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Assessing the survival rates of dental
implants in longitudinal studies with
more than ten years of follow-up:
a systematic review

Abstract / Objective: To assess, by means of a systematic literature review, the survival rate
of osseointegrated implants, in longitudinal studies with a follow-up exceeding 10 years.
Methods: MEDLINE/PubMed, LILACS and Cochrane Collaboration were used to retrieve relevant
publications published in indexed journals from the year 1981 on, in which the clinical performance
of implants was assessed. Based on previously established inclusion and exclusion criteria, two
reviewers assessed titles, abstracts and full papers giving priority to randomized controlled trials
(RCTs). Results: A total of 16 articles were included in this review. Six prospective studies, seven
retrospective studies and three randomized controlled trials, assessing 6,515 implants, were selected. he mean follow-up time was 13.4 years. Statistical analysis revealed a mean cumulative
survival rate of 95.5 ± 4.2 (n = 6,515). Conclusion: he results of this systematic review revealed that
implants have high success rates in the long-term, provided there is proper planning and patients
are included in a thorough maintenance post-treatment program.
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INTRODUCTION

this method claim it is a simpler way of

Before 1969, dental implant place-

presenting study results.

ment was carried out empirically, in other

The present study aimed at assessing,

words, based on success and failure rates.1

by means of a systematic literature re-

From 1965 on, after the discovery of os-

view, the survival rate of osseointegrated

seointegration2 and the first publication

implants, in longitudinal studies with a

proving that it is possible to use screw-like

follow-up exceeding 10 years.

titanium implants for implant-supported
prostheses

anchorage,3 Implantodontics

MATERIAL AND METHODS

ceased to be an experimental science and

The present systematic literature re-

became a well-understood and evidence-

view was conducted according to steps

based science.

based on scientific evidence9 adapted from

However, in order to render a given
technique or material reliable and somehow

PRISMA (Preferred Reporting Items for
Systematic Reviews and Meta-Analyses).10

predictable, longitudinal studies are necessary. Most longitudinal studies are based on
a clinical follow-up focusing on implants

Search strategy
An

extensive

electronic

search

survival rates. In other words, a quantitative

was carried out from January, 2012 to

analysis is carried out without discussing the

February, 2014 on Washington National

biological or technological complications

Library of Medicine data base (MEDLINE/

arising during the follow-up period.

PubMed) and Cochrane Central Register of

4

The first longitudinal studies assess-

Controlled Trials (CENTRAL) for relevant

ing osseointegrated implants yielded sat-

publications published in indexed jour-

isfactory results.5,6 Today, after 30 years of

nals. Search was conducted based on the

scientific evidence, the clinical use of im-

following terms: [(endos$) OR (dental) OR

plants has daily increased; however, only a

(osseointegra$)] and [(implant$) OR (fix-

few works have conducted a follow-up ex-

ture$)] and [(prospective) OR (retrospec-

ceeding 10 years, which is essential to un-

tive) OR (comparative) OR (longitudinal)].

derstand the long-term biological behavior
of implants. In order to allow survival and

Selection of studies

success rates data to be duly assessed, a

The following studies were selected:

minimal of five years is advisable.7

» Human studies (complete or partial

While reading longitudinal studies

edentulous).

about osseointegrated implants, one should

» Randomized controlled trials, pro-

be familiarized with some of the most fre-

spective and retrospective studies.

quently used terms. Thus, it is paramount

» Studies assessing survival rates for

to understand that “survival” only refers

at least 10 years.

to the number or percentage of implants

Animal experimental studies, case re-

physically present at the placement site,

ports, narrative reviews, studies including

regardless of their biological condition.

zygomatic implants, studies with patients

In other words, it is nothing but a quanti-

subjected to radiotherapy, chemotherapy

tative classification.8 Those who advocate

or using bisphosphonates, studies assessing
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implants placed in bone regeneration sites

To this end, the following characteristics of

and those assessing a specific group of pa-

each study were considered: (1) author and

tients (smokers, diabetics) were excluded.

year; (2) type of study; (3) number of participants; (4) average age; (5) sex; (6) follow-

Analysis of eligibility

up duration; (7) number of implants; (8)

During the research, a total of 2,240

implant system; and (9) survival rate.

titles written in English were selected.
Of these, titles with no abstract available

Statistical analysis

and not addressing the theme of the review

A quantitative analysis followed by a

were excluded. After the first analysis, 118

meta-analysis could not be carried out by the

abstracts were retrieved. Thus, 40 full arti-

present systematic review due to the difer-

cles were selected for thorough reading. Af-

ent methods and results presented by the se-

ter assessing each article individually, a to-

lected studies. his decision was made based

tal of 16 studies, published between 1999

on the justiication that a meta-analysis

and 2012, and meeting the present study

should only be carried out when studies are

requirements, were selected. The process

similar enough so as to allow a comparative

of selecting the studies is shown in Figure 1.

analysis.12 Mean results were calculated by
adding the total number of values observed

Data extraction

divided by the total number of observations.

