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Long term follow-up of immediately =
temporized zirconia and titanium one-piece
dental implants-a prospective cohort study

Valentin Herber'?", Elisabeth Steyer?, Martin Koller?, Yalda Nassehi', Anke Pichler® and Michael Payer'

Abstract

Objectives This prospective cohort study aimed to evaluate the clinical and radiographic outcomes of one-
piece zirconia implants and compare them to those of titanium implants over a period of up to 108 months
(85.3£31.6 months).

Methods A total of 33 implants (22 zirconia/Ziterion Zit-Z® and 11 titanium/Ziterion Zit-T®) were placed in 32 patients
(15 male, 17 female), all of whom required neither bone nor soft tissue augmentation. These implant systems are no
longer commercially available. Radiographic bone levels, clinical peri-implant parameters, and implant survival were
recorded for up to 108 months.

Results Implant fractures were not observed. In the titanium group, two implant failures (18.2%) were reported, while
eight zirconia implants (36.4%) failed. Kaplan—-Meier analysis showed survival rates of 80.8 and 62.2% for titanium

and zirconia implants, respectively, for up to 108 months. The bleeding on probing values gradually increased over
time in both groups. A statistically significant decrease in the plaque index was observed for zirconia implants at 36
and 108 months (p <0.001). Additionally, both groups showed a statistically significant reduction in marginal bone
resorption within the first year after implant placement (p <0.05). However, no significant difference between the two
groups was observed over time (p>0.05).

Conclusions Immediately temporized one-piece zirconia implants showed lower survival rates than those of
titanium implants, highlighting the need for further validation in larger trials.

Clinical relevance Immediate temporization of non-commercial zirconia implants is not recommended due to their
compromised survival rates.
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Introduction

Over the past several decades, especially since the late
1960s and the first report of dental implants by Per-
Ingvar Branemark, implant dentistry research has gained
worldwide interest [1]. The rehabilitation of partially
or fully edentulous patients through the replacement
of missing teeth with implants and implant-supported
prostheses has become routine therapy for clinicians.
Medical-grade commercially pure titanium or titanium
alloy are commonly used as a material in implant den-
tistry and is considered the gold standard for the fabri-
cation of dental implants. Titanium implants have shown
clinically high survival rates of up to 97.2% with single-
crown-supporting implants [2]. Owing to concerns
regarding titanium, specifically biological and technical
complications, alternative materials have been sought [3].
The release of micro- and nanoscale titanium particles
into the surrounding tissues may have damaging effects
on intraepithelial homeostasis, potentially leading to
implant detachment, as well as promoting bone resorp-
tion through the stimulation of osteoclast differentia-
tion [3, 4]. Additionally, wear of metallic dental implants
at the time of insertion has been confirmed in vitro [5].
Further literature reviews have showed that continuous
long-term corrosion reactions lead to the release of tita-
nium ions into peri-implant tissues, potentially causing
biological and technical complications, such as material
fatigue [6].

Recently, research on ceramic implants has renewed
interest, several years after their first clinical imple-
mentation in the 1970s. Ceramic implants made from
zirconium dioxide (also known as zirconia) have been
proposed as an alternative implant material [7, 8]. The
biocompatibility and hard tissue integration of zirconia
materials have been validated pre-clinically using differ-
ent large animal models [9]. Moreover, to optimise the
osseointegration of zirconia implants, surface modifi-
cations including sandblasting, etching, sintering, and
coating have been evaluated [10]. Owing to its tooth-like
colour, zirconia implants may offer benefits for patients
with thin tissue biotypes or those requiring implantation
in a highly aesthetic anterior area [11]. Aesthetic issues
may arise from the dull greyish discoloration of titanium,
which is not always concealed by the surrounding soft
tissues, particularly in cases with a thin tissue biotype
[12]. Zirconia has been reported to have a low affinity for
oral biofilm which is believed to improve soft tissue inte-
gration around the implant [13]. A reduction in bacterial
colonization can potentially minimize inflammation and
peri-implant tissue damage, leading to better long-term
soft tissue stability of the implant. A recent systematic
review and meta-analysis also demonstrated comparable
survival and success rates between zirconia and titanium
implants in short-term follow-up [14].
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However, there is a lack of clinical data in the litera-
ture regarding zirconia implants with long-term follow-
up, particularly those subjected to immediate loading.
Therefore, the primary aim of this study was to evaluate
the clinical and radiographic outcomes of one-piece zir-
conia implants and compare them to those of titanium
implants over a period of up to 108 months. Based on the
aim of this study, the following null hypothesis was for-
mulated: There is no statistically significant difference in
clinical and radiographic outcomes between zirconia and
titanium one-piece implants restored with lithium disili-
cate crowns over the observation period. The secondary
aim was to evaluate the survival rates of the zirconia and
titanium one-piece implants.

