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Microbiota Around Root-Form Endosseous Implants:
A Review of the Literature
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Although high success rates for root-form endosseous implants have been reported, failures occasion-
ally occur, and these implants must be removed. At least 10% of the failures have been suggested to
be the result of peri-implantitis. There is some evidence that periodontal pathogens, mainly those
belonging to the group of Gram-negative anaerobic rods, play a role in the etiology of peri-implantitis.
This article provides an overview of the literature associated with common peri-implant microbiology
and an assessment as to whether bacteria associated with periodontitis exert a possible risk for peri-
implant tissue breakdown. The peri-implant area is colonized by a large variety of oral microbial com-
plexes. The microflora of the oral cavity prior to implant placement determines the composition of the
microflora in the peri-implant area. Implants involved in peri-implantitis are colonized with large
amounts of Gram-negative anaerobic bacteria, including Fusobacteria, spirochetes, Bacteroides
forsythus, and “black-pigmented bacteria” such as Prevotella intermedia, Prevotella nigrescens, and
Porphyromonas gingivalis. Also, Actinobacillus actinomycetemcomitans can be isolated from these
lesions. Thus, the microflora of peri-implantitis lesions resembles that of adult or refractory periodonti-
tis. However, the presence of periodontal pathogens does not always lead to a destructive process.
Therefore, the etiologic role of specific microorganisms in implant failure related to infection is still not
resolved. Controversy remains as to whether organisms recovered from the original microflora cause
the failure (and if so to what extent) or merely result from the infection. Nevertheless, there is accumu-
lating evidence that bacteria cause the disease, while the individual’s genetic makeup and environ-
mental influences determine the severity of the disease. (INT J ORAL MAXILLOFAC IMPLANTS

2002;17:829–838)
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Root-form endosseous implants are commonly
used for the fixation of prosthetic restorations.

Brånemark and coworkers1 were the first to
describe the anchorage of dental prostheses by
osseointegrated dental implants. Over the years,

many different implant systems have been intro-
duced, and the indications for their application have
gradually been extended. Although high success
rates have consistently been reported for many
implant systems,2 failures leading to implant
removal still occur. The overall failure rate for
Brånemark System implants (Nobel Biocare, Göte-
borg, Sweden) is 7.7% over a 5-year period.3 Fail-
ure rates in the edentulous maxilla and mandible are
10% and 3%, respectively, while in partially edentu-
lous patients 4% of the implants are lost.3 Compa-
rable failure rates have been reported for other
implant systems.2

To achieve consensus on terminology, implant
failure has been defined as the inadequacy of the
host tissue to establish or to maintain osseointegra-
tion,3 and peri-implantitis has been defined as the
inflammatory process affecting the tissue around an
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osseointegrated implant in function, resulting in
loss of supporting bone.4

Failing implants are characterized by loss of sup-
porting bone and mobility. Patients experience
spontaneous pain as well as pain on clenching, per-
cussion, or palpation, and deep pockets may be pre-
sent. Referring to the occurrence in time, early and
late failures can be distinguished. In early failure,
osseointegration has never been established, thus
representing an interference with the healing
process. Early failures occur prior to prosthetic
rehabilitation.3 Surgical trauma, insufficient quan-
tity or quality of the bone surrounding the implant,
premature loading of the implant, and bacterial
infection have been implicated as causes for early
implant failure.5,6 In late failure, the established
osseointegration is not maintained, implying
processes involving loss of osseointegration. Late
failures occur following prosthetic rehabilitation.3
Late failures can be divided into 2 subgroups, with
one including implants failing during the first year
of loading (“soon” late failures) and one including
implants failing in subsequent years (“delayed” late
failures). Each makes up about 50% of the late fail-
ures. It seems reasonable to attribute most of the
“soon” late failures to overloading in relation to
poor bone quality and insufficient bone volume.
The “delayed” late failures probably can be attrib-
uted to progressive changes of the loading condi-
tions in relation to bone quality and volume and
peri-implantitis.6,7

There is evidence supporting the view that peri-
odontal pathogens, mainly those belonging to the
group of Gram-negative anaerobic rods, play an
important role in developing peri-implantitis. In
this article, this evidence is reviewed against the
background of the current knowledge of the com-
mon peri-implant microbiology.

