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Abstract 

Objective: The objective of this study was to perform a systematic review on the toxic effect 

of submicron and nano-scale commercially pure titanium (cp Ti) debris on cells of peri-implant 

tissues. 

Materials and Methods: A systematic review was carried out on the PUBMED electronic 

platform using the following keywords: Ti "OR" titanium "AND" dental implants "AND" 

nanoparticles "OR" nano-scale debris "OR" nanometric debris "AND" osteoblasts "OR 

“Cytotoxicity” OR “mutagenic” 

Results: Titanium nanoparticles in submicron- and nano-scale altered the behavior of cells in 

culture medium. An inflammatory response was triggered by macrophages, fibroblasts, 

osteoblasts, mesenchymal cells, and odontoblasts as indicated by the detection of several 

inflammatory mediators: IL-6, IL-1β, TNF-α and PGE2. The formation of a rich bioactive 

complex composed of calcium and phosphorus on titanium nanoparticles allowed the binding 

to proteins leading the cell internalization phenomenon. The nano-particles induced   

mutagenic and carcinogenic effects into the cells.  

Conclusions: The cytotoxic effect of debris released from dental implants depends on the size, 

concentrations, and chemical composition of the particles. A high concentration of particles 

on nanometric scale intensifies the inflammatory responses with mutagenic potential of the 

surrounding cells. 

Clinical relevance: Titanium (Ti) ions and debris have been detected in peri-implant tissues 

with different sizes and forms. The presence of metallic debris at peri-implant tissues also 

stimulates the migration of immune cells and inflamatory reactions. Cp Ti and TiO2 micro- and 

nano-scale particles can reach the blood stream, accumulating in lungs, liver, spleen, and 

bone marrow. 
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1.Introduction  

The long-term success of the dental implants has been reported in previous studies although 

approximately 70% of the failures in implant and supported prosthetics have occurred due to 

inflammatory reactions [1–3]. Inflammatory reactions confined to the soft tissues are named 

mucositis while the progression of the inflammatory reactions whereby bone loss is known 

as peri-implantitis [2–5]. Such inflammatory reactions have multiple etiologic factors 

attributed to biological or physicochemical factors, such as: peri-implant inflammations 

leading to bone loss, degradation of structural materials and connections, implant design, 

surgical and prosthetic complications; and patient-specific conditions [3, 4, 6]. Inflammatory 

peri-implant tissue diseases originating from biofilm accumulation containing pathogenic 

microorganisms can cause bone resorption and loss of the implant [3, 5]. Progressive 

osteolysis and consequent bone injury level depend on the host response that have been 

discussed concerning the patient-related health conditions such diabetes or osteopenia [2, 

7].  Furthermore, it has become more clear over the past years that the presence of metallic 

debris (i.e., titanium, aluminum, vanadium) at peri-implant tissues also stimulates the 

migration of immune cells and inflamatory reactions [8–11]. Titanium (Ti) ions and debris 

have been detected in peri-implant tissues with different sizes and morphological features 

potentially contributing to chronic inflammatory reactions and peri-implant bone loss [12–

14]. The accumulation of Ti ions and debris takes place due to the degradation of abutment 

and implant surfaces and implant-abutment connections [10, 15, 16]. Also, therapeutic 

procedures by using acidic substances and fluorides or mechanical debridement 
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(implantoplasty) can corrode the titanium-based surfaces and induce the release of Ti ions [9, 

17]. 

The degradation of the implant-abutment connection causes an increase in microgap size, 

materials loss and mechanical instability [10, 15]. The design of the implant systems plays an 

important role in the maintenance of the implant-abutment microgap and mechanical 

stability[18–20]. Another factor that can influence stability is the type of titanium 

Commercially pure titanium (cp Ti) grade IV and Ti13Zr are the mostly used for manufacturing 

endosseous implants while Ti6Al4V is used for abutments [21]. The elastic modulus of the cp 

Ti and Ti13Zr is approximately 100-110 GPa while the Ti6Al4V has an elastic modulus of 

around 150 GPa which are significantly higher compared to the bone of (10-30 GPa)[22]. 

Nevertheless, the tensile strength of both types of titanium have sufficient tensile strength 

values to withstand mechanical stresses in the oral cavity (cpTi grade IV at 550 MPa, Ti13Zr 

and Ti6Al4V at about 940-1000 MPa) [22, 23]. 

