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Abstract 

Background:  The “Polyetheretherketone (PEEK)” is a linear, polycyclic, semi-crystalline 

thermoplastic which has emerged as an alternative to metals and is widely used in biomaterials. It is 

also used in dental implants as an abutment, implant structure, or a superstructure.   

Purpose: This study is aimed to review the relevant studies on various ways to modify PEEK to deal 

with its limited bioactivity and make it ideal material for dental implants.  

Methodology: An online literature search was performed on Google Scholar using various search 

terms like “dental implants,” “PEEK,” “osseointegration,” “modification,” and “surface treatment.”  

Findings: Several viable approaches have been suggested to improve PEEK’s bioactivity. A lot of 

approaches are based on improving the roughness of surface, while improving the osseo-conductive 

coating materials and hydrophilicity.  

Conclusion:  There are different approaches to modify PEEK to remove its limitations related to 

bioactivity. It is possible to use melt-blending with “bioactive nanoparticles” to develop “bioactive 

nanocomposites,” while using “gas plasma etching, spin-coating, deploying plasma-ion, and electron 

beam” to modify PEEK implants to be more bioactive. However, further experiments will be required 

to certify these materials for using in dental implants.  

Keyword: Dental Implants, PEEK, Osseo-conductive Coating, Osseointegration, Biomaterials, 

Polyetheretherketone 
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Introduction: Dental implant is an artificial fixture planted surgically within the alveolar bone 

functioning as a root to support and stabilize a detachable/fixed prosthesis1,2. There are two 

responses from the tissue taking place after implanting a biomaterial. Failure of implant is 

observed due to formation of a fibrous tissue between the bone and implant. Implant is supposed 

to be “osseo-integrated or osteo-integrated” in the alveolar bone with the formation of intimate 

and direct contact of bone implant 3. There are different factors responsible for “osseo-

integration” phenomenon. Surgical procedure, material used in implant, and healing duration are 

some of the factors responsible for successful dental implants3,4.  

 Usually, titanium, zirconia and its alloys are used in implants5,6. This way, “fiber 

reinforced composite (FRC)” has a great potential in future but it must be bio-compatible and 

have ideal properties to induce the formation of bone across the implant7,8. High hydrophilicity, 

ideal design, and rough surface are some of the desirable properties of implant material 9-11. The 

osseointegration level can be improved in implants by coating the same with calcium phosphate 

and other osteoconductive coatings11, 12.  

 Over the past decades, endosseous implants have been made widely with commercial 

Grade 2 or Grade 4 titanium 13.  However, titanium has a lot of problems. Due to high elasticity 

of alloys, titanium implants can damage periodontal bone and lead to stress-shielding14,15. In 

addition, some of the rare cases have been observed in studies related to hypersensitivity among 

patients to titanium implants16,17. Titanium implants can also cause leakage of ions and wear 

debris 18. When dental implant can be seen from a thin “biotype gingiva” as titanium is known to 

be a dark material, aesthetics can be affected.  

Background: As a “semicrystalline thermoplastic,” PEEK or “Polyetheretherketone” is 

synthesized via polymerization of growth with “dialkylation of biophenolate salts.” PEEK is a 

polymeric, organic, and synthetic material which looks like tooth to serve as an aesthetic material 

for dental implants19. Figure 1 illustrates the overall chemical structure of PEEK. It holds great 

biomechanical properties and chemical resistance. Young’s PEEK modulus is up to 3.6 GPa pure 

and its “carbon-reinforced PEEK (CFR-PEEK)” is up to 18 GPa, which is nearby cortical bone 

[7,20,21]. So, it is shown that PEEK is capable to have reduced “stress-shielding” in comparison to 

titanium [22]. However, PEEK can stimulate reduced differentiation of osteoblast23. Speaking of 

which, PEEK is used as a bioinert material without any inherent “osseo-conductive properties”24.  
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PEEK can be blended and coated using bioactive paticles to improve roughness of surface and 

osseo-conductive properties. However, plasma-spraying contains high temperatures to affect 

PEEK. In addition, dense coverings of calcium phosphate can delaminate on PEEK due to bond 

strength lower than coated implants made of titanium(Ti)25,26. In addition, combination of 

particles and PEEK in micrometer size makes mechanical strength lower than CFR-PEEK or 

PEEK in its purest form 27. Hence, a lot of research has been done for modifying PEEK by 

blending or coating the same with nanosized particles and production of nano-level surface 

topography. This review paper discusses recent studies on production of nano-level and bioactive 

nanocomposites to determine the feasibility of PEEK as dental implant.  

 It is possible to add bioactive particles in PEEK for creating bioactive implants27. 