This article provides a comprehensive review of
studies published in the international peer-reviewed
literature published in English concerning the sub-
gingival microflora surrounding root-form
endosseous oral implants in humans. Using MED-
LINE (US National Library of Medicine), a litera-
ture search was performed on articles published
between January 1980 through December 2000.
Key words used in the search were: dental,
implants, microorganisms, microbiota, microbiol-
ogy, microflora, peri-implantitis, failure, periodon-
tology, periodontitis, and genetic. Publications pre-
sented in abstract form and animal studies were
ignored. All resulting papers were analyzed for their
contents and included if appropriate. Because of
major differences between study designs and/or
methodologic shortcomings, it was not possible to

execute a meta-analysis that includes a sufficient
number of studies.

MICROBIAL COLONIZATION OF THE
MOUTH WITHOUT IMPLANTS

It has been estimated that about 400 different
microbial species are capable of colonizing the den-
tate oral cavity and that any individual may harbor
over 150 different species.3 Samples from the
healthy gingival sulcus contain relatively few (103 to
106) cultivable organisms, predominantly consisting
of Gram-positive cocci and rods, principally Actino-
myces naeslundii (14%), Actinomyces gerencseriae
(11%), Streptococcus oralis (14%), and Peptostreptococ-
cus micros (5%).9–12 Gram-negative anaerobic rods
account for 13% of the total cultivable organisms
on average. Many of the suspected periodontal
pathogens belong to this anaerobic group, indicat-
ing that colonization with putative periodontal
pathogens in healthy subjects without signs of gin-
gival inflammation is possible.10

Subgingival bacterial counts range up to more
than 108 in deep periodontal pockets. There is gen-
eral agreement that periodontitis is an infectious dis-
ease associated with only a few of the bacterial
species found in dental plaque.13 With the develop-
ment of periodontitis, there is a shift toward a sub-
gingival flora containing a higher proportion of
Gram-negative rods and decreased proportions of
Gram-positive species. In an established periodontal
lesion, low numbers of cocci and high numbers of
motile rods and spirochetes are seen. Increased pro-
portions of Porphyromonas gingivalis, Bacteroides
forsythus, and species of Prevotella, Fusobacterium,
Campylobacter, and Treponema have been detected.11,12

P gingivalis was isolated in 79% of periodontitis
patients.14 However, it is still unknown whether the
presence of the Gram-negative bacteria is secondary
to altered nutritional and anaerobic conditions
because of the inflammatory processes and pocket
formation or is itself responsible for the periodontal
destruction.9 To become associated with destructive
periodontitis, the microorganisms must comply with
several criteria8:

• The species should be found more frequently
and in higher proportions in cases of infection
compared to non-diseased sites (association).

• Absence of the species should be accompanied by
a parallel remission of disease (elimination).

• Production of antibodies or cellular immune
response is directed specifically at that species
(host response).
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• Potentially damaging metabolites are produced
or properties possessed by a species (virulence
factors).

• Periodontal disease progression conferred by the
presence of a species at a given level is evaluated
in a prospective study (risk assessment).

On the basis of these criteria, several species have
been related to the etiology of destructive periodon-
tal diseases, of which Actinobacillus actinomycetemcomi-
tans and P gingivalis have the strongest association. A
actinomycetemcomitans is the most important microor-
ganism in juvenile periodontitis, while P gingivalis is
considered to be associated with adult periodontitis
and refractory periodontitis. In low numbers, Pre-
votella intermedia and Prevotella nigrescens have been
found in periodontally healthy subjects, but they may
also be associated with the development of periodon-
titis. To affect periodontal tissues, these species prob-
ably must persist in the subgingival area at elevated
levels over extended periods of time. Furthermore, B
forsythus is found more frequently in periodontal
patients, and its levels are related to probing depth
and periodontal breakdown.11,12,15 Other bacteria
associated with periodontal destruction include
Fusobacterium nucleatum, Campylobacter rectus, P
micros, Treponema denticola, and Treponema vincentii.
Like P intermedia, these species are probably oppor-
tunistic pathogens with relatively low pathogenic
potential and have to colonize the subgingival area
for longer periods of time at elevated levels to be
able to affect the periodontium.