Materials and methods

Study population

This study was conducted as a prospective, cohort
study for the implant rehabilitation of partially edentu-
lous patients, using one-piece yttria-stabilised zirconia
implants in comparison with titanium implants. This trial
included 32 patients recruited from the dental school at
the Medical University of Graz, Austria. The study was
approved by the Ethics Committee of the Medical Uni-
versity of Graz (20-340 ex 08/09) and was conducted in
accordance with Good Clinical Practice standards and
the Declaration of Helsinki.

The inclusion criteria were subjects aged 18 years or
older who had provided informed and written consent,
with tooth gaps of up to three missing units, sufficient
peri-implant soft tissue volume, and adequate horizon-
tal and vertical bone for the placement of implants with
a minimum length of 10 mm and a width of 3.5 mm.
Additionally, patient acceptance of the scheduled visits
for clinical and radiographic analysis, as well as mainte-
nance, was mandatory. Patients with any of the following
exclusion criteria were not allowed to participate: (i) lack
of compliance or failure to provide consent, (ii) signs of
occlusal dysfunction or parafunctions (e.g. bruxers), (iii)
current acute periodontal disease, (iv) general contra-
indications to implant treatment, (v) metabolic skeletal
diseases (e.g., osteomalacia or osteoporosis), (vi) medica-
tion potentially affecting bone structure and metabolism
(such as corticosteroid treatment or bisphosphonate/
denosumab therapy), (vii) pregnancy, confirmed through
a pregnancy test (HCG Schnelltest, DiaChrom bj-giag-
nostik, Giessen, Germany), (viii) previous irradiation
in the neck/head area, (ix) need for bone and soft tissue
augmentation procedures and (x) smokers consuming
more than 10 cigarettes per day.

Clinical procedures
Between 2010 and 2013, 22 one-piece yttria-stabilised
zirconia implants (Zit-Z, Ziterion GmbH, Uffenheim,
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Fig.1 Study design and follow-ups. Directly after implant placement, all-ceramic provisional single crowns (white) were adhesively luted without centric
or eccentric occlusal contacts. Following a healing period of four months, provisional crowns were reduced, and conventional impressions were taken
using polyether material to fabricate the final all-ceramic crowns (brown). The final restorations were also adhesively luted to preserve the microgap-free

interface between the crown and the one-piece implant

Fig. 2 One-piece yttria-stabilised zirconia implants (Zit-Z, Ziterion GmbH,
Uffenheim, Germany) with a 1.5 mm polished collar and a roughened sur-
face (aluminum oxide blasting) and one-piece titanium implants (grade 4)
(Zit-T, Ziterion GmbH, Uffenheim, Germany) with a 2.5 mm polished collar
and electrochemically coated surface

Germany) and 11 standard one-piece titanium implants
(Zit-T, Ziterion GmbH, Uffenheim, Germany), with
lengths ranging from 10 to 13 mm, diameters between
3.5 and 5 mm were inserted in 32 patients by three expe-
rienced surgeons of the Department of Oral Surgery
and Orthodontics of the Medical University of Graz in
Austria (Fig. 1). The one-piece zirconia implants were
composed of Y-TZP, featuring a 1.5 mm polished trans-
mucosal collar and an endosseous portion that was sur-
face-treated with aluminum oxide wet shot blasting to
enhance roughness. The one-piece titanium implants
were manufactured from medical-grade 4 titanium, with
a 2.5 mm polished transmucosal collar, and their surface
was modified using an electrochemical coating process.
The standardized prosthetic abutment had a height of
4 mm for all implants (Fig. 2).

Before implantation, panoramic radiography (Sidexis
Intraoral, Orthophos plus DS, Sirona Dental Systems,
Bensheim, Germany) was performed to evaluate the
amount of bone height. An insufficient amount of bone
at the implant site, as detected on the radiographs, was
considered an exclusion criterion. In all participants, zir-
conia and titanium implants were placed no earlier than
6 months after tooth extraction (late implant insertion).