Hydroxyapatite is a chemical bioceramic which appears like bone and it induces the formation of 

bone along dental implants 11. The micrometer sized “Hydroxyapatite particles (HAp)” have been 

blended and melted with PEEK-HAp composites to be produced with PEEK but these could be 

harder to be used as implants due to inferior mechanical properties because of improper bonding 

among hydroxyapatite and PEEK particles 27,28.  

 Bioactive PEEK composite implants can be produced for getting melt-blending 

nanoparticles and improving mechanical properties at the same time 29. Figure 2 shows schematic 

illustration of melt-blending of PEEK, which is proposed by Wan et al. 29 and Wu et al.30 with 

bioactive nanofillers.  

 

 

First of all, the nanofillers and PEEK powder are co-dispersed for formation of proper suspension 

in an ideal solvent, which is then removed with the drying process in oven and powdered blend is 

added in the implant-shaped mould. The preheating of mould and powdered blends is done to 

around 150oC at the pressure of 35 MPa. After reaching PEEK melting point, the particles of 

bioactive filler are solid while the polymer is melted. After keeping the high temperature for ten 

minutes, air-cooling of composite implants is done at 150oC. After cooling, the solid PEEK 

matrix is composed with nanofillers (Figure 2).  

 PEEK composites can be produced with improved bioactivity and mechanical properties 

by using nanosized particles as listed in Table 1. Using titanium dioxide (TiO2) nanosized 

particles can improve osseo-integration to PEEK30. With computerized 3D tomography, it is 

observed that higher bone amount forms “PEEK/nano-TiO2 cylindrical implants” and mechanical 
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properties have been improved as compared to pure PEEK due to higher nanofiller particles30. 

Studies have widely explored the impact of “free TiO2 particles” on cellular activity. It is also 

observed that carcinogenic/inflammatory response can be triggered in cells and nerve tissue can 

be damaged 31,32. Meanwhile, some studies have found that the cellular differentiation and 

proliferation can be increased by TiO2 with solid cores or coatings 33-35. However, potential 

release of those particles from nano-TiO2 or PEEK composites has not been studied till date after 

mechanical load.  

  

 
 

Discussion: When it comes to produce “PEEK nanocomposites,” surface modification changes 

PEEK surface with minimal or no impact. There are four processes used till date to make small 

changes on the PEEK implant surface – “gas plasma etching, spin-coating, electron beam 

deposition, and plasma-ion immersion implantation (PIII)” 38-40.  
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There are various surface changes aimed for making PEEK more bioactive (Table 2).  

 
 

Spin-Coating using “Nanohydroxyapatite”: Considering the issues of dense “hydroxyapatite coating”, a lot 

of studies have suggested thinner coatings for coat implants 47. Spin coating consists of deposition of thin nano-

HA layer, precipitated in organic solvents, surfactants, and aqueous solution of “Phosphoric acid(H3PO4) and 

calcium nitrate [Ca(NO3)2]” on the implants. Implants are spun during the deposition at high speeds and heat-

treated for formation of coating 38.  

 Barkarmo et al. 38evaluated “spin-coated PEEK implants” and found that mean torque of implanted, 

spin-covered discs was not higher than the same of uncoated implants and various implants were failed during 

the study. However, higher torques were found in other studies by Johansson et al. 48 and Barkarmo et al. 49 in 

comparison to uncoated PEEK when a cylindrical, threaded design was added to modify the implant design. 

Proper implant design is vital and it is also an ideal bioactive coating for proper dental implants coated with 

PEEK.  

Gas Plasma Nanoetching: PEEK implants are exposed to weak plasma gases like water vapor, ammonia, and 

argon/oxygen to achieve nano-etching 41,42,46. PEEK plasma treatment has a lot of functional groups on the 

surface to make a hydrophilic surface for plasma treatment50. The ability for producing nano-level sturdiness on 

the surface and very low angle of water contact is the main aspect of plasma treatment on PEEK surface41.  
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Electron Beam Deposition: The process of electron beam deposition can deposit and decompose non-volatile 

fragments on substrate39. The process of “e-beam deposition” can deposit and decompose non-volatile 

fragments on substratum39. A thin coating of titanium on PEEK has been found to improve cellular adhesion 

and wettability44. With the anodization of PEEK titanium coating produced by deposition of e-beam, it is 

transformed into a 2 𝜇m thick, highly nano-porous, and crack-free layer of nTiO2 or Titanium oxide that can 

carry bone-morphogenetic protein 2(BMP2)43.  

Plasma immersion ion implantation (PIII):  It is possible to coat a substrate with a thin film of various 

particles to place the substate in particle plasma pulsed constantly with high amount of negative charges 

leading to plasma ions to be increased and implanted on the substrate surface40. This process is called PIII. The 

nano titanium dioxide particles coat the PEEK with  

 PIII51. Lu et al51 found that those implants can have partial antimicrobial activity over “Escherichia 

coli and Staphylococcus aureus”.  

