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Abstract

Aim: To describe the microbiota associated with peri-implant disease, with a specific
emphasis on the differential diagnosis of the condition.

Material and Methods: The potentially relevant literature was preliminarily assessed
via scoping searches to find the most appropriate search terms and the most efficient
Boolean search algorithm. We identified 29 reports on subjects with osseointegrated
implants, with a pathological condition compatible with the definition of *‘peri-implant
disease’’, and reporting microbiological data from samples taken in affected sites.
Results and Conclusions: In most studies bacterial samples were obtained by
methods that destroy the three-dimensional structure of the biofilm. The samples
therefore describe mixtures of bacteria from unspecified districts of biofilm associated
with peri-implant diseases. Analyses of such samples with various methods indicate
that peri-implant disease maybe viewed as a mixed anaerobic infection. In most cases
the composition of the flora is similar to the subgingival flora of chronic periodontitis
that is dominated by Gram-negative bacteria. Peri-implant infections may occasionally
be linked to a different microbiota, including high numbers of peptostreptococci or
staphylococci. Beneficial effects of mechanical and chemical interventions to disrupt
the peri-implant biofilm demonstrate that microorganisms are involved in the disease
process, even if they may not always be the origin of the condition.
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The definition of peri-implant
diseases

Today the replacement of missing teeth
with  reconstructions anchored on
endosseous implants is a standard treat-
ment option. Dental implants have a
high success rate in general, and results
may be maintained over many years.
Nevertheless, pathological conditions
may develop in the peri-implant tissues
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putting implants and reconstructions at
risk and potentially affecting the
patient’s health (Berglundh et al. 2002,
Pjetursson et al. 2004). Implant failures
may be classified as ‘‘early’’, if they
occur before, and ‘‘late’’, if they arise
subsequent to functional loading. The
causative factors involved in failures at
these time points may be unrelated. In
the latter case, implant loss may be the
consequence of a gradually advancing
disease process, or a succession of
different events over prolonged periods.
The term  “‘Peri-implantitis””  (or
“‘Periimplantitis’’) was introduced more
than two decades ago (Levignac 1965,
Mombelli et al. 1987) to describe patho-
logical conditions of infectious nature
around implants. At the First European
Workshop on Periodontology in 1993 it
was agreed that this name should be
used for destructive inflammatory pro-
cesses around osseointegrated implants
in function, leading to peri-implant

pocket formation and loss of supporting
bone (Albrektsson & Isidor 1994). The
definition implied that initial healing
had been uneventful and osseointegra-
tion was achieved as anticipated. Patho-
logical conditions associated with
implants not designed for osseointegra-
tion and problems with no inflammatory
component were therefore not included.
Hence, bone loss following implant
installation due to remodelling had to
be distinguished from bone loss due to a
subsequent infection.

The typical clinical signs and symp-
toms of peri-implantitis and peri-
implant mucositis have been described
in reports prepared for previous Eur-
opean Workshops on Periodontology
(Mombelli 1994, 1999b, Zitzmann &
Berglundh 2008). Clinically, the inflam-
mation of the soft tissues gives rise to
bleeding after gentle probing with a
blunt instrument, and there may be
suppuration from the pocket. Swelling
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and redness of the marginal tissues may
or may not be manifest, and there is
usually no pain. As long as the process
has not resulted in more bone loss than
the one attributable to remodelling, the
term ‘‘Peri-implant mucositis’® may be
used. The typical peri-implantitis bone
defect is circumferential around the
implant, and is well demarcated.
Because the bottom part of the implant
retains perfect osseointegration, bone
destruction may proceed without any
notable signs of implant mobility until
osseointegration is completely lost.

