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Abstract

Objectives: To determine implant outcomes in partially dentate patients who have
been treated for periodontitis compared with periodontally healthy patients.
Material and Methods: All longitudinal studies (until March 2006) of endosseous
dental implants of at least 6 months of loading were searched. Studies presented with
one or more of the outcome measures (implant survival, success, bone-level change,
peri-implantitis) were included. Screening, data abstraction and quality assessment
were conducted independently and in duplicate.

Results: From 4448 citations, 546 full-text papers were screened and nine studies
were included. Overall, the non-periodontitis patients demonstrated better outcomes
than treated periodontitis patients. However, the strength of evidence showed that the
studies included were at a medium to high risk of bias, with lack of appropriate
reporting and analysis of outcomes plus lack of accounting for confounders, especially
smoking. Furthermore, the studies showed variability in the definitions of treated and
non-periodontitis, outcome criteria and quality of supportive periodontal therapy.
Meta-analysis could not be performed due to heterogeneity of the chief study
characteristics.

Conclusions: There is some evidence that patients treated for periodontitis

may experience more implant loss and complications around implants than
non-periodontitis patients. Evidence is stronger for implant survival than implant
success; methodological issues limit the potential to draw robust conclusions.
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The dental endosseous implant is a
widely recognized treatment option for
replacing missing teeth (Esposito et al.
2005b). Failure of implant therapy result-
ing in loss of osseointegration sometimes
occurs. When failure occurs, it can pre-
sent as complications that take place
either early following implant installa-
tion or late failure following periods of
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implant stability. Such late failures can
be the result of excessive load (Isidor
1996, 1997) or infection such as peri-
implantitis (van Steenberghe et al. 1993).

The prevalence of peri-implantitis
varied between different dentate and
edentulous treatment groups; Berglundh
et al. (2002) estimated a mean value of
6.47% for fixed partial dentures. Several
studies have identified similarities in the
pathogenesis of periodontitis and peri-
implantitis (Mombelli & Lang 1998,
Lang et al. 2000). The same pathogenic
bacteria in peri-implantitis have been
implicated in the pathogenesis of perio-
dontitis (Mombelli et al. 1987, Apse
et al. 1989, Papaioannou et al. 1996).

The results have shown that perio-
dontal pathogens can translocate from
periodontally involved teeth to the peri-
implant sulci in partially dentate patients
(Leonhardt et al. 1993, Mombelli et al.
1995, Quirynen et al. 2006). This has
highlighted the importance of perio-
dontal treatment of the residual dentition
before placement of osseointegrated den-
tal implants (Briagger 1994, Papaioannou
et al. 1996).

The occurrence of peri-implantitis
may be dependent on distinct individual
susceptibility factors, e.g. immuno-
inflammatory factors, interacting with
molecular processes that are similar to
periodontitis. Hence, it is important to
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ascertain whether patients with an
increased susceptibility to periodontitis
would have an increased susceptibility
to peri-implantitis and implant loss (i.e.
decreased survival or success rate of
implants) even in partially dentate
patients who have been treated for
periodontitis. This is relevant because
periodontitis is one of the leading causes
of tooth loss and dental implants are
increasingly used to replace missing
teeth in such patients. Consequently, a
history of past periodontitis may act as a
prognostic factor for the future survival
and success of dental implants.

Conversely, there are some studies
that have shown successful osseointe-
gration in patients with different types
of periodontitis (Nevins & Langer 1995,
Ellegaard et al. 1997). However, these
reports did not offer comparative data
between periodontally compromised
patients who have been treated and
periodontally healthy patients. Never-
theless, a systematic review by Van
der Weijden et al. (2005) concluded
that the outcome of implant therapy in
periodontitis patients may be different
compared with individuals without such
a history in terms of loss of supporting
bone and implant loss.

The purpose of this systematic review
was therefore to determine the effect of
a past history of periodontitis on the
survival and success of dental implants
in partially dentate patients. The focused
question for this systematic review was,
““What are the survival and success rates
(including bone level change or bone
loss) and incidence of peri-implantitis
for dental implants placed in partially
dentate patients that have been treated
for periodontitis (‘treated periodontitis’)
compared with patients without a his-
tory or clinical or radiographic evidence
of periodontitis (‘non-periodontitis’)?”’

Material and Methods

Before commencement of the study, we
developed a detailed protocol, agreed
upon by all the authors.

Criteria for considering studies for this
review

We included all longitudinal studies [i.e.
randomized-controlled trials (RCTs),
controlled clinical trials, cohort studies,
case—control studies and case series]
reporting on endosseous dental implant
survival and/or success. To be included,
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case series studies needed to report on
consecutive patients rather than a
selected group of patients from the case
series (e.g. based on bone quality or
volume). Letters and reviews were expli-
citly excluded. Data syntheses were stra-
tified by study design. Single arms
(subgroup) of studies that presented
data separately for treated periodontitis
and non-periodontitis patients were also
included. These data may be located in
different types of studies including clin-
ical trials (e.g. RCTs) and cohort studies,
comparing different implant types.

Studies needed to report on implants
with at least 6 months of loading. This
was selected to allow biological compli-
cations during function to be observed
rather than early implant failures (e.g.
overheating the bone due to poor surgical
technique, bone pathology).

Patients who were partially dentate
received periodontal treatment with a
comparison group of patients without a
history of periodontitis or clinical or
radiographic evidence. Studies included
at least 10 patients, five with treated
periodontitis and five non-periodontitis
patients. This number was selected arbi-
trarily to exclude individual case reports.
Studies on smokers were included. Stu-
dies that looked specifically at medically
compromised individuals, e.g. cancer,
uncontrolled diabetes mellitus or with
specific bone or soft tissue grafts aug-
mentation procedures were excluded.

Studies utilizing titanium endosseous
implants including different types of
surface modification were included.
However, transmandibular implants (i.e.
staple implants), zygomatic implants,
implants used for anchorage in orthodon-
tic therapy, facial prosthesis or any other
non-dental use were excluded.

Studies presenting different type (e.g.
aggressive or chronic periodontitis) and
severity of periodontitis (e.g. mild, mod-
erate or severe) as well as the different
treatment modalities and effectiveness
were considered. The comparison group
was patients without a history or clinical
or radiographic signs of periodontitis.
Periodontal treatment was treatment
undertaken by a suitably trained dentist
or dental auxiliaries/dental care profes-
sionals (e.g. hygienists).

Types of outcome measures

Implant survival. All definitions of
implant survival as described in the
study included were considered. For
example, this could be presented as a
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percentage cumulative ‘‘survival’’ rate
indicating that a certain percentage of
implants were still present in the mouth
(censored) at the end of the observation
period. The observation period could be
classified into cumulative implant survi-
val from placement or from loading (i.e.
post-loading survival rate). The results
could also be presented as incidence of
implant loss (‘‘failure’’ rate), i.e. num-
ber of losses divided by the sum of
lengths of time at risk for each implant.

