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Peri-implant mucosa around two-part screw-retained zirconium implant (ZERAMEX XT) in region 36.
Histology of peri-implant mucosa around zirconium implant without inflammatory reaction.

In the 50-year history of oral implantology, we are increasingly confronted with inflammatory
effects in peri-implant soft and hard tissue. This is partly due to the increasing use of dental
implants, a wide range of indications and lack of attention to patient-related risk factors.

Whereas mucositis, in analogy to gingivitis, defines itself as a reversible inflammation of the peri-
implant mucosa, peri-implantitis is characterized by an irreversibly progressive inflammatory
process, in which not only the peri-implant soft tissue but also the surrounding bone is affected by
destruction [1]. At the microscopic-molecular level, peri-implant tissues and physiological
periodontium are different. The peri-implant tissue structures is more susceptible to inflammation
due to less vascularization and altered, parallel collagen fibre orientation.

Since peri-implant osseointegration is considered to be an immunologically modulated interaction
with the foreign implant material, marginal bone resorption implies the loss of foreign body
equilibrium, i.e. loss of a well-balanced, balanced foreign body reaction [2]. The data on prevalence
differs considerably in the literature: for peri-implant mucositis of up to 40-80% of implant patients
and 20-50% of implants and for peri-implantitis of 10-56% resp. 10-40% [3]. Patients with a history of
periodontitis and not permanently successful therapy are at increased risk of inflammation and
consecutive implant loss. So far, the focus has been mainly on biofilm-associated risks.
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Fig. 1: Functionally relevant polymorphisms on cytokine-producing genes that are associated

with an increased inflammatory response.
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Fig. 2: The percentage distribution of polymorphisms to different ethnic groups.




Genetic risk factors for peri-implantitis

The close association of genetic variants with the severity of periodontitis has been confirmed by
numerous studies. Due to a comprehensive data collection, meta-analyses are now available that
have confirmed the importance of these cytokine polymorphisms in large groups of patients also for
peri-implantitis and implant loss [4]. Patients with no or only one polymorphism on the cytokine-
producing genes have normal inflammatory capacity. In contrast, patients who carry more than two
of these genetic variants are called high responders because they are genetically determined to have
a high degree of inflammation.

Analogous to periodontitis, the extent and course of the inflammatory response in peri-implantitis is
also determined by the ratio of the pro-and anti-inflammatory cytokines IL-1a and IL-1B, TNF-a and
IL-1RN. The clinical relevance of these polymorphisms is also demonstrated by the fact that patients
with high responder polymorphisms for TNF-a and IL-1 also have an increased susceptibility to peri-
implant bone loss in addition to the increased association with periodontitis [5- 9]. The
concentration of inflammatory cytokines IL-1 and TNF-a in the affected periodontal area correlates
with the severity of periodontitis [10]. The extent of tissue loss is increased in smokers with
genetically increased risk [11]. Polymorphisms in the pro-inflammatory IL-6 gene and in the anti-
inflammatory IL-10 gene may also be the cause of an excessive inflammatory response. The
polymorphism -174G / C in the IL-6 gene is associated with increased IL-6 secretion. In studies on
periodontitis, this genetic variant has been associated with chronic as well as aggressive disease
processes [12].

Increased IL-6 expression has been shown to correlate with implant loss [13]. Interleukin-10 (IL-10) is
another anti-inflammatory cytokine besides IL-1-RA. The polymorphism -592C / A in the IL-10 gene is
associated with decreased IL-10 synthesis. The resulting reduced inhibition of inflammation explains
why this genetic variant has been associated with periodontitis in many studies and has been
confirmed in a meta-analysis as a predisposing factor for chronic periodontitis [14]. It has been
shown that in affected patients the reduced IL-10 release results in significantly increased bone
resorption and increased tissue destruction [15].
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Fig. 3: Particle-activated macrophages release proinflammatory cytokines with local tissue
effects.