Biofilms and peri-implant infections

Classical microbiology has been based
to a large extent on the investigation of
the properties of pure cultures of micro-
organisms grown under laboratory con-
ditions that are not representative of
how microorganisms are found in nat-
ure. In reality, bacteria frequently live in
mixed communities, termed biofilms,
which are attached to environmental
surfaces. This is also true for the oral
microbiota that accumulate on implant
surfaces to form plaque. Biofilm may be
defined as a sessile community of cells
that are irreversibly attached to a sub-
stratum or interface to each other,
embedded in a matrix of extracellular
polymeric substances that they have
produced. An exhaustive discussion of
the research conducted on non-oral bio-
films, or using experimental models, is
beyond the scope of this article. Com-
prehensive review papers highlight
the importance of this research for
the understanding of the aetiology of
implant-related infections and therapeu-
tical consequences in a broader perspec-
tive (Costerton 2005, Costerton et al.
2005, Marsh 2005, Davey & Costerton
2006). In brief, biofilm-associated infec-
tions are notoriously resistant to antimi-
crobial therapy unless the biofilm is
disrupted mechanically. Multiple factors
appear to contribute to the overall resis-
tance of biofilm bacteria. These include
the protection by extracellular poly-
meric substances leading to failure of
the antimicrobial agent to penetrate the
biofilm, and the adoption of a resistant
physiological state or phenotype related
to the multicellular nature of the biofilm
community. Biofilms play an important
role in the spread of antibiotic resis-
tance. Within the dense bacterial popu-
lation, efficient horizontal transfer of
resistance and virulence genes takes

place. Biofilm to host tissue interactions
are discussed in detail by working group
I of this workshop.

It is a common view that oral biofilms
are principally noxious. Hence, interfer-
ing with biofilm formation is regarded
as a universal measure to prevent oral
disease. In fact, using the experimental
gingivitis model (originally described
by Loe et al. 1965), a cause and effect
relationship between biofilm formation
on teeth and gingivitis, as well as on
implants and peri-implant mucositis,
can be demonstrated in humans (Pontor-
iero et al. 1994, Zitzmann et al. 2001).
When oral hygiene is abolished to allow
undisturbed accumulation of bacterial
deposits on teeth or implants, clinical
signs of inflammation start to appear in
the adjacent soft tissues within a few
days. As the deposits are removed, these
signs disappear again. The tissue
response to plaque formation was stu-
died in a beagle dog model on the
histological level (Berglundh et al.
1992). The inflammatory infiltrate emer-
ging as a result of biofilm formation was
equal in size adjacent to teeth and
implants, indicating that the initial host
response in the peri-implant mucosa and
in gingiva was alike. The presence of
biofilm on implants during 6 months
induced an inflammatory lesion in the
connective tissue of the peri-implant
mucosa that was dominated by plasma
cells and lymphocytes (Zitzmann et al.
2002).

The hypothesis that bacterial biofilm
on implant surfaces causes peri-implan-
titis, and that the removal of these
bacteria is the cure, is an attractive
extrapolation of these findings. Benefi-
cial effects of mechanical debridement
and systemic antibiotics, demonstrated
in nine cases diagnosed with peri-
implantitis, supported this hypothesis
early (Mombelli & Lang 1992). How-
ever, based on additional data from
subsequent reports, it was concluded at
the Sixth European Workshop on Perio-
dontology that the predictability of such
treatment was limited and influenced by
factors not yet fully understood (Claffey
et al. 2008, Lindhe et al. 2008, Renvert
et al. 2008). In this context, one needs to
consider that bacterial colonization and
maturation of biofilms depend on a
favourable ecological environment, and
lead to shifts in the composition and
behaviour of the endogenous microbiota
that may become intolerable for host
tissues. Thus, changes in local ecologi-
cal conditions that favour the growth

of bacterial pathogens, or trigger the
expression of virulence factors (Pratten
et al. 2001), may be viewed as the true
origin of peri-implant disease. If such
an environment persists, antimicrobial
therapy alone unlikely resolves the pro-
blem permanently, because re-emer-
gence of a pathogenic microbiota is to
be expected. As an example, the fracture
of an implant can give rise to a second-
ary bacterial infection, thus provoke
purulent peri-implant disease. The pri-
mary origin of the condition is non-
bacterial — microorganisms nevertheless
cause the infection. Although the dis-
ease can be attenuated with antibiotics,
the problem is resolved for good only
once the fractured implant is removed.
Another example is peri-implant infec-
tion due to submucosal persistence of
luting cement (‘‘cementitis’”), where the
presence of a foreign body gives rise to
a bacterial infection. In a recent study
(Thomas 2009) excess dental cement
was associated with clinical and/or
radiographic signs of peri-implant dis-
ease in 81% of 39 cases. Once the
excess cement was removed, the clinical
signs of disease disappeared in 74%.
The differential diagnosis of peri-
implant disease therefore must include
the identification of a possible under-
lying problem, and this even if suppura-
tion, or the presence of a biofilm points
to a bacterial infection. In addition, bone
loss due to infection must be discrimi-
nated from bone loss due to remodel-
ling, for example, after placement of
implants too deep (Hidmmerle et al.
1996), or too close to other structures
(Tarnow et al. 2000).

