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Abstract
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Implant therapy is an effective and effective treatment option for removing missing teeth in total or partial edentulous patients. In many
studies, there is a high success rate of 92.8% to 97.1% in the long-term outcomes of 10 years of implant treatment in the general population.
Biological processes leading to implant failure can be slow and gradual. Periodontal and peri-implant diseases are microorganism-related
infections. As with periodontal disease, microbial dental plaque also causes the initiation and spread of an inflammatory and immunological
tissue response in peri-implant diseases. Therefore, the host response to microorganisms, as it is in the natural teeth, is foreground. Therefore,
the use of microbiological parameters plays an important role both in the examination of microbial growth and in routine diagnosis and
follow-up. It has been reported that periodontal pathogens become detectable around dental implants, which begin to function in the oral
environment, within a month. It is also known that pathogenic bacteria causing destructive periodontal disease to affect dental implants. This
is to provide information about microbial factors and peri-implant tissue microbiology in the intended dental implants.

Abbreviations: PICF: Peri-Implant Crevicular Fluid; GCF: Gingival Crevicular Fluid

Introduction

Dental implants are devices made of materials compatible
with the tissue, which are placed on the alveolar bone or onto the
mucosa, where the prosthetic superstructure is made to restore
the function and aesthetics of the missing teeth [1]. Dental implants
have been successfully applied for many years to provide the
function as a permanent tooth in partial toothless or completely
toothless patients [2]. Dental implants, which have become an
important alternative treatment instead of lost teeth, are known
to be more satisfying and superior in terms of aesthetics, comfort
and function compared to traditional prostheses [3].

Peri-implant Tissues and Peri-implant Diseases

The soft tissues surrounding the implant are called peri-
implant mucosa while the soft tissues surrounding tooth are
called gum. Although there are similarities between these tissues,
there are histologically distinct differences [4]. The soft tissues
around the implant consist of keratinized and non-keratinized
epithelium, similar to the periodontal tissues around the natural
tooth. Unlike the natural tooth, there is no periodontal ligament
between the implant and the surrounding bone, and the implant-
bone contact is directly supplied, not by the fibers. Because the
dental implants are in direct connection with the bone, the forces
applied cannot be compensated. In addition, the peri-implant
tissues are devoid of mechanoreceptors in the periodontal region
that senses the sense of touch [5].

Pathological changes in the tissues around the implants are
called peri-implant diseases. If these inflammatory changes are
limited only in the soft tissues, they are called the peri-implant
mucositis and they are called peri-implantitis if they are spread to
the alveolar bone under the soft tissue [6]. In a systematic review
published by Derks et al. [7] in 2015, the prevalence of peri-
implant mucositis was reported to be between 19% and 65%, and
the prevalence of peri-implantitis was 1% to 47% [7]. Clinically
typical symptoms of peri-implant infections are edema, redness
and bleeding in the soft tissues in the peri-implant mucositis. In
peri-implantitis, clinical findings such as an increase in probing
depth and detection of radiographic bone loss are added to these
clinical symptoms. These symptoms are as in periodontal disease
[8]. The etiology of peri-implant diseases and the etiology of
periodontal diseases are similar. However, the fact that there is
no real fibrous connective tissue attachment around the implants
as it is in the teeth makes the tissues around the implant more
sensitive to microbial attack. Bacterial infection has a very
important role in the success of dental implants. In clinical and
animal studies, bacterial plaque accumulation around the implant
caused inflammatory reaction in peri-implant tissues [9].

Microbial Factors

The most important factor in the formation of periodontal
disease is pathogenic microorganisms in microbial dental plaque
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[10-12]. It has been reported that researchers conducted various
microbiological studies to identify microorganisms that cause
disruptive periodontal disease [13]. It has been emphasized
that these microorganism complexes can start and maintain the
disease in an easily affected host. Studies have shown that most
of the pathogenic microorganisms causing periodontal disease
are Gram (-) anaerobic rod, Gram (-) facultative rod and Gram (+)
facultative and anaerobic cocci and rods [12,14-16].

To date, in clinical, laboratory and experimental studies
showing a strong relationship between periodontal disease and
microbial dental plaque, microorganisms such as Aggregatibacter
actinomycetemcomitans, Porphyromonas gingivalis, Tannerella
forsythensis, Fusobacterium nucleatum, Camphylobacter rectus,

Prevotella intermedia, Prevotella nigrescens, Treponema denticola,
Eubacterium nodatum, Peptostreptococcus micros, Eikenella
corrodens, and some of the spirochetes and Capnocytophaga
species have been reported as periodontal pathogens [13,17,18].

Socransky [19] presented a classification according to the
structural characteristics of microorganisms found in the plate
and found in different studies until today as cocci, rod, spirochetes
and mycoplasmas of Gram (-), Gram (+); facultative anaerobe,
mandatory anaerobe; cocci, rod, spirochet and mycoplasmas, and
classified microbial species under different color groups (Figure
1). According to this grouping, significant relationship has been
found between important clinical findings of periodontal disease
and especially red and orange complex species [19].