Fig. 4: Activated macrophages activate an inflammatory cascade.
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Fig. 6: Oral site in advanced peri-implantitis showing granulation tissue.



Fig. 7: Histology with pronounced granulomatous peri-implant inflammation with deposition of
titanium particles (magnification x 100, Dr. W. Esinger).

Fig. 8: lllustration of titanium microparticles surrounded by inflammatory cells (magnification x
200, Dr. W. Esinger).
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Fig. 9: CD 68 - Histoimmunfdrbung to represent the macrophages. Titanium micro- and
nanoparticles are found intra- and extracellularly by scavenger cells. (Magnification x 200, Dr. W.
Esinger).

The individual risk of titanium implant-associated peri-implantitis is also due to a genetic
susceptibility. The clinical effects of individual gene variants are moderate, so that - similar to other
complex diseases - the presence of polymorphisms of several functional genes are involved in the
development of peri-implantitis and/or implant loss [16].

Deficiency of mucosal resistance and granulocyte function

In about 10 percent of patients with chronic periodontitis is an inefficient pathogen defense in
disturbed mucosal immunity - but no genetically induced increased tendency to inflammation -
before. Here, defects of mucosal resistance may be responsible for aphthous ulcers but also for
periodontitis and mucositis. As part of immunological defense, the periodontopathogenic bacteria
are phagocytosed and killed by granulocytes. In rare cases congenital, but more often due to
metabolic diseases (eg diabetes), the granulocyte function may be disturbed

(Phagozytosedefekt). An additional reduction in granulocyte function may be due to lack of IgA
antibodies or mannose-binding lectin (MBL), which improve the binding between granulocytes and
bacteria required for effective elimination (opsonization). These parameters should be clarified
above all if the corresponding inflammatory genetics does not indicate an excessive inflammatory
tendency and thus the chronic inflammatory tendency cannot be genetically explained.



Titanium particle release by corrosion

However, scientific studies are now increasingly considering the special properties of the implant
material and its surface morphology. As a very oxidation-friendly metal, titanium forms oxide layers
on its surface in a physiological environment that lead to passivation and protect it from corrosion
[17]. On the one hand, the roughness of the surface promotes osseointegration, on the other hand it
also favors particle abrasion [18]. For two decades, the scientific focus has been directed to the
effects of titanium particles, which detach themselves from the implant surface through mechanical
abrasion during insertion and through corrosive events (bio-tribocorrosion) and cause
immunological effects in the organism as micro- and nanoparticles [19,20]., Titanium oxide particles
show a significantly higher immunostimulatory potency compared to other oxide particles made of
aluminum or zirconium ceramics [21]. Macrophages react after contact with titanium oxide particles
with a release of the pro-inflammatory cytokines TNF-a and IL-1, which, among other things, leads to
osteoclastic activation and, consequently, osteolysis in analogy to the pathogenesis of periodontitis
[22].

Corrosion-promoting factors are mechanical, chemical and
electrolytic nature (tribocorrosion).

Already the mechanical friction when inserting an implant as well as micro movements during the
load lead to particle abrasion, the nanoscale thin oxide layer at the implant-bone interface and at
the implant-abutment interface [23-25]. Compared with implant systems with and without platform
switching, the latter showed higher particle loading in peri-implant tissue. The expression of the
secreted cytokine levels was proportional to the tissue part load. In radiological control studies, the
crestal bone level around platform-switching implants proved to be more stable [26]. Increased
particle loading of the tissue surrounding the implant is also found after scaling measures on the
implant surface [27]. The factors mentioned all lead to a particle dissemination in the surrounding
and on the blood and lymphatic system in more distant tissues and organs. Mechanical abrasion and
corrosive processes mutually reinforce each other. Scanning electron microscopy-energy dispersive
spectroscopy (SEM-EDS) has been used to detect titanium nanoparticles (NPs) in the peri-implant
bone of minipigs. The comparison of different implant surfaces revealed a different tissue load
depending on features such as roughness and mechanical bond strength of the applied

surface. Already on the day after the implant insertion into the jawbone of the test animals, particles
in the peri-implant tissue were detectable. The authors conclude that over time, a critical particle
loading in the peri-implant tissue may occur, resulting in damage to the osteoblasts [28].