Most of the above-mentioned periodontal
pathogens are Gram-negative anaerobic rods. It is,
therefore, not surprising that during the develop-
ment of periodontitis, there is a shift toward a sub-
gingival flora containing relatively more Gram-neg-
ative rods and fewer Gram-positive species.

Following full-mouth tooth extraction, changes
occur in the tissues and/or surfaces that are available
for microorganism adherence. When patients with
severe periodontitis become edentulous, A actino-
mycetemcomitans and P gingivalis are no longer
detectable within a month after full-mouth tooth
extraction, suggesting that their primary habitat is the
dentition or the periodontal sulcus.16 Furthermore, a
marked reduction or even elimination of spirochetes,
as well as a reduction in lactobacilli, yeasts, Streptococ-
cus mutans, and Streptococcus sanguis occurs in edentu-
lous adults with or without conventional removable
dentures compared to dentate patients.17 It seems
that no significant periodontopathic flora capable of
constituting a risk factor or reservoir for transmis-
sion,16 eg, when implants will be placed, is left follow-
ing full-mouth tooth extraction.

MICROBIOTA AROUND STABLE IMPLANTS

In edentulous patients, the subgingival area around
implants consists mainly of Gram-positive faculta-
tive cocci and non-motile rods. On clinically stable
implants, S sanguis and Streptococcus mitis are the
most predominant organisms, while motile rods,
spirochetes, fusiforms, and filaments are infre-
quently found.18 A actinomycetemcomitans and P gin-
givalis are seldom detected, whereas P intermedia
and P nigrescens are more common. The peri-
implant flora in edentulous patients is comparable
to the flora colonizing oral soft tissues of denture-
wearing edentulous patients without implants and
the subgingival flora of periodontally healthy den-
tate patients.19–23 Furthermore, the peri-implant
microbiota is established quite soon after implant
placement, and significant subsequent shifts do not
occur.21,24 These data show that the microflora is
stable in healthy patients, comprising a microbiota
in which periodontal pathogens are present only at
low or below detectable levels.

In partially edentulous patients, the total number
of peri-implant microorganisms is increased, and the
proportion of motile rods, spirochetes, and cocci is
increased when compared to edentulous patients.25–28

Quirynen and coworkers28 isolated the periodontal
pathogens P intermedia/P nigrescens, A actinomycetem-
comitans, and P gingivalis in 9 (26%), 1 (3%), and 1
(3%) of their sample of partially edentulous patients,
respectively, and in none of the edentulous patients.
More specifically, they observed that the proportion
of spirochetes and motiles around the implants had
increased at the expense of the proportion of cocci, if
the flora of the remaining teeth harbored more than
20% spirochetes. 

The concept that the composition of the subgin-
gival microflora around implants in partially eden-
tulous patients is a resultant of the composition of
the flora around the teeth has been confirmed in
other studies.28–38 Thus, the peri-implant
microflora in partially edentulous patients seems to
depend on the periodontal flora of the remaining
dentition. As in edentulous patients, colonization of
the implant sites with flora specific for that patient
occurs soon after the implants are in contact with
the oral environment, without major changes over
time.27,32,39–43 However, Kalykakis and associates43

and Papaioannou and colleagues27 have reported
some time-dependent changes in the peri-implant
flora. Papaioannou and colleagues27 reported an
increase in the proportion of motile rods and spiro-
chetes at the expense of cocci around implants.
Kalykakis and associates43 reported an increase with
time in the number of putative periodontal
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pathogens, such as P gingivalis, A actinomycetemcomi-
tans, or P intermedia. Because of the retrospective
nature of latter studies, the authors executed cross-
sectional statistics and only limited conclusions can
be drawn. The true time effect can only be judged
based on sufficiently large prospective longitudinal
studies.39–42 It is generally assumed that no signifi-
cant changes in the oral microbiota occur in the
long term and that present (potential) pathogens do
not necessarily act in a peri-implant pathogenic
manner.39,40

It has been suggested that differences in the
microbiota might occur as the result of various
implant characteristics (ie, material, coating, rough-
ness, shape).3 However, studies by Alcoforado and
coworkers,44 Rams and associates,45 Mombelli and
coworkers,30 and Lee and colleagues35 could not

relate the presence of particular microorganisms to
a particular implant system. Thus, although only
limited data are available comparing the microflora
of different implant systems, the implant type and
surface roughness do not seem to be of significance
in the peri-implant microflora.