The chemical composition of titanium-based materials is responsible for their chemical 

stability (i.e. resistance to corrosion) in different media, especially in contact with acidic and 

reactive substances [24, 25]. These properties are determined by the thin layer of titanium 

oxide that forms spontaneously on the surface of the cp Ti and Ti alloys when exposed to the 

room environment due to the high affinity of Ti for oxygen. Such passive film, composed 

mainly of TiO2 has a thickness of approximately 1.5-10 nm [24, 25], which protects the 

titanium from aggressive substances such as lactic acid, citric acid, hydrofluoric acid (HF), 

microbial metabolites, and fluorides [26, 27]. Nevertheless, the thin TiO2 layer can be altered 

and damaged due to variations in temperature, pH, oxygen levels, bacteria metabolites, and 

dietary. Fluoride-containing varnishes, gels, and oral rinses which are commonly used to 

prevent dental caries and tooth demineralization, induce a progressive destruction of the 
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titanium oxide layer [9, 21]. A solution containing more than 30 ppm HF may promote the 

localized corrosion of titanium [28]. The chemical treatment of the implants with citric acid 

as a treatment for peri-implantitis treatment is also considered as an aggressive process that 

damages the surface of the implant and abutment [17, 21]. The destruction of the titanium 

passive film cause the release of Ti, Al, V ions and  titanium-based debris at a micro- and nano-

scale [9, 26]. 

The metallic debris released from titanium implants consists of several chemical and 

morphological aspects, including organometallic complexes, free metallic ions, and inorganic 

metal oxides such as cp Ti or TiO2 particles[29, 30]. Cp Ti and TiO2 submicron and 

nanoparticles are widely used to provide whiteness and opacity to products such as 

adhesives, toothpastes, and sunscreen, and other cosmetics. In 1999, TiO2 was considered as 

a group 3 carcinogen, meaning that it has no carcinogenic effect on humans [29]. In 2006, the 

International Agency for Research on Cancer (IARC) classified TiO2 nanoparticles as an IARC 

Group 2B carcinogen ''possibly carcinogenic to humans'' [31]. Also, several previous studies 

revealed the local and systemic toxic effects of TiO2 nano-particles [32–34]. Cp Ti and TiO2 

micro- and nano-scale particles can reach the blood stream, accumulating in lungs, liver, 

spleen, and bone marrow. That contributes to the development of nanoparticle-associated 

diseases in the respiratory or cardiovascular systems, which can even lead even to malignant 

tumor [35, 36]. 

Considering the findings data on the detrimental effects of titanium debris, it was 

hypothesized that micro- and nano-scale titanium particles induce inflammatory reactions 

and DNA damage on cells of peri-implant tissues. Thus, the main aim of this study was to 

perform a systematic review on the toxic effect of submicron and nano-scale titanium debris 
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released from dental implants in contact with peri-implant tissues as a consequence of wear 

and corrosion phenomena.  

 

 

2.Method  

A bibliographic review was performed on PUBMED (via National Library of Medicine) using 

the following search terms: “Ti” OR “titanium” AND “dental implants” AND “nanoparticles” 

OR “nano-scale debris” OR “nanometric debris” AND “osteoblasts” OR “cytotoxicity” OR 

“mutagenic” OR “apoptosis”. A manual search of the reference lists in the selected articles 

was also performed. The inclusion criteria encompassed articles published in the English 

language, until January 16th, 2020, reporting the effect of nano-scale titanium particles as 

released from dental implants on the toxicity and damage of osteoblasts. The eligibility 

inclusion criteria used for article searches also involved: cell culture assays; in vitro 

characterization; meta-analyses; randomized controlled trials; animal assays; and prospective 

cohort studies. Two of the authors (JCMS, RMH) independently analyzed the titles and 

abstracts of the retrieved, potentially relevant articles meeting the inclusion criteria.  The 

total of articles was compiled for each combination of key terms and therefore the duplicates 

were removed using Mendeley citation manager. Selected articles were individually read and 

analyzed concerning the purpose of this study. The following variables were collected for this 

review: authors’ names, journal, publication year, aims, content and size of titanium 

nanoparticles; study design, cell culture methods, and toxicity effects on osteoblasts. 

