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Abstract

Objective This meta-analysis aims to investigate the long-term survival rates of dental implants over a 20-year period,
providing a practical guide for clinicians while identifying potential areas for future research.

Materials and methods Data were sourced from recent publications, focusing exclusively on screw-shaped titanium implants
with a rough surface. Both retrospective and prospective studies were included to ensure an adequate sample size. A sys-
tematic electronic literature search was conducted in the databases: MEDLINE (PubMed), Cochrane, and Web of Science.
The risk of bias for all studies was analyzed using a tool by Hoy et al.

Results Three prospective studies (n =237 implants) revealed a mean implant survival rate of 92% (95% CI: 82% to 97%),
decreasing to 78% (95% CI: 74%-82%) after imputation (n =422 implants). A total of five retrospective studies (n= 1440
implants) showed a survival rate of 88% (95% CI: 78%-94%). Implant failure causes were multifactorial.

Conclusion This review consolidates 20-year dental implant survival data, reflecting a remarkable 4 out of 5 implants
success rate. It emphasizes the need for long-term follow-up care, addressing multifactorial implant failure. Prioritizing
quality standards is crucial to prevent overestimating treatment effectiveness due to potential statistical errors. While dental
implantology boasts reliable therapies, there is still room for improvement, and additional high-quality studies are needed,
particularly to evaluate implant success.

Clinical relevance Never before have the implant survival over 20 years been systematically analyzed in a meta-analysis.
Although a long-term survival can be expected, follow-up is essential and shouldn't end after insertion or even after 10 years.

Keywords Dental implants - Oral surgery - Retrospective studies - Prospective studies - Survival rate - Treatment outcome -
Meta-analysis
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Dental implantology has emerged as a cornerstone of mod-
ern dentistry and oral surgery [1]. Projections suggest that
the prevalence of dental implants in the United States will
soar to 23% by 2026 [2]. Considering this growth, ques-
tions regarding the long-term durability become increasingly
pertinent. Extensive research reveals compelling evidence,
demonstrating survival rates exceeding 90% even after ten
years [3]. These findings are not only substantiated by many
individual studies but also by comprehensive systematic
reviews and high-quality meta-analyses [3-5].

It is worth noting that the difference between a 10-year and
a 20-year lifespan has substantial implications for treatment
planning [6]. If dental implants continue to exhibit such out-
standing results over 20 years, it would necessitate a reeval-
uation of the decision-making process between preserving
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natural teeth (endodontics, periodontal therapy) and choosing
implant insertion [6]. Attempting to delay implantation may
carry the risk of additional infections and significantly com-
plicate future implant-prosthetic treatments due to potential
bone deficits [7]. In some cases, this could lead to a consid-
erably costly reconstruction of prosthetic work for both the
patient and, if applicable, the clinician. On the other hand,
a systematic review concluded that prosthetic treatments on
periodontally compromised teeth resulted in fewer complica-
tions compared to implant treatments [8]. It raises questions
about how effective we truly are and how far we can go. Do
dental implants genuinely offer a lifelong solution?

Furthermore, it should be noted that due to demographic
changes, there is not only an achievement but also a demand
for higher survival rates [2]. When assessing treatment alter-
natives, questions may arise about the feasibility of repeat
operations in subsequent years, considering the patient's
health [9]. However, if calculably high survival rates are
consistently achieved over a 20-year period, it would signifi-
cantly impact treatment approaches, offering many patients,
even in advanced age, an improved quality of life through
fixed prosthodontic care [10].

Previous meta-analyses were limited to a 10-year fol-
low-up [3-5]. Additionally, advances in technology have
transformed the characteristics of commercially available
implants. The traditional implant with a machined surface is
now rarely found and can no longer be described as state-of-
the-art. Moreover, cylindrical and hollow-cylinder implants,
although frequently included in earlier studies, have largely
vanished from clinical practice [11, 12].

For these reasons, the aim of this systematic review with
a meta-analysis was to assess the survival rate of screw-
shaped dental implants with a rough surface after 20 years.
This study seeks to provide a practical and realistic guide for
clinicians while also identifying potential areas for future
research and shedding light on any existing deficiencies.

Methods

Considering the information mentioned in the Introduction,
the following PICO criteria were defined:

P—Patients over 18 years ("adults")

[—Insertion of a screw-shaped dental implant with a
rough surface

C—No control intervention was recorded. The goal was
to determine implant survival.

O—20-year survival rate of dental implants

While conducting this systematic review, we adhered to
the PRISMA guidelines and followed the corresponding
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checklist. The protocol was registered on PROSPERO
(CRD42023402989).

