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suMMARY The aim of this systematic review was to
implant loss
patients. An electronic search of four databases
(MEDLINE, EMBASE, SCOPUS and the Cochrane
Library) was undertaken until May 2016 without
time restriction and was supplemented by manual
searching. Prospective cohorts were included if
they met the following criteria: (i) presence of an
exposed group (older subjects) with a minimum
age of 60 years; (ii) presence of a control group
subjects)
59 years; and (iii)

evaluate in younger and older

(younger with a maximum age of

outcome data considering

implant survival or loss. Meta-analyses were

performed to evaluate the impact of ageing on

Of 4152 potentially eligible
articles, four were included in the qualitative
analysis and quantitative synthesis. The pooled
estimates suggest that the risk of implant loss in

implant failure.

older patients is not significantly higher (RR = 0-92;
95% CI 0-43-1.96, P =0-83) when compared to
younger subjects. This systematic review suggests
that age is not a limiting factor for dental implant
therapy.
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Background

According to the RAND monograph prepared for the
European Commission (1), almost all European coun-
tries are experiencing decreases in fertility rates and
consequently the ageing of their populations. Fertility
has fallen below the replacement level (2-1 children
per couple). At the same time, the proportion of the
elderly population continues to grow. In the United
States, about one in every seven persons is considered
an older American (2). These observations are particu-
larly interesting, as elderly patients are the population
group with the highest tooth loss ratio, and despite the
significant reduction in edentulism, the rate of decline
may be offset by population growth and ageing (3).

© 2016 John Wiley & Sons Ltd

In this context, therapy with osseointegrated dental
implants an alternative to
restorations, such as complete or partial dentures,
whose lack of stability, retention and decreased chew-
ing ability are the main complaints of elderly patients
(4). However, increased implant failure rates have
been found in jaws with poor bone quality, due the
difficulty in obtaining optimal initial stability and lack
of mechanical resistance (5), a presentation more
likely to be found in aged patients (6, 7).

Some medical conditions related to ageing should
be considered when planning treatments with dental
implants. Osteoporosis, a condition that increases with
age, was shown to impair the process of osseointegra-

reveals conventional

tion in an experimental model (8, 9). Further, at

doi: 10.1111/joor.12465



230

D.I. SENDYK etal

menopause, oestrogen-level reductions are associated
with increased bone resorption (7, 10). In men aged
70 years or more, loss of mineral density can be
observed (7).

A recent meta-analysis assessed the survival rates of
implants in partially and completely edentulous jaws
of elderly patients (11). However, the question arises
as to whether these survival rates are lower than
those observed in younger groups. A preliminary lit-
erature search revealed that the association between
dental implant failure and ageing has been mainly
described in observational retrospective studies. In
these publications, the temporal relationship between
exposure and outcome is difficult to assess. This char-
acteristic of retrospective studies increases the risk of
bias and reduces the strength of scientific evidence.
Additionally, few studies reported the classification of
patients into different age groups for comparison with
respect to implant loss. Thus, this study aimed to sys-
tematically assess prospective cohort studies compar-
ing dental implant loss in older and younger patients.

Material and methods

This systematic review was performed in accordance
with the Preferred Reporting Items for Systematic
Reviews and Meta-Analyses (PRISMA) guidelines (12)
and registered in the International Prospective Regis-
ter of  Systematic PROSPERO
(CRD42016038591).

Reviews -

Focused question
According to the PICO framework:

Is the rate of dental implant loss in older
patients higher when compared to younger
patients (controls)?

Inclusion and exclusion criteria

Due to the inability to randomise the risk factor of
interest (i.e. ageing), only prospective cohort studies
were included in this systematic review. Publications
were included if they met the following eligibility cri-
teria: (i) original studies in English; (ii) presence of an
exposed group (older subjects) with a minimum age
of 60 years; (iii) presence of a control group (younger
subjects) with a maximum age of 59 years; (iv) at

least 1 year of follow-up; and (v) outcome data con-
sidering implant survival or loss. Retrospective studies,
letters to editors, reviews, case series, case reports,
in vivo and in vitro studies were not included.