MICROBIOTA AROUND FAILING IMPLANTS

A wide variety of microorganisms can be cultivated
from the peri-implant region of failing root-form
endosseous implants in edentulous and partially
edentulous patients. Implant failure cannot be
related to a specific microorganism, but certain bac-
teria are present more frequently around failing
implants (Table 1).

Table 1 Studies Evaluating the Microbiota of the Peri-implant Area of Failing Implants

Study No. of
Implants

Time of

Publication design patients No. Type failure (mo) Results

Mombelli et al46 Retrospective 7 (E + PE) 8 ITI ND Failing implants harbored a flora similar to 
adult periodontitis with increased propor-
tions of  P intermedia, Fusocbacterium spp, 
and spirochetes. P gingivalis was not 
isolated

Mombelli et al21 Prospective 1 (E) 1 ITI 0 to 4* Chronologically, increased proportions of 
Actinomyces odontolitius followed by 
Fusobacterium spp and spirochetes were 
found around the failing implant

Alcoforado et al44 Retrospective 12 (E + PE) 18 5 different ND A great diversity in the microbial composi-
tion with oral as well as primarily non-oral 
organisms was isolated around the different
failing implants

Malmstrom et al48 Retrospective 1 (PE) 4 Brånemark 0 to 2* C rectus, F nucleatum, and E corrodens
were associated with implant failure in a 
patient with rapidly progressive periodontitis

Quirynen et al25 Retrospective 4 (E + PE) 4 Brånemark ND Implants failing due to overload demon-
strated a flora similar to periodontal health, 
while implants failing due to infection were 
colonized by a periodontopathic flora

Rosenberg et al51 Prospective 5 (PE), 6 (E) 32 4 different 2 to 18 ** In implants failing with infection, many sus-
pected periodontopathic organisms consti-
tuted high proportions of the cultivable 
microflora, while implants failing from sus-
pected traumatic influences demonstrated a
flora similar to periodontal health

Rams et al45 Retrospective 1 (PE) 1 Tri-Stage 10** High proportions of Fusobacterium spp and 
Peptostreptococcus prevotii were isolated 
in the failing implant

Listgarten and Lai47 Retrospective 41 (ND) 41 ND ND High incidence of B forsythus, spirochetes, 
Fusobacterium spp, P micros, and P gingi-
valis

Van Winkelhoff et al42 Prospective 1 (PE) 2 Brånemark 0 to 12** Implant loss was associated with high levels
of P gingivalis

E = edentulous; PE = partially edentulous; ND = not defined. *After implant placement; **After implant loading. Brånemark implants: Nobel Biocare,
Göteborg, Sweden; ITI: Straumann Institut, Waldenburg, Switzerland; Tri-Stage: San Diego, CA.
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Mombelli and associates46 isolated an increased
proportion of Gram-negative anaerobic rods in
edentulous and partially edentulous patients, espe-
cially P intermedia, Fusobacteria, and spirochetes.
Alcoforado and coworkers44 observed high propor-
tions of P micros, P intermedia, C rectus, and Fusobac-
terium species. Listgarten and Lai47 isolated B
forsythus (59%), spirochetes (54%), Fusobacterium
(41%), P micros (39%), and P gingivalis (27%)
around many of the failing implants in partially
edentulous patients. Van Winkelhoff and
colleagues42 evaluated the microflora of periodontal
pockets and the peri-implant sulcus in 20 partially
edentulous patients on 4 occasions, ranging from
implant placement up to 1 year after loading. Pre-
operatively, P gingivalis was isolated in 3 patients. In
1 of these patients, 2 implants were lost within 12
months after abutment connection because of the
loss of osseointegration. In this prospective study,
the authors suggested that P gingivalis might have
played a role in this implant failure, although this
observation is rather casuistic.

