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ABSTRACT

Objective: Evidence on zirconia dental implants remains limited. This retrospective study evaluated clinical and radiographic
outcomes of contemporary ceramic implant systems placed in private practice with variable follow-up of up to 11 years.
Materials and Methods: This retrospective cohort evaluation included 174 patients receiving 275 zirconia implants (one-piece
systems and a two-piece tissue-level screw-retained system) placed between 2013 and 2025 with a minimum one-year follow-up.
Implant survival and success rates were assessed. Standardized periapical radiographs were analyzed using ImageJ to measure
marginal bone levels at placement and annually thereafter. Peri-implant soft tissue health was evaluated using the modified
Plaque Index and modified Gingival Index.

Results: Kaplan-Meier cumulative implant survival was 97.6%, and overall success was 95.3%. Mean first-year marginal bone
loss ranged from 0.25 to 0.74 mm, with a pooled mean of 0.49 mm. Mean annual bone loss after year 1 was low at 0.12mm/year.
Soft tissue indices remained low, and no suppuration was observed. Two implant fractures occurred (0.73%); remaining failures
were associated with lack of osseointegration or aseptic loosening.

Conclusions: Within the limitations of this retrospective study, contemporary ceramic implant systems demonstrated high sur-
vival and success with stable peri-implant bone levels and favorable soft tissue conditions.

Clinical Significance: This study provides real-world clinical and radiographic data on contemporary ceramic implant sys-
tems, including one-piece ceramic implants and ATZ two-piece ceramic implants with carbon fiber screws. These findings may
help clinicians contextualize the observed performance of ceramic implants in daily practice. Ceramic implants may represent
a viable metal-free treatment option for appropriately selected patients, particularly in esthetically demanding situations, when
careful case selection, system-specific training, and adherence to surgical and restorative protocols are applied.

1 | Introduction zirconia (ATZ), have been introduced as metal-free alternatives

to titanium implants, driven by esthetic demands in sites with
Ceramic dental implants, predominantly yttria-stabilized thin peri-implant mucosa and by patient preference for metal-
tetragonal zirconia polycrystal (Y-TZP) and alumina-toughened free rehabilitation [1, 2].

This is an open access article under the terms of the Creative Commons Attribution-NonCommercial License, which permits use, distribution and reproduction in any
medium, provided the original work is properly cited and is not used for commercial purposes.

© 2026 The Author(s). Journal of Esthetic and Restorative Dentistry published by Wiley Periodicals LLC.

Journal of Esthetic and Restorative Dentistry, 2026; 0:1-15 1
https://doi.org/10.1111/jerd.70234


https://doi.org/10.1111/jerd.70234
https://doi.org/10.1111/jerd.70234
mailto:
https://orcid.org/0000-0002-3954-7658
https://orcid.org/0009-0004-1608-2132
https://orcid.org/0009-0006-6727-5115
https://orcid.org/0009-0006-3291-9240
mailto:monzavi.mona@gmail.com
http://creativecommons.org/licenses/by-nc/4.0/
http://crossmark.crossref.org/dialog/?doi=10.1111%2Fjerd.70234&domain=pdf&date_stamp=2026-07-16

Preclinical evidence indicates that zirconia and titanium im-
plants show broadly comparable hard- and soft-tissue integra-
tion capacity, although titanium may demonstrate faster early
osseointegration in some models [3, 4].

Consistent with this, clinical evidence syntheses suggest that
zirconia implants can achieve survival and marginal bone level
outcomes comparable to titanium, while highlighting the need
for well-designed long-term comparative studies [5, 6].

Beyond osseointegration, biologic response at the transmucosal
interface remains clinically relevant. Studies evaluating peri-
implant or peri-abutment biomarkers have reported material-
associated differences in inflammatory mediator profiles,
supporting the concept that zirconia may present a distinct peri-
implant immunoinflammatory response compared with tita-
nium under certain conditions [7].

In parallel, microbial adhesion and early biofilm formation
have been widely investigated. Although results vary by sur-
face topography and experimental model, multiple studies and
reviews indicate that zirconia surfaces may exhibit equal or
reduced bacterial/biofilm accumulation compared with tita-
nium, which could be relevant for peri-implant soft tissue sta-
bility [8-10].

The zirconia materials most commonly used for implant man-
ufacturing are Y-TZP and ATZ, selected to improve fracture re-
sistance and reduce low-temperature degradation compared
with earlier zirconia generations [11-14]. Over the past decade,
ceramic implant systems have evolved from predominantly
one-piece (monotype) designs toward broader availability of
two-piece configurations, including screw-retained restorative
concepts intended to increase prosthetic flexibility [5, 15].
However, reported outcomes vary across systems and are in-
fluenced by implant design, surface characteristics, restorative
protocol (cemented vs. screw-retained), and surgical/restorative
experience, making direct comparisons challenging [5, 6, 15].

Recent clinical outcomes for one-piece zirconia implants are
supported by prospective cohort data, including 5-year survival
in the range of approximately 95%-98% with modest marginal
bone changes in appropriately selected cases [16, 17]. For two-
piece zirconia implants, particularly screw-retained concepts,
longer follow-up data are comparatively limited and published
results are heterogeneous [18-20].