Search strategy

A systematic literature search was conducted in MED-
LINE (PubMed), SCOPUS and the Cochrane Library
database, 9 May 2016. Publications
searched using the following keywords with Boolean
operators to combine searches: ((((((((elderly) OR
geriatric) OR aged) OR older) OR age)) AND ((dental
implant) OR oral implant)) AND (survival)). The
authors also conducted a manual search of reference

until were

lists from identified studies.

In the first phase of the review, two independent
reviewers (DIS and ESR) independently screened titles
and abstracts identified by the search strategy. Dis-
agreements were resolved by discussion with the
inclusion of another review author (CMP). Studies
that met the inclusion criteria or with unclear infor-
mation in the title and abstract were selected for
assessment of the full paper in the second phase of
the review, which was conducted by the same
reviewers. Reasons for the rejection of studies were
recorded for each report.

Data extraction

Publications that met inclusion criteria had their data
extracted using specially designed data-extraction
forms (13). If data were missing, the authors of the
original reports were contacted and asked to provide
further details.

Quality assessment

The methodological quality of the observational stud-
ies included in this review was assessed using an
adapted Newecastle-Ottawa scale (NOS) (14). Briefly,
the reviewers considered the following points and
questions: (i) selection of study groups (i.e. sample
size calculation and representativeness of the elderly
patients), training/calibration of assessors of the pri-
mary outcome (implant failure), demonstration that
the outcome of interest was not provided before
patient admission (i.e. prospective data collection) and
description of clear inclusion/exclusion criteria; (ii)

© 2016 John Wiley & Sons Ltd
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comparability of subjects on the basis of the study
design or analysis; (iii) outcome (ascertainment/crite-
ria applied to confirm implant survival and adequacy
of patient follow-up); and (iv) statistical analysis (i.e.
validity of statistical analysis reported in the statistical
model). The scores ranged from 0 to 14. Studies with
11-14 points were arbitrarily considered to be of high
methodological quality, 810 points indicated medium
quality, and <8 points suggested low quality.

Summary measures and synthesis of results

Analyses were performed using Review Manager
(RevMan) software, version 5.3*
meta-analyses were conducted for implant failure
(dichotomous outcome). The estimates were presented
as pooled risk ratios (RR) and their respective 95% con-
fidence intervals (CIs). Statistical heterogeneity among
studies was assessed with the Cochrane Q test and 2.

Random-effects

Results

Search results and excluded trials

After reviewing the abstracts and titles of 4166 articles in
the initial search, 173 studies were identified for data
analysis by excluding publications covering unrelated
topics and information. Of the total of identified studies,
169 were excluded because they did not fit all of the
selection criteria. The reasons for exclusion were as fol-
lows: double publication, follow-up period less than
1 year, authors not reachable, retrospective, case—control
and case-series studies, and absence of a younger control
group. Four prospective studies met the eligibility criteria
and were included in the statistical analysis (Fig. 1).

Description of the included studies

Data regarding characteristics of the included papers
are shown in Table 1. The follow-up period ranged
from 1 to 10 years. Smoking behaviour was reported
in some patients (6, 15, 16) as was bruxism (15, 16).
In total, 1152 implants were evaluated in all articles.
Implants were from Nobel Biocare’ , Straumann?® ,

*The Nordic Cochrane Centre, The Cochrane Collaboration, Copen-
hagen, Denmark.
Ziirich, Switzerland.

Basel, Switzerland.