During the surgery, after local articaine infiltration
anaesthesia (Ultracain Dental Forte, Sanofi-Aventis, Aus-
tria) and a mid-crestal incision, a full-thickness flap was
conducted. Drilling sequences using all available diam-
eter drills were performed according to the manufactur-
er’s instructions. Insertion torque was measured using a
torque control device (W&H Implantmed; W&H Den-
talwerk Biirmoos GmbH, Biirmoos, Austria). Implants
were inserted with a terminal insertion torque greater
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than 30 Ncm. Immediately after implant placement, digi-
tal impressions were obtained using a CAD/CAM sys-
tem (Cerec 3D, Dentsply Sirona, Bensheim, Germany)
by a single prosthodontist. A clinical spectrophotometre
(Easyshade Vita Zahnfabrik, Bad Sackingen, Germany)
was used to determine the ceramic colour selection. Pro-
visional crowns, made of monolithic lithium disilicate
(e.max CAD-Blocks, Ivoclar-Vivadent, Schaan, Liechten-
stein), were fabricated based on the digital impression
using the Cerec 3D system (Cerec 3D, DentsplySirona,
Bensheim, Germany). All-ceramic provisional single
crowns were then constructed without centric or eccen-
tric occlusal contacts and adhesively luted (Multilink-
Automix, Ivoclar-Vivadent, Schaan, Liechtenstein) using
a rubber dam. Following a healing period of four months,
provisional crowns were reduced paramarginally, ensur-
ing no interference with the submucosal peri-implant
tissues. These provisional crowns served as a temporary
restoration and were retained during the healing period
to allow for soft tissue adaptation, before being replaced
with definitive restorations. Conventional impressions
were taken using polyether material (Impregum NF°, 3 M
ESPE, Seefeld, Germany) to fabricate the final all-ceramic
crowns. The definitive restorations were also adhesively
luted (Multilink-Automix®, Ivoclar-Vivadent) to preserve
the microgap-free interface between the crown and the
one-piece implant (Fig. 1).

Clinical and radiographic assessments

This clinical trial consisted of radiographic assessments
conducted at baseline (after the first crown delivery)
and at 6, 12, 16, 24, 36, 72, and 108 months after implant
placement as well as clinical assessments including
plaque index (PI), bleeding on probing (BOP) assessed at
baseline, 6, 12, 24, 36, 72, and 108 months after implant
placement. Additionally, implant stability (Periotest;
PTV; Medizintechnik Gulden e. K., Modautal, Germany)
was clinically investigated [15]. Additionally, implant suc-
cess was defined as an implant in a position supporting
a prosthetic suprastructure, without peri-implant trans-
lucency, implant-induced pain, infection, or paraesthesia,

Table 1 Implant location

Regio Material Number of implants
Maxillary incisors Zirconia 0
Titanium 1
Maxillary premolars Zirconia 2
Titanium 1
Maxillary molars Zirconia 0
Titanium 2
Mandibular premolars Zirconia 0
Titanium 2
Mandibular molars Zirconia 20
Titanium 5
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without implant fracture, and with an implant stability
value < + 8 (Periotest; PTV; Medizintechnik Gulden e. K.,
Modautal, Germany), as previously proposed by Naert et
al. [16] and Snauwaert et al. [17]. The restoration survival
was defined as the absence of fractures or chipping dur-
ing the follow-up period.

Intraoral digital radiographs (Sidexis Intraoral, Ortho-
phos plus DS; DentsplySirona, Bensheim, Germany) were
obtained using a rectangular collimation technique with
a Sirona XG AimRight sensor holder system (Dentsply-
Sirona, Bensheim, Germany) at baseline and follow-up
examinations. We measured mesial and distal bone loss
around each implant, defined as the marginal bone level
(MBL). The MBL was determined using the implant
diameter as a reference. The distance from the implant
shoulder to the mesial and distal crestal bones was mea-
sured to assess MBL. If there was an overlap between the
buccal and lingual bone contours, an average value was
calculated. MBL is expressed as mean +standard devia-
tion (SD).

Statistical analysis

Radiographic parameters and clinical parameters (BOP,
PIL, and MBL) at different time points (baseline and 6, 12,
16, 24, 72, and 108 months after implant placement and
baseline and 6, 12, 24, 72, and 108 months after implant
placement, respectively) were conducted using Mann—
Whitney U test. Statistical significance was set at p <0.05.
Kaplan—Meier curves were utilised to determine the sur-
vival rates of zirconia and titanium implants. No statisti-
cal comparison between survival curves was conducted
due to the small and unequal group sizes. Therefore, the
survival curves are presented for descriptive purposes, to
illustrate the overall trends observed within the cohort.

Results

Patient demographics

A total of 32 patients were enrolled in the study (15 males
and 17 females aged 20-62 years, with a mean age of
(£SD) 34+9.8 years) between July 2010 and February
2013. In this clinical trial, 22 one-piece zirconia and 11
one-piece titanium implants were used. Five of the evalu-
ated implants (15%) were located in the maxilla, and 27
were located in the lower jaw (85%) (Table 1). Details
regarding implant lengths and diameters are presented in
the (Table 2).