Macrophage activation by particle release

Due to its outstanding oxidizing power unlike other metals, titanium generally has no allergenic
potential because it is not present as an ion but as a particulate structure in tissues and therefore
does not trigger a T-lymphocytic reaction under physiological conditions. Instead, the monocytic
defense system is activated due to the particle stimulus [29, 30]. This process leads to the release of
proinflammatory cytokines such as tumor necrosis factor? (TNF-a) and interleukin-1p (IL-1B) by
activation of monocytes / macrophages. In principle, the particle uptake by the macrophages leads
to their activation. Due to the permanent release of particles, the inflammation-initiating stimulus
persists, so that a sensitive organism is permanently triggered by a pro-inflammatory process. The
pathomechanism of bone destruction by the proinflammatory cytokines TNF-a and IL-6 due to
macrophage activation by titanium particles (MP, NP) from implants has been described [31]. The



extent of activation of human macrophages was measured in vitro and correlated with the extent of
cytokine release found.

The formation of the cytokines TNF-a and IL-1 has not only local, but also systemic effects. As pro-
inflammatory "alarm cytokines" they trigger complex immune reactions.

The increased defense response of tissue macrophages to particles is the underlying
pathomechanism for a titanium particle-induced inflammatory response.
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Fig. 10: The release of proinflammatory cytokines TNF-at and IL-18 also has different systemic
effects.

Fig. 11: Follow-up of a titanium implant of 36 years in a patient without inflammatory risk
genetics. There is no bone loss.
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Fig. 12: Patients with increased secretion of proinflammatory cytokines TNF-ot and IL-18 have a
statistically significantly higher risk of implant loss (Jacobi-Gresser et al., 2013).

Microbial and particulate inflammasome activation

It has been shown that both periodontopathogenic bacteria and titanium oxide particles can
independently activate the inflammasome cascade in the macrophages and thus stimulate cytokine
production [32]. The activation of these inflammas leads to the formation of the pro-inflammatory
cytokine IL-1PB. In addition, biofilm adhesion to the titanium implant surface in turn promotes their
corrosion processes [33]. A study on the association of proinflammatory synergisms of titanium NP /
MP and Porphyromonas gingivalis (Pg) has shown that titanium nanoparticles without LPS
(lipopolysaccharides) of Pg initiate a stronger inflammatory response than in combination with these
bacteria due to their blocking influence on physiological osteoblast function [34, 35]. In a recent
longitudinal study, the taxonomically different biofilm composition on implants compared to healthy
teeth, but also in peri-implantitis and chronic-aggressive periodontitis using high-resolution gene
sequencing (NGS) could be represented. It has been shown that the peri-implant microbiome in
patients with chronic aggressive periodontitis differs substantially in its composition from the
periodontitis of these periodontally affected patients. It is concluded that traditional periodontal
therapy in peri-implantitis cannot be expected to achieve the same results, especially as further
complex immunological mechanisms are involved [36]. Staphylococcus aureus is suspected to play
an etiologically important role in peri-implantitis, especially since this germ has a high binding
affinity to titanium surfaces and over half of all implants studied were populated [37]. Titanium
nanoparticles also have far-reaching effects on bacterial growth by damaging their DNA structure
[38]. It could be demonstrated that in comparison with zirconium particles with titanium particles of
the same size and concentration, the latter have a significantly higher proinflammatory potential
[39,40]. Some authors consider the use of zirconia as an implant material to prevent peri-implantitis
due to the material-related lower biofilm adhesion. In vivo and in vitro studies demonstrate the
reduced biofilm expression on the zirconium surface compared to that of titanium [41-44]. In
general, biofilm accumulation is influenced by surface characteristics of the incorporated materials,
such as their chemical composition, coating and roughness, and free surface energy [45,46]. Since
the reactivity of the macrophages is a reaction of the nonspecific immune system, there is no need
for prior exposure to the material as in sensitization developing after initial contact with the T-
lymphocytic system. However, other strong pro-inflammatory influences, such as acute illnesses,
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vaccinations, etc., also influence the current reactivity of the immune system. The intolerance to
titanium is therefore not an allergy, but an unspecific inflammatory reaction (peri-

