxygen 
(^1O2), which are highly reactive and can damage the cell 
membranes of bacteria, leading to their inactivation. 
 
Mechanisms of action 
Generation of Reactive Oxygen Species (ROS) 
 
- Photocatalysis: Under UV irradiation, anatase catalyzes the 
formation of ROS through the excitation of electrons in the 
valence band of tio2, which jump into the conduction band, 
leaving behind positive gaps (holes). These electrons and holes 



react with the water and oxygen present on the surface of the 
material, generating VSWR. 
 
- Cell Membrane Damage: ROS attack the lipids of the bacterial 
cell membrane, causing lipid peroxidation, which leads to 
membrane disintegration and cell death. 
 
- DNA damage: ROS can also penetrate inside bacterial cells and 
cause DNA damage, inhibiting cell replication and function. 
 
Bacteriostatic effect 
- Inhibition of Bacterial Proliferation: the action of ROS not only 
kills existing bacteria, but also inhibits their ability to proliferate, 
thus reducing the risk of biofilm formation. Bacterial biofilms 
are particularly difficult to treat in clinical settings because they 
protect bacteria from host immune defenses and antibiotics. 
 
- Reduction of Antibiotic Resistance: The use of surfaces treated 
with anatase can reduce the need for antibiotics, thus 
decreasing the risk of bacterial resistance developing. 
 

Scientific Evidence 
Numerous studies have demonstrated the efficacy of anatase 
as a bacteriostatic agent. For example, in a study of anatase 
samples exposed to Staphylococcus aureus and Escherichia coli, 
a significant reduction in bacterial viability was observed 
compared to untreated samples. Samples treated with anatase 
showed up to a 99% reduction in bacterial growth under UV 
light conditions, confirming the efficacy of the ROS generated. 
Another study found that anatase coatings can prevent biofilm 
formation on medical surfaces, a common problem in dental 
and orthopedic implants. This effect is particularly important in 
the clinical setting, where infection prevention is crucial to the 
long-term success of implants. 
 
In conclusion, anatase's bacteriostatic properties make it an 
ideal material for biomedical applications, especially in medical 
implant coatings. Its ability to generate ROS under UV 
irradiation provides an effective mechanism to inhibit bacterial 
growth and prevent infection, thereby helping to improve the 
safety and durability of medical devices. 
 

Anatase Formation on Titanium Nitride Coatings 
Titanium nitride (tin) is a material widely used as a coating to 
improve the surface hardness, wear resistance, and 
biocompatibility of medical devices. The addition of an anatase 
layer on tin can further enhance the bacteriostatic properties of 
the coating, combining the benefits of both materials. The 
formation of anatase on tin can be accomplished through 
several techniques, including physical vapor deposition (PVD) 
and anodic oxidation. 

Deposition Processes 

 
1. Physical Vapor Deposition (PVD) 
- Working Principles: PVD is a technique that involves vaporizing 
the target material (in this case, titanium) in a reactive gas 
(nitrogen) environment to form a thin layer of titanium nitride 
on the surface of the substrate. Subsequently, an additional 
layer of anatase can be deposited by vaporization of tio2 in a 
controlled environment. 
- Advantages: PVD offers high coating adhesion, good 
uniformity, and controllable composition. It is particularly 
useful for applications on complex surfaces. 
- Limitations: The process requires expensive equipment and 
precise control of operating conditions to ensure coating 
quality. 
 
2. Anodic oxidation 
- Principles of Operation: Anodic oxidation is an electrochemical 
process that converts the surface of titanium into a layer of 
titanium oxide by the application of an electric current in a 
specific electrolyte. To form anatase, the anode process can be 
followed by heat treatment to achieve the desired crystalline 
phase. 
 
- Critical Parameters: Key parameters include applied voltage, 
electrolyte composition, temperature, and treatment time. 
These factors influence the morphology, composition, and 
thickness of the oxide coating. 
 