The results of the aforementioned studies sug-
gest similarities between the microbiota around fail-
ing implants and the microbiota associated with
periodontitis. Because totally edentulous patients
often lack potential periodontal pathogens, which
are more common in dentate patients, it is of great
interest to compare the microbiota around failing
implants in edentulous and partially edentulous
patients. Unfortunately, in only 1 study were the
microbiota of a failing implant in an edentulous
patient reported.21 Other studies evaluating the
microbiota of failing implants included edentulous
as well as partially edentulous patients, but the
authors did not describe their observations for each
separate patient group. Therefore, the incidence or
the pattern of failure in edentulous and partially
edentulous patients cannot be compared. Also, the
question as to whether peri-implantitis is more
common in either partially edentulous or edentu-
lous patients remains unanswered. The latter infor-
mation might provide a clue in resolving the discus-
sion as to whether the actual oral microbiota is the
cause or the result of peri-implantitis.

Malmstrom and coworkers48 and Fardal and
associates49 concluded that implants placed in
patients with a history of refractory (recurrent)
periodontitis probably are at increased risk of fail-
ure, presumably because the chance to harbor
potential periodontal pathogens is higher. The dis-
tressing results of these 2 case reports can easily
lead to the hypothesis that implant placement is
contraindicated in patients with (a history of)
refractory periodontitis. However, this is not sup-

ported by larger studies in these periodontal
patients, which report success rates exceeding
90%.40,45,50 In a study by Leonhardt and
colleagues,40 19 dentate periodontal patients were
followed for 3 years after implant placement. Pre-
operatively, more than 30% of the patients were
colonized with A actinomycetemcomitans or P gingi-
valis, and nearly all patients harbored P intermedia.
Within 1 month after implant placement, these
microorganisms were found around most implants,
but at the 3-year evaluation, peri-implant marginal
bone loss exceeding 0.5 mm was observed in only 1
patient. These results suggested that the presence of
periodontal pathogens does not necessarily result in
the development of peri-implantitis, but the pres-
ence of other co-factors is required as well. Thus,
local or systemic circumstances are needed to give
the supposed periodontopathic microorganism the
opportunity to become really pathogenic and
causative for infection.

Quirynen and Listgarten25 and Rosenberg and
coworkers51 observed significant differences in the
peri-implant flora in patients with failures related to
infection or associated with traumatic overloading.
In patients with failing implants related to infection,
many spirochetes and motile rods could be culti-
vated, while the peri-implant flora of implants fail-
ing caused by overloading resembled that of sub-
jects with poor periodontal health. It seems realistic
to conclude that it is possible to place implants with
acceptable success rates in periodontal patients as
long as the number of potential periodontal
pathogens is kept at a low level40 and other poten-
tial (co-)factors are within normal limits.

EFFECT OF MUCOSAL CLINICAL 
VARIABLES AND PERI-IMPLANT 
BONE LEVEL ON THE MICROFLORA

For teeth, clinical parameters such as Plaque Index,
Bleeding Index, Gingival Index, and probing
pocket depth are positively correlated with the
presence of suspected periodontal pathogens.52 It is
of interest to note that comparable associations
have been reported for dental implants in several
studies. Positive correlations have been found
between the Bleeding Index and the proportion of
motile organisms27 and also between probing
pocket depth and the composition of microflora
(Table 2).24,26–28,34,35,53–57 In other studies, however,
no such associations were established.30,37,58–60

Although suspected periodontal pathogens were
identified at implant sites in these studies, the clini-
cal parameters were not indicative of deteriorating



support or implant failure. This supports the
hypothesis that co-factors are required for peri-
odontopathic bacteria to become pathogenic.

Probing pocket depth has been found to be the
most important clinical parameter in relation to the
peri-implant microbiota.45 With increasing pocket
depth, a significant decline in cocci and increase of
other morphotypes (motiles and spirochetes), as
well as for the total number of organisms, was
observed.45 Other clinical parameters seem to be
less significant in relation to the peri-implant
microbiota.

