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Abstract

Dental implants are a popular treatment alternative to replace missing teeth; however, little is known regarding the consequences 
of dental implant corrosion, wear and metal particle release that occurs over time. Recent research has demonstrated metal particles 
in tissues surrounding dental implants, but the bioinert nature of these particles remains conflicted. The aim of this narrative review 
is to shed light on the different ways metal particles can be released into the environment, and their effect on microbial dysbiosis 
and the inflammatory immune response. In conclusion, this review creates awareness among clinicians regarding the effects of 
metal particles and their significance in implant dentistry. The importance of understanding the role of these particles is essential in 
achieving long term success of dental implants and preventing peri-implant diseases. 

Keywords: Dental Implant; Peri Implant Disease; Titanium; Peri Implant Soft Tissue

Introduction

In the late 1950’s the phenomenon of osseointegration revolutionized implant dentistry, making titanium dental implants a popular 
treatment alternative [1]. Today, titanium and titanium alloys continue to be the most common metal used to manufacture dental im-
plants. However, with increasing number of implants placed, subsequent failure, due to biological, surgical, and prosthetic complications, 
presents a major concern. Existing literature concluded that 10% to 20% of patients developed peri-implantitis, 5 - 10 years after implant 
placement [2]. Interestingly, studies on long term effects of orthopedic implants have also projected, that within 15 - 20 years of place-
ment, a revision surgery for these implants seems inevitable [3]. Peri-implant inflammatory diseases and aseptic loosening of implants 
have been described extensively, but their etiology and pathogenesis remain complex. Amongst the other factors resulting in bone loss 
around medical implants, clinical studies have suggested implant wear debris to be one of the causes for aseptic loosening of orthopedic 
implants [4]. Other than physical wear of orthopedic implants, bio corrosion, material fatigue, and inappropriate implant configurations 
can result in release of metal particles leading to implant failure [5,6]. All these factors remain unexplored for dental implants. Moreover, 
unlike orthopedic implants that are surgically placed and located in a sterile environment, dental implants are exposed to oral bacteria, 
which can further potentiate the pathogenic process [7]. Research has also revealed that titanium ions stimulate the release of inflamma-
tory mediators from immune cells that cause bone resorption and ultimately failure of the dental implant [8]. The purpose of this review 
is to examine the role of metal particles in the development of peri-implantitis.
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Different ways of release of metal particles

Numerous theories have been proposed to understand how these particles are released into the surrounding tissues. A study by He., et 
al. demonstrated titanium content in mandibular jaw bones increased as the distance from the implant decreased, suggesting the source 
of the particles to originate from the dental implant that was placed [9]. One possible mechanism that has been proposed includes detach-
ment of particles during surgical insertion of the dental implant. Frictional forces during implant insertion can lead to dislodgement of 
metal particles from the implant surface during surgical insertion [10]. Varied surface roughness and chemical composition can also result 
in different amounts and sizes of particles released into surrounding tissues. Pettersson., et al. demonstrated increased amounts of titani-
um particles around dental implants which had a higher surface roughness [11]. However, in a study by Wennerberg., et al. although loose 
particles were found around commercially available dental implants, they stated that there was no correlation with the implant surface 
roughness [12]. Along with implant wear another source of metal particles could also be from the implant drill. Re-sterilization of implant 
drills, wear caused by the increased use of the drill, and lack of sufficient irrigation have all been suggested as different ways particles can 
be released from the implant drills [13]. Another mechanism that has been proposed to cause release of metal particles is wear, owing to 
micro-movements between abutment-implant connections. Studies demonstrated that although wear was highest between titanium-zir-
conia abutment interface, all abutment-implant interfaces lead to release of wear particles on loading the implant [14]. In another study 
platform switching concept was shown to reduce these tribo-corrosion products [15]. Breakdown of the titanium oxide layer is another 
mechanism that has been stated in literature to result in the release of metal ions into the environment. The titanium oxide layer formed 
around dental implants creates a corrosion resistant surface which promotes osseointegration [16]. Alteration of surface characteristics, 
chemical structure and composition of the implant can create positive changes in this oxide layer promoting osseointegration. Conversely, 
this oxide layer can also get disrupted due to different reasons, which further results in release of titanium ions into surrounding tissues. 
Acidic environments created by microbial toxins, comorbid conditions (diabetes; history of periodontitis) and social habits (Smoking, 
alcohol consumption) can all potentially decrease pH in surrounding tissues and disrupt the oxide layer. Although the latter two condi-
tions remain undetermined, a study by Sridhar., et al. demonstrated increased corrosion and surface roughness of acid etched implants 
immersed in a suspension of S. mutans after 2, 22 and 60 days [17]. Low pH and increased lipopolysaccharide seemed to affect the cor-
rosion resistance of titanium implants [18]. It is also interesting to note that apart from microbial toxins even use of therapeutic agents 
like fluorides in toothpastes and hydrogen peroxide impair corrosion resistance of titanium and simultaneously cause the release of ions 
[19,20]. Furthermore, after the initial release of metal particles, saliva can act like an electrolyte and potentiate further dissolution of the 
titanium oxide layer, forming corrosion by-products [21,22]. Finally therapeutic procedures such as ultrasonic scaling, polishing and im-
plantoplasty can also damage the implant surface and result in release of particles [23,24]. When scaling around sandblasted implants as 
opposed to sand blasted- acid etched implants, particles generated from the sandblasted group, induced a greater inflammatory response 
[25]. Once again, this study shed light on the importance of long-term effects of surface texture and the effects they have on therapeutic 
procedures. Use of non-metallic instruments for cleaning implant surfaces have been known to create the lowest damage. In an in vitro 
study by Harrell., et al. the highest quantity of metal particles around implants were detected when stainless steel ultrasonic tips were 
used in comparison to titanium and polyether ether ketone (PEEK) tips [26]. Although the source of the particles could be from the instru-
ment tips during placement or therapeutic procedures, the continuous presence of particles that have been found in surrounding tissues 
is undisputed (Figure 1).

