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Abstract 

Peri‐implantitis is an inflammatory disease of hard and soft tissues around osseointegrated implants, 

followed by a progressive damage of alveolar bone. Oral microorganisms can adhere to all types of surfaces by 

the production of multiple adhesive factors. Inherent properties of materials will influence not only the number 

of microorganisms, but also their profile and adhesion force onto the material surface. In this perspective, 

strategies to reduce the adhesion of pathogenic microorganisms on dental implants and their components should 

be investigated in modern rehabilitation concepts in implant dentistry. To date, several metallic nanoparticle 

films have been developed to reduce the growth of pathogenic bacteria. However, the main drawback in these 

approaches is the potential toxicity and accumulative effect of the metals over time. In view of biological issues 

and in attempt to prevent and/or treat peri‐implantitis, biomaterials as carriers of antimicrobial substances have 

attracted special attention for application as coatings on dental implant devices. In this review we overview 

currently available biomaterial systems that can be used in the field of oral implantology.    

   The osseointegration rate of titanium dental implants is related to their composition and surface roughness. 

Rough-surfaced implants favor both bone anchoring and biomechanical stability. Osteoconductive calcium 

phosphate coatings promote bone healing and apposition, leading to the rapid biological fixation of implants. 

The different methods used for increasing surface roughness or applying osteoconductive coatings to titanium 

dental implants are reviewed. The future of dental implantology should aim to develop surfaces with controlled 

and standardized topography or chemistry. This approach will be the only way to understand the interactions 

between proteins, cells and tissues, and implant surfaces. The local release of bone stimulating or resorptive 

drugs in the peri-implant region may also respond to difficult clinical situations with poor bone quality and 

quantity. These therapeutic strategies should ultimately enhance the osseointegration process of dental 

implants for their immediate loading and long-term success. 
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 INTRODUCTION 

Routinely, missing teeth are being 

replaced by dental implants. According to 

the American Academy of Implant Dentistry 

(AAID), 3 million US citizens have dental 

implants and this number is rapidly growing 

by 500 000 annually (https://www.aaid-

implant.org/dental-implants/what-are-dental-

implants/). As a consequence of the 

increased number of dental implants, 

biological complications surrounding these 

medical devices, prior to, during, or after the 

osseointegration process, also increase. The 

continued accumulation of inflammatory 

infiltrate around the implants promotes 

disease progression of the hard tissues and 

concomitantly peri‐implant bone loss.      In 

adition the clinical success of oral implants 

is related to their early osseointegration. 

Geometry and surface topography are 
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crucial for the short- and long-term success 

of dental implants. These parameters are 

associated with delicate surgical techniques, 

a prerequisite for a successful early clinical 

outcome 1. After implantation, titanium 

implants interact with biological fluids and 

tissues. Direct bone apposition onto the 

surface of the titanium is critical for the 

rapid loading of dental implants. After the 

initial stages of osseointegration, both 

prosthetic biomechanical factors and patient 

hygiene are crucial for the long-term success 

of the implants. There are two types of 

response after implantation. The first type 

involves the formation of a fibrous soft 

tissue capsule around the implant. This 

fibrous tissue capsule does not ensure proper 

biomechanical fixation and leads to clinical 

failure of the dental implant. The second 

type of bone response is related to direct 

bone–implant contact without an intervening 

connective tissue layer. This is what is 

known as osseointegration. This biological 

fixation is considered to be a prerequisite for 

implant-supported prostheses and their long-

term success. The rate and quality of 

osseointegration in titanium implants are 

related to their surface properties. Surface 

composition, hydrophilicity and roughness 

are parameters that may play a role in 

implant–tissue interaction and 

osseointegration. 

 

Studies have reported infection‐related 

implant loss in 20% of patients during 

5‐10 years after implant placement. Despite 

the high rate of dental implant success (ie, 

up to 98%), clinicians are increasingly 

confronted with a new challenge: How to 

prevent and/or treat peri‐implantitis? In this 

sense, an important and antecedent event 

that precedes and directly affects bacterial 

adhesion is the irreversible interaction 

between material and bacteria, which is 

mandatory for direct biofilm development. 