Few studies have reported on the microbiota of
implants with peri-implant bone defects (Table

3).32,38,40,61–63 Again, these bone defects could not
be related specifically to the presence of certain
microorganisms, but certain microorganisms were
detectable or present at higher levels in peri-
implant bone defects. Mengel and associates32 did
not find any correlation between the subgingival
microflora and peri-implant marginal bone loss,
while other authors reported some correlations.
Frequently, P intermedia, P gingivalis, A actino-
mycetemcomitans, B forsythus, T denticola, P nigrescens,
P micros, and F nucleatum were isolated in implants
showing bone defects.38,40,60–62 Again, co-factors
seem to be required for periodontopathic bacteria
to be associated with peri-implant bone loss.
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Table 2 Studies Evaluating the Correlation Between Clinical Parameters and the Peri-implant
Microflora

Study No. of
Implants

Time of

Publication design patients No. Type sampling Results

Lekholm et al54 Retrospective 20 (E + PE) 125 Brånemark 0.5 to 12 y Deeper pockets were correlated with 
increasing presence of spirochetes

Sanz et al53 Retrospective 13 (PE) 13 ESCI ND Pathogens associated with active periodon-
titis lesions were detected in higher fre-
quencies and percentages in implants with 
pockets ≥ 4 mm, GI ≥ 2, or CFF ≥ 40

Mombelli and Prospective 18 (E) 36 ITI 2 to 3 y The relative proportion of Capnocytophaga
Mericske-Stern24 was related to PPD and bleeding
Rams et al45 Retrospective 9 (PE) 40 Tri-Stage 7 to 10 mo Increased PPD was related to decreased 

proportion of cocci and increased proportion
of motiles. Pockets > 7 mm harbored more 
Fusobacterium spp and P prevotii (1 patient)

Palmisano et al55 Retrospective 25 (E + PE) 43 Integral > 1 y PPD was positively correlated with spiro-
chetes and negatively correlated with cocci

Dharmar et al26 Retrospective 24 (E + PE) 64 Brånemark ND PPD was positively correlated with motile 
rods and negatively correlated with cocci

Papaioannou et al27 Retrospective 297 (E + PE) 561 Brånemark 1 to 120 PPD was positively correlated with spiro-
mo chetes, fusiforms, and filaments and nega-

tively correlated with cocci. BOP was posi-
tively correlated with motile rods

Quirynen et al28 Retrospective 159 (PE) 300 Brånemark 1 to 11 y Samples from peri-implant pockets ≥ 4 mm 
showed increased proportions of spiro-
chetes and motiles

Danser et al57 Retrospective 20 (E) 91 Brånemark 1 to 12 y Subjects harboring P intermedia showed 
IMZ pockets ≥ 5 mm

Tanner et al56 Retrospective 12 (ND) 12 ND ND Implants with deeper probing depths or 
increased bone loss were frequently colo-
nized by B forsythus, F nucleatum, and C 
rectus

Keller et al34 Retrospective 15 (PE) 60 ITI 0.5 to 5 y C rectus was found more frequently in 
pockets ≥ 4 mm. P gingivalis, Selenomonas
spp, P melaninogenica, and A naeslundii
were only isolated from pockets ≥ 4 mm

E = edentulous; PE = partially edentulous; ND = not defined; GI = Gingival Index; CFF = crevicular fluid flow; PPD = probing pocket depth; BOP =
bleeding on probing. Brånemark: Nobel Biocare, Göteborg, Sweden; ESCI: endosteal sapphire ceramic implant; ITI: Straumann Institut, Waldenburg,
Switzerland; Tri-Stage: San Diego, CA; Integral: Calcitek, Carlsbad, CA; IMZ: Friedrichsfled, Mannheim, Germany.     
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The peri-implant tissues of dental implants are
colonized by a large variety of oral microbial com-
plexes. The microflora that is present in the oral
cavity before implant placement determines the
composition of the newly establishing microflora
around implants. Implants with signs of deteriora-
tion (peri-implantitis) show a microbiota resembling
that of adult or refractory periodontitis. These
implants yield large amounts of Gram-negative
anaerobic bacteria, with Fusobacteria, spirochetes, B
forsythus, and “black-pigmenting bacteria” such as P
intermedia and P nigrescens. P gingivalis and A actino-
mycetemcomitans are infrequently cultivated putative
periodontal pathogens. It is controversial as to
whether the recovered organisms are the cause of
the failure or whether the actual microbiota is
merely a result or a manifestation of changed intrao-
ral circumstances. It has been shown that periodon-
tal pathogens can be present in the subgingival area
around implants for a long period of time without
resulting in signs of destructive processes or implant
failure. Moreover, when peri-implantitis is present
around 1 of multiple implants in the same patient,
the other implants (which are exposed to the same
oral environment) do not necessarily show signs of
deterioration. Therefore, the role of oral microbiota
in implant failure is subject to discussion.7

