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Abstract: Objectives: The aim of this prospective case series was to evaluate single-piece zirconia
implants restored with lithium disilicate CAD/CAM crowns through a long-term follow-up. Meth-
ods: In this trial, 20 one-piece zirconia implants were placed in 20 patients. Implants were restored
(i) immediately with lithium disilicate CAD/CAM provisionals, and (ii) permanently four months
after surgery. Patients were followed for 11 years. Clinical parameters and radiological measurements
of the zirconia implants were assessed. For the statistical analysis, paired t-test was applied. Results:
Four implants were counted as implant failure due to the loss of implant stability, resulting in a
Kaplan—-Meier survival rate of 80% up to 11 years. The mean bleeding on probing values were 19.1%
(SD £ 13.1) and 18.2% (SD =+ 17.6) 96 and 11 years after implant placement, respectively. The plaque
index revealed a significant decrease over time (p < 0.001) with a value between 25.9% (SD =+ 5.7) and
12.6% (SD =+ 10.0) at baseline and 11-years follow-up respectively. The marginal bone level revealed
a significant decrease 4, 8, and 11 years after implant insertion (p = 0.001, p = 0.019, and p = 0.027,
respectively). Conclusions: Immediately loaded zirconia single-piece implants showed a suitable
success rate in clinical and radiographic outcomes.

Keywords: CAD/CAM; immediate loading; radiographic bone level; zirconia implants

1. Introduction

Since the 1980s and the introduction of dental implant therapy by Per-Ingvar Bréne-
mark, the replacement of missing teeth using implant-supported restorations is a daily
and globally-accepted clinical approach [1]. Titanium and its alloys are commonly used
in implant dentistry and various clinical studies have demonstrated their high survival
rates [2]. However, several concerns have been expressed with regard to the titanium
particles and its implications in inflammatory reactions in peri-implant tissues [3,4]. When
compared, Safioti et al. reported the presence of dissolved titanium at higher quantities in
the submucosal biofilm taken from implants with peri-implantitis, versus biofilm taken
from healthy implants [5]. The local concentration of titanium particles, mainly distance-
dependent, may result in damage to the intraepithelial hemostasis, bone resorption through
a stimulation of osteoclast differentiation, and implant detachment [6].
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Subsequently, a heightened demand for metal-free implants has amplified the quest
for alternative materials over the last few years. Zirconia ceramic implants made with
yttria-stabilized tetragonal zirconia polycrystal (Y-TZP) have been widely investigated.
Patients with thin gingival biotype and the need for implant placement in the aesthetic
area might benefit from the tooth-like color of zirconia [7]. Moreover, osseointegration of
zirconia implants has been preclinically shown to be vital for implant success and related
survival rates [8]. Apposition of bone may also be influenced by the implant surface
topography modified through sandblasting, etching, sintering, or coating [8-10]. Thus,
hard tissue integration around zirconia implants can be optimized, allowing for increased
implant success. Regarding biofilm formation on zirconia implants, rather controversial
results can be found. Kniha et al. recently presented in a meta-analysis that the bacterial
coverage of zirconia surfaces was significantly superior than titanium surfaces [11]. Other
in vitro studies have exhibited significant reduction in human biofilm formation on zirconia
implant surfaces [11,12]. Nevertheless, numerous short- and mid-term clinical studies have
shown excellent biocompatibility and promising outcomes of zirconia implants [13,14].
Even in experimental mucositis conditions, clinical evaluation of zirconia implants showed
lower plaque and bleeding scores compared to titanium [15].

Conversely, some drawbacks of zirconia such as aging and degradation at low tem-
peratures can be found in the current literature. Compressive stresses and microcracking
can lead to material aging [16].

Soft and hard tissue integration has to be investigated clinically and only a few clinical
studies have reported long-term outcomes [17]. Lorusso et al. recently reported only
29 clinical studies investigating zirconia implants, where 26 of them had been published
during the last ten years and most (21) originated from Europe, particularly in German-
speaking countries [18].

