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Abstract

:

Featured Application


Zirconia implants present success rates similar to titanium implants and seem to have a better soft tissue response and less material corrosion.




Abstract


This review aims to discuss the advantages and disadvantages of zirconia implants compared with titanium implants. Moreover, it intends to review the relevant available long-term literature of these two materials regarding osteointegration, soft-tissue, microbiota, and peri-implantitis, focusing on clinical results. Briefly, titanium implants are a reliable alternative for missing teeth; however, they are not incapable of failure. In an attempt to provide an alternative implant material, implants made from ceramic-derivate products were developed. Owing to its optimal osseointegration competence, biocompatibility, and esthetic proprieties, zirconium dioxide (ZrO2), also known as zirconia, has gained popularity among researchers and clinicians, being a metal-free alternative for titanium implants with its main use in the anterior esthetic zones. This type of implant may present similar osseointegration as those noted on titanium implants with a greater soft-tissue response. Furthermore, this material does not show corrosion as its titanium analog, and it is less susceptible to bacterial adhesion. Lastly, even presenting a similar inflammatory response to titanium, zirconia implants offer less biofilm formation, suggesting less susceptibility to peri-implantitis. However, it is a relatively new material that has been commercially available for a decade; consequently, the literature still lacks studies with long follow-up periods.
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1. Introduction


Since Brånemark’s first implant attempts until now, dental implant therapy has advanced remarkably with innovations on both surgical and prosthetic fronts. New techniques, surgical procedures, and materials have been developed, ensuring implant stability. However, in contrast to what most patients may think, dental implants are not an infallible solution for the edentulous area. Several complications can occur, reducing the implant success rates. The most common cause of titanium implant failure in the medium and long-term is peri-implantitis. Peri-implantitis is a pathological condition occurring in the peri-implant tissues, characterized by inflammation in the peri-implant mucosa and subsequent progressive loss of supporting bone. It is characterized by profuse bleeding on probing or suppuration, deep probing depth, and bone loss beyond the initial bone remodeling [1]. It is estimated that the peri-implantitis prevalence can be up to 34% [2].



In additional, other less common complications can be found such as fractures [3], titanium allergy [4], and corrosion [5]. According to Lee (2018), the implant fracture prevalence is 0.4% and can be related to prosthetic factors such as inappropriate occlusal, peri-implantitis, overloading, or even manufacturing defects [3]. Titanium allergies are a reaction to the titanium components and might result from ion absorption through the skin or mucosal contact or from implant corrosion processes. It is estimated that 0.6% of the population is allergic to titanium [4]. Corrosion can result from the presence of several corrosive species like hydrogen sulfide compounds dissolved oxygen, free radicals, and chloride ion, resulting in the metal surface breakdown. Even in a passive environment, the basal implant corrosion rate is 0.02 mm/year to 0.13 mm/year [5]. Moreover, another drawback of titanium implants is their dark color. This can be an issue in a patient with a thin gingival phenotype, mainly in the esthetic area [6,7,8]. The grey shadow of titanium may be visible through the peri-implant mucosa, thus impairing the esthetic outcome [9].



In order to overcome the drawbacks of titanium implants, zirconia implants were implemented. These implants have been used in Europe since the early 2000s and, subsequent to FDA approval in 2011, it has been more often used in the USA [10]. Furthermore, implants are a popular solution for edentulous areas, and with the plethora of information available, patients search for different implant alternatives and come to dental offices requesting other options to the conventional titanium. In this matter, clinicians are raising questions such as whether the zirconia implants are reliable? Are they a better option compared with titanium implants? This narrative review aims to clarify these questions and review the long-term results of zirconia implants compared with titanium implants. Furthermore, this article offers a concise review of the literature regarding osteointegration, soft-tissue, microbiota, and peri-implantitis of the two materials, mainly focusing on clinical outcomes. Lastly, this review’s ultimate objective is to provide qualified information to support the decision-making process of clinicians regarding implant material.




