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Norbert Enkling

Osseoperception: tactile sensibility 
of dental implants?

Teeth as sensory 
 instruments
“Teeth as sensory instruments” was 
the title given by Münch and Schriev-
er as early as 1931 in keeping with 
the tradition of Peaslee (1857) and 
Sigmund (1867), who were already 
aware of the fine tactile sensibility of 
teeth (quoted from Utz, 1982 [65]). 
The complex stomatognathic system 
has a built-in protective reflex that 
produces an unpleasant sensation 
when biting on a hard object; which 
leads to reflexive mouth opening and 
thus reduces damaging influences on 
the system [76]. Besides the functions 
that teeth fulfill during speech, food 
intake and food processing, they also 
play an esthetic role and are involved 
in the neural reflex control circuit of 
the stomatognathic system: teeth 
serve to sense foreign bodies and to 
ensure the jaw posture [65].

The types of spatial perception 
via the teeth have been investigated 
in several studies [75]:
• the perception of interocclusal test 

objects = active tactile sensibility
• the perception of axial and/or 

horizontal contacts of the teeth = 
passive tactile sensibility = sen-
sation of pressure

• the ability to discriminate inter-
occlusal thicknesses = discrimi-
nation ability

• the ability to recognize shapes in 
the oral cavity or to distinguish be-
tween two points of contact 
(stereognosis).

Jacobs emphasized that passive tactile 
sensibility can only perceive stimuli 
from single neural receptors, whereas 
active tactile sensibility represents 
normal function and involves all 
types of receptors such as muscle, 
joint, or tegument receptors [23].

Therefore, when examining the 
sensibility of the tooth as part of a 
control mechanism, it makes sense to 
use active tactile sensibility.

The active tactile sensibility of 
natural teeth varies greatly between 
individuals: in the study performed 
by Utz, natural teeth had a median 
tactile sensibility of approximately 
15–30 μm, with the exception of ca-
nine teeth, which had a tactile sensi-
tivity of 60 μm. However, the inter-
individual values varied between 
2 μm and 425 μm [65, 66]. In more 
recent studies, the absolute values of 
tactile sensibility of natural teeth var-
ied between 2 μm and 77 μm with a 
mean value of 17 μm for different in-
dividuals [14]. The influence of 
gender on tactile sensibility is small 
at best [61]: Most authors could not 
determine any correlation [4, 14, 65]. 
However, there appears to be a cor-
relation between tactile sensibility 
and age: with increasing age, tactile 
sensibility decreases [18]. The mean 
increase in the interocclusal tactile 
threshold is circa 2.2 μm for every 
ten years of age. Moreover, subjects 
with increased individual tactile sen-
sibility threshold values show greater 
tactile sensation uncertainty [14].

Osseoperception
Studies on osseointegrated ortho-
pedic prostheses after the amputation 
of arms or legs have shown that such 
treatments resulted in a return of sen-
sation due to mechanical stimulation 
[10, 34]. This recovery of somatosen-
sory control circuits permits a more 
natural use of dentures and reduces 
the risk of denture and implant over-
loading [24]. Patients were able to 
discriminate between different mech-
anical stimuli acting on the osseoin-
tegrated prostheses [10, 56]. This abil-
ity was greater by 27 % compared to 
patients with conventional tubular 
prostheses [24]. An activation of re-
ceptors in the bone, periosteum, joint 
capsule or other tissues is assumed to 
be the cause of the stronger sensitiv-
ity [29].

Today, missing teeth can be re-
placed with alloplastic implants with 
a high probability of survival. Such 
restorations come close to a “restitu-
tio ad integrum” [38]. However, the 
question regarding the extent to 
which dental implants are integrated 
into the existing stomatognathic 
control circuit remains unanswer-
ed [2]: does the “implant as a foreign 
body” need to be protected in a 
special way [31], or can it be con-
sidered a “fully fledged replacement 
tooth” with its own sensory percep-
tion [60]? Early on, Mühlbradt et al. 
discovered that sensory information 
can also be transmitted by dental im-
plants [45, 46]. The ability of allo-
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plastic, and thus, non-vital, anky-
lotic-anchored titanium implants to 
develop some degree of tactile sensi-
bility has been the subject of numer-
ous publications in the past two dec-
ades. Brånemark coined the term “os-
seoperception” for them [5, 6, 41].

Physiology of dental sensory 
perception
Proprioceptors and exteroceptors are 
responsible for the tactile sensibility 
of teeth: proprioceptors, such as 
muscle spindles and joint receptors, 
are activated by stimuli from within 
the body and provide information 
about the relative position and move-
ment of the body’s parts. They are 
distinguished from exteroceptors, 
which are stimulated by external 
stim uli and are located in the skin, 
mucosa, periosteum, bone, gingiva, 
and periodontal ligament. Exterocep-
tors provide information to the cen-
tral nervous system about external 
loads and play an important role in 
tactile sensibility [23].

Depending on mouth opening, 
both proprioceptors and exterocep-
tors play a role in the interocclusal 
tactile sensibility of natural teeth: 
during wide mouth opening, inter-
occlusal tactile sensibility can be at-
tributed primarily to the muscle 
spindles and joint receptors of the 
temporomandibular joint [8, 9, 33].

With less interocclusal distance, 
i.e. with smaller thicknesses of the 
interposed foreign bodies, the tactile 
sensitivity becomes finer and is de-
termined by the exteroceptors 
[26, 71]. These mechanoreceptors are 
located in the gingiva, the alveolar 
mucosa, and above all in the period-
ontal ligament, which in turn al-
ready reacts to low forces applied on 
the teeth. Van Steenberghe found 
that the functional properties of peri-
odontal receptors are comparable to 
those of receptors found in the rest 
of the body skin [71]. Subsequently, 
the assumption that nerve endings 
of the dental pulp might be involved 
in tactile sensibility in addition to 
nociception could not be corrobor-
ated [35]. Endodontically treated 
teeth exhibit the same tactile sensi-
bility as vital teeth [65].