Survival and success

The final insertion torque values ranged from 30 to
45 Ncm across all implants. No implant fractures were
reported. In the titanium group, two implant failures
(18.2%) were observed (Table 2). Two titanium implants,
measuring 11.5 mm in length and 4 mm in diameter,
failed after 11 months in a 48-year-old female patient



Herber et al. International Journal of Implant Dentistry

Table 2 Distribution of the placed implants (n) and lost implants
(n) including implant length (mm) and diameter (mm)

(2025) 11:70

Implant length (mm) Implant diam-

eter (mm)
3.5 4 5
Placed zirconia implants 11.5 2 13 1
13 - 6 -
Placed titanium 10 - - 1
implants 115 - 7 _
13 1 2 -
Lost zirconia implants 11.5 - 7 -
13 - 1 -
Lost titanium implants 10 - - -
115 - 2 -
13 - - -

and after 67 months in a 30-year-old female participant.
In the one-piece zirconia implant group, a total of eight
implants (36.4%) were declared failures after a mean in
situ duration of (£SD) 9.9+13.1 months. Two zirconia
implants failed after two months, one after four months,
two after five months, one after six months, one after
14 months and another one after 41 months. Most of the

1,0
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lost zirconia implants (85.7%) had a diameter of 4 mm
and a length of 11.5 mm. The failed zirconia implants
exhibited circumferential peri-implant translucency and
were clinically mobile. They were removed atraumati-
cally using forceps without surgical intervention, as they
had lost osseointegration. Implant stability was assessed
using the Periotest device, which measures micromobil-
ity. A Periotest Value (PTV) greater than + 8 was consid-
ered indicative of failure. Of the remaining 23 implants
included in this long-term follow-up cohort study, 14
were observed over the entire 108-month period, includ-
ing 8 titanium implants and 6 zirconia implants. The
remaining patients were unable to attend due to personal
reasons or logistical challenges.

Zirconia implant survival was 62.2% after an observa-
tion period of 108 months. A Kaplan—Meier analysis
showed a survival rate of titanium implant of 80.8% up to
108 months (Fig. 3).

All restorations demonstrated 100% survival, with no
complications (chipping, fracture) observed throughout
the follow-up period.

_ I Ti

0,8

1 —12Zr02

0,6

Survival rate

0,4

0,2

0,0

6 1216 24 36

72 108

months

Fig. 3 Kaplan-Meier curves exhibiting the survival probability of titanium and zirconia implants
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Clinical assessments
The mean BOP values at follow ups were 16.2%
(SD+12.4), 10.8% (SD*9.0), 13.8% (SD*8.5), 21.0%
(SD+10.2), 23.5% (SD+11.1), 25.2% (SD+10.3) and
30.8% (SD+6.1) at baseline, 6, 12, 24, 36, 72 and
108 months after titanium implant placement, respec-
tively. For zirconia implants, the mean BOP values were
22.4% (SD+12.3), 19.3% (SD+10.0), 20.2% (SD +10.0),
21.4% (SD+9.0), 21.9% (SD+10.0), 23.6% (SD+13.6)
and 28.4% (SD+10.0) at baseline, 6, 12, 24, 36, 72 and
108 months, respectively (Fig. 4). The mean BOP values
gradually increased over time in both groups. No statis-
tically significant difference between the two groups was
observed over time (p >0.05).

The PI values after titanium implant insertion revealed
a mean of 21.6% (SD+9.9), 23.2% (SD+11.9), 25.7%
(SD+£10.9), 20.8% (SD+12.0), 20.5% (SD+11.7), 22.1%
(SD+11.9) and 23.3% (SD +12.3) at baseline, 6-, 12-, 24-,
36-, 72- and 108-month follow-ups, respectively. After
zirconia implant placement, the mean PI values were
29.2% (SD £9.4), 24.5% (SD £9.2), 24.2% (SD £ 6.8), 22.3%
(SD+7.9), 16.6% (SD+7.9), 16.0% (SD+10.1) and 14.8%
(SD+10.1) at baseline, 6, 12, 24, 36, 72 and 108 months,
respectively (Fig. 5). A statistically significant decrease in
the PI was observed in the zirconia implants after 36 and
108 months (p<0.001). No statistically significant differ-
ences were observed between the two groups over time
(p>0.05).

