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Abstract 

Dental implant technologies offer an effective solution to replace missing teeth and meet 

patients’ aesthetic and functional requirements. This review provides an overview of the 

modern materials used in dental implants and the surface modification techniques used, 

focusing on their importance in enhancing biocompatibility and osseointegration. A 

comprehensive overview of materials such as metals (e.g. titanium and its alloys), ceramics 

(e.g. zirconia), and polymers (e.g. PEEK) provided, detailing their mechanical properties, 

biocompatibility, and applications. In addition, the review discusses different surface 

modification methods, including roughness enhancement and bioactive coatings, which play a 

critical role in improving implant stability and enhancing osseointegration. The findings 

emphasize the importance of selecting appropriate materials and using advanced surface 

treatments to improve dental implant performance, ultimately leading to better patient outcomes 

and satisfaction. Further research is needed to refine these methods and address the challenges 

associated with each type of material.  
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1. Introduction  

Implants have been used to support dentures for many decades. Recently, they have received 

significant attention for their ability to meet the aesthetic and functional needs of patients. Dental 

implants have become a popular treatment option for replacing individual or entire missing teeth 

[1]. According to statistics, approximately 3.5 billion people worldwide suffer from oral 

diseases, which is approximately 45% of the world's population [2]. In addition, there are more 
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than 350 million cases of tooth loss worldwide, which is approximately 6.82% [3]. The number 

of patients suffering from such problems will increase as the average age of the population 

increases [4]. 

In Saudi Arabia, dental caries is a major cause of tooth loss. The prevalence of dental caries is 

estimated to range from 24% to 70%, and the prevalence of periodontal disease is estimated to 

range from 30% to 50%, leading to tooth loss. In addition, accidents and injuries are a direct 

cause of tooth loss [5,6]. Dental implants are an alternative for people who have lost one or more 

teeth due to trauma, gum infection, or any other cause of tooth loss [7]. They are considered one 

of the most important alternatives in the current era to replace damaged and missing teeth, as 

dental implants closely resemble the shape and function of natural teeth as well as the color of 

the crown of adjacent teeth, which gives an aesthetic appearance, and enhances oral health and 

protects the gums and jawbone loss, among others [8]. 

The technological advancements used in dental implants, the increase in tooth loss cases 

worldwide, and the increasing demand for cosmetic dentistry have led to an increase in the 

demand for dental implants. It is estimated that the dental implant market may reach $18.42 

billion by 2030 [9]. The progress of dental implants depends on a detailed study of the interaction 

of implants with surrounding tissues and methods of stimulating bone formation around the 

implants. This has been proven by the increasing number of scientific articles presenting the 

results of studies on the effect of the chemical composition of the dental implant material on oral 

and gum health, and the method of modifying its surface on the main properties of dental 

implants [3]. According to many basic and applied studies, the main materials used in dental 

implants are stainless steel, titanium and its alloys, zirconium alloys, tantalum and its alloys, and 

other materials. The great diversity of dental implants based on chemical composition and 

surface modification technology indicates that it is necessary to reach the optimal material 

selection for manufacturing implants [8,10,11]. 

Therefore, this study aims to analyze the different current materials used in dental implants at 

present, and to find ways to improve their performance properties by modifying the implant 

surface. 

Classification of dental implants 

Dental implants are classified according to their placement into (gingival, subperiosteal, osseous, 

intraosseous, interdental, or composite implants). According to the nature of contact between the 

implant material and the host body (negatively bonded implants, neutrally bonded implants, 

positively neutrally bonded implants, cross-linked positively bonded implants). Moreover, 

according to the shape (flat or hairline implants, cylindrical implants, needle implants, etc.) 

[1,12]. 

Dental implant materials. 

There are a variety of materials used to make dental implants, some of which have been in use 

for thousands of years. There are a variety of materials used in the manufacture of dental 

implants, some of which have been in use for thousands of years. Some implants are made of 

gold or platinum, as well as alloys of these metals. More recently, tungsten, zirconium, and 
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carbon composites have been tried. Stainless steels and cobalt chromium alloys are the most used 

materials for dental implants, due to their acceptable physical properties, good mechanical 

properties, and acceptable morphological compatibility. However, pure titanium or titanium 

alloys have become widely used due to their biocompatible properties with oral tissues. 