Available clinical literature suggests that peri-implant soft tis-
sue parameters around zirconia implants can remain stable over
time in successfully integrated implants, although the overall
evidence base - especially for newer two-piece screw-retained
systems — remains smaller than for titanium [5, 6, 18, 20].
Accordingly, long-term private-practice data that include differ-
ent commercially available ceramic implant systems and restor-
ative concepts are valuable to inform real-world performance.
This retrospective observational cohort study aimed to evaluate
five ceramic implant systems, including one-piece and two-
piece screw-retained designs, placed in a private practice setting
between 2013 and 2025. The study assessed implant survival
and success, radiographic marginal bone level changes, and
peri-implant soft tissue health.

1.1 | Primary Objective

To evaluate the survival and success of 275 ceramic dental im-
plants placed in 174 patients with follow-up of up to 11years.

1.2 | Secondary Objectives

1. To quantify radiographic marginal bone level changes over
time.

2. To assess peri-implant soft tissue parameters, including
plaque index, gingival index, gingival inflammation, and
suppuration:

2 | Materials and Methods
2.1 | Study Design

This retrospective observational cohort study evaluated the
clinical and radiographic outcomes of zirconia-based ceramic
dental implants placed in three private periodontal practices.
A total of 275 ceramic implants were placed in 174 patients
between 2013 and 2025 using five commercially available ce-
ramic implant systems: CeraRoot, SDS, Straumann PURE,
Zeramex XT, and Z-Systems. All implant systems remain
commercially available except Straumann PURE, which was
discontinued in 2024.

All implant systems were one-piece designs except Zeramex
XT, a two-piece tissue-level, screw-retained ceramic im-
plant system using a carbon-fiber-reinforced polymer abut-
ment screw.

The maximum follow-up differed by system: CeraRoot (up
to 11years), Z-Systems (up to 10years), Zeramex XT (up to
7years), Straumann PURE (up to 7years), and SDS (up to
6years).

2.2 | Patient Population and Ethics

The mean patient age at implant placement was 57.4years
(range, 26-90years). The cohort included 97 females and 77
males. Each patient received a detailed explanation of the pro-
posed treatment and provided written informed consent prior
to inclusion and data collection. All procedures complied with
Health Insurance Portability and Accountability Act regulations.
This retrospective study was determined by Sterling IRB to be
exempt from IRB review under 45 C.F.R. §46.104(d), Category 4
Exemption (DHHS). A waiver of authorization for access to and
use of protected health information was also approved.

A total of 43 patients (24.7%) presented with one or more con-
trolled systemic conditions (Table 1), including autoimmune/
inflammatory disease (n=27), cardiovascular/metabolic condi-
tions (n=10), and a history of malignancy (n=6). All systemic
diseases were controlled at the time of implant therapy; no pa-
tient had active malignancy or uncontrolled autoimmune/in-
flammatory disease documented.
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2.3 | Implant Systems and Distribution

The distribution of implants by system is presented in Table 2.
Overall, 159 implants (58%) were placed in the maxilla and 116
(42%) in the mandible.

2.3.1 | Missing Data and Follow-Up Assessment

Clinical and radiographic records were reviewed for all included
patients and implants. Surviving implants were required to have

TABLE1 | Patient demographics and systemic health status.

Variable n %

Total patients 174 —

Female 97 55.7
Male 77 44.3
Without systemic conditions 131 75.2
With >1 systemic condition 43 24.7
Autoimmune/inflammatory 27 15.5
Cardiovascular/metabolic 10 5.7
Malignancy 6 34

Note: Values are presented as number (1) and percentage (%) of the total study
population (N'=174). Patients with multiple systemic conditions may be included
in more than 1 category.

TABLE 2 | Implant distribution by system and arch.

Total

System implants Maxilla Mandible
CeraRoot 29 20 9

SDS 25 14 11
Straumann PURE 63 34 29
Zeramex XT 83 52 31
Z-Systems 75 39 36
Total 275 159 116

TABLE 3 | Surgical timing and augmentation procedures.

a minimum clinical follow-up of 1year; early failures occurring
before prosthetic loading or within the first year were retained
in the survival analysis.

Follow-up duration varied, as patients were evaluated at avail-
able annual maintenance visits. Each implant contributed clin-
ical and radiographic data up to the last documented recall visit
or failure. Implants remaining in situ and functional at the last
available follow-up were censored in the Kaplan-Meier survival
analysis.

Clinical and radiographic data were complete for the visits in-
cluded in the analysis. Radiographic analyses were based on
available standardized periapical radiographs at baseline and
documented annual follow-up visits. Follow-up duration varied
among implants; therefore, the number of implants contribut-
ing data differed across follow-up intervals, as summarized in
Table 6.

2.4 | Eligibility Criteria
2.4.1 | Inclusion Criteria

Patients were included if they demonstrated a favorable max-
illomandibular relationship and received at least 1 ceramic
implant between 2013 and 2025. Patients with a minimum
clinical follow-up of 1year after implant placement were in-
cluded. Early implant failures occurring before prosthetic
loading or within the first year were retained in the survival
analysis.

