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Abstract

Introduction and Objective: Adverse immune reactions to titanium dioxide, aesthetic challenges, metal free prosthetic reconstruc-
tions and breakthroughs in bio-ceramic development are major drawbacks of titanium dental implants. Studies have revealed that
zirconia is aesthetic and more biocompatible when compared to titanium alloys, reducing bacterial and plaque adhesion, preventing
soft tissue inflammation and preserving long term stability of the marginal bone around implants. Recent biomechanical and histo-
logical analyses have shown that osseointegration with zirconia implants are also similar to those with surface-modified titanium.
The objective of the present systematic review is, therefore, to identify, analyze and retrieve detailed data from published clinical

studies on monolithic one-piece zirconia implants with respect to overall implant survival rate and crestal bone level changes.

Materials and Methods: A Medline (PubMed) electronic database search was undertaken between 2000 and October, 2015 includ-
ing clinical studies in fully or partially edentulous patients, in English language with a mean follow-up time of at least 12 months.

Selected inclusion and exclusion criteria guided the search. Data were extracted and statistically analyzed.

Results: A total of 22 studies (17 prospective and 5 retrospective) fulfilled the inclusion criteria. The mean cumulative survival rate
for one-piece zirconium-dioxide implants was 95% after a mean follow up time of 28.54 months. The mean marginal bone level
change was 0.81 mm (SD 0.09) during the follow up period. No difference was found between the conventionally or immediately
loaded/provisionalized monolithic one-piece-zirconium oxide dental implants in terms of implant survival rates and marginal bone

level within the follow up period.

Conclusion: The present meta-analysis on one-piece zirconium oxide dental implants presents high survival rates and good marginal
bone level stability within the short follow-up period. Based on the current literature, monolithic zirconium-dioxide implants demon-
strate survival rates comparable to conventional Ti dental implants. No significant difference can be established between one-piece
zirconium dioxide dental implants and titanium dental implants with regard to survival rate and marginal bone level changes over

short follow-up periods.
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Introduction

Rehabilitation of missing teeth with dental implants for function and aesthetics is an accepted and reliable treatment modality with
predictable results and high long-term success rates [1-4]. The breakthrough of dental implants is attributed to the Swede Per- Ingvar
Branemark, who has inserted the first titanium implant to a patient in 1965 [5]. Since then, the success rates of titanium implants of 78%
to 89% for the edentulous maxilla and 86% to 89% for the edentulous mandible have been reported for over periods of 10 to 15 years
[1,6-9]. Similar success rates have also been shown for the partially edentulous patients (93.1%) and for patients with single tooth gaps
(95.2%) [2,10-12]. The main material used for fabrication of dental implants is titanium and its alloys. Titanium exists in nature as a pure
element with atomic number 22 and atomic weight 47.9. Titanium is characterized by lightness in weight, good mechanical strength, high
melting level, low degree of thermal expansion and density (4.5 g/cm). Titanium is also known to be biocompatible and resistant to cor-
rosion. For the manufacturing of dental implants, titanium is used in pure form and in the form of aluminium alloys free from vanadium
(Ti-6Al-/Nb) or containing vanadium (Ti-6Al-4V). Clinically, two forms of titanium have taken the highest interest; one is pure titanium
(Ti-160) and the other alloy of Ti-6%Al-4%Va (Ti-318). Other than pure titanium, the modulus of elasticity of Ti-6Al- 4V is closer to that
of bone. Recently, newer titanium alloys have also been developed, including TiZr, Ti-13Nb-13Zr and Ti-15Mo-2.8Nb. These new implants

have been reported to exhibit higher strength and corrosion resistance [13-15].

However, despite to high mechanical and biological properties of implants made of titanium and its alloys, the choice of material for
a particular implant should meet many different criteria. Some authors addressed adverse immune reactions to titanium- dioxide as a
possible contributing factor to biological complications of titanium implants [17]. It has been suggested that the particles spread from
titanium implants simulate macrophages stronger than particles from any other materials used in implant restoration. ‘Macrophages
release pro-inflammatory cytokines, such as interleukin 1 (IL-1) and tumour necrosis factor alpha (TNF-a) mediating the inflammatory
and osteolytic process of peri-implantitis’ [16-20]. Lalor, et al. also reported ‘a sensitization to titanium as monoclonal antibody labeling
showed macrophages and T lymphocytes in the presence of titanium particles’ [21,22]. Although, the clinical relevance of these findings

are not clear yet, titanium may provoke undesired host reactions [21].

Furthermore, aesthetic challenges, metal-free prosthetic reconstructions and breakthroughs in bio-ceramic developments have been
classified as the drawbacks of Ti implants [23]. Particularly patients with thin mucosal biotype and/ or high smile line may be in the need
a special treatment protocol with a metal-free approach [24]. It has been demonstrated that in cases with a soft tissue thickness of 2 mm
or less, titanium revealed significantly more soft tissue discoloration compared to metal free materials. This discoloration, which appears
as a grayish reflection through the mucosa, causes unsatisfactory aesthetic outcomes [21,24,25]. Hence, there is a move from titanium to
tooth-colored dental implants in the oral cavity with this being driven by patient demands for improved aesthetics and dentist interest in

all ceramic materials increases.