Related Studies: A lot of studies have made efforts to develop alternatives for titanium implants like zirconia 

with high elastic modules and low degradation of temperature52,53. Polyetheretherketone (PEEK) and other 

polymeric compounds have been created as added substitutes. In 1978, PEEK was developed as a “semi-

crystalline linear polycyclic thermoplastic”54. It is applied as implant body, implant abutment, and 

superstructure. PEEK is a leading member of “PAEK (poly-aryl-ether-ketone) polymer family” with high-

temperature stability that can exceed up to 300oC and has high chemical and mechanical strength. It is a key 

alternative to metal compounds in orthopedics 55.  

 

 PEEK consists of aromatic backbone with combinations of “ether (-O-) and ketone (-CO-) functional 

groups” among aryl rings. It has low density (1.32 g/cm3), high stability, low elastic modulus (3-4 GPa), and 

insolubility 56,57. PEEK has some form of clinical benefit as a material for dental implant in comparison to 

titanium. First of all, it doesn’t cause much allergic and hypersensitive reactions. Some studies have observed 

that Titanium is allergen 58. Secondly, it doesn’t cause much artifacts on “magnetic resonance imaging” and is 

radiolucent 45. Third, there is no metallic color. It is in beige color with a hint of gray and it looks more natural 

than titanium. Fourth, it is a versatile material and it can be personalized for specific purposes by altering its 

surface or bulk properties.  

 PEEK is used as implant material in the abutment, implant body, and superstructure. There are limited 

applications in implant body for bench tests and there is a lack of report on applying the same to the mandible 

as implant structure. When using PEEK as the body for dental implant, it may have less “stress shielding” as 

compared to titanium because it is closely compatible to bone and PEEK mechanical properties 59. Even though 

PEEK is applicable as a provisional or healing abutment, there is a lack of information on final abutment.  

 Becker60 showed an approach to achieve the emergence in dental implant areas using a PEEK 

abutment. Koutouzis 61 evaluated the responses of hard and soft tissue to Ti and provisional abutments of 

PEEK and found no significant difference among Ti and PEEK in hard- and soft-tissue responses after 

provisional abutment. Another study found that PEEK abutments reinforced by titanium can be an effective 

substitute in comparison to traditional Ti abutments as PEEK can preserve soft tissue and bone height62. There 

is a lack of information on long-term PEEK assessment. There is a lack of study on controlled clinical 

assessment and PEEK superstructure 63.  

 A lot of reinforced PEEK composites are developed like “glass fiber-reinforced PEEK (GFR-PEEK)” 

and “carbon fiber-reinforced PEEK (CFR-PEEK)” but CFR-PEEK has higher elastic modulus at 18 GPa, as 

compared to GFR-PEEK at 12 GPa59,64. PEEK elastic modulus can be customized as per the titanium alloy or 

cortical bone with CFR composites at different orientations and fiber lengths. CFR-PEEK has been widely 

studied in medical implant community because of its superior mechanical properties, versatility, compatibility 

with cutting-edge scanning techniques, and biocompatibility65,66. There are different shapes of this material 
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with several mechanical, physical, and surface properties 67. Table 3 lists elastic modulus (GPa) of various 

materials.  

 

 
Suggestions: There are different ways to modify PEEK at nanometer level to deal with its least bioactivity. It is 

possible to combine nanoparticles like HAF, TiO2, and HAp with PEEK with melt-blending to generate 

bioactive nanocomposites. In addition, there are excellent tensile properties of these composites in comparison 

to pure PEEK. Despite having lower osteo-conductivity in PEEK as compared to titanium, 

“hydroxyfluoroapatite” can improve biocompatibility to gain osseointegration. In addition, there is significantly 

higher tensile properties of modified PEEK as compared to pure PEEK37. It is possible to coat PEEK with other 

bioactive materials using spin-coating, plasma spraying, electron-beam deposition, plasma gas etching, and 

implantation of plasma immersion ion 40-41,48,66.  

 Rust-Dawicki & Cook 67 compared PEEK dental implants coated and uncoated with titanium and their 

in vivo mechanical strength. The titanium-coated implant was 2000 Å thick due to deposition of plasma vapor 

to the implant surface. They performed in vivo test on canine femurs. The shear strength of uncoated implant 

was significantly higher after 4 weeks, but without any significant difference between uncoated and coated 

implants after 8 weeks. There was also lack of major difference in new bone growth or bone contact among two 

groups between 4 to 8 weeks. Bone contact was significantly higher in coated samples at 4 and 8 weeks. Since 

titanium is potentially hypersensitive in some areas, titanium coating might affect inflammatory and 

hypersensitive reactions 19. There was no extreme inflammatory response in any samples and there was no 

inter-positionary fibrous tissue among the samples67.  