Currently, the focus is on coating the implants with tricalcium phosphate or hydroxyapatite to 

provide an effective viscous surface that stimulates bone growth [13]. 

According to the chemical properties and biological responses of dental implants, the three most 

important categories used in dental implants are metals, ceramics, and polymers [14]. 

Metals in Dental Implants 

Metals are the primary choice for dental implants due to their excellent mechanical properties. 

Titanium, especially titanium alloys such as Ti-6Al-4V, are widely used in this field, as they 

offer good corrosion resistance and high biocompatibility properties, making them the standard 

in dental implants [16,17]. However, some components of these alloys, such as vanadium and 

aluminum, raise concerns about toxicity, which has prompted researchers to develop new low-

strength alloys containing non-toxic elements such as nickel, tantalum, and zirconium. These 

new alloys exhibit a hardness range of 55 to 85 GPa, which is much lower than conventional 

alloys, but still higher than the hardness of bone [10,18]. Among other metals used, 316L 

stainless steel is a popular choice for the manufacture of bone screws and plates due to its strength 

and reasonable cost. However, its corrosion resistance is not comparable to that of titanium, 

making it less suitable for dental implants. Cobalt-chromium alloys are also traditional options, 

used to make partial dentures, but in some cases, they show poor performance when in contact 

with bone [19]. 

Tantalum has proven its effectiveness as a dental implant material in recent studies, showing 

promising results in achieving synergy with bone, which enhances bone growth during healing 

periods. Tantalum has high corrosion resistance, and despite not containing threads, it achieved 

stability similar to that of conventional implants [20]. 

Research shows that titanium alloys and alternative alloys such as tantalum show good 

biocompatibility, which supports their use in dental implants. However, challenges related to 

toxicity and hardness require further research to determine the optimal materials for use in 

different clinical contexts [21]. Overall, metals offer a variety of options that may enhance dental 

implant outcomes, making them an active area of research and development in biomedicine. 

Ceramics in Dental Implants 

Ceramic materials are a promising option in the field of dental implants due to their unique 

properties such as high corrosion resistance, excellent biocompatibility, and good aesthetic 

appearance. Ceramic materials used in implants mainly include aluminum oxide (Al2O3), silicon 

carbide (Si3N4), and zirconia. These materials are characterized by their high hardness and 

strength, making them suitable for withstanding the stress resulting from chewing functions [22]. 

Aluminum oxide, for example, shows great corrosion resistance and good mechanical properties, 

but suffers from lower flexural strength compared to metals. However, aluminum oxide and 

zirconia show positive cellular interactions, as their surfaces are characterized by their 
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biocompatibility, which promotes cell adhesion. Studies indicate that treating the ceramic surface 

with the enzyme alkaline phosphatase increases the adhesion of bone cells, which enhances the 

osseointegration process [23]. 

Silicon carbide is another interesting option, as it shows increased hardness and high strength, in 

addition to positive biological properties. Studies have shown that silicon carbide implants 

exhibit good biostability and excellent osseointegration after the healing period, making them a 

strong candidate for use in dental implants [22,24]. However, challenges remain regarding 

dynamic endurance, as repeated stress can lead to microfractures in ceramics. For example, 

studies have shown that the combination of zirconia with alumina can improve fracture 

resistance, enhancing the durability of implants [25]. With their aesthetic and mechanical 

properties, ceramic materials offer an attractive alternative to conventional metals in dental 

implants. However, further clinical research is needed to determine their optimal applications in 

various clinical situations, reflecting the importance of continuing to explore and develop new 

materials in this field [26]. 

Polymers in Dental Implants 

Polymers are an innovative option in the field of dental implants, combining good mechanical 

properties with biocompatibility, making them suitable for use as implant materials. Among the 

most widely used polymers is polyether ether ketone (PEEK), which has strong mechanical 

properties, in addition to its excellent chemical resistance. PEEK is an ideal choice as it does not 

show any shadows on X-rays, making it ideal for medical applications [27]. 

Polymers have an elasticity close to that of bone tissue, which reduces mechanical stress on the 

bone surrounding the implant. Studies show that adding carbon particles to PEEK can enhance 

its strength and elasticity, making it more compatible with bones [28]. Research has also shown 

that PEEK is superior in adhesion to bone and periodontal cells compared to metals such as 

titanium, due to its increased surface wettability [29]. 

Despite the many benefits, there are challenges regarding the rate of bone fusion with polymers. 