Single-piece zirconia implants have mostly been documented. The design of these
single-piece implants permit the avoidance of microgaps, which can be associated with
reduced marginal bone loss by decreasing the accumulation of biofilm [19]. Single-piece zir-
conia implants can be ground intraorally as zirconia has a low thermal conductivity. Bethke
et al. pointed out that single-piece implants showed higher fracture resistance compared
to two-piece zirconia implants in vitro, but lower bending moments after grinding [20] in
contrast to former findings [21]. Controversially, single-piece implants supporting lithium
disilicate crowns demonstrated promising mid-term clinical outcomes [22,23].

Based on these aspects, the study aims to report the clinical and radiographical
outcomes of lithium disilicate and microgap-less crowns on zirconia single-piece implants
four, eight, and 11 years after implant placement, updating previously reported data that
covered 24 months [24].

2. Materials and Methods
2.1. Study Design and Population

Between the years 2008 and 2009, a total of 20 healthy patients were included in this
single center prospective case series. All participants had to fulfil the defined inclusion
criteria: patients of 18 years of age or older who had given their informed, written consent;
with single-tooth gaps without vertical or horizontal bony defects and characterized by a
sufficient soft-tissue volume for the placement of implants with a minimum length of 10 mm
and 3.5 mm width. Additionally, the participants had to accept the scheduled protocol of
clinical and radiographic analysis and maintenance. The exclusion criteria were smokers
with more than nine cigarettes per day; homelessness; signs of occlusal parafunctions (e.g.,
bruxers); patients with lack of compliance or failure to provide their informed consent;
presence of acute periodontal disease; general contraindications against implant treatment,
metabolic skeletal disease (e.g., osteomalacia or osteoporosis), or medication potentially
affecting bone structure and metabolism (corticosteroid treatment or bisphosphonate or
denosumab therapy); pregnancy assessed with a pregnancy test; previous irradiation in
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the neck/head area; need for bone augmentation procedures; or need for the replacement
of more than one neighboring tooth.

This clinical trial was performed in the Department of Dentistry and Oral Health at
the Medical University of Graz, approved by the local ethics committee (19/204 ex 07/08)
and conducted according to the Good Clinical Practice (ISO 14155:2011) standard and the
Declaration of Helsinki.

2.2. Clinical Procedures

Between the years 2008 and 2009, 20 single-piece zirconia implants (whiteSKY®, Bre-
dent medical, Senden, Germany) were placed in 20 patients by two experienced surgeons.
These single-piece zirconia implants were made with an yttrium oxide (Y,O3)-stabilized
tetragonal polycrystalline zirconium oxide. The surface roughness was achieved through
sandblasting [25]. Five implants were inserted in the upper incisor, six in the maxillary pre-
molar region, eight in the lower molar, and one implant in the mandibular premolar region.

After placement, the implants were immediately ground intraorally without touching
the implant shoulder and digital impressions were performed using a CAD/CAM sys-
tem (Cerec 3D®, DentsplySirona, Bensheim, Germany). Provisional crowns made with
monolithic lithium disilicate (e.max® CAD-Blocks, Ivoclar-Vivadent, Schaan, Liechtenstein)
were then fabricated according to the digital impression using the Cerec 3D® system (with
powdering) (Cerec 3D®, DentsplySirona, Bensheim, Germany). Lithium disilicate provi-
sional single crowns were constructed without centric or eccentric occlusal contacts for
four months to avoid functional loading and guarantee a stress-free healing period. The
temporary crowns were luted adhesively (Multilink-Automix®, Ivoclar-Vivadent, Schaan,
Liechtenstein) using a rubber dam to reach a microgap-less implant—crown connection.