Implant  success. All definitions of
implant success (including bone level
change) were considered, particularly
because there is a lack of consensus
regarding a set of universally accepted
success criteria. This could be based on
the following clinical and radiographic
criteria to define implant success (with
an emphasis on the signs and symptoms
of peri-implantitis) as defined by
Albrektsson et al. (1986) and adapted
by Buser et al. (1997) as well as
Karoussis et al. (2004):

1. Absence of mobility (Buser et al.
1990).

2. Absence of persistent subjective
complaints (pain, foreign-body
sensation and/or dysaesthesia)
(Buser et al. 1990).

3. Absence of recurrent peri-implant
infection with suppuration (Buser
et al. 1990).

4. Absence of a continuous radiolu-
cency around the implant (Buser
et al. 1990).

5. No pocket probing depth (PPD)
>5mm (Mombelli & Lang 1994,
Bragger et al. 2001).

6. No PPD>5mm and bleeding on
probing (BOP) (Mombelli & Lang
1994).

7. After the first year of service, the
annual vertical bone loss should
not exceed 0.2mm (mesially or
distally) (Albrektsson et al. 1986,
Albrektsson & Isidor 1994).

The success rate could be based on the
number of successful implants divided
by the total time at risk for each implant.

Peri-implantitis. All definitions of peri-
implantitis were considered. This could
be defined as an incidence of
PPD > 5 mm with BOP and radiographic
signs of bone loss (Karoussis et al.
2003). Incidence is the number of cases
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of peri-implantitis among the subjects of
a population during a time period
(observation period), divided by the
sum of the length of time for each
subject of the study population during
which each subject is in danger of
presenting with peri-implantitis.

Search strategy

The search strategy incorporated search-
ing of electronic databases, supplemen-
ted by checking bibliographies of
review articles. A search of Ovid MED-
LINE and EMBASE was conducted up
to and including March 2006.

A comprehensive search strategy was
developed that aimed to identify all
longitudinal studies reporting on
endosseous dental implant survival
and/or success. This highly sensitive
search (i.e. greatest chance of finding
relevant studies) was employed as we
anticipated that studies involving perio-
dontitis patients might be difficult to
locate if the periodontitis was not the
focus of the study.

The search strategy for MEDLINE
and EMBASE used a combination
MeSH terms and text words. The initial
electronic search strategies formulated
for MEDLINE were adapted from Espo-
sito et al. (2005a) and later modified as
appropriate for EMBASE. The details of
the electronic search strategy were as
follows:

Population/exposure

“DENTAL IMPLANTS’’ OR ‘“‘DEN-
TAL IMPLANTATION’’ OR “‘((osseo-
integrated adj implant$) and (dental
or oral))’”” OR ‘‘dental implant$’> OR
“(implant$ adj5 dent$)”” OR ‘‘dental-
implant$’” OR ‘‘implant supported den-
tal prosthesis’> OR “‘((endosseous adj5
implant$) and (dental or oral))”” OR
““((dental or oral) adj5 implant$)”’.

Outcome

“INCIDENCE”” OR ‘‘prognos$’’ OR
“predict$”” OR ‘‘course’” OR ‘‘sur-
viv$”” OR “‘success’.

Types of studies

“FOLLOW-UP STUDIES’’ OR ‘‘long-
itudinal’> OR “‘cohort’> OR ‘‘CLINI-
CAL TRIALS” OR ‘“‘RESEARCH
DESIGN’’ OR ‘‘randomized controlled
trial.pt”” OR “‘clinical trial.pt”’

These were combined as:

Population/exposure AND (outcome
OR types of studies)

We attempted to clarify ambiguous or
incomplete data by contacting the
authors. In addition, bibliographies of
all the articles included and the biblio-
graphies of relevant review articles were
screened for possible inclusion. Unpub-
lished data, ‘‘in press’’ manuscripts
were requested from the British Dental
Journal,  Clinical Oral Implants
Research, Journal of Clinical Perio-
dontology and Journal of Perio-
dontology. There were no language
restrictions to studies.

Study eligibility assessment including
quality assurance

Owing to the large volume of literature
on these topics as a result of the compre-
hensive nature of the search, a three-stage
screening was carried out independently
and in duplicate to increase precision.
At each stage, any disagreement was
resolved by discussion and where con-
sensus on excluding an article was not
reached, the article was included in the
next stage of screening.

The first-stage screening of titles (C. O.,
S. I. and M. R.) was carried out to
eliminate clearly irrelevant materials,
e.g. reviews, animal studies, studies on
non-dental or non-endosseous implants
and studies that clearly did not report on
our outcome measures.

The second-stage screening of titles
and abstracts (S. I. and C. O.) excluded
studies based on the number of partially
dentate patients, the length of follow-up,
the outcome measures and the nature of
the study population. Nevertheless, the
presence of treated periodontitis and
non-periodontitis patients was deter-
mined from the third-stage screening
of the full-text articles. The exception
to this was the non-English articles
where inclusion in the next stage was
determined from the titles and abstracts.
If the title and abstract of non-English
articles were not in English, translation
into English or screening by translators
was carried out.

The third-stage screening of the full-
text articles (S. I. and C. O.) was carried
out using a data screening and abstrac-
tion form to verify the study eligibility
based on the inclusion/exclusion criteria;
to carry out the methodological quality
assessment; and to abstract data on
study characteristics and outcomes for
the studies included.

The level of agreement concerning
study inclusion was calculated using x
statistics for the second-stage screening
and for 50 randomly selected articles in
the third-stage screening. The latter was
done because of the quantity of full-text
articles for screening and logistic diffi-
culties for the reviewers. Any disagree-
ment was resolved by discussion and, if
necessary, a third reviewer was con-
sulted. Additionally, the authors of the
studies were contacted to provide miss-
ing data.

Data extraction methods

Independent duplicate data extraction
was performed by three reviewers (C.
O., M. R. and N. D.) on a specifically
designed data extraction form. As a
quality assurance measure, forms were
piloted and amended before being used
for assessing the papers included.

Data recorded from the studies
included were based directly on the
focus of the research question including
details of the population, interventions/
comparisons, outcomes and study char-
acteristics. The four categories of data
were extracted namely study, population,
intervention and outcome characteristics.

Methodological quality assessment

Quality assessment of all the studies
included was conducted independently
and in duplicate by three reviewers (C. O.,
M. R. and N. D.) as part of the data
extraction process.

The methodological quality assess-
ment of the studies included was
adapted from Khan et al. (2001). It
assessed components of the study meth-
odology shown to affect the study out-
comes such as similarity of baseline
characteristics between the test and con-
trol groups; masking of outcome asses-
sors to patient’s periodontal status;
completeness of follow-up; and reasons,
rates of drop-out and explicitness of the
inclusion criteria (Tables 5a and 5b).
Although masking of outcome assessors
is difficult for evaluation of implant
success (including bone-level change)
and peri-implantitis as a history of
periodontal disease may be apparent at
clinical examination or radiographic
examination, masking of assessors for
implant survival is possible as the sur-
vival rate can be collected without
reviewing the clinical or radiographic
features. This has been taken into
account when categorizing the risk of

© 2008 The Authors

Journal compilation © 2008 Blackwell Munksgaard



bias in each study with regard to mask-
ing of assessors. An overall risk of bias
was classified into three categories: low,
medium or high. This was classified by
the reviewers based on the fulfilment of
the number of components of the study
methodology. A low risk of bias is
classified as fulfilment of all the
assessed components and, conversely,
a high risk of bias is based on studies
that have either not fulfilled or only
fulfilled a limited number of the
assessed components.