 

3.Results  
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The initial search in the available database yielded a total of 186 articles of which 46 duplicate 

articles were eliminated. Of the remaining 140 articles, the titles and abstracts were read 

seeking concordance with the inclusion criteria of the present study and therefore 22 studies 

were discarded after because they were related only considering TiO2 or titanium alloys. The 

evaluation of titles and abstracts resulted in the selection of 14 potentially review articles as 

shown in Figure 1. 

 

Figure 1. Flow diagram of the search strategy used in this study. 

Of the 14 articles included in this review, three (21.42%) in vitro studies evaluated the toxicity 

induced by titanium particles in contact with osteoblast [37–39], of which two assessed 

human cell lines [37, 39]. Three in vitro studies (21.42%) investigated the toxic effect of 
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titanium debris on human fibroblast [12, 37, 40], whereas one of them was in tissues from 

biopsies[40]. One article evaluated the toxic effects of titanium debris released from dental 

implants on oral epithelial cells [41], while another one investigated the toxicity of titanium 

particles on periodontal ligament cells which were genetically modified with lentiviral gene 

transfer of human telomerase reverse transcriptase cells [42]. One in vitro study examined 

the human mesenchymal stem cells cytotoxicity upon exposure to submicron particles of 

titanium[43]. One in vivo study investigated the effects of titanium wear debris on the 

nutritive perfusion and leukocytic response in skeletal muscle of Syrian golden hamsters [44], 

while three studies (21.42%) performed in human participants reported the inflammatory 

reaction of macrophages and monocytes against titanium particles [45–47] of which one used 

tissues harvested from biopsies [46]. Only, two articles (14.28%) described the mechanism of 

debris released from dental implants[48, 49], in which one investigated the surface 

characterization of titanium healing abutments before and after placement in patients[48], 

and the other one reported the in vitro effect of ultrasonic scalers on titanium surfaces[49].  

The main outcomes can be drawn as follow: 

 The size of nanoparticles used in the different studies ranged from 20 up 100 nm[42, 

45], while other articles reported micrometric particles ranging from 0.25 up to 43 

µm[12, 37–39, 42–47]; 

 Several proteins were involved in the toxicity induced by titanium particles according 

to the cell culture. An in vitro study on macrophages revealed a high level of 

inflammatory mediators such as MyD88, TRIF and NF-kB in the presence of titanium 

particles size (≤ 20 µm) [37]. Other vitro studies performed on human monocytes  and 

macrophages, titanium particles with size ranging from (0.25 up to 7 µm) were able to 

induce a pro-inflammatory response, characterized by the increased expression and 
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release of transcripts and proteins linked to TNF-α, IL-1β and IL-6 cytokines [45–47]. 

Protein expression was higher for IL1-β at all time points when compared to TNF-α 

and IL-6. IL-1β is the cytokine expressed to start the osteolytic process and plays an 

important role to TNF-α expression that modulates RANK-L production, leading to 

bone resorption[45–47]; 

 In in vitro cultured osteoblast-containing medium, metallic wear debris (0.90-1.50 µm 

in size) resulted in changes in the expression of the markers of the ER stress apoptotic 

pathway, namely GRP78 and GADD153, and downstream caspase cascades, ultimately 

leading to cell apoptosis[38]. In another vitro study it was demonstrated that Ti 

particles  (size 0.488 µm) caused up-regulation of the zinc finger protein 467 (ZFP467), 

which is a regulator of osteoblast and adipocyte indicating that a switch between 

osteogenic and adipogenic phenotypes had begun[12]; 

 Relatively to the toxic effect of titanium particles with size ranging from (0.25 up to 

<20 µm) in contact with fibroblasts, the data showed high expression of inflammatory 

mediators, such as interleukin 6 (IL6) and IL1B, but also an increase in the anti-

inflammatory one such as IL10. In addition to chemokine (C-X-C motif) ligand 2 

(CXCL2), conversely (CXCL5) showed lower transcript levels[12, 37, 39]. Also, high 

levels of protein kinase C beta (PKCB), which is involved in adipogenesis caused by 

titanium particles of size (0.488 µm) [12], and higher levels of phospho-FAK protein 

were detected [40]. Another study was performed on normal oral keratinocyte 

spontaneously immortalized cells (NOK-SI) to evaluate if titanium debris release from 

different implant surfaces were biocompatible with oral epithelial cells or caused DNA 

damage. The results demonstrated that titanium particles from certain implant 
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systems were able to activate CHK2 and trigger the recruitment of BRCA1, which are 

markers of DNA damage and genomic instability [41]; 