Although PEEK shows good biocompatibility, it may be less Osseo integrating than titanium 

[30]. To improve this fusion, surface treatment to improve wetting and adhesion properties, such 

as sand made with aluminum particles or laser modification, has been suggested, which increases 

the effectiveness of polymers as implant materials [31,32]. Furthermore, polymer composites, 

such as carbon fibre-reinforced PEEK, have been studied and show superior mechanical 

performance in high stress environments. Studies suggest that the bond strength at the bone 

interface with these materials can be similar to that of hydroxyapatite-doped titanium, which 

enhances their effectiveness in implantation [33]. 

In conclusion, polymers show great potential in improving dental implant outcomes, but further 

clinical research is needed to determine when and how they should be optimally used, 

emphasizing the importance of continued innovation in this field. 
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Other Materials for Dental Implants 

In addition to metals, ceramics, and polymers, a variety of other materials have been explored as 

potential options for dental implants. These include composites, biomaterials, and some natural 

materials, each of which has unique properties that make them suitable in specific contexts. 

1. Composites: which combine metals with ceramics or polymers, are a promising option 

for dental implants. These materials are designed to take advantage of the properties of each 

component, enhancing strength, flexibility, and biocompatibility. For example, hydroxyapatite 

has been combined with ceramics such as alumina and zirconia to form strong, biocompatible 

composites. These composites have shown good results in terms of osseointegration and wear 

resistance, making them ideal choices for dental applications [34]. 

2. Biomaterials: such as collagen and biofibers, are natural materials that interact well with 

living tissue. Collagen, a protein found naturally in the body, has been used to develop dental 

implants that promote bone growth and regeneration. These materials represent a new direction 

in implant design that can contribute to improved osseointegration and reduced risk of implant 

rejection [35]. 

3. Natural materials: Some natural materials such as animal bone (e.g., processed bone) 

and shellfish extracted materials are used as options for dental implants. These materials have 

high biocompatibility and provide a supportive structure that can enhance the osseointegration 

process. Research suggests that the use of these materials can improve implant outcomes, 

especially in cases requiring bone regeneration [36]. 

4. Laser-processed materials: Advanced processing techniques such as laser processing 

are used to improve the surface of implants, which enhances osseointegration properties. Surface 

improvements can increase the surface area of the implant, facilitating bone cell adhesion and 

improving the healing process. These techniques are an important tool for improving the 

effectiveness of materials used in implants [37]. 

There are many options available in the field of dental implants, allowing the materials used to 

be customized according to the patient’s needs and implant conditions. These materials need 

further research to determine the effectiveness of each in different clinical contexts, but they 

represent a promising future for improving dental implant outcomes. 

Implant Surface Modification 

According to Albrechtson and colleagues (1986), the criteria for the success of dental implants 

depend mainly on the following [38]. 

- Stability of the dental implant and its non-movement upon clinical examination. 

- The absence of any radiographic transparency around the dental implant upon 

radiographic examination. 

- The vertical radiographic bone loss does not exceed 0.2 mm per year, after one year of 

the dental implant being exposed to functional strength. 
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- Absence of the following clinical signs and symptoms after implant loading: Infection, 

Movement, and Numbness 

Dental implant failure is classified as follows [39]: 

- Primary failure occurs within the first three months of the implant's life and is caused 

by the surgical techniques used. 

- Failure occurring within one year is due to compensatory causes and is associated with 

poor occlusal loading. 

- Late failure: occurs within 3-5 years, usually due to plaque and poor oral hygiene. 

Osseointegration and biocompatibility are the most important operational properties of dental 

implants, since the surface of the dental implant is in direct contact with tissues and bones. 

Therefore, modification of the surface of dental implants is of great importance and plays an 

important role in the success of dental implants. 

Methods of surface modification of dental implants are divided according to the main effect on 

the surface into mechanical, physical, chemical, and biochemical. In addation, they are classified 

according to the effect of surface modification of implants on their functional properties into: 

1. methods that aim to change the roughness of the surface of implants to improve their 

integration. 

2. methods that form protective and/or bioactive layers on implants to improve their 

corrosion resistance, biocompatibility, biomechanical stability, antibacterial properties and 

promote bone tissue regeneration. 