The recorded EMG reflex re-
sponses are reduced by approx. 90 % 

under local anaesthesia of the exam-
ined tooth [69]. This led to the con-
clusion that the periodontal mech-
anoreceptors have a dominant func-
tion; the joint and muscle receptors 
therefore only play a subordinate role 
[43, 72]. However, the finding that a 
compromised periodontium follow-
ing periodontitis does not lead to a 
reduction in tactile sensibility brings 
into question the dominant role of 
the periodontium [39]. The neuro -
physiological receptor apparatus, 
which is activated when a tooth 
undergoes intrusion in its alveolar 
socket as a result of occlusal load, is 
absent for implants (Figs. 1 and 2).

The physiological mobility of 
teeth differs from that of implants. 
Tooth movement can be divided into 
two phases: in the first phase, under 
minor loading of the tooth, tooth 
mobility is determined and/or con-
strained by the fibers of the desmo-
dont. In the second phase of move-
ment, with increased loading, the 
bone undergoes elastic deformation 
as soon as the capacity of the desmo-

dont is exhausted [32, 48, 60]. The 
mobility of an osseointegrated im-
plant is entirely attributable to the 
elastic deformation of the bone under 
both horizontal and axial loading, 
and it can reach only one tenth of the 
mobility of natural teeth [52, 59]. 
However, Richter reconstructed a dif-
ferent behavior of natural teeth: the 
hydraulic system of the periodontium 
is only subjected to very short-term 
forces under physiological loads, e.g. 
during speech and chewing; tissue 
fluid cannot be displaced from the 
periodontal gap because this would 
require forces acting for a longer peri-
od of time. So, with normal function, 
natural teeth behave very similarly to 
implants in their movement pattern. 
The large intrusion capacity of the 
teeth is only exhausted in the case of 
parafunctions [54].

Methods to examine tactile 
sensibility
In principle, there are two different 
approaches to determine the stimu-
lus threshold values of receptors [23]:

Figure 1 Schematic representation of a 
cross-section through a natural tooth to-
gether with periodontal tissue.

Figure 2 Schematic representation of a 
cross-section through an osseointegrated 
implant together with peri-implant hard 
and soft tissue.
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1. the neurophysiological exami -
nation method and

2. the psychophysical examination 
method

In the neurophysiological exami -
nation method, an objective evalu-
ation of the stimulus response of the 
receptors can be carried out invas-
ively via microelectrodes and non-in-
vasively via a recording of somato-
sensory evoked potentials. Alter-
natively, functional magnetic reso -
nance imaging (fMRI) can be used to 
record changes in the brain when the 
tooth/implant is stimulated [36].

In the psychophysical exami -
nation method, the acting stimulus is 
compared to the subjective sensation 
of the test subject. If carefully applied 
in a standardised experimental set-
up, the psychophysical methodology 
can be used to establish a correlation 
between physiological functions of 
receptors and subjective responses of 
subjects in the context of an investi-
gation of receptor sensitivity thresh-
old, and it provides equally valid 
 results compared to the more invas-
ive, neurophysiological investigation 
methods. The psychophysical meth -
od can also be applied to larger 
sample populations than the neur-
ophysiological method, and thus, it 
leads to more valid statements [68].

In the active tactile sensibility 
test, subjects are asked to bite on in-
terocclusal foreign bodies of varying 
thickness. So-called “blank trials” 
(mock trials) are included in the test 

in order to check the statements of 
subjects (Figs. 3a, 3b). The test can 
thus come to the following results:
true positive = presence of a foreign 

body was correctly 
detected by the sub-
ject

true negative = absence of a foreign 
body was correctly 
detected

false positive = despite the absence 
of a foreign body, 
one was reported as 
being present

false negative = a presence of a 
foreign body was not 
detected

The 50 % value (proportion of correct 
answers = 50 %) has become estab-
lished as the definition of tactile sen-
sibility [64]. Since this 50 % value can 
be achieved with several foreign 
body thicknesses, the interpolated 
50 % value is specified [26] (cf. 
Fig. 4). Recent literature recommends 
an evaluation by means of a logistic 
regression or – even more precisely – 
using an asymmetric Weibull dis-
tribution as an approximation to the 
tactile sensibility curve. This model 
has the advantage that, in addition 
to the 50 % value, it can also deter-
mine the support area (10 % to 90 % 
interval), or the slope of the curve at 
the 50 % value, as a measure of the 
individual certainty of the state-
ments: a steep curve or small interval 
indicates high certainty, while a shal-
low slope or large interval indicates 

lower  cer tainty/ high er uncertainty 
when sensing foreign bodies [13, 14].

The thickness of the thinnest 
color of articulating film (thickness of 
8 μm) in common use has been es-
tablished as a measure for defining 
an equivalent tactile sensibility 
(± 0.008 mm) [15].

Results on the tactile sensi-
bility of implants
Active tactile sensibility is ten times 
poorer for complete dentures com-
pared to natural teeth [67]. The tac-
tile sensibility of implants, on the 
other hand, is similar to that of natu-
ral teeth [16, 51]. However, stereog-
nosis remains better with natural 
teeth than with implant-supported 
restorations [4]. Edentulous patients 
with fixed, ceramic-veneered im-
plant-supported restorations in the 
maxilla and mandible sometimes de-
scribe their bite as feeling very hard, 
like “biting on granite” [37]. Active 
tactile sensibility of dental implants 
is described by subjects as being 
rather dull and less localized com-
pared to that of natural teeth [47].

In the passive tests, osseointe-
grated implants showed no pressure 
sensibility at very low static loads, 
but clear sensibility at stronger static 
and dynamic (= vibrations) loads 
(axial and horizontal). Maxillary im-
plants showed higher stimulus 
thresholds compared to implants in 
the mandible. This can be attributed 
to the involvement of muscle, 

Figure 3a Experimental procedure for interocclusal tactile sensi-
bility/active tactile sensibility: cheek retractors are used to retract 
the corners of the mouth and a test foil is inserted in the inter-
occlusal space.