The aim of the current review was to
describe the microbiota associated with
peri-implant disease, with a specific
emphasis on the differential diagnosis
of the condition.

Material and Methods
Search strategy

The potentially relevant literature was
preliminarily assessed via scoping
searches to find the most appropriate
search terms and the most efficient
Boolean search algorithm. On 1 July
2010 we searched the U.S. National
Institutes of Health free digital archive
of biomedical and life sciences journal
literature (PubMed) to identify all arti-
cles that included the following terms in
the title:
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“bacteria’’ OR ‘‘bacterial’” OR
“biofilm’> OR ‘“‘microbial”’
OR  ‘“‘microbiological’”” OR
““microbiota’> OR  ‘‘micro-
flora’” OR ‘‘microorganism(s)’’

together with (AND)

‘‘dental implant(s)’”” OR “‘oral
implant(s)’”> OR ‘‘osseo-inte-
grated”” OR ‘‘osseointegrated’’
OR ‘‘osteointegrated’”” OR
‘‘osteointegration’’ OR
“‘peri-implant”” OR ‘‘periim-
plant”” OR ‘‘peri-implantitis’’
OR “‘periimplantitis’’.

In addition, we searched previous
review articles on the subject as well
as the reference lists of the articles
already identified for further potentially
relevant publications. Although there
was no language restriction, the mini-
mum requirement was access to an
English version of the title.

Study selection criteria

To be eligible for inclusion in the
review, cross-sectional or longitudinal
studies had to provide microbiological
data from samples taken in humans with
clinical signs of peri-implant disease.
The primary study selection criteria
were thus:

e includes human subjects with dental
osseointegrated implants,

e describes a pathological condition
compatible with the definition of
“‘peri-implant disease’’,

e microbiological data are available
from samples taken in affected sites.

Two independent reviewers screened
titles and abstracts of the search results.
The full text of all studies of possible
relevance was obtained for assessment
against the stated inclusion criteria. Any
disagreement regarding inclusion was
resolved by discussion.

Data extraction and synthesis of extracted
evidence

A preliminary review of the literature
revealed considerable heterogeneity
of methods and parameters utilized in
studies dealing with microbiological
aspects of peri-implant diseases. It was
therefore decided to tabulate the data
where appropriate and report the find-
ings in a narrative manner.

© 2011 John Wiley & Sons A/S

The following information was
sought: clinical diagnosis, number of
cases and implants with the condition,
implant type, sampling method, micro-
biological identification and results.

An attempt was made to stratify the
data according to clinical diagnosis. In
addition, the extracted data were strati-
fied according to publication date, to
provide a historical picture of emer-
gence and evolution of the evidence
over time.

Results
Included studies

The initial search yielded 87 potentially
relevant papers. The titles and abstracts
of these articles were screened indepen-
dently by two reviewers (A. M. and F.
D.) to determine if they included sub-
jects with osseointegrated implants,
with a pathological condition compati-
ble with the definition of ‘‘peri-implant
disease’’, and reported microbiological
data from samples taken in affected
sites.

Fifty-seven of the 87 papers did not
fulfill all three primary study selection
criteria: 10 papers were reviews, com-
mentaries or editorials without original
data (none of them satisfied the criteria
of a systematic review). Twenty-three
articles did not concern human subjects
with osseointegrated implants. Of those
remaining, 24 did not clearly address a
pathological condition compatible with
the definition of ‘‘peri-implant dis-
ease’’. They concerned issues such as
the microbiology of implants in fully
opposed to partially edentulous subjects,
in subjects with or without a history of
periodontal disease, or before and after
placement of prostheses, the bacterial
colonization of inner spaces of implants
or gaps between parts, or of smooth and
rough implant surfaces, described bac-
terial colonization and shifts over time,
or compared the microbiota on teeth and
implants in clinically successful cases.
Even though they did not address a
pathological condition clearly recogniz-
able as peri-implant disease, some of
these 24 papers were nevertheless of
value for this review and will be cited
selectively, if appropriate.