The requirements for biocompatibility and effective attachment of implants to body tissues can 

be effectively met using materials with rough surfaces, allowing for strong bonding with living 

tissue. Two primary methods of interaction between the implant and tissue are mechanical 

attachment through tissue ingrowth into the implant pores and chemical attachment via 

interaction with the implant's structural components [40]. 

Smooth, polished (3S) implants have a reduced contact area with body tissues and are fixed using 

the double-shell technique, facilitating removal without damaging surrounding tissues, which 

highlights the superior osseointegration of rough-surfaced implants [41]. Common methods for 

modifying the implant surface microgeometry include anodic oxidation, acid/alkaline etching, 

hydrogen peroxide treatment, and various coating techniques such as sol-gel and chemical 

deposition, along with mechanical treatments like sandblasting and laser ablation. Surface 

roughness significantly impacts cell adhesion, with fibroblasts and epithelial cells adhering better 

to smooth surfaces, while osteoblast proliferation is enhanced on moderately rough surfaces. 

Recent trends in surface modifications focus on applying functional coatings to improve implant 

integration and combat infections that may lead to implant rejection [42]. Research indicates that 

calcium phosphate (CaP) compounds promote stronger bonds with bone tissue compared to 

uncoated titanium implants. Additionally, bio surface modifications using growth factors and 

antibacterial agents are being explored [43]. 
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However, analysis of numerous studies reveals no consensus on the optimal surface modification 

method for dental implants. Enhancing the effectiveness of dental implants requires a 

multifaceted approach involving the selection of suitable materials, manufacturing technologies, 

and surface modifications, including the development of porous structures and bioactive 

properties [44,45]. 

 

2. Conclusion 

The current review indicates the diversity and multiplicity of promising materials used in dental 

implants. However, the selection of modern materials used in dental implants lacks systematic 

and organized methods based on diverse clinical cases, which calls for an integrated approach of 

the type of material used, manufacturing technology, and effective surface modification methods 

to meet the needs of patients and improve the quality of dental implants. Moreover, multiple 

techniques should be combined to create a suitable surface structure and form bio-coatings to 

modify the surface of dental implants and enhance integration with the bone. Modern 

manufacturing techniques and technology have provided dental implants with graded properties, 

which contribute to reducing movement problems and bacterial contamination. The development 

of dental implant technology requires a joint effort in research, development, and clinical 

applications, with a focus on improving material selection, enhancing manufacturing processes, 

and improving surface properties to ensure better patient outcomes. 

 

WORKS CITED  
 
Saghiri, M.A., Freag, P., Fakhrzadeh, A. et al. Current technology for identifying dental implants: a narrative 

review. Bull Natl Res Cent 45, 7 (2021). https://doi.org/10.1186/s42269-020-00471-0. 
Global Oral Health Status Report: Towards Universal Health Coverage for Oral Health by 2030. Available 

online: https://www.who.int/publications/i/item/9789240061484 (accessed on 31 oct 2024). 
Sotova, C.; Yanushevich, O.; Kriheli, N.; Grigoriev, S.; Evdokimov, V.; Kramar, O.; Nozdrina, M.; Peretyagin, 

N.; Undritsova, N.; Popelyshkin, E.; et al. Dental Implants: Modern Materials and Methods of Their Surface 
Modification. Materials 2023, 16, 7383. https://doi.org/10.3390/ma16237383 

Peres MA, Macpherson LMD, Weyant RJ, Daly B, Venturelli R, Mathur MR, Listl S, Celeste RK, Guarnizo-
Herreño CC, Kearns C, Benzian H, Allison P, Watt RG. Oral diseases: a global public health challenge. 
Lancet. 2019 Jul 20;394(10194):249-260. doi: 10.1016/S0140-6736(19)31146-8. Erratum in: Lancet. 
2019 Sep 21;394(10203):1010. doi: 10.1016/S0140-6736(19)32079-3. PMID: 31327369. 

Alyafi, Rusha. "Tooth Loss Status and the Prevalence of Dental Restorations Among the Population of the 
Kingdom of Saudi Arabia." 

Alhabdan, Y.A., Albeshr, A.G., Yenugadhati, N. et al. Prevalence of dental caries and associated factors 
among primary school children: a population-based cross-sectional study in Riyadh, Saudi Arabia. 
Environ Health Prev Med 23, 60 (2018). https://doi.org/10.1186/s12199-018-0750-z 

Clark D, Levin L. In the dental implant era, why do we still bother saving teeth? Dent Traumatol. 2019 
Dec;35(6):368-375. doi: 10.1111/edt.12492. Epub 2019 Oct 14. PMID: 31132200. 