Confounding factors

Factors such as smoking, systemic dis-
ease (e.g. diabetes mellitus, osteoporo-
sis), medications (e.g. anticoagulant
medications, long-standing  steroid
medication) and radiotherapy or che-
motherapy were also assessed to deter-
mine whether they were reported and
adjusted in the analysis, e.g. multi-
variate analysis.

Data synthesis and analysis

Data were collated into evidence tables
and grouped according to the study
design (cohort study or case series).
Descriptive analysis (summary) was
initially performed to determine the
quantity of data, checking further for
study variations in terms of study char-
acteristics (i.e. populations, interven-
tions, outcomes, design, quality and
results). In addition, this step was used
to determine the similarity of studies for
possible meta-analysis. Meta-analysis
was not carried out due to marked
heterogeneity as evident in many
aspects of the study -characteristics.
Synthesis of data was determined from
the evidence tables alone.

Results
Study characteristics

The search resulted in 4448 studies.
Following first-stage screening of titles,
1421 potentially relevant publications
were identified. Independent screening
of titles and abstracts (second-stage
screening) resulted in further considera-
tion of 546 for possible inclusion. Ten
publications of nine studies met the
defined inclusion criteria (Fig. 1).
The 536 excluded publications and rea-
sons for exclusion are presented in
Appendix A.

© 2008 The Authors
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The x value for inter-reviewer agree-
ment for study inclusion was 0.71 (titles
and abstracts) and 1.0 (full-text articles),
indicating strong agreement (Fig. 2).

The nine studies included consisted
of two cohort studies (Karoussis et al.
2003, Mengel & Flores-de-Jacoby
2005), four case series with a control
group or retrospective cohort studies
(Hardt et al. 2002, Evian et al. 2004,
Rosenberg et al. 2004, Roos-Jansaker
et al. 2006a,b) and three studies where
subgroup comparisons between treated
and non-periodontitis were carried out.
The latter comprises of subgroups of
one cohort study (Watson et al. 1999)
and two case series (Brocard et al. 2000,
Hinggi et al. 2005). Two publications
(Roos-Jansdker et al. 2006a, b) were on
the same patient material and study
period but reporting on different out-
comes. There was considerable varia-
tion in the study design and data
presentation among the studies.

Bibliographies of all included articles
and the bibliographies of a systematic

Potentially relevant publications
identified and screened for retrieval
n =4448
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review on this subject (Van der Weijden
et al. 2005) were screened but this did
not result in further articles for inclu-
sion. No additional studies were also
identified from the journals contacted,
due to absence of relevant studies or
lack of response.

Patient characteristics (Tables 1a and 1b)

In the two cohort studies and a further
cohort study subgroup, 148 implants (54
patients) were placed in the treated
periodontitis group and 147 implants
(64 patients) were placed in the non-
periodontitis group. For the case series
and subgroup of case series, the total
numbers were not combinable due to
lack of stratification of implants into
treated and non-periodontitis groups
(Hénggi et al. 2005) and reported on a
combination of partially dentate and
completely edentulous patients rather
than solely partially dentate patients
for the non-periodontitis group (Brocard
et al. 2000).

Papers excluded on the basis of
title and abstract

v

Full-text papers retrieved for more
detailed evaluation
n =546

v

n = 3902

Papers excluded for clearly not
fulfilling inclusion criteria

l

Included full text articles
n =10 (9 studies)

Fig. 1. Flow of studies through the review.

Agreement on the basis of title and
abstract for study inclusion

v

n =536

Agreement on the basis of a subset of
full-text articles for study inclusion*

=! Kappa value of 0.71

A

Included full text articles
n =10 (9 studies)

* Based on 50 articles

Fig. 2. i scores for inter-reviewer agreement.
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g T4 S Z In four out of nine studies (Watson
£ %” eNE 22 B etal. 1999, Karoussis et al. 2003, Hinggi
g 3 E a § i ,g E é é E et al. 2005, Mengel & Flores-de-Jacoby
£ & § 22232 g & =S =& 2005), the patients treated were classi-
wE = B e 2 9= 3 i i iti
=5 B = s ss L 2SESS B fied as chronic periodontitis, two of
8 ©° = 082 %2°&83=5 5835 . .
£ g o b= % s 235 e i ES €S which (Hénggi et al. 2005, Mengel
22 E_® ETSEEE 5 L‘é‘/\\%é . & Flores-de-Jacoby 2005) also had
‘g 2 g 28238 . . . . .
23 E25S «;-ja‘ -3 E SR Z QE’;% patients with aggressive periodontitis.
8 é g% =g3 SEBE89°3E g In the remaining studies, the form of
Eewszgo z22=Z8288E5EES periodontal disease affecting the studies
SCEEEE E2842nE-cEF d (Brocard et al. 2000
SEE:EE 5§E§':@%S‘“Sg Wasnotreporte'( rocard et al. )'or
E .g-g °3 % . EE2E; &g EZ2ETZ defined according to current classifi-
n = . . < - 2= b B . .
SEE 52 | ESAESESE88655 cation (International Workshop for a
ONaFara | AFASTZ 338 8 ama . . . .
Caw Y RO - < Classification of Periodontal Diseases
and Conditions 1999) (Hardt et al. 2002,
g £ Evian et al. 2004, Rosenberg et al. 2004,
15} = 2 R 2
s 38 = 2 oos-Jansaker et al. 2006a, b).
o [ (=P .. ..
S = 0% =& ) Not surprisingly, the definitions of
28552 553 w3 ISINE Y, .
5288 § < B2EE treated periodontitis and non-perio-
- §§§ 3 £ 2 85 EE é dontitis patients were variable among
|77] — 17) . . . .
EETS0T IR the studies included. Different defini-
tions of treated periodontitis were
o E > I 2 defined in Karoussis et al. (2003),
% g g 58 B985 Rosenberg et al. (2004), Hénggi et al.
< =
5 = sEE8 g=7% (2005) and Mengel & Flores-de-Jacoby
X e | LEyem © @2 S 0 O
82 cogpdsg8zLEo g (2005) based on surrogate measure-
[SEN E385=2°o3 TES El . X
S =z Z BEE8JE SZ2E= ments or treatment regime. While Hardt
= = o o
Sk ERE § $E8% ‘g £ g E et al. (2002) and Roos-Jansdker et al.
S _— . .
=58 HZASEHRE53RET (20064, b) defined the patients according
to an age-related bone loss score (ArB-
score) and the percentage of remaining
= teeth affected by bone loss, respectively
j=] > b
z % in other studies, the definition was either
3 ;* - unclear (Brocard et al. 2000, Evian
w = - et al. 2004) or not reported (Watson
o et al. 1999).
Q2 . ..
% 2% The non-periodontitis group was
0 S B . . .
— o' Sz clearly defined in five out of nine studies
»w @ =g . .
g _qg Ol“ 3 S = (Karoussis et al. 2003, Evian et al. 2004,
< E s = S g Rosenberg et al. 2004, Hinggi et al.
=}
EE £0 2 = 2005 and Mengel & Flores-de-Jacoby
. S g 2005). In the other four studies, the non-
Z 5 f g periodontitis group was either not
e <5 clearly defined (Watson et al. 1999,
= <
8 Q% E 5 Brocard et al. 2000) or the authors had
= ’\E/ . £ 5 their own definition (Hardt et al. 2002,
£ § § 5 3 b Roos-Janséker et al. 2006a, b). The type
i= g S A o .5 . .
Z 3 wSTaSoE S g of periodontal treatment included non-
= %) ] =B : .
§§ X013 £ 3 & = surgical and periodontal  surgery
2 éﬁ’og = o G ‘é’b ' €23, ‘g g g (Brocard et al. 2000, Karoussis et al.
éié E28 Z | EEBLEE }_,3 ) B E 2003, Evian et al. 2004, Mengel &
‘3 o o3 » S 0= 0% 9 = :
S 5 e SwE2S333 = Flores-de-Jacoby 2005) and it was
§z<6<2<§ fES<L8A54 a2 = lear in th fh td).
E et P Z 3 unclear in the other studies.
S @
<
-
| =4 . i
% E T«:s § n Intervention characteristics (Tables 2a
z s 3 § B S and 2b)
=~ 8 2 22 5 5
g |3 228 g Implant d surf
g2 8352 35 mplant type and surface
o) I 2 characteristics
. o0 s <
= b5} 22 In th . di impl
~ S o £ 8 n the nine studies, seven implant sys-
% =) 2= 2 < ;“ tems were used. Four out of the nine
S ¥ s £a studies used the Branemark System®™
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(Nobel Biocare, Goteborg, Sweden); in
two of these studies, a turned surface
was used (Rosenberg et al. 2004 -
specific manufacturer specification was
not reported; Mengel & Flores-de-
Jacoby 2005 — Mark II type screws)
and in the other two studies (Hardt
et al. 2002, Roos-Jansaker et al.
2006a,b), the surface characteristics
and shape were not mentioned. The ITI
Dental Implant System (Straumann AG,
Waldenburg, Switzerland) was also used
in four studies. The solid sand-blasted
large-grit acid-etched (SLA) titanium
screws and titanium plasma sprayed
(TPS) were used in Rosenberg et al.
(2004) (specific shape for the TPS
implants was not reported) and Hinggi
et al. (2005) (ITI Standard and Esthetic
PLUS screws), but in the other two
studies (Brocard et al. 2000 — hollow
screws, solid screws and hollow cylin-
ders; Karoussis et al. 2003 — hollow
screws), the specific surface modifica-
tions were not reported, although in the
latter studies, the surfaces were likely to
be TPS or SLA surfaces. 3i (Implant
Innovation Inc., West Palm Beach, FL,
USA) was used in two studies, namely
Rosenberg et al. (2004) and Mengel &
Flores-de-Jacoby (2005). Both studies
used the Osseotite implants. In the
remaining studies, Calcitek omniloc
hydroxyapatite (HA)-coated cylindrical
implants (Calcitek Inc., Carlsbad, CA,
USA) were used only by Watson et al.
(1999). Paragon (Zimmer Dental, Carls-
bad, CA, USA) was used by Evian et al.
(2004). In this study, the implant surface
characteristics were HA coatings and
pure titanium; they were mainly screw
type and some had a combination of
screw and press-fit type. The TPS sur-
face of the IMZ system (Biomet/Inter-
pore International, Irvine, CA, USA)
and the HA surface of the Swede-vent/
Screw-vent/Corevent system (Paragon,
Encino, CA, USA) were also used by
Rosenberg et al. (2004).

