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Abstract: To date, the term peri-implantitis has been mostly associated with bacterial or foreign
body reaction as primary factors of its development. Because of this, researchers’ and clinicians’
attention regarding treatment possibilities were directed into the solutions on the basis of surface
modifications, debridement, and antibiotics. After years of clinical observations and poor results
in treatment of peri-implantitis, a new proposal of this condition is presented, shifting our way of
thinking regarding bone and implant interactions. In the second part of the paper presenting a new
definition of peri-implantitis, we focused on a biological explanation of the bone behavior at the
bone–implant interface. The main conclusion is that PI is not an “infectious disease”, but rather the
result of natural changes of the bone’s morphology in response to implant such as a decrease in
convexity of the outer surface of the bone and subsequently a decrease in concavity of the inner bone.
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1. Introduction
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Historically, peri-implantitis (originally coined by Levignac et al. [1]) became an
accepted term at the first European Workshop on Periodontology in 1993. The term periimplantitis (PI) was then agreed upon as a general name for destructive peri-implant
inflammatory processes. Accordingly, with a progression of this inflammation, significant
bone loss was observed, which is a result of an unfavorable disruption of the balance
between the foreign body response and host internal immunological response factors [2].
It means that if a purulent infection is present, microorganisms may be involved but not
necessarily cause marginal bone resorption, as pointed out by Mombelli and Décaillet, who
concluded that “microorganisms are involved in the disease process. However, this is not a
proof that they are always the origin of the condition” [3].
In 1987, in the study by Mombelli et al., PI was first described as an infectious disease with many features common to periodontitis and, on the basis of their findings, it
was suggested that “periimplantitis can be regarded as a site-specific infection in which
microbial pathogens, mainly belonging to the group of gram-negative anaerobic rods,
may play an important role” [4]. Since then, a growing interest in defining peri-implant
disease as a clinical entity and proposing a treatment approach for it has been observed.
The multifaceted etiology and varied characteristics of the disease, however, from the
clinical perspective resulted in lack of consensus in defining peri-implant disease (more
than 33 definitions) and its treatment. Peri-implantitis is one of the most burning issues that
modern dental implantology has been facing recently. After more than 30 years since the
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first description of this “disease”, its causes and proper treatment protocols are unknown.
Recently published papers indicate that peri-implant microbiota present a different bacterial
ecosystem compared to the periodontal microbiota [5,6], as well as critical histopathological
differences between periodontitis and peri-implantitis [7]. As a result, the researchers have
become interested in looking for immunological mechanisms that may play the key role in
peri-implantitis development [8].
According to the literature, the prevalence of peri-implantitis ranges from 1.1% to
85% [9]. This means that if every year, on average, 12 million implants are placed—in the
worst case scenario—there are more than 10 million patients facing this problem every year
and they cannot be successfully treated [10].
2. Physio-Biological Explanation of Clinical Observations
The outer layer of every bone consists of cortical bone. In other words, all our bones
are surrounded by corticals, i.e., bones are areas with low metabolism and high mineralization [11,12]. Additional cortical-type bone areas inside the bones are found only under
very selected circumstances, such as around bone cysts, in the vicinity of teeth (lamina
cribrosa), and around osseo-integrated implants (as described in part I [13]). If, for example,
due to sudden changes in the bone morphology the outer cortical of the bone becomes
covered by an additional new bone of periosteal origin (through modelling), the old cortical
will be removed from the other (inner) side through remodeling because the perfusion
through the additional outer layer will not be enough to nourish additional thickness of
the cortical. In cases of infection close to the bone, highly mineralized areas will be formed
under the periosteum or even inside the jaw bones. Moreover, in cases of progressing
periodontal disease, highly mineralized barrier layers form below that apex of the involved
teeth [12]. A functional explanation states that once the original cortical bone is lost due to
peri-implantitis, the remaining apical trabecular bone is reinforced and transformed into
cortical bone that might take over the functional load [13].
Such highly mineralized bone layers in some cases may later lead to the atrophy of
the outer layer (old outer cortical, OC), as will be presented in this paper.
All corticals are surrounded by outer (periost) and inner (endost) membranes. The
purpose of the periosteum is to form a reliable barrier against high levels of oxygen and
blood supply as it is typically given in the soft tissues and to regulate the inflow of blood
through the vessels of the haversian canals [14]. Whenever the periost is missing between
bone tissue and soft tissues, granulation is the result. As previously pointed out, the term
“osseointegration” is not synonymous with “bonding”, and the word only describes direct
contact between the living bone and the endosseous implant surface [15]. Hence, if the
convexity changes in the coupling area between outer cortical (OC) and inner cortical (IC),
no “dissolving chemical activity” is required—a process that consists of “normal” bone
resorption and bone apposition (inside) is observed [16]. As in the case of periodontitis
and the associated granulation, no periosteum is formed in the gap between the exfoliating
implant and the retracting bone during the development of PI [17]. In this context, it has to
be mentioned that if osteons tunnel along implant surfaces and consolidate (mineralized)
layers, the outer layer of each osteon remains (at least initially) non-mineralized [18]. This
envelope around the osteons is one of the reasons why (cortical) bone shows elasticity, and
it is called the “cement line”. Osteons can even be pulled out of their envelope through
the tension, which is called the “osteonal pulled-out” effect [19,20]. As a result, the bone’s
elasticity vanishes in the vicinity of stiff endosseous implant designs (especially once the
implants are functionally loaded and mineralization increases along the IC) [21].
If implants are loaded predominantly on extrusion, as shown in Figure 1 (i.e., on
the non-chewing side of the implant-supported prosthodontics), the inter-cortical angle
becomes rather sharper, and this leads to the resorption on the outside of the cortical.
In addition, bone areas under pull become osteoporotic as a consequence of incomplete
remodeling and checkerboarding (it may be referred to as a localized disuse-atrophy) and,
additionally, the corticals (IC and OC) become thin. Deformation in the direction of the
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occlusal surface starts to occur, and thereby the angle will become “sharper”, i.e., the
convexity becomes even larger. It has to be noted that after the IC is mechanically coupled
to the OC, the whole assembly is considered by the body as an outer cortical. Both corticals
become functionally one cortical. Only after this occurs, the angle between OC and IC
becomes significant and influences the behavior of the bone.