2. What Is a Zirconia Implant?


Ceramics are a common material used in dentistry owing to their biology compatibility and long-term durability. The ceramic composites currently in use in medical and dental devices originated from structural materials used in the aerospace and military industry [5]. The first ceramic implant attempt was made of aluminum oxide. However, because of its unsatisfactory toughness and low long-term survival rates, it was withdrawn from the market in the early 1990s [11]. Nowadays, among all dental ceramics, zirconium dioxide (ZrO2), also known as zirconia, has arisen as a multipurpose material thanks to its biological, mechanical, and optical properties. Zirconia does not exist as a pure oxide. Therefore, it needs to be extracted from minerals such as zirconate (ZrO2-SiO2, ZrSiO4) and baddeleyite (ZrO2) [12]. In order to meet structural demands, zirconia is doped with stabilizers to achieve high strength and fracture toughness. Zirconia structures are characterized in three crystal forms: monoclinic, cubic, and tetragonal. At room temperature, zirconia is in its monoclinic structure and changes into the tetragonal structure at 117 °C and into a cubic phase at 237 °C. The cubic phase is unstable and can break into pieces. However, to stabilize the zirconia, CaO, MgO, and Y2O3 (Yttrium) are added to its structure [13]. The properties that make tetragonal zirconia polycrystal a suitable biomedical material are low porosity, high bending, high density, compression strength including low thermal conductivity, high flexural strength, favorable fracture resistance, as well as wear and corrosion resistance [14,15]. Moreover, the opaque white color of zirconia, as well as its biocompatibility, osseointegration, and low affinity to bacterial plaque, make this composite a good candidate for dental implants [14].



The enhanced aesthetics of zirconia is attributed to its ability to mask dark substrates with good opacity in the visible and infrared spectrum and controlled translucency. The masking ability is due to its grain size being greater than the length of light, high refractive index, low absorption coefficient, and high density with low residual porosity, as well as the presence of various additives, stabilizers, and pigments [16].



On the other hand, zirconia also has some disadvantages as aging or degradation at low temperatures. In the occurrence of water or water vapor, there is a slow transformation from the tetragonal phase into the monoclinic phase. It may lead to slow development of roughness, thus producing progressive deterioration of the material. Aging occurs as a result of compressive stresses and microcracking. It may be predisposed by its manufacturing processes, such as the macroscopic form and the surface features of an implant, but this has not yet been fully explained [16,17].



The mechanical and physical properties of zirconia implants depend upon its composition, nature of crystals, metastable polymorphic structure, the ratio of the monoclinic to tetragonal phase, percentage of stabilizing metal oxide, the aging process, the macro and micro design of the implant, the nature of the finish line on the implant abutment, the characteristics of implant abutment, and the amount of occlusal load [16].



Likewise, the implants made of titanium, the zirconia implants, also undergo a surface modification to improve their biological responses. The most common are sandblasting, acid etching, selective infiltration technique (coating the surface with glass infiltration and then heating it in temperature higher than glass transition temperature followed by the infiltration of molten glass between the material grains), polishing, laser treatment, and ultraviolet light [13]. Figure 1 presents the advantages and disadvantages of zirconia implants.



Nowadays, the main clinical indication of a zirconia implant is the anterior esthetic zone cases, especially in those with a scalloped, thin phenotype gingival architecture. Another indication is patients with metal allergies and chronic diseases resulting from this allergy. Further, owing to the lower bacteria accumulation propriety of zirconia implants, this ceramic might be a preferred material for patients with a history of peri-implantitis [7,18,19,20,21,22,23].




3. What Is a Titanium Implant?


Titanium is the ninth most common material found in nature [24]. The most common oxide is titanium dioxide (TiO2), which can be seen as a natural mineral source in three different crystalline forms called anatase, brookite, and rutile [24,25,26]. This material undergoes an allotropic transformation and changes from one crystallographic form to another. At room temperature, it has a hexagonal close-packed structure called the α phase. However, at high temperatures, or precisely at 883 °C, it changes to the β phase where it has a body-centered cubic structure [24,27]. Moreover, titanium can be combined with various other elements to increase its strength and provide resistance against corrosion [25]. Thanks to titanium biocompatibility, this material is broadly used in medicine and dentistry. Overall, titanium is considered inert and safe for human use with minimal side effects in the human body. Figure 2 presents the advantages and disadvantages of titanium implants.