implantitis)! Coating and its roughness and surface free energy [45,46]. Since the reactivity of the
macrophages is a reaction of the nonspecific immune system, there is no need for prior exposure to
the material as in sensitization developing after initial contact with the T-lymphocytic

system. However, other strong pro-inflammatory influences, such as acute illnesses, vaccinations,
etc., also influence the current reactivity of the immune system. The intolerance to titanium is
therefore not an allergy, but an unspecific inflammatory reaction (peri-implantitis)! Coating and its
roughness and surface free energy [45,46]. Since the reactivity of the macrophages is a reaction of
the nonspecific immune system, there is no need for prior exposure to the material as in
sensitization developing after initial contact with the T-lymphocytic system. However, other strong
pro-inflammatory influences, such as acute illnesses, vaccinations, etc., also influence the current
reactivity of the immune system. The intolerance to titanium is therefore not an allergy, but an
unspecific inflammatory reaction (peri-implantitis)! There is no need for prior exposure to the
material as in sensitization that develops after initial contact with the T-lymphocytic

system. However, other strong pro-inflammatory influences, such as acute illnesses, vaccinations,
etc., also influence the current reactivity of the immune system. The intolerance to titanium is
therefore not an allergy, but an unspecific inflammatory reaction (peri-implantitis)! There is no need
for prior exposure to the material as in sensitization that develops after initial contact with the T-
lymphocytic system. However, other strong pro-inflammatory influences, such as acute ilinesses,
vaccinations, etc., also influence the current reactivity of the immune system. The intolerance to
titanium is therefore not an allergy, but an unspecific inflammatory reaction (peri-implantitis)!
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Fig. 13: Inflammasome activation in macrophages by periodontopathogens and by titanium particles
via binding to toll-like receptors on the surface of immune cells. Particles unlike ions initiate the
inflammatory cascade.
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But also, by corrosion or abrasion of metals from metallic dentures in general, and not only from
implant restorations, metal ions reach the saliva in sometimes high concentrations [47]. These can
cause toxic mucous membrane reactions or, in the case of existing allergic sensitization, evenin a
lower concentration cause periodontal / peri-implant inflammatory reactions. The inflammatory
response does not have to be limited to the contact site, as is often assumed. The distributional
function of saliva also reaches other mucous membrane areas of the oral cavity. In addition,
periodontopathogenic pathogens play a catalyzing role in such material-induced inflammatory
reactions. Of these, patients with an increased level of genetic inflammation are more affected.

Conclusion

Peri-implantitis is a pathogenetically complex clinical picture and, in addition to local effects, has
systemic effects depending on individual genetic susceptibility. It has some similarities to
periodontitis but differs in the taxonomic biofilm composition and is also involved in foreign body
reactions to the implant material. Patients with a periodontitis history have a genetically higher risk
of developing peri-implantitis. Pre-implantological risk diagnostics for appropriately scheduled
patients allows for a differentiated implant-prosthetic procedure with the aim of avoiding peri-
implantitis development. For early diagnosis and therapy monitoring, laboratory biomarkers such as
calprotectin or the aMMP-8 determination from the sulcus fluid are now available to initiate anti-
inflammatory measures at an early stage and to control their efficiency [48, 49]. An adapted to the
patient monitoring in defined time intervals is indispensable due to individual risk burdening.