Accioni F, Vázquez J, Merinero M, Begines B, Alcudia A. Latest Trends in Surface Modification for Dental 
Implantology: Innovative Developments and Analytical Applications. Pharmaceutics. 2022 Feb 
21;14(2):455. doi: 10.3390/pharmaceutics14020455. PMID: 35214186; PMCID: PMC8876580. 

Global Dental Implants Market by Design, Type, Price, Procedure, Material, Component, End User—
Cumulative Impact of COVID-19, Russia Ukraine Conflict, and High Inflation—Forecast 2023–2030. 



Dental Implants: Modern Materials and Methods of Their Surface Modification: A Narrative Review 

ESIC | Vol. 8.2 | No. S4 | 2024                                         249 

Available online: https://www.researchandmarkets.com/report/dental-implant#reld0-4620505 (accessed 
on 31 oct 2024). 

Hoque ME, Showva NN, Ahmed M, Rashid AB, Sadique SE, El-Bialy T, Xu H. Titanium and titanium alloys in 
dentistry: current trends, recent developments, and future prospects. Heliyon. 2022 Oct 28;8(11):e11300. 
doi: 10.1016/j.heliyon.2022.e11300. 

Alghamdi, Hamdan S., and John A. Jansen. "The development and future of dental implants." Dental materials 
journal 39.2 (2020): 167-172. 

Chochlidakis, Konstantinos, et al. "Implant survival and biologic complications of implant fixed complete dental 
prostheses: An up to 5-year retrospective study." The Journal of Prosthetic Dentistry 128.3 (2022): 375-
381. 

Saini M, Singh Y, Arora P, Arora V, Jain K. Implant biomaterials: A comprehensive review. World J Clin Cases. 
2015 Jan 16;3(1):52-7. doi: 10.12998/wjcc.v3.i1.52. PMID: 25610850; PMCID: PMC4295219. 

Osman RB, Swain MV. A Critical Review of Dental Implant Materials with an Emphasis on Titanium versus 
Zirconia. Materials (Basel). 2015 Mar 5;8(3):932-958. doi: 10.3390/ma8030932. PMID: 28787980; 
PMCID: PMC5455450. 

Hossain, Nayem, et al. "Recent development of dental implant materials, synthesis process, and failure–a 
review." Results in Chemistry (2023): 101136. 

Jiang X, Yao Y, Tang W, et al. Design of dental implants at materials level: An overview. J Biomed Mater Res. 
2020; 108: 1634–1661. https://doi.org/10.1002/jbm.a.36931 

Alaraby, Hosam Alegaly, M. M. A. Lswalhia, and T. Ahmed. "A study of mechanical properties of titanium alloy 
Ti-6Al-4V used as dental implant material." International Journal of Scientific Reports 3.11 (2017): 288-
291. https://doi.org/10.18203/issn.2454-2156.IntJSciRep20174869 

Choi, Andy H. "The finite element approach." Bone Remodeling and Osseointegration of Implants. Singapore: 
Springer Nature Singapore, 2023. 7-21. 

Saha S, Roy S. Metallic Dental Implants Wear Mechanisms, Materials, and Manufacturing Processes: A 
Literature Review. Materials. 2023; 16(1):161. https://doi.org/10.3390/ma16010161 

Bencharit S, Byrd WC, Altarawneh S, Hosseini B, Leong A, Reside G, Morelli T, Offenbacher S. Development 
and applications of porous tantalum trabecular metal-enhanced titanium dental implants. Clin Implant 
Dent Relat Res. 2014 Dec;16(6):817-26. doi: 10.1111/cid.12059. Epub 2013 Mar 25. PMID: 23527899; 
PMCID: PMC3708989. 

Alaraby, Hosam Alegaly, M. M. A. Lswalhia, and T. Ahmed. "A study of mechanical properties of titanium alloy 
Ti-6Al-4V used as dental implant material." International Journal of Scientific Reports 3.11 (2017): 288-
291. 

Badran Z, Struillou X, Hughes FJ, Soueidan A, Hoornaert A, Ide M. Silicon Nitride (Si3N4) Implants: The 
Future of Dental Implantology? J Oral Implantol. 2017 Jun;43(3):240-244. doi: 10.1563/aaid-joi-D-16-
00146. Epub 2017 Mar 16. PMID: 28301307. 