 One article related to this topic, carried out a comparison between the cytotoxicity 

and cellular uptake of three different titanium particles by periodontal ligament cell 

which were genetically modified via lentiviral gene transfer with human telomerase 

reverse transcriptase cells (PDL-hTERT). The results demonstrated that cp Ti particles 

with a size of 20 nm and 250 nm induced higher cellular uptake efficiency and higher 

toxic potential than microparticles and therefore nanoparticles were found in the 

nucleus [42]; 

 Another vitro study described how titanium particles with a submicron size (0.380 µm) 

in culture of human Mesenchymal stem cells (hMSCs) were able to affect adversely 

the cell viability through the induction of apoptosis, eliciting increased expression of 

the tumor suppressor proteins p53 and p73 in a dose and time dependent manner oin 

human mesenchymal stem cells (hMSCs) [43]; 

 An in vivo study in skeletal muscle of golden hamsters showed that titanium particles 

with submicron size (0.6 µm) caused an acute inflammatory process mediated by 

polymorphonuclear leukocytes with recruitment of leukocytes [44]. In a progressive 

way, that was associated to chronic inflammatory reactions. 

 

4. Discussion 

The findings reported in the retrieved articles validate the hypothesis of the present study. 

Indeed, the size and content of titanium nano-debris released from implants negatively affect 

the osteogenic cell behavior, inflammatory response, and peri-implant tissues’ health state. 
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Parameters related to titanium, the surface, the release of debris, and toxicity are discussed 

as follow. 

4.1. Titanium implants and abutments 

Most endosseous implant systems for oral rehabilitation consist of a set of two major 

components including the implant and abutment for prosthetic rehabilitation. However, the 

connections between these components are subject to chemical degradation by corrosion 

and abrasion wear due to micro movements from mastication forces in contact with oral 

solutions [10, 15]. The degradation of the implant-abutment connection causes an increase 

in microgap size, materials loss, mechanical instability, and release of implant debris to the 

surrounding tissues [10, 21]. The design of the implant systems plays an important role in the 

maintenance of implant-abutment microgap and mechanical stability [18–20]. The main types 
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of implant-abutment connections are hexagon (external, internal) or Morse taper, as shown 

in Figure 2. 

 

Figure 2. Schematics of different titanium implant-abutment connections. 

 

The external hexagon implant-abutment connection reveals disadvantages concerning the 

loosening of the abutment screw and increase in microgap size leading to lateral or oblique 

loading during mastication [15, 50]. The mechanical instability in external hexagon implant-

abutment connections has been reported in clinical studies on the abutment torque 

inspection [51, 52]. The instability of the implant-abutment connections results in oblique or 

horizontal loads at higher magnitude when compared to axial loading. The internal implant-

abutment connection emerged to solve the mechanical instability reported in may studies, 

thus seeking long-term mechanical stability, decrease in microgaps’ size, and inhibition of 

biofilm accumulation [18, 19]. Internal connections comprise internal hexagon and Morse 

taper design (Fig. 2) though the Morse taper provides more intimate implant-abutment 

contact [20]. 

Commercial pure titanium (cp-Ti) grade IV has been considered the first choice for 

manufacturing dental implants while Ti6Al4V alloys are used to produce abutments [53]. 

Titanium and its alloys has a lower density (around 4.7 g/cm3) when compared to 7.9 

g/cm3  stainless steel (AiSi 316 L) 316 and 8.3 g/cm3 Cobalt Chromium-Molybdenum (CoCr-

Mo)[22]. The tensile strength of cp Ti grade IV is lower (~550 MPa) when compared to that 

(950 MPa) recorded for Ti6Al4V [9] . However, the relationship of density and strength is more 

than enough for application as implant-abutment connections [53]. The mechanical 

properties of titanium were improved by adding metal elements such as aluminum (Al), 
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vanadium (V), niobium (Nb), and zirconium (Zr).  CpTi consists of the α phase (hexagonal close-

packed; HCP) while Ti6Al4V consists of both the α and β (body-centered cubic; BCC) phases 

stabilized by Al and V [22, 53]. 