After a healing time of four months, the implants were subsequently restored with per-
manent lithium disilicate lithium disilicate crowns (e.max® CAD-Blocks, Ivoclar-Vivadent,
Schaan, Liechtenstein). To manufacture the permanent crown, the provisional crowns
were ground and served as lithium disilicate caps for the final restoration. Conventional
impressions were taken with polyether (Impregum NF®, 3M ESPE, Seefeld, Germany)
and permanent lithium disilicate lithium disilicate crowns were manufactured. Individual
crowns were then adhesively (Multilink—Automix®, Ivoclar-Vivadent, Schaan, Liechten-
stein) luted using the same procedure as for the provisional one.

2.3. Clinical Evaluation

For each patient, the study consisted of clinical assessments conducted at baseline
(after crown placement) and 4, 8 and 11 years after implant placement. Bleeding on
probing (BOP) [3] present or non-present around the teeth and implant, respectively,
plaque index (PI) [26], and implant stability (Periotest®; PTV; Medizintechnik Gulden e.
K., Modautal, Germany) were evaluated. Several intraoral photographs (D80, Nikon®,
Tokyo, Japan) of the implant prosthetics and the surrounding tissues were taken at baseline
and each visit. The success of an implant was defined as an implant in situ supporting
a prosthetic superstructure, showing no periotest values >8, no implant induced-pain
or peri-implant translucency, no infection or paraesthesia, no implant fracture, and no
peri-implant marginal bone loss of more than 1.5 mm during the first year in function and
no annual bone loss exceeding 0.2 mm in the following years, according to Naert et al. [27],
Snauwaert et al. [28] and Buch et al. [29].

2.4. Radiographic Evaluation

Standardized single tooth radiographs (Sidexis® Intraoral, Orthophos plus DS;
DentsplySirona, Bensheim, Germany) were taken just after crown placement (baseline) and
4,8, and 11 years after implant placement with a rectangular collimation technique using
a Sirona XG AimRight sensor holder system (DentsplySirona, Bensheim, Germany). The
marginal bone level (MBL) was assessed by one investigator (E.S.). Implant dimension
(diameter) served as a reference for the calibration and evaluation of the related parameter
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(MBL). The reference point for the measurement of the mesial and distal bone contour was
the implant shoulder. The assessment of MBL was expressed as mean =+ standard deviation
(SD). If the lingual and buccal bone contours overlapped, a mean value was chosen. In
questionable cases, a consensus of two investigators was considered.

2.5. Statistical Analysis

A descriptive statistical analysis of all radiographic and clinical parameters (BOP, PI,
and MBL) abovementioned was performed. The data (BOP, PI, MBL) were statistically
evaluated at several timepoints (baseline, four, eight, and 11 years) after implant placement
using the paired t-test. p-values below 0.05 were considered to be significant. Kaplan-Meier
survival rate were additionally calculated. The data were analyzed using SPSS® software
version 25 (SPSS, Chicago, IL, USA) and SAS® software version 9.4 (SAS Institute, Cary,
NC, USA).

3. Results
3.1. Patient Information

The 20 participants, divided into eight females (40%) and 12 males (60%), showed a
mean age of 42.9 years (SD + 12.7) and 43.7 years (SD =+ 16.1), respectively. Overall, the
average age was 43.3 years (SD £ 14.5) (Table 1).

Table 1. Demographic data.

Gender/Age N % Age Min Age Max  Age Mean SD
Female 8 40 31 70 429 12.7
Male 12 60 25 69 43.7 16.1
Total 20 100 26 70 43.3 14.5

Eleven of the evaluated implants (55%) were located in the maxilla and nine in the
lower jaw (45%). Eight (40%) single-piece zirconia implants were placed in the first lower
molar region (Table 2).

Table 2. Implant location.

Implant Site N Y%
11 1 5
12 1 5
13 1 5
14 2 10
21 2 10
24 2 10
25 2 10
35 1 5
36 3 15
46 5 25

Implant dimensions are shown in Table 3.

Table 3. Distribution of the placed implants (n) including implant length (mm) and diameter (mm).

Implant Diameter (mm)

3.5 4 4.5
10 2 - -
Implant length (mm) 12 4 6 3

14 2 2 1
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A total of 16 subjects of the 20 patients initially included in the trial remained for
the follow-up examinations. One early implant loss, four months after implantation, was
already reported in the first publication [24]. Three other dental implants were lost in the
period between 24- and 48-months after implant placement (Table 4).