 Unmodified PEEK has 80 to 90 degrees of water-contact angle (CA) as a bioinert material, which is 

closely related to a hydrophobic value73. Modified PEEK increases proliferation of cells due to increased 

hydrophilicity as wettability of implant surface and biomaterial affects the interaction between material and its 

nearby environment 74. The UV irradiation can enhance the wettability of implant surface. The UV irradiation 

can enhance the wettability of surface. Qahtani et al. 73 made comparison between the wettability changes of 

four original implants like PEEK after UV-C and UV-A irradiation and found that implants hydrophilized a bit 
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at 79 degrees of CA during UV-C irradiation. Xu et al. 75 used “micro-/nano-topographical structures” to 

develop “CFR-PEEK-nanohydroxyapatite” with some changes in oxygen plasma and sandblasting of surface. It 

was aimed to improve the osteogenesis as a bioactive material for applications like “bone tissue engineering 

and bone grafting” with improved osseointegration and biocompatibility.  

 There are different ways to modify PEEK at nanometer level to deal with its lack of bioactivity. PEEK 

can be combined with nanoparticles like HAp, HAF, and TiO2 through melt-blending for producing bioactive 

nanocomposites. In addition, these composites have very high tensile strength in comparison to pure form of 

PEEK. In addition, HAF is antibacterial to avoid early failures and peri-implantitis. Gas plasma etching, spin-

coating, plasma-ion immersion, and electron beam decomposition can coat or modify the PEEK implant 

surface at nanometer level.  

 TiO2 and HAp nanocoatings produced by PIII and spin-coating can have bioactive surface properties. 

In addition, immobilized BMP-2 can be carried by PEEK due to anodized TiO2 nanolayer coated by anodized 

beam of electrons that can further boost cellular function. However, a lot of studies have been confined to in 

vitro experiments. There is a lack of human and animal testing with PEEK implants. So, it has the risk of 

failure. Hence, a lot of in vivo experiments are needed to use nanomodified PEEK implants widely in clinical 

treatments.  

Conclusion: Titanium and Ti alloys have been widely used in clinical settings since 1960s. These materials 

have solid physicochemical properties, biocompatibility, mechanical characteristics, and high resistance to 

corrosion and fatigue stress. However, elastic modulus of Ti is very high (110 GPa) as compared to cortical 

bone, i.e., 14 GPa. This difference may have risk of bone resorption, stress-shielding, and implant fracture. 

Additionally, titanium has been responsible for clinical symptoms like occasional allergies and hypersensitivity 

to metal, and contamination and degradation of surface due to scattered radiation and peri-implantitis. Titanium 

also doesn’t look natural and looks more metallic. So, there is a need for highly aesthetic implant.   

 A lot of studies have been conducted for development of alternatives of titanium implants like zirconia 

due to low degradation of temperature and high elastic modulus. However, other alternative developed is 

“polyetheretherketone (PEEK)” which is a polymeric compound developed in the year 1978. It is applicable as 

implant body, implant abutment, and superstructure. This review paper has discussed the applications of this 

composite material as dental implant and recent developments in this domain. Despite having a lot of 

benchmark tests and reports on surface modifications and reinforcement of PEEK, there is a lack of clinical 

tests where PEEK is used as dental implant. There is a need to have more clinical trials for implant bodies and 

abutment.  

Reference 

1. M. A. Awad, F. Rashid, and J. S. Feine, “The effect of mandibular 2-implant overdentures on oral 

health-related quality of life: an international multicentre study,” Clinical Oral Implants Research, vol. 

25, no. 1, pp. 46–51, 2014. 

2. Turkyilmaz, A. M. Company, and E. A. McGlumphy, “Should edentulous patients be constrained to 

removable complete dentures? The use of dental implants to improve the quality of life for edentulous 

patients,” Gerodontology, vol. 27, no. 1, pp. 3– 10, 2010. 

3. T. Albrektsson, P.-I. Branemark, H.-A. Hansson, and J. Lind- ˚ strom, “Osseointegrated titanium 

implants: requirements for ¨ ensuring a long-lasting, direct bone-to-implant anchorage in man,” Acta 

Orthopaedica, vol. 52, no. 2, pp. 155–170, 1981. 

4. P.-I. Branemark, “Osseointegrated implants in the treatment ˚ of the edentulous jaw. Experience from a 

10-year period,” Scandinavian Journal of Plastic and Reconstructive Surgery, vol. 16, pp. 1–132, 

1977. 

5. C. Y. Guo, A. T. H. Tang, and J. P. Matinlinna, “Insights into surface treatment methods of titanium 

dental implants,” Journal of Adhesion Science and Technology, vol. 26, no. 1–3, pp. 189–205, 2012. 