However, the true inertness of titanium has been questioned [28]. Lately, some reports of titanium allergy are described in the literature, and the prevalence of this allergic reaction is estimated to be 0.6% [4]. Likewise, one of the significant drawbacks of this metal is corrosion, leading to the release of titanium particles. Therefore, it is hypothesized that the oral cavity would be more susceptive to titanium corrosion than other parts of the body because of the oral environment condition such as the presence of some level of infection (gingivitis or periodontitis), the use of fluoride-containing toothpaste and mouthwashes, and higher glucose levels, as well as the presence of saliva containing corrosive compounds such as hydrogen, chloride ions, sulfide compounds, dissolved oxygen, and free radicals [29,30,31,32,33,34]. Besides, it has been shown that peri-implant tissues have 100–300 parts per million (ppm) of titanium concentration [26,35], and this number can be considerably higher if implantoplasty procedures are performed [36]. Nowadays, the effect of free titanium particles in the body is still not clear in the literature; however, some reports indicate that these particles could be harmful [37,38]. In the orthopedic field, for example, the most common reason for titanium prosthesis replacement is aseptic loosening, a local periprosthetic osteolysis around joint replacements triggered by wear debris in the absence of bacteria, an inherently mechanical problem [38,39]. More precisely, in the oral cavity, free titanium particles can trigger DNA damage response in oral epithelial cells and the release of titanium parts by ultrasonic scaling can activate the inflammatory response, by secretion of IL-1β, IL-6, and TNF-α [40,41,42]. Furthermore, titanium corrosion may lead to reduced implant strength, compromising its stability [36,43].



Titanium alloys are categorized into five micro-structure categories: α, near α, α + β, near β, and β. The alloying elements are classified as α-stabilizers, for instance, aluminum and oxygen, or β-stabilizers, such as vanadium, iron, nickel, and cobalt [44]. The most common titanium alloys are so-called commercially pure titanium and Ti-6Al-4V, also called TC4, Ti64, or ASTM Grade 5. These alloys are standard in dentistry owing to their high specific strength and excellent corrosion resistance [45]. The commercially pure titanium is classified as α micro-structure. It is available in four different grades numbered 1 to 4, according to the purity and the processing oxygen content, with 1 being the least in terms of oxygen content and 4 the highest. Moreover, the grades differ in corrosion resistance, ductility, and strength. On the other hand, Ti-6Al-4V is categorized as α + β alloy and is composite of 90% titanium, 6% aluminum, and 4% vanadium [46]. It has higher strength and elongation at failure compared with commercially pure titanium. However, aluminum and vanadium can be released by this alloy, causing problems in bone mineralization and allergy reactions [47,48].




4. Osteointegration


Osseointegration is a term from the Latin language where osseous means “bony” and integrare “to make whole”, and it is defined as a “function ankylosis” [49]. Similar to in titanium implants, the osseointegration of zirconia implants is a dynamic process composed of primary stability and secondary stability. Immediately after implant placement, mechanical fixation of the implant provides primary stability, which is direct contact between the bony walls and the implant. It is considered biomechanical stability as there is no biological activity. On the other hand, the secondary biological stability results from the cellular activity with new bone deposition on the implant surface, giving rise to the functional ankylosis [50,51].