40 o

)L =

10

BL 6Mo 12 Mo 24 Mo 36 Mo

Ti

72 Mo 108 Mo
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Radiographic assessments

At baseline, 6-, 12-, 16-, 24-, 36-, 72- and 108-month fol-
low-ups, a mean MBL for titanium implants of 1.1 mm
(SD+0.8), 1.6 mm (SD+0.7), 1.7 mm (SD+0.7), 1.7 mm
(SD£0.7), 1.6 mm (SD+0.5), 1.6 mm (SD+0.5), 1.6 mm
(SD+0.4) and 1.8 mm (SD+0.7), respectively, were
reported (Figs. 6 and 7). In case of zirconia implants,
the mean MBL values were 1.2 mm (SD+0.5), 1.7 mm
(SD+0.5), 1.7 mm (SD +0.5), 1.8 mm (SD +0.5), 1.7 mm
(SD+0.5),1.7 mm (SD+0.6), 1.6 mm (SD+0.5), and
1.5 mm (SD+0.3) at baseline, 6, 12, 16, 24, 36, 72 and
108 months after implant placement. A statistically
significant increase in marginal bone resorption was
observed from baseline to the 12-month follow-up in
both the zirconia and titanium groups (p<0.05). After
this initial resorption, bone levels remained stable in both
groups, with no further significant changes observed
during the remaining follow-up period (p >0.05).

Discussion

In this study, we assessed the radiographic and clinical
outcomes of one-piece titanium and zirconia implants
after a 108-month follow-up period. Since the clinical
and radiographic outcomes showed no statistically sig-
nificant differences between zirconia and titanium one-
piece implants restored with lithium disilicate crowns,
the null hypothesis could not be rejected. Notably, the

BL 6 Mo 12 Mo 24 Mo

Zr02

36 Mo 72 Mo 108 Mo

BOP

Fig. 4 Box-plot diagram of bleeding on probing (BOP) scores at baseline, 6, 12, 24, 36, 72, and 108 months after follow-up
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Fig. 5 Box-plot diagram of plaque index (Pl) scores at baseline and 6, 12, 24, 36, 72, and 108 months after follow-up
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Fig. 6 Box-plot diagram of marginal bone level (MBL) scores at baseline and 6, 12, 24, 36, 72, and 108 months after titanium and zirconia implant
placement
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Fig. 7 Intraoral radiographs of a one-piece titanium implant placed in tooth 14 in a 25 year-old female patient, taken directly after implantation (A), at
baseline (B), 6 months (C), and 36 months (D) after implant placement. Additionally, a zirconia implant is placed in tooth 36 in a 34-year-old female pa-
tient, taken directly after implantation (E), at baseline (F), 12 months (G), and 72 months (H) after implant placement

failure rate of zirconia implants was 36.4%, twice as high
as that of titanium implants (18.2%).

Regarding the surgical protocol, the placement of
one-piece implants must meet prosthodontic require-
ments, as the supracrestal portion of the implant is con-
tinuously aligned with the axis of the implant body. In the
present study, one-piece implants were not designed to
be ground intraorally, as was done in a previously pub-
lished protocol using a different type of one-piece zirco-
nia implants [18]. The increased fracture risk associated
with intraoral grinding of one-piece zirconia implants
has been discussed and, thus, seems unadvisable as a
standard procedure in clinical practice. This risk appears
to be primarily influenced by factors such as implant
design, material properties, and the applied pressure and
degree of water-cooling during abutment preparation.
Consequently, intraoral as well as extraoral abutment
modifications of one-piece zirconia implants should be
avoided to minimise the risk of fracture [19, 20]. As a fur-
ther development, various implant manufacturers have
offered two-piece implant designs for zirconia implants
in recent years, with promising results, though clinical

data concerning hard and soft tissue integration remains
limited [21, 22].

Survival analysis is essential for evaluating the long-
term performance and predictability of dental implants.
The Kaplan—Meier method, a widely utilised statistical
approach in medical and dental research, facilitates the
estimation of survival probabilities for implants over time
[23]. Long-term studies have consistently demonstrated
high survival rates for titanium implants. In a retrospec-
tive study, Buser et al. reported a 10-year implant survival
rate of 98.8% for 511 titanium implants [24]. A recent
meta-analysis collated data on the survival rate of dental
implants over a 20-year period, revealing a notable suc-
cess rate of 80% [25]. The present study demonstrated a
108-month survival rate of 80.8% for titanium implants,
which is lower than that of previously published data.
Kohler et al. also reported the loss of a two-piece tita-
nium implant manufactured using the same process
[21]. Notably, these implants are no longer commercially
available. The observed implant failure may be attributed
to specific surface modifications. Certain surface treat-
ments such as acid etching or sandblasting can influence
osseointegration and long-term stability [26]. Therefore,
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the surface characteristics of these implants may have
contributed to the reduced survival rates.

