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Abstract: The main aim of this case series was to report the clinical and radiographic outcomes of
22 one-piece zirconia dental implants positioned in 19 patients to restore single edentulisms and
followed up for at least 2 years. The mean observation period was 58.18 months. At the last follow-up
visit, no issues, such as foreign body sensation, discomfort or pain, were reported by the patients. No
implant showed signs of infection with suppuration or implant mobility. Marginal bone levels (MBL)
were assessed through standardized dental radiographs and a dedicated software. The mean distance
between the implant head and the first detectable bone to implant contact was calculated at the mesial
and distal aspect of each implant. The mean MBL at baseline was 1.82 ± 0.63 mm while the mean
MBL at the last follow-up visit was 2.57 ± 0.72 mm. The results obtained in the present case series
over a mean follow-up period of 58.18 months (range 27–96) showed that one-piece zirconia dental
implants could be an alternative option to support single crowns in patients requiring metal-free
restorations. Nevertheless, further better-controlled research featuring an adequate study design and
longer follow-up is needed in order to clarify advantages and limitations which are related to this
treatment modality.

Keywords: ceramic; clinical study; dental implant; fixed dental prosthesis; zirconia implant

1. Introduction

At the time of writing, titanium implants are considered the gold standard in oral
implantology due to their biological and mechanical features and proven survival rate
of over 90% in the medium to long term [1]. Nevertheless, several drawbacks have been
associated with titanium as material for dental implant production. On the one hand, poor
aesthetic integration due to greyish color, especially in cases of localized bone deficiency
or thin gingival phenotype, has been reported [2]. On the other hand, albeit seldomly,
emerging literature has shed light on material hypersensitivities and titanium allergy [3,4].
In this regard, the possible role of titanium particles as a triggering factor in peri-implantitis
development has recently been raised. In the field of orthopedics, material disaggregation
with the release of metal ions has been associated with the aseptic failures of implants
and arthroplasties [5]. Although numerous studies have demonstrated that remnants of
titanium may elicit inflammation within the peri-implant tissues, solid scientific evidence of
this phenomenon and its clinical sequelae are still lacking [6]. In this context, ceramic dental
implants have been proposed in order to overcome aesthetic issues or to satisfy the demand
for “metal-free” restorations [7]. To be more specific, the ceramic zirconium dioxide (ZrO2,
or zirconia) has several advantages, such as the following: less mucosal discoloration,
better soft tissue integration and mimetism with the neighboring natural teeth [8,9], signifi-
cantly lower bacteria adhesion than with titanium surfaces [10–12], reduced inflammatory
response when compared to titanium implants [13,14], faster attachment of the junctional
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epithelium [14] and significantly increased micro-circulation in peri-implant soft tissue
than with titanium [15]. Furthermore, in the minipig experimental model, it has been
demonstrated that zirconia implants presented a better collagen fiber organization and
epithelial attachment, thus favoring ceramic implants over titanium [16]. Due to the afore-
mentioned reasons, dental implants composed of yttria-stabilized zirconia (Y-TZP) have
been introduced as an adjunctive option aiming to improve conventional titanium im-
plants [17]. At present, zirconia dental implants are available as monocomponent solutions
or in two pieces. Monocomponent, or one-piece, zirconia implants, are characterized by
transmucosal abutment in the same implant body so as to avoid any microgap and mi-
cromovement at the implant–abutment interface [18]. Consequently, bacterial percolation
within the dental implant components may be prevented [19]. In addition to lower plaque
adhesion and better response to soft tissues, animal studies have demonstrated that zirconia
is non-inferior to titanium in terms of osseointegration [20–22], direct contact between vital
bone and the implant fixture (BIC), reverse torque removal [23,24] and mechanical resis-
tance [25,26]. In spite of promising results obtained in pre-clinical and animal studies, only
few clinical investigations with a follow-up longer than two years have been published so
far [27–29]. Moreover, different survival and success rates have been reported for zirconia
implants [30,31], which have been associated with differences in terms of micro and macro
design, timing of placement and loading, and their prosthetic reconstruction [30]. By and
large, there can be observed a lack in scientific evidence, especially regarding the clinical
indications of zirconia dental implants [32,33]. It has to be highlighted that the zirconia
implant systems tested so far showed higher early failure rates compared with titanium
implants. Sound results on long-term outcomes are scarce. The mechanical fracture of
the material and implant failures are critical issues that have an impact on usability and
acceptance in every-day clinical practice. Another disadvantage of zirconia dental implants
is represented by the aging process, often known as low-temperature degradation. To
summarize, within the oral environment, the slow transformation of the tetragonal phase
into the monoclinic one is slow, so that the material’s strength, toughness, hardness and
density can be reduced. Aging is the result of compressive stresses and microcracking
over time [19]. Further shortcomings of zirconia implants are directly related to the restora-
bility and the prosthetic workflow. First of all, zirconia dental implants are, nowadays,
recommended only for single crown restorations or three-unit fixed dental prostheses, thus
limiting their clinical usage. Misalignment and implant malpositioning are difficult to be
managed, abutment modifications are not contemplated in one-piece zirconia implants,
and most implant systems can only be restored using cemented solutions. Although there
is space for further technical progress, future improvements should deal with limitations in
the material, especially regarding two-piece systems with screwable abutments. Moreover,
most clinical studies have evaluated zirconia implants based on less than 24 months of
observation. The main scope of the present series of cases was to report the clinical and
radiographic outcomes of single crown rehabilitations supported by one-piece zirconia
dental implants. All cases were characterized by at least 2 years of observation after the
cementation of the final prosthesis in healthy patients without impaired systemic condi-
tions. The null hypothesis of the present study is that the success rate of modern zirconia
implants may decrease after 2 years of function.