Type of surgical procedures

There was considerable variation in the
implant placement (i.e. immediate,
delayed immediate or delayed): sub-
merged or non-submerged (i.e. one-or
two-stage procedures) and the use of
bone/soft tissue augmentation. In all
studies, the implants were delayed
loaded, except Hinggi et al. (2005),
where the method of loading was
unclear.

© 2008 The Authors

Outcomes in periodontitis subjects

Supportive periodontal therapy or
maintenance

Supportive periodontal therapy for the
dentition was reported for most of the
studies included (except Watson et al.
1999, Hardt et al. 2002, Evian et al.
2004); however, the type of supportive
periodontal therapy appeared to vary
from a regular 3-monthly regime to
“‘at the discretion of the referring den-
tist’’. Similarly, supportive periodontal
therapy for the implants was reported
for most studies (except Brocard et al.
2000, Hardt et al. 2002) but the quality
was variable among the studies.

Outcomes (Tables 3a and 3b)

The outcomes reported in the studies
included show variation between the
studies in relation to the definition and
assessment of outcomes. Consequently,
the results cannot be compared and can
only be regarded separately.

Implant survival between treated
periodontitis and non-periodontitis
patients (Table 4a)

All the studies except Watson et al.
(1999) showed better implant survival
for the non-periodontitis group compared
with the treated periodontitis group.
However, a statistically significant dif-
ference was only found in Evian et al.
(2004) and Roos-Jansaker et al. (2006a).

Implant survival of the studies was
not pooled due to the differences in the
definition and assessment of outcomes
in relation to the baseline reference time
point (i.e. survival from implant place-
ment and loading) and using the patient
or the implant as the unit of analysis.
Implant survival rate is generally
defined as the presence of retained
implants over the observation period.
Cumulative implant survival rate was
presented in three out of the five studies
(Watson et al. 1999, Karoussis et al.
2003, Roos-Jansaker et al. 2006a), and
in the other two studies, Hardt et al.
(2002) presented the survival rate (not
cumulative) and Evian et al. (2004)
presented the proportions of censored/
survived implants. Watson et al. (1999)
included additional criteria requiring the
retained implants to be non-mobile and
capable of supporting the crown and,
furthermore, Evian et al. (2004) also
classified survived implants to be free
from irresolvable clinical complaints.
The study by Roos-Jansaker et al.

Journal compilation © 2008 Blackwell Munksgaard
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(2006a) used the Kaplan—Meier esti-
mates of survival rates based on time
to first event (i.e. first losts of implant as
the end-point event), with 16 events out
of 94 patients for the treated perio-
dontitis group (defined as 31-100% of
teeth with bone loss) and two events out
of 62 patients for the non-periodontitis
group (defined as 0-30% of teeth with
bone loss). Implant survival was deter-
mined from implant placement for
Karoussis et al. (2003), Evian et al
(2004), Roos-Jansaker et al. (2006a) and
from loading for Watson et al. (1999),
Hardt et al. (2002). The unit of analysis
for survival was based on implants
(Watson et al. 1999, Hardt et al. 2002,
Karoussis et al. 2003) or patients (Evian
et al. 2004, Roos-Jansaker et al. 2006a).

Implant success between treated
periodontitis and non-periodontitis
patients (Table 4b)

All the studies except Watson et al.
(1999) showed better implant success
for the non-periodontitis group com-
pared with the treated periodontitis
group. However, a statistically signifi-
cant difference was only found in
Karoussis et al. (2003) (p<0.025),
while no statistical significance was
found in Mengel & Flores-de-Jacoby
(2005) and for the rest of the studies,
analysis was either not carried out
(Watson et al. 1999, Brocard et al. 2000)
or not reported (Rosenberg et al. 2004).

