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COATED DENTAL IMPLANTS 
 

1. Introduction 

The steady increase in surgical procedures to replace missing teeth has led to a growing 

demand for dental implants, which are primarily made of titanium or its alloys — materials 

that are commonly used in dental surgery due to their excellent biocompatibility. Various 

types of implant are used in clinical practice, but the most common are endosseous implants, 

which are screw-shaped and replace missing tooth roots [1, 2]. Pure titanium (98.9–99.6% Ti) 

and alloyed titanium (Ti-6Al-4V) are the main materials used in dental surgery. They are 

characterised by high biocompatibility and resistance to various types of corrosion. The TiO₂ 

layer formed on their surfaces creates favourable conditions for the formation of bone-like 

tissue and cellular reactions [3, 4, 5]. However, this process prolongs osseointegration and 

slows down tissue regeneration. Although this method of treating tooth loss is generally 

considered safe, with an approximate success rate of 90–95%, the risk of complications 

increases as implant-based tooth replacement procedures become more popular [6]. 

Introducing such a biomaterial into the human body triggers an immune response and initiates 

inflammatory and reparative processes. The success of the osseointegration process is 

influenced by several properties of the material itself, including wettability, roughness, 

surface energy and corrosion resistance [7]. A method for producing hyperhydrophilic 

titanium surfaces is presented in publication [8]. The modified surface demonstrated a 

reduced number of monocytes and macrophages (inflammatory cells), along with the 

formation of a thick, well-developed clot and a stable, continuous layer of platelets and 

plasma proteins permanently bound to the strongly hydrophilic surface under study. 

Therefore, it can be concluded that hydrophilic surfaces strongly promote tissue integration. 

Corado [9] presented the results of studies on the mechanical and structural properties of 

titanium materials coated with graphene oxide. The Ti + GO material demonstrated good 

wettability, with a contact angle (θ) of 44.35° between water and the tested surface. 

Electrochemical corrosion tests also showed an increase in corrosion resistance. Roughness 

analysis revealed a decrease in the parameters for the graphene oxide-coated material. 

Various types of complications can occur, including mechanical, biological and patient 

non-compliance. Common bacterial infections include peri-implantitis, which affects 

approximately 20% of patients, and peri-implant mucositis, which is a milder form of 

infection affecting up to 50% of cases [10].  

In the human oral cavity, an implant is constantly exposed to bacteria and biofilm 

formation, whereby microorganisms adhere to one another and to the surface in a 

multilayered structure. This structure is surrounded by an extremely durable outer layer that 

protects the bacteria from the penetration of antibiotics. Consequently, treating peri-implant 

infections poses a significant challenge to modern implantology. Efforts are constantly being 

made to improve the surface properties and antibacterial properties of the implants used [11]. 
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Consequently, research is underway to develop new methods of modifying implants to 

give them improved biological, mechanical and physicochemical properties. Using 

nanomaterials, such as graphene oxide, could solve this problem. Due to its unique properties, 

including biocompatibility, the promotion of adhesion and proliferation of human osteoblast 

cells, and antibacterial activity, graphene oxide may represent an interesting alternative to 

current implantation methods [12]. Researchers conducted studies on the behaviour of cells 

and tissues in contact with graphene oxide [13]. They created a scaffold by coating a collagen 

sponge with a graphene oxide dispersion at concentrations of 0.1 and 1 µg/mL, which they 

then implanted into the alveolar socket following tooth extraction. It was found that graphene 

oxide improved mechanical strength, enzymatic resistance and the adsorption of calcium ions 

and proteins. Additionally, the proliferation of MC3T3-E1 osteoblasts increased significantly. 

Studies conducted on rats showed that the implantation of a prepared scaffold containing 1 

µg/mL of graphene oxide stimulated cell ingrowth. The tissue ingrowth area was 2.5 times 

larger and the genetic material content in the tested scaffolds increased by a factor of 1.4 

compared to the control group. Furthermore, the GO scaffold promoted bone formation, 

which was five times greater than in the control group.    