Twenty-nine papers fulfilling all the
three study selection criteria are listed in
Table 1. (Rams & Link 1983, Rams
et al. 1984, 1991, Krekeler et al. 1986,
Mombelli et al. 1987, 1988, 2001, Beck-
er et al. 1990, Sanz et al. 1990, Alcofor-
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ado et al. 1991, Rosenberg et al. 1991,
Mombelli & Lang 1992, Kalykakis et al.
1994, Augthun & Conrads 1997, Danser
et al. 1997, Salcetti et al. 1997, Muller et
al. 1999, Leonhardt et al. 2003,
Rutar et al. 2001, Hultin et al. 2002,
Botero et al. 2005, Covani et al. 2006,
Persson et al. 2006, 2010, Shibli et al.
2008, Emrani et al. 2009, Maximo et al.
2009, Tabanella et al. 2009). One addi-
tional paper, published in a local journal
in Italian, was disregarded due to una-
vailability.

In all of these studies, except one
(Covani et al. 2006), bacterial samples
were obtained by methods that destroy
the three-dimensional structure of the
biofilm, such as inserting a paper point
into the peri-implant sulcus or removing
a portion of the microbiota with a cur-
ette. Information about the spatial orga-
nization of naturally grown biofilm
associated with human peri-implant dis-
ease is therefore currently unavailable.
To study the three-dimensional architec-
ture, discrete samples including the sub-
stratum on which the biofilm grows
must be obtained with as little structural
disturbance as possible. Such samples
may be subjected to various analytical
methods that have been employed for
the study of other biofilms (Mombelli
1999a). In the absence of such data, the
following descriptions pertain to sam-
ples representing a largely uncontrolled
mixture of bacteria from unspecified
districts of biofilm associated with
peri-implant diseases.

Clinical diagnosis and microbiological
findings

As can be seen in Table 1, authors have
used various clinical signs and diverse
terms to describe pathological condi-
tions that may fit the definition of peri-
implant disease. The term ‘‘failing
implant’” was used in five publications.
Three of them (Becker et al. 1990,
Rosenberg et al. 1991, Covani et al.
2006) reported data from implants with
mobility, indicative of complete loss of
osseointegration. In one report, how-
ever, implants with mobility were not
included (Salcetti et al. 1997). One may
suppose that the disease had lead to
substantial, but not to complete loss of
osseointegration. Presence or absence of
implant mobility was not reported in the
fifth article using the term ‘‘failing
implant” (Alcoforado et al. 1991). A
specific microbial criterion distinguish-
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ing ‘‘failing implants’’ with or without
mobility could not be identified.

Two papers clearly identified subjects
with peri-implant mucositis. The first
(Emrani et al. 2009) was a report of
one single case, the second (Maximo et
al. 2009) included 12 patients with
mucositis, 13 with peri-implantitis and
10 healthy controls. Of 40 species,
quantified with checkerboard DNA-
DNA hybridization, only three were
found at significantly different levels
among the three groups: Actinomyces
gerencseriae was found in lower counts
while Tannerella forsythia was found at
higher levels in the peri-implantitis
group, when compared with the healthy
and mucositis group. Capnocytophaga
ochracea was increased in the mucositis
group compared with the other two
groups. The remainder of the publica-
tions concerned conditions compatible
with the definition of ‘peri-implantitis’’
at various stages. Although specific
findings were reported in several papers
with regards to certain microbiota, no
clearly visible trend emerged justifying
a subdivision of the material with
regards to clinical diagnosis or implant
system.