2.4.2 | Exclusion Criteria

Patients were excluded if they presented with inadequate oral
hygiene, active periodontal disease, uncontrolled systemic dis-
eases affecting bone metabolism (e.g., uncontrolled diabetes,
severe osteoporosis), coagulation or leukocytic disorders, smok-
ing > 10 cigarettes/d, or alcohol or drug abuse. Patients with un-
controlled severe parafunctional habits (e.g., severe clenching/
bruxism) were excluded. Patients with documented bruxism
under clinical management/control (e.g., regular night guard
use) were eligible for inclusion.

Delayed

Crestal Lateral Ridge Simultaneous (4-month
System Immediate sinus sinus augmentation GBR healed)
CeraRoot 1 1 2 0 5 20
SDS 2 2 0 0 4 17
Straumann 16 3 1 4 0 39
PURE
Zeramex XT 7 5 8 11 10 42
Z-Systems 1 1 1 0 9 63
Total 27 12 12 15 28 181
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2.5 | Surgical Protocol and Timing

Implant placement was performed according to site-specific clin-
ical indications and healing conditions (Table 3). Implants were
placed approximately 4 months after extraction with socket graft-
ing, approximately 6 months after lateral sinus augmentation
and/or ridge augmentation, or simultaneously with crestal sinus
elevation and/or guided bone regeneration (GBR). Platelet-rich
fibrin (PRF) was used systematically as an adjunctive therapy in
all implant placement and augmentation procedures to enhance
wound healing and support tissue regeneration.

All patients receiving one-piece implants were provided an Essix
protective appliance during healing until definitive restoration.

Implant placement was performed by two periodontists in three
practices. Zeramex XT, Straumann PURE, and Z-Systems im-
plants were placed by (A), whereas CeraRoot and SDS implants
were placed by (D).

2.6 | Prosthetic Protocol

One-piece implants were restored with single-unit or multiunit
restorations using resin cement (Panavia; Kuraray Noritake
Dental Inc., Tokyo, Japan). Two-piece Zeramex implants were
restored using screw-retained components according to the
manufacturer's workflow.

2.7 | Radiographic Assessment of Marginal
Bone Levels

Radiographic marginal bone levels were measured using
ImagelJ (version 1.51n; National Institutes of Health, Bethesda,
Maryland). Measurements were calibrated using the implant
thread pitch reported by the manufacturer or the registered im-
plant diameter and length.

Standardized periapical radiographs were obtained with the
beam oriented perpendicular to the implant long axis to en-
able clear visualization of fixture threads. Marginal bone level
was measured at the mesial and distal aspects from the im-
plant reference point (implant shoulder/platform) to the first
bone-to-implant contact (fBIC). Marginal bone loss was cal-
culated from baseline (implant placement) and at annual fol-
low-up visits.

Outcome variables included the mean marginal bone level
change at 1year after implant placement and the mean annual
marginal bone level change thereafter.

All clinical and radiographic measurements were performed in-
dependently by a single calibrated examiner (B), who was not
involved in the clinical treatment of the patients. The examiner
was blinded to the implant system and radiographic time point
during image analysis to minimize assessment bias.

Prior to radiographic analysis, the examiner underwent a
calibration procedure consisting of repeated measurements

on a subset of radiographs not included in the final analysis.
To assess intra-examiner reliability, a randomly selected 20%
of the radiographs were re-evaluated after a two-week inter-
val under identical conditions. Reliability was assessed using
the intraclass correlation coefficient (ICC), which demon-
strated excellent intra-examiner agreement (ICC=0.94; 95%
CI: 0.90-0.97). Measurement error was calculated using
Dahlberg's formula and was found to be 0.12mm, indicating
low measurement error and high reproducibility of the radio-
graphic measurements.

2.8 | Soft Tissue Assessment

Peri-implant soft tissue parameters were evaluated 4-6 months
after implant placement and at the final follow-up visit. Soft tis-
sue health was assessed using the modified Plaque Index (mPI)
(Mombelli et al. [21]) and the modified Gingival Index (mGI)
(Lobene et al. [22]). Both indices were recorded at 4 aspects per
implant (mesial, distal, buccal, and lingual/palatal) using a cal-
ibrated periodontal probe. Suppuration was recorded dichoto-
mously as present or absent.

2.9 | Outcome Measures
2.9.1 | Primary Outcomes

1. Cumulative implant survival rate over the observation pe-
riod for each implant system.

2. Implant success rate for each implant system.

2.9.2 | Survival Definition

An implant was defined as surviving if it remained in situ
at the last follow-up with absence of mobility and absence
of infection requiring removal. Failures were defined as
any implant lost or removed due to biologic or mechanical
complications.

2.9.3 | Success Definition

Implant success was assessed according to the clinical criteria
described by Buser et al. [23], supplemented by the radiographic
marginal bone loss thresholds proposed by Albrektsson et al.
[24] and Smith and Zarb [25]. An implant was considered suc-
cessful if it demonstrated no persistent subjective complaints
(pain, dysesthesia, foreign-body sensation), no recurrent peri-
implant infection or suppuration, no clinical mobility, and ab-
sence of continuous peri-implant radiolucency. In addition,
peri-implant marginal bone loss was required to remain within
accepted physiologic limits, defined as <1.5mm during the first
year after implant placement and <0.2mm annually thereaf-
ter. The first-year threshold was used to account for early peri-
implant bone remodeling, whereas the annual threshold after
the first year was applied to assess late progressive marginal
bone loss.
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Kaplan-Meier method was used to estimate cumulative implant survival, accounting for censored observations

(implants followed for less than the maximum follow-up time).