Implants made of ceramic materials with colour similar to those of natural teeth have been suggested. Previous attempts to use alu-
minium oxide (Al,0,) implants revealed unsatisfactory results due to its poor survival and success rates [15]. Therefore, zirconia implants
have become a focus of interest in implant dentistry and discussed as a non- metallic and whitish alternative to Ti implants. Most com-
monly, yttria-stabilized tetragonal zirconia polycrystal (Y-TZP) is used to manufacture oral zirconia implants due to its exceptional bio-
physical properties. Its white colour, low susceptibility to plaque, excellent biocompatibility, enhanced mechanical strength and fracture

resistance are among the most favourable properties of Y-TZP [26,27].

Zirconia has high flexural strength (900-1200 MPa), hardness (1200 Vickers) and Weibull modulus (10 - 12) [21,28]. The uniaxial
strength of zirconia has been shown to be 409-899 MPa. Along with the strength, the fracture toughness is a main parameter to evaluate
the performance of a dental ceramic; and zirconia implant has been shown to be 4 - 6.2 MPa [15]. The stress distribution for yttrium-
partially stabilized zirconia is also found to be similar to that of titanium. Recent biomechanical and histological analyses have revealed
that the rate of apposition and degree of osseointegration with zirconia implants are also similar to those with surface-modified titanium
[14,24].
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In order to improve osseointegration, the zirconia implants are introduced in the form of coatings onto Ti implants, but concerns
raised about degradation and debonding of these coatings. The improved mechanical properties of polycrystalline zirconia ceramics have
made them a very suitable material for manufacturing the monolithic one-piece ceramic implants, but the two-piece dental implant made
of zirconia is not certain yet [9,29-31]. With the monotype (one-piece) implant design, the abutment is integrated to the implant design so
that there is no microgap between the implant and the abutment. Recent studies demonstrated excellent results with titanium monotype

implants in terms of overall survival and mean marginal bone level change [24,32].

The highest level of evidence derives from systematic reviews analyzing the controlled clinical trials. The objective of the present
systematic review is, therefore, to identify, analyze and retrieve detailed data from published clinical studies on monolithic one-piece zir-
conia implants with respect to overall implant survival rate and crestal bone level changes. The null hypothesis of this study is that there

is no difference between ZrO, one-piece dental implants and Ti-dental implants with respect to marginal bone level and implant survival.
Materials and Methods

An electronic search of publications from 2000 to October, 2015 was established using Medline (via PubMed) with the purpose of
collecting relevant data on the implant survival rate and marginal bone level changes of one-piece zirconia implants. The following terms
were used for search strategy: (dental OR oral) AND implant* AND (zircon* OR ceramic). This search was combined with the following
search terms: ‘one- piece’, ‘success rate’, ‘survival’ and ‘bone-level’. The search was limited to only clinical studies in humans those were
written in English with abstracts (text options). The electronic search was complemented by a hand search of potentially relevant articles
in peer reviewed dental journals available in Pubmed: Clinical Oral Implant Research, Clinical Implant Dentistry and Related Research, Jour-
nal of Periodontology, International Journal of Clinical Periodontology, International Journal of Oral and Maxillofacial Implants, Journal of
Prosthetic Dentistry, International Journal of Prosthodontics, Implant Dentistry, and Journal of Oral Implantology. The inclusion/exclusion

criteria and the search strategy are summarized in table 1.

Target question What is the clinical outcome of monolithic zirconium implants in terms of implant survi-

val and marginal bone level in (partially) edentulous patients?

Search strategy
Population Edentulous or partially edentulous patients treated with dental implants
Intervention Monolithic zirconium-dioxide implant placement
Comparison Titanium (pure or Ti alloys) implants
Outcome (1) Implant survival (2) Marginal bone level changes
Keywords (Dental OR oral) AND (implant OR implants) AND (zircon* OR ceramic)
Database Search
Electronic PUBMED (MEDLINE)
Journals Hand search

Selection criteria

Inclusion criteria Zirconium-dioxide one-piece implants
Only human studies
Studies in between 2000 (1, January) until October, 2015
Prospective: randomized-controlled, non-randomized, cohort studies

Retrospective: controlled, case control

Exclusion criteria Animal studies
In-vitro studies
Studies with mean follow up period of < 12 months
Studies in languages other than English
Reviews