Inclusion and exclusion criteria
Study designs

In a first exploratory search, the number of prospective
studies was considered too small to focus solely on them.
Also, the reported data significantly differed in presentation
and quality. For this reason, it was decided to include both
prospective and retrospective studies. Observational as well
as interventional studies were considered. Specifically, the
following study types were included: Observational studies
(prospective or retrospective cohort, case—control, cross-sec-
tional and longitudinal studies), interventional studies (ran-
domised and non-randomised controlled trials, controlled
and uncontrolled trials).

Publications with less than 10 implants inserted were
excluded. There were no restrictions regarding the publica-
tion date. The last search was conducted in February 2024,
serving as the upper time limit. Only English-language pub-
lications were included.

Intervention

To increase relevance and realism, strict rules were estab-
lished for the type of implant. They had to be screw-shaped
implants made of titanium or a titanium alloy. The surface
had to be rough (e.g., acid-etched, sandblasted, etc.). Obso-
lete or rarely used implant systems such as implants with
a turned surface (e.g., Branemark), hollow screw, or hol-
low cylinder implants were excluded. Likewise, ceramic
implants were not included.

The superstructure was divided in many studies into
single crowns, fixed partial prostheses, fixed full-arch pros-
theses, and overdentures. The focus of this review is solely
on the implant itself, and hence the types of restorations
were recorded but not a basis for exclusion or inclusion.
We excluded populations consisting solely of patients with
severe conditions directly affecting bone regeneration,
such as those on antiresorptive therapy or with osteoporo-
sis. However, diabetes, for example, was not an exclusion
criterion.

Setting

The study setting was not limited, allowing for a diverse
range of environments such as university teaching hospitals,
specialist dental practices, and general dental practices. This
inclusive approach ensures that the results obtained reflect
real-world scenarios and contribute to a more comprehen-
sive understanding of the topic.
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Search strategy

A systematic electronic literature search was conducted in
the databases: MEDLINE (PubMed), Cochrane, and Web of
Science. The reference list and citations were also searched
for relevant studies. There were no restrictions regarding the
publication date to avoid missing any results. There were no
restrictions regarding language during the search process,
but only English language literature was included. Under
these conditions, all subheadings, MeSH terms, as well as
the title and abstract, were reviewed extensively following
the strategy mentioned below. In addition, PROSPERO was
thoroughly searched to identify any ongoing or recently
completed systematic reviews.

The following terms were used for all databases with
adapted subheadings and syntax. In the final step, the three
issues were connected with “AND”.

Complex 1: dental implants

Dental implant*[MeSH Terms] OR tooth[Title/Abstract]
OR teeth[Title/Abstract] OR dental[Title/Abstract] OR
oral[Title/Abstract] OR implant*[Title/Abstract] OR
osseointegrat*[Title/Abstract].

Complex 2: exclusion of animal studies (inclusion of
studies with animals AND humans)

NOT (Animal*[MeSH Terms]) NOT (human*[MeSH
Terms] AND Animal*[MeSH Terms]).

Complex 3: twenty years of follow up

20 NEAR year* [Title/Abstract] OR Twenty NEAR year*
[Title/Abstract]

The search was documented using commercially avail-
able spreadsheet software (Microsoft Excel). Using the cita-
tion software Endnote 20, the results were collected, and
duplicates and triplicates were excluded. Two of the authors
(J.R.K. and E.S.) independently reviewed the results and
selected suitable studies based on titles and abstracts. In
case of discrepancies, a joint discussion was held to decide
whether the study met the inclusion criteria. All authors
re-examined the full texts for suitability, and authors were
contacted in case of missing or incomplete data.

Risk of Bias

J.R.K. assessed the risk of bias for all studies using a tool
by Hoy et al., specifically tailored for prevalence studies,
which was considered the most suitable in this case [13].
The results were reviewed and confirmed by all authors.

Data

J.R.K. extracted the relevant data from the studies, and
the other authors verified the results for accuracy. Any

disagreements were resolved through joint discussions.
Apart from outcome data, the names of authors, publication
dates, and other study identification details were recorded,
as well as the study type.

During data collection, it became apparent that certain
assumptions had to be made for the studies to obtain data
on implant survival: For controlled studies or those with
multiple treatment groups, they were summed up and the
resulting overall survival rate for the study group was calcu-
lated. Explanations are given in the results section for every
study where necessary. Conversely, for studies where only
one group was relevant for this review, only that group was
included.