The studies reporting on implant suc-
cess were not combinable due to the
differences in the criteria for assessment
of outcomes and in relation to the base-
line reference time point (i.e. success
from implant placement (Rosenberg
et al. 2004, Mengel & Flores-de-Jacoby
2005), loading (Watson et al. 1999),
6 months of healing (Brocard et al. 2000)
or 1 year of function (Karoussis et al.
2003). Furthermore, Rosenberg et al.
(2004) classified failure into failure to
osseointegrate (up to 1 year after place-
ment of definitive prosthesis) and peri-
implantitis-related failure. Most of the
studies included reporting on implant
success have taken the cumulative suc-
cess rate into account, except Rosenberg
et al. (2004), who presented implant
success (defined as implant survival by
the authors) as absolute percentages (i.e.
the proportion of censored implants
in the treated periodontitis and non-
periodontitis groups). Implant success
was determined from implant placement
for Rosenberg et al. (2004) and Mengel
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& Flores-de-Jacoby (2005); from load-
ing for Watson et al. (1999); from 6
months of healing for Brocard et al.
(2000); and from 1-year baseline of
function for Karoussis et al. (2003).
Success was based on implants as the
unit of analysis for all the studies.

Not defined or compared
between test and control

Peri-implantitis
(definition and %)

Definition:

Bone-level change between treated
periodontitis and non-periodontitis
patients (Table 4c)

Radiographic bone-level change was
reported in five studies. All the studies
showed less bone loss in the non-
periodontitis group in comparison with
the treated periodontitis group. How-
ever, a statistically significant difference
was only reported in Hardt et al. (2002)
(p=0.029) and a borderline signifi-
cance was reported in Hinggi et al.
(2005) (p=0.058). Hinggi et al
(2005) concluded that patients with
aggressive periodontitis before implant
placement had an ‘‘increased’’ probabil-
ity of additional crestal bone loss in
comparison with patients with chronic
periodontitis or non-periodontitis. The
rest of the studies did not find any
statistically ~ significant  difference
(Mengel & Flores-de-Jacoby 2005,
Roos-Janséker et al. 2006b) or the data
on statistical significance were not
reported (Karoussis et al. 2003).

There are several differences in rela-
tion to the outcome measurements for
bone-level change rendering the results
incomparable between studies. Variation
between the studies includes the differ-
ences in radiographic reference points
because of dissimilar implant systems;
the differences in the baseline time point
(e.g. radiographic baseline measurement
at insertion of superstructure in Hinggi
et al. 2005, whereas in Karoussis et al.
2003, it was measured at 1 year after
surgical implant placement) and observa-
tion period (ranged from 3 to 14 years) as
well as differences in the presentation of
results [Roos-Jansaker et al. (2006b)
measured the number of implant threads
not supported by bone and counted the
number of outcome events defined as <3
threads and >3 threads]. Furthermore,
three out of five studies provided infor-
mation about standardization of the radio-
graphs taken (Hardt et al. 2002, Karoussis
et al. 2003, Hanggi et al. 2005).

(definition and %)

al. 1995)
Cumulative success from

loading to 4 years:

Test — 100%
(calculated by reviewer)

clinical pathology or
radiographic signs of
progressive cervical
exceeded 4 mm or over a
third of the implant
length (Spiekermann et
Success is based on
implant level

Functional, symptom
bone loss, which

Implant success
Definition:

free, had no obvious
Control — 56%

from loading to 4 years:

supporting crown during
Test — 100%

normal function
Survival is based on

Retained non-mobile
implant level

Implant survival
(definition and %)
implant capable of
Cumulative survival
Control — 100%

Definition:

Bone loss
(definition and result)
Not reported

Peri-implant

conditions
Not reported

Gingival health

(implants)
Not reported

(implants)
Not reported

Plaque

Peri-implantitis (Table 4d)

All three studies (Karoussis et al. 2003,
Rosenberg et al. 2004, Roos-Jansaker

BOP, bleeding on probing; mPII, modified plaque index; mBII, modified bleeding index; PPD/PD, probing pocket depth/probing depth; PAL/AL, probing attachment level/attachment level; SD, standard
deviation; SE, standard error; GAgP, generalized aggressive periodontitis; GCP, generalized chronic periodontitis.

Table 3a. (Contd.)
Study

Watson et al.
(1999)

© 2008 The Authors
Journal compilation © 2008 Blackwell Munksgaard
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Table 4a. Implant survival (as defined by authors of included studies) in treated periodontitis patients compared with non-periodontitis patients

Study

Follow-up  Survival of treated

Survival of

Statistical tests

in years periodontitis non-periodontitis

Evian et al. (2004) >10 79.22% 91.67% Cox proportional hazards regression (periodontal status made a
significant contribution, Wald’s )(2, p =0.0122 for periodontal
status versus p>0.5 for time of placement)
Log-rank test was statistically significant for periodontal status
(» =0.0213)
Analysed at the level of the patient. This shows that implant
survival is compromised by a history of periodontitis

Hardt et al. (2002) 5 92% 96.7% Not reported

Karoussis et al. (2003) 10 90.5% 96.5% Kaplan—Meier estimate of survival rate. Differences between

(SE - 0.064) (SE - 0.020) groups were tested by log-rank test and Wilcoxon’s test (not

9-14 16 events out of

94 patients

Roos-Jansdker et al.
(2006a)

Watson et al. (1999) 4 100%

2 events out of
62 patients

100%

statistically significant)

Analysed at the level of the implant

Kaplan—-Meier curves — time to event for implant loss.
Log-rank test (and Cox’s regression analyses) showed a
significant effect (p = 0.01)

Analysed at the level of the patient. This shows that there is more
implant loss in patients who presented with more periodontal
bone loss of the remaining teeth at implant placement

No statistical analysis between treated and non-periodontitis
groups

SE, standard error.

Table 4b. Implant success (as defined by authors of included studies) in treated periodontitis patients compared with non-periodontitis patients

Study Follow-up  Success of treated Success of Statistical tests
in years periodontitis non-periodontitis

Brocard et al. (2000) 7 74.4% 88.8% Treated periodontitis was compared with the total
number of implants
No analysis between treated and non-periodontitis
groups

Karoussis et al. (2003) 10 52.4% 79.1% Fisher’s exact test for success: p<0.025. Statistically
significant
Analysed at the level of the implant. This shows that
implants placed in previously periodontally
compromised patients demonstrated lower success rates
than implants placed in patients who lost their teeth due
to reasons other than periodontitis

Mengel & Flores-de- 3 95.7% (GAgP — 100% Success rate was computed with reference to

Jacoby (2005) maxilla) 100% (GAgP — Albrektsson et al. (1986) using Kaplan—-Meier survival

mandible; GCP) curve. Comparison between groups — MANOVA test (not

statistically significant)
Analysed at the level of the implant

Rosenberg et al. (2004) 13 90.7% 93.7% Not reported

Watson et al. (1999) 4 100% 56% No statistical analysis between treated and non-

periodontitis groups

GAgP, generalized aggressive periodontitis; GCP, generalized chronic periodontitis.

et al. 2006b) reported lower occurrences
of peri-implantitis in the non-perio-
dontitis patients in comparison with
treated periodontitis patients. However,
a statistically significant difference was
reported in Karoussis et al. (2003)
(p =0.002) and Roos-Jansaker et al.
(2006b) (p = 0.05; OR =4.7). The inci-
dence of peri-implantitis was presented
in Karoussis et al. (2003), while Rosen-
berg et al. (2004) and Roos-Jansaker
et al. (2006b) presented the proportions
of implants affected by peri-implantitis.