Papers with no abstract available

Case reports

Table 1: Systematic search strategy.
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This literature review included clinical studies on monolithic one-piece zirconium- oxide implants with a follow-up period of at least
12 months. Therefore, articles based on two-piece ceramic implants or implants other than ceramic, experimental in-vitro studies, animal
studies were excluded. The reported data should include implant survival and/or marginal bone-level changes at least 12 months. Other

factors such as prosthetic survival, complications were also incorporated into the study.
Inclusion criteria: Zirconium-dioxide one-piece implants; only human studies; prospective: randomized-controlled, non-randomized,

cohort studies; retrospective: controlled, case control; studies in between 2000 (1, January) until (31, October) 2015.
Exclusion criteria: Case reports; animal models; in-vitro studies; studies in languages other than English; reviews; papers with no

abstract available; studies with mean follow up period of < 12 months.
Keywords: Dental; Oral; Implant*; Zirkon*; Ceramic; One-piece; Success rate; Survival; Bone-level. Key Words Combinations: 1- Dental

AND Implant* AND Zircon* 2- Dental AND Implant* AND Ceramic 3- (Dental OR Oral) AND Implant* AND (Zircon* OR Ceramic) AND One-
piece 4- (Dental OR Oral) AND Implant* AND (Zircon* OR Ceramic) AND (One-piece OR Success rate OR Survival OR Bone-level).

A literature search was performed using PubMed based on the inclusion criteria. All titles, abstracts and full-text articles obtained
from literature search were consecutively evaluated at the corresponding stages of the screening. Based on the inclusion criteria, 1080
titles, 127 abstracts, and 36 full-text articles were screened for inclusion in the systematic review. A total of 22 articles were included for

data collection (Figure 1).

Electronic search by
= rd
b Medline database
(n= 1080)
Titles screened Publicstions excluded
(n=1080) —> during title screening
n=053
2 Abstracts screened Publications excluded
g n= 127 —>{ during abstract screening
n=81
Full-texts screenad Publications excluded
n=38 |—3»{ during full-text screening
n=24
Potential relevant
full texts
n=12
i Manusl search
a < n=18
N o4
¥ n=8
Publications fulfilling the
inclusion criteria
£ n=22

Figure 1: Schematic illustration of literature search and selection of articles.
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Data analysis/Statistical methods

The meta-analysis was performed using R3.2 meta for package (1.9 - 5) and the STATA statistical software version 11.1 with the meta-
analysis command ‘metaprop’ and ‘metareg’ Significance level was set at P =.05 in all levels of the study. Begg’s Test, Egger’ s test and Fun-
nel Plot were used to illustrate the risk for publication bias for this meta-analysis (Chart 1 and figure 2). The random effects model was
used to weight studies on the forest plots. The meta-analysis consisted of a weighted average for survival and MBL, based on a random-
effects model, with a confidence interval of 95%. The effect of loading protocol, age and follow-up time to the cumulative survival rate
(CSR) and marginal bone level (MBL) was also evaluated with meta regression analysis. No significant difference was found according to

the metares analysis with these parameters.

Chart 1: Funnel plot calculated for selected studies.

Figure 2: Tests for publication bias.
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Results

The electronic search in the database Medline (via PubMed) provided a total of 1080 titles. A total of 127 relevant titles were selected
for the abstract evaluation. After screening of the abstracts, 36 publications were selected for full-text evaluation. A manual search ren-
dered an additional 18 relevant publications. After full text evaluation, 32 publications were excluded. Following the systematic search
strategy, a total of 22 publications were included in the systematic review of clinical outcome of zirconium-oxide dental implants, 3 stud-
ies could be not evaluated because of lack of data [21,24,33-55]. Among the selected 22 studies, six (21%) were cohort studies [21,33-37];
seventeen studies (61%) had a prospective design [21,24,33-37,43,47-55] and 5 (18%) had a retrospective design [38,40,44-46].

15 (68%) studies were conducted in universities, 5 (23%) were in private settings, 2 (9%) were in combination of universities and
private settings. Most of the studies were short term with a follow up period of 12 months reported in 8 studies [21,24,34,36,37,43,46,55],
13 to 24 months in 5 studies [40,50,52-54], 25 to 36 months in 2 studies [35,44], 37 to 48 months in 5 studies [45,47-49,51]. Two studies
reported on outcomes after a period of over 5 years [33,38].

The studies reported on 10 commercially available implant systems: WhiteSKY (Bredent Medical, Senden, Germany), Ziraldent FR1
(Metoxit AG, Thayngen, Switzerland), Ceramic.implant (Vita-clinical; VITA Zahnfabrik, Bad Sackingen, Germany), Z-Look3 (Z-Systems
GmbH, Kiel, Germany), PURE Ceramic (Institut Straumann AG, Basel, Switzerland), Southern Implants (Irene, South Africa), ZV3 (Zircon
Vision GmbH., Wolfratshausen Germany), Ceramic ZiUnite (Nobel Biocare, Gothenburg, Sweden), CeraRoot (Oral Iceberg,). Thus, two
studies evaluated implants with alumina toughened zirconia (ATZ) [34,35]. Remaining 20 articles evaluated implants with yttria-stabi-
lized tetragonal zirconia polycrystal (Y-TZP) [21,24,33,36-38,40,43-55].