References:

1. Wilson V. An insight into peri-implantitis: a systematic literature review. Prim Dent J.
2013;2(2):69-73

2. Albrektsson T, Dahlin C, Jemt T, Sennerby L, Turri A, Wennerberg A. Is marginal bone loss
around oral implants the result of a provoked foreign body reaction? Clin Impl Dent Relat Res
2014; 16:155-65

3. Athieh MA, Alsabeeha N, Faggion jr CM, Duncan WJ. The frequency of peri-implant
diseases: a systematic review and meta-analysis. J Periodontol 2013; 84(11): 1586-1598

4. Liao J, Li C, Wang Y, Ten M, Sun X, Tian A, Zhang Q, Liang X. Meta-analysis of the
association between common interleukin-1 polymorphisms and dental implant failure. Mol
Biol Rep 2014; 41:2789-2798.

5. Kornman K S et al. The interleukin-1 genotype as a severity factor in adult periodontal

disease. J Clin Periodontol. 1997; 1:72-7

12



6. Laine ML, Leonhard A, Roos-Jansaker A-M, Pefia A S, van Winkelhoff A J, Winkel EG,
Renvert S. IL-1 RN gene polymorphism is associated with periimplantitis. Clin Oral Impl Res
2006; 17, 380 — 385

7. Shimpuku H et al. Genetic polymorphisms of the interleukin-1 gene and early marginal bone
loss around endosseous dental implants. Clin Oral Implants Res 14(4): 423-429, 2003

8. Mao M et al. Interleukin-1a -899 (+4845) C->T polymorphism increases the risk of chronic
periodontitis: evidence from a meta-analysis of 23 case-control studies. Gene
2013;532(1):114-9

9. Ding C et al. TNF-a gene promoter polymorphisms contribute to periodontitis susceptibility:
evidence from 46 studies. J Clin Periodontol. 2014; 41(8):748-59

10. Masada M P et al. Measurement of interleukin-1a and -1 in gingival crevicular fluid:
implication for the pathogenesis of periodontal disease. J Periodont Res 1990; 25:156-163

11. Gruica B et al. Impact of IL-1 genotyp and smoking status on the prognosis of
osseointegrated implants. Clin Oral Implants Res 2004; 15(4): 393-400

12. Moreira PR et al. Interleukin-6 expression and gene polymorphism are associated with
severity of periodontal disease in a sample of Brazilian individuals. Clin Exp Immunol 2007;
148(1):119-26

13. Jacobi-Gresser E, Roch LM, Wanner A, Schiitt S, Schnakenberg E. Sequence variants of

IL6 gene in periodontitis and dental implant loss. submitted 2018

14. Zhong et al. Interleukin-10 gene polymorphisms and chronic/aggressive periodontitis
susceptibility: a meta-analysis based on 14 case-control studies. Cytokine 2012; 60(1):47-54
15. Claudino M et al. The broad effects of the functional IL-10 promoter-592 polymorphism:
modulation of IL-10, TIMP-3, and OPG expression and their association with periodontal
disease outcome. J Leukoc Biol 2008; 84(6):1565-73

16. Jacobi-Gresser E, Huesker K, Schiitt S. Genetic and immunological markers predict titanium
implant failure: a retrospective study. Int J Oral Maxillofac Surg 2013; 42(4):537- 43

17. Solar R. J., Pollack S. R., Korostoff E.: In vitro corrosion testing of titanium surgical implant
alloys: an approach to understanding titanium release from implants. J Biomed Mater Res
1979; 13: 217-250

18. Wenneberg A, Ide-Ektessabi A, Hatkamata S, Sawase T, Johansson C, Albrektsson T,

Martilli A, Séderval U, Odelius H. Titanium release from implants prepared with different