Imputation method

It is a well-known fact that particularly long-term studies
have a high rate of patients or implants lost to follow-up.
Therefore, an appropriate imputation method was chosen
to obtain more realistic data for prospective studies. For
this purpose, we relied on a publication by Akl et al. [14,
15], which recommends estimating the proportion of failed
implants five times higher in the lost-to-follow-up (LTFU)
group than in the group that could be tracked. This appears
reasonable, especially considering that targeted follow-up
increases implant survival and reduces the incidence of peri-
implantitis. Nevertheless, this represents a conservative esti-
mation that likely underestimates the actual survival rate.
It should also be noted that this approach is supported by
limited evidence and refers to a general procedure for follow-
up data in medicine, not specifically for dental implantology.
However, it is worth mentioning that Howe et al., in their
meta-analysis of implant survival over 10 years, followed a
similar approach [3].

Outcome measures

A complete case analysis was conducted for the primary
evaluation of prospective studies. The analysis focused on
implant survival rates rather than patients. For each study,
the 95% confidence interval was individually calculated
using the confint.binom function in R, from which the stand-
ard error (SE) was derived.

Secondary outcomes

The evaluation of retrospective studies did not require impu-
tation since all studies used Kaplan—Meier curves, a more
realistic method to handle implants that had no complete
followed up. Consequently, the meta-analysis was conducted
by gathering data on the survival rate, and if not provided,
the 95% confidence interval was calculated as previously
described.
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Data synthesis

We utilized the statistical software environment R in con-
junction with R Studio. The R package "metaprop" special-
izes in analyzing meta-analyses with binary data, particu-
larly for proportions. It employs a random-effects model,
the DerSimonian-Laird estimator, to account for heteroge-
neity among studies. This is necessary due to the inherent
high heterogeneity expected. The study objectives vary sig-
nificantly, as do applied methods, implant systems, patient
characteristics, prosthetic restorations used, and others. The
number of implant losses were calculated from extract pro-
portions of losses and total number of implants. No adjust-
ments were made for censoring and the fact that multiple
implants per patients had been performed because papers
did not provide sufficient information. Hence the precision
is overestimated (confidence intervals are too small).

The results were graphically presented as forest plots,
and a funnel plot was also generated to visualize publica-
tion bias. As a result, there were graphics for the complete
case analysis of prospective studies, secondly for the data-
set after imputation, and thirdly for the retrospective stud-
ies. The forest plots provide a visual representation of the
combined effect sizes and their corresponding confidence
intervals, allowing for an assessment of the overall impact of
the interventions. The funnel plot aids in detecting potential
publication bias, which can arise if studies with significant
results are more likely to be published.

Fig.1 PRISMA flow diagram

Identification

[ Included ][ Eligibility ] [Screening] [
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Results
Study selection

The initial database search across PubMed, Web of Sci-
ence, and the Cochrane Library yielded a total of 805
results. After eliminating duplicates and triplicates,
621 unique records remained, which were subjected to
a review of their titles and abstracts. Subsequently, 572
articles were excluded, and full texts were accessed for
the remaining 49 articles. Following this stage, 8 articles
(comprising 3 retrospective studies and 5 prospective stud-
ies) were deemed eligible for both qualitative and quantita-
tive analyses.

The primary reasons for exclusion after a thorough
review of full articles were: a follow-up period of less
than 20 years (n=11), the use of excluded implant sys-
tems (e.g., machined surface, outdated), or indistinguish-
able data from turned and rough surfaces (n=18).Addi-
tionally, articles were excluded due to duplication with
different titles (n=3), as well as for being case reports
or studies with small or specific study populations (e.g.,
Pappillon-Lévevre Syndrome) (n=35). Furthermore, some
articles were excluded due to their unavailability (n=2),
implausible data (n=1) or not mentioned survival as out-
come parameter (n=1). A detailed PRISMA flowchart is
provided in Fig. 1.

Records identified
through Pubmed /
MEDLINE database
searching (n=348)

Records identified
through Cochrane
Library database
searching (n=212)

Records identified
through Web of

Science database

searching (n=245)

A 4

Records after duplicates and triplicates removed

(n=621)

l

Records screened
(n=621)

Records excluded

(n=572)

A 4

Full-text articles assessed

for eligibility
(n=49)

Full-text articles

A 4

Studies included in
quantitative and
qualitative synthesis
(n=8)

excluded (n=41)
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Characteristics of the studies

The general characteristics of the studies are summarized in
Table 1. Straumann and Astra Tech were the most commonly
used implant systems [16-20]. Most studies were conducted
in Europe, with Germany, Sweden, two from Belgium, and
two from Italy represented [16, 18-22]. Additionally, there
was one study from Asia (Japan) and one from America
(USA) [17, 23]. Half of the studies were conducted in spe-
cialized practices, while the others took place in university
centers. The retrospective studies exclusively comprised
cohort studies, while the prospective studies had various
designs, including a randomized controlled study [18], a
prospective cohort study [20], and one with a split-mouth
design [19].