Figure 1. Extrusion forces working on the implant lead to a sharper angle between the outer and the
inner corticals.

What clinicians in the dental field consider to be the onset of PI is nothing else than
normal bone reaction to an unacceptable convexity in the junction area between the IC
and OC. This angle and subsequent change in morphology occurs all around the implants
(figures show only the two-dimensional aspect), and hence a crater forms. Instead of
a sharp angle, the corticals now form an acceptable radius “R1 ” presented in Figure 2.
Immediate (opportunistic) bacterial colonialization of the exposed rough implant surface
leads to the development of signs of the infection with all the inflammation symptoms,
which, in turn, leads to diagnosing this condition as “PI”. In other words, the infection
is the result of the morphological changes of the bone and the roughness of the implant
surface. Subsequently, during function, the load transmission zone between the bone and
the implant from now on slips downwards towards the apex of the implant.
The bone-to-implant contact (BIC) is then further reduced until the soft-tissue front
reaches resorption stable bone areas. At this stage, quite a bit of bone is resorbed and, as a
result, masticatory forces in the interface to the bone increase due to the created lever. In
other words, the magnitude and distribution of the stress transferred to the peri-implant
bone correlate with the bone loss [22]. In the case of advanced loss of the cortical bone,
the remaining peri-implant trabecular bone is subjected to masticatory forces, so it will be
reinforced as functional adaptation [23]. As a result of the above and chronic infection in
some cases, horizontal bone apposition can be observed (Figure 3). The three black arrows
in Figure 3 show the dominating extrusive forces.
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Figure 2. The onset of peri-implantitis: the crestal cortical detaches from the implant’s surface and
the angle (α) (Figure 1) changes to a radius (R1 ).