At the histological level, osteointegration is an active process that evolves basically two phases: the establishment of the implant in the recipient site and its maintenance. A classical study performed by Berglundh and colleagues [52] elucidates the implant wound healing progression. Briefly, after the titanium is placed in the drilled site, the implant bed is filled with blood from the marginal tissue, and threads of the implant assure the primary stability in direct contact with the surrounding bone. A water molecule forms a pellicle in the implant surface, which facilitates the adhesion of intracellular matrix proteins provided by the blood cells and interstitial fluid [53]. These proteins assist cell adhesion, migration, and differentiation. Next, when hemostasis is achieved and the blood clot is formed, the inflammatory cells are attracted to the wound site, and give rise to the granulation tissues, and fibroblast-like cells can be encountered in the implant zone area. One week after the implant placement, the provisional matrix replaces the granulation tissues, and the first signs of woven bone are present. Between one and two weeks, the bone tissues between the threads, responsible for primary mechanical stability, began to be reabsorbed by osteoclasts, and new viable bone became deposited. Between eight to twelve weeks, the mature bone can be found to be surrounded by bone marrow [52,54,55].



Overall, titanium and zirconia implants present the same bone tissue integration [56]. However, microstructure and implant surface modification methods play a key role in osseointegration. These implant modifications are made to improve mechanical properties of the implants like strength, ductility, biological function, bacterial adhesion, wear, and fracture toughness. This has been well demonstrated in the literature for titanium implants [57,58,59,60,61]. Basically, the surface modifications can be prepared by physical or chemical methods. Among physical modifications can be cited maching, grit-blasting, acid-etching, laser ablation, and nanocomposite. Regarding the chemical modification, examples that can be mentioned are crystalline deposition, oxidation, fluoride treatment, UV treatment, and hydroxyapatite addition [62,63]. Surfaces with proper roughness and hydrophilicity are prone to promote more osseointegration than other surfaces. The most common surface modifications in clinical practice are SLA, SLActive, Osseotite, and TiUnite. SLA has a rough surface produced by sandblasting with large grit followed by mixed acid etching with hydrochloric and sulfuric materials. The SLActive surface is prepared by rinsing SLA-treated implants under a nitrogen atmosphere and storing them in NaCl solution rather than placing them in dry storage. The Osseotite surface is a rough surface with a uniform micro-texture produced by the dual-acid (HCl-H2SO4) etching method. Lastly, TiUnite results from the oxidation process in which implants are treated in a galvanic cell containing phosphoric acid electrolyte. The TiUnite surface is characterized by a thick TiO2 layer enriched with highly crystalline calcium phosphate [19,64,65,66]. A recent network meta-analysis [67] concluded that, regarding osseointegration in the early healing stages, SLActive shows better results. However, over time, TiUnite is the best option among the four implants evaluated. Concerning stability, all implants are eligible with ISQ values greater than 60. Additionally, a previous systematic review evaluation of 27 randomized clinical trials including 38 different implant types concluded that relatively smooth (turned) surfaces were less prone to lose bone as a result of chronic infection (peri-implantitis) than implants with much rougher surfaces (titanium-plasma-sprayed) [68]. Considering the effect of nanostructure at the cellular level, a systematic review concluded that this type of structure has a remarkable advantage in osteoblast proliferation [69].



Specifically regarding zirconia implants, according to Martins and colleagues [70], limited bone remodeling with machined-zirconia implants containing yttria over time can decrease the secondary stability of this type of implant compared with machined and resorbable blast media titanium ones.



In the same way as happens in the titanium implants, the surface modification of the zirconia implants may dictate differences in their osseointegration. Preclinical studies have revealed bone apposition on zirconia implants with various surface modifications, including sandblasting, etching [71], sintering, and coating [72], and even subtle alterations in the surface may have an enormous benefit in the osseointegration.



Owing to the increase in demand for zirconia implants, mainly in an esthetic-driven patient, clinicians and researchers question themselves about the efficiency of this type of implant and its non-inferiority in relation to conventional titanium implants. Mostly preclinical, but also some randomized clinical trials and systematic reviews have been published to answer these questions. Table 1 summarizes the results from existing systematic reviews analyzing the osseointegration of zirconia implants.



A study with human biopsies from 22 failed zirconia implants (failed from trauma or extensive bone loss compatible with peri-implantitis) showed dense bone with stable laminar structure in tight contact with the implant surface and no gaps. The bone–implant area ranged from 58.1 to 93.7% [77].




