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Abstract: 

Background, Purpose:  

This review paper aims to provide an overview of the impact of dental implant surfaces on the 

development of peri-implantitis.  

Over the last decades, dental implantation has become a popular treatment for replacing 

missing teeth due to its good clinical results. Moraschini et al. revealed survival and success 

rates of implants of 94.6% ± 6% and 89.7% ± 10.2% after functional loading periods of 13.4 

years and 15.7 years, respectively (Moraschini et al., 2015). 

Now exist a significant diversity of endosseous dental implants with various surface 

characteristics (Smeets et al., 2016). Many methods and modifications of the implant surfaces 

have been developed to improve osseointegration, for reduction of bacteria-related infections 

that cause peri-implantitis, and extension of implants lifetime (Ogle, 2015), (Elias & 

Meirelles, 2010), (Albrektsson & Wennerberg, 2019), (Kligman et al., 2021).  

While laboratory in vitro and in vivo research demonstrates promising results of implants with 

modified surfaces, long-term clinical observations are few and show controversial results 

(Albrektsson & Wennerberg, 2019). Experiments on animals show that the surface 

characteristics of modified implants negatively impact the progression of peri-implantitis. 

However, clinical studies on humans do not show any significant difference in the 

development of peri-implantitis around implants with different surface modifications.  

Methods: This study uses relevant full-text articles in the English language, reviewed in 

PubMed, and includes a systematic review and meta-analysis articles.   

Conclusion: The result of this study indicates the necessity of long-term clinical observations 

of peri-implantitis to clarify implant surface role in this issue.  

Keywords:  

Peri-implantitis, risk factors for peri-implantitis, treatment of peri-implantitis, dental implant 

surface modification and meta-analysis. 
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Introduction:  

A. Definition of peri-implantitis.  

Peri-implantitis is a major complication of dental implant therapy that results in inflammation 

of the peri-implant soft tissues and loss of supporting bone (Schwarz et al., 2018). The 

etiology of peri-implantitis is multifactorial, with a variety of host- and implant-related factors 

contributing to its development. 

B. Prevalence of peri-implantitis. 

Studies have reported varied prevalence of peri-implantitis. The prevalence of peri-implantitis 

was 16.4% and 7.3% for patients and implants, respectively (Dalago et al., 2017). Wada et al. 

reported that the prevalence of peri-implantitis at the subject and implant levels were 15.8% 

and 9.2%, respectively after three years of function (Wada et al., 2021). Diaz et al. concluded 

that the prevalence of peri-implantitis was 12,53 % at the implant level and 19,53 % at the 

patient level. Studies with a follow-up period from 5 to 9 years and with more longevity did 

not show significant differences at implant and patient levels (Diaz et al., 2022). Renvert et al. 

determined peri-implantitis in 22.1% of cases after 20-26 years of titanium dental implants in 

function at the patient level (Renvert et al., 2018). In general, peri-implantitis is a common 

condition that represents an implantology issue. 

C. Importance of the implant surface on the development of peri-implantitis. 

Dental implants' success is affected by the formation of stable direct contact between the 

implant and surrounding living bone, or osseointegration (Albrektsson et al., 1981). The 

importance of the quality of titanium surfaces for cellular contact and osseointegration of 

dental implants was highlighted by Albrektsson in 1981 (Albrektsson et al., 1981). In 

addition, improved cellular contact and osteointegration have an important role in preventing 

biological complications of dental implantation, including peri-implant mucositis and peri-

implantitis.   

The surface characteristics of dental implants have been shown to play a crucial role in their 

clinical success, and several studies have investigated the relationship between implant 

surface modifications and the development of peri-implantitis. Understanding the impact of 

implant surface on the development of peri-implantitis is critical for designing implant 

surfaces that promote osseointegration while minimizing the risk of implant failure due to 

peri-implantitis. 
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The paper will also explore the factors affecting implant surface modifications, including 

manufacturing processes and surface treatments. Clinical relevance of implant surface 

modifications will be discussed, including clinical outcomes, long-term stability, and cost-

effectiveness. Finally, the paper will discuss prevention and treatment options for peri-

implantitis related to implant surfaces, as well as future directions in the field. 

In conclusion, the impact of implant surface on the development of peri-implantitis is a 

complex issue that requires careful consideration. This review paper will provide a 

comprehensive overview of the literature on this topic and will be of interest to dental 

professionals, implant manufacturers, and researchers in the field. 

Materials and methods:  

An electronic literature search of the PubMed database was conducted for articles published 

between 1 January 1983 and 01 May 2023. Studies characterising the influence of dental 

implant surface characteristics on peri-implantitis include animal studies, in vitro 

experimentation, and clinical trials.  

8926 studies were identified in the search strategy and 89 studies were included. Searching in 

PubMed, with keywords as "peri-implantitis+ risk factors+ implant surface ", shows 53 full- 

text articles about this subject, with a timespan from 1999 to 01 May 2023. 3513 full-text 

articles were found in PubMed with a search of "peri-implantitis " from 1991 to 2023. A 

search on "peri-implantitis+ risk factors " yielded results in 403 full text articles from 1996 to 

2023. "Osseointegration + dental implant surface " gave results in 3329 full-text articles from 

1983 to 2023, and "peri-implantitis+ dental implant surface " gave 919 results from 1994 to 

2023. “Peri-implantitis+ treatment+ implant surface” results in 709 articles from 1994 to 2023 

with significant increase in last decay. 

Most of these articles represent a systematic review and meta-analysis of the subject. 

89 articles were included in this study.  

Literature search strategy:  

The search strategy incorporated the examination of electronic databases PubMed, searches 

for articles published in English, with the timespan 1983- 2023. The following keywords were 

used: Peri-implantitis, risk factors for peri-implantitis, treatment of peri-implantitis, dental 

implant surface modification and meta-analysis. A screening of relevant publications' 

references improved the search's sensibility.  
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Inclusions and exclusions criteria: 

The initial search resulted in 8926 articles. Inclusions criteria involved articles published in 

English, with access to the full text until May 2023, reporting clinical and laboratory 

implantation outcomes, with different implant surface modifications and possible influence of 

implant surface characteristics on peri-implantitis.  Exclusion criteria: studies not published in 

English; studies not reporting details concerning characteristics of dental implants surface or 

peri-implantitis. 

Implant surfaces and their impact on peri-implantitis: 

A. Characteristics of implant surfaces. 

 Conventional implant systems consist of an implant and an abutment that fixed to the implant 

and connects implant with restoration. Integration of implant system with bone and soft 

tissues depends on implant design and such properties of implant surfaces as surface 

chemistry, topography, surface charge, thickness of oxide layer and wettability. Both implant 

and abutment surfaces should be unfavourable to attachment of bacteria and formation of 

biofilm, contribute tight adherence of peri-implant tissues in the transmucosal zone to prevent 

mucositis and peri-implantitis (Milleret et al., 2019). Properties of the dental implant surface 

can be divided into chemical, mechanical, topographical, and physical characteristics that 

interact with each other. Modification of one characteristic influence other implant surfaces 

properties (Albrektsson & Wennerberg, 2019). The goal of implant surface modification is to 

enhance osseointegration, reduce risk for peri-implantitis and increase implant-supported 

restoration's survival. 

1. Roughness. Implant roughness, or porosity, encompass macroscopic, microscopic, and 

nano characteristics. The macroscopic level has the range of millimetres to tens of microns. 

Macro porous surface gives surface roughness of more than 10 µm. The high roughness of 

implant surface improves interlocking between implant and bone, and hence, mechanical 

stability of prosthetics. Increase in peri-implantitis and ionic leakage are major risk for 

implants with macroporous surface (Le Guéhennec et al., 2007). 

Implant surfaces with moderately textured microtopographic profile has roughness of 1-10 

µm that results in improved osseointegration  because of maximized interlocking between 

implant device surface and peri-implant bone, advanced cell process and reduction of healings 

time (Civantos et al., 2017). 
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In vitro and animal studies demonstrates that dental implant surfaces with nanometre range 

have favourable adsorption of proteins, adhesion of osteoblasts, and improves 

osseointegration (Kligman et al., 2021). However, clinical studies are needed to investigate 

optimal nano surface topography (Le Guehennec et al., 2008).  

Although the roughness of the implant surface was considered a factor which improves 

osseointegration, rough surface promotes plaque accumulation and results in peri-implantitis 

(Asensio et al., 2019).  

Initially plaque forms on supragingival and transgingival part of implant that contacting with 

abutment. Bacterial colonization of exposed surfaces of implant and abutment leads to 

inflammation in peri-implant tissues, a common reason for implant failure (Barbour et al., 

2007). Hence, roughness of abutments surface plays a role for develop of mucositis and peri-

implantitis.  

Zandim-Barcelos et al.  conclude that implants with rough and moderately rough surfaces 

"might have a higher risk of peri-implantitis. Therefore, well-designed prospective clinical 

trials are needed to validate or refute these findings" (Zandim-Barcelos et al., 2019). 

On the other hand, Saulacic and Schaller conclude that the roughness of the implant surface 

does not influence the incidence of peri-implantitis (Saulacic & Schaller, 2019).  

The most of  commercially available implant systems represent implants  the moderate 

roughness of surface, or micro-level modification that provides biomechanical interlocking 

(Albrektsson & Wennerberg, 2004), (Jordana et al., 2018).  

 

Figure 1. Surface treatment. Different roughness of micrometric surface structure of 

machined, turned implant (A) and sand-blasted and then acid-etched implant (B) (Civantos et 

al., 2017). 
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2. Chemical composition. Surface chemical composition is determined by properties of bulk 

implant material.  Commercially pure Titanium, titanium-aluminium-vanadium and titanium-

zirconium alloys have favourable mechanical and biological characteristics such as weight-to-

strength ratio, biocompatibility and corrosion resistance due to formation of the passive thin 

oxide  layer on the implants surface (Gittens et al., 2014). 

Modulus and hardness properties of Titanium are like cortical bone tissue. Mechanical 

strength, resilience, maximum load, bending, fatigue strength, and stiffness are properties of 

Titanium that allows to simulate bone tissue, bear loading, regulate bone cell phenotypic 

specification (Civantos et al., 2017).  

 

3. Wettability. Biological response of implant surface is affected by wetting behaviour, that 

meased by liquid-solid contact angle, or angle between “the tangent line to liquid drop`s 

surface at the three -phase boundary and the horizontal solid`s surface”. Hydrophilic surface 

has liquid-solid surface angle lower than 90°. Surfaces with liquid-solid surface angle above 

90° have hydrophobic properties. In vivo and in vitro studies show effect of surface 

wettability on adhesion of proteins, macromolecules onto the implant surface, interaction 

between implant surfaces and tissues around implant, bacterial adhesion, formation of 

biofilm, and osseointegration. Hydrophilicity allows close interaction between surface and 

biological fluids, cell receptors and support adsorption of proteins. 