Overall, a total of 1954 zirconium-dioxide dental implants in 1083 patients with an age ranging from 18 to 85 were involved in the

included 22 studies. The mean age of the patient population was 54.6 years. 105 (5,37%) implants were drop-outs and thus not followed.

The majority of the studies (20) reported on maxillary and mandibular jaw locations [21,24,33,34,36-38,43-55]. Two studies did not
state the exact number of the implants placed with regard to maxilla or mandible [35,40]. In most of the studies, the implants were placed
to healed sites; only 50 implants in 6 studies were placed to post extraction sites [33,35-37,50,55]. Three studies did not state weather
the implants were placed to post extraction or healed sites [40,45,46]. The search identified a total of 484 implants with a conventional
loading protocol in 5 studies [24,38,40,43,44]. 17 articles addressed an immediate loading and/ or immediate provisionalization protocol
[21,33-37,45-55]. The scientific evidence on one-piece zirconium-dioxide implants with ball-attachment design for complete dentures
for fully edentulous patients was supported by only one study [43]. In one study, removable hybrid denture was also included for to sup-
port monolithic zirconia implants [44]. Other than that, the rest of the studies were designed for fixed partial dentures (FPDs) from single
crowns to multi-unit bridges [21,24,33- 38,40,45-55].

Implant survival

The included studies that reported cumulative survival rates of one-piece zirconium oxide dental implants are presented in table 2.
Twenty-two studies were identified: 17 prospective clinical reports and 5 retrospective studies. The mean follow- up time was 28.54
months. The mean cumulative survival rate of monolithic zirconium- oxide dental implants was 95% after follow up time of 28.54 months
(Chart 2). The implant survival was unaffected by age, follow-up time and loading protocol. The mean cumulative survival rate at the 72
months follow up was unchanged 95% (Chart 3). Grassi,, et al. evaluated the clinical outcomes of immediate occlusal loaded thirty one-
piece zirconia implants and found the cumulative survival rates of 96.8% at 4.3 to 6 years [33]. Other studies evaluated zirconia implant
survival rates at 12 to 71 months and found an outcome between 77% to 100%. In five of the studies, a conventional loading protocol was

applied. The survival rate for conventionally loaded implants was found 86%; and for immediately loaded implants, the survival rate was
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97% (Chart 4); however, the difference was not scientifically significant. In addition, age and follow up time did not significantly affect the mean cumulative survival rates of the one-piece zirconium oxide implants. In two studies,

alumina toughened zirconia (ATZ) was used. Spies., et al. evaluated the clinical outcome of a total of 27 inserted ATZ implants and found the cumulative survival rate 88.9% at the 12 months follow up [34]. In another study, Spies., et

al. evaluated 53 ATZ implants in 40 patients for up to 36 months and found the survival rate 94.2% [35]. No difference was found between the ATZ and Y- TZP implants with regard to cumulative survival rates during the follow-up

periods. According to the findings of the present meta-analysis, the mean CSR of one-piece zirconium-oxide dental implants was 95% at the 28.54 months follow-up period.