The high resistance to corrosion and biocompatibility of titanium-based materials is 

dependent on a surface thin film composed of titanium oxide, mainly TiO2 [24, 25]. Such stable 

titanium oxide film is spontaneously formed at the titanium implant surface within a thickness 

between 1.5-10 nm when exposed to ambient air due to the high affinity of Ti for oxygen, 

known as passivation [24, 25]. Nevertheless, the titanium oxide layer can be altered and 

damaged by continuous corrosion and wear [54] (Figure 2). 

Recent studies have reported local and systemic adverse biological reactions induced by 

titanium debris released from CpTi and Ti6Al4V surfaces [28]. Aluminum (Al) and Vanadium 

(V) are considered toxic elements, and, therefore. Vanadium has revealed a mutagenic 

potential [55]. For this reason, alternative titanium alloys have been developed involving Nb, 

Zr, and tantalum (Ta) as β phase stabilizing elements, causing fewer toxic effects, and 

maintaining the corrosion resistance and mechanical properties [56]. 

 

4.2 Release of titanium debris from dental implants 

The presence of titanium debris in the oral tissues begins from the moment of placement and 

friction of the implant into the surgical bone site [48, 57]. The rotating procedure on placing 

the implant into the bone causes the wear of the titanium oxide film and bulk material[9, 17]. 

Additionally, the surfaces of the implant connection and abutment will be continuously 

exposed to the oral cavity, as illustrated in Figure 3. In this way, the exposed surfaces are 

susceptible to the chemical effect of the acidic substances (e.g. lactic acid) from the oral fluids 

or microbial metabolism [21, 54, 58]. Previous studies have reported an acceleration in the 
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degradation of the protective titanium oxide thin layer in the presence of lactic acid, hydrogen 

peroxide, citric acid, artificial saliva, or fluoride solutions [21, 54, 58]. 

Corrosion and wear are considered an inherent process in the oral cavity since the chemical 

reactivity of titanium metallic materials such as titanium increases in contact with oral or 

therapeutic substances [59]. The chemical reactivity of titanium significantly increased when 

immersed in therapeutic  fluoride solutions or gels that are used by dentists and patients [9]. 

In fact, high concentrations of F- promote an association between, H+ and F− ions, forming 

hydrofluoric acid (HF), which is corrosive to titanium [60]. Even lower concentration of F− in 

acidic environment influences the corrosion resistance of titanium [59]. Corrosion occurs in 

contact with acidic substances from dietary, bacteria metabolism (e.g. lactic acid), and 

therapeutic treatment (e.g. fluorides, citric acid) [60, 61], as illustrated in Figure 3. Wear starts 

on placement of abutment or healing caps over titanium surface connections due to the 

friction of the contacting surfaces (Figure 3) [15, 50]. On mastication loading, wear can take 

place by abrasion caused from the micro-movements on implant, abutment, and prosthetic 

contacting surfaces [62]. The wear of titanium surfaces can remove the protective titanium 

oxide film and expose the bulk titanium to the acidic environment [21, 54, 58]. In this case, 

the synergistic interaction between physical and chemical processes (wear and corrosion) can 

increase the degradation of the titanium surfaces (Figure 2 and 3) and increase the release of 

titanium debris and ions to the surrounding tissues [61]. 
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Figure 3. Degradation pathways of implant-abutment connections and consequent release of 

debris. 

 

The fitting of the abutment and implant parts is crucial to decrease the micro-movements and 

metallic debris [62]. The degradation of titanium-based surfaces leads to the materials loss 

and release of ions (Ti, Al, V) and metallic debris ranging from macro- to  nano-scale size into 

the surrounding tissues [63, 64]. In a cross-sectional study, the level of Ti in the peri-implant 

tissue was examined in 200 biopsies of which 160 from patients affected by peri-implantitis 

and 40 from patients healthy. The histological analysis showed presence of Ti and other 

metals (e.g. Zn, Al, Cu, and Ru) inside all samples affected by peri-implantitis [12]. It was 

demonstrated that the interaction of Anatase Titanium Dioxide nanoparticles with calcium 