A naeslundii 2
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V parvula
A odontolyticus

Figure 1: Bacteria types in microbial complexes.

F mnue vincentii
F nue nucleatum

F nue polymorphum
F periodonticum

P gingivalis

(Eredeitun T forsythensis

T denticola

As a result of many years of studies Aggregatibacter
actinomycetemcomitans (A.a), Porpyhromonas gingivalis (Pg),
Tannerella forsythensis (Tf) have been reported to have a strong
relationship with periodontal disease [17,19]. In the 1996
Periodontology Workshop, it was decided that these species
are periodontal pathogens, and that other species such as
Enucleatum, Crectus, Pintermedia, P. nigrescens, E.nodatum,
Pmicros, S.sputigena and some of the spirochetes have been
reported to cause periodontal disease [13].

Microbial Accumulation in Implants

Studies have shown that microbial dental plaque formation on
the implant is similar to natural teeth. In peri-implant diseases,
as in periodontal diseases, microbial dental plaque causes the
initiation and spread of the inflammatory and immunological
tissue response. The subsequent amount of peri-implant tissue
destruction is closely related to the severity of the inflammatory
response. Therefore, as in the case of natural teeth, the host
response to microorganisms emerges in the foreground [20].
Clinical and animal research has shown that plaque accumulation
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around dental implants results in the development of an
inflammatory reaction in the mucosa around the implant [21,22].
Bacterial contamination around the implant stimulates the
inflammatory response in a similar way as in individuals with
periodontitis [23].

It is known that there is a fluid in the peri-implant sulcus
similar to the one in gingival sulcus. This fluid is called peri-implant
crevicular fluid (PICF). Although the production mechanism
and content of PICF is similar to that of gingival crevicular fluid
(GCF), it may differ from GCF by volume due to structural and
vasculature differences between gingival and peri-implant tissues
[6]. In addition, it was concluded in previous studies that the peri-
implant sulcus has similarity with the gingival sulcus in the flow
and microflora of the gut fluid [24]. PICF biomarkers and peri-
implant trough-specific microbial profile may be associated with
peri-implantitis [23].

In the two-part implant systems where the implant and
abutment parts are located separately from each other, the micro-
space formed in the implant-abutment region is the area where
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microbial accumulation is most observed [25]. Positioning of the
attachment region under the soft tissue allows the micro-cavity to
form a suitable environment for microorganisms [26]. It has also
been reported that the vertical position of the micro cavity in the
alveolar crest is related to the degree of inflammation and bone
loss observed around the dental implant. The proximity of this
cavity to the bone may cause bone destruction by reaching the
infection to the tissues [27]. By not getting treated, the infection
that starts in the surrounding soft tissues can be exacerbated and
may cause bone loss by starting in the surrounding soft tissues and
then progressing to bone tissue. The most important complication
that dental implants face is the risk of infection when loss of
bone tissue around the osseointegrated implants is detected.
The infection caused by microbial accumulation observed in the
surrounding tissues of dental implants has been reported as the
most important cause of implant loss [28].

From a microbiological point of view, the teeth and implants
have a surface structure that allows the development of bacterial
additions. Bacteria accumulation on these hard surfaces is
the primary cause of diseases such as tooth decay, gingivitis,
periodontitis and peri-implantitis [9,29]. While irregular surfaces
provide places where bacteria can be protected from cleansing
forces, they increase the physical surface area and strengthen
bacterial adhesion. It is known that rough surfaces are difficult to
clean and the remaining bacteria form colonies again [30]. In the
second and third years of a study performed by Van Steenberge
et al. [31], it was reported that loss was observed in 2% of the
existing implants and these losses were observed in patients with
high plaque accumulation [31]. Weyant et al. [32] reported that
the rate of implant loss was 4% in the patients they followed for 5
years. The most important risk factors for this loss are reported to
be plaque, smoking and local factors [32].

Peri-implant Tissue Microbiology

Peri-implant diseases after successful osseointegration of
intra-bone implants are caused by an imbalance between bacterial
activity and host response. The response to inflammation in peri-
implant diseases may be confined to the mucosa around the
implant as it is in the peri-implant mucositis, or it may progress
and cause loss of bone tissue and lead to peri-implantitis [9,29].

Periodontal and peri-implant diseases are infections caused
by microorganisms. Therefore, the use of microbiological
parameters has an important role in both microbial development
and routine diagnosis and follow-up. It has been reported that
periodontal pathogens are detectable around dental implants that
begin to function in the oral environment in a short period of a
month [33].