Page 1307 of 12 

Dr. Antara Bhattacharjee / Afr.J.Bio.Sc. 6(9) (2024) 

 

 

6. D. Liu, J. P. Matinlinna, and E. H. N. Pow, “Insights into porcelain to zirconia bonding,” Journal of 

Adhesion Science and Technology, vol. 26, no. 8-9, pp. 1249–1265, 2012. 

7. M. Zhang and J. P. Matinlinna, “E-glass fiber reinforced composites in dental applications,” Silicon, 

vol. 4, no. 1, pp. 73–78, 2012. 

8. S. K. Mallineni, S. Nuvvula, J. P. Matinlinna, C. K. Yiu, and N. M. King, “Biocompatibility of various 

dental materials in contemporary dentistry: a narrative insight,” Journal of Investigative and Clinical 

Dentistry, vol. 4, no. 1, pp. 9–19, 2013. 

9. M. Esposito, J.-M. Hirsch, U. Lekholm, and P. Thomsen, “Biological factors contributing to failures of 

osseointegrated oral implants. (I). Success criteria and epidemiology,” European Journal of Oral 

Sciences, vol. 106, no. 1, pp. 527–551, 1998.\ 

10. F. Rupp, L. Scheideler, N. Olshanska, M. de Wild, M. Wieland, and J. Geis-Gerstorfer, “Enhancing 

surface free energy and hydrophilicity through chemical modification of microstructured titanium 

implant surfaces,” Journal of Biomedical Materials ResearchPart A, vol. 76, no. 2, pp. 323–334, 2006. 

11. L. Le Guehennec, A. Soueidan, P. Layrolle, and Y. Amouriq, ´ “Surface treatments of titanium dental 

implants for rapid osseointegration,” Dental Materials, vol. 23, no. 7, pp. 844–854, 2007. 

12. H. Choi, B. Ben-Nissan, J. P. Matinlinna, and R. C. Conway, “Current perspectives: calcium 

phosphate nanocoatings and nanocomposite coatings in dentistry,” Journal of Dental Research, vol. 

92, no. 10, pp. 853–859, 2013. 

13. P.-I. Branemark, U. Breine, R. Adell, B. O. Hansson, J. Lind- ˚ strom, and A. Ohlsson, “Intra-osseous 

anchorage of dental ¨ prostheses: I. Experimental studies,” Scandinavian Journal of Plastic and 

Reconstructive Surgery and Hand Surgery, vol. 3, no. 2, pp. 81–100, 1969. 

14. J. R. Sarot, C. M. M. Contar, A. C. C. D. Cruz, and R. De Souza Magini, “Evaluation of the stress 

distribution in CFRPEEK dental implants by the three-dimensional finite element method,” Journal of 

Materials Science: Materials in Medicine, vol. 21, no. 7, pp. 2079–2085, 2010. 

15. R. Huiskes, H. Weinans, and B. Van Rietbergen, “The relationship between stress shielding and bone 

resorption around total hip stems and the effects of flexible materials,” Clinical Orthopaedics and 

Related Research, vol. 274, pp. 124–134, 1992. 

16. Sicilia, S. Cuesta, G. Coma et al., “Titanium allergy in dental implant patients: a clinical study on 1500 

consecutive patients,” Clinical Oral Implants Research, vol. 19, no. 8, pp. 823–835, 2008. 

17. Siddiqi, A. G. T. Payne, R. K. de Silva, and W. J. Duncan, “Titanium allergy: could it affect dental 

implant integration?” Clinical Oral Implants Research, vol. 22, no. 7, pp. 673–680, 2011. 

18. W. Becker, B. E. Becker, A. Ricci et al., “A prospective multicenter clinical trial comparing one- and 

two-stage titanium screw-shaped fixtures with one-stage plasma-sprayed solidscrew fixtures,” Clinical 

implant dentistry and related research, vol. 2, no. 3, pp. 159–165, 2000. 

19. Schwitalla and W.-D. Muller, “PEEK dental implants: a ¨ review of the literature,” Journal of Oral 

Implantology, vol. 39, no. 6, pp. 743–749, 2013. 

20. H. B. Skinner, “Composite technology for total hip arthroplasty,” Clinical Orthopaedics and Related 

Research, no. 235, pp. 224–236, 1988. 

21. J. Y. Rho, R. B. Ashman, and C. H. Turner, “Young’s modulus of trabecular and cortical bone 

material: ultrasonic and microtensile measurements,” Journal of Biomechanics, vol. 26, no. 2, pp. 111–

119, 1993. 

22. H. Yildiz, F.-K. Chang, and S. Goodman, “Composite hip prosthesis design. II. Simulation,” Journal 

of Biomedical Materials Research, vol. 39, no. 1, pp. 102–119, 1997. 