Several studies utilising Kaplan—Meier survival analy-
sis have reported promising survival rates for zirconia
implants. A systematic review by Padhye et al. reported
similar survival rates for zirconia and titanium implants
in the short term (12 months of follow-up) [14]. In the
present study, zirconia implants demonstrated a survival
rate of 62.2% after a 108-month observation period. The
majority of failed zirconia implants (85.7%) had a diam-
eter of 4 mm and length of 11.5 mm. This low survival
rate may be attributed to several factors. According to
Roehling et al., commercially available zirconia implants
demonstrate significantly higher survival rates than those
of non-commercial zirconia implants. Non-commercial
zirconia also shows high rates of early implant failure
[27]. Hashim et al. reported a general tendency for early
implant loss in first-generation zirconia implants, par-
ticularly when used in immediate or early loading pro-
tocols [28]. In this study, zirconia and titanium implants
were immediately restored using lithium disilicate CAD/
CAM provisionals. To ensure a stress-free healing
period, provisional crowns were designed without cen-
tric or eccentric occlusal contact, thereby minimising
functional loading. However, despite these precautions,
implants were still subjected to indirect forces gener-
ated by masticatory processes and tongue movements.
As demonstrated in a previous study, zirconia implant
failure was not accompanied by general signs of inflam-
mation [18]. Consequently, some authors proposed that
these instances of failure may be categorised as “aseptic
loosening” [8]. Potential causative factors include disinte-
gration and premature loading. Recent improvements in
the material properties and implant designs of zirconia,
such as the introduction of two-piece zirconia implants,
have contributed to enhanced survival rates. Two-piece
zirconia implants, which allow for screw-retained res-
torations, offer better prosthetic versatility and improve
clinical outcomes [29].

This study investigated first-generation zirconia
implants, which were one-piece designs made from
yttria-stabilised tetragonal zirconia polycrystals (Y-TZP).
These implants were introduced as alternatives to tita-
nium implants. Unlike titanium, which benefits from
surface modifications such as acid etching and sandblast-
ing, this first-generation zirconia implant has limited
available surface treatments. Surface modification tech-
niques such as sandblasting and acid etching have been
applied to zirconia implants to improve osseointegration
[10]. The implants used were not commercially available,
and according to a systematic review and meta-analysis,
implants that have been discontinued from the market
exhibit a statistically lower survival rate than those cur-
rently available for commercial purchase [30].
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The present study revealed a significant decrease in
the PI of zirconia implants after 36 and 108 months
(p<0.001). A previously proposed theory suggesting
reduced biofilm accumulation around zirconia implants
may explain this clinical outcome [31]. However, no
statistically significant differences in BOP and PI were
observed between the zirconia and titanium implants
over time (p>0.05). A statistically significant increase in
marginal bone resorption was observed in both groups
during the first year after implant placement (p<0.05).
This is consistent with the typical early bone remodeling
phase following implant placement, as reported in previ-
ous studies [32]. After this initial period, marginal bone
levels stabilized, with no further significant changes in
either group (p>0.05). No statistically significant differ-
ences were observed between the two groups over time.

This study has certain limitations. It included only 22
zirconia and 11 titanium implants, which represents a
relatively small and inhomogeneous sample. A larger
cohort would increase statistical power and enhance the
reliability of the findings. While the study provides long-
term data comparing zirconia and titanium implants, its
limitations must be considered when interpreting the
results. As the study was exploratory in nature, no formal
corrections for multiple comparisons (such as Bonferroni
adjustment) were applied. The statistical analysis was
intended to observe trends over time rather than estab-
lish definitive group differences. This approach increases
the risk of Type I error and should be taken into account
when interpreting statistical significance. Another nota-
ble limitation of the present study is the distribution
of implant placement sites, with the majority of zirco-
nia implants being positioned in the mandibular molar
region. This site-specific clustering introduces a potential
bias. Considering the mandibular molar area is subject
to specific biomechanical conditions such as increased
occlusal forces and variations in bone density. These fac-
tors may have influenced the clinical and radiographic
outcomes observed. Future studies with larger sample
sizes, longer follow-up periods, and more standardized
protocols are needed to further validate the clinical per-
formance and long-term success of zirconia implants.
Future research involving a larger patient sample, ran-
domized and controlled study, longer follow-up periods,
and more standardised methodologies is needed to fur-
ther validate the clinical performance and long-term suc-
cess of zirconia implants.

Conclusions

Within the limitations of this prospective cohort
study, non-commercially zirconia one-piece implants
demonstrated lower survival rates compared to their
titanium counterparts over a follow-up period of
up to 108 months. The clinical performance of the
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first-generation zirconia implants, now commercially
unavailable, was notably inferior, aligning with outcomes
reported in other clinical studies.