FIGURE1 | Overall Kaplan-Meier cumulative implant survival curve. Kaplan-Meier cumulative survival curve for the overall implant cohort

(n=275). Censored observations are indicated by tick marks. The overall cumulative survival rate was 97.6% during the observation period.

2.9.4 | Secondary Outcomes

1. Mean changes in radiographic marginal bone levels from
baseline (implant placement) to the last follow-up visit.

2. Longitudinal trends in soft tissue indices (mPI, mGI) and
suppuration frequency.

2.10 | Statistical Analysis

Implant survival was analyzed using the Kaplan-Meier method
with IBM SPSS Statistics to account for unequal follow-up dura-
tions and censored observations. Implant failure was defined as
implant loss or removal during the observation period. Implants
remaining functional at the last follow-up visit were treated as
censored observations. Cumulative survival probabilities with
95% confidence intervals (CI) were calculated. Owing to sub-
stantial heterogeneity in implant design and geometry, no com-
parative survival analyses were conducted between implant
systems.

Follow-up duration was summarized descriptively using mean,
median, and range.

All other statistical analyses were descriptive in nature.
Continuous variables were summarized using mean, standard
deviation, median, and range, while categorical variables were
summarized using frequencies and percentages. Implant suc-
cess rates were calculated descriptively for each implant system.
No inferential statistical comparisons between implant systems
were performed because of differences in sample size and im-
plant characteristics.

3 | Results
3.1 | Overall Implant Performance

A total of 275 implants were evaluated. Mean follow-up dura-
tion for the overall cohort was 4.6years (median: 4years; range:
4months-11years). Kaplan-Meier analysis demonstrated an over-
all cumulative implant survival of 97.6% during the observation pe-
riod, with follow-up extending to 11years (95% CI: 94.7%-98.9%).
Censored observations represented implants that remained func-
tional at their last recorded follow-up and contributed survival
data up to that time point. The Kaplan-Meier cumulative survival
curve for the overall implant cohort is presented in Figure 1, with
censored observations indicated by tick marks.
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The overall success rate was 95.3%. System-specific success
rates, calculated using the clinical criteria described by Buser
et al. [25] and supplemented by the radiographic marginal bone
loss thresholds proposed by Albrektsson et al. [24] and Smith
and Zarb [25], are presented in Table 4.

Follow-up duration and survival outcomes for each implant sys-
tem are summarized in Table 5. Detailed follow-up distributions
for each implant system are presented in Table 6. Six implant
failures occurred during the observation period. All failures
were observed in medically healthy patients with no docu-
mented systemic disease and no history of periodontitis.

Follow-up duration varied across implant systems and ranged
from 4 months to 11years. The 4- and 6-month observations cor-
responded to early implant failures that occurred before comple-
tion of the first year and were retained in the survival analysis.
Among surviving implants, clinical and radiographic data were
available through the last documented annual follow-up visit.
Implants that remained functional at their last available recall
but did not have longer-term follow-up were treated as censored
observations in the Kaplan-Meier analysis. No imputation was
performed. The number of implants contributing data at each
follow-up duration is presented in Table 6.

3.2 | Surgical Timing and Augmentation
Procedures

Across all systems, delayed placement following a 4-month
socket graft healing period was the most frequent approach (181

TABLE 4 | Marginal bone loss, survival, and success.

implants; 65.8%). Immediate placement was performed in 27
implants (9.8%). Simultaneous GBR accompanied implant place-
ment in 28 implants (10.2%), crestal sinus augmentation in 12
implants (4.4%), and placement following lateral sinus augmen-
tation in 12 implants (4.4%). Ridge-augmented sites accounted
for 15 implants (5.5%) (Table 3).

System-specific trends were observed: CeraRoot implants
were predominantly placed in delayed, healed grafted sites
(~69% delayed); SDS implants showed a similar distribution
(~68% delayed) with a higher proportion performed with si-
multaneous GBR (~16%); Straumann PURE demonstrated the
highest proportion of immediate placement (~25%); Zeramex
XT implants were frequently associated with augmentation
procedures (crestal and lateral sinus elevation, GBR, and
ridge augmentation) in addition to delayed placement; and
Z-Systems implants were placed predominantly in healed,
grafted sites (~84% delayed).

3.3 | Radiographic Marginal Bone Level Changes
3.3.1 | First-Year Marginal Bone Loss

Mean first-year marginal bone loss (MBL) varied by im-
plant system: CeraRoot, 0.57+0.29mm (range, 0-1.20); SDS,
0.63+0.26 mm (0.30-1.20); Straumann PURE, 0.33+0.23mm
(0-0.80); Zeramex XT, 0.74+0.30mm (0.20-1.50); and Z-
Systems, 0.25+0.44mm (0-1.40). The pooled weighted mean
first-year MBL across systems was 0.49mm (overall range,
0-1.50mm) (Table 4).