2. Materials and Methods

This study was conducted in full accordance with the most recent World Medical
Declaration of Helsinki. Dental records of patients fulfilling eligibility criteria were screened.
All patients were carefully informed regarding ceramic implant placement. They agreed to
participate during regular visits in order to evaluate the implants under investigation both
clinically and radiographically. Included subjects were asked to sign informed consent
form before being involved in the study. Operative procedures were performed between
July 2015 and January 2021. All of the 19 subjects participating in this study were affected
by partial edentulism at one or more sites. No restrictions were applied regarding dental
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arch (e.g., upper or lower) and site (e.g., anterior or posterior). The study enrolled patients
treated using one-piece zirconia implants who were observed for at least 2 years after
cementation of final single crown prostheses.

Implant Characteristics

The Straumann® PURE Ceramic Implant Monotype (Straumann Holding AG, Basel,
Switzerland) system was employed. Monotype is a ceramic dental implant made using
zirconium dioxide in its tetragonal phase, which is then stabilized through yttrium (desig-
nated Y-TZP). The fixture and abutment are not separated, as this is a one-piece implant
system. Therefore implant–abutment connection is not present (Figure 1). The implant
design is cylindrical with a tapered effect thread. The thread pitch amounts to 0.8 mm. The
intraosseous portion of the implant features an acid-etched microrough surface (1.3 µm,
ZLA® surface topography, Institut Straumann AG, Basel, Switzerland). No grinding of
any part of the implant or implant abutment is performed in order to reduce the risk of
micro-cracks in the material. The transmucosal portion consists of a 1.8 mm machined neck
(0.5 µm). The abutment component is characterized by a four-cornered shaft design.
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Figure 1. Characteristics of the ceramic one-piece implant system (Straumann® PURE Ceramic
Implant Monotype, Straumann Holding AG, Basel, Switzerland).