No.| Author | Year Type of Implant Implant | No.Pa- | Age | Mean | No. Imp- Jaw No.Imp- | Length/ | Implants No. Loading Type Follow | Number | Number | Cumulati-
Study system material | tients |Range| Age lants lants Diameter | placed |Implants| Protocol | ofthe up of the of the |ve Survival
(Total) (Total) (Total in (mm) placed prosthe- | (mont- | Implant | Implant rate
Jaw) (Total) sis hs) mean | drop outs | Failures (%)
1 |Grassi,et| 2015 | Prospective | WhiteSKY, Y-TZP 17 35-70 | 52.3 32 Mandible 6 10,12,14/ Healed 16 Immedi- Single 61.2 1 1 96.8
al. [33] cohort Bredent Me- Maxilla 26 3.5,4.0,4.5 |Postextrac- 16 ate Crowns
dical tion
2 | Spies., et | 2015 | Prospective |Ziraldent FR1,| ATZ 27 18-70 | NR 27 Mandible 16 9,12,14/ Healed 27 Immedi- | Single 12 0 3 88.9
al. [34] cohort Metoxit AG Maxilla 11 3.0,4.0,5.0 | Postextrac- 0 ate crowns
tion
3 | Jung., et | 2015 | Prospective Ceramic. Y-TZP 63 20-70 | NR 71 Mandible 48 8,10,12, Healed 71 Immedi- | Single 12 3 1 98.3
al. [21] cohort | implant, VITA Maxilla 23 14/ Postextrac- 0 ate crowns/
Zahnfabrik 4.0,4.5,5.5 tion three-unit
bridges
4 |Roehling, | 2015 | Retrospec- Z-Look3, Y-TZP 85 19-85 | 54.86 191 Mandible | (NR) 77 10-13/ Healed 191 Conventi- | Single 71.28 30 36 77.3
etal. [38] tive Z-Systems Maxilla | (NR) 84 3.25,4,5 |Postextrac- 0 onal crowns/
tion FDPs/
Removab-
le Hibrid
Dentures
5 | Gahlert., | 2015 | Prospective | PURE Cera- Y-TZP 44 18-78 48 44 Mandible 4 8,10,12,,14 | Healed 44 Conventi- | Single 12 2 1 97.6
etal. [24] CT mic, Strau- Maxilla 40 /4.1 Postextrac- 0 onal crowns
mann AG tion
6 | Borgono- | 2015 | Prospective | WhiteSKY, Y-TZP 14 38-75| 60 22 Mandible 5 NR Healed 22 Immedi- | Single 48 2 0 100
vo., et al. CT Bredent Me- Maxilla 17 Postextrac- 0 ate crowns/
[47] dical tion Multip-
le-unit
bridges
7 | Spies., et | 2015 | Prospective | Ziraldent FR1, ATZ 40 NR NR 53 Mandible NR 10-12- Healed 51 Immedi- Single 36 1 3 94.2
al. [35] Cohort Metoxit AG Maxilla NR 14-16/ |Postextrac- 2 ate crowns/
3.5,4.0,4.5 tion three-unit
bridges
8 | Briill, et | 2014 | Retrospec- | ZV3 - Zircon Y-TZP 74 18-72 | 51 55 Mandible NR 8-15 (90.1 Healed NR Conventi- | Single 18 0 1 96.5
al. [40] tive Vision (total) (total) %) onal Crowns/ (total 121
Maxilla NR NR Postextrac- NR multiple implants-66
tion unit brid- two-pie-
ges ce,55
one-piece)
9 | Osman., | 2013 | Prospective Southern Y-TZP 4 NR 59.8 24 Mandible 12 6,8,9,10,11.| Healed 24 Conventi- | Ball atta- 12 0 NR 100
etal. [43] CT Implants Maxilla 12 5/ Postextrac- 0 onal chment
3.8,5.0,7.0 tion complete
dentures
10 | Kohal, et | 2013 | Prospective Ceramic Y-TZP 28 18-70 | NR 56 Mandible 44 10,13,16/ Healed 51 Immedi- | Thre- 12 0 1 98.2
al. [36] CT ZiUnite, Nobel Maxilla 12 4.3,5 Postextrac- 5 ate e-unit
Biocare tion bridges
11 | Gahlert, | 2013 | Retrospec- Z-Look3, Y-TZP 79 19-85 | 52.2 170 Mandible 80 10- Healed 170 Conventi- | Single 36 49 30 82.4
etal. [44] tive Z-Systems Maxilla 90 13/3.25- |Postextrac- 0 onal crowns/
4.0,5.0 tion FDPs/
Removab-
le Hibrid
Dentures
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12 | Borgono- | 2013 | Prospective | WhiteSKY, Y-TZP 6 38-75| 60 14 Mandible 7 11.29/4.18| Healed 14 Immedi- | Single 48 0 0 100
vo., et al. CT Bredent Me- Maxilla 7 (mean) |Postextrac- 0 ate crowns/
[48] dical tion multip-
le-unit
bridges
13 | Borgono- | 2013 | Prospective | WhiteSKY Y-TZP 13 38-75| 60 35 Mandible | NR (8) 12.3/4.0 Healed 35 Immedi- | Single 48 7 0 100
vo., et al. CT Implant, Bre- Maxilla | NR(20) | (mean) |Postextrac- 0 ate crowns/
[49] dent tion multip-
le-unit
bridges
14 | Borgono- | 2013 | Prospective | WhiteSKY, Y-TZP 8 36-72 | 54 12 Mandible 4 NR Healed 0 Immedi- FPDs 13,5 0 0 100
vo., et al. case series | Bredent Me- Maxilla 8 Postextrac- 12 ate
[50] dical tion
15 | Payer, et | 2013 | Prospective | WhiteSKY, Y-TZP 20 27-71| 444 20 Mandible 9 10,12,14/ Healed 20 Immedi- | Single 24 0 1 95
al. [54] case series | Bredent Me- Maxilla 11 3.5,4.0,4.5 | Postextrac- 0 ate crowns
dical tion
16 | Kohal,, et | 2012 | Prospective Ceramic Y-TZP 65 NR NR 56 Mandible 48 10,13,16/ Healed 61 Immedi- Single 12 1 3 95.4
al. [37] Cohort | ZiUnite, Nobel Maxilla 18 43,5 Postextrac- 5 ate crowns
Biocare tion
17 | Borgono- | 2012 | Prospective | WhiteSKY, Y-TZP 8 50-65 | 56.25 29 Mandible 6 12/ 4.0 Healed 29 Immedi- FPDs 48 9 0 100
vo., et al. CT Bredent Me- Maxilla 14 (mean) |Postextrac- 0 ate
[51] dical tion
18 | Borgono- | 2011 | Prospective | WhiteSKY, Y-TZP 16 36-72 | 54 26 Mandible 4 12.4/3.93 Healed 26 Immedi- | Single 24 0 1 92.3
vo., etal. CT Bredent Me- Macxilla 22 (mean) |Postextrac- 0 ate crowns/
[52] dical tion multip-
le-unit
bridges
19 | Borgono- | 2010 | Prospective | WhiteSKY, Y-TZP 18 NR NR 46 Mandible 2 12.13/3.96| Healed 46 Immedi- | Single 15 0 5 89 (Success
vo., etal. CT Bredent Me- Maxilla 44 (mean) |Postextrac- 0 ate Crowns/ rate)
[53] dical tion multiple
unit brid-
ges
20 | Cannizza-| 2010 RCT Z-Look3, Y-TZP 40 18-55 | 38.5 40 Mandible 11 10,11.5,13, Healed 30 Immedi- Single 12 0 5 87.5
ro., et al. Z-Systems Maxilla 29 14,15.5/ |Postextrac- 10 ate crowns
[55] 3.25,4,5,6 tion (occlusal/
non-oclu-
sal)
21 | Oliva, et | 2010 | Retrospec- |CeraRoot, Oral| Y-TZP 378 19-80 | 48.18 831 Mandible 334 NR Healed NR Imme- FPDs 40.8 0 42 95 (Success
al. [45] tive Iceberg Maxilla 497 Postextrac- NR diate rate)
tion (16.49%)
22 | Oliva, et | 2007 | Retrospec- |CeraRoot, Oral| Y-TZP 36 28-78 | 50 100 Mandible 20 NR Healed NR Immedia- | FPFs 12 0 2 100
al. [46] tive Iceberg 1083 54,625| 1954 | Maxilla 80 Postextrac- NR te (41%) 105 98 (success
tion rate)