The three studies were not compar-
able due to differences in the defini-
tion of peri-implantitis and outcome
measurement.

Methodological quality of the studies
included

Following discussions, there was good
agreement among reviewers concerning
the study quality issues as summarized
in Tables 5a and 5b. All the studies were

rated as having a high risk of bias except
one cohort study (Mengel & Flores-de-
Jacoby 2005) and two case series (Hardt
et al. 2002, Evian et al. 2004) that were
classified as medium risk.

Cohort or subgroup of cohort studies

Although completeness of follow-up
was found in all three cohort studies,
the rest of the quality assessment criteria
were not fulfilled in the studies. Mengel
& Flores-de-Jacoby (2005)’s study was
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classified as having a medium risk
because they fulfilled most of the quality
assessments that could affect outcomes
(measurement of bone-level change was
accounted for by masking of assessor).
However, the reporting of the baseline
bone quality and prosthetic needs was
inadequate to allow classification of the
study as low risk. Nevertheless, classifi-
cation of baseline bone quality allows a
subjective indication of the bone quality
as determined by the assessor to limit the
risk of bias because objectively deter-
mining the bone morphological quality
before implant placement is more diffi-
cult. The other two studies (Watson et al.
1999, Karoussis et al. 2003) were con-
sidered as having a high risk of bias
because of inadequate reporting of the
baseline bone quality and prosthetic
needs and masking of assessor. Further-
more, the inclusion criteria were unclear
for Karoussis et al. (2003) and the rea-
sons for drop-outs were not clear for all
the patients in Watson et al. (1999).

Case series or subgroup of case series

Two out of six studies were considered
to be medium risk (Hardt et al. 2002,
Evian et al. 2004). In Hardt et al. (2002),
all the quality criteria were fulfilled
except for consecutive entering of
patients, which is less important in this
particular study because the treated and

Outcomes in periodontitis subjects

non-periodontitis patients were defined
in relation to the age-related bone loss
score, while in Evian et al. (2004), all
the quality criteria were fulfilled except
for reporting of baseline characteristics
and masking of assessor for survival of
implants indicating the presence or
absence of the implants. Although
Brocard et al. (2000) appeared to fulfil
most of the criteria as Evian et al.
(2004), it was considered to be at a
high risk of bias because there were
considerable differences in the baseline
characteristics of bone quality and pros-
thetic needs as the non-periodontitis
group had a combination of partially
dentate and completely edentulous
patients. The other three case series
(Rosenberg et al. 2004, Hinggi et al.
2005, Roos-Jansaker et al. 2006a,b)
were deemed as having a high risk of
bias because most of the quality criteria
were either not carried out or not expli-
citly reported.

Confounding factors

Adjustment of confounding factors (e.g.
multivariate analysis) in the outcome
analysis was only carried out by
Roos-Jansaker et al. (2006a,b). How-
ever, some studies carried out uni-
variate/bi-variate analysis on smokers
who were included in the patient popu-
lation (Brocard et al. 2000, Karoussis
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et al. 2003, Hénggi et al. 2005). Other
studies did not report on the presence or
absence of smokers in the population
(Hardt et al. 2002, Evian et al. 2004,
Rosenberg et al. 2004). Watson et al.
(1999) did not carry out an analysis for
smoking (20 or more a day) as the
authors reported that the patient sample
was too small and heavy smokers were
excluded from the study. Patients with
other confounders (i.e. systemic dis-
eases, medications and radio-therapy or
chemo-therapy) were mostly excluded
from the study populations. In the case
of Karoussis et al. (2003), smoking
status was not presented in their inclu-
sion criteria.

Discussion
Key findings

Of the five studies presenting data on
implant survival, four reported higher
implant survival for non-periodontitis
patients in comparison with treated
periodontitis patients (Table 4a). Two
case series studies (Evian et al. 2004 and
Roos-Janséker et al. 2006a) with a large
patient sample and a long observation
period found a statistically significant
difference in survival, which was asso-
ciated with the patient’s periodontal
status.

Table 4c. Bone level change around implants (as defined by authors of included studies) in treated periodontitis patients compared with non-

periodontitis patients

Study Follow-up

in years

Bone loss of
treated periodontitis

Bone loss of
non-periodontitis

Statistical tests

Hinggi et al. (2005) 3

Hardt et al. (2002) 5

Not reported

2.2 £ 0.8 mm (SD)

Not reported

Mixed-model analysis of variance (anova). p = 0.058

for level of periodontitis before implant placement
(“‘marginal effect’”)

This shows that at the 1 year follow-up, patients
diagnosed with aggressive periodontitis before
implant placement may have a limited tendency for
additional crestal bone loss in comparison with
patients with chronic periodontitis or periodontally

healthy
Multiple regression analysis. Coefficient — 0.69,

1.7 =+ 0.8 mm (SD)

p =0.029. Statistically significant. This shows that
longitudinal bone loss (follow-up of 5 years) around
implants is correlated to previous experience of loss of
periodontal bone support

Karoussis et al. 10 Mesial — 1.0 + Mesial —

(2003) 1.38 mm (SD); 0.48 £ 1.10mm (SD);
Distal — 0.94 + Distal — 0.50 £
0.73 mm (SD) 1.08 mm (SD)

Mengel & Flores-de- 3 GAgP — 1.14 mm; 0.70 mm

Jacoby (2005) GCP - 0.86 mm

Roos-Janséker et al. 9-14

(2006b)

128/458 of implants
affected by bone loss

26/185 of implants
affected by bone loss

Kruskal-Wallis test (statistical significance was not
reported)

Comparison between groups — MANOVA test (not
statistically significant)

Logistic regression with random effects (multivariate
analysis — not significant)

GAgP, generalized aggressive periodontitis; GCP, generalized chronic periodontitis.
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Table 4d. Peri-implantitis around implants (as defined by authors of included studies) in treated periodontitis patients compared with
non-periodontitis patients

Study Follow-up Peri-implantitis in Peri-implantitis in Statistical tests
in years treated periodontitis ~ non-periodontitis

Karoussis et al. 10 28.6% (SE — 0.098)  5.8% (SE — 0.025) Wilcoxon’s test, p = 0.0001; Log-rank test, p = 0.0002

(2003) Statistically significant
Analysed at the level of the implant. This shows that the
incidence of peri-implantitis was higher in implants placed in
patients with a history of chronic periodontitis than for
implants placed in patients without

Roos-Janséker et al.  9-14 16% (42/258 of 22% (4/185 of Logistic regression with random effects

(2006b) implants) implants) (multivariate analysis — OR = 4.7; p = 0.05, borderline
statistically significant)
Analysed at the level of the implant. This shows that
occurrence of peri-implantitis was related to a previous
history of periodontitis

Rosenberg et al. 13 25.6% 5.4% Statistical test was not reported

(2004)

SE, standard error; OR, odds ratio.