Figure 3b Test position: after the investigator’s request, teeth 
clenching is performed by the subject.
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 tendon and joint receptors during 
stimulus initiation at mandibular im-
plants [78].

In the case of active tactile sensi-
bility, which corresponds most 
closely to natural function, it was 
shown that the tactile sensibility is 
the same between single-tooth im-
plants and natural contralateral teeth 
in intraindividual comparisons [15]. 
Even under anaesthesia of the natural 
antagonists of the implant and of the 
contralateral tooth the tactile sensi-
bility is still very fine and intraindi-
vidually equivalent between implant 
and tooth [13].

However, the active tactile sensi-
tivity of implants differs between in-
dividuals and varies between 2 μm 
and 54 μm with a mean value of 
21 μm [15]. The slope of the tactile 
sensibility curves of implants is 
flatter than that of control teeth in 
intraindividual comparisons. This 
means that the tactile sensibility of 
implants is slightly less reliable than 
that of natural teeth [16].

The implant surface and implant 
geometry, i.e. implant length and 
thickness, and thus, the size of the 
bony attachment around the im-
plant, have no effect on tactile sensi-
bility. Likewise, gender and age have 
no effect [15, 16]. With regard to the 
dependence of tactile sensibility on 
age, Wedig [75] was the first to differ-
entiate between implants and natural 
teeth: for natural teeth, the tactile 
sensibility thresholds increase the 
older the subjects are. Conversely, in 
the case of implants, there is no cor-
relation between tactile sensibility 
and age. The interocclusal tactile sen-
sibility of implants corresponds to 
that of teeth in older subjects [15].

The difference between active and 
passive tactile sensibility of implants 
is explained by the fact that active 
tests stimulate different receptor 
groups, whereas the passive method 
is designed to selectively target recep-
tors in the periodontal ligament, 
which are absent in the implant re-
gion following tooth extraction [25]. 
The forces that occur under function, 
e.g. when chewing on the implants, 
are significantly higher than the 
lower forces that could be deter-
mined as threshold values in passive 
tactile sensitivity tests. [40].

For fixed restorations, active tac-
tile sensation was slightly poorer 
when two implants occluded against 
each other than when one implant 
functioned against a natural 
tooth [1]. Some authors describe that 
there is a noticeable improvement in 
tactile sensibility as the implant’s 
functional life increases [1, 40, 44]; 
however, other studies which used vi-
bration tests did not find these differ-
ences [24]. Thus, there seems to be a 
phase of individual adaptation when 
it comes to tactile sensibility, which 
is also known from extensive pros-
thetic treatments [36, 40, 50].

Explanatory approaches to 
the physiology of tactile 
sensation with implants
The physiological basis for the tactile 
sensibility of osseointegrated im-
plants, summarized under the term 
“osseoperception”, has not yet been 
definitely clarified. In principle, two 
different theories exist:
Theory 1: activation of receptors 

found in local bone
Theory 2: activation of more distant 

receptors
Theory 1: The involvement of bone 
innervation in mechanical sensations 
remains disputed [20]. The function 
of bone innervation may be limited 

to only vasoregulatory and bone re-
modeling processes. Most nerve 
fibers have free nerve endings in 
bone which are connected to the en-
dosteum, blood vessels or connective 
tissue components. These free nerve 
endings may also be able to respond 
to pressure and pain stimulation. Sis-
ask et al. found a high density of 
neuropeptides in bone marrow [62]. 
Experiments on dogs have demon-
strated that implant materials are 
abundantly surrounded by nerve 
fibers in the region of the implant-
bone interface [21, 74]. Similarly, nu-
merous unmyelinated and myeli-
nated nerve fibers have been found 
on explanted dental implants from 
humans [11]. It was found that more 
nerve fibers were present at the peri-
implant bone site than in the rest of 
the edentulous jaw region [20]. Im-
mediate implant placement and im-
mediate loading seem to result in in-
creased nerve attachment at the im-
plant site in comparison with con-
cepts of delayed implantation [21]. 
This has given rise to the hypothesis 
that nerves originate from the peri -
odontal remnants of extracted teeth, 
thus implying, that lower tactile sen-
sibility of implants is to be expected 
after a longer post-extraction peri-
od [74]. However, the postulated re-

Figure 4 Representation of the results of a sample on the active tactile sensibility of im-
plants. The 50 % value of correct results is defined as the threshold value of tactile sensi-
bility. The 50 % threshold is reached using 15 µm occlusion foil.
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lation of tactile sensibility to the time 
interval between tooth extraction 
and implant placement could not be 
confirmed in recent studies [16]. The 
remaining periodontal nerve struc-
tures do not appear to have any rel-
evance with respect to tactile sensibil-
ity at the implant sites in the end. 
This is because implants placed in 
iliac crest grafts, in which periodontal 
structures could not be present, 
achieved results equivalent to those 
of implants in the local bone [49].

When passive tactile sensibility 
was tested with and without local in-
filtration anesthesia of the peri-im-
plant tissue in the presence of an un-
screwed abutment, so as to exclude 
any possible contact with the soft tis-
sue, no effect on the sensibility 
threshold values during static and dy-
namic loading of the implants was 
recorded. Moreover, the tactile sensi-
bility of natural teeth was signifi-
cantly poorer under soft tissue anes-
thesia. This means that the anes-
thesia switched off peri-implant re-
ceptors of the gingiva, mucosa and 
periosteum, and consequently, the 
unchanged tactile sensibility indi-
cates a response of more distant re-