Distribution of metal particles in healthy and diseased sites 

Over the years research has shown that after titanium implants are placed, titanium particles can be found in the tissues surrounding 
the implant, subsequent spread into the blood stream, and presence in distant organs like the lungs, liver, kidney, and spleen [27]. Al-
though most of these studies were demonstrated in animal models, the presence of titanium ions has also been demonstrated in human 
studies. A case series conducted by Olmedo., et al. was one of the first few studies to reveal macrophage engulfed titanium particles in soft 
tissue biopsy samples from tissues surrounding failed dental implants [28]. Subsequent studies conducted during Second stage surgery 
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also revealed titanium particles near the cover screw [29,30]. Flatebo., et al. further demonstrated that these particles were not present 
prior to implant placement, but their presence was detected only after the implants were placed [31]. Analysis of human soft tissue 
biopsies from sites that developed peri-implantitis also revealed the presence of foreign bodies, predominantly composed of titanium 
particles [32]. Fretwurst., et al. also demonstrated metal particles (titanium and iron) in nine 9 biopsies taken at peri-implantitis sites 
[33]. Studies demonstrating the same results in clinically healthy implant sites have still yet to be found. In a cytological analysis of oral 
smears taken from the peri-implant mucosa of 30 patients, Olmedo., et al. identified the concentration of titanium particles was higher 
in the peri-implantitis group compared with the group without peri-implantitis [34]. These findings were similar to another study that 
demonstrated greater levels of dissolved titanium in sub mucosal plaque around implants with peri-implantitis compared with healthy 
implants, indicating an association between titanium and peri-implantitis [35]. Although all these studies revealed the presence of metal 
particles in sites with peri-implantitis, particle sizes and concentrations were highly variable ranging from micro particles to nanoparti-
cles. Furthermore, their role in pathogenesis of periimplantitis still remains unclear. 