Hydrophobic surfaces are predisposed  to contamination with hydrocarbon,  that  induce  

entrapment of air bubbles that  interferer with  adsorption of proteins  and adhesion/activation 

of cell receptor (Gittens et al., 2014). 

 

 

 

Figure 2. Possible interactions with (A) hydrophilic and (B)hydrophobic surfaces at different 

length scales (Gittens et al., 2014). 
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4. Topography. Importance of implant surface topography has been in focus for last decades. 

The original turned (smooth) Brånemark implant (Nobel Biocare) was the gold standard with 

good clinical results. However, experimental studies in mid-1990s showed that implants with 

moderately roughened surface have stronger bone response compared with turned and rough 

plasma-sprayed implants (Albrektsson & Wennerberg, 2004). 

Porosity and roughness are topographic characteristics directly increase surface area, affecting 

adhesion, proliferation and differentiation of cells , promotes biomechanical interlocking 

between implant and bone (Civantos et al., 2017). Manufacturing processer  of implant 

treatment encompasses machining technology, physical and chemical technics of implant 

surface  topography modifying gained to improve tissue response and osseointegration 

(Civantos et al., 2017).  

Mechanical characteristics of the implant surface, such as hardness and resistance to 

microcracks formation, are the least investigated properties because of the difficulties of 

quantitative measurement. Furthermore, mechanical properties are closely related to the other 

surface characteristics (Albrektsson & Wennerberg, 2019). 

B. Impact of implant surfaces on peri-implantitis. 

1. Biofilm formation. 

Implant surface, as an important implant-related factor for peri-implantitis, can affect the 

ability of bacteria to adhere to the implant surface, form biofilm, and initiate an inflammatory 

response. Formation of microbial biofilm begins with adsorption of proteins, subsequent 

bacterial adhesion, maturation and dispersal, that influenced of exposure of different factors.  

 

Figure 3.  Formation of  polymicrobial biofilm on Titanium surface (Souza et al., 2021). 
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Immediately after insertion of implant, supra-mucosal del of Titanium implant surface coats 

by saliva proteins, and plasma in submucosal segment. Properties of protein layer that forms 

from absorption of proteins on titanium surface, are affected by both physical and chemical 

characteristics of implant surface. Initial colonizers, mainly Streptococcus species, binds to 

the protein layer. Coaggregation and cooperation of different species promotes formation of 

biofilm. Microbial colonies are embedded in the extracellular matrix, proteins and eDNA. 

Structure of biofilm promotes cooperation and interaction of bacteria, retention and diffusion 

of biomolecules and nutrients, biofilm virulence, and antimicrobial resistance  (Souza et al., 

2021), (Costa et al., 2021). 

2.   Inflammatory response. 

Inadequate oral hygiene and lack of biofilm removal contribute to increasing of biofilm 

accumulation, that together with environmental factors as pH, nutrients, metabolites, level of 

oxygen, leads to bacterial dysbiosis (Costa et al., 2021). Soaza et al. identified carbohydrate 

exposure, particles of Titanium that released from dental implants, structure of extracellular 

matrix as factors contributing to dysbiosis condition of microbiota (Souza et al., 2021) . 

Microbiological shift trigger  local inflammation in peri-implant tissues  with favouring  

proteolytic and Gram-negative bacteria (Souza et al., 2021). Clinical symptoms of 

inflammation in peri-implant tissue, or mucositis, are erythema, bleeding on probing, 

swelling, suppuration. Progressive loss of ben surrounding implant characterise peri-

implantitis.    

 

3. Bacterial adhesion and colonization. 

Fürst  et al. reported that colonisation of bacteria occurs within 30 minutes after implant 

insertion. Bacterial patterns that colonize dental implants differ from bacterial species on 

tooth sites. Streptococcus ,Fusobacterium, and Capnocytophaga species have been reported as 

prevalent in early colonizers of dental implant surfaces (Fürst et al., 2007). 

Initial microbial adhesion leads to interaction of strains of different bacterial species. Co-

aggregation of bacteria leads to formation of polymicrobial biofilm that  represents stable 

structure, or “climax community”, with ideal physicochemical environment, developed 

virulence, and resistance to antibiotics (Marsh et al., 2011), (Souza et al., 2021). 

https://pubmed.ncbi.nlm.nih.gov/?sort=date&term=F%C3%BCrst+MM&cauthor_id=17501978
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A cross-arch controlled in vivo investigation of Schincalia et al. showed less accumulation of 

biofilm on smooth implant surfaces compared with teeth, and more heterogeneous bacterial 

dysbiosis during the lack of removal of biofilm, despite of similarity in biofilms that forms in 

healthy teeth and implants surfaces (Schincaglia et al., 2017). 

Bacterial adhesion is influenced by surface roughness,  hydrophilicity, surface free energy , 

configuration of implant-abutment configuration Increased roughness and free energy of 

implant surface promotes biofilm formation (Subramani et al., 2009).   

4. Bone apposition and integration. 

Immediately after insertion of implant occurs apposition, or cellular and molecular reactions 

between implant surface and host tissues. Initial apposition is a crucial factor for integration 

of implant into the bone structure (Pikos & Miron, 2019).  

Absorption of serum proteins onto titanium surface after implantation modulate activity of 

immune system. Blood cells neutrophiles, lymphocytes, monocytes, and macrophages express 

biological factors in peri-implant tissue, recognize characteristics of surface material and send 

signals that polarize macrophage population. After polarization of macrophages to M1 

proinflammatory phenotype associated with microbial infection, and M2 anti-inflammatory 

phenotype, fibrous encapsulation of implant device occurs as response for foreign body. 

Three scenarios of implant integration are possible (Figure 4): A. Failure. M1 macrophage 

polarization and fibrous encapsulation lead to inflammation in peri-implant tissue with 

formation of foreign giant cell, and rejection of implant device. B. and C. Integration. B. 

M2macrophage polarization is predominant. Implant surrounded by granulations tissue that 

transforms into bone tissue after deposition of matrix. C. favouring osseointegration occurs 

without adverse reactions, in presence of M2 macrophage -phenotype (Civantos et al., 2017). 
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Figure 4.  Biological response in Titanium implantation (Civantos et al., 2017). 

Surface topography directly influences the bioactivity of the dental implant. Sandblasting, 

acid-etching, anodization, plasma spraying, and laser radiation are the main techniques to 

improve the bioactivity of dental implant surfaces and osseointegration. Changing of the 

implant surface's free surface energy, chemical composition, and roughness enhance 

osseointegration (Accioni et al., 2022).  

Factors affecting implant surface modifications:  

A. Manufacturing processes. 

The roughness of implant surfaces creates by sandblasting, acid-etching, anodization, plasma-

spraying, and laser radiation. These manufacturing technologies of surface treatment are 

widespread in commercial implants available on the market.  

1. Machined implants are made by turned, milled, or polished manufacturing method, that 

increase surface area and roughness of material.  In vitro studies evaluated that polishing 

methods prevent colonization with bacteria and fungi (Barbour et al., 2007). Results in vivo 

investigations shows improvement at the contact between bone and implant, and attachment 

of osteogenic cells to imperfections in the machined implant surface (Smeets et al., 2016). 

2. Acid-etched implants. Acid-etching strategies are used in Osseotite, Steri-Oss Etched 

implants. Acid treatment of implant surface, with different concentrations of HCl, HNO3, HF, 

H2SO4, expositions time and working temperature, increases roughness and influences 

osteogenic cell properties (Accioni et al., 2022). 
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Figure 5.  Mainstream engineering strategies in dental implantology (Accioni et al., 2022). 

3. Laser-treated implants. The laser ablation technique modifies the nano-topography of the 

implant surface. This technology increases corrosion resistance and hardness and uses in 

Laser-Lok (BioHorizons, Birmingham, AL, USA) implants. In addition, generating micro and 

nanochannels on the implant surface increases the connection between implant surface and 

tissues around the implant, preventing epithelial ingrowth (Nevins et al., 2008). 

4. Sandblasted and acid-etched implants. Sandblasting with microspheres of TiO2, Al2O3, 

SiO2 or HA by pressured air steam influences the macro-roughness of the implant surface. 

Incorporated in the implant surface particles of Al, Si, and HA, improves the adsorption of 

osteoblasts and osteointegration. Sandblasting technology combines frequently with finishing 

acid etching. For instance, SLA surface is made by sandblasting the turned Titanium surface 

with large-grit particles and etching of the blasted surface with hydrochloric, nitric, and 

sulfuric acids. Osteogenic cells migrate to irregularities on SLA surface, secrete a bone 

matrix, and contact osteogenesis takes place. Osseointegration accelerates compared to the 

turned surface (Yeo, 2019). 

5. Hydrophilic implants. The Titanium surface have hydrophobic properties (Yeo, 2019).  

Rupp et al. highlight a change from focusing on topographical properties and surface 

roughness to a new paradigm that includes the role of wetting features of the implant surface. 

Wetting and micro- and nano roughness of implant surface influence bacteria retention and 

biofilm formation on the implants and cell behaviour at the material interface. Implants with 
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hydrophilic surfaces have been proven to achieve initial blood contact for improved wound 

healing and osseointegration (Rupp et al., 2018). 

Hydrophilic implant that being clinically used is SLActive (Institute Straumann AG, Basel, 

Switzerland). Hydrophilic SLA surface produces by a water rinse of the original SLA implant 

in a nitrogen chamber and packing with storing the implant in an isotonic sodium chloride 

solution without contact with atmosphere (Yeo, 2019). 

However, it remains unclear what the optimal degree of hydrophilicity is for the best 

biological and clinical results. While several recent hydrophilic implant systems favour super 

hydrophilicity, it is unclear if more moderate hydrophilicity would further optimise interfacial 

reactions (Gittens et al., 2014). 

 

 

B. Surface treatments: 

1. Chemical treatments. Chemical modifications encourage osseointegration and decrease 

formation of biofilm by  providing hydrophilic surface, discrete crystalline deposition, anodic 

oxidation, ultraviolet treatment , fluoride, hydroxyapatite, calcium chloride treatment, plasma 

oxidation, atmospheric pressure plasma processing (Kligman et al., 2021). 

Hydrophilic implant surface enhances cell attachment and migration, neoangiogenesis, bone 

density, improves contact between implant and bone, especially in the earlier osteointegration 

stages. Hydrophilic implants have hydroxylated, rinsed under nitrogen protection surface, and 

are stored in isotonic saline solution (Buser et al., 2004), (Kligman et al., 2021) . 