ceptors. In the case of static loading, 
the results indicate that anesthetized 
teeth and implants reach approxi-
mately the same values, namely 
about 6 Ncm [78]. Using a neuro -
physiological test set-up in humans, 
in which the implants were electri-
cally stimulated, an electroencepha-
logram (EEG) clearly revealed a re-
sponse in the brain, which could not 
be reduced even by surface anesthesia 
of the peri-implant mucosa. The peri-
implant mucosa therefore appears to 
play no or only a subordinate role in 
the phenomenon of osseopercep-
tion [70]. In the case of single-tooth 
implants, periodontal structures of 
the natural antagonists and of the 
natural adjacent teeth probably con-
tribute to the tactile ability: in an ani-
mal experiment, Bonte et al. found 
that touching osseointegrated im-
plants resulted in a trigeminal reflex 
response which was dependent on 
the presence of residual teeth. They 
concluded that the origin of the in-
hibitory reflexes of the masticatory 
muscles after implant loading could 
be attributed to the activation of the 
periodontal receptors of the adjacent 
residual teeth [3, 63]. The relevance 

of periodontal receptors of natural 
antagonists which are involved in os-
seoperception is again questioned by 
other study results: In comparing the 
active tactile sensibility of single-
tooth implants with that of natural 
teeth on the contralateral side, the 
anesthesia of the natural antagonists 
resulted in an equivalent tactile sensi-
bility of the of the implant-side and 
the contralateral natural-tooth 
side [13].
Theory 2: Jacobs et al. assume that 
the cause of osseoperception are re-
sponses from more distant proprio -
ceptors and exteroreceptors, which 
are evoked via activation of the 
bone [23].

The subjective pressure sensation 
of implants appears to be less accu-
rately localized compared to that of 
natural teeth in passive tactile sensi-
bility testing and it is perceived by 
subjects as being transmitted further 
into the skull. Thus, Schulte’s re-
search group from Tübingen at-
tributed the tactile capacity of anky-
losed implants to a deformation of 
the peri-implant bone and an associ-
ated expansion of the peri-
osteum [60].
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Figure 5a Clinical example showing the 
relationship between occlusion and ce-
ramic chipping. Initial situation: cusp-to-
cusp occlusion at implant crown 16 and 
tooth crown 46.

Figure 5b Buccal view of the situation 
after the chipping of the ceramic veneer-
ing at the tip of the mesiobuccal cusp 
of 16.

Figure 5c Occlusal view of the situation 
after the chipping of the ceramic veneer-
ing at the tip of the mesiobuccal cusp 
of 16.
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The transmission of mechanical 
stimuli can occur due to a shift of in-
terstitial fluid in the fine tubules and 
lacunae of the cancellous bone, in 
addition to deformation of the 
bone [7]. The periosteum is highly in-
nervated and substance P, which is 
thought to be responsible for pain 
sensation to a certain degree, is pres-
ent in large quantities in the peri-
osteum [73]. The periosteum con-
tains many free nerve endings that 
are important for the transmission of 
pain, as well as Golgi-Mazzonic cor-
puscles that respond to pressure sen-
sations [58]. The periosteum of the 
facial bone contains mechanorecep-
tors that respond to pressure and ex-
pansion of the periosteum, mastica-
tory muscles, and skin [57]. In addi-
tion, the tendon and muscle 
spindles [55] as well as those recep-
tors in the temporomandibular joint 
that correspond to the Pacini type 
must also be taken into account for 
the tactile sensibility.

In summary, the very fine active 
tactile sensibility of dental implants is 
probably due to the activation of 
muscle and tendon spindles and re-
ceptors in the adjacent peri-
osteum [2]. The phenomenon of os-
seoperception could be traced in 
neurophysiological studies using 
fMRI: passive loading of teeth and im-
plants were compared at 1 Hz. After 
tooth extraction and implant place-
ment, a plastic change appeared to 
take place in the brain: stimuli at the 
implant site resulted in the activation 
of both the primary and secondary 
somatosensory cortex areas [19, 77].

Clinical relevance
For the clinically practicing dentist, 
the measure of active tactile sensibil-
ity is more relevant than the measure 
of passive tactile sensibility; in prac-
tice, it is easier to work with data in 
“mm” than with force data in 
“N” [65]. Premature occlusal contacts 
and the associated implant overload-
ing are discussed as possible causes 
for implant failures [12, 22, 30, 31]. 
Occlusal pre-contacts of approxi-
mately 100 μm or more can result in 
a clinically damaging loading effect 
according to the studies of Falk et 
al. [17] and Richter [53]. Yet, this 
negative effect of occlusal pre-con-

tacts on the osseointegration of im-
plants is disputed in other studies: 
Miyata et al. found no negative ef-
fects on bone with artificially placed 
interferences of up to 250 μm in an 
implant trial on monkeys [42].

However, under peak occlusal 
loads, static and dynamic premature 
occlusal contacts may exceed the 
mechanical properties of the veneer-
ing ceramic, and thus, favor the chip-
ping of the ceramic veneering 
(cf. Figs. 5a–c). In order to detect 
these pre-contacts, occlusal paper or 
foil can be employed for staining pur-
poses. Yet, the staining of premature 
occlusal contacts and the interpre-
tation of the staining marks is non-
trivial, as it is difficult to stain occlu-
sal contacts, especially on smooth ce-
ramic surfaces [76]. Moreover, the in-
tensity of occlusal contact staining 
does not necessarily correlate with 
the strength or force of the occlusal 
contact. Very strong contacts do not 
stain, but rather scatter the color pig-
ments to the periphery of the contact 
zone [28].