Figure 3. The loss of attachment progresses, PI slips deeper until more mineralized “basal” bone is
reached.

If lateral forces are considerable, additional cortical formation and mineralization
will occur around the apical part of the implant, as presented in Figure 4. Thereby, the
crestal and vertical cortical above the integration zone will lose more and more functional
stimulation, and this zone may collapse sooner or later, as a result of a process that could
be subsumed as “disuse atrophy”.
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Figure 4. Cortical bone formation at the apical part of the implant. This cortical will later compete
and win against the outer cortical (OC) for functional stimulation.

If load transmission moves more caudally, cantilever forces become larger, while
the BIC becomes smaller, and thus increased local forces are balanced by more cortical
bone formation in the area of the apex of the implant. Infections, which persist or form
nearby, will increase the amount of highly mineralized bone and the bone mass at the same
time [24], as shown in Figure 5. The approximation between highly mineralized corticals
takes place towards the adjacent implant in longitudinal direction of the jaw bone (black
arrows), but it also takes place towards the outer cortical of the jaw bone (Figure 6).

Figure 5. If several implants have been placed in the same jaws and close to each other, all of their
basal corticals begin to grow both under the aspect of the nearby chronic infection and due to the
high cantilever forces.
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Figure 6. Cortical bone approximation.

Likewise, the zone of the increased cortical bone mass at the apex of the implant
increases in all directions, i.e., also towards the lingual and vestibular cortical, and thereby
the already weak bone crestal to that mineralized bone mass will lose all functional stimuli.
These stimuli concentrate in the peri-apical areas around the implants. It is only a matter
of time until the (e.g., vestibular) functionally not cortical (without function) of the jaw
segment is lost. If bone mass decreases too fast, additional bone volume might be formed
in vertical direction (Figure 7).

Figure 7. After the newly formed cortical areas at the apex of the implant unite with either the outer
cortical or the new cortical at the apex of the adjacent implant and additional cortical has been formed,
this triggers the dismantling of the old (crestal) first cortical.

The basal cortical then develops in order to be the dominating cortical, and all the
bone that is left on the top may resorb in short period of time (Figure 8a). The connection
between the implants and the bone is now stable, and this situation can persist for years.
The quality of life for patients with such deep pockets is strongly affected by constant pus
development. As an alternative to deep pockets also (massive) shrinkage of the sort tissues,
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and thinning of keratinized mucosa [25] around the implants can take place and this leads
to visible exposure of implants (Figure 8b).

Figure 8. (a) Full formation of the basal cortical bone and development of large pockets along the
vertical part of the implant after the crestal part of the alveolar bone has been resorbed. (b) As soon as
the pockets resorb, a large part of the implant’s thread becomes visible, but the development output
is reduced or has stopped.