(Ca), phosphorous (P) and hydroxyapatite (Hap) deriving from the medium culture due to the 
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high reactivity of Anatase Titanium Dioxide. In FBS medium, protein is adsorbed on the 

surfaces of the titanium nanoparticles resulting in a bio-complex including serum albumin and 

other glycoproteins (ALB protein and Alpha 2HS) [30]. The role of the proteins is creating an 

initial nano-bio interface that undergoes dynamic alterations as particles traffics onto or into 

cells [30]. Previous studies showed that metallic particles released from dental implants can 

accumulate in the surrounding tissues [9, 65], or even spread systemically, as reported in 

previous studies [66, 67], contributing to the chronic inflammatory state in peri-implant 

diseases [68, 69]. 

Physical and chemical decontamination methods in the treatment of peri-implantitis can also 

induce the release of titanium debris to the surrounding tissues [13, 64]. Previous studies 

showed that sonic and ultrasonic scalers with metal tips cause considerable changes onto 

implant surfaces [49, 64]. Implantoplasty should be highlighted as an aggressive process of 

release of titanium debris from dental implants (Fig.3). In peri-implantitis treatment, 

implantoplasty is also used by several dental practitioners as a mechanical therapeutic 

method for decontamination of dental implants by removing titanium layers from the rough 

implant surfaces [64] (Figure 3). Nevertheless, such physical process results in the release of 

a high content of titanium debris and ions to the surgical bone site and connective tissues[17]. 

Also, the debris can be released from the burs used for implantoplasty [9].  

 

4.3 The toxic effect of titanium particles on cells and tissues 

Submicron- and nano-scale debris released from dental implants as a result of degradation, 

are considered as foreign bodies which activate the human immune system. Several 

inflammatory mediators and cytotoxins associated with peri-implantitis disease and bone 

resorption are involved [37, 40, 46], as seen in Figure 4. As a first defense line of the immune 
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system, the most representative leukocytes (54-65%) with the function of phagocytosis are 

neutrophils and macrophages [70]. 

In fact, cytotoxicity depends on the size, chemical composition, and content of metallic 

particles [70, 71]. Studies showed that neutrophils phagocytized Ti particles only when the 

particles were smaller than the cells (~5 µm)[70], while macrophages revealed a more 

complex function [47]. Monocytes and macrophages have a specific relationship with 

individual cytokines and respond to various cytokines secreted after neutrophils reaction with 

foreign bodies [70]. Titanium particles ranging from 0.25 up to 7 µm in contact with 

macrophages could induce a pro-inflammatory response with an increase in expression of 

transcripts and proteins such as TNF-α, IL-1β, and IL-6 cytokines [45–47]. Sub-micron and 

nanoparticles caused the highest gene expression for all cytokines [72] probably because the 

cell internalization of the titanium particles [73]. Therefore, micro and nano-particles of 

titanium induce an increase in secretion of IL-1β from macrophages leading to bone 

resorption by osteoclast activity via activation of RANKL expression [74, 75]. Titanium micro-

scale particles size (≤ 20 µm) also induced the release of IL-6 and TNF-α from fibroblasts [76]. 

An in vitro study with titanium and TiO2 particles size below 7 µm also revealed an increase 

in the amount of IL-6 and PGE2 produced by osteoblast [39, 68]. Thus, titanium particles 

promote a dual effect: first, the particles induce an inefficient bone formation due to the 

inhibition of osteoblast proliferation; and second, particles increased bone resorption by IL-6 

osteoblast-mediated osteoclastogenesis [77]. 
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Figure 4. Schematics of the effect of cp Ti debris on surrounding cells and tissues. 

 

An in vitro study assessed wear debris harvested from patients with aseptic joint loosening to 

ensure that the experiments more closely resembled the biological in vivo response. Titanium 

particles at a size of 0.90-1.50 µm were placed in contact with primary osteoblast from rats 

[38]. The results indicated that reactive oxygen species (ROS) generation induced by metallic 

wear debris triggered endoplasmic reticulum (ER) stresses, mitochondrial dysfunction, and 

downstream caspase cascades, leading to cell apoptosis and consequently suppressing bone 

formation around the prosthesis [38].  