The microbiology of peri-implant diseases
in a historical perspective

The first documented microbiological
investigations on human peri-implant
disease were carried out using transmis-
sion electron microscopy (Rams & Link
1983) and phase-contrast microscopy
(Rams et al. 1984). ‘“‘Intact plaque’’
was collected with a curette from the
most apical portion of the peri-implant
space from 17 implants with variable
peri-implant tissue conditions and of
various designs (ramus frame assembly,
blade implants, carbon and ceramic
posts). Samples from implants consid-
ered ‘‘relatively healthy’’, with stabi-
lized pockets not exceeding 5mm,
contained a predominantly coccoid
microbiota. Samples from implants
with deeper probing depths showed a
significantly lower proportion of coc-
coid cells and a higher proportion of
spirochaetes. In the same year a paper
was published showing, in saliva sam-
ples, a marked colonization with poten-
tially pathogenic microorganisms such
as Staphylococcus aureus, Pseudomo-
nas sp. and enterobacteria after abut-
ment operation, which was attributed to
the use of a surgical dressing (Heimdahl
et al. 1983).
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In 1986 microbiological data from a
cross-sectional examination of 20 fully
edentulous patients with implants in
function for a period of between 6
months to 15 years were published
(Lekholm et al. 1986). Submucosal pla-
que samples were obtained from the
sites showing the deepest and shallowest
pockets and analysed with regards to the
percent distribution of bacterial morpho-
types. Although 15% of probing depths
were deeper than 6 mm, this was not
perceived as a pathological condition
(the reason why the paper is not listed
in Table 1). After a combined evaluation
with the results of a 3-year prospective
trial of the same authors (Adell et al.
1986) they stated that ‘‘the presence of
gingivitis and the occurrence of fili-
forms and small spirochaetes’ were
correlated and that ‘‘deeper pockets
were found significantly correlated
with increasing presence of small spir-
ochaetes’’. In the same year, prelimin-
ary results from bacterial culture of
peri-implant plaque, collected in 10
patients with titanium implants, were
published in a German journal (Krekeler
et al. 1986). A predominance of Gram-
negative anaerobes with increasing peri-
implant probing depth was suggested. In
1987, a study compared the peri-implant
microbiota of successful and unsuccess-
ful osseointegrated titanium implants
using continuous anaerobic culture and
darkfield microscopy (Mombelli et al.
1987). Forty-one per cent of the culti-
vated organisms from implants with
probing depths > 6 mm, suppuration
and radiographic evidence of bone loss
were Gram-negative anaerobic rods.
Fusobacterium sp. and Prevotella inter-
media (then referred to as Bacteroides
intermedius) were regularly detected
among these organisms, and were often
found at high levels. Samples from
successful implants yielded very low
cultivable counts and consisted predo-
minately of Gram-positive cocci. In the
darkfield microscope, samples from fail-
ing implants showed abundant motile
rods, fusiform bacteria and spirochaetes,
while samples from successful implants
contained only a small number of coc-
coid cells and very few rods.

The longitudinal clinical and micro-
biological development of a peri-
implant infection was documented for
the first time in one subject participating
in a study on the colonization of newly
set implants, where samples were taken
in weekly intervals from the peri-
implant sulcus (Mombelli et al. 1988).
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High anaerobic cultivable counts were
noted in this person already 2 weeks
after implantation. Fusobacterium sp.
was isolated for the first time 42 days
after implantation. Increasing numbers
were noted in the subsequent samples.
From day 21 on, a steady decrease of
coccoid cells and a simultaneous
increase of rods were observed. At day
120 small spirochaetes were found for
the first time, pus formation was noted
clinically and a pocket probing depth of
6 mm was recorded.

Towards the end of the decennium
several other groups had started to
investigate the peri-implant microflora
as well, and by 1990 the publication rate
increased. Sanz et al. (1990) investi-
gated endosteal sapphire ceramic
implants. Diseased sites harboured a
microbiota with a large segment of
Gram-negative anaerobic rods, includ-
ing black-pigmented organisms and sur-
face translocators. Healthy sites in the
same patients yielded small amounts of
mainly facultative, Gram-positive bac-
teria. Becker et al. (1990) used commer-
cially available DNA probes to test for
the presence of the three periodontal
marker organisms  Aggregatibacter
actinomycetemcomitans (then referred
to as Actinobacillus actinomycetemco-
mitans), P. intermedia and Porphyromo-
nas gingivalis (then referred to as
Bacteroides gingivalis) in 36 failing
implant sites of 13 patients with differ-
ent types of implants (blade-type, sub-
periosteal and root-form type). They
reported high levels of P. gingivalis in
one patient with a failing blade implant
and high levels of P. intermedia in two
additional patients with unsuccessful
blades. In the other cases, some weak
signals were obtained for one or several
of the three tested organisms. Rams et
al. (1990) found a limited number of
patients demonstrating particularly high
counts of Staphylococcus sp., implying
these organisms in the development of
pathology in some cases.