23. R. Olivares-Navarrete, R. A. Gittens, J. M. Schneider et al., “Osteoblasts exhibit a more differentiated 

phenotype and increased bone morphogenetic protein production on titanium alloy substrates than on 

poly-ether-ether-ketone,” Spine Journal, vol. 12, no. 3, pp. 265–272, 2012. 



Page 1308 of 12 

Dr. Antara Bhattacharjee / Afr.J.Bio.Sc. 6(9) (2024) 

 

 

24. Rabiei and S. Sandukas, “Processing and evaluation of bioactive coatings on polymeric implants,” 

Journal of Biomedical Materials ResearchA, vol. 101, no. 9, pp. 2621–2629, 2013. 

25. S.-W. Ha, J. Mayer, B. Koch, and E. Wintermantel, “Plasmasprayed hydroxylapatite coating on carbon 

fibre reinforced thermoplastic composite materials,” Journal of Materials Science: Materials in 

Medicine, vol. 5, no. 6-7, pp. 481–484, 1994. 

26. F. Suska, O. Omar, L. Emanuelsson et al., “Enhancement of CRFPEEK osseointegration by plasma-

sprayed hydroxyapatite: a rabbit model,” Journal of Biomaterials Applications, vol. 29, no. 2, pp. 234–

242, 2014. 

27. M. S. Abu Bakar, M. H. W. Cheng, S. M. Tang et al., “Tensile properties, tension-tension fatigue and 

biological response of polyetheretherketone-hydroxyapatite composites for loadbearing orthopedic 

implants,” Biomaterials, vol. 24, no. 13, pp. 2245–2250, 2003 

28. K. L. Wong, C. T. Wong, W. C. Liu et al., “Mechanical properties and in vitro response of strontium-

containing hydroxyapatite/polyetheretherketone composites,” Biomaterials, vol. 30, no. 23-24, pp. 

3810–3817, 2009. 

29. L. Wang, S. He, X. Wu et al., “Polyetheretherketone/nanofluorohydroxyapatite composite with 

antimicrobial activity and osseointegration properties,” Biomaterials, vol. 35, no. 25, pp. 6758–6775, 

2014. 

30. X. Wu, X. Liu, J. Wei, J. Ma, F. Deng, and S. Wei, “NanoTiO2/PEEK bioactive composite as a bone 

substitute material: in vitro and in vivo studies,” International Journal of Nanomedicine, vol. 7, pp. 

1215–1225, 2012. 

31. S. Huang, P. J. Chueh, Y.-W. Lin, T.-S. Shih, and S.-M. Chuang, “Disturbed mitotic progression and 

genome segregation are involved in cell transformation mediated by nano-TiO2 longterm exposure,” 

Toxicology and Applied Pharmacology, vol. 241, no. 2, pp. 182–194, 2009. 

32. J. Wang, Y. Liu, F. Jiao et al., “Time-dependent translocation and potential impairment on central 

nervous system by intranasally instilled TiO2 nanoparticles,” Toxicology, vol. 254, no. 1-2, pp. 82–90, 

2008. 

33. Y. Sugita, K. Ishizaki, F. Iwasa et al., “Effects of pico-tonanometer-thin TiO2 coating on the biological 

properties of microroughened titanium,” Biomaterials, vol. 32, no. 33, pp. 8374–8384, 2011. 

34. R. A. Gittens, T. McLachlan, R. Olivares-Navarrete et al., “The effects of combined micron-

/submicron-scale surface roughness and nanoscale features on cell proliferation and differentiation,” 

Biomaterials, vol. 32, no. 13, pp. 3395–3403, 2011. 

35. N. Wang, H. Li, W. Lu et al., “Effects of TiO2 nanotubes with different diameters on gene expression 

and osseointegration of implants in minipigs,” Biomaterials, vol. 32, no. 29, pp. 6900– 6911, 2011 

36. A. Xu, X. Liu, X. Gao, F. Deng, Y. Deng, and S. Wei, “Enhancement of osteogenesis on micro/nano-

topographical carbon fiber-reinforced polyetheretherketone-nanohydroxyapatite biocomposite,” 

Materials Science and Engineering C, vol. 48, pp. 592–598, 2015. 

37. S. Najeeb et al., “Nanomodified peek dental implants: Bioactive composites and surface 

modification—a review,” International Journal of Dentistry, vol. 2015, pp. 1–7, 2015. 

doi:10.1155/2015/381759 

38. S. Barkarmo, A. Wennerberg, M. Hoffman et al., “Nanohydroxyapatite-coated PEEK implants: a pilot 

study in rabbit bone,” Journal of Biomedical Materials Research Part A, vol. 101, no. 2, pp. 465–471, 

2013. 

39. S. J. Randolph, J. D. Fowlkes, and P. D. Rack, “Focused, nanoscale electron-beam-induced deposition 

and etching,” Critical Reviews in Solid State and Materials Sciences, vol. 31, no. 3, pp. 55–89, 2006. 