After a careful analysis, all studies se-

In order to assess dispersion (variability) of

lected were subjected to data extraction.

individual values about the mean, standard
deviation (SD) was estimated.
RESULTS

MEDLINE/PubMed
First search for titles
(n = 2,151)

Cochrane
First search for titles
(n = 89)

A total of 16 studies assessing implant
success were included in the present review.
he characteristics of each study are listed

Studies excluded by title
(n = 2,122)

in Table 1. All studies conducted a followup exceeding 10 years. he mean follow-up
time was 13.4 years. Six prospective, seven

Selected abstracts
(n = 118)
Studies excluded after abstract reading (n = 78)

retrospective studies and three randomized
controlled trials (RCTs) were selected.
Together the studies accounted for

Potential studies to be
selected (n = 40)

1,714 patients aged between 13 and 90
years, and mean age of 54.4 ± 9.7. Of these,
Studies excluded by inclusion/exclusion criteria
(n = 24)

777 (45.3%) were males while 937 (54.7%)
were females.
A total of 6,515 implants of ive dif-

Studies included in this
systematic review (n = 16)

ferent commercial brands, Astra Tech (Astra Tech AB, Mölndal, Sweden), Brånemark System (Nobel Biocare AB, Göteborg,

Figure 1. Process of selecting the studies.
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Sweden), ITI (Straumann AG, Waldenburg,
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Table 1. Studies included in the systematic review.

Autmor

Type of study

Number
of participants

Mean age

Sex

Follow-up
duration

Number
of implants

Implant system

Survival rate
(%)

Lekmolm
et al,20 1999

Prospective

127

50

54m / 73f

10 years

461

NobelBiocare®

92,6

Carlsson
et al,16 2000

Prospective

60

NR

16m /44f

15 years

348

NobelBiocare®

96

Van
Steenbergme
et al,24 2001

Retrospective

158

59.2

114m / 44f

12 years

316

NobelBiocare®

98,5

Leonmardt
et al,21 2002

Prospective

15

NR

8m / 7f

10 years

57

NobelBiocare®

94,7

Karoussis
et al,19 2004

Prospective

89

49.3

34m / 55f

12 years

179

ITI®

92,4

Telleman
et al,23 2006

Retrospective

38

64

8m / 30f

10 years

115

ITI®

96,3

Jemt and
Jomansson,17
2006

Retrospective

76

61.1

48m / 28f

15 years

450

NobelBiocare®

90,9

Romeo
et al,22 2006

Retrospective

129

53

61m / 68f

14 years

265

ITI®

97,5

Åstrand
et al,15 2008

Retrospective

21

54.3

7m / 14f

20 years

123

NobelBiocare®

99,2

Jemt,18 2008

RCT

114

42.7

74m / 40f

15 years

123

NobelBiocare®

97,7

Pikner
et al,6 2009

Retrospective

640

52.3

255m / 385f

20 years

3.462

NobelBiocare®

98,2

Simonis
et al,8 2010

Retrospective

55

68.7

21m / 34f

16 years

131

ITI®

83,7

95

NobelBiocare ,
Astra Tecm®

93,9

Jacobs
et al,14 2010

RCT

18

55.1

6m / 12f

16 years

®

106

65.3

40m / 66f

10 years

212

NobelBiocare ,
Soutmern
Implants®,
Steri-Oss®

100

Prospective

20

33

10m / 10f

10 years

20

Astra Tecm®

100

Prospective

48

49.9

21m / 27f

10 years

158

NobelBiocare®

97,2

®

Sunyoung
et al,26 2010

RCT

Gotfredsen,25
2012
Degidi
et al,13 2012

NR = Not reported ; RCT = Randomized controlled trials , m = Males ; f = Females.