© 2016 John Wiley & Sons Ltd

Dentsply Friadent® and Leone Implant! . The types of
surfaces tested were machined, TPS-coated,
blasted and acid-etched. The implant length varied
from 8-:0 to 13-0 mm, and implant diameter ranged
from 3-3 to 4-8 mm. The prosthetic rehabilitation was
complete-fixed dentures, overdentures, two-implant
bar overdentures, partial-fixed single-tooth
replacements. No implants inserted into fresh extrac-
tion sockets or subjected to immediate loading were
reported.

sand-

and

Quality assessment

All the included studies defined implant failure by well-
accepted survival criteria, which included no implant
loss, no mobility, no pain or discomfort, and absence of
detectable bone loss (17). The mean NOS score was
9:5 + 0-5 (range from 9 to 10) for the four included
studies (Table 2). The four articles were considered of
medium quality. None of the included papers reported
sample size calculation or calibration of the outcome
assessors. Only two studies reported control of con-
founders (6, 16). In all studies, the younger subjects
were drawn from the same source as the older patients.
All studies reported a small number of subjects lost, with
more than 70% rates of complete follow-up. In all stud-
ies, both groups received the same implant therapy.

Meta-analysis

Meta-analysis was performed comparing the exposed
group (older patients) with the control group (younger
patients). The pooled estimates suggest that the risk of
implant loss in older patients is not significantly higher
(RR = 0-92; 95% CI 0-43-1-96, P = 0-83) when com-
pared to younger patients (Fig. 2). Heterogeneity was
low (> = 19%, > = 3-71, P = 0-29).

Discussion

Summary of main results

Due to the inability to randomise the risk factor of
interest, only prospective cohorts that compared older
and younger patients were included in this review

SMannheim, Germany.

TFRlorence, Italy.
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4,152 records identified
through database

searching

14 additional records
identified through other

sources

A 2

4,166 records screened

3,993 records excluded

h 2

173 full-text articles
assessed for eligibility

169 full-text articles
excluded:

Double publication: 3
Follow-up period less than

one year: 2

4 studies included in

synthesis

qualitative and quantitative

Authors not reachable: 11
Study design: 121

Absence of a younger control

group: 32

Fig. 1. Flow diagram of articles screened through the review process.

because the low methodological quality of retrospec-
tive studies could have biased the survival rates. The
main result of this meta-analysis was that the rate of
dental implant loss in older patients is not signifi-
cantly higher when compared to younger controls.
None of the four prospective trials observed any sig-
nificant differences favouring younger patients. In
addition, low heterogeneity (I> = 19%) between stud-
ies was found. Due to a small sample size, we could
not achieve a reasonable number of patients to per-
form a systematic review with different age groups.
Thus, we only included patients with more or less
than 60 years.

Quality of evidence, limitations and potential biases in the
review process

In this review, despite some important quality criteria
being fulfilled (i.e. representativeness of the older and
younger populations, demonstration that the outcome
of interest was not presented at the start of study,

adequacy of follow-up and valid statistical analysis),
the four included studies were considered of moder-
ate methodological quality, specifically, due to the
lack of sample size calculation, masking of examiners
and management of confounding factors, according to
the Newcastle-Ottawa tool. Nevertheless, some inher-
ent difficulties in fulfilling these quality criteria in
these sorts of studies must be understood, especially
patient recruitment and retention, which is particu-
larly challenging in an older population. Further, it is
difficult (if not impossible) to perform blind assess-
ments of clinical conditions with regard to patient
age.
Several important aspects must be highlighted
regarding quality assessment. Some variables, such as
implant location, bone quality and prosthetic rehabili-
tations, were not individually analysed and may
impact the implant survival rate. Included studies
reported several final prostheses, and the loading over
implants may have been different. Furthermore, the
implants used were from a variety of manufacturers

© 2016 John Wiley & Sons Ltd
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Table 2. Methodological quality of the included studies

Bryant et al. (6)

Mangano et al. (15)

Mangano et al. (16) Hoeksema et al. (4)

Selection (maximum 7) 4 % 4 % 4 % 4 %
Comparability (maximum 2) 2 % 1 % 2 % 1 %
Outcomes (maximum 3) 2 % 2 % 2 % 2 %
Statistics (maximum 2) 2 % 2 % 2 % 2 %
Total scores (maximum 14) 10 9 10 9
Older Younger Risk Ratio Risk Ratio