Table 2: Survival of monolithic zirconium-oxide dental implants.
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Chart 2: Cumulative survival rate (CSR) (%) and weight of included studies on zirconium-dioxide implants (n = 22).

Chart 3: Cumulative survival rate (%) and weight of included studies on zirconium-dioxide implants up to 72 months follow-up.
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Chart 4: Cumulative survival rates (%) for inmediate or conventional loading/provisionalization protocols.

Marginal bone level

The included studies that reported marginal bone level changes of one-piece zirconium oxide dental implants are presented in table
3. Six studies were used for data extraction. Two of the studies were retrospective, and 4 studies had a prospective design. Five different
one-piece zirconium-oxide implant brands were used. All the implants were Y-TZP. The diameters of the inserted implants were between
3.25 to 6 mm, and the lengths were ranged 8 to 15.5 mm. A total of 433 Y-TZP one-piece zirconium-oxide implants were placed to 323 pa-
tients aged 18 to 85. (mean = 48.9). The number of the implant losses was 36. The follow-up duration of the selected studies was between
12 to 72 months. The mean marginal bone level (MBL) change was found 0.81 mm (SD 0.09) (Chart 5). No significant differences were
observed in mean MBL between immediate and conventionally loaded implants. The designs of the prostheses were FPDs from single
crowns to multi-unit bridges; and one study used removable hybrid dentures [21,24,33,38,40,55]. The MBL changes at the 12 months fol-
low-up were ranged between 0.72 mm to 1.02 mm within the included studies [21,24,33,55]. Roehling,, et al. evaluated the MBL changes
at 72 months follow-up and found a MBL change of 0.97 mm [38]. Grassi,, et al. also found a marginal bone loss of one-piece zirconium
oxide implants of 1.23 mm at the 5.1 year follow-up [33]. Marginal bone levels did not show any important interaction between time and

any of the variables such as age and loading protocol.
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No. | Aut- | Year |Type of | Implant | Imp- | No. Pa- | Age | Mean |No.Imp-| Jaw No. | Length/Dia- | Imp- No. Loa- Type | Followup | Number | Number MBL
hor Study | system | lant | tients | Ran- | Age lants Imp- meter lants |Implants| ding | ofthe | (months) of the of the (mm)
mate- | (Total) | ge (Total) lants (mm) placed | placed | Proto- |prosthe- mean Implant | Implant
rial (Total (Total) col sis drop outs | Failures
in Jaw)
1 | Gras- | 2015 | Pros- Whi- | Y-TZP 17 |35-70| 52.3 32 Man- 6 10,12,14/ | Healed 16 Imme- | Single 61.2 1 1 (1Year) 0.83
si., pective | teSKY, dible 3.54.04.5 diate | crowns mm (SD 0.24)
etal. cohort | Bredent Maxil-| 26 Pos- 16 (5Years) 1.23
[33] Medical la textrac- mm (SD 0.29
tion mm)