40. J. V. Mantese, I. G. Brown, N. W. Cheung, and G. A. Collins, “Plasma-immersion ion implantation,” 

MRS Bulletin, vol. 21, no. 8, pp. 52–56, 1996. 



Page 1309 of 12 

Dr. Antara Bhattacharjee / Afr.J.Bio.Sc. 6(9) (2024) 

 

 

41. J. Waser-Althaus, A. Salamon, M. Waser et al., “Differentiation of human mesenchymal stem cells on 

plasma-treated polyetheretherketone,” Journal of Materials Science: Materials in Medicine, vol. 25, 

no. 2, pp. 515–525, 2014. 

42. A. H. C. Poulsson, D. Eglin, S. Zeiter et al., “Osseointegration of machined, injection moulded and 

oxygen plasma modified PEEK implants in a sheep model,” Biomaterials, vol. 35, no. 12, pp. 3717–

3728, 2014. 

43. C.-M. Han, T.-S. Jang, H.-E. Kim, and Y.-H. Koh, “Creation of nanoporous TiO2 surface onto 

polyetheretherketone for effective immobilization and delivery of bone morphogenetic protein,” 

Journal of Biomedical Materials Research—Part A, vol. 102, no. 3, pp. 793–800, 2014. 

44. C.-M. Han, E.-J. Lee, H.-E. Kim et al., “The electron beam deposition of titanium on 

polyetheretherketone (PEEK) and the resulting enhanced biological properties,” Biomaterials, vol. 31, 

no. 13, pp. 3465–3470, 2010. 

45. H. Wang, M. Xu, W. Zhang et al., “Mechanical and biological characteristics of diamond-like carbon 

coated poly aryl-etherether-ketone,” Biomaterials, vol. 31, no. 32, pp. 8181–8187, 2010 

46. H. Wang, T. Lu, F. Meng, H. Zhu, and X. Liu, “Enhanced osteoblast responses to poly ether ether 

ketone surface modified by water plasma immersion ion implantation,” Colloids and Surfaces B: 

Biointerfaces, vol. 117, pp. 89–97, 2014. 

47. L. Le Guehennec, A. Soueidan, P. Layrolle, and Y. Amouriq, ´ “Surface treatments of titanium dental 

implants for rapid osseointegration,” Dental Materials, vol. 23, no. 7, pp. 844–854, 2007.  

48. P. Johansson, R. Jimbo, P. Kjellin, B. Chrcanovic, A. Wennerberg, and F. Currie, “Biomechanical 

evaluation and surface characterization of a nano-modified surface on PEEK implants: a study in the 

rabbit tibia,” International Journal of Nanomedicine, vol. 9, pp. 3903–3911, 2014. 

49. S. Barkarmo, M. Andersson, F. Currie et al., “Enhanced bone healing around nanohydroxyapatite-

coated polyetheretherketone implants: an experimental study in rabbit bone,” Journal of Biomaterials 

Applications, vol. 29, no. 5, pp. 737–747, 2014. 

50. C.-M. Chan, T.-M. Ko, and H. Hiraoka, “Polymer surface modification by plasmas and photons,” 

Surface Science Reports, vol. 24, no. 1-2, pp. 1–54, 1996. 

51. T. Lu, X. Liu, S. Qian et al., “Multilevel surface engineering of nanostructured TiO2 on carbon-fiber-

reinforced polyetheretherketone,” Biomaterials, vol. 35, no. 22, pp. 5731– 5740, 2014. 

52. Z. Özkurt and E. Kazazoğlu, “Zirconia dental implants: A literature review,” The Journal of oral 

implantology, vol. 37, pp. 367–376, 2011. 

53. J. Kelly and I. Denry, “Stabilized Zirconia as a structural ceramic: An overview,” Dental Materials, 

vol. 24, no. 3, pp. 289–298, 2008.  

54. L. Eschbach, “Nonresorbable polymers in Bone Surgery,” Injury, vol. 31, 2000.  

55. K. Fujihara, “Performance study of braided carbon/peek composite compression bone plates,” 

Biomaterials, vol. 24, no. 15, pp. 2661–2667, 2003.  

56. M. Andreiotelli, H. J. Wenz, and R. Kohal, “Are ceramic implants a viable alternative to titanium 

implants? A systematic literature review,” Clinical Oral Implants Research, vol. 20, no. s4, pp. 32–47, 

2009.  

57. H. B. Skinner, “Composite technology for total hip arthroplasty,” Clinical Orthopaedics and Related 

Research, vol. 235, no. NA;, 1988.  

58. M. Goutam, C. Giriyapura, S. Mishra, and S. Gupta, “Titanium allergy: A literature review,” Indian 

Journal of Dermatology, vol. 59, no. 6, p. 630, 2014.  