- Advantages: Anodic oxidation is relatively simple and can be 
performed at moderate temperatures. In addition, it allows 
precise control of the thickness of the oxide layer. 
 
- Limitations: The quality of the coating can be affected by the 
purity of the substrate and the stability of the electrochemical 
process 
Advantages of Titanium Nitride Coating 
1. Corrosion Resistance 
- TiN is highly resistant to corrosion, making it ideal for 
applications in wet or corrosive environments. This is especially 
important for dental and orthopedic implants, which must 
withstand chemical attack from body fluids. 
 
2. Hardness and Wear Resistance 
- TiN offers high surface hardness, which protects the substrate 
from scratches and wear. This extends the service life of the 
systems and reduces the need for frequent replacements. 
 
3. Biocompatibility 
- TiN is biocompatible and does not cause adverse reactions in 
human tissues, making it safe for use in medical devices. 
 



 
 

Anatase Formation on TiN 
1. Deposition Techniques: After applying the tin coating, an 
anatase layer can be formed using techniques such as PVD or 
anodic oxidation followed by heat treatment.  
 
The goal is to obtain a coating that combines the mechanical 
properties of tin with the bacteriostatic properties of anatase. 

 
2. Parameter Optimization: The combination of deposition 
processes must be optimized to ensure good adhesion between 
layers and the formation of a crystalline anatase with high 
photocatalytic properties. This may include adjusting the 
temperature, treatment time, and electrolyte composition. 
 
In summary, the formation of anatase coatings on titanium 
nitride substrates offers an advanced solution to improve the 
performance of medical implants. The combination of the 
properties of tin and anatase provides a durable, biocompatible 
surface capable of inhibiting bacterial growth, thus helping to 
reduce the risk of post-operative infections and improve the 
longevity of medical devices. 
 

 
  

Anatase Formation on Oxidation 
Anodizing is an electrochemical process that is widely used to 
improve the surface properties of metal materials, especially 
titanium.  

This process not only improves the corrosion resistance and 
surface hardness of titanium, but also allows the formation of 
titanium oxides, including the anatase phase, which confers 
exceptional bacteriostatic properties. Anodizing is particularly 
effective in the production of highly controlled and uniform 
titanium oxide layers, which can subsequently be converted to 
anatase by specific heat treatment conditions. 
 
Anodizing Process 
1. Substrate Preparation 
- Cleaning: The titanium substrate is thoroughly cleaned to 
remove any surface contaminants that may interfere with the 
anodizing process. Usually, acidic or alkaline solutions are used 
for this cleaning step. 
 
- Activation: After cleaning, the substrate can be activated by 
chemical or heat treatments to improve the adhesion of the 
oxide coating. 
 
2. Anodizing 
- System Configuration: The titanium substrate is immersed in 
an appropriate electrolyte, such as phosphoric acid or sulfuric 
acid solutions, and connected as an anode in an electrical 
circuit. 
 
- Application of Current: A constant or variable electric current 
is applied to the system, which induces the formation of an 
oxide layer on the surface of the titanium.  
 
Anodizing parameters, such as voltage, current density, and 
electrolyte composition, are critical in determining the 
morphology and properties of the oxide film formed. 
3. Anatase Formation 
- Heat Treatment: The titanium oxide film formed during 
anodizing may contain amorphous phases or other crystalline 
forms of tio2. To convert this film into anatase, a specific heat 
treatment is applied. The heating temperature, the treatment 
time and the environment (oxidizing or inert) play a crucial role 
in the formation of crystalline anatase. 
 
Critical Parameters and Optimization 
1. Voltage and Current Density 
- Effects on Morphology: The applied voltage and current 
density directly affect the thickness and porosity of the oxide 
film. Higher voltages tend to produce thicker, more porous 
layers, while lower voltages result in thinner and more compact 
layers. 
 