First-year MBL, Annual MBL after year 1, Kaplan-Meier
System (n) mean +SD (range), mm mean £ SD (range), mm/y Survival, % Success, %
CeraRoot (29) 0.57+0.29 (0-1.20) 0.12+0.06 (0.10-0.30) 96.6 93.1
SDS (25) 0.63+0.26 (0.30-1.20) 0.12+0.05 (0-0.30) 96.0 95.8
Straumann PURE (63) 0.33+0.23 (0-0.80) 0.10+0.06 (0-0.20) 98.4 96.7
Zeramex XT (83) 0.74 +0.30 (0.20-1.50) 0.11 +0.05 (0-0.30) 98.8 95.1
Z-Systems (75) 0.25+0.44 (0-1.40) 0.14£0.10 (0-0.30) 96.4 94.6
Abbreviation: MBL, marginal bone loss.
TABLE 5 | Follow-up duration and survival outcomes by implant system.
Mean Median Kaplan-
Implant Number of follow-up follow-up Meier
system implants (n) (years) (years) Range Failure (n) survival
CeraRoot 29 6.90 7 3-11years 1 96.6%
SDS 25 4.00 4 6 months—6years 1 96.0%
Straumann 63 4.12 4 4months-7years 1 98.4%
PURE
Zeramex XT 83 4.20 4 3-7years 1 98.8%
Z-Systems 75 4.64 4 4months-10years 2 96.4%
Overall 275 4.60 4 4months-11years 6 97.6%
6 Journal of Esthetic and Restorative Dentistry, 2026
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TABLE 6 | Distribution of implants according to last available follow-up duration by implant system.

Follow-up duration CeraRoot (n) SDS (n) Straumann (n) Zeramex XT (n) Z systems (n)
4 months? 1 1
6 months? 1

2years 1 3
3years 2 4 26 31 27
4years 5 12 10 14 17
Syears 2 4 17 30 7
6years 2 3 6 4 3
7years 5 3 4 8
8years 6 3
9years 2

10years 2 6
11years 3

Total 29 25 63 83 75

Note: Values represent the number of implants whose last documented clinical and radiographic follow-up occurred at the indicated time point. Implants that
remained functional at the last available follow-up were treated as censored observations in the Kaplan-Meier survival analysis.

2The 4- and 6-month observations represent early implant failures that occurred before completion of 1year of follow-up and were retained in the survival analysis.

TABLE 7 | Peri-implant soft tissue parameters.

mGI baseline, mGI final, mPI baseline, mPI final,
mean +SD mean +SD mean +SD mean +SD
System (n) (range) (range) (range) (range) Suppuration
CeraRoot (29) 0.24+0.44 (0-1) 0.17+0.38 (0-1) 0.07 +0.26 (0-1) 0.14+0.35 (0-1) None
SDS (25) 0.08+0.28 (0-1) 0.17+0.38 (0-1) 0.00 (0) 0.13+0.34 (0-1) None
Straumann PURE (63) 0.11+0.14 (0-1) 0.13+0.34 (0-1) 0.15+0.36 (0-1) 0.05+0.22 (0-1) None
Zeramex XT (83) 0.04+0.19 (0-1) 0.06+0.24 (0-1) 0.10+0.30 (0-1) 0.02+0.15 (0-1) None
Z-Systems (75) 0.08 +0.27 (0-1) 0.05+0.23 (0-1) 0.11+0.31 (0-1) 0.04+0.20 (0-1) None

3.3.2 | Annual Marginal Bone Loss After the First Year

Mean annual MBL after the first year was low across all systems:
CeraRoot, 0.12+0.06 mm/y (0.10-0.30); SDS, 0.12+0.05mm/y
(0-0.30); Straumann PURE, 0.10 +£0.06 mm/y (0-0.20); Zeramex
XT, 0.11+0.05mm/y (0-0.30); and Z-Systems, 0.14+0.10mm/y
(0-0.30). The pooled weighted mean annual bone loss was
0.12mm/y (Table 4).

3.4 | Peri-Implant Soft Tissue Parameters

All implant systems demonstrated favorable peri-implant mu-
cosal conditions, and no suppuration was documented at any
implant site (Table 7). Baseline mean mGI values ranged from
0.04 to 0.24 and final follow-up mean values ranged from 0.05
to 0.17. Baseline mean mPI values ranged from 0.00 to 0.15
and final follow-up mean values ranged from 0.02 to 0.14.
Pooled weighted means across systems were 0.09 for mGI

at baseline and final follow-up, and 0.10 (baseline) and 0.05
(final) for mPI.

4 | System-Specific Outcomes and Complications
4.1 | CeraRoot

A total of 29 implants were followed for a mean duration of
6.9years (median: 7years; range: 3-11years), yielding a survival
rate of 96.6%.

One implant fracture occurred 2 years after definitive restoration.
The fractured implant (CeraRoot 16) was placed at site #3 in a
previously grafted socket using corticocancellous particulate
allograft and had been inserted with a high insertion torque of
55N-cm. Optical and scanning electron microscopy analysis
demonstrated a chipping defect at the fracture origin (Figure 2).
The patient was a medically healthy 45-year-old male.
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FIGURE 2 | Fracture analysis of the CeraRoot implant. (A) Optical image of the fractured surface. (B) Chipping defect at the fracture origin. (C)
Higher magnification of the chipping defect. (D-F) Fracture origin from high to low magnification demonstrating intergranular and transgranular
fracture modes with visible pores. (G-I) Periapical radiographs at placement, at final restoration, and at removal.