Since the interocclusal tactile 
sensibility of natural teeth and im-
plants is very fine, and in part even 
finer than that of the thinnest occlu-
sal foil (8 μm), it seems advisable to 
ask patients if they are comfortable 
with the restoration during the try-
in appointment; more specifically, 
this means asking them about their 
subjective feeling of whether or not 
the restoration has the correct 
height [27]. The interocclusal tactile 
sensibility of teeth and implants, i.e. 
the osseoperception, thus indicates 
the degree to which the occlusal sur-
faces of teeth and restorations 
should be ground, so that no more 
occlusal interferences are sensed by 
the patient. According to the present 
study, this requires a level of accu-
racy down to well below 100 μm.
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Introduction
The fifth German Oral Health Study 
indicates that the 35- to 44-year-old 
German population is already miss-
ing an average of 2.1 teeth [25]. The 
most common causes of tooth loss 
include caries and periodontitis. 
Only a small proportion of teeth are 
lost due to trauma. Dental implants 
make it possible to close gaps with-
out drilling healthy teeth. Endos-
seous dental implants achieve sur-
vival rates of approximately 96 % 
after 10 years [22]. The long-term 
prognosis can be strongly compro-
mised by the development of peri-
implantitis. Systematic reviews show 
a wide prevalence range of peri-im-
plantitis from 1–47 % [13]. Meta-ana-
lyses calculated mean peri-implanti-
tis prevalences of 22 % [13] and 
mean implant- and subject-based 
peri-implantitis prevalences of 
9–20 % [30]. To prevent peri-implant 
complications, the dental prosthesis 
must be designed in such a way that 
optimal cleaning of the scarred, de-
fense-weak peri-implant tissue is 
possible. Implant planning is the 
basis for this. In contrast to the peri-
odontal ligament, where the dentog-
ingival and dentoalveolar collagen 
fiber bundles radiate from the root 

cementum in lateral, coronal and 
apical directions, the collagen fiber 
bundles on the implant are oriented 
from the periosteum parallel to the 
implant surface. In addition, the 
connective tissue in the supracrestal 
region contains more collagen fibers 
but fewer fibroblasts and vascular 
structures.

Implant planning
In terms of backward-oriented treat-
ment planning, the starting point is 
a previously defined prosthetic goal. 
The ideal design of the prosthesis, 
simulated for example by an idea-
lized wax-up/set-up, determines a fa-
vorable prospective implant posi-
tion. The vertical height to the an-
tagonist or the implant angulation 
can be used to assess in advance 
whether an implant-supported pros-
thesis will be anchored in a fixed 
position (screw-retained or ce-
mented) or must be splinted, or 
whether a removable solution should 
be aimed for. Furthermore, it can be 
assessed to what extent it is possible 
to maintain the biological width 
with a distance of 2–3 mm from the 
rough implant surface, which is at 
bone level, and the superstructure 
and its effect on the esthetic appear-

ance [42]. Additionally, it should be 
determined whether additional inter-
ventions are required to optimize the 
hard and soft tissue bearing in order 
to make the necessary compromise 
between ideal cleanability, esthetics 
and mechanical loading as beneficial 
as possible.

Implant system
The number of available implant sys-
tems on the market has become con-
fusing. Studies have shown that there 
is a relevant correlation between the 
risk of developing peri-implantitis 
and the used system [12, 19]. Design 
features could play a role. For 
example, the height of the implant 
shoulder, i.e., its position at bone or 
soft tissue level, is discussed. The con-
figuration of the interface is also 
being considered. Despite the great 
precision of dental implantology, 
bacterial colonization occurs inside 
dental implants [36]. The penetration 
path of bacterial colonization occurs 
via microgaps between the implant 
and the superstructure as well as 
screw channels. This implant-inter-
nal microflora is inaccessible to oral 
hygiene products. It has been shown 
that implants with tapered internal 
connections can reduce the micro-

Figure 1 This case study shows the restoration of an interdental gap situation in region 
34–36 using implant-supported single-tooth crowns. A dental hygiene design in the 
molar region was selected using an alternative crown design with a cleaning channel. 
The implant placement was partially guided by a drilling template. 
a) Incorporated drilling template with visible sleeves region 34, 35, 36. Taking into 
 account the minimum distances between implants and teeth, the prospective implant 
position 36 was planned to be further distally.

b) Clinical situation of inserted implants 
34, 35 and 36 before impression taking. 
The more distally selected position of 36 
is visible.
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gaps at the transition from implant 
to superstructure and reduce bacterial 
penetration [5, 7, 14, 28, 45]. How-
ever, to date, there is no evidence for 
the clinical significance of this as-
pect. The recommendation can be 
made to prefer systems with a good 
clinical study situation, regardless of 
the implant design.

Hygiene maintenance
Prosthetic rehabilitation concepts 
should allow complete plaque con-
trol and 360° cleanability of the 
peri-implant area. To achieve this, 
the design of the prosthesis must en-
sure accessibility for oral hygiene 
items. In addition to the tooth-
brush, interdental space brushes and 
Superfloss can be considered. Inac-
cessible areas should be avoided and 
guide functions for cleaning instru-
ments such as interdental brushes 
should be designed. For all types of 
implant-supported restorations it is 
important to ensure that the patient 
can perform the cleaning indepen-
dently. Home care and professional 
follow-up are crucial for the long-
term success of dental implants [41]. 
It is advisable to define follow-up in-
tervals on a patient-specific basis ac-
cording to individual risk assess-
ment. The risk assessment should 
consider indicators such as poor oral 
hygiene, for example as a result of 
lim ited manual skills, cigarette con-
sumption, previous periodontal dis-
eases, genetic predispositions or sys-

temic diseases such as diabetes mel-
litus [21].

Design of the superstructure
The endosteal part of an osseointe-
grated implant is ideally surrounded 
by bone and therefore not exposed to 
biofilm formation. This is in contrast 
to the transmucosal part, which is 
colonized by microorganisms [17]. In 
addition to factors such as the com-
position of the oral microbiome, 
prosthetic aspects also influence the 
local biofilm formation. These as-
pects can be the surface texture, the 
design of the prosthesis itself and its 
accessibility for oral hygiene [35, 51].

The typical central implant posi-
tion in single tooth gaps in the molar 
region  often causes restorations with 
much larger dimensions than the di-
ameters of the implant shoulders. 
Due to the size difference, niches can 
develop at the transition between the 
implant shoulder and the restoration. 
This leads to difficult accessibility for 
oral hygiene products, which may 
favor the development of peri-im-
plant diseases [35, 41].