Aminian A, Shirzadi B, Azizi Z, Maedler K, Volkmann E, Hildebrand N, Maas M, Treccani L, Rezwan K. 
Enhanced cell adhesion on bioinert ceramics mediated by the osteogenic cell membrane enzyme alkaline 
phosphatase. Mater Sci Eng C Mater Biol Appl. 2016 Dec 1;69:184-94. doi: 10.1016/j.msec.2016.06.056. 
Epub 2016 Jun 17. PMID: 27612703. 

Ma Z, Li J, Cao F, Yang J, Liu R, Zhao D. Porous silicon carbide coated with tantalum as potential material 
for bone implants. Regen Biomater. 2020 Jun 18;7(5):453-459. doi: 10.1093/rb/rbaa021. PMID: 
33149934; PMCID: PMC7597802. 

Rekow ED, Silva NR, Coelho PG, Zhang Y, Guess P, Thompson VP. Performance of dental ceramics: 
challenges for improvements. J Dent Res. 2011 Aug;90(8):937-52. doi: 10.1177/0022034510391795. 
Epub 2011 Jan 11. PMID: 21224408; PMCID: PMC3170166. 

Demiyanova, A. V., et al. "Analysis of ion-plasma technology application in medical products proceedings to 
be used for maxillofacial surgery." IOP Conference Series: Materials Science and Engineering. Vol. 781. 
No. 1. IOP Publishing, 2020. 

Chen M, Ren M, Shi Y, Liu X, Wei H. State-of-the-art polyetheretherketone three-dimensional printing and 
multifunctional modification for dental implants. Front Bioeng Biotechnol. 2023 Oct 19;11:1271629. doi: 
10.3389/fbioe.2023.1271629. PMID: 37929192; PMCID: PMC10621213. 

Liao C, Li Y, Tjong SC. Polyetheretherketone and Its Composites for Bone Replacement and Regeneration. 
Polymers (Basel). 2020 Nov 29;12(12):2858. doi: 10.3390/polym12122858. PMID: 33260490; PMCID: 
PMC7760052. 



Abdullah AlRafee, Mohammed Hussain Jafary, Yousef Saleh Alanazi, Hayfa Khaled BinDayel, Maha Saud Aldahami, Baidaa Bakheet 
Albogami, Atheer Saif Saad Alqahtani, Njood Saeed Alwadie  

250                    Evolutionary Studies in Imaginative Culture 

da Cruz MB, Marques JF, Peñarrieta-Juanito GM, Costa M, Souza JC, Magini RS, Miranda G, Silva FS, da 
Mata ADSP, Caramês JMM. Hard and Soft Tissue Cell Behavior on Polyetheretherketone, Zirconia, and 
Titanium Implant Materials. Int J Oral Maxillofac Implants. 2019 January/February;34(1):39–46. doi: 
10.11607/jomi.6926. Epub 2018 Oct 3. PMID: 30282086. 

Najeeb, Shariq, et al. "Bioactivity and osseointegration of PEEK are inferior to those of titanium: a systematic 
review." Journal of Oral Implantology 42.6 (2016): 512-516. 

Gheisarifar M, Thompson GA, Drago C, Tabatabaei F, Rasoulianboroujeni M. In vitro study of surface 
alterations to polyetheretherketone and titanium and their effect upon human gingival fibroblasts. J 
Prosthet Dent. 2021 Jan;125(1):155-164. doi: 10.1016/j.prosdent.2019.12.012. Epub 2020 Feb 18. PMID: 
32081352. 

Gheisarifar M, Thompson GA, Drago C, Tabatabaei F, Rasoulianboroujeni M. In vitro study of surface 
alterations to polyetheretherketone and titanium and their effect upon human gingival fibroblasts. J 
Prosthet Dent. 2021 Jan;125(1):155-164. doi: 10.1016/j.prosdent.2019.12.012. Epub 2020 Feb 18. PMID: 
32081352. 

Luo C, Liu Y, Peng B, Chen M, Liu Z, Li Z, Kuang H, Gong B, Li Z, Sun H. PEEK for Oral Applications: Recent 
Advances in Mechanical and Adhesive Properties. Polymers (Basel). 2023 Jan 11;15(2):386. doi: 
10.3390/polym15020386. PMID: 36679266; PMCID: PMC9864167. 