Inclusion criteria: healthy patients older than 18 years of age, signed informed consent,
bone width and height measuring at least 6 and 10 mm, respectively. Minor guided bone
regeneration (GBR) procedures to improve peri-implant tissue conditions were accepted.
They were performed, only when needed, in concomitance with implant placement. Such
procedures were carried out using a xenograft (Bio-Oss, Geistlich Pharma AG, Wolhusen,
Switzerland) covered by a collagen membrane (Bio-Gide, Geistlich Pharma AG, Wolhusen,
Switzerland). Exclusion criteria: pregnancy, heavy smokers (>10 cigarettes a day), kidney
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or liver diseases, uncontrolled or poorly controlled diabetes, bisphosphonates intake, his-
tory of radiotherapy of the head and neck, current therapy with immunosuppressants or
steroids, patients affected by primary or secondary immunodeficiency, connective tissue
disorders, untreated periodontitis, autoimmune diseases, oral parafunctions, refractory in-
fections of the oral cavity. Extensive alveolar ridge deficiencies requiring two-stage guided
bone regeneration were considered an exclusion criterium. Other dental implant systems
and designs (e.g., titanium dental implants, two-piece zirconia implants consisting of sepa-
rate fixture and abutment) and monopiece zirconia implants with insufficient follow-up
(<2 years) were excluded. Presurgical planning of each patient was performed using cone
beam computed tomography (CBCT) (SCANORA, KaVo, Biberach, Germany). Implant
insertion was performed as immediate post-extraction implant or following a delayed
approach (at least 3 months of healing after dental extraction). In the latter case, after
performing local anesthesia, a mucoperiosteal flap without vertical releasing incisions was
raised. Implant site preparation was performed according to manufacturer’s instructions.
The bone drilling sequence started with a round bur 2.3 mm or 3.1 mm in diameter in
order to mark the implantation site. Then, stainless steel twist drills 2.2 mm and 2.8 mm
in diameter were used to determine the implant axis. Hence, aligner dedicated pins were
employed in order to verify the preparation depth, the angulation and restorability. This
sequence was used to place zirconia implants 3.3 mm in diameter. Further twist drill 3.5 mm
in diameter was applied to widen the implant bed preparation in case 4.1 mm diameter
implant had to be positioned. All implants were placed freehand and no aid was obtained
by partial or fully guided surgery. The insertion depth of the implants was determined
by the endosseous portion. The 1.8 mm transmucosal collar was used as landmark and
was not forced apically during implant placement so as to avoid mechanical stress at the
crestal zone. Hence, the machined neck and implant head were positioned epicrestally
according to the surgical and restorative protocol. Primary stability was evaluated at the
time of implant placement by a dedicated counter-torque device. Immediate loading was
performed for implants showing values higher than 30 Ncm. Zirconia implants ranged
between 10 and 14 mm in length and 3.3 to 4.1 mm in diameter, respectively. Minor GBR
procedures were performed only when needed. Therefore, flaps were sutured around the
transmucosal portion of the implant body using separated single stitches. An intraoral
dental radiograph with apico-pericapical projection was obtained at the end of the surgical
phase (Figure 2).
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Table 1. Main features of the included studies’ legend.

N
Follow-

Up
(Months)

Age Gender
Implant

Posi-
tion

Implant
Diameter

(mm)

Implant
Length
(mm)

GBR
Placement

Timing
(IP/DP)

Loading
Timing
(IL/CL)

Mean MBL (mm)
(T0–T1)