- Optimization for Anatase: To promote anatase formation, 
moderate voltages are often used that allow uniform growth of 
the oxide film. 
 



2. Electrolyte Composition 
- Types of Electrolytes: Commonly used electrolytes include 
phosphoric, sulfuric and boric acids, each with distinct effects 
on the composition and structure of the oxide film. 
 
- Additives: Adding specific additives to the electrolyte can 
improve the quality of the oxide film, promoting anatase 
formation and improving bacteriostatic properties. 
 
3. Heat Treatment 
- Temperature and Time: Heat treatment for the conversion of 
anodic oxide to anatase generally takes place at temperatures 
between 300°C and 600°C.  The holding time at these 
temperatures can vary from a few minutes to several hours, 
depending on the desired structure. 
- Treatment Environment: The environment in which the heat 
treatment takes place (oxidizing or inert) can affect the purity 
and crystallinity of the anatase coating. 
 

Practical Differences Between TiN and Anodizing 
from the Perspective of Durability, Stability and 
Effectiveness of the Anatase Layer 
 
Mechanical Hardness 
 
Titanium Nitride (TiN) coatings 
- High Hardness: Tin is known for its exceptional hardness and 
wear resistance, which contribute to a long coating life. This 
makes it particularly suitable for applications that require high 
mechanical strength, such as dental and orthopedic implants. 
 
- Corrosion Resistance: TiN offers excellent corrosion 
resistance, protecting the underlying metal substrate from 
corrosive body fluids, further extending the useful life of the 
medical device. 
 
Anodization 
- Variable Duration: The durability of anodized coatings 
depends on the quality of the oxide film formed and the 
exposure conditions. In general, anodized coatings are less 
resistant to mechanical wear than TiN, but they can offer good 
corrosion resistance. 
 
- Maintenance: Anodized coatings may require periodic 
maintenance, especially in environments that are highly 
corrosive or subject to mechanical wear and tear. 
 
Coating Stability over Time 
 
Titanium Nitride (tin) coatings 
- Chemical Stability: TiN is extremely chemically stable, which 
means it does not degrade easily in the presence of harsh 

chemicals. This makes it ideal for applications where long-term 
stability is critical. 
- Strong Adhesion: TiN adheres very well to metal substrates, 
reducing the risk of delamination during prolonged use. 
Anodization 
- Modifiable Stability: The stability of anodized coatings can be 
improved through precise control of anodizing parameters and 
the application of post-anodizing treatments, such as heat 
treatment. However, they can be less chemically stable than 
TiN in extremely aggressive environments. 
 
- Surface Morphology: The stability of the anodized coating can 
be affected by the porosity of the oxide film, which can make 
the coating more susceptible to mechanical and chemical 
damage if not properly treated. 
 

 
 
Efficacy of Anatase Layer 
 
Titanium Nitride (TiN) coatings 
- Synergistic Effect: the application of an additional layer of 
anatase on TiN can significantly improve the bacteriostatic 
properties of the coating, combining the hardness and wear 
resistance of TiN with the photocatalytic properties of anatase. 
 
- Bacteriostatic efficacy: When combined with anatase, TIN can 
offer excellent bacteriostatic efficacy, which is particularly 
useful for preventing infections in medical devices. 
 
Anodization 
- Photocatalytic Properties: Anodized coatings followed by heat 
treatment to form anatase exhibit excellent photocatalytic 
properties, making them highly effective in generating reactive 
oxygen species (ROS) that inhibit bacterial growth. 
 
- Uniformity of the Coating: The anodizing technique allows the 
formation of uniform and well-adhering oxide layers, which can 
be optimized to improve bacteriostatic efficacy through the 
control of morphology and composition. 
 

Final Confrontation 
- Durability and Mechanical Strength: TiN offers superior 
durability and greater mechanical strength than anodized 
coatings. It is ideal for applications that require extreme 
robustness and a long service life. 