Discrete crystalline deposition is a sol-gel process of modification of double acid-etched 

surface. 50% of surface treated by discrete crystalline deposition contain particles of Calcium 

phosphate of 20-100 nm. This modification improves osteoconduction, osseointegration, 

reduce adhesion of bacteria to the implant surface(Mendes et al., 2009),(Kligman et al., 2021). 

Anodization, anodic electrochemical oxidation of titanium surfaces, increases the titan 

dioxide layers, roughness and surface area. This surfaces microstructure increases blood clot 

retention, improving cell adhesion and proliferation of osteoblasts, deposition of gingival 

fibroblast (Accioni et al., 2022). 
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Figure 6. The anodized TiUnite Implant is made by micro-arc oxidation. The scale bar 

indicates 10 µm (Albrektsson & Wennerberg, 2019). 

Fluoride treatment produces by cathodic reduction reaction resulting in application of fluoride 

to implant surface. Fluoride modification stimulates proliferation of undifferentiated 

osteoblasts, beneficial for bone-to-implant contact. Alkaline phosphatase activity increases. 

Disruption and detachment of biofilm promotes (Yeo, 2019), (Kligman et al., 2021). 

Hydroxyapatite layer created by plasma spraying  have antibacterial effect against S.aureus, 

P.gingivalis, and improves rapid contact between bone and implant (Kulkarni Aranya et al., 

2017), (Kligman et al., 2021). 

Applying thermally melted plasma-condition hydroxyapatite and titanium alloys to the 

implant's titanium surface produce a rough, irregular porous surface. The implant surface 

treatment with plasma spraying is used in ITI-TPS (Straumann Institute, Waldenburg, 

Germany). 

Changing of hydrophilicity of Titanium oxide achieves by UV treatment.  

Photofunctionalization results in enhanced proliferation and adsorption of plasma proteins, 

attachment of osteogenic cells. It has been found reduction in the attachment of S.mutans, 

S.salivarius, S.sanguis (Yeo, 2019), (Kligman et al., 2021). 

Atmospheric pressure plasma processing increase hydrophilicity of implant surface ,adhesion 

of cells , activity of alkaline phosphatase ,and reduce Gram-negative bacteria (Lee et al., 

2019), (Kligman et al., 2021). 
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Plasma oxidation of implant surface combines high wettability effect and micro/nano- 

structures, notable increasing early apposition of bone (Jiang et al., 2018). 

2.Physical treatments: 

Physical treatments of implant surfaces include modification on the macro, micro and nano 

levels (Yeo, 2019). Macro-level treatment defined as visual geometry, shape of implant, 

thread pattern, and macro-level irregularities. Parallel or tapered implant design, diameter ang 

length of fixture have impact on implant stability. Threading allows to  achieve optimal 

primary contact, stress distribution in the bone, and improve stability (Kligman et al., 2021). 

Micro-level modifications include machining, grit-blasting, and combination of acid etching 

and sandblasting, improving bone growth, turnover, remodelling, interlocking of implant-

bone interface (Barfeie et al., 2015). 

Implant surface treatment in nano-level increase surfaces wettability, free energy, enhance 

growth of cells and differentiation of osteogenic cells. Laser ablation, nanocomposite coatings 

treatment resulting in protein   absorption and adhesion of osteoblasts on the implant surface 

(Kligman et al., 2021). 

3.Combinational treatments: 

Both physical and chemical techniques can be used for  addition of various nanoparticles, 

bioactive materials, drugs to Titanium (Kligman et al., 2021), (Accioni et al., 2022). 

Novel coatings have been divided into organic and inorganic coatings (Accioni et al., 2022). 

Inorganic coatings, or ceramics, improve osseointegration. The most used inorganic coatings 

are nanostructured calcium, calcium phosphate and hydroxyapatite, applied on the Titanium 

surface by plasma spraying or hydrothermal deposition. Releasing of Calcium and phosphate-

ions encourage the mineralisation of bone-implant interface and bone healing process 

(Accioni et al., 2022), (Civantos et al., 2017). The ceramic coating technique have been used 

for delivery of molecules that help in activation of bone formation, modulating inflammation, 

prevent infections, resorption of bone, foreign body reaction (Civantos et al., 2017). 

Bioactive molecules aimed to induce bone formation, prevent bone resorption, molekules with 

antibiotic and immunomodulation properties, incorporate in inorganic coatings (Civantos et 

al., 2017). 

Nano-engineering allows using organic and inorganic coatings combined with the controlled 

release of proteins or antibiotics (Accioni et al., 2022). 
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Different methods have been used for incorporation of silver nanoparticles in titanium 

implants surfaces. Embedment of silver particles in implant coating with polymeric materials, 

soda-lime glass coating, attachment of silver particles on nano/micro titanium surfaces and 

penetration of nanotubular structures of titanium resulting in release of silver particles in 

surrounding tissues. Duration of maximal antibacterial effect was 15 days with gradual 

decline after that and possible providing of adverse effects. Lack of clinical studies  and 

concerns about biocompatibility limits clinical application (Haugen et al., 2022).  

Synthetic polymers, polysaccharides, proteins, growth factors, peptides are used as organic 

surface modifications to improve cell response at the tissue-bone contact.   

Synthetic polymeric coatings such as polylactic-co-glycolic acid, polyethylene glycol, poly- 

caprolactone, polymethylmethacrylate, are used frequently in metallic implants providing 

biocompatibility, biodegradation, and good mechanical properties. Environment friendly 

properties combines with prevention od bacterial adhesion to the implant surface (Civantos et 

al., 2017). 

Polysaccharides, peptides, and extracellular matrix proteins occurs naturally, and have shown 

low toxicity and cost, are biodegradable and osteoconductive, induce cell adhesion (Civantos 

et al., 2017).  

Clinical relevance of implant surface modifications: 

A. Clinical outcomes. Clinical results of use commercially available implants have been 

evaluated in clinical trials. Comparation of Titanium implants with machined surface and 

implants with surface treated by anodization shows increased bone-to-implant contact. 100% 

implant success followed the implants with oxidized surface (Nobel Biocare TiUnite) 

compared success rate of 96,4% with turned implants Nobel Biocare Mark III (Jungner et al., 

2005). 

A 10 years retrospective study in 303 partially edentulous patients with 511 Titanium 

implants with sandblasted  and  acid-etched surfaces showed implants survival rate of 98,8% 

and success 97%, with peri-implantitis prevalence 1,8% (Buser et al., 2012). 

SLA Active (Straumann Institute, Basel, Switzerland) implants have nano surface with 

increased hydrophilicity, biological response, and cell recruiting, obtained by blasting, acid 

etching and flushing with nitrogen. This surface treatment technology provides fast bone 

healing with a rate of success of 91.7% (Accioni et al., 2022). Van Velzen et al. investigated 
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ten years of survival rate and incidence of peri-implantitis of 374 implants with SLA surface. 

The implant and patient-level survival rates were 99.7% and 99.4%, respectively. Peri-

implantitis was diagnosed in 7% of dental implants (van Velzen et al., 2015).   

Clinical studies of TiOblast® (Astra Tech, Mölndal, Sweden) implants show high 

osteointegration success with peri-implantitis complication in 3.5% of implants (Al-Nawas et 

al., 2012). On the other hand, a 20-year follow-up of 25 patients with 64 implants, compared a 

non-modified turned surface device and TiOblast®, suggested these topographies did not 

improve bone healing. A moderate increase in surface roughness did not affect the level of 

peri-implant bone (Donati et al., 2018).  

Long-term studies of the clinical use of Osseotite report success in more than 96% of cases. 

The acid-etched surface showed the highest cell proliferation rate of the implant surface and 

triggered osteogenic cell responses in vitro studies (Blatt et al., 2018). Velasco-Ortega et al. 

report a survival and success rate of 92.9% of implants with TSA acid-etched surfaces. 

Implants were loaded early, and prosthodontic clinical findings were followed for 17 years. 

The most frequent complication was prosthetic technical complications (14.2%, followed by 

peri-implantitis (10.6%). Peri-implantitis appeared mostly in smokers and patients with 

periodontitis (Velasco-Ortega et al., 2020). 

Despite the effective biological response, researchers underline that the mechanical stability 

of anodised implants is a challenge (Alipal et al., 2021).  

Only 8.23% of TiUnite (Nobel Biocare, Gothenburg, Sweden) implants  made by micro-arc 

oxidation, were involved in peri-implantitis, with signs of infection, pus and bone loss on 

radiographs, at first 10-years follow-up after surgery using immediate loading implants  

(Degidi et al., 2012).  

Becker et al. re-evaluated 388 TPS dental implants, with titanium-sprayed surfaces inserted in 

92 patients, with observation time from 12.2 to 23.5 years. The survival rate was 88.03%, 

while peri-implantitis was diagnosed in 9.7% of the implants (Becker et al., 2016). 

Jordana et al. evaluated the impact of implant roughness on peri-implantitis in humans. 

Surface roughness of implant and peri-implantitis are associated. "The higher the surface 

roughness, the higher the mean periimplantitis rate. There are little peri-implantitis up to an 

arithmetic mean surface roughness (Sa) of 1 mm. Peri-implantitis appears for Sa values greater 
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than 1.2 mm”. Therefore, it was recommended that clinicians use machined or sandblasted 

surfaces (Jordana et al., 2018). 

Ossean (Intra-Lock, Boca Raton, FL, USA) implants surface, produces with a combination of 

grit-blasting and acid-etching technology, with impregnation of calcium phosphate 

nanoparticles. In  Nanolite (Zimmer Biomet, Palm Beach Gardens, FL, USA) implants, the 

surface is treated by discrete crystalline deposition of CaP nanoparticles (Asensio et al., 

2019). Hydroxyapatite-based biomimetic coatings of Osstem GS-HA III and Osstem TS III-

HA (Osstem Implant Co., Busan, Korea) trigger the activity of osteoblasts for the formation 

of bone.  

Peri-implantitis was registered in 2.2% of Osstem and TS III-HA implants and 1.4% of TSV-

HA (Jung et al., 2018). Magnesium-based biomimetic coatings - phosphate salts of 

magnesium have a better promotion of osteoblasts function and higher formation of bone than 

calcium phosphate surfaces. Nanoparticles of magnesium have a high antibacterial activity 

against biofilm formation (Accioni et al., 2022). 