1 96 42 F 11 4.1 12 N IP IL 1.9–3.48
2 96 59 F 21 4.1 14 Y IP IL 1.41–1.70
3 94 41 M 13 4.1 12 N IP IL 2.11–3.2
4 92 50 M 12 3.3 12 N DP IL 2.35–3.3
5 83 35 M 14 3.3 12 N DP IL 1.57–1.92
6 88 37 F 15 4.1 12 N IP IL 2.73–2.74
7 73 43 F 46 3.3 12 N DP CL 1.8–1.87
8 73 46 F 46 4.1 12 N DP CL 1.35–1.69
9 62 37 F 46 4.1 10 N DP CL 1.94–2.06
10 59 47 M 12 4.1 12 Y IP CL 0.36–2.03
11 48 48 M 44 4.1 12 N IP CL 2.75–2.86
12 48 48 M 45 4.1 12 N IP CL 2.34–3.24
13 48 48 M 46 4.1 12 N IP CL 3.5–4.19
14 42 31 M 46 4.1 10 N DP CL 1.23–2.03
15 42 34 M 34 3.3 12 N IP CL 1.68–2.32
16 41 65 F 24 3.3 12 Y IP IL 2.1–2.82
17 40 64 F 21 3.3 14 Y IP IL 2.19–3.45
18 38 65 F 11 4.1 14 N IP IL 1.48–2.17
19 33 54 F 26 3.3 10 N IP CL 1.32–1.66
20 30 63 F 31 3.3 14 N IP IL 1.72–1.86
21 27 52 M 22 3.3 14 Y IP CL 1.49–2.53
22 27 69 F 36 4.1 12 Y DP CL 1.72–3.57

N = implant number, follow-up (months), age, gender, implant position, implant diameter (mm), implant length
(mm); GBR = guided bone regeneration; placement timing: IP = immediate placement, DP = delayed placement;
loading timing: IL = immediate loading, CL = conventional loading; mean marginal bone level (mm): T0 = MBL
calculated on the x-rays taken immediately after implant positioning, T1 = MBL calculated on the x-rays taken
during the last visit).

After concluding implant placement, impression copings were positioned and polyether
impressions were made (Impregum Soft, 3M Espe, Seefeld, Germany). Then, a resin-
temporary crown was applied in order to cover the implant abutment and condition the
shape of surrounding tissues. The provisional restoration was placed free from centric
and eccentric contacts. Three months after surgery, final impressions were performed
using polyether material (Impregum Soft, 3M Espe, Seefeld, Germany). Hence, veneered
zirconia single crowns were applied by an expert therapist (R.S.) using resin-modified glass
ionomer cement (RelyX Luting Plus Cement, Minneapolis, MN, USA). Retraction cords
were then used in order to control the cementation line. Therefore, cement remnants were
carefully removed by means of a sharp instrument. Clinical and radiological evaluations
were performed from then on once a year during scheduled follow-up visits (Figure 3).

Clinical evaluation was carried out following Buser’s criteria, namely (1) self-reported
complaints or issues in the treated zone; (2) refractory infections or suppuration of the
surroundings peri-implant tissues; and (3) loosening or mobility of the implant body. All
x-rays were obtained with the same projection with customized film holder mounted on a
Rinn-type positioner (Dentsply RINN, York, PA, USA) and using paralleling technique. A
single device with the same exposure setting was used at different time points (Vistascan,
Durr Dental, Bietigheim-Bissingen, Germany; 75 kV, 9 mA, 0.22–0.25 s). Radiographs were
stored on a personal computer. Radiographic images were analyzed with a dedicated soft-
ware program (Image J, National Institute of Health, Bethesda, Rockville, MA, USA). Each
x-ray was standardized through known measures, such as the implant diameter or length,
in order to prevent any possible distortion. Marginal bone level (MBL) was measured as
the distance between the implant head and the first detectable bone-to-implant contact.
Linear measurements were retrieved at both implant sides, namely mesial and distal. A
mean value per implant was then obtained. Numeric values expressed in millimeters
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were calculated to the nearest 0.1 mm. All measurements were performed using a single
calibrated investigator (A.P.). Intraexaminer calibration was performed two times based
on 20 images not related to the study sample, which were taken on different days. Hence,
Buser criteria were applied to determine the success or failure of each included zirconia
implant. Illustrative case depicting surgical and prosthetic procedures is reported from
Figures 4–11 (Figures 4–11).
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positioning.

