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ABSTRACT

The peri-implant bone density can determine long-term maintenance of the implant osteointegration. Thus, 
numerous types of research have been done to increase the quality and quantity of the peri-implant alveolar bone to 
improve implant survival and reduce the healing period. Many in vivo and in vitro studies have demonstrated that implant 
surfaces can influence cellular response and peri-implant bone. This work aimed to evaluate the role of the implant surface 
in protein absorption. Biochemical analyses were performed on 80 implants, 40 sandblasted/acid-etched (C = control), 
and 40 sandblasted/acid-etched and treated with cold plasma (T = test). Protein absorption in C and T surfaces was 2.15 ± 
0.47 mg/ml and 2.66 ± 0.48 mg/ml, respectively. The difference in protein absorption between C and T implants was 
statistically significant (***P < 0.001). In conclusion, since the chemical composition, shape, and size of the C and T 
implants were similar, we can state that the cold plasma treatment determined the differences in protein adsorption 
observed.
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Implant rehabilitation is a successful treatment for most edentulous patients who can be successfully treated with 
titanium implants, allowing predictable clinical results. The long-term maintenance of implant osseointegration is also 
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influenced by peri-implant bone contact and density (1, 2). For this reason, a great deal of research has been conducted 
to increase the quality and quantity of peri-implant bone to improve implant survival and reduce bone healing time so that 
implants can be loaded immediately or early (3).  The implant surface can be treated with a chemical or physical agent to 
increase roughness. These treatments aim to increase undifferentiated mesenchymal cells and blood elements that induce 
bone formation at an early stage of osseointegration (4). Surface roughness can be produced by sandblasting, acid-etching,  
PVD (Physical Vapour Deposition) coating, plasma spray, or nano-coating (5).  Surface roughness is one factor in 
determining the long-term prognosis of implants (6). Surface chemistry is also a factor influencing cellular response. 
Dental implant placement triggers a series of cellular and molecular events that generally lead to bone healing, and these 
mechanisms are very similar to those occurring in a wound or bone fracture. 

Cytokines, released following surgical wounding, induce the proliferation and differentiation of preosteoblasts 
into osteoblasts simultaneously with the differentiation of periosteal and endosteal cells. Thus begins the production of 
osteoid matrix and subsequent mineralization with the formation of bone in contact with the implant and subsequent 
remodeling according to load (7). Peri-implant bone healing is, therefore, a complex phenomenon involving cell 
differentiation, migration, proliferation, protein synthesis, osteoid matrix deposition, and subsequent mineralization. All 
these phenomena can be influenced by hormones and local factors such as the chemical or roughness of the implant 
surface (8). One way to influence cellular events is to treat surfaces with cold atmospheric plasma (9). Sandblasting, 
oxidation and ultraviolet irradiation, alkali treatment, acid etching, calcium phosphate deposition, and cold plasma are 
surface treatments that can promote initial osteogenesis by increasing bone density in contact with the implant surface 
(10). Plasma represents the fourth stage of the matter and is a neutral ionized gas with high potential energy. It contains 
particles such as electrons, photons,  atoms, positive and negative ions, free radicals, and excited and non-excited 
molecules used in many medical fields (11). Treatment of the implant with atmospheric plasma effectively improves 
hydrophilicity and promotes the attachment of bone marrow mesenchymal stem cells without changing the surface 
morphology of the metal (12). Osteoblast differentiation would be favored by cold plasma treatment that enhances 
osteoblastic proliferation, leading to increased production of peri-implant alkaline phosphatase by osteoblasts (13). The 
aim of this study is to evaluate the effect of surface treatment with cold plasma on protein absorption. 

 
 

 
 

 

1. readings at 280 nm of the protein solutions extracted from the dental implants using the spectrophotometer (Hewlett 
Packard mod. 8453); 

2. evaluation using a SIGNA protein determination kit. 
 

 

Data were analyzed using GraphPad Prism 9 software (GraphPad Software, Inc., La Jolla, CA, USA). All data 
-Pearson 

and Shapiro-Wilk normality test. Differences in protein uptake between the C and T implants were analyzed using a 
Mann-Whitney test. A *P < 0.05 was considered significant. 
 

 
 

 A significant increase in protein uptake on atmospheric plasma-treated surfaces concerning the control, from 
2.15 ± 0.47 mg/ml to 2.66 ± 0.48 mg/ml (***P < 0.001), was observed (Fig. 1, 2). 
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Fig. 1. Graphical representation of the protein uptake on the control and atmospheric plasma-treated surfaces (***P < 
0.001).

Fig. 2. Plasma treatment of an implant.

The results of this study show that implants treated with cold plasma absorb more protein. Bovine serum albumin 
(BSA) is a globular blood plasma protein that transports various compounds and is often used as a reference protein for 
adsorption experiments (14). Surface roughness and composition are the most important factors influencing cell activity. 
Titanium used during in vivo implantation needs the immediate adhesion of body fluids and protein molecules in the 
blood to continue the cellule migration and proliferation via the protein-coated layer (15). Several studies show that it is 
possible to absorb proteins on the surface of the biomaterial to increase the amount of bone around the biomaterial, thus 
reducing healing time. In the present study, we treated the surface of the implant with atmospheric plasma to make it more 
absorbent towards plasma proteins. Our results show that cold plasma-treated surfaces absorb more albumin in vitro and 
in vivo, which can promote better bone healing with increased bone-titanium contact. Increased protein uptake by surfaces 
treated with cold plasma could play a key role in bone regeneration by increasing the concentration of the implant of 
proteins involved in bone neoformation processes (16). It is known that modifying the geometry, microporosity, and layer 
of titanium dioxide makes it possible to make it more osteoconductive or even osteoinductive. The cold plasma-treated 
surface absorbs more BMP (morphogenetic), OP (osteogenetic), fibronectin, and osteopontin proteins released at the 
implant site after surgery. Surface wettability, therefore, plays a key role in protein adsorption; it is a key feature in 
achieving good binding between proteins dispersed in the extracellular matrix and the biomaterial (17). Once surgically 
inserted into the bone, the titanium first comes into contact with blood proteins, which form a clot around its surface; the 
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proteins tend to absorb onto the implant's surface, creating a macromolecular layer and influencing the behavior of the 
surrounding cells. 

Albumin and fibrinogen are the first proteins to adhere to and absorb the implant surface (18, 19). Cold Plasma 
treatment was used to increase surface energy and wettability without changing the surface characteristics to prove protein 
adsorption and promote the biological behavior of the cells (20). Cold plasma treatment was used before surgery to reduce 
carbon contamination, thus improving osseointegration and reducing the time of healing procedures (21). 

It can be stated that, from the values that emerged from our experimentation, the T-surfaces show a higher uptake 
of bovine serum albumin than the C surfaces. In conclusion, since the chemical composition, shape, and size of the C and 
T implants are similar, the differences in protein adsorption observed are determined by the cold plasma treatment. 
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