Abbreviations

BOP Bleeding On Probing

CBCT  Cone beam computed tomography

MBL Marginal bone level

PI Plaque index

SD Standard deviation

Y-TZP  Yttria-stabilised tetragonal zirconia polycrystals

Acknowledgements
The authors thank D.l. Irene Mischak for the statistical analysis.

Author contributions

Valentin Herber: Execution, data collection, writing. Elisabeth Steyer:
Planning and execution, writing. Martin Koller: Planning and execution.
Yalda Nassehi: Writing. Anke Pichler: Planning and execution. Michael Payer:
Conceptualization, planning and execution, writing, supervision.

Funding
This work was supported by Ziterion GmbH, Uffenheim, Germany; and
Dentsply Sirona, Charlotte, USA.

Data availability
The original data supporting the findings of this study is available from the
corresponding author upon reasonable request.

Declarations

Ethics approval and consent to participate

The study involving human participants was reviewed and approved by the
Ethics Committee of the Medical University of Graz (Approval No. 20-340 ex
08/09). Written informed consent to participate in this study was provided by
the participants or their legal guardian.

Consent for publication

Written informed consent for publication of patient’s clinical details and/or
clinical images was obtained from the patient/parent/guardian/ relative of the
patient.

Competing interests
The authors deny any conflict of interest related to this study.

Received: 21 May 2025 / Accepted: 20 October 2025
Published online: 02 December 2025

References

1. Branemark PI, Adell R, Breine U, Hansson BO, Lindstrém J, Ohlsson A. Intra-
osseous anchorage of dental prostheses. I. Experimental studies. Scand J Plast
Reconstr Surg. 1969;3:81-100.

2. Haro Adénez M, Nishihara H, Att W. A systematic review and meta-analysis on
the clinical outcome of zirconia implant-restoration complex. J Prosthodont
Res. 2018,62:397-406.

3. Zhou Z ShiQ Wang J, Chen X, Hao Y, Zhang Y, et al. The unfavorable role
of titanium particles released from dental implants. Nanotheranostics.
2021;5:321-32.

4. Noronha Oliveira M, Schunemann WVH, Mathew MT, Henriques B, Magini RS,
Teughels W, et al. Can degradation products released from dental implants
affect peri-implant tissues? J Periodontal Res. 2018;53(1):1-11.

5. Romanos GE, Fischer GA, Rahman ZT, Delgado-Ruiz R. Spectrometric analysis
of the wear from metallic and ceramic dental implants following insertion: an
in vitro study. Materials (Basel). 2022;15:1200.

6. Noumbissi S, Scarano A, Gupta S. A literature review study on atomic
jons dissolution of Titanium and its alloys in implant dentistry. Materials.
2019;12:E368.

(2025) 11:70

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

Page 10 of 11

Al-Amleh B, Lyons K, Swain M. Clinical trials in zirconia: a systematic review. J
Oral Rehabil. 2010;37:641-52.

Cionca N, Hashim D, Mombelli A. Zirconia dental implants: where are we
now, and where are we heading? Periodontol 2000. 2017;73:241-58.
Roehling S, Schlegel KA, Woelfler H, Gahlert M. Zirconia compared to
titanium dental implants in preclinical studies-a systematic review and meta-
analysis. Clin Oral Implants Res. 2019;30:365-95.

Schiinemann FH, Galarraga-Vinueza ME, Magini R, Fredel M, Silva F, Souza
JCM, et al. Zirconia surface modifications for implant dentistry. Mater Sci Eng
C Mater Biol Appl. 2019;98:1294-305.

loannidis A, Cathomen E, Jung RE, Fehmer V, Husler J, Thoma DS. Discolor-
ation of the mucosa caused by different restorative materials-a spectropho-
tometric in vitro study. Clin Oral Implants Res. 2017;28:1133-8.

van Brakel R, Noordmans HJ, Frenken J, de Roode R, de Wit GC, Cune MS. The
effect of zirconia and titanium implant abutments on light reflection of the
supporting soft tissues. Clin Oral Implants Res. 2011;22:1172-8.

Scarano A, Piattelli M, Caputi S, Favero GA, Piattelli A. Bacterial adhesion on
commercially pure titanium and zirconium oxide disks: an in vivo human
study. J Periodontol. 2004;75:292-6.

Padhye NM, Calciolari E, Zuercher AN, Tagliaferri S, Donos N. Survival and suc-
cess of zirconia compared with titanium implants: a systematic review and
meta-analysis. Clin Oral Investig. 2023;27:6279-90.

Mombelli A, van Oosten MA, Schurch E, Land NP. The microbiota associated
with successful or failing osseointegrated titanium implants. Oral Microbiol
Immunol. 1987;2:145-51.