5. Soft Tissue Reaction


In natural dentition, the consensus is that there are not necessarily specific keratinized gingiva dimensions to maintain periodontal health under good oral hygiene [78,79,80]. On the other hand, the peri-implant soft tissue is different from that around a natural tooth. In implants, as its surface is directly attached to the bone, there are not periodontal fibers anchoring in the bone, and collagen fibers run parallel to the implant surface without direct anchorage [81,82]. This soft tissue architecture is considered unsteady and provides an inferior biologic seal [83]. As a consequence, the soft tissues surrounding the implants are more prone to develop inflammatory disease processes. Furthermore, implants with a thin phenotype and inadequate keratinized mucosa width (less than 2 mm) have a higher prevalence of peri-implantitis and peri-implant mucositis [83,84,85], demonstrating that soft tissue plays a crucial role in implant health.



Currently, several in vitro studies show that zirconia implants have better biological reactions in periodontal tissues when compared with titanium [13]. For instance, fibroblasts proliferate faster and are more equally distributed in zirconia disks compared with titanium [86]. Moreover, this material enhances collagen and extracellular matrix proteins’ release [87,88]. Furthermore, analyzing the results of zirconia interaction with epithelial cells, it looks like zirconia increases the differentiation and proliferation of these cells, facilitating the healing process and protective scarring around the implants [13]. Moreover, the zirconia implants present longer junctional epithelium and a higher density of collagen fibers, which might increase the soft-tissue closure and decrease the inflammatory infiltration around zirconia implants [56].



Regarding the orientation of collagen fibers around implants, the same way as in titanium pieces, the adherence of collagen fibers into zirconia implants occurs in a parallel and parallel-oblique way [89]. Furthermore, the supracrestal tissue adhesion (also formerly known as biology width or supracrestal tissue attachment) is more prolonged in titanium implants (mean of 5 mm) compared with zirconia implants (4.5 mm), meaning that zirconia implants have a significantly lower sulcus depth. Nevertheless, the epithelium length mean was 2.9 mm in both groups. On the other hand, a significant difference was found in the connective tissue of both materials (2.4 mm around zirconia implants and 1.5 mm around titanium implants), demonstrating a higher organization of collagen fibers. These results suggest that a more mature and pronounced soft tissue integration happens with zirconia implants compared with titanium [53].




6. Microbiota and Peri-Implantitis


Peri-implantitis is an inflammatory process around an osseointegrated implant, including soft tissue inflammation and progressive loss of supporting bone beyond biological bone remodeling [1]. This inflammatory process is the leading cause of loss of implants in the long term. Peri-implantitis results from biofilm dysbiosis deposits surrounding the peri-implants’ mucosa, meaning that bacteria deposition is essential to develop the inflammation reaction. In addition, research considering bacterial adhesion on titanium has revealed that the corrosion of titanium increases plaque accumulation. On this matter, zirconia implants have been suggested as a peri-implant mucosa-friendly alternative [90].



Recent studies show intriguing results promoting the advantage of zirconia implants in this matter regarding biofilm formation and bacterial adhesion in zirconia implants. An in vitro study aimed to compare the biofilm formation in the zirconia or titanium disks using three-species biofilm or human plaque samples in an anaerobic flow chamber mode. The researchers found that zirconia showed a reduction in biofilm thickness and mass compared with titanium, but similar biofilm metabolism was found. These results suggest that zirconia implants can form less plaque, leading to less peri-implant inflammation than titanium implants [20]. Considering the bacterial adhesion in zirconia, the Grossner–Schreiber group [22] found that bacterial counts were higher with titanium discs than zirconia, while Scarano et al. [23] showed that bacterial adhesion was significantly higher with pure titanium surfaces as compared with zirconium oxide surfaces, as data also supported by Sadid-Zadeh and collaborators find [87]. Moreover, these results are supported by an animal model. That is, a study comparing ligature-induced peri-implantitis around zirconia or titanium implants in dogs. They found that the first presented less crestal peri-implant bone loss and no implant failure. In contrast, the second shows one implant loss due to peri-implantitis [21]. Additionally, a recent systematic review with meta-analysis indicated that zirconia accumulated less initial oral biofilm parameters and less roughness in the zirconia surface [91].