Surface roughness of dental implants 

There are numerous reports that 

demonstrate that the surface roughness of 

titanium implants affects the rate of 

osseointegration and biomechanical fixation 

2, 3. Surface roughness can be divided into 

three levels depending on the scale of the 

features: macro-, micro- and nano-sized 

topologies. 

The macro level is defined for 

topographical features as being in the range 

of millimetres to tens of microns. This scale 

is directly related to implant geometry, with 

threaded screw and macroporous 

Osteoconductive calcium phosphate 

coatings on dental implants 

Metal implants have been coated with 

layers of calcium phosphates mainly 

composed of hydroxyapatite. Following 

implantation, the release of calcium 

phosphate into the peri-implant region 

increases the saturation of body fluids and 

precipitates a biological apatite onto the 

surface of the implant 5, 6. This layer of 

biological apatite might contain endogenous 

proteins and serve as a matrix for osteogenic 

cell attachment and growth 7. The bone 

healing process around the implant is 

Future trends in dental implant 

surfaces 

A few strategies should be considered in 

order to improve both the short and long-

term osseointegration of titanium dental 

implants. These future trends concern the 

modifications of surface roughness at the 

nanoscale level for promoting protein 

adsorption and cell adhesion, biomimetic 

calcium phosphate coatings for enhancing 

osteoconduction and the incorporation of 

biological drugs for accelerating the bone 

healing process in the peri-implant area. 

BIOMATERIAL‐BASED 

SOLUTIONS AS FUTURE 

PERSPECTIVES TO PREVENT/TREAT 

PERI‐IMPLANTITIS 
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In an attempt to prevent/treat bacterial 

colonization on dental implant system 

components, 7,8, 9, metallic nanoparticles 

have been investigated as a potential coating 

material on titanium substrates.10 However, 

the wide broad‐spectrum antimicrobial 

properties depend on the metallic 

nanoparticles concentration. Potential 

concerns have been raised about the effect of 

metallic nanoparticles on human cells, even 

at low concentrations. The unanswered 

questions about cytotoxicity of these 

compounds upon long‐term exposure have 

triggered great efforts in setting up new 

possibilities to fight peri‐implantitis.11 

Nowadays, an interesting paradigm shift 

brings up new possibilities to antimicrobial 

drug applications. Considering that 

antibiotics still remain as important 

protagonists to treat infection diseases, the 

idea in reducing microbial resistance can be 

achieved by controlled and directed delivery 

of specific drugs. 

Hydrogels are hydrated polymers that 

exhibit meaningful therapeutic versatility, 

designed for human application. 12 These 

biomaterials form a strong cross‐linked 

network of natural or synthetic molecules 

capable of storing biological drugs on their 

internal spaces. Among biomaterials used 

for hydrogel fabrication, polysaccharides 

(eg, dextran and chitosan) and proteins (eg, 

gelatin and fibrin) are well‐studied standards 

of natural polymers. Regarding synthetic 

biomaterials, polyvinyl alcohol 

(PVA),polyethylene glycol (PEG), and 

poly(acrylic acid) (PAA) are widely used 

examples of hydrogel‐forming polymers. 

Overall action mechanisms involve either 

hydrogel ability to encompass different 

antimicrobial substances into the 

multilayered polysaccharide for eventual 

release or by covalently attaching 

therapeutics to the network. 

CONCLUSION 

Physicochemical modifications of dental 

implants play a role in the reduction in 

microorganism adhesion but do not avoid 

peri‐implantitis. Biomaterials can also be 

used as carrier coating for antimicrobial 

agents to support the prevention and/or 

treatment of peri‐implant mucositis and 

peri‐implantitis. Further research in the 

advancement in materials capable of 

coordinated and sustained multidrug release 

is needed to provide new avenues for 

prevention and/ or treatment of 

peri‐implantitis. 
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