The differential diagnosis of peri-
implant diseases was addressed 1991
for the first time by Rosenberg et al.
(1991). Thirty-two failing implants in
11 patients were subdivided into two
groups: an ‘‘infection group’’ (including
implants exhibiting one or more of the
following signs: bleeding, suppuration,
pain, high plaque and gingival indices,
presence of granulomatous tissue upon
surgical removal) and a ‘‘trauma
group’’ (implants showing mobility
and a peri-implant translucency in the
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absence of the signs listed for the first
group). Direct phase-contrast micro-
scopy and culture analysis exhibited
distinct bacterial profiles in samples
from the two groups. Implants in the
first group showed high proportions of
spirochaetes and motile rods and culture
revealed the frequent presence and high
numbers of periodontal marker organ-
isms such as P. gingivalis, P. interme-
dia, Campylobacter rectus (then
referred to as Wolinella recta), Fuso-
bacterium sp. In addition A. actinomy-
cetemcomitans, Parvimonas micra (then
referred to as  Peptostreptococcus
micros) were only detected in samples
from this group. S. aureus, Staphylococ-
cus epidermidis and Candida sp. were
detected more frequently in the ‘‘infec-
tion group’’ as well.

Alcoforado et al. (1991) examined
the submucosal microflora of 18 failing
osseointegrated implants of various
designs (Branemark, Core-Vent, Inte-
gral, Screw-Vent and TPS) for poten-
tially pathogenic oral bacteria. P. micra
was recovered from six failing implants,
C. rectus from six, Fusobacterium sp.
from five, and P. intermedia from four.
The authors reported significant num-
bers of enteric rods or pseudomonads in
the microflora of five failing implants.
A. actinomycetemcomitans, non-pig-
mented Bacteroides species, Capnocy-
tophaga sp. and staphylococci were also
detected in some implant failures. In
addition, five cases were positive for
Candida albicans.

Nine subjects with peri-implantitis
were included in a study testing an
antimicrobial treatment regimen (Mom-
belli & Lang 1992). Gram-negative
anaerobic bacilli contributed with
almost 40% to the total cultivable count
in mean, with a maximum of 71% in one
patient. P. intermedia and Fusobacter-
ium sp. were frequently found, and
reached considerable proportions, when
present. There was one partially edentu-
lous patient, who was positive for P.
gingivalis. Seven patients harboured
motile, eight fusiform rods in the dis-
eased sites. Four patients were positive
for small- and medium-sized spiro-
chaetes; two of the four were also
positive for large spirochaetes.

Ten edentulous and 14 partially eden-
tulous patients with Branemark implants
were evaluated using a latex agglutina-
tion test (Kalykakis et al. 1994). A.
actinomycetemcomitans was found in
12% of the edentulous and in 17% of
the partially edentulous patients. Signals

indicative for presence of bacteria of
the group P. intermedialP. gingivalis
(referred to as indicators for black pig-
menting bacteria) were obtained in 39%
of the partially edentulous and 19%
fully edentulous subjects. Implants har-
bouring one of the three microorganisms
had significantly greater probing depths,
a higher gingival bleeding tendency and
a higher crevicular fluid flow rate.

Peri-implant tissue removed in the
context of a surgical intervention to treat
a peri-implantitis in 12 patients was
analysed by culture techniques for the
presence of periodontal microorganisms
(Augthun & Conrads 1997). Bacteroi-
daceae and A. actinomycetemcomitans
were frequently found (16/18). Capno-
cytophaga, Fusobacterium nucleatum,
Eikenella corrodens and other taxa
were detected less frequently.

The peri-implant microbiota of 22
patients with failing implant sites
were examined using DNA oligonu-
cleotide probes for 40 different
microbes (Salcetti et al. 1997). This
study found greater detection fre-
quencies of P. nigrescens, P. micros,
F. nucleatum ss vincentii, and F. nucle-
atum ss nucleatum in mouths with fail-
ing implant sites as compared with
mouths with healthy control implants.
From a clinical and microbial perspec-
tive, risk appeared to be primarily at a
patient level and secondarily at a site or
implant level.

The presence of periodontal bacteria
on oral mucosa and in peri-implant sulci
was studied in 20 edentulous subjects
with a history of periodontal disease
(Danser et al. 1997). P. intermedia was
detected only in those 11 subjects with
peri-implant probing depths Smm or
deeper. A. actinomycetemcomitans and
P. gingivalis were never detected. All
subjects harboured Peptostreptococcus
spp., Fusobacterium spp., and other
Prevotella species. Actinomyces odon-
tolyticus, T. forsythia (then referred to as
Bacteroides forsythus), C. rectus, Pseu-
domonas spp., and enterobacteria were
detected infrequently.

Eleven papers have provided addi-
tional microbiological data from peri-
implantitis since the year 2000. In most
cases these are baseline data from inter-
ventional studies to treat peri-implant
disease.