On the other hand, taking into consideration the role of host response in peri-implantitis, a recent study [92] compared the expression of immunoinflammatory markers in the tissues around ceramic and titanium implants. The authors found a similar number of inflammatory cells (T- and B-cells) in mucosa surrounding ceramic implants when compared with titanium ones, concluding that the cellular response to the inflammatory challenge provoked by the biofilm around implants is the same, independent of the material with which the implant is made.



Besides, the hypothesis has been raised in the literature that not only biofilm is responsible for peri-implantitis in titanium implants, but also foreign body reaction, allergies, cement excess, or even metallosis [93]. Considering all the factors discussed above, it could be assumed that zirconia implants present lower prevalence rates when compared with titanium implants. Nevertheless, according to a systematic review and meta-analysis [94], owing to the heterogeny of assessment and short-term evaluation of the zirconia implants’ clinical studies, non-conclusive results are found regarding inflammatory parameters in peri-implant mucosa around zirconia implants. On the other hand, one prospective study that followed up zirconia implants for 7.8 years found no difference between teeth (control group) and implant regarding bleeding index, attachment level, or bacterial colonization. Interestingly, zirconia implants presented less plaque accumulation and recession, but more probing depths when compared with natural dentition [95]. Moreover, another systematic review [96] concluded that zirconia implants had less plaque accumulation and less inflammation around the peri-implant mucosa.




7. Long-Term Results


The objective of a dental implant is to replace a missing tooth in a functional and esthetic way. Thus, for an implant to be considered successful, it needs to be permanently osseointegrated and healthy. Thus, long-term results are essential to determine which material is superior. In this way, to compare titanium versus zirconia implants is an unfair evaluation because, on one side, it encounters a long-term result of the stabilized treatment option—titanium implants—against a novel material with short-term results and specific indications—zirconia.



Regarding the overall success of the implants, both materials present a satisfactory survival rate. According to Buser et al. [97], titanium implants show an overall 10-year implant survival rate of 98.8% and a success rate of 97.0%. On the other hand, the recent systematic review and meta-analysis, which evaluate randomized clinical trials of at least 1 year follow-up showed that zirconia implants present a survival rate of 91.5% to 98.3%, a success rate of 91.6%, and marginal bone loss ranging from 0.7 mm to 0.98 mm [94].



Table 2 presents the main findings of systematic reviews that analyzed titanium versus zirconia implants.




8. Conclusions


To conclude, answering the question posed in the title of this review, it is unlikely that zirconia implants will replace the titanium implants’ use entirely owing to the high success rates, long-term stability, and satisfactory osseointegration of the titanium implants found on the market nowadays. However, based on the literature, it seems like zirconia implants are reliable substitutes for cases in which titanium is not an option or in cases where aesthetics is in high demand. Moreover, it is essential for the clinician to be aware of the advantages and drawbacks of this implant option to make the best decision for the treatment of the edentulous area. Furthermore, possibly, in the future, zirconia implants can be the first choice for a patient with a history of periodontitis/peri-implantitis, but more studies with longer follow-up are necessary to prove that zirconia has better performance against bacterial challenges.



Based on the findings of this review, it is possible to conclude that



	
Titanium implants are still the standard material for the replacement of a missing tooth;



	
Titanium particles are potentially harmful to the peri-implant tissue; however, more studies are necessary for definitive conclusions;



	
Osteointegration of zirconia and titanium implants are similar and are influenced by microstructure and the treatment of the surface;



	
Some clinical studies show better soft tissue response with zirconia implants, suggesting that this material can provide a protective effect against inflammation;



	
Some studies suggest that zirconia implant seems to be less susceptive to peri-implantitis than titanium implants;



	
There is a lack of studies with a long-term follow up of zirconia implants.
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Figure 1. Schematic illustration of the advantages and drawbacks of zirconia implants. 
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Figure 2. Schematic illustration of advantages and drawbacks of titanium implants. 