Skorulska A, Piszko P, Rybak Z, Szymonowicz M, Dobrzyński M. Review on Polymer, Ceramic and 
Composite Materials for CAD/CAM Indirect Restorations in Dentistry-Application, Mechanical 
Characteristics and Comparison. Materials (Basel). 2021 Mar 24;14(7):1592. doi: 10.3390/ma14071592. 
PMID: 33805176; PMCID: PMC8037100. 

Szwed-Georgiou A, Płociński P, Kupikowska-Stobba B, Urbaniak MM, Rusek-Wala P, Szustakiewicz K, 
Piszko P, Krupa A, Biernat M, Gazińska M, Kasprzak M, Nawrotek K, Mira NP, Rudnicka K. Bioactive 
Materials for Bone Regeneration: Biomolecules and Delivery Systems. ACS Biomater Sci Eng. 2023 Sep 
11;9(9):5222-5254. doi: 10.1021/acsbiomaterials.3c00609. Epub 2023 Aug 16. PMID: 37585562; PMCID: 
PMC10498424. 

Khaohoen A, Sornsuwan T, Chaijareenont P, Poovarodom P, Rungsiyakull C, Rungsiyakull P. Biomaterials 
and Clinical Application of Dental Implants in Relation to Bone Density-A Narrative Review. J Clin Med. 
2023 Nov 3;12(21):6924. doi: 10.3390/jcm12216924. PMID: 37959389; PMCID: PMC10649288. 

Olawumi MA, Omigbodun FT, Oladapo BI. Improved Biocompatibility in Laser-Polished Implants. 
Biomimetics. 2024; 9(10):642. https://doi.org/10.3390/biomimetics9100642 

Albrektsson, T., et al., The long-term efficacy of currently used dental implants: A review and proposed criteria 
for success. Int J Oral Maxillofac Implant, 1986. 1(1): p. 11-25. 

Mohajerani H, Roozbayani R, Taherian S, Tabrizi R. The Risk Factors in Early Failure of Dental Implants: a 
Retrospective Study. J Dent (Shiraz). 2017 Dec;18(4):298-303. PMID: 29201974; PMCID: PMC5702435. 

Hao CP, Cao NJ, Zhu YH, Wang W. The osseointegration and stability of dental implants with different surface 
treatments in animal models: a network meta-analysis. Sci Rep. 2021 Jul 5;11(1):13849. doi: 
10.1038/s41598-021-93307-4. PMID: 34226607; PMCID: PMC8257659. 

Kligman S, Ren Z, Chung CH, Perillo MA, Chang YC, Koo H, Zheng Z, Li C. The Impact of Dental Implant 
Surface Modifications on Osseointegration and Biofilm Formation. J Clin Med. 2021 Apr 12;10(8):1641. 
doi: 10.3390/jcm10081641. PMID: 33921531; PMCID: PMC8070594. 

Jemat A, Ghazali MJ, Razali M, Otsuka Y. Surface Modifications and Their Effects on Titanium Dental 
Implants. Biomed Res Int. 2015;2015:791725. doi: 10.1155/2015/791725. Epub 2015 Sep 7. PMID: 
26436097; PMCID: PMC4575991. 

Hou X, Zhang L, Zhou Z, Luo X, Wang T, Zhao X, Lu B, Chen F, Zheng L. Calcium Phosphate-Based 
Biomaterials for Bone Repair. J Funct Biomater. 2022 Oct 14;13(4):187. doi: 10.3390/jfb13040187. PMID: 
36278657; PMCID: PMC9589993. 

Shayeb MA, Elfadil S, Abutayyem H, Shqaidef A, Marrapodi MM, Cicciù M, Minervini G. Bioactive surface 
modifications on dental implants: a systematic review and meta-analysis of osseointegration and 
longevity. Clin Oral Investig. 2024 Oct 11;28(11):592. doi: 10.1007/s00784-024-05958-y. PMID: 
39392473; PMCID: PMC11469970. 

Wang Z, Wang J, Wu R, Wei J. Construction of functional surfaces for dental implants to enhance 
osseointegration. Front Bioeng Biotechnol. 2023 Nov 14;11:1320307. doi: 10.3389/fbioe.2023.1320307. 
PMID: 38033823; PMCID: PMC10682203. 


