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_Periimplantitis is an inflammatory process oc-
curring in tissues around an osseointegrated and
functioning implant. It is the main reason for implant
loss at a later stage, due to the loss of the supporting
bone.1, 2 Detailed epidemiological studies have not
been carried out yet. Roos-Jansaker et al.3 could show
a prevalence of 16% in their prospective study based
on 294 patients. Warning experts forecast a dramatic
increase of this complication for the next years, as a
result of the demographical development and the in-
crease of the number of implantations. A periimplan-
titis can develop from a reversible, plaque induced
mucositis together with redness and swelling, which
is restricted to periimplant soft tissues.2, 4-6 Then, ad-
ditional progressive bone resorption and clinical in-
flammatory parameters like deep probing depth,
bleeding on probing and pus can be found. The pri-
mary etiological factor is a bacterial infection via oral
plaque caused by bad oral hygiene. Proved co-factors
are marginal parodontopathies, smoking, genetic
risks or minimal keratinized periimplant mucosa. 7, 8

There is no evidence for the involvement of further

factors like systemic diseases, fractures of implants or
the role of prosthetic components, alveolar ridge de-
fects or pre-implantological augmentative proce-
dures.8 The known structural characteristics of the
periimplant subepithelial soft tissue (e.g. scarring,
collagen fibers which do not insert and run parallel to
the implant surface, lack of vessels), which favor
transmigration of pathogens and inflammation also
play an important role in pathogenesis. It is still a sub-
ject of controverse discussion, whether biomechani-
cally induced functional factors, e.g. occlusal over-
loading or parafunction can be seen as independent
causes, or only as co-factors of the inflammatory
process.7 Animal experiments have shown that peri-
implantitis can be induced around implants even
without prosthetic components. Experiments in a dog
model proved that under inflammatory conditions a
significant periimplant loss of bone occurred with or
without occlusal loading. However, after intense
loading bone loss was increased.9 Bone loss can be ob-
served in patients as horizontal or vertical bowl-, fun-
nel- or cleft-like defects (Figs. 1, 2). Schwarz and

Fig. 1_ Periimplantitis, regio 24, 

implant loosening, female, 60 years.

Fig. 2a, b_ Pyogenic periimplantitis,

regio 46, implant loosening, male, 

58 years, heavy smoker.
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Becker8 were the first, who tried to establish a clinically relevant defect classification.
Direct interactions between resorption patterns and etiological factors are not known
yet.

_Periimplantitis and periodontitis

Apparently there are parallels between periimplantitis and periodontitis around nat-
ural teeth, especially in view of the clinical appearance. The occurrence of plaque in-
duced pathogens, the spectrum of which corresponds to a chronic progressive peri-
odontopathy, is also present in periimplantitis. In patients with remaining teeth the
spectrum is similar to those of natural teeth in the implants´ vicinity. Gram negative
anaerobs and spirochetes are dominant. Mainly Porphyromonas gingivalis, Acti-
nobacillus actinomycetemcomitans, Tannerella forsythensis, Treponema denticola,
Prevotella intermedia, but also Fusobacterium nucleatum, Campylobacter recta and
opportunistic pathogens can be found.8, 10, 11 Like in periodontitis the release of proin-
flammatory mediators like prostaglandins, interleukins, elastase or tumor necrosis fac-
tor alpha (TNF-�) are considered to be a central process in the immune response. In peri-
implantitis such factors can be found in the periimplant gingival crevicular fluid.12 Even
though the histopathological changes in the soft tissues have not been characterized
in detail for periimplantitis, the histological similarities with periodontitis are astound-
ing. Inflammatory infiltrates (Fig. 3) consisting of T-lymphocytes, plasma cells and poly-
morph nuclear neutrophile leukocytes6, 13, 14 can be proven. Intensified vascularization14, 15

and changed composition of the extracellular matrix of the periimplant connective
tissue16 are also described as histological findings similar to those detected in peri-
odontitis. 