The earliest patient data date back to 1984, and the
most recent publications were in 2022. The study popula-
tions in the publications by Roccuzzo, Donati, Jacobs, and
Mangano exclusively included patients with fixed pros-
theses [18-21]. Horikawa, Becker, Vrielinck, and Cheng
also included patients with removable prostheses [16, 17,
22, 23]. Overall, the sample size (patients) ranged from
18 to 371, and the number of implants varied from 50 to
415. The rate of implants lost to follow-up in prospective

Table 1 Study characteristics

investigations varied, ranging from just under 44% in Roc-
cuzzo's study to 48% in Donati's and Jacobs' studies. The
absolute number of implants and patients lost to follow-
up (LTFU) was: Donati et al.: 36 implants, 26 patients;
Jacobs et al.: 24 implants, 7 patients; Roccuzzo et al.: 125
implants, 65 patients [18-20]. The retrospective studies,
however, did not disclose the number of patients lost to
follow-up but instead compensated for this factor through
Kaplan—Meier estimation.

Risk of Bias

Since all studies exhibited a similar risk of bias, no
weighting was applied in this regard (Table 2). Only one
study received industry funding [18]. The other authors
either declared no conflicts of interest or did not receive
external funding.

Summary of evidence quality across studies
The overall GRADE assessment indicated that the evidence

quality across studies is considered very low [24]. Both
prospective and retrospective studies were included, with a

Study type Setting Country  Founded by Implant system Periodontitis First
industry included
patient
Mangano et al. Retrospective Specialist practice Italy no funding Mac System Patients with his- 1992
(2014) cohort study tory of periodical
disease
Becker et al. (2015) Retrospective University Germany no funding Straumann 63,14% previously 1988
cohort study diagnosed peri-
odontitis
Horikawa et al. Retrospective 7 private practices Japan no funding Straumann Not mentioned 1984
(2017) cohort study Some teeth were
extracted due to
periodontitis
Cheng et al. (2022) Retrospective Specialist practice USA no funding Bicon Not mentioned 2000
cohort study
Vrielinck et al. Retrospective University Belgium no funding (diverse) Not mentioned 1998
(2022) cohort stud
Donati et al. (2018) Randomized University Sweden  Astra Tech AB  Astra Tech moderate-to- 1992
controlled clinical (Dentsply TH) advanced
trial chronic periodontitis
Jacobs et al. (2021)  Split mouth cohort ~ University Belgium no funding Astra Tech Periodontal break- 1993
study down being the
cause of tooth loss
Roccuzzo et al. Prospective Specialist prac- Italy no funding Straumann periodontally healthy 1998

(2022) cohort study tice

patients, moder-
ately, severely peri-
odontally compro-
mised patients

@ Springer
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high selection bias expected, primarily due to the high rate
of loss to follow-up. Detailed comments can be found in
Table 3 and are not repeated here for clarity.

Data Synthesis
Primary Outcome
For the prospective studies, a complete-case analysis was
conducted, resulting in a mean survival rate of 92% with
a 95% CI of 82% to 97%. A total of 237 implants were

included. There was a moderate level of heterogeneity at 54%,
which was not statistically significant (p=0.11) (Fig. 2). A

Table 2 Risk of bias

Mangano et al. (2014)
Becker et al. (2015)
Horkawsa et al. (2017)
Cheng et al. (2022)
Vnelinck et al. (2022)

Donat et al. (2018)
Jacobs et al. (2021)
Roccuzzo et al. (2022)

best-case analysis is available in the supplementary docu-
ments. After imputation, the number of included implants
increased to 422. The survival rate was significantly reduced
to 78% (95% CI: 74%-82%). Heterogeneity was negligible at
0%, with p=0.39 (Fig. 3).

The retrospective studies included a total of 1440
implants and showed a survival rate of 88% (95% CI: 78%-
94%) using Kaplan—-Meier analysis. Heterogeneity was very
high at 95% (p <0.01) (Fig. 4).

Funnel plots of the analyses can all be found in the sup-
plementary document, as the interpretive power is limited
due to the small number of studies.