According to the researches and data obtained, it is seen that
there are more similarities than differences between periodontitis
and peri-implantitis [34]. In addition to the similarity of clinical
findings such as edema, redness, bleeding, increased pocket depth
and mobility, the pathogens involved in infections are similar. It
has been reported that the pathogens observed in microbial flora
in implant circumference infections are similar to those detected
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in periodontitis. Changes in microbial flora during the course
of implantation from the healthy state to the peri-implantitis
are similar to changes in microbial flora occurring during the
progression of gingivitis from the healthy periodontal status in
natural teeth and periodontitis from the gingivitis [35]. While at the
beginning of the disease, it is observed that gram positive cocci are
dominant and gram-negative species are at low rates, the number
of gram-negative anaerobe and facultative anaerobic species
increases as the amount of plaque increases [36]. The pathogens
observed in the microbial flora in the peri-implant lesions were
identified to be the red complex types (Porpyhromonas gingivalis,
Treponema denticola, Tannerella forsythia) similar to those of the
periodontists and orange complex species (Fusobacterium and
Prevotella intermedia) defined by Socransky [37]. Agregatibacter
actinomycetemcomitans (A.a) has also been reported to be isolated
in peri-implantitis lesions [38,39].

After implant placement perioodontopathogens are found in
healthy microflora. In a study conducted by Koka et al. [40], the
existence of P. gingivalis, P. intermedia, Actinomyces naeslundii, E.
Nucleatum and T. denticola in the plaque samples on the 14th and
28th days after opening of the implant into the oral environment
was investigated in comparison with natural teeth. According
to the data obtained, these species can be determined after
14 days and within 28 days a complex subgingival microbiota
has been reported to occur [40]. Although there are only a few
changes in the microbial species profile around the tooth, there
has been a significant increase in the amount of F nucleatumss
vincentii, Peptostreptococcus micros, Prevotella nigresence and
P. Gingivalis species around the implant over time. The species
such as S. mitis and S. oralis seen in early colonization on teeth
were also colonized at the second week around the implants and
maintained their levels for 26 weeks [41]. It has been reported
that in the subgingival flora of clinically healthy implants, there
is a high proportion of bacteria in the form of cocci, and that
spirochetes, motile bacilli and Gram (-) anaerobic species are none
or low. It has been reported that there is a high rate of spirochetes
and motile bacteria in clinically deep pockets and implants with
increased alveolar bone loss [42-44].

It has been proven by many investigators that the anaerobic
bacteria in periodontitis microflora show a proportional increase
compared to the total flora. A similar situation is valid for peri-
implant diseases [44]. Pathogens such as A.actinomycetecomitans,
Tforsythia and Pgingivalis are responsible for the development of
both periodontitis and peri-implantitis and disease progression.
In addition, many pathogens such as Pintermedia, C. rectus,
Pmicros, FE nucleatum and E.nodatum, capnocytaphaga also play
a role in these diseases. Periodontopathogenic bacteria such
as porphyromonas gingivalis, treponama denticola, tannerella
forsythensis and aggregatibacter actinomicetocomitans have been
shown to be similar in peri-implant pockets and in periodontal
pockets [45].

Peri-implantitis implants have complex microbiates including
conventional periodontopathogens. Specifically,
studies showing that classical periodontopathogens such as

there are
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A.actinomycetemcomitans, P. gingivalis, T forsythia, P. micra, C.
rectus, F nucleatum, P. intermedia, T. denticola and Capnocytophaga
are observed in the microbiota of patients with peri-implantitis
but also that these species may exist in healthy implant regions
as well [46]. Other species such as Pseudomonas aeruginosa,
Enterobacter species, Candida albicans and Staphylococci have
also been frequently shown around implants [47]. Although these
species are not frequently seen in the subgingival region, they
have been also found in individuals with persistent periodontitis.
In addition, high rates of S.aureus and Streptoccoccus epidermidis
species are among bacteria found around the implants [48].
In a study on this subject, 40 subgingival bacterial species
were examined in 22 peri-implantitis and 8 healthy implant
regions, and only 4 bacterial species were directly associated
with peri-implantitis. These species are P. nigrescens, P. micros,
E nucleatum ss vincentii, E nucleatum ss nucleatum. Although
there were no statistically significant differences, P. gingivalis, T
forsythia and T. denticola species were found to be high in peri-
implantitis implants and the prevalence of S. gordonii, S. mitis
and P. intermedia species was emphasized in the healthy areas
[36]. When Leonhardt et al. [49] compared microbial flora found
in the vicinity of healthy implants with the one in implants
where peri-implantitis observed, they reported that in the study
group 60% of the implants were detected with P gingivalis, P
intermedia, A. actinomycetemcomitans and Pnigressence with 55%
Staphylococcus spp., enteric and Candida spp. and none of these
microorganisms were detected in the healthy group [49].

Conclusion

As known, the most important etiological factor that threatens
peri-implant tissue health is microbial dental plaque and its
content as in periodontal tissues. From this point of view, the
amount and pathogenicity of the microorganisms in the microbial
dental plaque accumulated around the implants is important as
in natural teeth. Therefore, the examination of microbiological
parameters has an important place in routine diagnosis and
follow-up. In most of the studies, dental implant success was
evaluated according to clinical parameters and implants in the
mouth and more studies are needed in microbiological aspects.
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