Dalago et al. studied titan implants, with the body blasted with titanium particles and the 

implant neck with low roughness. Implants with the same surface characteristics from one 

manufacturer were evaluated. Results of a cross-sectional study with 916 implants showed 

that implant-related factors, such as implant location in the jaw, shape, diameter, length of the 

implant, implant connection, type of antagonist and use of a block graft at the surgery, were 

not related to the presence of peri-implantitis. Therefore, implant surface characteristics were 

not evaluated as risk factors. Risk indicators of peri-implantitis were identified with 

periodontitis, cemented crowns, occlusal dysfunction, and full-mouth implant restorations 

(Dalago et al., 2017). 

Lopez-Valverde et al. assessed effectiveness of antibacterial Ti implant surfaces with 

incorporation of Tantalum, Strontium, Doxycycline, Bacitracin, and human bone 

morphogenetic protein, on osseointegration   in preclinical animal studies. Improved 

antibacterial capacity and osseointegration of implants with antibacterial coatings of surfaces 

was proved with relative caution because of  bias in methodological aspects and  experimental 

models (López-Valverde et al., 2021). However, commercially available implants with 

antibacterial capacity are limited. Promising research includes the investigation of coatings 

based on growth-factor, extracellular matrix proteins and polysaccharides, antibacterial 
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coatings, drug-releasing coatings, "No-releasing" coatings and antifouling coatings (Asensio 

et al., 2019). 

However, Albrektsson concluded in a review that there is a lack of clinical evidence that any 

particular type of implant surface with nano-structure or hydrophilic implants have improved 

clinical outcome, despite positive results from animal studies (Albrektsson & Wennerberg, 

2019). 

Stavropoulos et al. analysed the incidence, severity, and progression of peri-implantitis on 

pre-clinical in vivo peri-implantitis experiments on dogs and clinical trials with more than five 

years of follow-up of more than two different types of implant materials or surface 

characteristics. Clinical studies did not reveal the incidence of peri-implantitis among 

implants with various surface characteristics, while pre-clinical in vivo animal experiments 

reported the significant influence of implant surface modifications on the progression of peri-

implantitis. Limited information does not allow to make conclusions about the possible 

influence of implant surface characteristics on the incidence or progression of peri-implantitis 

(Stavropoulos et al., 2021). 

 

B. Long- term stability. Simones reported 10-16 -year follow-up of Straumann Dental 

Implant with implant success and survival parameters as long-term results. Survival implant 

and fixed prothesis presented in mouth independent of complications. Definition of success 

includes implants free from complications over follow-up period. The cumulative survival 

rate up to 16 years  was 82,94%. Whereas biological complications occur in 16,94%, 

technical complications rate was 31,09%. Despite relatively high survival rate, complications 

occurred frequently (Simonis et al., 2010). Yan et al. studied treatment of pure Titanium with 

nitrogen plasma for improvement of surface characteristics facilitating osseointegration and 

prevent material aging. It suggested that surface implant characteristics influence significantly 

osseointegration and long-term stability after insertion. Aging is a reason of biodegradation of 

Titanium biologically from active material to biologically inert (Yan et al., 2022). However, 

aging, and long-term stability of Titanium implants needs further investigations.  
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C. Cost-effectiveness. Cost -effectiveness of implants with different surface modifications 

evaluates clinical outcomes in relation to cost. Parameters for assessment are success rate, 

long-term stability, and patients’ satisfaction. 

The evaluation encompasses the clinical benefits of varying surface modifications concerning 

their costs, considering the success rate, longevity, and patient satisfaction. Previous literature 

has demonstrated that various surface modifications, including topographical and chemical 

alterations, can influence osseointegration, enhance implant stability, and potentially reduce 

the risk of periimplantitis (Wennerberg & Albrektsson, 2009). However, the cost-

effectiveness of these modifications must be weighed against the potential benefits to 

determine their clinical relevance. In implant dentistry, cost-effectiveness refers to the optimal 

balance between the costs and benefits of a particular treatment modality, considering both 

clinical outcomes and economic implications. Several studies have investigated the cost-

effectiveness of implants with different surface modifications. For example, Buser et al. 

conducted a retrospective study on 511 titanium implants with a sandblasted and acid-etched 

surface, demonstrating high survival and success rates over ten years in partially edentulous 

patients (Buser et al., 2012). The study highlights the potential long-term benefits of specific 

surface modifications regarding clinical outcomes and cost-effectiveness. 

Furthermore, Roccuzzo et al. examined the long-term results of a three-arm prospective 

cohort study on implants in periodontally compromised patients, focusing on the sandblasted 

and acid-etched (SLA) surface. The findings of this study revealed favourable outcomes for 

SLA surfaces in terms of success rate, longevity, and patient satisfaction, suggesting that this 

surface modification could be a cost-effective option in specific clinical scenarios (Roccuzzo 

et al., 2014). 

Evaluating the cost-effectiveness of different implant surface modifications is an essential 

aspect of determining the clinical relevance of these modifications. While various surface 

modifications have been shown to improve clinical outcomes, it is necessary to consider 

factors such as success rate, longevity, and patient satisfaction with their costs. Further 

research is needed to understand better the cost-effectiveness of different implant surface 

modifications in diverse patient populations and clinical situations, ultimately enabling 

clinicians to make informed decisions regarding the most appropriate treatment options for 

patients at risk of peri-implantitis. 
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Figure 7. Clinical example of peri-implantitis with extensive loss of bone and 

osseointegration. Clinical findings were swelling, suppuration and bleeding on probing. Pain-

free probing evaluated up to 6 mm pockets depth (Rupp et al., 2018). 

 

Prevention and treatment of peri-implantitis related to implant surfaces: 

A. Preventions strategies. Although it is accepted that peri-implantitis is a multifactorial 

disease with  bacterial plaque and microbial dysbiosis as primary etiology, factors related to 

patients, implants and long-term factors contribute to development of peri-implantitis (Sun et 

al., 2023). 

Fu et al. determine risk factors in developing peri-implantitis as patient-related factors, 

implant design, prosthesis, and clinician-related factors. All these factors influence the host's 

response to the bacterial plaque at the implant's surface. Patient-related factors are poor 

plaque control (Serino & Ström, 2009), lack of regular periodontal maintenance care of 

patients with dental implants, history of active periodontitis (Ferreira et al., 2018), smoking 

(Chrcanovic, Albrektsson, et al., 2015) and diabetes (Dreyer et al., 2018).  

Bornstein et al. evaluated systemic diseases with and without systemic medication as risk 

factor for dental implant failure. Human studies reporting survival rates of osseointegrated 

dental implants at patients with at least one of 12 systemic diseases such as scleroderma, 
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Sjøgren`s syndrome, neuropsychiatric disorders, lichen planus, AIDS, HIV,ectodermal 

dysplasia, Crohn, transplantation, cardiovascular, diabetesor insulin therapy, or glucose 

intolerance, osteoporosis, oral bisphosphonates, radiotherapy. 

Despite of many systemic conditions have been suggested as potential risk factors, it was 

concluded that evidence level for absolute and relative contraindications for dental implant 

therapy is low.  For patients with bisphosphonates therapy are type, duration and dosage of 

medication crucial in risk for bisphosphonate-related osteonecrosis. Osteoradionecrosis after 

insertion of dental implants  before and after radiotherapy with failure rates from 0% to 12,6% 

for 12 years follow-up period  was reported (Bornstein et al., 2009). 

Implant site-related factors are tissue phenotype (Isler et al., 2019) and residual infection 

(Chrcanovic, Martins, et al., 2015). Excess cement (Wilson, 2009), over-contoured 

superstructures (Katafuchi et al., 2018), and occlusal overloading (Canullo et al., 2016),(Fu et 

al., 2012) / interproximal opening (Jeong & Chang, 2015) are prothesis-related factors. The 

spatial malposition of implants is a clinician-related factor (Fu & Wang, 2020). 

Zandim-Barcelos et al. identify implant-based risk factors for peri-implantitis, such as implant 

surface topography; location of the implant; occlusal overload; time in function; prosthesis-

associated, such as rehabilitation extension, excess of cement and implant-abutment 

connection; and metal particle release (Zandim-Barcelos et al., 2019). 

One important implant-related factor is the implant surface, which can affect the ability of 

bacteria to adhere to the implant surface, form biofilm, and initiate an inflammatory response. 

Long-term factors identified as lack of supportive therapy and poor control of plaque (Sun et 

al., 2023). 

Sun et al. concludes that the best strategy for prevention of peri-implantitis and mucositis is a   

treatment planning including properly validation of potential factors of risk both before and 

after treatment, and maintenance program. Effective plaque control, compliance, quit 

smoking, control of glycemic level are important patient-related factors for successful 

outcome of implant therapy (Sun et al., 2023). 

Prevention and treatment of peri-implantitis related to implant surfaces include maintenance 

protocols, antibacterial coatings, photodynamic therapy, implant surface decontamination, 

surgical and nonsurgical treatments, and implant removal and replacement. The choice of 
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prevention and treatment options depends on the severity of the disease, patient factors, and 

the expertise of the clinician. 

1. Maintenance protocols. There is established evidence that implant treatment should not be 

limited to the surgical insertion of implant with final prothesis. Supportive treatment , or 

maintenance therapy has to be performed regularly to control indicators of peri-implant 

inflammation, and risk factors (Fu & Wang, 2020), (Cortellini et al., 2019).  

Soares et al. identified  available oral care instruments and hygiene  instructions  for home 

hygiene procedures, protocols and intervals for professional supportive therapy for patients 

with  implant-supported prothesis (Soares et al., 2022). Relevant advises was drown based on 

findings:  

1. Qualified personnel must give understandable instructions in a form, so every individual 

patient know how to use the hygiene instruments. Motivate and make the patients able to 

evaluate the effectiveness of the procedure when they are home. Besides that, repeated recalls 

for professional hygiene evaluation and instructions are important, according to the individual 

need of every patient.  

 2. Adequate advice for home oral care is cleaning with ordinary toothbrushes and low-

abrasive toothpastes and interproximal hygiene devices, such as dental floss or interdental 

brushes.  

 3. Use of antiseptic solutions and irrigators may also be indicated, although these do not 

replace mechanical instruments for biofilm removal.  

 4. Professionals must evaluate the restoration condition and adjacent tissues at each 

professional recall for preserving, in addition to performing instructions for hygiene and for 

cleaning the prostheses and implants, using instruments that make no damage on the implant 

or the abutment surface (Soares et al., 2022). 