Figure 2. Schematic illustration of advantages and drawbacks of titanium implants.
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Table 1. Summary of systematic reviews (SRs) analyzing the osseointegration of zirconia implants.
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	Reference
	Aim
	Main Results
	Conclusions





	Wenz et al., 2008 [73]
	SR with seven animals’ studies to report the clinical success of zirconia implants and osseointegration compared with titanium.
	The mean bone–implant contact percentage was above 60%. In studies comparing zirconia vs. titanium, the first was comparable to or even better than the second. Surface modifications may further improve initial bone healing and resistance to removal torque.
	Zirconia implants may become an alternative to titanium implants, but cannot currently be recommended for routine clinical use, as no long-term clinical data are available.



	Hashim et al., 2016 [10]
	SR with 14 clinical studies and at least 1 year follow up to analyze osseointegration of zirconia implants.
	The overall survival rate of zirconia was 92% after one year of function. Early failure of zirconia implants oscillated between 1.8 and 100 %, with 77% of overall early failure rate.
	Zirconia ceramics could potentially be the alternative to titanium for a non-metallic implant solution.



	Pieralli et al., 2017 [74]
	SR of two RCTs and seven prospective clinical trials with zirconia implants restored with single crowns and fixed dental prostheses.
	The survival rate after 12 months ranged between 85% and 100 with a mean of 95.6%.

The mean marginal bone loss after 12 months follow up was 0.79 mm.
	The survival rate and marginal bone loss of zirconia dental implants after one year are comparable to available data of two-piece titanium implants.



	Pieralli et al., 2018 [75]
	SR with 54 studies analyzing osseointegration of zirconia implants in animal studies.
	Titanium implants showed a bone to implant (BIC) contact of 60.70% after the mean follow-up time. In comparison, zirconia implants showed a reduced BIC of −3.47%.

Titanium implants showed a removal torque analysis of 102.71 Ncm after the mean follow-up time. No significant difference was found for zirconia implants (−7.31 Ncm, p = 0.44). In general, smooth implant surfaces (−43.85 Ncm, p = 0.03) and implant loading (+40.78 Ncm, p < 0.01) significantly influenced the removal torque. A roughness of Ra >2 m and Sa > 2 m resulted in a positive effect.
	No significant difference of zirconia or titanium on the results analyzed could be found. Moreover, the results might depend on the animal model studied.



	Borges et al., 2020 [76]
	SR with 19 articles regarding survival rate and marginal bone loss (MBL), with a minimum follow-up of 12 months.
	The marginal bone remodeling of 0.8 mm and 1.01 mm at 1 year and 2 years post-loading, respectively. Overall failure rate of 6.8% in 2.75 years. Early failure was 3.4%, late failure was 1.7%, and implant fracture was 1.7.
	Zirconia presents results similar to titanium. However, the studies demonstrate a short follow-up period.
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Table 2. Summary of systematic reviews comparing zirconia and titanium implants.
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	Reference
	Aim
	Main Results
	Conclusions





	Andreioitelli et al., 2009 [98]
	SR with 25 studies describing clinical animal studies.
	Animal studies show similar results between titanium and zirconia implants. Clinical outcomes presented a survival rate from 84% after 21 months to 98% after 1 year for zirconia implants.
	No difference was found in the rate of osseointegration between the different implant materials in animal experiments. Regarding the clinical studies, the authors concluded that only cohort investigations with questionable scientific value were found at that time.



	Manzano et al., 2014 [99]
	SR with 16 animal studies comparing the removal torque and bone–implant contact.
	Titanium: in rabbits, BIC = 32%, after 3 weeks and 80% in 4 weeks; in minipigs, 24% after 4 weeks and 83% after 12 weeks.