The success rate for CeraRoot was 93.1%. Three implants did
not meet the strict marginal bone loss threshold of <0.2mm/y,
although no clinical signs of inflammation or bleeding were
observed.

42 | SDS

Twenty-five implants were followed for a mean duration of
4.0years (median: 4years; range: 6 months-6years). One implant
failed at 6 months after placement, resulting in an overall implant
survival rate of 96.0%. The failed implant was a 4.6 X8 mm one-
piece SDS ceramic implant placed at site #3 in conjunction with
simultaneous crestal sinus augmentation. The sinus floor was
elevated to 6mm, and graft material was placed using the osteo-
tome technique. Primary stability at placement was 35N-cm. The
patient was a medically healthy 43-year-old male. Clinical mobility

was detected 6 months after placement, consistent with loss of os-
seointegration, and the implant was subsequently removed.

The system success rate was 95.8%, with one additional implant
exceeding the strict annual bone loss threshold. Figure 3 pres-
ents the clinical and radiographic sequences of a 43-year-old
medically healthy male patient with up to 6 years of follow-up.

4.3 | Straumann PURE

Sixty-three implants were followed for a mean duration of
4.12years (median: 4years; range: 4 months-7years). One im-
plant failed because of lack of osseointegration and was re-
moved at 4 months resulting in a survival rate of 98.4%. The
failed implant was a 3.3 X 10 mm one-piece implant placed at
site #25, 5months after extraction and socket grafting. The
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FIGURE 3 | Clinical sequence of extraction and immediate placement of SDS one-piece implants at sites #8 and #9 in a 43-year-old medical-

ly healthy male patient. (A) Preoperative clinical photograph. (B) Clinical view following extraction and immediate implant placement. (C) Post-

extraction periapical radiograph following immediate implant placement. (D) Four-month postoperative clinical photograph at the time of impres-

sion. (E) Definitive restoration. (F) Six-year follow-up demonstrating stable peri-implant tissues. (G) Six-year radiographic follow-up demonstrating

stable peri-implant bone levels.

patient was a healthy 46-year-old male who was noncompliant
with the protective Essix appliance and demonstrated poor
oral hygiene.

The success rate was 96.7%, with two implants exceeding the
strict annual bone loss threshold. Figure 4 presents a clinical
case in a 39-year-old medically healthy female patient with
5years of follow-up.

4.4 | Zeramex XT

Eighty-three implants were followed for a mean duration of
4.20years (median: 4years; range: 3-7years). One implant failed
due to aseptic loosening at 3years in a 51-year-old medically
healthy male with documented but clinically managed and con-
trolled bruxism/attrition patterns. The patient reported regular
night guard use and did not meet the exclusion criterion for un-
controlled severe parafunctional habits. The overall survival
rate was 98.8%.

Three implants did not meet strict radiographic success thresh-
olds (annual bone loss >0.2mm/y and/or excessive first-year

loss), resulting in a success rate of 95.1%. No implant fractures
were observed.

One restorative complication occurred: a crown at site #4 be-
came loose 1year after delivery. The carbon-fiber-reinforced
polymer screw had been torqued to 30 N-cm, and subsequent
screw wear/delamination was observed. The screw was re-
placed, and the restoration was remade without further com-
plication. Figures 5 and 6 present two clinical cases with
6- and 4-year follow-ups.

4.5 | Z-Systems

Seventy-five implants were followed for a mean duration of
4.64years (median: 4years; range: 4 months-10years). One im-
plant fracture occurred 3years after restoration: a one-piece
Z5m implant (4.0 mm diameter) placed at site #30 in a medically
healthy 37-year-old male. One additional implant failed because
of lack of osseointegration and was removed at 4months in a
medically healthy 40-year-old female. This implant had been
placed at site #15 in a previously grafted site following a lateral
sinus augmentation procedure. These two failures resulted in a
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FIGURE 4 | Clinical sequence of placement of one-piece Straumann PURE Ceramic implants at sites #7-10 in a 39-year-old medically healthy
female patient. (A) Preoperative clinical view demonstrating pronounced horizontal ridge resorption and partial edentulism in the anterior maxil-
la (#7-10). (B) Postoperative clinical view following ridge augmentation. (C-E) Implant placement sequence demonstrating insertion of one-piece
Straumann PURE Ceramic implants at sites #7-10. (F) Clinical view at the 6-month follow-up demonstrating soft tissue maturation around the
ceramic implants. (G) Clinical view at the 5-year follow-up demonstrating stable and harmonious peri-implant soft tissue contours with favorable

esthetic integration. (H) Five-year postoperative radiographic follow-up demonstrating stable peri-implant bone levels.

survival rate of 96.4%. Four implants exceeded the strict annual
bone loss threshold, resulting in a success rate of 94.6%. Figure 7
presents a clinical case with 10years of follow-up.