13



surface roughness. Clin Oral Impl Res 2004; 15: 505 -512

19. Rader CP, Sterner, T., Jakob, F., Schiitze N., Eulert J.: Cytokine response of human
macrophage-like cells after contact with polyethylene and pure titanium particles. J
Arthroplasty 1999; 14: 840 - 848

20. Olmedo D, Fernandez MM, Guglielmotti MB, Cabrini RL. Macorphages related to dental
implant failure. Impl Dent 2003; 12:75-80

21. Sterner T, Schiitze N, Saxler G, Jakob F, Rader CP. Effects of clinically relevant alumina
ceramic, zirconia ceramic and titanium particles of different sizes and concentrations on the
TNF-alpha release in a human macrophage cell line. Biomed Tech 2004; 49:340-44
22.Schiitt S., v. Baehr V.: Hyperreaktivitdt von Gewebemakrophagen nach Kontakt mit
Titanoxidpartikeln als Ursache einer verstarkten lokalen Entziindungsreaktion bei Patienten
mit Periimplantitis. ZWR — Das Deutsche Zahnarzteblatt 2010; 119(5): 222-232

23. Senna P, Antoninha Del Bel Cury A, Kates S, Meirelles L. Surfacce Damage on Dental
Implants with Release of Loose Particles after Insertion into Bone. Clin Impl Dent Relat Res
2015; 17(4):681-692

24. Apaza-Bedoya K, Tarce M, Benfatti CA, Henriques B, Mathew MT, Teughels W, Souza JC

(2017): Synergistic interactions between corrosion and wear at titanium-based dental implant

connections: a scoping review. J Periodontol Res. doi:10.1111/jre.12469

25. Fretwurst T, Nelson K, Tarnow DP, Wang H-L, Giannobile WV. Is Metal Release
Associated with Peri-implant Bone Destruction? An Emerging Concept. J Dent Res 2018;
97(3): 259-265

26. Alrabeah GO, Brett P, Knowles JC, Petridis H. The effect of metal ions released from
different dental implant-abutment couples on osteoblast function and secretion of bone
resorbing mediators. J Dent. 2017; doi.org/10.1016/j.jdent.2017.08.002

27. Eger M, Sterer N, Liron T, Kohavi D, Babet Y. Scaling of titanium implants entrains
inflammation-induced osteolysis. Sci Rep 2017; 7:39612

28. Meyer U, Buhner M, Buchter A, Kruse-Losler B, Stamm T, Wiesmann HP. Fast element
mapping of titanium wear around implants of different surface structures. Clin Oral Implant
Res 2006; 17: 206-11

29. Grosse S, Haugland HK, Lilleng P, Ellison P, Hallan G, Hol PJ. Wear particles and ions from

cemented and uncemented titanium-based hip protheses - a histological and chemical

14



analysis of retrieval material. ) Biomed Mater Res B Apll Biomater 2015;103(3):709-712

30. Safioti LM, Kosakis GA, Pozhitkov AE, Chung WO, Daubert DM (2017): Increased levels of
dissolved titanium are associated with peri-implantitis — a cross-sectional study. J Periodontol
2017; 88(5):436-442

31. Nakashima Y, Sun D-H, Trindade M, Maloney W, Goodman S, Schurman D, Smith L.
Signaling pathway for Tumor Necrosis Factor-a and Interleukon-6 Expression in Human
Macrophages exposed to Titanium-Alloy Particulate Debris in Vitro. J Bone Joint Surg 1999;
81-A:603-13

32. Pettersson M, Kelk P, Belibasakis GN, Bylund D, Molin Thoren M, Johansson A. Titanium
ions form particles that activate and execute interleukin-1beta release from
lipopolysaccharide-primed macrophages. J Periodontal Res 2017; 52(1): 21-32

33. Scridhar S, Wilson Jr TG, Palmer KL, Valderrama P, Mathew MT, Prasad S, Jacobs M,
Gindri IM, Rodrigues DC. In Vitro Investigation of the Effect of Oral Bacteria in the Surface
Oxidation of Dental Implants. Clin Impl Dent 2015; 17: 562-575