Metal particles and inflammation 

Inflammation is the body’s response to harmful stimuli like bacterial toxins, trauma, and heat. Titanium ions/particles released also 
may have varying impacts on different cells of the periodontium. Studies demonstrated that titanium particles/ions had a size and dose 
dependent cytotoxic effect on neutrophils and gingival epithelial like cells, respectively [36-38]. A study by Irshad., et al. concluded that 
when human peri implant gingival fibroblasts were exposed to titanium oxide particles ranging from 50 - 100 particles/Peri implant gingi-
val fibroblasts, the cell viability of these cells was reduced [39]. Titanium particles of ≤ 20µm at a concentration of 0.1 mg/ml and 1.0 mg/
ml showed medium- and long-term effects on growth rate and proliferation of human gingival fibroblasts and human calvarial osteoblasts. 
The cells also secreted IL-6 in a dose dependent manner over varying periods of time [40]. Titanium particles were also demonstrated 
to increase reactive oxygen species production by mesenchymal stem cells and fibroblasts, thereby generating an abnormal increase in 
neutrophil activity and production of matrix metalloproteinases [41]. In physiological solutions titanium ions activated inflammasomes 
in macrophages and further lead to the release of IL-1β. M1 macrophages also demonstrated an enhanced response, causing an increased 
activation of inflammation as opposed to M2 macrophages that promote resolution and repair [42]. Moreover, although both M1 and M2 
macrophages have been described in periimplantitis biopsies, M1 polarization was greater in periimplantitis lesions compared to peri-
odontitis samples, indicating the distinct accelerating pattern of tissue destruction in periimplantitis [43]. In an in vitro study metal ions 
were demonstrated to upregulate the expression of IL-6, IL-8, Cyclooxygenase 2 and Receptor activator of nuclear factor Kappa-B Ligand 
(RANKL) from osteoblastic cells. The exaggerated release of all these inflammatory mediators due to the presence of titanium ions and 
metal particles can lead to a continuing cycle of events that can finally lead bone resorption and ultimately loss of the dental implant. An-
other concept that is frequently discussed that results in the loss of dental implants, is the imbalance of foreign body equilibrium. During 
surgical placement of dental implants an initial inflammatory response is generated which further resolves as the implant undergoes 
osseointegration. Over a period, however, if the implant is exposed to microbial toxins, like the development of periodontitis around 
natural teeth, host response can lead to destruction of the tissues surrounding the implant. Interestingly although the etiopathogenesis 
of the two diseases remain the same, histopathologic analysis shows an increased inflammatory infiltrate around periimplantitis lesions 
and a faster rate of progression [44]. Several reasons including anatomic differences, like the absence of a periodontal ligament, cemen-
tum, and decreased vascularity have been suggested to play a role in the accelerating nature of periimplantitis progression. Studies have 
demonstrated an increased number of plasma cells and lymphocyte cell infiltrate in peri-implantitis lesions [45]. This increased amount 
of inflammatory infiltrate also questions the effect of other factors besides bacteria that can induce an immune response. A study by Al-
brektsson., et al. also proposed that peri-implantitis was a result of an immunological foreign body reaction to titanium [46]. According 
to this hypothesis once the implant undergoes osseointegration, the newly formed bone around the titanium surface shields the dental 
implant from initiating any inflammatory immune response thus maintaining foreign body equilibrium. However, when the breakdown of 
osseointegration starts the immune cells like macrophages can initiate the pathway osteoclastic bone resorption resulting in imbalance 
of foreign body equilibrium thereby initiating a viscous cycle of events [47] (Figure 1).
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Metal particles and microbial dysbiosis

Breakdown of soft and hard tissues that follow the initial inflammatory can invite secondary invasion of bacteria and production of 
microbial toxins that can further create a more acidic environment resulting in particle ion corrosion from the dental implant surface [48]. 
Interestingly studies on corroded titanium discs also showed an increased attachment of P. gingivalis, indicating that the corrosive surface 
favored biofilm formation. Similarly, in a study conducted by Souza., et al. when Titanium disks exposed to the oral biofilm when treated 
with titanium particles and ions, titanium ions seem to upregulate the expression of putative periodontal pathogens from the orange and 
green complex of species, thereby promoting a dysbiotic environment [49]. As studied in the dysbiosis model for periodontal disease, the 
latter studies on titanium ions seem to suggest that these particles/ions may be one of the factors that may play a role in converting a 
symbiotic host environment around implants into peri implant dysbiosis. 

Conclusion

There is still a lack of understanding regarding the bioinert nature of titanium particles. However, with the increasing rates of periim-
plantitis and limited options to manage peri-implant diseases, a deeper understanding of its role in pathogenesis is warranted. Despite 
different in-vitro studies conducted to describe the pathogenic potential of metal particles, there is still limited evidence regarding this 
hypothesis. Nevertheless, clinicians may want to proactively reduce generating metal particles during implant placement and while per-
forming therapeutic procedures. Furthermore, strategies to reduce titanium particle toxicity and inflammatory cytokine response through 
alternative approaches can also be considered. Implant surface modifications that enhance or conversely decrease particle release is an-

Figure 1: Different ways metal particles can be released into the oral environment and its impact on different cell types.
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other area of research that needs to be investigated. Although metal particles may be only one of the causes resulting in aseptic loosening 
and bone loss around dental implants, decreasing particle release into surrounding tissues should be considered in any clinical setting.
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