Table 4. Distribution of the lost implants (n) including details about implant length (mm) and
diameter (mm).

Implant Diameter (mm)

3.5 4 4.5
10 2 - -
Implant length (mm) 12 1 - -
14 1 - -

Initially, peri-implantitis was designated as the main reason for failure in all three cases.
Two of these three implants of 3.5 mm width and 10 mm length, respectively, expressed
an increasing loss of implant stability and corresponding increase in mobility and bone
loss without general signs of peri-implantitis. The crestal bone level of the adjacent teeth
also showed no reduction (Figure 1). Additionally, the third implant loss was caused by
peri-implantitis. No implant fracture was reported. The related four participants were
declared as failures.

Figure 1. Single tooth radiograph of a 34-year-old male patient 25 months after implantation. The
bone loss at the implant site was clearly visible, while the crestal bone level of the adjacent teeth was
not affected.

Five additional patients were lost to follow-up for various reasons. Of these five
patients, one participant died 57 months after implant placement with the implant in situ.
Another participant, who suffered of severe illnesses eight years after implant placement,
could not be reached for further examination. Another three patients were lost to follow-
up due to loss of contact (two participants after the 24-month follow-up, one after the
48-month follow-up). One patient denied undergoing the periodontal examination at
the 8- and 11-years follow-up. In total, 11 patients in this case series could be observed
radiographically over a period of 11 years.
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3.2. Clinical Assessments
The mean BOP values at follow-up were 27.9% (SD =+ 4.2), 23.8% (SD £ 15.6), 19.1%

(SD =£ 13.1), and 18.2% (SD =+ 17.6) at baseline, four, eight, and 11 years after implant
placement, respectively. At the 11-year follow-up, two statistical outliers were discovered.
One participant showed no BOP while another gained a BOP of 62% (Figure 2). However,
no statistical significance on BOP values could be assessed over time (p = 0.165).
70
G0
50
40
20 %I
10

0 o

Baseline 48 mo 96 mo 132mo

Figure 2. Box-plot diagram of bleeding on probing (BOP) scores at baseline, four, eight, and 11 years
after follow-up. The bleeding on probing revealed no significant decrease over time (p = 0.165).
Symbols (star and circle) indicate outliers of the study sample.

The PI values revealed a mean of 25.9% (SD + 5.7), 28.5% (SD + 11.0), 12.6% (SD + 9.4),
and 12.6% (SD =+ 10.0) at the baseline and 4-, 8-, and 11-year follow-ups respectively. Eleven
years after implant insertion, two statistical outliers (1% vs. 37%) concerning the PI were
detected (Figure 3). A statistically significant decrease in PI over time, according to the
paired t-test, could be noticed (p < 0.001). All results are presented in Table 5.

40

: =

o

Baseline 48 mo 96 mo 132mo

Figure 3. Box-plot diagram of the plaque index (PI) scores at baseline, four, eight, and 11 years after
follow-up. The plaque index revealed a significant decrease over time (p < 0.001). Symbols (star and
circle) indicate outliers of the study sample.
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Table 5. Clinical (BOP and PI) and radiographic (MBL) parameters evaluated at baseline, 4-, 8-, and
11-years after implant placement.

N Min Max Mean SD p Value

BOP baseline 16 19 34 27.9 4.0
4 years 13 0 51.0 23.8 15.6 p>0.05
8 years 10 0 38 19.1 13.1 p>0.05
11 years 9 0 62 18.2 17.6 p=0.165

PI baseline 16 12 33 253 5.7
4 years 13 12 45 28.5 11.0 p>0.05
8 years 10 0 28 12.6 9.4 p>0.05
11 years 9 1 37 12.6 10.0 p <0.001

MBL baseline 16 0.69 2.19 1.40 0.43
4 years 14 1.12 3.07 1.99 0.57 p =0.001
8 years 12 0.83 2.85 1.70 0.64 p=0.019
11 years 11 1.01 2.60 1.59 0.53 p =0.027
resorption 14 —0.55 1.27 0.43 0.48 p =0.005

All remaining implants up to 11 years could be stated as stable and successfully
integrated (Figure 4). The calculated Kaplan—Meier success rate was 80% [30]. No implant
fracture or prosthetic complications such as loss of implant superstructure or chipping was
observed after the observation period of 11 years. Patients reported no implant induced
pain or paraesthesia.