Table 5a. Results of quality assessment of selected cohort studies

Study Similarity of baseline Masking of assessor ~ Completeness  Similarity of drop- Inclusion Risk of
characteristics — bone of follow-up outs and reasons for  criteria bias
quality and prosthetic drop-outs explicit
needs

Karoussis et al. (2003) Unclear Unclear Yes No drop-out Unclear High

Mengel & Flores-de- Unclear Yes for radiographic ~ Yes No drop-out Yes Medium

Jacoby (2005) examination; no for

clinical examination

Watson et al. (1999) Unclear No Yes Unclear Yes High

Table 5b. Results of quality assessment of selected case series

Study Patients Inclusion Similarity of baseline Masking of Similarity of drop- Risk of

consecutively criteria characteristics — bone assessor outs and reasons for bias
entered explicit quality and prosthetic needs drop-outs

Brocard et al. (2000) Yes Yes Unclear (non-periodontitis No Unclear High

group had partially dentate
and complete edentulous
patients)

Evian et al. (2004) Yes Yes Unclear No (based Not reported Medium

on implant
survival)

Hinggi et al. (2005) Unclear Unclear Unclear No Not reported High

Hardt et al. (2002) No Yes Yes Yes Not reported Medium

Roos-Jansaker et al. Unclear No No No Unclear High

(20064, b)

Rosenberg et al. (2004) No Yes Unclear Unclear Not reported High

Similarly, in the five studies with data
on implant success (Table 4b), more
favourable results were reported in
four studies (Brocard et al. 2000,
Karoussis et al. 2003, Rosenberg et al.
2004, Mengel & Flores-de-Jacoby 2005)
for patients without periodontitis in
comparison with treated periodontitis
patients. One cohort study (Karoussis
et al. 2003) showed statistically signifi-
cant lower success rates in implants

placed in previously periodontally com-
promised patients.

Longitudinal radiographic bone loss
around implants was also associated
with a history of periodontitis as shown
in all five included studies (Table 4c).
Statistically greater bone loss was only
found in Hardt et al. (2002). However,
the periodontal treatment carried out in
Hardt et al. (2002) was not reported and
therefore the risk of ongoing perio-

dontitis affecting the bone level around
implants cannot be dismissed.

The occurrence of peri-implantitis
was reported in three out of nine studies;
in two of these studies, statistically more
complications around treated perio-
dontitis occurred in comparison with
non-periodontitis (Karoussis et al. 2003,
Roos-Jansdaker et al. 2006b). In both
studies, there was a higher frequency of
peri-implantitis and a lower survival rate
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(Roos-Jansaker et al. 2006a, b) or a lower
success rate (Karoussis et al. 2003)
between the treated periodontitis patients
in comparison with non-periodontitis
patients. The possible correlation between
peri-implantitis and implant survival or
success, and the influence of implant
surfaces on the incidence of peri-implan-
titis could not be evaluated because of
insufficient data. The lack of data on peri-
implantitis may suggest that the incidence
or reporting of peri-implantitis is rare and
may be more commonly observed when
a longer observation period of at least
10 years has been carried out.

Strength of evidence

The variability in the study designs, the
definition of patient population and out-
come measurements (including analytic
techniques) makes it difficult to draw
definitive conclusions. Furthermore, a
number of these factors may have an
impact on the clinical outcomes. Firstly,
the main aspects of the study design that
were incomplete were reporting of base-
line characteristics (i.e. similarity of the
bone volume and prosthetic needs) and
masking of assessors. The former is
important because unless the groups
were balanced for relevant baseline
characteristics, the differences in the
outcomes cannot be attributed confi-
dently to periodontitis. Masking of the
assessors is difficult but important to
protect against measurement bias for
subjective outcomes such as probing
depth, although it is less important for
objective outcomes such as implant sur-
vival (Moher et al. 1999). Furthermore,
only two out of six case series (Brocard
et al. 2000, Evian et al. 2004) mentioned
the inclusion of consecutive cases. This
was recommended by Wennstrom &
Palmer (1999) in the absence of a proper
control (i.e. predefined non-periodontitis
group) to reduce the risk of selection
or attrition bias and the possible over-
estimation of favourable results.
Secondly, both the classification and
the definition of treated periodontitis
and non-periodontitis patients were
variable among the studies included,
particularly the effectiveness of perio-
dontal treatment and whether the
non-periodontitis patients were without
evidence of periodontitis. The implica-
tion of this is that inadequate control of
periodontitis might act as a confounding
factor on the outcomes. Moreover, there
was substantial heterogeneity in the
quality and frequency of supportive

© 2008 The Authors
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periodontal therapy for both the
implants and the surrounding dentition,
which might also influence the out-
comes. The data might suggest that
meticulous supportive therapy is as
important for implants as for teeth
when comparing the Karoussis et al.
(2003) study where the supportive ther-
apy followed a specific protocol com-
pared with patients in the Roos-Jansaker
et al. (2006a,b) study, where there was
no structured supportive therapy. How-
ever, there was no direct evidence to
support the importance of supportive
therapy for implants as for periodontally
treated teeth and thus the impact of this
cannot be elucidated further.

Further aspects that could affect the
evaluation of clinical outcomes were
methodological factors. These included
the implant survival (and success) data
that should be presented as a cumulative
rate to take into account the time at risk
for each implant to have ‘‘survived’’/
censored at the various observation
times after placement. Most studies did
take cumulative rate into account except
Hardt et al. (2002), Evian et al. (2004)
and Rosenberg et al. (2004). Both Evian
et al. (2004) and Rosenberg et al. (2004)
reported on absolute percentages for
implant survival and success, respec-
tively (i.e. the proportion of censored
implants in the treated periodontitis and
the non-periodontitis groups). Although
the absolute values have been used in
other implant literature (Albrektsson
et al. 1986), this does not allow an
evaluation of implant performance for
a given time. Absolute values also tend
to overestimate survival, because long-
term failures are diluted by the early
survival of recently placed implants
(Eckert & Wollan 1998). Implant survi-
val and success analysis should consider
using analysis such as Kaplan & Meier
(1958). Equally, peri-implantitis should
be presented as incidence rates as shown
in Karoussis et al. (2003), to take into
account the time-to-event for the
patient/implant concerned.

Most studies except Evian et al. (2004)
and Roos-Jansdker et al. (2006a) on
implant survival/success were analysed
at the level of the implant rather than the
patient. This has the risk of showing a
more favourable result in comparison
with  patient/subject-based  analysis
because the prevalence calculated from
implant-based data becomes diluted
from the large number of implants
included in the subject sample (Fransson
et al. 2005). When a patient has two or

Journal compilation © 2008 Blackwell Munksgaard
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more implants used for statistical analy-
sis, each implant is not independent and
this would have an effect on the survival
confidence interval when performing
survival analysis such as Kaplan—-Meier
(Chuang et al. 2001). Chuang et al.
(2002) showed that the overall conse-
quence is that by assuming indepen-
dence of the clustered observations, the
95% confidence intervals for survival
estimates were narrower than the depen-
dence method estimates. In other words,
the estimation of implant survival by
assuming independence of clustered
observations would risk spurious statis-
tically significant findings.

Other methodological factors include
presentation of the data for implant
outcomes calculated from different
baselines (e.g. implant placement,
implant loading) as shown in Tables 3a
and 3b. This makes comparison of data
difficult when dissimilar baselines were
used. Hence, data should be presented
from both insertion and post-loading to
account for all implants. If they were
taken from post-loading, there is a risk
of more favourable rates of outcomes
(Morris & Ochi 2000).