Accessibility for cleaning can be 
improved by reducing the vestibulo-
oral extent of the dental crown. How-
ever, esthetic limitations due to the 
deviating tooth morphology have to 
be accepted. In an in vitro study on 
the removability of simulated bio-
films on implant-supported molar 
crowns, an alternative modified 
crown design was presented [47]. 

Here, the implant is placed further 
mesial or distal of the replaced tooth, 
taking into account the minimum 
distance between the implant 
shoulder and the adjacent tooth or 
adjacent implant. This allows a resto-
ration consisting of a premolar crown 
in combination with a cantilever 
pontic [50]. The decisive factor is the 
placement of a cleaning channel in 
the area of the connector that is 
easily accessible for the patient. With 
this approach areas inaccessible to 
cleaning can be avoided with this ap-
proach, and the cleaning channel 
can facilitate accessibility for oral hy-
giene products.

Cleaning channels on implant-
supported restorations guide oral hy-
giene products  such as interdental 
space brushes to the peri-implant soft 
tissue closure and thus enable tar-
geted cleaning. If the design of clean-
ing channels on the restauration 
itself is not possible, for example in 
the case of removable dentures with 
functional margins, customized 
cleaning guides can be fabricated.

For fixed prostheses, an orally 
and vestibularly open design is indi-
cated, as is a convex bridge pontic de-
sign. The emergence profile should 
be concave and an emergence angle 
of ≥30 degrees should be avoided 
[51]. This avoids inaccessible niches 
and improves the rinsing function of 
saliva. In addition, avoiding exten-
sive splinting can optimize access for 
oral hygiene aids. In edentulous jaws, 

c) Fabricated denture on model with occlusal screw accesses. d) Radiographic view of implant restoration 36 after insertion. 
The slender emergence profile in combination with a mesially 
cantilevered pontic can be seen. The creation of a cleaning 
channel by the concave mesial emergence profile in com-
bination with the cantilever pontic enables targeted cleaning.

MEWES, HEY, ADALI:
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implant-supported, removable con-
structions facilitate care.

Bacterial adhesion to surfaces is 
strongly influenced by surface rough-
ness [10]. Thus, bacterial colonization 
is higher on rough surfaces than on 
smooth surfaces. Therefore, scratched 
or damaged transmucosal abutments 
should be replaced if possible, and 
surface roughness should be repolish-
ed and smoothed. However, a average 
roughness value (Ra) of surface 
roughness <0.2 μm, such as achiev-
able by mirror polishing, does not 
seem to have any further effect on 
quantitative and qualitative bacterial 
colonization and can therefore be 
considered as a threshold value [9]. 
In addition to surface roughness, ma-
terial-specific differences are also ap-
parent, but their clinical influence on 
plaque colonization has not been 
clarified. For example, several studies 
show that titanium abutments have a 
stronger bacterial colonization com-
pared to zirconia abutments. [15, 20, 
40]. In addition, the composition of 
the salivary membrane appears to 
vary on different surfaces. An in vitro 
study showed a different protein 
composition of the salivary mem-
brane on titanium surfaces compared 
to enamel surfaces [16]. However, an 
influence on the bacterial composi-

tion of the biofilm could not be de-
tected in the different salivary mem-
branes [31].

Occlusal overloading
Premature, excessive occlusal and/or 
off-axis loading can have a detrimen-
tal effect on the osseointegration of 
implants and, in the worst case, lead 
to loss [38]. The role of occlusal over-
loading in osseointegrated dental im-
plants is controversially discussed. 
The literature describes cases in 
which increased biological and tech-
nical failures have occurred due to 
implant overloading, while other 
studies have not found any signifi-
cant influence [23, 24, 29, 32]. The 
problem is that there are no values to 
assess overloading.

For the immediate temporary res-
toration of small fixed restorations 
static and dynamic contacts should 
be removed. In contrast, they cannot 
be dispensed with for extensive con-
structions. Sufficient primary stability 
of all implants and their splinting are 
then strongly recommended.

Loosened screws or crestal bone 
loss are the first clinically recogniz-
able signs of implant overload. This 
can have many causes, such as an 
unfavorable relationship between 
implant diameter or length and the 

absorbed forces. The number and 
position of implants, the length of 
extensions or excessive parafunc-
tional forces also have an in-
fluence [44].

In order to decide whether super-
structures can be splinted or not, 
older studies recommended splinting 
if the ratio of crown length to os-
seointegrated implant length was 
≥0.8 [27]. However, more recent 
studies do not show an increased 
incidence of biological or technical 
complications with non-blocked 
single-tooth implants with a mean 
crown-to-implant ratio between 0.86 
and 2.14 [34]. Implants with splinted 
or non-splinted superstructures 
showed no difference in the extent of 
crestal bone loss or peri-implant par-
ameters [3, 4]. Again, splinting may 
have a negative effect on cleanability 
[2]. In a recent cross-sectional study, 
implants with superstructures block-
ed on both sides, especially in combi-
nation with an emergence angle of 
≥30 degrees and a convex emergence 
profile, showed an increased risk of 
peri-implantitis [51]. There is no evi-
dence that a splinted or non-splinted 
design affects implant survival. Com-
plications can occur with either de-
sign, although splinted restorations 
generally have fewer technical prob-

Figure 2 In this case study, a free-end 
situation in the third quadrant was re-
stored with three implants (region 35, 
36, 37) and a three-unit implant-sup-
ported bridge construction. Due to the 
crown-to-implant length ratio, the im-
plant crowns were splinted. The central 
implant in region 36 had to be removed 
due to peri-implant complications. 
a) The radiological situation shows an 
unfavorable dental hygienic design of the 
implant bridge region 36, with inaccess-
ible niches mesially and distally and an 
emergence angle >30 degrees. Mesial 36 
shows a bowl-shaped bony defect.

b) Implant 36 after explantation.

c) Clinical situation after explantation 36. 
The bridge construction was separated 
distally 35 and mesially 37. The bone de-
fect was covered plastically with bone 
graft substitute and a free connective tis-
sue graft, and a vestibuloplasty to en-
hance the attached gingiva. The implant 
crowns Regio 35 and 36 remained in situ 
and the separation points were polished.
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lems [37]. Knowing which patients 
are more likely to experience certain 
complications is of strategic import-
ance [37].