59. W.-T. Lee et al., “Stress shielding and fatigue limits of poly-ether-ether-ketone dental implants,” 

Journal of Biomedical Materials Research Part B: Applied Biomaterials, vol. 100B, no. 4, pp. 1044–

1052, 2012.  



Page 1310 of 12 

Dr. Antara Bhattacharjee / Afr.J.Bio.Sc. 6(9) (2024) 

 

 

60. W. Becker, J. Doerr, and B. E. Becker, “A novel method for creating an optimal emergence profile 

adjacent to dental implants,” Journal of Esthetic and Restorative Dentistry, vol. 24, no. 6, pp. 395–400, 

2012. 

61. T. Koutouzis, J. Richardson, and T. Lundgren, “Comparative soft and hard tissue responses to titanium 

and polymer healing abutments,” Journal of Oral Implantology, vol. 37, no. sp1, pp. 174–182, 2011. 

doi:10.1563/aaid-joi-d-09-00102.1  

62. J. E. Maté Sánchez de Val et al., “Peri-implant tissue behavior around non-titanium material: 

Experimental Study in Dogs,” Annals of Anatomy - Anatomischer Anzeiger, vol. 206, pp. 104–109, 

2016. doi:10.1016/j.aanat.2016.03.005  

63. H. J. Santing, H. J. Meijer, G. M. Raghoebar, and M. Özcan, “Fracture strength and failure mode of 

maxillary implant‐supported provisional single crowns: A comparison of composite resin crowns 

fabricated directly over peek abutments and solid titanium abutments,” Clinical Implant Dentistry and 

Related Research, vol. 14, no. 6, pp. 882–889, 2010.  

64. J. Sandler et al., “Carbon-nanofibre-reinforced poly(ether ether ketone) composites,” Composites Part 

A: Applied Science and Manufacturing, vol. 33, no. 8, pp. 1033–1039, 2002.  

65. A. D. Schwitalla, M. Abou-Emara, T. Spintig, J. Lackmann, and W. D. Müller, “Finite element 

analysis of the biomechanical effects of peek dental implants on the peri-implant bone,” Journal of 

Biomechanics, vol. 48, no. 1, pp. 1–7, 2015. doi:10.1016/j.jbiomech.2014.11.017  

66. S. Najeeb, M. S. Zafar, Z. Khurshid, and F. Siddiqui, “Applications of polyetheretherketone (PEEK) in 

oral implantology and prosthodontics,” Journal of Prosthodontic Research, vol. 60, no. 1, pp. 12–19, 

2016. doi:10.1016/j.jpor.2015.10.001  

67. A. M. Rust-Dawicki and S. D. Cook, “Preliminary evaluation of titanium-coated peek implants,” 

Proceedings of the 1995 Fourteenth Southern Biomedical Engineering Conference, 1995.  

68. Wiesli, M. G., & Özcan, M. (2015). High-performance polymers and their potential application as 

medical and oral implant materials: a review. Implant dentistry, 24(4), 448-457. 

69. O. Ozan and S. Kurtulmus-Yilmaz, “Biomechanical comparison of different implant inclinations and 

cantilever lengths in all-on-4 treatment concept by three-dimensional finite element analysis,” The 

International Journal of Oral &amp; Maxillofacial Implants, vol. 33, no. 1, pp. 64–71, 2018.  

70. P. K. Vallittu, “Some aspects of the tensile strength of unidirectional glass fibre–polymethyl 

methacrylate composite used in dentures,” Journal of Oral Rehabilitation, vol. 25, no. 2, pp. 100–105, 

1998.  

71. M. Staines, W. H. Robinson, and J. A. Hood, “Spherical indentation of tooth enamel,” Journal of 

Materials Science, vol. 16, no. 9, pp. 2551–2556, 1981. doi:10.1007/bf01113595  

72. J. Y. Rho, R. B. Ashman, and C. H. Turner, “Young’s modulus of trabecular and cortical bone 

material: Ultrasonic and microtensile measurements,” Journal of Biomechanics, vol. 26, no. 2, pp. 

111–119, 1993. doi:10.1016/0021-9290(93)90042-d  

73. M. S. A. Al Qahtani et al., “UV-A and UV-C light induced hydrophilization of dental implants,” 

Dental Materials, vol. 31, no. 8, 2015. doi:10.1016/j.dental.2015.04.011  

74. F. Rupp et al., “A review on the wettability of dental implant surfaces I: Theoretical and experimental 

aspects,” Acta Biomaterialia, vol. 10, no. 7, pp. 2894–2906, 2014.  

75. A. Xu et al., “Enhancement of osteogenesis on Micro/nano-topographical carbon fiber-reinforced 

polyetheretherketone–nanohydroxyapatite biocomposite,” Materials Science and Engineering: C, vol. 

48, pp. 592–598, 2015.  

 