Thirty peri-implantitis affected im-
plants in 25 patients showed high
culture frequencies of C. rectus, T. for-
sythia, Fusobacterium spp., P. interme-
dialnigrescens (Mombelli et al. 2001).

Frequencies of A. actinomycetemcomi-
tans, P. gingivalis, and E. corrodens
were low.

When 64 implants in 45 partially
edentulous subjects were examined 5—
10 years after implant installation, 15 of
them showed a probing pocket depth
exceeding 4 mm (Rutar et al. 2001). A
statistically significant relationship was
established between peri-implant prob-
ing depth and the total anaerobic culti-
vable microbiota as well as the
frequency of detection of P. gingivalis.

Seventeen partly edentulous patients
with a total of 98 implants, of which 45
showed marginal bone loss of more than
three fixture threads after the first year
of loading harboured high levels of A.
actinomycetemcomitans, P. gingivalis,
P. intermedia, T. forsythia and Trepo-
nema denticola (Hultin et al. 2002).

Out of nine partially dentate indivi-
duals with 26 titanium implants with
peri-implantitis six were positive for A.
actinomycetemcomitans, seven for P.
intermedialP. nigrescens, one for P.
gingivalis, one for S. aureus and three
for enterics (Escherichia coli and Enter-
obacter cloace) (Leonhardt et al. 2003).

Significant differences were noted in
microbial samples from 16 implants
with signs of pocketing and stable con-
trols (Botero et al. 2005). P. gingivalis
was detected in peri-implant lesions but
not in stable implants. The frequency of
detection of Gram-negative enteric rods
(75%) and P. intermedialnigrescens
(25%) was significantly higher in peri-
implant lesions.

In 25 cases with peri-implantitis the
DNA-DNA checkerboard hybridization
method was used to detect bacterial
presence (Persson et al. 2006). The
majority of the microorganisms in the
panel were found in >20% of the
samples; however, the distribution of
40 bacteria varied considerably from
implant to implant. P. nigrescens and
fusobacteria were the most prevalent
organisms, followed by P. micras
and A. actinomycetemcomitans. An
expanded checkerboard DNA-DNA
hybridization assay encompassing 79
different microorganisms was used to
study bacterial counts in 34 cases with
peri-implantitis (Persson et al. 2010).
The most prevalent bacteria were:
F. nucleatum sp., Staphylococcus sp.,
A. actinomycetemcomitans, Helicobac-
ter pylori, and T. forsythia.

Studying 22 subjects with peri-
implantitis, and 22 subjects without,
Shibli et al. (2008) did not find substan-
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tial differences in microbial profiles
of supra- and submucosal samples
from the same implant sites determined
by DNA-DNA hybridization. Targeting
36 microorganisms, they noted higher
mean counts of P. gingivalis, T. denticola
and T. forsythia in the peri-implantitis
group, both supra- and submucosally.

Checkerboard DNA-DNA hybridiza-
tion for 40 bacterial species was also
used to analyse samples from 13 sub-
jects with peri-implantitis and 12 with
mucositis (Maximo et al. 2009). P.
gingivalis, T. forsytha, P. intermedia,
Fusobacterium ssp., S. sanguinis, S.
gordonii, V. parvula and actinomycetes
were detected at elevated levels in peri-
implantitis. C. ochracea, Neisseria
mucosa, P. gingivalis, P. nigrescens,
Fusobacterium ssp. and actinomycetes
were detected at elevated levels in
mucositis. As mentioned above, only
three species were found at significantly
different levels in samples from muco-
sitis or peri-implantitis: 7. forsythia
(higher levels in the peri-implantitis
group), A. gerencseriae and C. ochracea
(lower counts in the peri-implantitis
group).

One case report (Emrani et al. 2009)
described the submucosal microbiota of
a 45-year-old female with advanced
periodontitis before and after complete
edentulation. Microbiological culture of
three inflamed peri-implant sites showed
a spectrum of pathogens, including P.
gingivalis, T. forsythia, and other major
pathogenic bacteria characteristic of
aggressive periodontitis.

Anaerobic culture techniques were
used to investigate the microbiota asso-
ciated with peri-implantitis (Tabanella
et al. 2009). Peri-implantitis was asso-
ciated with the presence of T. forsythia,
Campylobacter species, and P. micra.
Pain was associated with P. micra, Fuso-
bacterium and Eubacterium species.