Switzerland), Southern Implants (Southern,

were installed in the lower arch. Nevertheless,

Irvine, Canada) and Steri-Oss (Nobel Biocare

three studies did not clearly report the place-

AB, Göteborg, Sweden), and lengths vary-

ment site of 3,715 (57.4%) implants.6,13,14

ing from 6 to 13, 15,18,19 and 20 mm, were

he number of patients giving up or those

described. In terms of diameter, implants

who could not be followed up during the study

measuring 3.3, 3.75, 4.0, 4.8 and 5 mm were

period varied between 5 and 56%. One study

installed. Most studies used machined-sur-

did not report the number of patients giving up.6

face implants; however, some of them used
smooth-surface implants.

In

13

studies,6,8,14-24 implants

were

placed into healed sockets by means of a

A total of 958 (14.7%) implants were in-

standard surgical protocol established in

stalled in the upper arch, whereas 1,842 (27.9%)

1969.1 In two studies,13,25 immediate implants
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were installed by means of immediate prosthetic loading. In one study, implants were

Table 2. Survival rates based on follow-up periods.
Author

Survival rate (%)

placed into healed sockets; however, by
means of early prosthetic loading.26

10 years
Lekholm et al.20
Leonhardt et al.

Implant survival
Of 6,515 implants originally installed,
205 were lost as a result of biological or
mechanical complications. The mean survival rate based on the follow-up period is
presented in Table 2. The mean cumulative
survival rate was 95.5 ± 4.2% (n = 6,515),
with variation of 83.7 to 100%. Approximately 70% of losses occurred after abutment placement and prosthetic loading.

92.6
94.7

21

Telleman et al.23

96.3

Sunyoung et al.26

100

13

Degidi et al.

97.2

Gotfredsen25

100

Mean (SD)

96.8 (2.93)
12 years

Van Steenberghe et al.24
Karoussis et al.

98.5
92.4

19

Mean (SD)

95.4 (4.3)
14 years

Romeo et al.22

DISCUSSION
In order to allow survival and success
rates to be duly assessed, a minimal of ive
years of follow-up is required.7 However,
some authors advocate that a ive-year period
might be considered little reliable to assess

97.5
15 years

Carlsson et al.16

96

Jemt and Johansson17

90.9

Jemt

97.7

18

Mean (SD)

94.8 (3.53)
16 years

information such as implant survival rate.15
Simonis et al.8

83.7

mean survival rate of 95.5%, including a total

Jacobs et al.

93.9

of 6,515 implants, in 16 studies, with follow-up

Mean (SD)

he present systematic review revealed a

14

periods not greater than 20 years (mean followup of 13.4 years). Studies with longer follow-up
periods (20 years)

6,15

had higher survival rates

88.8 (7.2)
20 years

Åstrand et al.15

99.2

Pikner et al.6

98.2

(98.7%). his result is in accordance with a pre-

Mean (SD)

98.7 (0.7)

vious study presenting a mean survival rate of

Cumulative mean (SD)

95.5 (4.2)

98.9% for a follow-up period of 20 years.27
As for implant length, one study concluded that shorter implants present a high-

long-term higher success or survival rates

er failure rate when compared to longer im-

in comparison to others. Most studies used

plants.20 With a view to assessing the clinical

machined-surface implants. his choice is

performance of diferent types of implant, a

probably associated with the time when the

systematic review including 10 randomized

studies were carried out.

28

Some articles concluded that there was

After analyzing the articles, the authors con-

a higher number of implant loss and bone re-

cluded that there is no scientiic evidence

sorption in smokers.8,16 his conclusion is sup-

supporting that one type of implant presents

ported by other studies assessing the inluence

controlled trials was carried out in 2005.
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of tobacco on implant survival.29,30 Other fac-

» The present analysis revealed a

tors mentioned as potentially contributing to

mean survival rate of 95.5% within a

implant failure, but which are not supported

mean follow-up period of 13.4 years.

by the literature, are as follows: patients with

» Approximately 70% of implant losses

systemic diseases, such as diabetes; patients

occurred after abutment placement and

with periodontal disease before implant ther-

prosthetic

apy; implant placement in bone type III and IV;

ing that a higher number of failure oc-

treatment carried out in elderly patients.

curs after implants are in function.

loading,

thus

demonstrat-

» Based on the analysis of studies included
CONCLUSIONS
Based on the results of this systematic
review it is reasonable to conclude that:

in the present review, it is reasonable to
conclude that osseointegrated implants are
safe and present high long-term survival

» There are only a few longitudi-

rates, provided that there is proper plan-

nal studies assessing long-term os-

ning and patients are included in a thorough

seointegrated implants performance.

maintenance post-treatment program.
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