5 | Discussion

This retrospective study evaluated radiographic marginal bone
level changes and peri-implant soft tissue outcomes associated
with five ceramic dental implant systems. Kaplan-Meier sur-
vival analysis demonstrated a favorable cumulative implant
survival rate of 97.6% during the observation period between
2013 and 2025, with follow-up extending to 11years. The use
of Kaplan-Meier methodology allowed survival estimation
while accounting for censored observations and unequal fol-
low-up intervals, thereby providing a more robust assessment
of observed implant performance over time. The low number of
failures observed across the cohort suggests favorable medium-
to long-term clinical performance within the documented fol-
low-up distribution. A substantial proportion of implants were
censored because they remained functional at the final available
follow-up visit or had not yet reached long-term follow-up at the
time of analysis. This is expected in retrospective longitudinal
studies with ongoing patient follow-up.

The overall success rate (95.3%) was likewise consistent with
recent reports describing favorable clinical performance of con-
temporary zirconia-based implant systems [20, 26-28].

No statistical comparison between implant systems was per-
formed. The included implant systems differed substantially in
implant design, geometry, and follow-up distribution, limiting
the validity of direct comparative analysis.

The fracture rate in the current study was 0.73% (2/275),
aligning with the 0.65% rate reported in a large evalua-
tion of 4017 ceramic implants and reflecting improvement
compared with early-generation ceramic implant designs
[5, 27].

Peri-implant soft tissue parameters were favorable across all sys-
tems, supporting the biocompatibility of zirconia and its ability
to promote mucosal healing and stable peri-implant tissue archi-
tecture [29, 30].

Marginal bone level analysis showed that the two-piece Zeramex
XT implants demonstrated mean first-year crestal bone remod-
eling of 0.74mm (range, 0-1.50mm), comparable to previously
reported outcomes [20].
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FIGURES5 | Clinical sequence of implant treatment at sites #19 and #20 in a 51-year-old medically healthy female patient treated with Zeramex XT
two-piece implants. (A) Preoperative clinical view of the edentulous sites #19 and #20 prior to implant placement. (B, C) Clinical views of Zeramex
XT implants placed at sites #19 and #20 with platelet-rich fibrin (PRF). (D) Periapical radiograph obtained at the time of surgical placement. (E)
Clinical view at the 4-month follow-up demonstrating soft-tissue healing and abutment placement secured with carbon-fiber screws. (F) Periapical
radiograph showing the implants with abutments prior to occlusal adjustment and final impression. (G) Occlusal view at the 4-month follow-up. (H)
Periapical radiograph at the 6-year follow-up. (I) Six-year clinical follow-up demonstrating stable peri-implant soft tissues with well-contoured and

esthetically favorable mucosal architecture.

As expected for two-piece implant systems, most remodeling
occurred during the initial healing phase and subsequently sta-
bilized. First-year bone loss in the two-piece system was slightly
greater than that observed in one-piece implants, a plausible
finding attributable to the presence of an implant-abutment
junction and associated microgap.

Vertical positioning of the implant platform influenced
early bone remodeling. Implants placed at the crestal level ex-
hibited greater first-year bone loss (up to 1.6 mm) compared
with implants positioned 0.6-1.6mm supracrestally. This
finding is consistent with prior reports and classical titanium
implant data indicating that marginal bone remodeling is in-
fluenced by the location of the implant-abutment microgap
[20, 31].

Although subcrestal positioning is frequently recommended in
esthetic titanium implant therapy, the current observations sug-
gest that this approach may be less favorable for ceramic implant
systems. Controlled studies are warranted to clarify optimal

vertical positioning of ceramic implants, particularly in estheti-
cally demanding scenarios.

One failure in the Zeramex XT group occurred because of aseptic
loosening without clinical or radiographic signs of peri-implant
inflammation. A restorative complication, involving loosening
of the final restoration, was observed in a patient with a docu-
mented history of clinically managed and controlled bruxism.
The single-use carbon-fiber screw required replacement after
being torqued to 30N-cm, which exceeded the manufacturer's
recommendation. This finding underscores the importance of
strict compliance with system-specific restorative protocols and
risk management in patients with bruxism [32, 33].

Among one-piece ceramic implant systems, first-year and
annual marginal bone level changes were favorable. These
findings correspond with prospective cohort studies report-
ing 95%-97% survival over 5years for one-piece zirconia im-
plants, with stable marginal bone levels and low complication
rates [34-36].
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FIGURE 6 | Clinical sequence of implant treatment at sites #13 and #14 in a 62-year-old medically healthy female. (A-C) Preoperative clinical
photographs of the edentulous sites #13 and #14 prior to implant placement. (D, E) Clinical views of the Zeramex XT implants placed at sites #13 and
#14 with platelet-rich fibrin (PRF). (F, G) Clinical photographs at the 4-month follow-up demonstrating soft-tissue healing and abutment placement
secured with carbon-fiber screws. In panel (G), the abutments have been occlusally reduced prior to the final impression. (H) Clinical image of the
definitive prosthesis at the 4-year follow-up. (I) Radiographic image of the Zeramex XT restoration at the 4-year follow-up.

In this cohort, failures attributed to lack of osseointegration
occurred under clinically compromised conditions (e.g., simul-
taneous sinus augmentation, placement in posterior maxillary
sites previously augmented using a lateral sinus approach, and
noncompliance with protective appliances). These scenarios
highlight the relevance of bone quality and primary stability for
one-piece ceramic implants.