- Chemical Stability: Both coatings are chemically stable, but TiN 
tends to be more resistant in aggressive environments. 
 
- Bacteriostatic efficacy: While anodized coatings can offer 
excellent bacteriostatic properties due to the photocatalysis of 
anatase, the combination of TiN with anatase can provide an 
optimal solution that combines mechanical hardness and 
bacteriostatic activity. 
 
In conclusion, the choice between TiN and anodizing depends 
on the specific application needs, balancing between durability, 
stability, and bacteriostatic properties to achieve the best 
possible result for the intended use of the medical device. 
 

Clinical Applications and Recent Studies 
 
Clinical Applications of Anatase in Implantable Medical 
Devices 
The use of anatase as a coating for implantable medical devices 
has been shown to significantly improve the biocompatibility 
and bacteriostatic properties of these devices. Specifically, in 
dentistry, anatase finds application in dental implants, where 
infection prevention and promotion of bone integration are 
crucial for long-term success. 
 

 
 
Dental Implants 
- Infection Prevention: Anatase coatings on dental implants 
have been shown to significantly reduce the risk of post-
operative infections. Anatase's ability to generate reactive 
oxygen species (ROS) under UV irradiation inhibits bacterial 
growth, reducing the formation of biofilms on the plant surface. 
This is especially important in the oral environment, where 
bacteria are abundant. 
 
- Bone Integration: Anatase not only improves biocompatibility, 
but can also promote osseointegration, a critical process for 
successful dental implants. Studies have shown that anatase 
coatings can promote bone cell adhesion and proliferation, 
improving implant stability over time. 
 

Orthopedic Prostheses 
- Corrosion and wear resistance: In addition to dental implants, 
anatase is used in the coatings of orthopedic prostheses, such 
as hip and knee prostheses. These coatings not only improve 
the corrosion and wear resistance of the devices, but also 
provide a bacteriostatic barrier that reduces the risk of post-
operative infections. 
- Reduction of Post-Operative Complications: The bacteriostatic 
properties of anatase help prevent complications such as 
periprosthetic infections, one of the main causes of failure of 
orthopedic prostheses. 
 

 
 

  
Recent Studies 
1. Bacteriostatic Effect of Anatase-Coated Implants 
 - Studies reported on IJMS 2022: In a study presented in the 
paper "Recent Advances in Metal-Based Antimicrobial Coatings 
for High-Touch Surfaces ", anatase coatings on titanium 
substrates were shown to exhibit significant antibacterial 
activity against various bacterial strains. The results showed a 
reduction in bacterial growth under conditions of exposure to 
UV light, confirming the effectiveness of the ROS generated. 
 
2. Bone Integration and Cell Proliferation - Research reported in 
the file "Review of titanium surface modification techniques and 
coatings for antibacterial applications": In this paper, anatase 
coatings have been shown to improve bone cell adhesion and 
proliferation. The study found that anatase-coated devices have 
better osseointegration than uncoated devices, improving the 
stability of dental and orthopedic implants in the long term. 
 
3. Effects of anodizing on anatase 
 - Study reported in the file "Titanium oxide antibacterial 
surfaces in biomedical devices ": This study explored the effect 
of anodizing on anatase formation and its bacteriostatic 
properties.  
The results showed that anodized coatings with subsequent 
heat treatment to form anatase offer a significant reduction in 
bacterial growth and improved bone integration. 
4. Anatase coatings on TiN 



 - Research reported in the file "Antibacterial Applications of 
Anatase TiO2 Nanoparticle": This study investigated the 
combined use of tin coatings with anatase layers to improve the 
mechanical and bacteriostatic properties of medical devices. 
The results showed that the combination of Tin and anatase 
provides a highly durable and antibacterial surface, ideal for 
dental and orthopedic implant applications. 
 