Red (H) high risk of bias, White (M) Moderate risk of bias, Green (L) low risk of bias

Table 3 Summary of evidence quality across studies (GRADE). LTFU: lost to follow up

Criteria for assessing Comments

quality of evidence of

Quality of evidence

outcome

Risk of bias 5 of the 8 studies were retrospective cohort studies. Only one RCT was found. The LTFU-rate ~ Very low
was high (over 43%) after 20 years

Inconsistency The heterogeneity was high in the retrospective studies and moderate in the prospective. The Very low
interventions differed due to different implant systems used. The implant type (rough surface,
screw shaped) and the protocol for the placement were consistent

Indirectness The studies were carried out in 6 different countries on 3 continents. They were conducted in ~ low
university hospitals and specialist private practices

Imprecision The sample size overall is small. The high number of patients LTFU was considered Very low

Publication bias The small number of studies makes the interpretation of funnel-plots difficult. However, the low
outliners balance each other out

Fig.2 Forest plot: Complete Study Events Total Proportion 95%-Cl

case analysis of prospective
studies. This only includes
implants without missing data
on the variable of interest

Donati et al. (2018)
Jacobs et al. (2021)
Roccuzzo et al. (2022)

Random effects model

Heterogeneity: /> = 54%, 1> = 0.3519, p = 0.11 |
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39 - 0.82 [0.66; 0.92]
26 = 1.00 [0.87; 1.00]
172 o 0.93 [0.88; 0.96]
237 — 0.92 [0.82; 0.97]
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Fig. 3 Forest plot: Imputed Study Events Total Proportion 95%-ClI
results. The proportion of failed
implants is estimated to be five Donati et al. (2018) 54 75 0.72 [0.60; 0.82]
times higher in the lost-to- Jacobs et al. (2021) 40 50 0.80 [0.66; 0.90]
follow-up (LTFU) group than in Roccuzzo et al. (2022) 235 297 — e 0.79 [0.74; 0.84]
the group that could be tracked

Random effects model 422 —_— 0.78 [0.74; 0.82]

Heterogeneity: 2= 0%, 2= 0,p=0.39 ! ' ' ! '

Descriptive results

The studies displayed heterogeneous approaches to data
analysis and the variables considered. To provide insight
into potential risk factors for implant survival, the following
parameters with a significant impact on implant survival are
summarized descriptively.

Whether failure was attributed to biological complica-
tions or fractures varied depending on the study. Donati
recorded six fractures and one disintegration, while Roc-
cuzzo recorded eleven losses due to peri-implantitis and one
due to a fracture in a prosthetic restoration with a cantilever.
Retrospective studies did not differentiate between these two
causes or did not specify the reason for the lost implants.

In the study by Horikawa et al., Implant type, kerati-
nized mucosa width (over 2mm), and gender were the
only factors found to impact the prevalence of peri-
implant infections [17]. They reported hazard ratios of
40.09 (p=0.0012) for maxilla versus anterior mandible
implants and 18.69 (p=0.0013) for maxilla versus poste-
rior mandible implants [17]. Cheng also reported higher
survival rates for implants in the posterior mandible [23].
Regarding implant position Donati, Mangano, Becker and
Jacobs had nearly equal distribution between mandible and
maxilla but did not analyze differences in the prognosis.
Vrielinck only placed implants in the anterior maxilla [22].
Single crowns were associated with a better prognosis and
diabetes worsened the outcome [23]. Cheng also analyzed
the differences between groups with osteoporosis. These
groups were not included in our statistical analysis, only
the healthy control group. However, it should be noted that
adequate antiresorptive therapy (survival rate: oral: 94%
(CI: 90-96%), injectible: 90% (CI: 78-97%)) can mitigate

Fig.4 Forest plot: Analysis of
retrospective studies

Study

Mangano et al. (2014)
Becker et al. (2015)
Horikawa et al. (2017)
Cheng et al. (2022)
Vrielinck et al. (2022)

Random effects model

Events Total

173
335
200
369
160

0.65 0.7 0.75 0.8 0.85

the increased risk of implant patients with osteoporosis/
osteopenia (84% (CI: 79-88%)) [23]. Vrielinck et al. also
reported a higher implant survival rate for fixed prosthe-
ses compared to removable restorations. Short implants
and patients with bruxism had a higher likelihood of
failure (with all losses occurring within the first month
after implant placement) [22]. Becker identified smoking
and implantation type (according to the ITI Consensus
Conference) as significant factors [16]. Bone grafting was
also not an exclusion criterion in our analysis. Among the
included studies, only Becker et al. and Cheng et al. ana-
lyzed the difference between augmentation and no aug-
mentation, and both found no significant differences [16,
23]. Conversely, Donati et al. and Roccuzzo et al. excluded
cases with bone augmentation [18, 20]. Notably, in Cheng
et al.'s study, bone augmentation in the osteoporotic group
led to reduced survival rates.