2. Antibacterial coatings. Bacterial biofilm in peri-implant tissues represents risk for 

mucositis and peri-implantitis. Antibacterial coating of the internal chamber implant PIXIT 

(Edierre srl, Genova Italy) with an alcoholic solution containing polysiloxane oligomers and 

chlorhexidine gluconate at 1% was investigated in clinical studies by Carinci et al (Carinci et 

al., 2019). Results demonstrated ability of antibacterial coating to decrease  bacterial loading 

and influence quality of microbiota in the peri-implant tissues, especially species related to 

the peri-implantitis (Carinci et al., 2019).  
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Rahmati et al. investigated effect of doxycycline coating on titanium-zirconium implants 

osseointegration in animal rabbits and dogs’ models. Doxycycline presented physically and 

released on the surface of titanium-zirconium implants after 4 weeks in dogs’ models and 8 

weeks for rabbits. Biocompatibility and osseointegration effects were not reduced.  Authors 

concluded that coating of implant surface with doxycycline indicated no negative effect on 

implants osseointegration.  A local doxycycline delivery system have suggested for 

administration after implant surgery to reduce infection complications in risk patients  

(Rahmati et al., 2020). 

 

Håvard J. Haugen et al. investigated potential of dental implants with silver nanoparticles-

treated surface to reduce peri-implantitis (Haugen et al., 2022). A prolonged antibacterial 

effect of silver nanoparticles was revealed both in vitro and in vivo studies.  

3. Photodynamic therapy. Photodynamic therapy uses for detoxification of implant surface.  

Diode soft laser uses with photosensitizer toluidine blue O that binds to target cells.  Laser 

light activates photosensitizer, and toxic for bacteria singlet oxygen and free radicals produces 

(Dörtbudak et al., 2001). 

24 weeks of follow-up in the group of patients with peri-implantitis that was treated with 

photodynamic therapy showed decrease of proinflammatory index. However, reduction of 

anaerobic bacteria on the  implants rough surfaces after treatment of peri-implantitis was not 

so significant as after surgery (Bombeccari et al., 2013). 

 

4. Implant surface decontamination. Treatment strategy aims in arrest of peri-implantitis 

and influenced of severity of peri-implant lesion. Reduction of peri-implant pocket depth, 

bleeding on probing and  bone consolidation revealed  radiographically are the goals of 

nonsurgical and surgical interventions (Ephros et al., 2020). Pocket depth less 3 mm with 

presence of plaque, calculus, and bleeding on probing is indication for nonsurgical methods of 

decontamination of implant surfaces. Plastic, carbon – fiber and titanium- coated curettes, 

ultrasonic non-metallic tips, and lasers uses for mechanical removal of bacterial biofilm from 

implant surfaces.  Decontamination of rough implants surface  is a challenge because of 

promoted adhesion of bacterial plaque (Ephros et al., 2020).  
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B. Treatment options: 

1. Surgical treatment. If signs of inflammation remains after nonsurgical treatment, is 

surgical intervention indicated (Figuero et al., 2014). Surgical treatment includes pocket 

elimination using resective techniques in patients with pockets depth greater than 5 mm in 

combination with suppuration, bleeding on probing and lose of peri-implant bone.  

Roccuzzo et al. describes surgical treatment of peri-implantitis following procedure of 

periodontal surgery, with initial elevation of a full-thickness flap for access to the 

contaminated implant surface. Decontamination of implant surface with titanium and Teflon 

curettes and ultrasonics, titanium and chitosan brushes, glycine powder performs gained to 

optimal removal of biofilm. Soft tissue granulations remove. Both mechanical and chemical 

decontamination combines before assessment of bone defect. The main surgical operations of 

treatment of peri-implantitis described in literature are open flap with and without resective 

procedures, reconstructive surgery, combined resective and reconstructive procedures 

(Roccuzzo et al., 2021). 

Carcuac et al. revealed that success  of surgical treatment of peri-implantitis for implants with 

modified surface was significantly lower than result for implants with machined  surfaces 

(Carcuac et al., 2016). Less inflammation was registered around implants with smooth 

nonmodified surface after surgical peri-implantitis treatment by Koldsland et al. (Koldsland et 

al., 2018). 

2. Nonsurgical treatment. Systemic antibiotics and antiseptic agent supplements both 

nonsurgical and surgical implant surface decontamination.  Despite of temporary reduction of 

bleeding on probing in treatment of peri-implantitis , “there is no  generally accepted 

recommendations for the use of antimicrobials “ for treatment of peri-implantitis (Hussain et 

al., 2021). 

Studies of Carcuac et al. have shown limited effect of use of systemic antibiotics in  surgical 

treatment of peri-implantitis of implants  with modified surface (Carcuac et al., 2017).  

Besides, there is a general concern among experts about increased risk of development of 

antibiotic resistance in bacteria when systemic antibiotic uses in therapy of peri-implantitis. 

Benefits of antibacterial therapy in management of peri-implantitis have to be pondered to 

consequences of antibiotic resistance for health of population (Ardila & Vivares-Builes, 

2022), (Hussain et al., 2021). 
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3. Laser therapy. Laser therapy with use of  erbium-doped yttrium aluminium garnet laser 

and diode laser  was proposed for remove of subgingival calculus  without damage of implant 

surface (Figuero et al., 2014). Ablation and anti-infective properties  of laser allows achieve 

effective debridement  and decontamination of implant surface (Figuero et al., 2014). 

However, no significant advantage was evaluated  in terms of bleeding on probing and level 

of clinical attachment when laser was used for debridement compared with conventional 

resective surgical intervention (Schwarz et al., 2011). 

4. Implant removal and replacement. Severe vertical and horizontal bone lose around 

implants because of progressive peri-implantitis is indication for removal of implant. Block 

resection, buccal bone osteotomi and trephine osteotomy, resective methods  using of 

piezosurgery, electrosurgical probe and laser  have been reported to remove fail dental 

implants (Winnen et al., 2021). 

Anitua et al. studied effect of implant surface characteristics on the reason of fail and 

technique of removal of failed nonmobile implants (Anitua et al., 2016). Acid-etched, 

particle-blasted, oxidized, titanium plasma-sprayed, hydroxyapatite coated, and turned 

implants was removed caused peri-implantitis and malpositioning of implants.  Most of the 

explanted implants were acid etched (47.5%) and oxidized (19.6%).  

Minimally invasive method of application of counter torque at implant-bone interface was 

used for explantation of implants. Removal torque was significant higher for acid-etched, 

particle-blasted, and oxidized implants. Authors concludes that occurrence of peri-implantitis 

and value of removal torque are influences by the type of implants surface (Anitua et al., 

2016). 

  

Future perspective: 

Looking towards the future, the influence of implant surface properties as risk factors for peri-

implantitis will continue to be an essential topic of research and clinical interest. There are 

several areas where further investigation is needed to improve our understanding of the 

impact of implant surface on the development of peri-implantitis. One area of future research 

is the development of personalised implant surface modifications. Technological advances 

may make it possible to tailor implant surface characteristics to the individual patient's needs 
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and risk factors for peri-implantitis. This approach can potentially improve the long-term 

success of dental implant therapy and minimise the risk of complications. 

Another area of future research is the development of precision medicine for peri-implantitis 

treatment. By using molecular and genetic markers, it may be possible to identify the specific 

bacteria responsible for peri-implantitis in individual patients and develop targeted treatments 

to eliminate them. This approach can potentially improve the effectiveness of peri-implantitis 

treatment and reduce the risk of antibiotic resistance. Furthermore, developing novel implant 

surface modifications and coatings will continue to be an important area of research. New 

materials, such as nanomaterials and bioactive ceramics, may offer advantages over 

traditional implant materials in their ability to enhance osseointegration and minimise the risk 

of peri-implantitis. Finally, it will be important to continue to evaluate the long-term clinical 

outcomes of implant surface modifications and to refine maintenance protocols and treatment 

options as new technologies and approaches become available. 

 

Conclusions: 

Peri-implantitis is an actual issue in implantology, therefore, prevention of peri-implantitis is 

essential for long-term oral rehabilitation with implants. Implant surface characteristic is one 

of the factors that influence the osseointegration of implants. However, clinical use does not 

exhibit significant improvement between machine-turned and modified implant surfaces. 

Information about the association between implant surface treatment and the incidence and 

progression of peri-implantitis is limited and controversial. Long-term clinical investigations 

are required to support promising laboratory in vitro and in vivo results.   

The literature suggests that implant surface properties play a crucial role in the development 

of peri-implantitis. The roughness, chemical composition, wettability, and topography of the 

implant surface affect biofilm formation, inflammatory response, bacterial adhesion and 

colonization, and bone apposition and integration. 

Implant surface modifications, such as manufacturing processes and surface treatments, have 

been developed to enhance osseointegration and minimize the risk of implant failure due to 

peri-implantitis. These modifications have shown promising results in terms of clinical 

outcomes, long-term stability, and cost-effectiveness. 
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Prevention and treatment options for peri-implantitis related to implant surfaces include 

maintenance protocols, antibacterial coatings, photodynamic therapy, implant surface 

decontamination, surgical and nonsurgical treatments, and implant removal and replacement. 

The choice of prevention and treatment options depends on the severity of the disease, patient 

factors, and the expertise of the clinician. 

Future directions in the field of implant surface modifications include the development of 

novel implant surfaces and coatings, personalized implant surface modifications, and 

precision medicine for peri-implantitis treatment. These advances in technology have the 

potential to improve the long-term success of dental implant therapy and minimize the risk of 

complications such as peri-implantitis. 

In conclusion, the literature supports the idea that implant surface properties are important 

risk factors for peri-implantitis. Further research is needed to develop effective prevention and 

treatment strategies and to explore the potential of novel implant surface modifications. 

Dental professionals and implant manufacturers should carefully consider the impact of 

implant surface on the development of peri-implantitis when selecting and designing implant 

systems. 

 

 

 

 

 

References: 

Accioni, F., Vázquez, J., Merinero, M., Begines, B., & Alcudia, A. (2022). Latest Trends in Surface 
Modification for Dental Implantology: Innovative Developments and Analytical Applications. 
Pharmaceutics, 14(2). https://doi.org/10.3390/pharmaceutics14020455  

Al-Nawas, B., Kämmerer, P. W., Morbach, T., Ladwein, C., Wegener, J., & Wagner, W. (2012). Ten-
year retrospective follow-up study of the TiOblast dental implant. Clin Implant Dent Relat 
Res, 14(1), 127-134. https://doi.org/10.1111/j.1708-8208.2009.00237.x  

Albrektsson, T., Brånemark, P. I., Hansson, H. A., & Lindström, J. (1981). Osseointegrated titanium 
implants. Requirements for ensuring a long-lasting, direct bone-to-implant anchorage in 
man. Acta Orthop Scand, 52(2), 155-170. https://doi.org/10.3109/17453678108991776  

Albrektsson, T., & Wennerberg, A. (2004). Oral implant surfaces: Part 1--review focusing on 
topographic and chemical properties of different surfaces and in vivo responses to them. Int J 
Prosthodont, 17(5), 536-543.  