Conclusions and Discussions 
The integration of anatase into implantable medical device 
coatings represents a significant step forward in improving the 
safety and efficacy of these devices. Its bacteriostatic and 
biocompatible properties not only help prevent infections, but 
also promote osseointegration, ensuring longer life and stability 
of implants. Recent studies support the use of anatase as an 
ideal coating material for a wide range of medical applications, 
particularly in dentistry and orthopedic surgery. 
But what does it really mean for the dentist or dental technician 
to consider the use of titanium nitride (tin) coatings or 
anodizing? 
 
Clinical and Technical Considerations 
1. Quality and Mechanical Characteristics 
- TiN coatings are known for their exceptional hardness and 
wear resistance. This makes them particularly suitable for 
applications that require high mechanical strength, such as 
dental and orthopedic implants. The corrosion resistance of TiN 
protects the underlying metal substrate, ensuring a long life of 
the device. 
 
2. Infection Prevention 
- Anatase coatings, whether applied on tin or by anodizing, 
offer significant bacteriostatic properties due to the generation 
of reactive oxygen species (ROS) under UV irradiation. This 
bacteriostatic effect is crucial to reduce biofilm formation and 
prevent post-operative infections, which are particularly 
relevant in environments such as the oral one. 
 
3. Biocompatibility and Osseointegration 
- Anatase improves the biocompatibility of medical devices, 
promoting bone cell adhesion and proliferation. Studies show 
that anatase coatings can promote osseointegration, a critical 
process for the success of dental implants. This leads to greater 
stability and durability of the implant over time. 
 
Stability Considerations for Anodized Coatings 
Anodized coatings can offer good bacteriostatic properties, but 
they have some limitations compared to tin coatings: 
 
- Anatase stability: Anatase layers formed by anodizing may be 
less stable than those on tins. In acidic environments, such as 
the oral cavity, thin layers of anodized oxide can dissolve more 
easily, compromising their long-term effectiveness. 
 

- Lower Durability: The mechanical strength of anodized 
coatings is generally lower than that of TiN coatings. This can 
lead to faster wear and shorter device life, especially in high-
stress applications such as dental implants. 
 
- Impossible Maintenance: Maintenance of anodized coatings 
on implantable or dental devices is virtually impossible.  
 
Anodized layers are typically very thin, a few microns, and are 
often used for aesthetic rather than functional purposes. Once 
the coating degrades, it cannot be easily restored. 
 
Questions to Stimulate Reasoning 
- How important is the durability and mechanical strength of 
the device to you? 
While wear resistance and durability are priorities, TiN coatings 
offer a significant advantage due to their mechanical 
robustness. 
 
- What is your main clinical concern: infection prevention or 
mechanical strength? 
Both types of coating offer effective bacteriostatic properties, 
but anodized coatings can be less stable and long-lasting in 
acidic environments such as the mouth. 
 
Stimulus to Discussion 
- Is the technological compromise worth the cost savings? 
Considering that anodized devices can be less expensive, it is 
important to consider whether the cost savings justify the 
potential trade-off in terms of mechanical strength and 
stability. 
 
- How to assess the specific needs of the patient? 
Every patient is unique, and needs can vary. For a patient with a 
high risk of infection, an anatase coating could offer a 
significant clinical benefit. For another patient, the durability 
and mechanical strength of the tin may be more crucial. 
In conclusion, the choice of coating for implantable medical 
devices requires careful consideration of clinical needs, patient 
priorities, and specific operating conditions.  
TiN coatings with anatase offer an ideal combination of 
mechanical strength and bacteriostatic properties, making 
them an excellent solution for many clinical applications.  
However, anodized coatings can be a viable alternative for 
specific applications, while still offering significant benefits in 
terms of infection prevention and biocompatibility, but with the 
awareness of their limitations in terms of stability in acidic 
environments and their inability to maintain.  
 
As professionals, it is essential to carefully evaluate these 
factors to ensure the best possible outcome for patients. 
 
Francesco Biaggini 



 
 
 

 
 