3. Results

Overall, 22 zirconia dental implants (12 in women and 10 in men) inserted in 19 generally
healthy subjects were included in the study. No patients suffered from bruxism or reported
diurnal parafunctional activities. The mean patient age was 49 years (range 31–69). Nine
implants (37.5%) were 3.3 mm in diameter and thirteen (62.5%) were 4.1 mm in diameter.
Eleven implants were placed in the maxilla (50%) and eleven in the mandible (50%). Four
implants were placed to restore missing maxillary central incisors; three implants were
positioned in place of maxillary lateral incisors; one implant replaced a maxillary canine;
four implants were inserted to replace maxillary premolars or molars; one implant was
employed to restore a mandibular central incisor; and nine implants were located in the
mandibular premolar or molar position. Twelve implants presented an abutment length
of 6 mm, while 11 implants were characterized by 4 mm abutments. Fourteen zirconia
implants were inserted at the time of tooth extraction (immediate implant placement), while
eight implants were positioned in healed ridges. Twelve implants underwent conventional
loading (12 weeks after implant placement), while ten zirconia implants were immediately
loaded (up to 1 week after implant placement). Guided bone regeneration was carried
out at the same time as implant insertion in six implants (25%). The mean follow-up was
58.18 months (range: 27–96). According to Buser criteria, all implants were deemed to be
successful. No pain, discomfort, foreign body sensation or dysesthesia were reported by the
patients. No implant showed mobility or suppuration upon palpation at the last observation
visit. The average marginal bone level (MBL), namely the radiographical distance between
the shoulder of the transmucosal portion of the implant and the first detectable bone-
to-implant contact, was 1.82 ± 0.63 mm at the time of implant placement, while it was
2.57 ± 0.72 mm at the last follow-up visit (range 0.36–4.19 mm). The peculiarities of the
aforementioned outcomes are summarized in Table 1.
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4. Discussion