Screwing versus cementing
In the following, the advantages and 
disadvantages of the respective types 
of fixation will be discussed and 
trends in peri-implant complications 
will be listed. Cemented reconstruc-
tions are suitable for compensating 
different implant axes or fabrication-
related fitting inaccuracies, as well as 
for esthetically demanding crown de-
signs, since there is no need for oc-
clusal or incisal screw access. An-
other advantage is the passive fit of 
the reconstruction. In one study, ce-
mented bridges achieved lower strain 
values compared to screw-retained 
bridges [26]. A disadvantage of ce-
mented reconstructions is the risk of 
subgingival cement residues. Several 
clinical studies of cemented recon-
structions have reported soft tissue 
complications due to excess cement 
[1, 11]. The retained cement causes 
increased retention of biofilm, which 
may cause peri-implantitis [48]. In 
the review by Sailer et al., cemented 
multiunit reconstructions showed a 
general trend toward more bone loss 
compared with screw-retained recon-
structions [39]. To exclude biological 
complications due to excess cement 
residues, its proper removal is essen-
tial. In this regard, the crown margin 
should not be deeper than 1.5–2 mm 
subgingivally, as there seems to be a 
correlation between the amount of 
residual cement and the depth of the 
crown margin [18, 33]. The least 
amount of residual cement is observ-
ed when the crown margin is in an 
epi- or supragingival position [33]. 
By choosing individual abutments, 
the prospective location of the 
crown margin can be determined 
and deep subgingival placement can 
be circumvented. To avoid serious 
biological complications, the men-
tioned correlations should be taken 
into account when cementing the re-
construction.

Screw-retained reconstructions 
are suitable if there is a need for re-
moval, for example, for dental hy-
giene reasons or for temporary resto-
rations. Temporary or semiperma-

nent cementations are also discussed 
in the literature. Similar to screw-re-
tained restorations, they guarantee 
subsequent non-destructive removal 
of the restoration. However, their 
clinical relevance in relation to peri-
implant complications is unclear.

The main advantages of screw-re-
tained implant restorations include 
their reparability and the avoidance 
of cement residues [48]. In addition, 
if the screw-retained reconstruction 
fits well, severe biological failures ap-
pear to be less frequent compared to 
cemented alternatives [39]. However, 
in a systematic review, screw-retained 
reconstructions showed more soft tis-
sue complications, mostly rooted in 
loose abutment screws; inflammation 
healed after their reattachment 
[6, 39]. The required screw access 
may affect esthetics and occlusion, 
and possibly the strength of the res-
toration. Thus, higher fracture rates 
of veneering ceramics are observed 
in screw-retained reconstructions, 
which are mostly associated with the 
open screw access [46, 52]. The most 
common technical complication in 
screw-retained reconstructions seems 
to be the loosening of the abutment 
screw [49]. Screw-retained reconstruc-
tions tend to have more technical 
problems and higher loss rates, but 
fewer serious biological compli-
cations [39].

Overall, soft tissue inflammation 
is seen with both luting options. 
They are associated with excess ce-
ment [1, 11] or with loose abutment 
screws [6]. The predominantly tech-
nical complications of screw-retained 
reconstructions are treatable with 
little effort compared with the bio-
logical complications associated with 
cementation. To avoid possible seri-
ous biological complications, it is rec-
ommended that implant-supported 
reconstructions be screw-retained 
when the clinical situation is appro-
priate. However, there is no general 
consensus on the superiority of one 
procedure over the other. The choice 
of fixation should be made after 
weighing the patient-specific advan-
tages and disadvantages as well as the 
clinical situation.

In literature, a direct comparison 
of the estimated 5-year survival rate 
between screw-retained and ce-
mented implant crowns showed no 
significant difference [39]. In com-
bined fixed-removable dental resto-
rations, there is a trend towards more 
complications with cemented recon-
structions [39]. For fixed full-arch 
restorations, the risk of compli-
cations was significantly higher for 
cemented reconstructions than for 
screw-retained ones. No significant 
differences were seen in the survival 
and success rates of cemented and 

Figure 3 Summary of discussed aspects that should be considered in the design of 
prosthetic superstructures related to peri-implantitis.
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screw-retained multi-unit reconstruc-
tions.

Conclusion for the practice
Peri-implantitis is a plaque-associated 
pathological disease and can be pro-
moted by prosthetic factors in addi-
tion to patient-specific factors such as 
general diseases. In the sense of the 
rehabilitation concept, patient-spe-
cific risks should be known at the be-
ginning of implant planning. With 
backward treatment planning, design 
aspects of the superstructure can be 
determined before implant place-
ment. When designing the super-
structure, 360° cleanability must be 
ensured. Extensive blocking should 
be avoided and guide surfaces for oral 
hygiene products should be created. 
The guide surfaces should allow tar-
geted cleaning at the peri-implant 
soft tissue end. Cleaning splints can 
be helpful. Materials with a lower 
bacterial colonization can be used 
and rough surfaces can be reduced by 
polishing. The combination of an 
emergence angle of ≥30 degrees, a 
convex emergence profile and a cen-
tral position within a bridge should 
be avoided. For immediate temporary 
restorations, ensure adequate primary 
stability. Whether a restoration is de-
signed to be fixed or removable, 
splinted or non-splinted, screw-re-
tained or cement-retained should be 
decided on a patient-specific basis. 
Due to serious biological compli-
cations caused by subgingival cement 
residues, screw-retained fixation 
should be preferred or an epi- to su-
pragingival position of the cement 
joint should be aimed for. Adequate 
performance of oral hygiene at home 
and patient-specific follow-up inter-
vals are decisive for long-term suc-
cess.
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RESEARCH REVIEW
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Patient-specific treatment of 
 peri-implant inflammation