Finally, smoking is a risk factor for
peri-implant bone loss, and an elevated
rate of implant failure has been asso-
ciated with heavy smoking (Bain &
Moy 1993, Wilson & Nunn 1999).
However, some of the selected studies
did not provide information regarding
the smoking status of the patient popu-
lation (Hardt et al. 2002, Evian et al.
2004, Rosenberg et al. 2004) and hence
adjustment for this covariate in an ana-
lysis such as multi-variate analysis
might not have taken place. Hence, the
negative effect of smoking on implant
outcomes cannot be excluded when
interpreting the results.

Potential biases in the review process

We have attempted to limit the effect of
publication bias by not setting language
restrictions and by searching for unpub-
lished studies, although no unpublished
studies were found. Other aspects of
quality assurance were independent
and duplicate screening of study elig-
ibility and the a priori establishment of
the study protocol.

Comparison with other systematic
reviews

A systematic review on this topic was
reported by Van der Weijden et al.
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(2005), who concluded that the outcome
of implant therapy in periodontitis
patients may be different compared
with individuals without such a history
as evidenced by loss of supporting bone
and implant loss. Differences between
this systematic review and the previous
study are in terms of searching and
screening of the articles and the inclu-
sion criteria. More specifically, in Van
der Weijden et al. (2005), searching of
the articles was based on articles pub-
lished in English from a single electro-
nic database (MEDLINE) and explicitly
included terms for periodontitis or
periodontal diseases. The specific nature
of their search strategy risked not
retrieving studies where patients with
periodontitis were included but were
not the focus of the study. Furthermore,
screening of the articles was carried out
independently but the level of agree-
ment was not reported. Although Van
der Weijden et al. (2005) appraised the
quality of the studies included, assess-
ment of components of the study meth-
odology shown to affect study outcomes
was not reported. These differences
between the two systematic reviews
may have resulted in the identification
of six other comparative studies in our
review, providing further evidence of
the difference between the two groups.
Another systematic review by Schou
et al. (2006) reviewed the outcome of
implant therapy in patients with pre-
vious tooth loss due to periodontitis, a
comparison between our review and
Schou et al. (2006) could not be made
due to the differences in our focused
question. In our study, meta-analysis
especially for the implant outcomes
was not carried out due to marked
heterogeneity as evident in many
aspects of the study characteristics.

Conclusions

There is some evidence that patients
who have been treated for periodontitis
may experience more implant loss and
complications around implants includ-
ing higher bone loss and peri-implantitis
than non-periodontitis patients. The
strength of evidence is stronger for
implant survival than implant success,
although methodological issues limit the
potential to draw robust conclusions.
This evidence relates particularly to
patients with chronic periodontitis and
may also apply to patients with a history
of aggressive periodontitis.

Recommendations for research

1. We recommend further emphasis on
methodological quality including
standardization of reporting, analysis
of outcomes and protection from
bias. Studies should have standar-
dized assessment, masking of asses-
sors (for subjective outcomes) or
independent outcome assessors to
minimize measurement bias and
have a follow-up of at least 10 years
(Karoussis et al. 2003 and Roos-
Jansdker et al. 2006a,b). Investiga-
tions for the two groups of patients
should adjust for confounding risk
factors (e.g. smoking habits) using
analysis such as multivariate analy-
sis. Data analysis must also take into
account dependence among clustered
outcomes observations within
patients, e.g. multilevel modelling
(Gilthorpe et al. 2002) and the out-
come measures should be presented as
cumulative survival or success rates
and incidence of peri-implantitis.

2. Standardization of the case defini-
tions of treated periodontitis and
non-periodontitis is needed to allow
meaningful clinical use of such
terms. We propose treated perio-
dontitis to be defined as patients
who, before implant placement, are
in a supportive periodontal therapy
programme with all sites showing
probing depth of <5mm without
BOP. If possible, subjects should
have no evidence of progressive
radiographic bone loss following
completion of periodontal therapy.
Conversely, non-periodontitis  is
defined as patients without a history,
clinical or radiographic evidence of
periodontitis.

3. A formal consensus on universally

accepted implant success criteria
should be established to allow stan-
dardized monitoring and comparisons
between implant studies. Ideally, a
systematic review to investigate the
appropriate implant success criteria in
evaluating the clinical performance of
the implant under observation would
be necessary to establish a standar-
dized guideline. We suggest that the
following outcome criteria should be
considered:

e Absence of mobility, persistent sub-
jective complaints (pain, foreign-
body sensation and/or dysaesthesia),
recurrent peri-implant infection with

suppuration or a continuous radiolu-
cency around the implant (Buser
et al. 1990).

e No PPD>5mm (Mombelli & Lang
1994, Bragger et al. 2001) or no
PPD>=5mm and BOP (Mombelli
& Lang 1994). However, absolute
PPD alone cannot be used as an
indicator of a pathological condi-
tion, because additional factors
such as tissue thickness and different
abutment lengths may influence the
PPD assessments around implants.

e After the first year of loading, the
annual radiographic vertical bone
loss should not exceed 0.2mm
(mesially or distally) (Albrektsson
et al. 1986, Albrektsson & Isidor
1994).

4. Similarly, a formal consensus on
universally accepted criteria for
peri-implantitis should be established
to allow standardized monitoring and
comparisons between implant stu-
dies. We suggest that the criteria to
be considered should include a com-
bination of the definitions proposed
by Albrektsson & Isidor (1994),
Karoussis et al. (2003) and Roos-
Janséker et al. (2006b). This would
be an incidence of PPD > 5 mm with
BOP/suppuration and radiographic
bone loss of >2.5mm or bone loss
extending >3 threads for a follow-
up of at least 10 years as suggested
from the data taken from the three
studies.

5. Identify factors that affect the prog-
nosis of implant outcomes in patients
treated for periodontitis. This should
include designing a well-controlled
prospective clinical study in deter-
mining the influence of the quality
and frequency of supportive perio-
dontal therapy (for the dentition and
implants) as well as the influence of
genetic factors such as interleukin-1
polymorphism in the prognosis of
implant outcomes in patients treated
for periodontitis.

Recommendations for clinical practice

1. There is limited evidence that
patients treated for periodontitis
might experience more implant loss
and complications around implants
including higher bone loss and peri-
implantitis than non-periodontitis
patients. Consequently, appropriate
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consent should be obtained before
implant therapy.

2. Although there is no direct evidence
to suggest the importance of suppor-
tive therapy for implants as for perio-
dontally treated teeth, nevertheless,
periodontal therapy has been sug-
gested to precede implant therapy in
partially dentate patients (van Steen-
berghe et al. 1993), while systematic
and continuous monitoring of the
periodontal and peri-implant tissue
conditions is suggested to prevent
recurrence of periodontal disease
and allow early diagnosis and treat-
ment of peri-implant diseases.
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Clinical Relevance

Scientific rationale for the study:
Some evidence exists that suscept-
ibility to periodontitis confers an
increased risk of biological compli-
cations around implants but the con-
sistency and quality of the evidence
are unclear. This systematic review

was carried out to determine the
implant outcomes in partially dentate
patients treated for periodontitis
compared with patients who were
periodontally healthy.

Principal findings: There is limited
evidence that patients treated for
periodontitis may experience more

implant loss and implants complica-
tions than non-periodontitis patients.
Practical implications: In clinical
practice, patients treated for perio-
dontitis who require implant therapy
would need to give consent of under-
standing the possible effects of perio-
dontitis on implant therapy.
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