_Bone resorption due to inflammatory processes: osteoimmunology

Early investigations concerning periimplantitis have already shown that there is a
correlation between the resorption of the alveolar bone and inflammatory processes. It
is a well known pathogenetic principle, that bone resorption can be induced and main-
tained by inflammations. It is a central mechanism in diseases with osteolytic lesions
and bone resorption e.g. in rheumatoid arthritis. Thus, the pro-inflammatory sub-
stances mentioned above, which are formed and released by inflammatory and local
cells, stimulate the development and activation of bone resorbing osteoclasts. After be-
ing activated, osteoclasts start the resorptive degradation of the bone substance. These
correlations are defined as “osteoimmunology”. 17

In dentistry orthodontically induced tooth movement and periodontitis are typical
examples for immunologically controlled bone resorption. In the first case proinflam-
matory substances on the pressure side of a moved tooth induce the activation of 
osteoclasts, which resorb the alveolar bone at the direction of the movement, but can
also trigger the activation of odontoclasts, which attack cementum and dentin and
cause root resorptions.18-20 Especially in parodontites the connection between immune
response and bone resorption by such mediators is proven.21 These mediators can be
well detected not only in the gingival tissues but also in patients gingival crevicular fluid.
Due to similarities between periodontitis and periimplantitis it seems to be probable
that in periimplantitis bone resorption (Fig. 4) can also be triggered by resorptive medi-
ators. Until now, no examinations have been carried out to provide evidence of these
factors in inflammatory periimplant tissues. It is already known that the level of inter-
leukin-1‚ is elevated in the gingival crevicular fluid of patients with periimplantitis.22, 23

Collagen degradation products, so called “CrossLaps”, which might originate from bone
resorptions, can also be detected in the gingival crevicular fluid of periimplantitis pa-
tients.24 Since there are no exact histological figures at hand, which might show bone
resorption in periimplantitis, the topographical correlations between the extension of
periimplant infiltration and bone surface is unknown. Infiltrates may reach much fur-
ther apically to the junctional epithelium13 and may thus get spatially close to the cre-
stal bone.
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_The RANK/RANKL system

New investigations have shown that an osteoim-
munological coupling, as can be found in periodon-
topathies, is linked to other factors. These factors are
related to known cytokines, but interfere as an inde-
pendent and potent system with the process of bone
remodelling. They were detected for the first time at
the end of the nineteen-nineties and belong to the
most important regulating system of bone remodel-
ling, the RANK/RANKL system.17, 25, 26 RANKL (“receptor
activator for nuclear factor kappa ligand”) can be lo-
calized on osteoblasts, fibroblasts, lymphocytes, ves-
sel endothelia and other cell types. It interacts with its
physiological receptor RANK, which is located in the
cell membrane of osteoclasts and their precursor cells
(monocytes/macrophages). RANKL’s binding to this
receptor leads to an increased differentiation of os-
teoclast precursor cells and the activation of mature
osteoclasts. The biological activity of RANKL is regu-
lated through a decoy receptor secreted by os-
teoblasts, OPG (osteoprotegerin), which binds and in-
activates RANKL.

Bone resorption and apposition are therefore
linked via regulation of osteoclast differentiation and
activity by osteoblasts and other cells, and thus, a lo-
cal regulatory mechanism for bone remodelling can be
formed (Fig. 5). The relation between RANKL and OPG
is of great importance for the presence of bone re-
sorption or apposition. Research carried out in the last
few years, has shown that this system not only con-
trols the physiological bone remodelling, but also may

be involved in the pathogenesis of local and systemic
diseases of the musculoskeletal system. In many cases,
the overbalance of RANKL leads to an increase in re-
sorption. The influence of the RANK/RANKL system
e.g. in osteoporosis, rheumatoid arthritis, Morbus
Paget, genetic bone diseases and in the formation of
skeletal metastases in different kinds of cancer, like
breast or prostate cancer27, 28 are proven. It could also
be demonstrated, that this system interacts in differ-
ent manners with other catabolic and anabolic factors,
like growth factors, hormones or cytokines. Therefore,
it is involved in a network, which connects immune re-
actions and bone pathology in manifold ways.25 It is
obvious that the manipulation of the RANK/RANKL
system allows therapeutic interventions into patho-
logical resorption processes. Various possibilities have
been tested for the last few years in cell culture and an-
imal experiments. Among them are the developments
of a RANKL antibody or the systemic administration of
OPG. A RANKL antibody (Denosumab) for post-
menopausal osteoporosis treatment is already being
tested in a clinical trial.29 A local application of OPG in
rats, which were scheduled for an experimental ortho-
dontically induced tooth movement, inhibits the for-
mation of osteoclasts in the alveolar cleft and here-
with tooth movement as well.30

_RANK/RANKL system in dentistry 

The evidence of RANK/RANKL system components
in healthy and diseased oral cavities in animals and
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Fig. 6_ Periimplantitis, 66 years, 

regio 21, immunohistochemical 

detection (brown staining) of typical

inflammation markers: Elastase (6a),

plasma cells (6b), T-lymphocytes

(6c).