In the presence of titanium particles, the inflammatory response can be progressive since a 

strong osteoclastogenesis process takes place due to the activation of mature osteoclast from 

macrophages [13, 77]. An in vivo study in skeletal muscle of golden hamsters showed that 

titanium particles (0.6 µm) caused an acute inflammatory process mediated by 
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polymorphonuclear leukocytes with recruitment of leukocytes might at some stage culminate 

in a chronic inflammatory reaction [44]. Another study analyzed the effect of 0.488 µm Ti 

particles against fibroblasts and mesenchymal stem cells and their subsequent distribution 

within peri-implant tissues. The results confirmed that titanium particles were embedded in 

all peri-implant tissue with different sizes and forms. Also, sub-micron particles were 

internalized within cells [12]. Submicron particles (0.380 µm) in contact with human 

mesenchymal stem cells (hMSCs) were able to affect adversely the cell viability by induction 

of apoptosis,  eliciting increased expression of the tumor suppressor proteins p53 and p73 

[43]. The adverse reaction magnitude was dependent on particle content and exposure time 

[43]. The production of matrix metalloproteinases (MMP) was also reported with a reduction 

in the expression of their inhibitor TIMP1, which can be associated with tissue destruction 

[12]. MMP are responsible for remodeling and degrading extracellular matrix molecules by 

cleaving components of cell-to-cell networking [78]. The role of PGE2 in titanium particles-

induced osteoclastogenesis and in osteolysis has been shown in an in vivo mouse calvaria 

resorption model [79]. In previous studies, the increase in PGE2 have been detected in 

periprosthetic membranes of failed implants [80]. In addition to direct effects of titanium 

particles on osteoblasts, particle-mediated induction of PGE2 contributes to decreased levels 

of OPG[39], which is as a potent inhibitor of osteoclast differentiation and activation. That 

acts as a decoy receptor for RANKL and prevents its interaction with the cognate receptor 

RANK expressed in osteoclasts precursors[81]. 

 

5.Conclusions 
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The present review analyzed the in vitro and in vivo toxic effects of titanium debris released 

from dental implants in contact with different cell lines or tissues. Within the limitations of 

the in vitro and in vivo studies, the following outcomes can be drawn as follow:  

 Different mechanical and chemical processes are involved in the release of macro-, 

micro-, submicron, and nano-scale titanium particles or ions from dental implants and 

abutments into the surrounding tissues. Submicron and nano-scale particles are not 

easy to be detected by conventional physicochemical methods and therefore they can 

be internalized by the cells regarding the size. 

 Micro-scale cp Ti particles assessed in the selected articles had a size ranging from 0.3 

up to 20 µm, while the size of nano-scale cp Ti particles varied from 20 up to 100 nm. 

In vitro studies assessed commercially metallic powders to avoid the bias of results 

although one study assessed particles with mean of 0.90-1.50 µm in size retrieved 

from patients. 

 CpTi micro-scale particles in contact with culture of fibroblast induced an increase in 

the amount of IL-6, TNF-α and PGE2 cytokines. That corresponds to a chronic 

inflammatory response. CpTi particles in contact with culture of osteoblast also 

induced increase of IL-6 and PGE2
 with a decrease of OPG, which can lead to bone 

resorption. 

 Micro and nanoparticles of CpTi in contact with culture of monocytes and 

macrophages induce an increase of for TNF-α, IL-6 and IL-1β which stimulates bone 

resorption via activation of RANKL expression. The increase in the content of nano-

scale cp Ti particles negatively affect the immune response. 

 Acute inflammatory process mediated by polymorphonuclear leukocytes with 

recruitment of leukocytes was noticed in an animal study. Such inflammatory process 
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might result in a chronic inflammatory reaction that depends on the particle size and 

content. 

 Despite the existing literature on the cytotoxicity of the debris released from the 

implants, few studies evaluate the cytotoxic effect of the CpTi particles on the peri-

implant tissues, of which only one use particles in nano-scale, while the rest of the 

studies used particles in micro-scale. However, none of the studies investigated the 

mutagenic or genotoxic effect that CpTi particles can induce. More studies are 

required to evaluate the effects of the content, size and chemical composition of CpTi 

particles and also more in vivo and in vitro studies are required in different types of 

cells (macrophages, fibroblasts, osteoblasts, mesenchymal cells) to clarify the 

mechanisms involved in the cytotoxicity and genotoxicity of CpTi particles. 
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