2 |Jung, | 2015 | Pros- | Ceramic. | Y-TZP 63 20-70| NR 71 Man- 48 8,10,12,14/ | Healed 71 Imme- | Single 12 3 1 (1 Year) 0.78
etal. pective | implant, dible 4.0,4.5,5.5 diate | crowns/ mm (SD 0.79
[21] cohort |VITA Zah- Maxil-| 23 Pos- 0 thre- mm)

nfabrik la textrac- e-unit
tion bridges

3 |Roeh-| 2015 | Retros- | Z-Look3, | Y-TZP 85 19-85| 54.86 191 Man- | (NR) 77 10-13/ Healed 191 Con- Single 71.28 30 36 (71.28 Mont-
ling., pective | Z-Sys- dible 3.254,5 ventio- | crowns/ hs) 0.97 mm
etal. tems Maxil- | (NR) 84 Pos- 0 nal FDPs/ (SD 0.07 mm)
[38] la textrac- Remo-

tion vable
Hibrid
Dentures

4 | Gah- | 2015 | Pros- PURE | Y-TZP 44 ]18-78| 48 44 Man- 4 8,10,12,,14/ | Healed 44 Con- Single 12 2 1 (1 Year) 1.02
lert, pective | Ceramic, dible 4.1 ventio- | crowns mm (SD 0.90
etal. CT Strau- Maxil-| 40 Pos- 0 nal mm)

[24] mann AG la textrac-
tion

5 |Briill,| 2014 | Retros- | ZV3 - | Y-TZP 74 18-72| 51 55 Man- NR | 8-15(90.1 %) | Healed NR Con- Single 18 0 1 (18 months)
etal. pective | Zircon (total) (total) dible NR ventio- | Crowns/ 0.1 mm (SD
[40] Vision Maxil-| NR Pos- NR nal | multiple 0.6 mm)

la textrac- unit (total 121
tion bridges implants-66
two-piece,55

one-piece)

6 | Can- | 2010 | RCT | Z-Look3, | Y-TZP 40 18-55| 38.5 40 Man- 11 10,11.5,13,14, | Healed 30 Imme- | Single 12 0 5 ( 1Year) Occ-
niz- Z-Sys- dible 15.5/ diate | crowns lusal: 0.90 mm
zaro., tems Maxil-| 29 3.25,4,5,6 Pos- 10 (occ- (SD 0.48 mm)
etal. la textrac- lusal/ (! Year) Non
[55] tion non-oc- occlusal: 0.72

lusal) mm (SD 0.59
mm)

Table 3: Marginal bone level changes of monolithic zirconium - oxide dental implants.
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Study Mean [95% CI]
Grassi, 2015 i 083[0.75,081]
Jung, 2015 i —— 0.78[0.58,097]
Gahlert, 2015 — 1.02[0.75,1.29]
Brilll, 2014 - 042[031,053]
Cannizzaro, 2010 —— 090[0.75,1.05]
Roehling, 2015 | 097[096,098]
RE Model e 081[063,1.00]
T T T T T 1
0.20 060 1.00 1.40
Mean

Chart 5: Marginal bone level (MBL) (mm) changes.

Discussion

Zirconia has been used for all ceramic posts, as core materials for all-ceramic crowns and fixed dental prostheses (FDP) and for
implant abutments since 1990s. Currently, zirconium dioxide is the material of choice for the fabrication of ceramic dental implants
[31,38,56]. Zirconia has been shown to be very favourable for the formation of epithelial attachments and the mucosal conditions which
may have high importance for the prevention of peri-implantitis [38]. Furthermore, there is a significant reduce of bacterial adhesion to
zirconia when compared to metal alloys. Allergic reactions and/or sensitivity to titanium and its alloys has been increasingly discussed
in the literature, and therefore, zirconia implants may be a concern to these hypersensitive patients especially where a good esthetic out-
come is also particularly important [24]. The use of zirconia implants seems to result not only in an esthetic outcome, but in good biocom-
patibility and osseointegration. Several studies have reported that zirconia implants exhibit good mechanical stability, periodontal hard
and soft tissue integration and antibacterial properties [21,24,33,38,55]. Based on the increased tendency to zirconium-dioxide implants
and also because of the possible problems and limitations inherent with titanium implants, a zirconia implant may have the potential
to become a preferable alternative to titanium for the dental implant fabrication. Consequently, it is of great significance to get further
data from clinical based results of commercially available zirconium dioxide implants [33]. Hence, the clinical outcome of monolithic
zirconium implants in terms of implant survival and marginal bone level in (partially) edentulous patients has been questioned in the
present systematic review. The literature search revealed a total of 22 studies that used one-piece zirconium-oxide dental implants. Most
of the studies currently available are case series with short term reports (mean follow up time of 28.54 months) including wide range
of suprastructures from single crowns to multi-unit bridges, hybrid dentures and complete dentures at both healed and post-extraction
sites with or without bone augmentations [21,24,33-55]. The present meta-analysis on one-piece zirconium oxide dental implants shows
high survival rates after a mean follow up time of 28.54 months (cumulative survival rate of 95%). Most of the implant failures are likely