Since many studies included periodontally compromised
patients, radiological bone loss was occasionally noted.
Donati observed an average bone loss of -0.83 mm (95%
CI: -1.38/-0.28), with 34% showing no bone loss at all [18].
Jacobs only noted a loss of 0.13 +—0.34 mm (SD), rang-
ing from -0.44 to 0.92mm [19]. Becker reported bone loss
exceeding 2.5 mm in 18.5% of implants, and nearly 10% of
implants showed signs of peri-implantitis [16, 25].

No study explicitly excluded patients with periodontal
disease per se. In the case of Donati, patients had moder-
ate or advanced periodontitis, yet only 5 implants exhibited
signs of peri-implantitis (bleeding on probing/suppuration
and bone loss exceeding 1 mm) [18]. Roccuzzo compared
groups with different levels of periodontal disease, but found
no differences in survival rates [20]. In contrast, Becker
observed implant loss in 17 patients with periodontitis and

Proportion 95%-Cl
178 —a 0.97 [0.94; 0.99]
388 —E 0.86 [0.83; 0.90]
223 —a 0.90 [0.85; 0.93]
415 —ua 0.89 [0.85; 0.92]
236 ——— 0.68 [0.61; 0.74]
1440 — 0.88 [0.78; 0.94]

Heterogeneity: = 95%, 2= 0.6816, p < 0.01 ' ! ! ! ! ! !

0.650.70.750.80.850.90.95
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only in 7 without [16]. Horikawa detected peri-implant
infections in 48 implants, with an incidence of 21% after 15
years and 27.9% after 25 years [17].

Discussion
Strengths and relevance

For the very first time, this meta-analysis compiles data on
the survival of dental implants after 20 years. The data are
exclusively derived from more recent publications, which
can be attributed to the fact that the technological advance-
ments in dental implantology over the past decades have
been significant [11, 12]. At present, the most commonly
used format is the screw-shaped titanium implant with a
rough surface, and thus, only these were included in the
analysis [26].

When comparing the results to meta-analyses covering 5
and 10-year survival, it is evident that implant survival rates
consistently remain well above 90% within these shorter
time frames [3, 4, 27, 28]. This, however, does not guaran-
tee a decrease in complication rates in the second decade
during which the implant remains in function. This factor
should be considered, particularly in light of increasing
life expectancy, as it necessitates that more implants must
remain functional for longer durations [29, 30]. Even when
broadly comparing the results, the therapy involving dental
implants can be regarded as a successful concept, especially
when compared to total or unicondylar knee replacement,
which show survival rates of 82% and 70% after 25 years
[31]. It is also favorable when compared to total hip arthro-
plasty, which has a survival rate of only 60.4%-77.7% after
20 years [32].

Moreover, it is still open for discussion whether the
prognosis of complex periodontal therapy may not compare
favorably with the high success rates of implant treatment
[33, 34]. Comparative and well-planned studies conducted
over very long periods could provide valuable insights.
Nevertheless, as demonstrated here, after 20 years, a non-
negligible proportion of implants are lost. Therefore, the rec-
ommendation can only be that, as described by Pjetursson,
implants should replace truly lost teeth and not the natural
tooth itself [6].

This review was conducted in collaboration with statis-
tically trained scientists and clinically experienced practi-
tioners, thus providing a well-founded and practical source
for both clinical practice and research [35]. Each individual
study was scrutinized for statistical plausibility. Survival
rates are a frequently requested parameter that holds high
clinical significance in both medicine and dentistry [36]. To
determine them, it is often necessary to employ statistical
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models that account for information loss due to increasing
Lost to Follow-Up (LTFU) rates, with the Kaplan—Meier
analysis being a particularly established method [37, 38].
While some previous works only included prospective stud-
ies, which, in principle, adhere to higher quality standards,
they frequently did not employ Kaplan—Meier analysis, as
is also the case with our example [3, 5, 39]. Therefore, we
included retrospective works as they crucially contributed
to achieving a sufficient sample size for this review. A pure
complete case analysis often overestimates the success of a
treatment [15]. To address data loss due to LTFU, we used
an imputation method following Akl et al., which should
be considered a rather conservative approach, as it likely
overestimates the loss rate in the LTFU group [3, 14, 15].
No studies have addressed whether patients who were LTFU
did not return for follow-ups because the implant was com-
plication-free or because it was lost. However, a study by
Lee et al. mentions that patients with poor compliance show
a risk of tooth loss twice as high as the regular-compliance
group [40]. The authors of the individual studies unani-
mously state that the reported data likely overestimate the
survival rate. Our result shows that it is very likely to be the
truth, and even if the imputed data may be too negative, the
confidence intervals still overlap with those of the retrospec-
tive studies. It is substantiated to claim that approximately 4
out of 5 implants survive after 20 years.