The antibacterial properties of graphene oxide have also been demonstrated. A research 

group led by Ravinkumar et al. conducted a study analysing the viability of a Staphylococcus 

aureus bacterial strain cultured in the presence of graphene oxide. They observed a reduction 

in bacterial survival after just four hours, with survival rates at around 50%. However, after a 

further 20 hours of incubation, this figure had increased to around 93%. Scanning electron 

microscopy analysis showed that graphene oxide structures surrounded the bacteria, 

damaging their cell membranes. Additionally, the induction of intracellular reactive oxygen 

species was observed, which was associated with a decrease in microbial viability, as well as 

changes in the expression of cell membrane-associated proteins [14].  

A preliminary literature review has demonstrated graphene oxide's great potential for 

modifying the surfaces of titanium dental implants. It combines desirable mechanical and 

biological properties, and exhibits strong antimicrobial activity — an extremely important 

quality in such a demanding environment as the human oral cavity. The review indicates that 

surfaces modified with graphene oxide stimulate cell adhesion and osteoblast differentiation, 

thereby favouring osseointegration processes.   

This presentation outlines the preliminary findings of mechanical, biological and 

structural analyses of titanium materials coated with a graphene oxide layer. The following 

analyses were conducted: structural surface analyses using a scanning electron microscope, IR 

spectroscopy and LIBS; bacteriological analyses of the viability of bacteria seeded on the 

surface of the tested samples and the degree of growth inhibition; and preliminary mechanical 

tests. 
2. Materials and Methods 

Dental screw posts purchased from Shenzhen Felyang Medical Equipment Co., Ltd. were 

used in this study. The sample preparation process included disinfecting the materials in their 

as-delivered state with ethanol, cleaning them and activating their surfaces with low-

temperature plasma using a Plasma Prep III (Garfield Ave, Westchester, PA, USA) at a power 

output of 100 W for 5, 10 or 15 minutes. Next, graphene oxide was applied by immersing the 

samples in an aqueous GO suspension with a concentration of either 500 mg/L or 5 g/L 

(Graphene Supermarket, NY 11933, USA) for a specified time. Excess suspension was then 

removed using an Eppendorf 5702 RH device. The samples were then dried at room 

temperature for approximately 10 minutes. In the next step, gold nanoparticles were deposited 

using an EM ACE600 high-vacuum sputter coater (Leica Microsystems GmbH, Germany) to 

form a 3–5 nm thick layer. By combining the specified parameters in this way, 25 

measurement samples were obtained. 
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3. Research results 

Structural analyses using SEM, Raman spectroscopy and LIBS were performed, along with factor 

analysis. Preliminary mechanical tests were also conducted, including static compression testing of 

implants embedded in bone tissue. Additionally, tests were performed to determine the extent of 

bacterial growth inhibition in Staphylococcus aureus.   

Selected results of the SEM (Quanta 250 FEG) analysis of the implant surfaces are presented in 

Fig. 1. The arrows in this figure indicate the structure of graphene oxide flakes deposited on the 

surface. 

 

 
Fig. 1. The sample surfaces were analysed using SEM at magnifications of 50×, 10,000× and 100,000×. 

 

The antibacterial properties of graphene oxide deposited on the surface of the tested 

samples (Fig. 2) were analysed by determining the viability of Staphylococcus aureus (ATCC 

25923) after a 24-hour incubation period under standard conditions at 37 °C. The PrestoBlue 

assay (ThermoFisher, Waltham, MA, USA) was performed by adding the reagent to the liquid 

culture and incubating for 30 minutes. The absorbance was then measured at a wavelength of 

570 nm with a reference wavelength of 600 nm. The test was performed in triplicate.  

Cultures on pure titanium exhibited the highest viability value, reaching over 140%. In 

contrast, for the sample with a deposited layer of GO1 graphene (500 mg/L) and a 5-nm-thick 

gold layer following 5 minutes of plasma treatment, the viability of the microorganisms 

dropped to approximately 60%. Similar results were obtained for cultures on a sample with a 

3 nm thick gold layer following 10 minutes of plasma surface activation. 

 
3. Conclusions 

Based on the studies conducted, it was found that graphene oxide nanoparticles had been 

successfully deposited on the surface of the samples tested. The boundaries of the graphene 

flakes and the characteristic carbon groups were visible, indicating the presence of GO. Tests 

on the viability of Staphylococcus aureus bacteria showed reduced viability in all samples 

tested compared to the control group. 
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