Albrektsson, T., & Wennerberg, A. (2019). On osseointegration in relation to implant surfaces. Clin 
Implant Dent Relat Res, 21 Suppl 1, 4-7. https://doi.org/10.1111/cid.12742  

https://doi.org/10.3390/pharmaceutics14020455
https://doi.org/10.1111/j.1708-8208.2009.00237.x
https://doi.org/10.3109/17453678108991776
https://doi.org/10.1111/cid.12742


32 
 

Alipal, J., Lee, T. C., Koshy, P., Abdullah, H. Z., & Idris, M. I. (2021). Evolution of anodised titanium for 
implant applications. Heliyon, 7(7), e07408. https://doi.org/10.1016/j.heliyon.2021.e07408  

Anitua, E., Murias-Freijo, A., & Alkhraisat, M. H. (2016). Conservative Implant Removal for the 
Analysis of the Cause, Removal Torque, and Surface Treatment of Failed Nonmobile Dental 
Implants. J Oral Implantol, 42(1), 69-77. https://doi.org/10.1563/aaid-joi-D-14-00207  

Ardila, C. M., & Vivares-Builes, A. M. (2022). Antibiotic Resistance in Patients with Peri-Implantitis: A 
Systematic Scoping Review. Int J Environ Res Public Health, 19(23). 
https://doi.org/10.3390/ijerph192315609  

Asensio, G., Vázquez-Lasa, B., & Rojo, L. (2019). Achievements in the Topographic Design of 
Commercial Titanium Dental Implants: Towards Anti-Peri-Implantitis Surfaces. J Clin Med, 
8(11). https://doi.org/10.3390/jcm8111982  

Barbour, M. E., O'Sullivan, D. J., Jenkinson, H. F., & Jagger, D. C. (2007). The effects of polishing 
methods on surface morphology, roughness and bacterial colonisation of titanium 
abutments. J Mater Sci Mater Med, 18(7), 1439-1447. https://doi.org/10.1007/s10856-007-
0141-2  

Barfeie, A., Wilson, J., & Rees, J. (2015). Implant surface characteristics and their effect on 
osseointegration. Br Dent J, 218(5), E9. https://doi.org/10.1038/sj.bdj.2015.171  

Becker, S. T., Beck-Broichsitter, B. E., Rossmann, C. M., Behrens, E., Jochens, A., & Wiltfang, J. (2016). 
Long-term Survival of Straumann Dental Implants with TPS Surfaces: A Retrospective Study 
with a Follow-up of 12 to 23 Years. Clin Implant Dent Relat Res, 18(3), 480-488. 
https://doi.org/10.1111/cid.12334  

Blatt, S., Pabst, A. M., Schiegnitz, E., Hosang, M., Ziebart, T., Walter, C., Al-Nawas, B., & Klein, M. O. 
(2018). Early cell response of osteogenic cells on differently modified implant surfaces: 
Sequences of cell proliferation, adherence and differentiation. J Craniomaxillofac Surg, 46(3), 
453-460. https://doi.org/10.1016/j.jcms.2017.12.021  

Bombeccari, G. P., Guzzi, G., Gualini, F., Gualini, S., Santoro, F., & Spadari, F. (2013). Photodynamic 
therapy to treat periimplantitis. Implant Dent, 22(6), 631-638. 
https://doi.org/10.1097/01.id.0000433592.18679.91  

Bornstein, M. M., Cionca, N., & Mombelli, A. (2009). Systemic conditions and treatments as risks for 
implant therapy. Int J Oral Maxillofac Implants, 24 Suppl, 12-27.  

Buser, D., Broggini, N., Wieland, M., Schenk, R. K., Denzer, A. J., Cochran, D. L., Hoffmann, B., Lussi, 
A., & Steinemann, S. G. (2004). Enhanced bone apposition to a chemically modified SLA 
titanium surface. J Dent Res, 83(7), 529-533. https://doi.org/10.1177/154405910408300704  

Buser, D., Janner, S. F., Wittneben, J. G., Brägger, U., Ramseier, C. A., & Salvi, G. E. (2012). 10-year 
survival and success rates of 511 titanium implants with a sandblasted and acid-etched 
surface: a retrospective study in 303 partially edentulous patients. Clin Implant Dent Relat 
Res, 14(6), 839-851. https://doi.org/10.1111/j.1708-8208.2012.00456.x  

Canullo, L., Tallarico, M., Radovanovic, S., Delibasic, B., Covani, U., & Rakic, M. (2016). Distinguishing 
predictive profiles for patient-based risk assessment and diagnostics of plaque induced, 
surgically and prosthetically triggered peri-implantitis. Clin Oral Implants Res, 27(10), 1243-
1250. https://doi.org/10.1111/clr.12738  

Carcuac, O., Derks, J., Abrahamsson, I., Wennström, J. L., Petzold, M., & Berglundh, T. (2017). Surgical 
treatment of peri-implantitis: 3-year results from a randomized controlled clinical trial. J Clin 
Periodontol, 44(12), 1294-1303. https://doi.org/10.1111/jcpe.12813  

Carcuac, O., Derks, J., Charalampakis, G., Abrahamsson, I., Wennström, J., & Berglundh, T. (2016). 
Adjunctive Systemic and Local Antimicrobial Therapy in the Surgical Treatment of Peri-
implantitis: A Randomized Controlled Clinical Trial. J Dent Res, 95(1), 50-57. 
https://doi.org/10.1177/0022034515601961  

Carinci, F., Lauritano, D., Bignozzi, C. A., Pazzi, D., Candotto, V., Santos de Oliveira, P., & Scarano, A. 
(2019). A New Strategy Against Peri-Implantitis: Antibacterial Internal Coating. Int J Mol Sci, 
20(16). https://doi.org/10.3390/ijms20163897  

https://doi.org/10.1016/j.heliyon.2021.e07408
https://doi.org/10.1563/aaid-joi-D-14-00207
https://doi.org/10.3390/ijerph192315609
https://doi.org/10.3390/jcm8111982
https://doi.org/10.1007/s10856-007-0141-2
https://doi.org/10.1007/s10856-007-0141-2
https://doi.org/10.1038/sj.bdj.2015.171
https://doi.org/10.1111/cid.12334
https://doi.org/10.1016/j.jcms.2017.12.021
https://doi.org/10.1097/01.id.0000433592.18679.91
https://doi.org/10.1177/154405910408300704
https://doi.org/10.1111/j.1708-8208.2012.00456.x
https://doi.org/10.1111/clr.12738
https://doi.org/10.1111/jcpe.12813
https://doi.org/10.1177/0022034515601961
https://doi.org/10.3390/ijms20163897


33 
 

Chrcanovic, B. R., Albrektsson, T., & Wennerberg, A. (2015). Smoking and dental implants: A 
systematic review and meta-analysis. J Dent, 43(5), 487-498. 
https://doi.org/10.1016/j.jdent.2015.03.003  

Chrcanovic, B. R., Martins, M. D., & Wennerberg, A. (2015). Immediate placement of implants into 
infected sites: a systematic review. Clin Implant Dent Relat Res, 17 Suppl 1, e1-e16. 
https://doi.org/10.1111/cid.12098  

Civantos, A., Martínez-Campos, E., Ramos, V., Elvira, C., Gallardo, A., & Abarrategi, A. (2017). 
Titanium Coatings and Surface Modifications: Toward Clinically Useful Bioactive Implants. 
ACS Biomater Sci Eng, 3(7), 1245-1261. https://doi.org/10.1021/acsbiomaterials.6b00604  

Cortellini, S., Favril, C., De Nutte, M., Teughels, W., & Quirynen, M. (2019). Patient compliance as a 
risk factor for the outcome of implant treatment. Periodontol 2000, 81(1), 209-225. 
https://doi.org/10.1111/prd.12293  

Costa, R. C., Nagay, B. E., Bertolini, M., Costa-Oliveira, B. E., Sampaio, A. A., Retamal-Valdes, B., Shibli, 
J. A., Feres, M., Barão, V. A. R., & Souza, J. G. S. (2021). Fitting pieces into the puzzle: The 
impact of titanium-based dental implant surface modifications on bacterial accumulation and 
polymicrobial infections. Adv Colloid Interface Sci, 298, 102551. 
https://doi.org/10.1016/j.cis.2021.102551  

Dalago, H. R., Schuldt Filho, G., Rodrigues, M. A., Renvert, S., & Bianchini, M. A. (2017). Risk indicators 
for Peri-implantitis. A cross-sectional study with 916 implants. Clin Oral Implants Res, 28(2), 
144-150. https://doi.org/10.1111/clr.12772  

Degidi, M., Nardi, D., & Piattelli, A. (2012). 10-year follow-up of immediately loaded implants with 
TiUnite porous anodized surface. Clin Implant Dent Relat Res, 14(6), 828-838. 
https://doi.org/10.1111/j.1708-8208.2012.00446.x  

Diaz, P., Gonzalo, E., Villagra, L. J. G., Miegimolle, B., & Suarez, M. J. (2022). What is the prevalence of 
peri-implantitis? A systematic review and meta-analysis. BMC Oral Health, 22(1), 449. 
https://doi.org/10.1186/s12903-022-02493-8  

Donati, M., Ekestubbe, A., Lindhe, J., & Wennström, J. L. (2018). Marginal bone loss at implants with 
different surface characteristics - A 20-year follow-up of a randomized controlled clinical trial 

[Journal Article; Randomized Controlled Trial]. Clinical oral implants research, 29(5), 480‐
487. https://doi.org/10.1111/clr.13145  

Dreyer, H., Grischke, J., Tiede, C., Eberhard, J., Schweitzer, A., Toikkanen, S. E., Glöckner, S., Krause, 
G., & Stiesch, M. (2018). Epidemiology and risk factors of peri-implantitis: A systematic 
review. Journal of Periodontal Research, 53(5), 657-681. 
https://doi.org/https://doi.org/10.1111/jre.12562  

Dörtbudak, O., Haas, R., Bernhart, T., & Mailath-Pokorny, G. (2001). Lethal photosensitization for 
decontamination of implant surfaces in the treatment of peri-implantitis. Clin Oral Implants 
Res, 12(2), 104-108. https://doi.org/10.1034/j.1600-0501.2001.012002104.x  

Elias, C. N., & Meirelles, L. (2010). Improving osseointegration of dental implants. Expert Rev Med 
Devices, 7(2), 241-256. https://doi.org/10.1586/erd.09.74  

Ephros, H., Kim, S., & DeFalco, R. (2020). Peri-implantitis: Evaluation and Management. Dent Clin 
North Am, 64(2), 305-313. https://doi.org/10.1016/j.cden.2019.11.002  

Ferreira, S. D., Martins, C. C., Amaral, S. A., Vieira, T. R., Albuquerque, B. N., Cota, L. O. M., Esteves 
Lima, R. P., & Costa, F. O. (2018). Periodontitis as a risk factor for peri-implantitis: Systematic 
review and meta-analysis of observational studies. J Dent, 79, 1-10. 
https://doi.org/10.1016/j.jdent.2018.09.010  

Figuero, E., Graziani, F., Sanz, I., Herrera, D., & Sanz, M. (2014). Management of peri-implant 
mucositis and peri-implantitis. Periodontol 2000, 66(1), 255-273. 
https://doi.org/10.1111/prd.12049  

Fu, J. H., Hsu, Y. T., & Wang, H. L. (2012). Identifying occlusal overload and how to deal with it to 
avoid marginal bone loss around implants. Eur J Oral Implantol, 5 Suppl, S91-103.  