When considering the extended timeframe, a sample size
of 1440 plus 237 for this review is deemed sufficient [28,
39]. The most recent meta-analysis by Howe et al. included
2688 implants for the 10-year survival rate [3]. Previous
works, depending on the research question, also encom-
passed between 101 and 1435 implants for the relatively
short period of just 10 years [5, 41]. The long follow-up
period is also extraordinary since in 2010 the median length
of follow-up in RCTs was one year [42].

The literature search employed general terms and was
supplemented by a search in the reference lists of the
included publications, thus presenting a comprehensive lit-
erature view. All works are of recent date, reflecting the cur-
rent state of treatment. They originate from six countries and
three continents, providing a worldwide perspective [43].
This is particularly significant within systematic reviews
in implantology, as, in the majority of cases, they involve
single-center studies [42]. They were conducted in both uni-
versity clinics and private practices, further enhancing exter-
nal validity [43]. In absolute numbers, more implants are
placed in private practice, while most studies are conducted
in university clinics [44]. Therefore, the inclusion of data
from both settings is particularly valuable. For example, Da
Silva found a significantly lower survival rate after 5 years
in private practice compared to data from university centers,
but this may also be largely attributed to the pre-selected
patient population [45].
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Limitations

In general, studies in dentistry and implantology face a
common challenge, which is a high rate of patients lost to
follow-up [42, 46]. This factor is particularly pronounced
in prospective studies, as evident from the different results
post-imputation, suggesting a very high risk of bias [47, 48].
This can be deemed sufficient for estimating the survival rate
as a reference for clinical practice. Presenting it as "4 out of
5 implants survive after 20 years" aids patient comprehen-
sion, as opposed to abstract percentage figures [49].

The decision to include retrospective studies offers the
advantages mentioned above but also comes with limita-
tions. Retrospective data collection always carries the risk of
data being inaccurately remembered or incompletely docu-
mented [50]. The inability to establish a causal relationship
does not play a crucial role in the central question concern-
ing the survival rate [50]. While retrospective studies con-
ducted Kaplan—Meier analyses, this method of analysis was
missing in prospective studies. Only three publications pro-
vided a 95% confidence interval, and one publication's data
was deemed implausible, leading to its exclusion [46, 51].

It's worth noting that among the prospective studies, only
one RCT was included in the analysis. While this may be a
disadvantage for comparative analysis, it has little influence
on the results of the survival rates. Furthermore, the external
validity of cohort studies tends to be greater [50, 52].

One drawback in the statistical analysis across all studies
was the failure to consider death as a competing risk factor.
Such an analysis is applied in other fields, such as kidney
transplantation [53]. Although the number of patients drop-
ping out of the study due to death was partially recorded,
there was a lack of corresponding implant numbers and con-
sideration in the Kaplan—Meier analysis. Future studies in
implantology need to account for this factor, considering
that an aging population retains more implants beyond their
lifespans [5]. In conclusion, it is suggested that, in light of
increasing demands for study quality, dental implantology
can best meet scientific standards by consulting with a sta-
tistically trained expert [54, 55].

Rather than a limitation of this meta-analysis, the lack
of distinction between implant survival and success stems
from missing studies. It cannot be emphasized enough that
data based on a standardized definition of treatment success
would be more insightful than survival rates alone.

Descriptive results

In the present studies, various factors are mentioned that
have a significant impact on implant survival. In general,
they align with information from other literature and studies
conducted over a shorter time frame. We will not discuss

every single point extensively since systematic reviews are
available in most cases.