According to the success criteria proposed by Buser et al., the null hypothesis of the
present study was rejected. Indeed, no reduction in zirconia implant success rate was
observed over a medium-term observation period. In agreement with the EAO position
paper, monopiece zirconia dental implants can be recommended for fixed rehabilitations of
single or partial edentulisms, up to three elements [19]. Ceramic implants are emerging as
an adjunctive suitable option due to their high biocompatibility and mechanical resistance,
and the fact that they are associated with a more natural color and better soft tissue
integration [32]. Furthermore, zirconia implants have shown lower plaque accumulation
and seem to be less prone to mucositis [34,35]. Nevertheless, lower survival rates have
been observed for zirconia implants when compared to traditional titanium ones [33]. The
survival and success rate of zirconia dental implants are still a matter of debate, and no
solid scientific conclusions are available at the time of writing. On the other hand, a recent
meta-analysis showed survival and success rates higher than 90% for zirconia implants after
a mean observation period of 42.37 months [36]. However, most included studies presented
short-term data, and medium-term follow-ups have been infrequently reported [37–40].
Due to their whiter color, zirconia implants have been advocated in the aesthetic zone,
especially in case of thin gingival phenotype [32]. Satisfactory outcomes from clinical and
radiological viewpoints have been observed in the present case series. No implant showed
inadequate bone levels, progressive bone loss or thread exposure. In parallel, neither signs
of infection associated with suppuration nor patient complaints were observed. These
results are in full accordance with the existing literature. Indeed, several authors have
reported a scarce tendency for bleeding and plaque accumulation associated with stable
peri-implant hard and soft tissues in the short–medium term (up to three years) post
loading [41,42]. Furthermore, this result is in line with previous authors who suggested a
faster and more efficient epithelial sealing around zirconia when compared to titanium [43].
Zirconia implants have been associated with a lower tendency for plaque accumulation and,
as a consequence, for peri-implant inflammation [44]. Whether this tendency would mean a
lower incidence of mucositis and peri-implantitis when compared to conventional titanium
implants should be better clarified in future studies. Despite these positive findings, the
results observed in this case series should be interpreted cautiously as a consequence of the
small sample size. Furthermore, it has to be highlighted that all inserted zirconia implants
pertained to generally healthy patients undergoing regular professional mechanical plaque
removal and with adequate bone volumes. As a consequence of limited sample size and
study design, direct comparisons of baseline and follow-up measurements related to clinical
and radiological data were deemed to be unfeasible. All implants were characterized by
a distinct microdesign, consisting of a rough surface of the implant body followed by a
1.8 mm smooth surface of the transmucosal collar. This peculiar feature may have an impact
regarding marginal bone level measurements as usually the implant shoulder is placed
in the supracrestal position. Nevertheless, only slight changes in marginal bone levels
were observed over time, thus suggesting the acceptable stability of the marginal bone.
Monopiece implants have been associated with lower marginal bone loss as compared to
two-piece implants due to the fact that microgap and micromovements at the interface
between implant and abutment, which may lead to bacterial percolation, are not present [18].
Rodriguez et al. reported similar clinical and radiological outcomes when assessing 24 one-
and two-piece zirconia dental implants in 12 consecutive patients. In their study, one two-
piece zirconia implant inserted in the posterior area was lost before delivering the definitive
rehabilitation, while one monopiece zirconia implant underwent implant failure in the
aesthetic zone after immediate provisional protocol [45]. The protection of marginal bone
loss related to monopiece implants has mainly been found to be associated with the absence
of the implant–abutment interface. In fact, this is a critical zone where several components’
interfaces are very close to the surrounding tissues. The presence of a microgap, albeit
minimal, can represent a niche that is colonizable by peri-implant pathogens [46]. At the
same time, the prolonged exposure to bacteria and bacterial products may trigger soft
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tissue inflammation and, consequently, peri-implant bone resorption. The monopiece
design features a transmucosal collar, which provides prosthetic versatility, as it can be
used in single, multiple or even full-arch rehabilitations [47]. The primary scope of this
observational investigation was to evaluate marginal bone level changes between the
baseline and the last follow-up visit, thus providing data after a mean observational
period of 58.18 months. Regarding monopiece ceramic dental implants, Borgonovo
et al. reported a 1.2 mm marginal bone loss after four years. Conversely, Balmer et al.
observed marginal bone level changes amounting to 0.72 mm from implant placement to
the last follow-up visit, which was carried out three years after the delivery of definitive
restoration [27–41]. Interestingly, Elnayef et al., in their systematic review and meta-
analysis, reported 0.14 mm more marginal bone loss when using zirconia when compared
to titanium dental implants [36]. Nonetheless, a recent systematic review published by
Esteves Fernandes et al. in 2022 reported that the marginal bone loss of titanium and
zirconia implants was similar after years of functional loading. Nevertheless, due to the
fact that most studies are characterized by an inadequate follow-up period and number
of zirconia implants evaluated, solid conclusions cannot be drawn [48]. The hard and soft
tissue outcomes could be conditioned by additional GBR procedures, generally producing
better results. Several shortcomings have been associated with one-piece implants. In
fact, abutment modification is not achievable, and cement margins are determined by
manufacturers. This could lead to challenging clinical conditions, especially in the aesthetic
zone. Hence, the results presented in this case series should be interpreted with caution.
Future research characterized by adequate study design (e.g., randomized controlled
clinical trials) is advocated to investigate the potential advantages and disadvantages of
zirconia dental implants over a medium- to long-term follow-up.

5. Conclusions

In the present case series, zirconia dental implants showed a 100% success rate. All
prosthetically restored monocomponent ceramic implants were in situ at the last follow-up
visit. Good clinical outcomes and acceptable marginal bone levels were observed after
a mean observation period of 58.18 months (range: 27–96). The main limitations of this
study are the small sample size associated with patient selection. Indeed, the inclusion
criteria were only patients with good general health and oral hygiene. As a consequence of
the observational study design, a comparison between baseline and follow-up parameters
was judged to be inappropriate. Moreover, guided bone regeneration was performed in
some implants, while others did not receive this procedure. Despite the promising results,
further research is warranted so as to assess the medium- to long-term performance of
zirconia implants in interventional studies featuring adequate methodology, sample size
and follow-up.
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