34. Dodo CG, Meirelles L, Aviles-Reyes A, Gonzales SR, Abranches J, Antoninha Del Bel

Cury A. Pro-inflammatory Analysis of Macrophages in Contact with Titanium Particles

and Porphyromonas gingivalis. Brazilian Dent J. 2017; doi.org/10.1590/0103-
6440201701382

35. Le XK et al. Porphyromonas gingivalis decreases osteoblast proliferation through IL-6-
RANKL/OPG and MMP-9/TIMPs pathways. Indian J Dent Res. 2009; 2:141-149

36. Sousa V, Nibali L, Spratt D, Dopico J, Mardas N, Petrie A, Donos N (2017): Peri-implant
and periodontal microbiome diversity in aggressive periodontitis patients: a pilot study.

Clin Oral Implants Res. 28(5);558-570

37. Kronstrom M et al. Humoral immunity host factors in subjects with failing or successful
titanium dental implants. J Clin Periodontol 2000; 27:875-882

38. Yu TS. Effect of titanium-ion on the growth of various bacterial species. J Microbiol 2004;
42(1):47-50

39. Sterner T, Schiitze N, Saxler G, Jakob F, Rader CP. Effects of clinically relevant alumina
ceramic, zirconia ceramic and titanium particles of different sizes and concentrations on

the TNF-alpha release in a human macrophage cell line. Biomed Tech 2004; 49:340-344

40. Degidi M et al. Inflammatory infiltrate, microvessel density, nitric oxide synthase

15



expression, vascular endothelial growth factor expression, and prolifrative activity in periimplant soft
tissue around titanium and zirconium healing caps. J Periodontol 2006;

77(1):73-80

41. Al-Ahmad A, Wiedmann-Al-Ahmad M, Fackler A, Follo M, Hellwig E, Bachle M, Hannig C,
Han JS, Wolkewitz M, Kohal R. In vivo study of the initial bacterial adhesion on different
implant materials. Archives of Oral Biol 2013; 58:1139-47

42. Roehling S, Astasov-Frauenhoffer M, Hauser-Gerspach |, Braissant O, Woelfler H,
Waltimo T, Kniha H. Gahlert M. In Vitro Biofilm Formation on Titanium and Zirconia
Implant Surfaces. J Periodontol 2017; 88:298-307

43. Rimondini L,Cerroni L, Carrassi A, Torricelli P. Bacterial colonization of zirconia ceramic
sufaces: an in vitro and in vivo study. Int J Oral Maxillofac Implants 2002; 17:793-98

44, Scarano A, Piattelli M, Caputi S, Favero GA, Piattelli A. Bacterial adhesion on
commercially pure titanium and zirconium oxide disks: an in vivo human study. J
Periodontol 2004; 75:292-96

45. Landolt D. Electrochemical and materials aspects of tribocorrosion systems, J. Physics
D: Appl Phys 2006; 39: 1-7

46. Teughels W, Van Assche N, Sliepen |, Quirynen M. Effect of material characteristics
and/or surface topography on biofilm development. Clin Oral Implants Res 2006;17
(Suppl 2):68-81.

47. Elshahawy et al. Elemental ion release from fixed restorative materials into patient
salvia. J Oral Rehabil 2013; 40; 381-388

48. Kaner D, Bernimoulin J-P, Dietrich T, Kleber B-M, Friedmann A. Calprotection levels in
gingival fluid predict disease activity in patients treated for generalized aggressive
periodontitis. J Periodont Res 2011; doi: 10.1111/j.1600-0765.2011.01355.x.

49. Meissen R, Mintcheva M, Netuschil L. Matrix-Metalloproteinase-8-Spiegel in der
periimplantadren Sulkusflissigkeit an Titan- und Zirkonnitridoberflachen. Int Par Rest

Zahnheilk 2014;34:91-95

16