Local circumstances (ie, unsatisfactory oral
hygiene, bone defects, deep pockets, overload) as
well as systemic conditions (ie, diabetes, smoking,
genetic factors) may be important contributing fac-
tors as well. This is in agreement with the current
periodontal literature, in which it is increasingly
emphasized that systemic factors play a role in the
development of periodontitis.64–66 The known
periodontal pathogens are linked to periodontitis in
different ways. A actinomycetemcomitans and P gingi-
valis seem to play a primary role in the development
of periodontitis.11,14,67 However, these microorgan-
isms are found infrequently in peri-implantitis.
Other periodontal pathogens play a secondary role
in the development of periodontitis. They must be
present in high numbers, or a co-factor is required
for these pathogens to come to expression.11

Therefore, the following hypothesis is postu-
lated. Microorganisms have the potential to act as
promoters or catalysts in implant failure, but they
need a suitable oral environment to do so. In other
words, favorable local circumstances or systemic
conditions are required to allow microorganisms to
become pathogenic. Since A actinomycetemcomitans
and P gingivalis are infrequently found in peri-
implantitis patients and other periopathogens are
thought to be less pathogenic, local circumstances

Table 3 Studies Evaluating the Correlation Between Marginal Bone Loss and the Peri-implant
Microflora

Study No. of
Implants

Time of

Publication design patients No. Type sampling Results

Leonhardt et al40 Prospective 19 (PE) 63 Brånemark 0 to 36 mo At the 3-year evaluation, 3 implants in 1 
patient showed bone loss > 0.5 mm. These 
implants were colonized with P intermedia

Mengel et al32 Prospective 5 (PE) 36 Brånemark 12 mo No correlation was found between the sub-
gingival microflora and peri-implant marginal
bone loss

Augthun and Retrospective 12 (E) 18 IMZ 6 y All implants showed bone loss exceeding 5 
Conrads61 mm. Most implants were colonized by A 

actinomycetemcomitans and Prevotella spp
Salcetti et al62 Retrospective 29 (E + PE) 69 ND > 1 y Implants showing > 2 mm bone loss har-

bored more frequently F nucleatum, P 
micros, and P nigrescens

Leonhardt et al63 Retrospective 88 (E + PE) ND Brånemark 5 to 7 y Implants with bone loss ≥ 3 threads after 
the first year of loading were frequently col-
onized by P gingivalis, P intermedia, or A 
actinomycetemcomitans. Staphylococcus
spp, enterics, and Candida spp were also 
found frequently

Hultin et al38 Retrospective 15 (PE) 55 Brånemark 10 y Five implants showed bone loss > 2 mm. 
These implants were colonized by A actino-
mycetemcomitans, P gingivalis, P interme-
dia, B forsythus, and T denticola

E = edentulous; PE = partially edentulous; ND = not defined.     
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and systemic conditions are probably more impor-
tant in implant failure than the presence of perio-
pathogens only. This hypothesis is in agreement
with the increasing evidence in periodontology sup-
porting bacteria as the cause of the disease, but the
individual’s genetic makeup and environmental
influences as determining the severity of the dis-
ease.64,68 Peri-implantitis can be considered multi-
factorial as well and includes host-related fac-
tors.64,65 Most likely, a complex interplay between
the bacterial challenge and host factors determines
whether a rapidly progressing peri-implantitis
develops, leading to implant failure. Specific
microorganisms may play a role in initiating this
process but more likely are important in its mainte-
nance or its progression.

CONCLUSION

In Table 4 the main conclusions derived from this
comprehensive review of the literature are summa-
rized, and references are provided that support
these conclusions. Future research should concen-
trate on discovering relevant local and systemic
conditions in the etiology of peri-implantitis. If
these latter conditions are known, patients at risk
can be defined and preoperative measures to
increase implant survival can possibly be imple-
mented. Probably this is a more rational approach
than a microbial survey as such. Thus, a microbial
survey can be reserved for patients who are poten-
tially at risk, thus saving the costs and reducing the
use of antibiotics in eradicating periopathogens.
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