Fu, J. H., & Wang, H. L. (2020). Breaking the wave of peri-implantitis. Periodontol 2000, 84(1), 145-
160. https://doi.org/10.1111/prd.12335  

https://doi.org/10.1016/j.jdent.2015.03.003
https://doi.org/10.1111/cid.12098
https://doi.org/10.1021/acsbiomaterials.6b00604
https://doi.org/10.1111/prd.12293
https://doi.org/10.1016/j.cis.2021.102551
https://doi.org/10.1111/clr.12772
https://doi.org/10.1111/j.1708-8208.2012.00446.x
https://doi.org/10.1186/s12903-022-02493-8
https://doi.org/10.1111/clr.13145
https://doi.org/https:/doi.org/10.1111/jre.12562
https://doi.org/10.1034/j.1600-0501.2001.012002104.x
https://doi.org/10.1586/erd.09.74
https://doi.org/10.1016/j.cden.2019.11.002
https://doi.org/10.1016/j.jdent.2018.09.010
https://doi.org/10.1111/prd.12049
https://doi.org/10.1111/prd.12335


34 
 

Fürst, M. M., Salvi, G. E., Lang, N. P., & Persson, G. R. (2007). Bacterial colonization immediately after 
installation on oral titanium implants. Clin Oral Implants Res, 18(4), 501-508. 
https://doi.org/10.1111/j.1600-0501.2007.01381.x  

Gittens, R. A., Scheideler, L., Rupp, F., Hyzy, S. L., Geis-Gerstorfer, J., Schwartz, Z., & Boyan, B. D. 
(2014). A review on the wettability of dental implant surfaces II: Biological and clinical 
aspects. Acta Biomater, 10(7), 2907-2918. https://doi.org/10.1016/j.actbio.2014.03.032  

Haugen, H. J., Makhtari, S., Ahmadi, S., & Hussain, B. (2022). The Antibacterial and Cytotoxic Effects 
of Silver Nanoparticles Coated Titanium Implants: A Narrative Review. Materials (Basel), 
15(14). https://doi.org/10.3390/ma15145025  

Hussain, B., Haugen, H. J., Aass, A. M., Sanz, M., Antonoglou, G. N., Bouchard, P., Bozic, D., Eickholz, 
P., Jepsen, K., Jepsen, S., Karaca, E. O., Kuru, B. E., Nemcovsky, C. E., Papapanou, P. N., Pilloni, 
A., Renvert, S., Roccuzzo, M., Sanz-Esporrin, J., Spahr, A., . . . Lyngstadaas, S. P. (2021). Peri-
Implant Health and the Knowing-Doing Gap—A Digital Survey on Procedures and Therapies 
[Original Research]. Frontiers in Dental Medicine, 2. 
https://doi.org/10.3389/fdmed.2021.726607  

Isler, S. C., Uraz, A., Kaymaz, O., & Cetiner, D. (2019). An Evaluation of the Relationship Between Peri-
implant Soft Tissue Biotype and the Severity of Peri-implantitis: A Cross-Sectional Study. Int J 
Oral Maxillofac Implants, 34(1), 187–196. https://doi.org/10.11607/jomi.6958  

Jeong, J. S., & Chang, M. (2015). Food Impaction and Periodontal/Peri-Implant Tissue Conditions in 
Relation to the Embrasure Dimensions Between Implant-Supported Fixed Dental Prostheses 
and Adjacent Teeth: A Cross-Sectional Study. J Periodontol, 86(12), 1314-1320. 
https://doi.org/10.1902/jop.2015.150322  

Jiang, H., Zhang, T., Zhou, W., Lin, Z., & Liu, Z. (2018). Effect of Plasma Oxidation-Treated TiOx Film on 
Early Osseointegration. Int J Oral Maxillofac Implants, 33(5), 1011-1018. 
https://doi.org/10.11607/jomi.6680  

Jordana, F., Susbielles, L., & Colat-Parros, J. (2018). Periimplantitis and Implant Body Roughness: A 
Systematic Review of Literature. Implant Dent, 27(6), 672-681. 
https://doi.org/10.1097/id.0000000000000834  

Jung, J. H., Kim, S. Y., Yi, Y. J., Lee, B. K., & Kim, Y. K. (2018). Hydroxyapatite-coated implant: Clinical 
prognosis assessment via a retrospective follow-up study for the average of 3 years. J Adv 
Prosthodont, 10(2), 85-92. https://doi.org/10.4047/jap.2018.10.2.85  

Jungner, M., Lundqvist, P., & Lundgren, S. (2005). Oxidized titanium implants (Nobel Biocare TiUnite) 
compared with turned titanium implants (Nobel Biocare mark III) with respect to implant 
failure in a group of consecutive patients treated with early functional loading and two-stage 
protocol. Clin Oral Implants Res, 16(3), 308-312. https://doi.org/10.1111/j.1600-
0501.2005.01101.x  

Katafuchi, M., Weinstein, B. F., Leroux, B. G., Chen, Y. W., & Daubert, D. M. (2018). Restoration 
contour is a risk indicator for peri-implantitis: A cross-sectional radiographic analysis. J Clin 
Periodontol, 45(2), 225-232. https://doi.org/10.1111/jcpe.12829  

Kligman, S., Ren, Z., Chung, C. H., Perillo, M. A., Chang, Y. C., Koo, H., Zheng, Z., & Li, C. (2021). The 
Impact of Dental Implant Surface Modifications on Osseointegration and Biofilm Formation. J 
Clin Med, 10(8). https://doi.org/10.3390/jcm10081641  

Koldsland, O. C., Wohlfahrt, J. C., & Aass, A. M. (2018). Surgical treatment of peri-implantitis: 
Prognostic indicators of short-term results. J Clin Periodontol, 45(1), 100-113. 
https://doi.org/10.1111/jcpe.12816  

Kulkarni Aranya, A., Pushalkar, S., Zhao, M., LeGeros, R. Z., Zhang, Y., & Saxena, D. (2017). 
Antibacterial and bioactive coatings on titanium implant surfaces. J Biomed Mater Res A, 
105(8), 2218-2227. https://doi.org/10.1002/jbm.a.36081  

Le Guehennec, L., Martin, F., Lopez-Heredia, M. A., Louarn, G., Amouriq, Y., Cousty, J., & Layrolle, P. 
(2008). Osteoblastic cell behavior on nanostructured metal implants. Nanomedicine (Lond), 
3(1), 61-71. https://doi.org/10.2217/17435889.3.1.61  

https://doi.org/10.1111/j.1600-0501.2007.01381.x
https://doi.org/10.1016/j.actbio.2014.03.032
https://doi.org/10.3390/ma15145025
https://doi.org/10.3389/fdmed.2021.726607
https://doi.org/10.11607/jomi.6958
https://doi.org/10.1902/jop.2015.150322
https://doi.org/10.11607/jomi.6680
https://doi.org/10.1097/id.0000000000000834
https://doi.org/10.4047/jap.2018.10.2.85
https://doi.org/10.1111/j.1600-0501.2005.01101.x
https://doi.org/10.1111/j.1600-0501.2005.01101.x
https://doi.org/10.1111/jcpe.12829
https://doi.org/10.3390/jcm10081641
https://doi.org/10.1111/jcpe.12816
https://doi.org/10.1002/jbm.a.36081
https://doi.org/10.2217/17435889.3.1.61


35 
 

Le Guéhennec, L., Soueidan, A., Layrolle, P., & Amouriq, Y. (2007). Surface treatments of titanium 
dental implants for rapid osseointegration. Dent Mater, 23(7), 844-854. 
https://doi.org/10.1016/j.dental.2006.06.025  

Lee, M. J., Kwon, J. S., Jiang, H. B., Choi, E. H., Park, G., & Kim, K. M. (2019). The antibacterial effect of 
non-thermal atmospheric pressure plasma treatment of titanium surfaces according to the 
bacterial wall structure. Sci Rep, 9(1), 1938. https://doi.org/10.1038/s41598-019-39414-9  

López-Valverde, N., Macedo-de-Sousa, B., López-Valverde, A., & Ramírez, J. M. (2021). Effectiveness 
of Antibacterial Surfaces in Osseointegration of Titanium Dental Implants: A Systematic 
Review. Antibiotics (Basel), 10(4). https://doi.org/10.3390/antibiotics10040360  

Marsh, P. D., Moter, A., & Devine, D. A. (2011). Dental plaque biofilms: communities, conflict and 
control. Periodontol 2000, 55(1), 16-35. https://doi.org/10.1111/j.1600-0757.2009.00339.x  

Mendes, V. C., Moineddin, R., & Davies, J. E. (2009). Discrete calcium phosphate nanocrystalline 
deposition enhances osteoconduction on titanium-based implant surfaces. J Biomed Mater 
Res A, 90(2), 577-585. https://doi.org/10.1002/jbm.a.32126  

Milleret, V., Lienemann, P. S., Gasser, A., Bauer, S., Ehrbar, M., & Wennerberg, A. (2019). Rational 
design and in vitro characterization of novel dental implant and abutment surfaces for 
balancing clinical and biological needs. Clin Implant Dent Relat Res, 21 Suppl 1, 15-24. 
https://doi.org/10.1111/cid.12736  

Moraschini, V., Poubel, L. A., Ferreira, V. F., & Barboza Edos, S. (2015). Evaluation of survival and 
success rates of dental implants reported in longitudinal studies with a follow-up period of at 
least 10 years: a systematic review. Int J Oral Maxillofac Surg, 44(3), 377-388. 
https://doi.org/10.1016/j.ijom.2014.10.023  

Nevins, M., Nevins, M. L., Camelo, M., Boyesen, J. L., & Kim, D. M. (2008). Human histologic evidence 
of a connective tissue attachment to a dental implant. Int J Periodontics Restorative Dent, 
28(2), 111-121.  