Study or Subgroup Events Total Events Total Weight IV, Random, 95% CI IV, Random, 95% CI

Bryant, 1998 15 190 24 184 62:6% 0-61[0-33, 1:12] ——

Hoeksema, 2015 7 106 3 104 251% 2:29[0-61, 8:61] - =

Mangano, 2014 0 19 2 230 60% 2-:31[0-11, 46-48]

Mangano, 2014b 0 30 3 137  63% 0-64 [0-03, 12-00]

Total (95% CI) 345 655 100:0% 0-92 [0-43, 1-96]

Total events 22 32

Heterogeneity: Tau? = 0-14; Chi2 = 3-71, df = 3 (P = 0-29); I = 19%
Test for overall effect: Z = 0-22 (P = 0-83)

0-01 01

10 100

T

Older Younger

Fig. 2. Forest plot for the event ‘implant failure’ comparing older and younger patients. [Colour figure can be viewed at wileyonline

library.com]

and surface treatments, including machined/turned
implants.

All of the abovementioned characteristics should be
accounted for when interpreting the findings of the
present review. However, in spite of the present con-
founding factors and the moderate quality of the stud-
ies included in the meta-analysis, the outcome of
these studies could be considered rather similar, in
view of the low heterogeneity that was detected. We
must emphasise that a small sample size of studies
could have influenced the low heterogeneity.

Agreement and disagreement with other studies and reviews

A recent meta-analysis investigated the survival rates
of dental implants in an elderly population (11).
However, despite the notable work performed by the
authors, only one of the included studies was a com-
parative prospective cohort with a younger control
group (4), which was also identified in the present
systematic review. In addition to that study, six stud-
ies were case series (2, 18-22), one was a case—control
(23) and one publication (24) reported implants
placed in fresh extraction sockets, which could have
biased the results. Therefore, this systematic review is
the first to include only comparative prospective
with younger groups.

cohorts Failure of dental

implants in older patients is mainly described in
observational studies. The lack of
prospective cohorts must be associated with some
innate obstacles such as following older patients over
long periods, with few subjects completing the follow-
up period.

The results of this systematic review support similar
findings to previous observational cohorts (25-30),
showing that age alone does not contraindicate
implant placement, and successful rates can be
achieved (2). A randomised clinical trial (31) is consis-
tent with these results, suggesting that the osseointe-

retrospective

gration process was not impaired in elderly patients
and may improve the maximum voluntary bite force
and chewing efficiency with implant overdentures.
Some retrospective cohorts (32—-34) suggest a higher
failure rate in older patients due to a possible associa-
tion with systemic conditions, such as osteoporosis,
decreased vascularity and decreased bone mass in
post-menopausal woman. In all the included studies
in the systematic review, patients with severe sys-
temic diseases were excluded from the final samples.
Smokers and patients with bruxism, when reported,
were found in both the younger group and the older
group and thus influenced the implant loss in all pop-
ulations. None of the included studies reported an
osteoporotic patient, and despite a recent systematic

© 2016 John Wiley & Sons Ltd
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review suggesting that osteoporosis can be correlated
with higher rates of implant loss, the authors report
less evidence to support this hypothesis (35).

One must be concerned that prospective cohorts
commonly report as inclusion criteria patients without
severe systemic conditions. Therefore, the sample of
healthy ageing patients is smaller when compared
with younger groups.

Interestingly, three retrospective cohorts reported
higher failure rates in younger patients when com-
pared to older subjects (36-38). However, these
results may be associated with selection bias; for
example, only healthier and more active older
patients may seek implant treatment.

Conclusion

Within the limitations of this systematic review, it is
reasonable to suggest that age is not a limiting factor in
the planning of dental implant placement. However,
more prospective comparative cohorts are required to
further investigate the strength of this conclusion.
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