to happen before loading or at the early phases of functional loading. Reported survival rates for one-piece zirconia implants at 1 year
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after clinical functional loading ranged from 87.5% to 100% [21,24,34,36,37,43,46,55]. Longer follow up studies of 12 - 72 months have
reported a CSR of 77.3% to 100%. All these studies used implants from ten different manufacturers. After up to 5 years, the overall sur-
vival rate was unchanged (95%). The overall survival data extracted from 22 studies using one piece zirconium oxide implants for both
follow-up periods (mean follow up period of 28.54 months and up to 5 year follow up) are comparable to data reported in the studies
for one-piece titanium implants, zirconium-titanium dental implants and two-piece titanium implants [57-59]. Studies with one-piece
titanium implants revealed a success rate of 98.8% at 24 months follow up [57]. A newly published meta-analysis evaluating the survival
rate of Ti-Zr implants found the CSR of Ti- Zr implants 97.3% at the two-year follow up [58]. Two-piece titanium implant studies have
reported survival rates of 98% at one year follow up and 85% to 98.3% over longer follow-ups [33,59]. Within a mean observation time
of 28.54 months and up to five years, the results of the present meta-analysis reveal that the values are comparable with the CSR results

for one-piece titanium implants, titanium-zirconium implants and two-piece titanium implants reported in the literature.

According to Albrektsson.,, et al. a marginal bone loss of < 1.5 mm during the first year after functional loading and 0.2 mm annually
thereafter can be rewarded as a successful clinical outcome for an implant treatment [24,60]. It is important to consider that resorption
of the cortical bone and the peri-implant soft tissues can occur over time; and particularly for titanium implants, the Ti-components may
be visible and cause unaesthetic results and discoloration of the gingiva. Several studies have shown that bone resorption around implant
neck is related to the presence of microgap between implant and abutment for two-piece dental implants [47,61,62]. This microgap leads
to bacterial leakage and a microbial colonization of the gap at the marginal bone level. Peri-implant soft tissues create an inflammatory
response that stimulates osteoclast formation and activation to result a bone loss at the marginal level of implant of the two-piece dental
implants [47]. The mean marginal bone level change of 0.81 mm (SD 0.09) around one-piece zirconium-dioxide implants according to the
present meta-analysis corresponds to satisfactory implant success according to implant success criteria’s [60]. The MBL changes at the
12 months follow-up were ranged between 0.72 mm to 1.02 mm within the included studies [21,24,33,55]. Roehling,, et al. evaluated the
MBL change at the 72 months follow-up and found the MBL change 0.97 mm [38]. Grassi,, et al. found the mean MBL change 0.83 mm at
12 months follow up, and from 4.3 to 6 years after implant loading the mean MBL change was 1.23 mm. Studies with one-piece titanium
implants present a mean MBL loss of 0.7 mm during the first year in function [57]. In other comparable titanium implant studies, the
mean MBL loss at 12 months was 1.05 mm and 1.1 mm [63,64]. Becker, et al. found the MBL change of two-piece titanium implants 1.35
mm for mandible and 1.25 mm for the maxilla [61,65]. These are in accordance with the reports of two-piece Ti implants from Bernhard.,
et al. and Ericson,, et al. [61,66,67]. Payer,, et al. reported a marginal bone loss of 1.48 mm for two-piece zirconium dioxide implants at a
two year follow up [68]. As there is no implant-abutment microgap within the one-piece zirconium oxide implants, a slightly better MBL
outcome of 0.81 mm reported in the present meta-analysis may be attributed to this factor. However, the bone remodeling around dental
implants may be affected by several factors including surgical technique, implant loading, implant-abutment microgap, biological width,
peri-implant soft tissues [24]. The present meta-analysis found no significant difference with immediately or conventionally loaded zir-
conium oxide implants with regard to MBL changes. Also, age follow up time did not significantly affect the MBL changes of one-piece

zirconium oxide dental implants.

One-piece zirconia implants cannot be left to heal submerged and but can be easily provisionalized immediately after their insertion
[55]. However, the restorative rehabilitation of one-piece zirconia implants has its limits as well. The need for esthetic outcome and the
cementation difficulty with these implants has to be considered. However, a reduction of marginal bone loss with one-piece zirconia den-
tal implants compared to two-piece zirconia implants is mainly due to the monolithic morphology of one piece zirconia implants as there
is no implant abutment microgap and microbial contamination, also no micro-movements of the prosthetic component and repeated
screwing and unscrewing. For these reasons, peri-implant bone loss is less extended around one-piece zirconia dental implants compared

to two-piece implants as a result of the microgap [47].
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Conclusion

Based on the findings of the current systematic review it can be concluded that:

The mean cumulative survival rate of monolithic zirconium-oxide implants found 95% after a follow up time of 28.54 months can

be rewarded as a good clinical outcome and this short term results are comparable to titanium and titanium-zirconium implants.
The mean MBL change of 0.81 mm is comparable to titanium implants and can be rewarded as a successful clinical outcome.

CSR and MBL changes of one-piece zirconium-oxide implants is unaffected by the loading protocols (immediately/conventionally),

age and follow up time.

Further research is required to evaluate the long-term survival and MBL changes of one-piece zirconium-oxide implants. There is
also a need for well- designed prospective randomized controlled clinical trials evaluating the long-term performance of one-piece

zirconium-oxide implants.
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