The literature often states that the lower bone quality
of the maxilla is mainly responsible for the lower survival
rate in this region [56]. The low survival rate in Vrielinck’s
study might also be attributed to the exclusive placement
in the anterior maxilla. Horikawa's results are consistent
with other authors who have also reported higher bone loss
for implants placed in the maxilla [57]. Data on how dia-
betes affects implant survival have been heterogeneous. If
anything, there is a tendency for a negative influence, but
two meta-analyses could not find a significantly increased
relative risk [58, 59]. A meta-analysis showed that osteopo-
rosis does not necessarily represent a risk factor for implant
loss. But a systematic review also sees a slight advantage
regarding peri-implant bone loss with antiresorptive ther-
apy. Adequate treatment of the underlying condition can
be most likely derived from the existing data [60, 61]. A
systematic review from 2016 sees no survival disadvantage
for implants under 10mm and considers them equivalent to
longer implants [62]. However, most of the currently used
implants are 10mm or shorter. Another study that defines
short implants as 5-6mm also sees comparable results for
the 5-10-year survival rate as with longer implants. Empha-
sis is placed on the correct indication and application [63].
A systematic review by Kern et al. not only supports the
aforementioned higher survival rate of implants in the man-
dible but also the better prognosis of fixed restorations as
recorded by Vrielinck. The correct indication is also indis-
pensable for this topic [64]. Consistent with the results of
Cheng, Jung et al. also report outstanding survival rates for
implants restored with single crowns at 96.3% (95% CI:
94.2-97.6%) [27]. In Vrielinck's study, losses occurred in
patients with bruxism only in the first months after implan-
tation, which matches the overall literature [65]. Therapy
should be adapted (e.g., the number of implants: two instead
of four) [22, 66]. Smoking is widely known as a risk factor
for periodontitis and in implant therapy. Mustapha et al.
also conclude that smokers have a 140.2% higher risk of
implant failure [67]. Naseri has shown that the risk of loss
also increases with the number of cigarettes smoked daily
[68]. They thus support Becker's results. The ITT implanta-
tion type receives little attention in the literature, and reli-
able data are still lacking. A search on PubMed for the term
"ITI implantation type" in titles and abstracts yielded only
the study by Becker et al. as a result.

Even though periodontal diseases seem to be an impor-
tant prognostic factor, as described by other authors, exclud-
ing these patients from this review is not meaningful due to
the high prevalence in the population with over 40% of peo-
ple affected in the US [69, 70]. Especially since Roccuzzo
could not find significant differences in the survival rate of
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dental implants [20]. The inclusion and consideration of
these patients contribute to the external validity of this study.

None of the studies recorded patient-related outcomes.
Especially after such a long duration, patient satisfaction
would have been of great interest and should be included
in the future. Although it is a relatively new topic that only
received increased attention in medical research in the 1980s
and 2000s and challenges regarding validity still exist, they
are essential to validate more patient-centered treatments in
the future [71].

The risk factors recorded by the included studies largely
represent results that are covered in other literature. This
suggests that these studies provide realistic depictions of
reality [43]. However, it must be noted that all factors in this
review were identified by a maximum of one study. There
was no consensus, but this can also be attributed to differ-
ing data and not all information being available. It can be
assumed that the reasons for implant failure are multifacto-
rial and cannot be attributed to a single cause or risk fac-
tor [72-74]. It will be important to closely follow up with
patients and consistently treat comorbidities like osteopo-
rosis, bruxism, or periodontitis over a long period, as the
initial status may not necessarily persist after 20 years [22,
23]. To sum up, periodontitis, diabetes, and osteoporosis
are conditions that should not necessarily contraindicate
implant placement when adequately treated, as the long-
term prognosis is, at most, only slightly reduced. Although
only one study indicated a reduced survival rate associated
with nicotine abuse, we strongly recommend smoking ces-
sation to minimize potential complications. Some risk fac-
tors, such as unfavorable placement, may only show their
negative effect after years, e.g., through implant fracture due
to material fatigue [18]. Implant patients should not leave
the practice without adequately planned follow-up after the
operation. Continuous check-ups will be key to preventing
complications by identifying risk factors or uncontrolled
health issues.

Conclusion
So how far can we go?

For the first time, this review consolidates data on dental
implant survival over a 20-year period. A survival rate of
approximately 4 out of 5 implants is still considered remark-
ably good in the medical field for such a time frame. How-
ever, certain aspects have also emerged that will require
further attention in the future. The significant difference in
survival rates between 10 and 20 years indicates that dental
implant therapy does not conclude after the initial surgery
but also necessitates lifelong follow-up care. The research
challenge ahead lies in pinpointing the pertinent risk factors

@ Springer

within this timeframe and crafting strategies to ensure sus-
tained implant survival, considering the likely multifacto-
rial nature of implant failure. In this context, giving spe-
cial consideration to quality standards is crucial to prevent
overestimating the effectiveness of current treatments due to
potential statistical errors.

High-quality and reliable therapies have been developed
in dental implantology, but the conclusion remains: we can
go even further.
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