Ogle, O. E. (2015). Implant surface material, design, and osseointegration. Dent Clin North Am, 59(2), 
505-520. https://doi.org/10.1016/j.cden.2014.12.003  

Pikos, M. A., & Miron, R. J. (2019). Osseodensification: An Overview of Scientific Rationale and 
Biological Background. Compend Contin Educ Dent, 40(4), 217-222; quiz 223.  

Rahmati, M., Lyngstadaas, S. P., Reseland, J. E., Andersbakken, I., Haugland, H. S., López-Peña, M., 
Cantalapiedra, A. G., Guzon Muñoz, F. M., & Haugen, H. J. (2020). Coating doxycycline on 
titanium-based implants: Two in vivo studies. Bioact Mater, 5(4), 787-797. 
https://doi.org/10.1016/j.bioactmat.2020.05.007  

Renvert, S., Lindahl, C., & Persson, G. R. (2018). Occurrence of cases with peri-implant mucositis or 
peri-implantitis in a 21-26 years follow-up study. J Clin Periodontol, 45(2), 233-240. 
https://doi.org/10.1111/jcpe.12822  

Roccuzzo, A., Stähli, A., Monje, A., Sculean, A., & Salvi, G. E. (2021). Peri-Implantitis: A Clinical Update 
on Prevalence and Surgical Treatment Outcomes. J Clin Med, 10(5). 
https://doi.org/10.3390/jcm10051107  

Roccuzzo, M., Bonino, L., Dalmasso, P., & Aglietta, M. (2014). Long-term results of a three arms 
prospective cohort study on implants in periodontally compromised patients: 10-year data 
around sandblasted and acid-etched (SLA) surface. Clin Oral Implants Res, 25(10), 1105-1112. 
https://doi.org/10.1111/clr.12227  

Rupp, F., Liang, L., Geis-Gerstorfer, J., Scheideler, L., & Hüttig, F. (2018). Surface characteristics of 
dental implants: A review. Dent Mater, 34(1), 40-57. 
https://doi.org/10.1016/j.dental.2017.09.007  

Saulacic, N., & Schaller, B. (2019). Prevalence of peri-implantitis in implants with turned and rough 
surfaces: a systematic review. Journal of oral & maxillofacial research, 10(1).  

Schincaglia, G. P., Hong, B. Y., Rosania, A., Barasz, J., Thompson, A., Sobue, T., Panagakos, F., 
Burleson, J. A., Dongari-Bagtzoglou, A., & Diaz, P. I. (2017). Clinical, Immune, and Microbiome 
Traits of Gingivitis and Peri-implant Mucositis. J Dent Res, 96(1), 47-55. 
https://doi.org/10.1177/0022034516668847  

https://doi.org/10.1016/j.dental.2006.06.025
https://doi.org/10.1038/s41598-019-39414-9
https://doi.org/10.3390/antibiotics10040360
https://doi.org/10.1111/j.1600-0757.2009.00339.x
https://doi.org/10.1002/jbm.a.32126
https://doi.org/10.1111/cid.12736
https://doi.org/10.1016/j.ijom.2014.10.023
https://doi.org/10.1016/j.cden.2014.12.003
https://doi.org/10.1016/j.bioactmat.2020.05.007
https://doi.org/10.1111/jcpe.12822
https://doi.org/10.3390/jcm10051107
https://doi.org/10.1111/clr.12227
https://doi.org/10.1016/j.dental.2017.09.007
https://doi.org/10.1177/0022034516668847


36 
 

Schwarz, F., Derks, J., Monje, A., & Wang, H. L. (2018). Peri-implantitis. J Periodontol, 89 Suppl 1, 
S267-s290. https://doi.org/10.1002/jper.16-0350  

Schwarz, F., Sahm, N., Iglhaut, G., & Becker, J. (2011). Impact of the method of surface debridement 
and decontamination on the clinical outcome following combined surgical therapy of peri-
implantitis: a randomized controlled clinical study. J Clin Periodontol, 38(3), 276-284. 
https://doi.org/10.1111/j.1600-051X.2010.01690.x  

Serino, G., & Ström, C. (2009). Peri-implantitis in partially edentulous patients: association with 
inadequate plaque control. Clin Oral Implants Res, 20(2), 169-174. 
https://doi.org/10.1111/j.1600-0501.2008.01627.x  

Simonis, P., Dufour, T., & Tenenbaum, H. (2010). Long-term implant survival and success: a 10-16-
year follow-up of non-submerged dental implants. Clin Oral Implants Res, 21(7), 772-777. 
https://doi.org/10.1111/j.1600-0501.2010.01912.x  

Smeets, R., Stadlinger, B., Schwarz, F., Beck-Broichsitter, B., Jung, O., Precht, C., Kloss, F., Gröbe, A., 
Heiland, M., & Ebker, T. (2016). Impact of Dental Implant Surface Modifications on 
Osseointegration. Biomed Res Int, 2016, 6285620. https://doi.org/10.1155/2016/6285620  

Soares, P. M., Silveira, G. D. A., Gonçalves, L. S., Bacchi, A., & Pereira, G. K. R. (2022). Maintenance 
protocols for implant-supported dental prostheses: A scoping review. J Prosthet Dent. 
https://doi.org/10.1016/j.prosdent.2022.08.026  

Souza, J. G. S., Bertolini, M. M., Costa, R. C., Nagay, B. E., Dongari-Bagtzoglou, A., & Barão, V. A. R. 
(2021). Targeting implant-associated infections: titanium surface loaded with antimicrobial. 
iScience, 24(1), 102008. https://doi.org/10.1016/j.isci.2020.102008  

Stavropoulos, A., Bertl, K., Winning, L., & Polyzois, I. (2021). What is the influence of implant surface 
characteristics and/or implant material on the incidence and progression of peri-implantitis? 
A systematic literature review. Clin Oral Implants Res, 32 Suppl 21, 203-229. 
https://doi.org/10.1111/clr.13859  

Subramani, K., Jung, R. E., Molenberg, A., & Hammerle, C. H. (2009). Biofilm on dental implants: a 
review of the literature. Int J Oral Maxillofac Implants, 24(4), 616-626.  

Sun, T. C., Chen, C. J., & Gallucci, G. O. (2023). Prevention and management of peri-implant disease. 
Clin Implant Dent Relat Res. https://doi.org/10.1111/cid.13206  

van Velzen, F. J., Ofec, R., Schulten, E. A., & Ten Bruggenkate, C. M. (2015). 10-year survival rate and 
the incidence of peri-implant disease of 374 titanium dental implants with a SLA surface: a 
prospective cohort study in 177 fully and partially edentulous patients. Clin Oral Implants 
Res, 26(10), 1121-1128. https://doi.org/10.1111/clr.12499  

Velasco-Ortega, E., Jimenez-Guerra, A., Monsalve-Guil, L., Ortiz-Garcia, I., Nicolas-Silvente, A. I., 
Segura-Egea, J. J., & Lopez-Lopez, J. (2020). Long-Term Clinical Outcomes of Treatment with 
Dental Implants with Acid Etched Surface. Materials (Basel), 13(7). 
https://doi.org/10.3390/ma13071553  

Wada, M., Mameno, T., Otsuki, M., Kani, M., Tsujioka, Y., & Ikebe, K. (2021). Prevalence and risk 
indicators for peri-implant diseases: A literature review. Jpn Dent Sci Rev, 57, 78-84. 
https://doi.org/10.1016/j.jdsr.2021.05.002  

Wennerberg, A., & Albrektsson, T. (2009). Effects of titanium surface topography on bone 
integration: a systematic review. Clin Oral Implants Res, 20 Suppl 4, 172-184. 
https://doi.org/10.1111/j.1600-0501.2009.01775.x  

Wilson, T. G., Jr. (2009). The positive relationship between excess cement and peri-implant disease: a 
prospective clinical endoscopic study. J Periodontol, 80(9), 1388-1392. 
https://doi.org/10.1902/jop.2009.090115  

Winnen, R. G., Kniha, K., Modabber, A., Al-Sibai, F., Braun, A., Kneer, R., & Hölzle, F. (2021). Reversal 
of Osseointegration as a Novel Perspective for the Removal of Failed Dental Implants: A 
Review of Five Patented Methods. Materials (Basel), 14(24). 
https://doi.org/10.3390/ma14247829  

https://doi.org/10.1002/jper.16-0350
https://doi.org/10.1111/j.1600-051X.2010.01690.x
https://doi.org/10.1111/j.1600-0501.2008.01627.x
https://doi.org/10.1111/j.1600-0501.2010.01912.x
https://doi.org/10.1155/2016/6285620
https://doi.org/10.1016/j.prosdent.2022.08.026
https://doi.org/10.1016/j.isci.2020.102008
https://doi.org/10.1111/clr.13859
https://doi.org/10.1111/cid.13206
https://doi.org/10.1111/clr.12499
https://doi.org/10.3390/ma13071553
https://doi.org/10.1016/j.jdsr.2021.05.002
https://doi.org/10.1111/j.1600-0501.2009.01775.x
https://doi.org/10.1902/jop.2009.090115
https://doi.org/10.3390/ma14247829


37 
 

Yan, S., Komasa, S., Agariguchi, A., Pezzotti, G., Okazaki, J., & Maekawa, K. (2022). Osseointegration 
Properties of Titanium Implants Treated by Nonthermal Atmospheric-Pressure Nitrogen 
Plasma. Int J Mol Sci, 23(23). https://doi.org/10.3390/ijms232315420  

Yeo, I. L. (2019). Modifications of Dental Implant Surfaces at the Micro- and Nano-Level for Enhanced 
Osseointegration. Materials (Basel), 13(1). https://doi.org/10.3390/ma13010089  

Zandim-Barcelos, D. L., Carvalho, G. G., Sapata, V. M., Villar, C. C., Hämmerle, C., & Romito, G. A. 
(2019). Implant-based factor as possible risk for peri-implantitis. Braz Oral Res, 33(suppl 1), 
e067. https://doi.org/10.1590/1807-3107bor-2019.vol33.0067  

 

 

https://doi.org/10.3390/ijms232315420
https://doi.org/10.3390/ma13010089
https://doi.org/10.1590/1807-3107bor-2019.vol33.0067