Naert |, Quirynen M, van Steenberghe D, Darius P. A six-year prosthodontic
study of 509 consecutively inserted implants for the treatment of partial
edentulism. J Prosthet Dent. 1992:67:236-45.

Snauwaert K, Duyck J, van Steenberghe D, Quirynen M, Naert |. Time depen-
dent failure rate and marginal bone loss of implant supported prostheses: a
15-year follow-up study. Clin Oral Investig. 2000;4:13-20.

Steyer E, Herber V, Koller M, Végh D, Mukaddam K, Jakse N, et al. Immediate
restoration of single-piece zirconia implants: a prospective case series-long-
term results after 11 years of clinical function. Materials (Basel). 2021;14:6738.
Andreiotelli M, Kohal R-J. Fracture strength of zirconia implants after artificial
aging. Clin Implant Dent Relat Res. 2009;11:158-66.

Bethke A, Pieralli S, Kohal R-J, Burkhardt F, von Stein-Lausnitz M, Vach K, et al.
Fracture resistance of zirconia oral implants in vitro: a systematic review and
meta-analysis. Materials (Basel). 2020;13:E562.

Koller M, Steyer E, Theisen K, Stagnell S, Jakse N, Payer M. Two-piece zirconia
versus titanium implants after 80 months: clinical outcomes from a prospec-
tive randomized pilot trial. Clin Oral Implants Res. 2020;31:388-96.

Cionca N, Hashim D, Mombelli A. Two-piece zirconia implants supporting
all-ceramic crowns: six-year results of a prospective cohort study. Clin Oral
Implants Res. 2021;32:695-701.

Kaplan EL, Meier P. Nonparametric estimation from incomplete observations.
J Am stat assoc. 1958;53:457-81.

Buser D, Janner SFM, Wittneben J-G, Bragger U, Ramseier CA, Salvi GE. 10-year
survival and success rates of 511 titanium implants with a sandblasted

and acid-etched surface: a retrospective study in 303 partially edentulous
patients. Clin Implant Dent Relat Res. 2012;14:839-51.

Kupka JR, Konig J, Al-Nawas B, Sagheb K, Schiegnitz E. How far can we go?

A 20-year meta-analysis of dental implant survival rates. Clin Oral Investig.
2024;28:541.

Liu X, Chu P, Ding C. Surface modification of titanium, titanium alloys,

and related materials for biomedical applications. Mater Sci Eng R Rep.
2004;47:49-121.

Roehling S, Schlegel KA, Woelfler H, Gahlert M. Performance and outcome of
zirconia dental implants in clinical studies: a meta-analysis. Clin Oral Implants
Res. 2018;29(Suppl 16):135-53.

Hashim D, Cionca N, Courvoisier DS, Mombelli A. A systematic review of the
clinical survival of zirconia implants. Clin Oral Invest. 2016;20:1403-17.
Karapataki S, Vegh D, Payer M, Fahrenholz H, Antonoglou GN. Clinical perfor-
mance of two-piece zirconia dental implants after 5 and up to 12 years. Int J
Oral Maxillofac Implants. 2023;38:1105-14.

Mohseni P, Soufi A, Chrcanovic BR. Clinical outcomes of zirconia implants: a
systematic review and meta-analysis. Clin Oral Investig. 2023;28:15.

Bienz SP, Hilbe M, Husler J, Thoma DS, Hémmerle CHF, Jung RE. Clinical and
histological comparison of the soft tissue morphology between zirconia
and titanium dental implants under healthy and experimental mucosi-

tis conditions-a randomized controlled clinical trial. J Clin Periodontol.
2021;48:721-33.



Herber et al. International Journal of Implant Dentistry (2025) 11:70

32. Albrektsson T, Zarb G, Worthington P, Eriksson AR. The long-term efficacy of
currently used dental implants: a review and proposed criteria of success. Int
J Oral Maxillofac Implants. 1986;1:11-25.

Publisher’s note
Springer Nature remains neutral with regard to jurisdictional claims in
published maps and institutional affiliations.

Page 11 of 11



	﻿Long term follow-up of immediately temporized zirconia and titanium one-piece dental implants–a prospective cohort study
	﻿Abstract
	﻿Introduction
	﻿Materials and methods
	﻿Study population
	﻿Clinical procedures
	﻿Clinical and radiographic assessments
	﻿Statistical analysis

	﻿Results
	﻿Patient demographics
	﻿Survival and success
	﻿Clinical assessments
	﻿Radiographic assessments

	﻿Discussion
	﻿Conclusions
	﻿References