Fig. 3_ Periimplantitis: Inflammatory

infiltrate (left side of the figure) 

with epithelial proliferations (right

sideof the figure); regio 21, female, 

37 years, HE staining.

Fig. 4_ Periimplantitis: Biopsy with

alveolar bone fragments, lacunes 

(arrows) indicate resorption; brown

marked structures: Blood vessels; 

regio 27, female, 64 years, immuno-

histochemical staining for blood 

vessel marker.

Fig. 5_ Interactions in the

RANK/RANKL system: RANKL on e.g.

osteoblasts binds to RANK on 

osteoclast precursor cells

(macrophages) and thus induces

their further development into 

osteoclasts, OPG can impede RANK

binding and inhibit osteoclast devel-

opment.
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humans underlines the importance of these factors.
In the case of dentition it is probably involved in cre-
ating an eruption pathway31 and in the case of decid-
uous tooth shedding it favors the resorption of the
dental hard substances.32, 33 Their components can
also be detected in healthy periodontium.34, 35 The
main task in this region might be the participation in
bone remodelling processes, like those observed in
physiological drift and occlusion. Cells of the
desmodontium react with an increase in RANKL pro-
duction35 when under biomechanical stress. Hence, it
is not astonishing that also orthodontically induced
tooth movement can be regulated by RANK/RANKL.
Additionally, it plays a role in the formation of root re-
sorption as a side effect of orthodontic treatment.36

Finally, pathological resorption processes in jaw-
bone in case of osteolytic lesions associated with
cysts and malignancies, are also controlled by
RANK/RANKL.37, 39 The tremendous importance of the
RANK/RANKL system in the bone loss in periodon-
topathies has been proven in numerous cell biologi-
cal, animal experimental and human studies.21, 39

Lipopolysaccharides of gram-negative bacteria or
pathogens themselves induce the increased expres-
sion of RANKL by T-cells in the gingiva.39 Osteoclasts
are being recruited via direct interaction with osteo-
clast-precursor cells, or the mediation of proinflam-
matory cytokines like IL-1. Components of the
RANK/RANKL system can be detected in periodontitis
in the inflammed gingival tissue and in the gingival
crevicular fluid as well.40, 41 Various experimental ther-
apies to manipulate the RANK/RANKL system are be-

ing tested. Animal experiments showed that under
systemic administration of OPG or substances, which
inhibit RANKL, the periodontal inflammatory situa-
tion and the alveolar bone resorption could be im-
proved.21, 39

_RANK/RANKL system in 
oral implantology

In surgical and orthopedic endoprosthesis, RANKL,
which is formed by periprosthetic fibroblasts, is said
to be responsible for the induction of osteoclasts,
which, as a consequence, provoke loosening of pros-
theses.43, 44 As shown in animal experiments, even a
slight debris caused by titanium implants can lead to
RANKL induced osteolysis.45 RANKL and OPG are de-
tectable in the periimplant gingival crevicular fluid of
dental implants.46 Investigations of the RANK/RANKL
system in view of osseointegration and the survival of
implants are in a very early stage at the moment. A co-
ordinated activity of osteoblasts and osteoclasts in
periimplant bone is of eminent importance for an op-
timal integration of implants by bone remodelling.
The latest experimental study of Kim et al.47 showed,
that this system is important during osseointegration
of titanium implants in rats. RANK/RANKL and OPG
were found during the whole healing phase in the
bone. The application of a low level diode laser in the
animals provoked an increase of the protective OPG.
OPG probably does not only fulfill its protective func-
tion against resorptive influences together with other
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Fig. 7_ Periimplantitis: Biopsy with

alveolar bone fragments (arrows: 

resorption lacunes), immunohisto-

chemical detection of TNF-� (brown

staining) in the connective tissue, 

66 years, regio 23, 12 mm bone loss.