Discussion and Conclusions

By looking at the chronological evolu-
tion of the knowledge on the microbiol-
ogy of peri-implant disease, it can be
concluded that this process was rather
continuous over time and cumulative
in nature. Early reports pointed to a
microbiological  similarity = between
peri-implant disease and chronic perio-
dontitis. Over time, additional reports
pointed to the possibility that a limited
number of cases may harbour a differ-
ent microbiota, which would rather be
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similar to the microbiota generally
associated with infections of implanted
medical devices.

Peri-implant disease as a mixed anaerobic
infection

The analysis with various methods has
shown that the microbiota associated
with peri-implant disease is (i) mixed,
(ii) rather variable, and (iii) in most
cases dominated by diverse Gram-nega-
tive anaerobic bacteria. Many investiga-
tors have employed methods adapted for
the study of the subgingival microbiota
in periodontal pockets of natural teeth,
and have searched for so-called putative
periodontal pathogens in the first place.
Table 1 clearly indicates that ubiquitous
organisms in chronic periodontitis,
such as Fusobacterium spp. and P.
intermedia, are also regularly detected
in specimens from peri-implantitis. Micro-
organisms that are less frequently found
in chronic periodontitis, for example A.
actinomycetemcomitans (Mombelli
et al. 2002), are also less frequently
associated with peri-implant diseases.
Several studies listed in Table 1 have
shown that there is a difference in the
composition of the peri-implant micro-
flora in deep and shallow pockets,
reflecting differences in ecological con-
ditions also known from the situation
around natural teeth. Pockets 5 mm deep
or more can be viewed as protected
habitats for putative pathogens and
may be an indicator of a risk for peri-
implant disease. As mentioned above,
information about the spatial organiza-
tion of naturally grown biofilm from
human peri-implant disease is lacking
because the available data derive from
specimens obtained by methods disrupt-
ing the biofilm.

Microbial status and differential diagnosis
of peri-implant diseases

Surprisingly little is thus far known
about microbiological differences that
may be characteristic for certain forms
of peri-implant disease. The article by
Rosenberg et al. (1991), comparing two
groups of implant failures microbiologi-
cally, and the one by Maximo et al.
(2009), comparing mucositis and peri-
implantitis, are lone examples for stu-
dies of this kind. The lack of marked
microbiological differences between
mucositis and peri-implantitis, or mod-
erate and severe peri-implantitis, may
signify that in most cases the disease
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evolves gradually from mucositis to
peri-implantitis.

Although there is no evidence for the
existence of one or a limited number of
specific pathogens for peri-implantitis in
general, reports have repeatedly indi-
cated that peri-implant infections may
occasionally be linked to a microflora
with a different profile than in chronic
periodontitis. This concerns in particular
reports of sporadic high numbers of
peptostreptococci (i.e. P. micra), or
staphylococci (i.e. S. aureus and S.
epidermidis).  Peptostreptococci — are
commensal organisms in humans that
can cause abscesses and necrotizing soft
tissue infections. S. aureus and S. epi-
dermidis are well-established pathogens
implicated in infections of implanted
medical devices crossing the epidermal
barrier (Christensen et al. 1989). Long-
itudinal observations have shown that S.
aureus may colonize implants early
after placement (Fiirst et al. 2007), and
may persist long term (Salvi et al. 2008).

As developed in the introduction,
beneficial effects of mechanical and
chemical interventions to disrupt the
peri-implant biofilm demonstrate con-
vincingly that microorganisms are
involved in the disease process. How-
ever, this is not a proof that they are
always the origin of the condition.
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Clinical Relevance

Scientific rationale for the study:
Beneficial effects of antimicrobial
interventions suggest that bacteria
are involved in the pathogenesis of
peri-implant diseases. For optimal
targeting of prevention and therapy
the microbiological features of the
disease need to be elucidated.

Principal findings: Peri-implant dis-
ease maybe viewed as a mixed anae-
robic infection where Gram-negative
microorganisms, also implicated in
chronic periodontitis, seem to play an
important part. Peri-implant infec-
tions may however occasionally be
linked to another microbiota, invol-

ving peptostreptococci or staphylo-
cocci.

Practical implications: Strategies for
prophylaxis and therapy should be
aiming at a mixed anaerobic micro-
biota. The issue of differential diag-
nosis of peri-implant infections
needs to be approached in clinical
trials.
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