Figure 4. Intraoral radiographs of a single piece zirconia implant placed in 36 in a 39-year-old female patient at baseline (A),

4 years (B) and 11 years (C) after implant placement. Intraoral photograph of the definitive restauration 11 years (D)

after implantation.

3.3. Radiographic Assessments

From the remaining 16 implants included in this long-term follow-up case series,
11 could be observed over the whole period of 11 years concerning the MBL parameter.
At baseline, 4-, 8-, and 11-year follow-ups, a mean MBL of 1.4 mm (SD =+ 0.43), 1.99 mm
(SD £ 0.57), 1.70 mm (SD =+ 0.64), and 1.59 mm (SD =+ 0.53), respectively, were reported.
Four years after implant placement, a statistically significant resorption of the marginal
bone over time was detected (p = 0.005). Even if a little less clearly, a statistical significance
in terms of MBL was also shown after eight (p = 0.019) and 11 years (p = 0.027) post implant
placement (Figure 5). The bone loss with reference to the baseline MBL did not exceed
—1.27 mm after 11 years of follow-up. All results are presented in Table 5.
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Figure 5. Box-plot diagram of marginal bone level (MBL) scores at baseline, four, eight, and 11 years
after implant placement. In relation to the baseline, the marginal bone level revealed a signifi-
cant decrease four, eight, and 11 years after implant insertion (p = 0.001, p = 0.019, and p = 0.027,
respectively).

4. Discussion

This case series, initially including 20 patients recruited between 2008 and 2009,
provides long-term clinical and radiographic outcomes of 11 immediately restored zirconia
single-piece implants up to 11 years of clinical functions. To the authors’” knowledge, this is
the only clinical trial reporting zirconia implants clinical data up to 11 years.

In any study involving long-term follow-up, higher rate of losses to follow-up are
expected primarily due to patient relocation [31]. In this case-series, four participants were
lost to follow-up. These patients were contacted, and they confirmed that the single piece
zirconica implants were in situ, but the patients did not send the radiographs and were not
able to visit the clinical center for further investigations.

Concerning implant survival, Payer et al. reported one implant failure four months
after provisional restoration [24]. Three other implant failures placed in the upper jaw
occurred within the first 48 months after implant placement. A recent systematic review
exhibited a general influence of implant location on the estimated implant loss rate with a
significantly higher implant loss in the maxilla [32].

Additionally, Hashim et al. reviewed that the one-piece zirconia implant exhibited
a general tendency for early implant loss [17]. In this study, zirconia implants were
immediately restored with lithium disilicate CAD/CAM provisionals. The provisional
crowns did not have any centric or eccentric occlusal contacts to avoid functional loading
and guarantee a stress-free healing period. However, implants are still exposed to indirect
forces during the masticatory process and tongue movements.

Implant osseointegration, and therefore implant survival rate, is also influenced by
the surface topography. The used single-piece zirconia implant showed an average surface
roughness (Sa) of 1.17 um (£0.15 pm) [33], which can be considered as a moderately rough
surface (Sa values between 1.1-2 pm) [34]. Titanium implants with minor surface roughness
are more likely to fail [35]. Hard tissue peri-implant integration is also dependent on the
cleanness of the surface. Impurities may derive from the manufacturing handling or
packaging processes [36]. In our cases, this explanation is not plausible as these implants
were previously documented and their sterile packages were periodically reviewed.