Fig. 8_ Periimplantitis: Macrophages

as mononuclear precursor cells

(marked brown) in the lower part of

the figure fuse into multinuclear os-

teoclasts (arrows); male, 59 years,

regio 46, 8 mm bone loss, immuno-

histochemical staining for ED1

(macrophage marker).

Fig. 7 Fig. 8

Fig. 9a Fig. 9b

Fig. 9a_ Periimplantitis with different

bone loss: Correlation with the 

number of osteoclast-like cells and

their precursor cells in the inflamma-

tory infiltrate (red staining); 

2 mm bone loss. 

Fig. 9b_ 8 mm bone loss; 

TRAP staining used for osteoclast

identification.
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Fig 11_ Hypothesis considering the

development of an inflammatory 

mediated bone loss: Periimplant 

inflammation activates the

RANK/RANKL system, which then 

activates osteoclasts that perform

crestal bone resorption.

Fig. 10a Fig. 10b

Fig. 10a_ Healthy gingiva: Immuno-

histochemical detection of RANKL

(brown staining) in some epithelial

cells (upper part of the figure), 

female, 20 years; immunohisto-

chemistry.

Fig. 10b_ Periimplantitis: Immuno-

histochemical detection of RANKL

(brown staining) in inflammatory 

infiltrate; regio 26–28, female, 

52 years, immunohistochemistry.

protective, anti inflammatory and anabolic factors,
e.g. growth factors48 in a healthy periimplant envi-
ronment, but it can also be stimulated during os-
seointegration. Cell culture studies have shown that
the microtopography of implant surfaces may defi-
nitely influence the formation of OPG.49

_RANK/RANKL and periimplantitis?

According to the explanations above, we can as-
sume that inflammatory factors and especially the
RANK/RANKL system also play an important role in
bone resorption in periimplantitis. Monov et al.50 were
the first to detect soluble RANKL in the gingival
crevicular fluid of 16 patients suffering from periim-
plantitis. However, the amount did not correlate with
the collected clinical data. In contrast, OPG could not
be found, this might be a sign for its downregulation
under inflammatory conditions and representing the
loss of a periimplant protective mechanism. A study
supported by the DGZI Research Fonds will thor-
oughly examine the role of RANK/RANKL system in
periimplantitis bone resorption. At first biopsies,
which can be obtained when implants are removed,
will be examined histologically and immunohisto-
chemically. The focus of this study is the exact
histopathological characterization, the proof of
macrophages and osteoclasts and various inflamma-
tory factors, including the components of the
RANK/RANKL system. These data will be correlated
with clinical and probably microbiological parame-
ters. In a second step, a multicentric study is planned.
Its aim is to obtain gingival crevicular fluid and tissue
samples from periimplantitis patients, which will
then be examined by means of biochemical and mo-

lecular biological methods. We already have first re-
sults from biopsies at our disposal taken from 25 pa-
tients. The samples proved a certain diversity of
histopathological findings. Polymorph nuclear leu-
cocytes and plasma cells were predominant in in-
flammatory infiltrates, but the distribution and ap-
pearance of the various lymphocyte species differed
in each case (Fig. 6a—c). As expected, miscellaneous
inflammatory mediators could be detected in inflam-
matory tissues (Fig. 7). The detected number of osteo-
clasts and their precursor cells correlated with the
amount of alveolar bone resorption (Figs. 8, 9a, b).
Compared to the samples taken from healthy control
tissue, e.g. gingiva, RANKL (Fig. 10a, b) and RANK were
increased. If this study will confirm the involvement
of the RANK/RANKL system in the development of
bone resorption, this would be another indicator for
the importance of these factors in periimplantitis 
(Fig. 11). Perhaps it will be possible in the near future
to predict the risk of a probable bone resorption in
cases of periimplant mucositis or periimplantitis via
RANK/RANKL system components in gingival crevic-
ular fluid or in tissue specimens. The relation between
RANKL and OPG in gingivia biopsies of patients with
periodontopathies showed diagnostic evidence for
the presence of gingivitis or chronic or aggressive pe-
riodontitis.51 In view of the mentioned experimental
and pre-clinical studies in order to influence bone re-
sorption via interventions affecting the RANK/RANKL
system, suitable treatments for periimplantitis may
be possible. This could be done by means of local ap-
plication or administration of RANKL inhibiting sub-
stances and antibodies respectively, OPG, or systemic
administration of RANK/RANKL modifying sub-
stances._
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