Two one-piece implants failed because of fracture. In the CeraRoot
implant, excessive insertion torque likely contributed to chipping
at the fracture origin, compromising structural integrity and initi-
ating crack propagation. Microscopic evaluation revealed internal
porosities, emphasizing the importance of manufacturing qual-
ity control. The fracture of the Z-Systems implant occurred in a
4-mm diameter implant placed in a molar region, again highlight-
ing the need for adequate implant diameter selection in high-load
areas and avoidance of excessive insertion torque [37].

Overall, these observations are consistent with favorable perfor-
mance of contemporary zirconia implant systems, as reported in
systematic reviews and meta-analyses describing high survival
rates, stable bone levels, and low mechanical complication rates
[5,27].

Clinician experience and protocol adherence appear to be im-
portant determinants of success. Ceramic implant placement is

technique-sensitive and may be associated with a steeper learn-
ing curve than conventional titanium implant therapy. This is
related to the reduced intraoperative flexibility of ceramic ma-
terials, system-specific drilling and insertion protocols, lim-
itations in prosthetic compensation, and the need for precise
three-dimensional implant positioning.

In particular, the high elastic modulus and limited plastic de-
formation capacity of ceramic implants, together with their lim-
ited tolerance for excessive insertion torque, off-axis loading,
or unfavorable restorative emergence profiles, require careful
surgical execution and prosthetic planning. Each ceramic im-
plant system also requires adherence to its specific surgical and
restorative workflow. Applying titanium-based techniques to
ceramic systems may increase the risk of mechanical or biologic
complications. Dedicated training and system-specific educa-
tion in case selection, surgical placement, prosthetic planning,
and restorative guidelines are therefore recommended prior to
routine use.

Limitations of the present study include its retrospective design,
heterogeneity among implant systems and restorative protocols,
use of a single examiner for radiographic measurements, and po-
tential selection and attrition bias related to follow-up patterns.
The retrospective nature of the study may have introduced se-
lection and information bias because of reliance on existing
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FIGURE7 | Clinicalsequence ofimplant placement at site #19 using the Z-systems implant system in a 57-year-old female patient. (A) Preoperative

clinical photograph. (B) Clinical photograph following implant placement. (C) Periapical radiograph obtained at surgical placement of the implant.

(D) Four-month postoperative clinical photograph obtained at the final impression visit. (E) Four-month postoperative periapical radiograph. (F)
Clinical photograph of the definitive crown restoration. (G) Periapical radiograph at the 10-year follow-up visit demonstrating stable crestal bone
levels and long-term peri-implant stability. (H) Clinical photograph at the 10-year follow-up visit showing long-term stability of the peri-implant soft

tissues with no significant changes.

clinical and radiographic records, while the limited availability
of covariates precluded comprehensive adjustment for potential
confounding factors. In addition, derivation of the cohort from
patients attending annual maintenance visits in private practice
may have introduced attrition bias, as patients lost to follow-up
may have differed systematically from those who remained
under maintenance, and failures or complications managed out-
side the study practices may not have been captured. Although
Kaplan-Meier analysis accounted for unequal follow-up dura-
tion through censoring, the survival estimates should be inter-
preted as outcomes among patients with documented follow-up
rather than as population-level estimates for all treated patients.
Therefore, the findings should be interpreted descriptively and
should not be used to infer causal relationships or comparative
effectiveness between implant systems.

Furthermore, the heterogeneity of the included implant systems,
treatment indications, and restorative protocols may limit the
generalizability of the results. Peri-implant marginal bone levels
were assessed using two-dimensional periapical radiographs.
Although standardized periapical radiographs are widely ac-
cepted in implant dentistry because of their high resolution and
relatively low radiation exposure, they do not permit evaluation

of buccal or lingual bone remodeling. Minor variations in ra-
diographic angulation may also influence linear measurements
despite calibration and standardization procedures. Therefore,
the reported marginal bone level changes should be interpreted
as two-dimensional estimations rather than true volumetric
bone alterations. Additionally, some patients received multi-
ple implants, which may have introduced clustering effects
and reduced statistical independence between observations.
Nevertheless, the large sample size and extended follow-up pe-
riod provide valuable real-world data regarding the clinical per-
formance of contemporary ceramic implant systems.

6 | Conclusion

Within the limitations of this retrospective study, both one-piece
Y-TZP and two-piece ATZ ceramic implant systems demon-
strated high survival and success rates, stable marginal bone
levels, and favorable peri-implant soft tissue outcomes in the
evaluated cohort. Contemporary zirconia-based implants may
therefore represent a clinically relevant treatment option for ap-
propriately selected patients, particularly those seeking metal-
free rehabilitation or enhanced esthetic outcomes. However,
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given the retrospective design, heterogeneity of implant sys-
tems and restorative protocols, and limited control of potential
confounding variables, the findings should be interpreted cau-
tiously as descriptive cohort data rather than evidence of com-
parative superiority or equivalence. Favorable outcomes remain
contingent upon accurate treatment planning, system-specific
training, appropriate case selection, precise three-dimensional
implant positioning, and adherence to established surgical and
restorative protocols. Further long-term prospective controlled
studies with standardized protocols are warranted to validate
these findings and refine evidence-based recommendations for
vertical implant positioning and risk management in high-load
and grafted sites.
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