Furthermore, the four reported implant failures had a diameter of 3.5 mm (Table 4).
Olate et al. reported, through a retrospective study including 1649 implants, that the largest
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implant loss was observed in narrow implants [37]. However, this information cannot
be generalized as a recent systematic review and meta-analysis showed no statistical
significant differences in implant survival between narrow implants with a diameter
between 3.30-3.50 mm compared to standard implant (diameter > 3.5 mm) [38].

The reported implant failures did not show any general inflammatory signs; thus
some authors have explained these cases by an “aseptic loosening” [7]. Disintegration or
premature loading were quoted in the literature as a possible reason [14].

In the present study, the appearance of plaque at zirconia implants revealed a signifi-
cant decrease over time (p < 0.001). The former thesis that explains the lower accumulation
of biofilm around the zirconia implant may explain this clinical outcome [15]. Additionally,
from a periodontal perspective, a minor surface roughness may explain a lower bacterial
adhesion in comparison to major surface roughness [39]. Similar promising results for
BOP and PI were also recently published in a mid-term report with up to 80 months of
follow-up of two-piece zirconia implants [40].

Regarding the radiographic evaluation, the marginal bone level revealed a significant
decrease 48 months after implant insertion (p = 0.001), while this level was stable at the
96- and 11-year follow-ups with a mean value 0.2 mm lower than the initial measure.
Albrektsson et al. reported a higher amount of bone loss during the first year of function,
followed by a stable bony situation after osseointegration [41]. High marginal bone loss
was also exhibited during the first 8-16 weeks after implant insertion even before the
prosthetic approach [22]. Mid-term results of this trial showed a stable bone level. This
preservation may be inextricably linked to the high compatibility, less plaque adhesion,
and the microgap-less implant design of single-piece zirconia implants [42].

The reported one-piece zirconia implant system was launched into the market in 2006
and is still commercially available. A slightly modified version (e.g., two different neck
designs and optimized abutment height to minimize the need of intraoral individualization
and grinding, respectively) was released this year (Bredent Medical GmbH, Germany).

In the present study, immediately loaded single-piece zirconia implants showed
overall clinical and functional stable outcomes despite the report of early implant failures.
As stated in the literature, an essential requirement for successful immediate loading of
dental implants is an optimal primary implant stability (>32 N-cm~!) [43]. Additionally,
the success of immediately loaded implants is inextricably linked to careful patient selection
associated with prosthetic factors [44]. A load protection of the provisional restauration
without centric or eccentric occlusal contacts that guarantee a stress-free healing period
might influence the crestal bone level, and therefore the success of the implant [45-47].
Additionally, the immediate provisional restorations of this two-step technique can form
a desirable emergence profile that can be transferred accurately to the final restoration.
The contribution of immediate provisional restorations associated with the maintenance
of peri-implant health is inextricably linked to the reduction in the risk of peri-implant
disease associated with excess cement [48].

In the present immediate protocol, CAD/CAM lithium disilicate crowns were used.
The material used for the provisional and final restorations needs to be considered as the
CAD/CAM lithium disilicate ceramic in a monolithic configuration showed a fatigue-
resistant property in comparison with the veneered zirconia [49,50].

Therefore, a combination of patient, surgical, and prosthetic parameters must be
considered for immediate loading protocols.

A major drawback of the present study to be considered is the missing control group.
Moreover, the reliability of the results should be interpreted with caution due to the low
number of participants included in the case series. Furthermore, only data extracted from
a randomized clinical trial with a long-term outcome can allow for a final elucidation of
zirconia as an alternative implant material.
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5. Conclusions

The present case series of 20 immediately restored zirconia single-piece implants
presented four early implant failures, five losses to follow-up, and stable radiographic and
clinical outcomes of the remaining 11 implants after a follow-up of up to 11 years and the
related problems arising from loss to follow-up. Immediately loaded zirconia single-piece
implants showed a suitable success rate, clinical, and radiographic outcomes. However, a
larger prospective randomized controlled clinical trial needs to be performed to confirm
the validity of these results.
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