Removal torque—in rabbits, 42 Ncm in the tibia after 6 weeks 36 to 74 Ncm in the femur after 6 weeks; in minipigs, 245 Ncm after 4 weeks and 105 Ncm after 12 weeks.

Zirconia—in rabbits, 72% after 4 weeks;

in minipigs, 71% after 12 weeks.

Removal torque—in rabbits, 12 Ncm in the tibia after 6 weeks to 98 Ncm in the femur after 6 weeks; in minipigs, 112 Ncm after 4 weeks and 26 Ncm after 12 weeks.
	BIC and removal torque did not show a significant statistical difference between titanium and zirconia implants.



	Hafezeqoran and Koodaryan 2017 [100]
	SR and meta-analysis of 15 preclinical studies analyzing bone to implant contact and removal torque.
	The range of BIC was 31.80% to 87.85% for titanium, 33.74% to 84.17% for machined zirconia, 41.35% to 67.4% for blasted zirconia, and 51.1% to 71.4% for surface etched zirconia in the studies. No significant statistical difference in the BIC values between titanium machined zirconia or blasted zirconia implants was found. However, acid-etched zirconia significantly increased BIC compared with titanium implants (𝑝 = 0.032). More favorable removal torque values for untreated zirconia implants than those of machined zirconia implants, which were statistically significant (𝑝 < 0.001).
	Acid-etched zirconia implants may present a successful osseointegration.



	Siddiqi et al., 2017 [101]
	SR of 29 animal studies.
	Zirconia has shown a similar %BIC to that of Ti implants in most of the studies. Cracks and material fracture have been attributed as the major technical complications related to Zr implants possibly leading to early implant failure.
	The use of zirconia implants to restore edentulous area should be carefully evaluated.



	Sivaraman et al., 2018 [16]
	Critical review
	The early fracture of a one-piece zirconia implant, especially in the posterior region, is a sensitive and critical factor to be considered regarding its use and acceptance in all clinical situations. As most clinical studies on zirconia implants are short-term, substantial evidence supported by long-term clinical trials is warranted before zirconia-based implant systems can completely replace titanium for prosthetic rehabilitation.
	Zirconia implants are a favorable alternative to titanium with greater soft tissue response, biocompatibility, and aesthetics with comparable osseointegration.



	Roehling et al., 2019 [21]
	SR and meta-analysis of 37 preclinical studies comparing titanium and zirconia implants regarding soft and hard tissue.
	Outcome measurements:

Titanium—BIC = 59.1%

Removal torque = 102.6 Ncm

Push in = 25.1 N

Zirconia—BIC = 55.9%

Removal torque = 71.5 Ncm

Push in = 22.0 N

Similar qualitative soft tissue integration was reported for zirconia and titanium implants. However, faster maturation processes of epithelial and connective tissues around zirconia implants were assumed. Quantitatively, similar bone width dimensions were evaluated for titanium (3.5 mm) and zirconia (3.2 mm), whereas the loading protocol significantly influenced the outcomes.
	Zirconia and titanium implants demonstrate a similar soft and hard tissue integration capacity. However, titanium tended to show a faster initial osseointegration process compared with zirconia. Nevertheless, animal species and study protocols can significantly influence the outcomes.



	ArRejaie et al., 2019 [102]
	SR of six studies comparing one-piece titanium vs. one-piece zirconia implants.
	Zirconia implants showed higher crestal bone loss compared with titanium. Variable results regarding failure rate were found.
	High heterogeneity of results.



	Comisso et al., 2021 [96]
	SR with 15 articles evaluating aesthetic, clinical benefits, and survival rates.
	Zirconia implants showed better esthetic outcomes, less plaque accumulation, and less inflammation around the peri-implant mucosa than titanium. Moreover, zirconia presented a lower probing depth and an ideal papilla crown proportion with an increased papillary height. For survival and success rates, no difference was found between the materials.
	It seems like zirconia implants present better clinical performance than titanium ones. However, more studies are needed to confirm these data.







* BIC = bone implant contact.
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