3. Discussion
According to the literature, oral peri-implant diseases may present as mucositis and
peri-implantitis, where both the soft and hard tissue destruction is “caused by bacteria” [26,27]. Real life experience casts doubt on the truthfulness of the statement regarding
the bacteria causing bone destruction, as many antimicrobial approaches (antibiotics, bactericidal substances, etc.) are not effective, and because we can observe that even after
decades in graves around, the world the soft tissues have been dissolved and disappeared,
whereas bones remain intact. It seems that bacteria are not so much interested in consuming bones nor have enough tools to degrade them. It should be highlighted that the large
amount of minerals in bone guarantees a bacteria-unfriendly pH, and hence mineralized
bone can be considered to be auto-sterile. Bacteria even refuse to consume bones in the
case of osteomyelitis, while they are located in the true center of the bone, i.e., inside
the Haversian canals [28]. The true reason why bacteria bother the peri-implant bone is
rather the answer of the body itself: the presence of bacteria (adhering to the exposed
rough surfaces of the implant) triggers and increases blood supply in order to increase
the number of defense cells. Associated to this the blood supply and the oxygen levels
are increased (e.g., in the phase of peri-implant mucositis), and this by itself will lead to a
de-mineralization of the bone to make space for vessel-rich granuloma-like tissue (just as
in the case of periodontitis). This event should not be mixed up with an immunological
reaction, e.g., as an answer to foreign bodies or immune-activating substances. Derks
et al. [29] stated that PI starts 2–3 years after the implant placement and that a precursor
to PI is peri-implant mucositis (PIM). In the explanation section of this article, we explain
why this process lasts so long and why it occurs only after sucessful osseointegration.
Passoni et al. reported [30], on the contrary, that PI is oberved already after 12 months
and occurs more often if more than five implants per jaw are placed. In their study, they
grouped patients into two groups: G1 with up to five implants placed per jaw and G2 with
more than five implants placed per jaw. G1 showed PI in 50% of the implants, whereas
G2 showed PI in 81.8% of the implants. Assuming that all parameters were equal in both
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groups, the only difference between them were more jaw bone under stronger remodelling
because more implants had been placed. The volume ratio between bone and implants is in
such a situation strongly changing in favor of the implants, and for the jaw bone, it becomes
functionally impossible to maintain its bone mass and the pre-operative macro-trajectories
(i.e., the bone volume, dimensions, and structural architecture). As a result of the increased
remodelling, the bone is more “optimized” [16], and hence the crestal bone level receses
away from the “bone level” of the implants. As a result, the rough (formerly endosseous)
surface of the implant is exposed very early and there is not even time for this part of the
surface to undergo osseointegration. Infection starts right away.
It may be concluded that in the regular case (with up to five implants per jaw placed),
it takes 2–3 years until PI begins to occur. If, however, simultaneously more than five
rough-surfaced endosseouse implants are placed into the same jaw, the overall remodelling
can reach an extent (compared to the amount of non-remodelled bone) where vertical bone
loss is extensively observable already after 12 months.
Moreover, peri-implantitis was originally defined as “an inflammatory reaction with
the loss of supporting bone in the tissues surrounding a functioning implant” and this
definition was coined by Albrektsson and Isidor in their consensus report of session IV,
Proceedings of the First European Workshop on Periodontology [31]. On the basis of the
etiology of PI, as explained in our two publications, we have to revise this description
drastically: PI is rather a phenomenon where bone, following its own rules, i.e., in reducing
the amount of the outer cortical (OC), does so in order to abolish non-physiological angles
between outer (OC) and inner cortical (IC). As this process exposes instantly rough implant
surfaces to the oral cavity, an opportunistic colonialization of the implant surfaces by
regular oral bacteria takes place, and only this leads to the signs of an infection [32]. The
infection propagates the bone loss due to its associated high level of blood and oxygen
supply, which is known to weaken bones in general [33]. The progression of bone loss stops
at a basal cortical bone or inside the jaw bones where it can result in an increase in size
and mineralization of the bone. This is in agreement with the histological results presented
in the paper of Galárraga-Vinueza et al. where it is called functional corticalisation of
trabecular bone [34].
4. Conclusions
Within the limits of this article and the observations considered, it may be stated that
1.

2.

3.

4.

PI is not an “infectious disease”, it is the result of natural changes of the bone’s
morphology (after the incorporation of an oral implant with a considerable diameter),
such as a decrease in convexity of the outer surface of the bone and subsequently a
decrease in concavity of the inner bone.
PI occurs because bone retracts along the vertical axis of an implant from the first
cortical downwards. This process starts after the inner cortical (IC) and the outer
cortical (OC) come to a mechanical coupling.
The fact that implants that are affected by PI show vertical bone loss while their
stability and mineralization of the apical bone part rather increases (functional corticalisation) questions the demand for “large implant surfaces and lengths” as is
traditionally set up in conventional dental implantology.
The usage of crestal bone for the fixation of an oral implant as the most optimal solution should be reconsidered. This bone is prone to atrophy throughout all life simply
as a result of disuse atrophy and age-dependent bone remodeling after tooth loss.
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