Summary: The use of dental implants in order to rehabilitate patients with 
fixed or removable implant-supported restorations has become widespread in 
recent decades. For example, according to the current German Oral Health 
Study (DMS V), patients were already 10 times more likely to be treated with 
implants in 2014 than in 1997 [41]. According to statistics from the American 
Dental Association, an estimated 5 million implants are placed annually in 
the USA alone [30]. The increasing life expectancy together with the desire for 
fixed restorations is expected to further strengthen this trend in the future. 
The steadily increasing number of implants that are placed by dentists has 
also been accompanied by an increase in the overall number of post-implant 
complications. Thus, due to the increased prevalence of biological compli-
cations, relevant patient-specific risk factors must be accounted for as part of 
implant planning and treatment. In this sense, a synoptic treatment concept 
that considers the foreseeable patient-specific risk factors for peri-implant in-
flammation plays an important role from the pre-implant to the post-pros-
thetic treatment phase. The article explores the multitude of patient-specific 
risk factors and the various therapeutic options available as the key to long-
term implant treatment success.
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Definition and diagnosis of 
peri-implant inflammation
When referring to peri-implant in-
flammation, reversible peri-implant 
mucositis, which is inflammation 
confined to the peri-implant soft tis-
sue, must be distinguished from irre-
versible peri-implantitis, which also 
involves the progressive inflam-
mation of the surrounding bone [4].

Due to the difficulty in diagnosing 
peri-implant conditions, the World 
Workshop on the Classification of 
Periodontal and Peri-implant Diseases 
and Conditions defined the character-
istics of periodontal and peri-implant 
health for the first time in 2017. These 
include the absence of mucosal red-
ness, bleeding on probing (BOP) as 
well as swelling and suppuration 
around implants. The definition of a 
critical probing depth, which is no 
longer associated with peri-implant 
health, is not readily available for im-
plants, unlike for periodontitis. In the 
absence of clinical signs of inflam-
mation, the peri-implant tissues 
around implants may be healthy even 
when increased pocket probing depths 
above 3 mm are present. If bleeding 
and/or suppuration occurs during 
gentle probing of the peri-implant soft 
tissues, this is defined as peri-implant 
mucositis. If there is a combination of 
bleeding/suppuration with an increas-
ing probing depth compared to pre-
vious examinations, or probing depths 
of ≥6 mm and radiological detectable 
bone resorption beyond the initial 
bone level after implant placement, 
then this is referred to as peri-im-
plantitis [11]. In the absence of initial 
radiological findings, bone resorption 
≥3 mm apical to the intrabony part of 
the implant is considered indicative of 
peri-implantitis [91].

The prevalence of peri-implantitis 
has been estimated to vary between 
10 and 29 % [24, 42]. The variation of 
these prevalence figures is primarily 
due to the complex definition and di-
agnosis of peri-implantitis as well as a 
high heterogeneity of study crite-
ria [67].

The prevalence of mucositis is on 
average 40 % and of peri-implantitis 
21.7 % (95 % CI 14–30 %) according 
to systematic reviews [24]. Half of the 
implants affected by peri-implantitis 
become diseased within 3 years, and 

overall, peri-implantitis is diagnosed 
considerably more often 5 years con-
secutive to prosthetic restoration 
[86, 87]. It is assumed that initial mu-
cositis can develop into peri-implanti-
tis and that peri-implant bone resorp-
tion accelerates over time [102].

For the classification of peri-im-
plantitis and corresponding peri-im-
plant bone lesions, a classification of 
different defect morphologies – es-
pecially against the background of 
the various therapeutic options – is 
recommended. In this respect, intra-
bony defects (Class I) are distin-
guished from horizontal supracrestal 
defects (Class II). The supracrestal 
portion is defined as the distance be-
tween the transition from the 
smooth to the machined implant 
portion and the peri-implant crestal 
alveolar bone [108].

Intrabony defects can be divided 
into purely vestibular or oral dehis-
cence defects (Class Ia), vestibular or 
oral dehiscence defects with addi-
tional semicircular portions (Class Ib), 
vestibular or oral dehiscence defects 
with additional circular bone resorp-
tion (class Ic), and into circular bone 
resorption with vestibular and oral de-
hiscence defects (class Id) or bilaterally 
preserved compact bone (class Ie).

Horizontal and intrabony defects 
mainly occur together. According to 
current data, 55.3 % of peri-implant 
bone defects belong to Class Ie [103].

Patient-specific risk assess-
ment of treatment-relevant 
risk factors
Possible risk factors include patient 
age, gender, gene polymorphisms, 
cardiovascular disease, rheumatoid 
disease, osteoporosis, condition of re-
sidual dentition, implant design and 
surface as well as implant site and 
type of restoration. In the following 
chapter, the 5 most important treat-
ment-relevant risk factors relating to 
peri-implant inflammation are dis-
cussed in detail [102].

Association of periodontitis 
and peri-implant diseases
The similarity in the etiopathogenesis 
of peri-implant and periodontal in-
flammatory diseases highlights that 
periodontitis is a risk factor for bio-
logical complications and failures of 
dental implant treatment [42]. The 
corresponding causal association be-
tween plaque formation around im-
plants and peri-implant mucositis has 
been demonstrated. However, the 
reaction of hard and soft tissues to 

Figure 1 Orthopantomogram (initial condition).

Figure 2 Clinical probing values of the entire dentition (initial condition).
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the pathological biofilm around teeth 
and implants is only to some degree 
comparable. The microflora found 
around teeth and implants, that have 
been exposed to the oral environ-
ment for 6 months, is already com-
parable; however, it does not lead to 
the development and progression of 
peri-implant disease in every case. 
Periodontitis is considered a risk fac-
tor for peri-implantitis due to the 
possible transfer of periodontal pa-
thogens onto the implant surfaces 
and the reservoir effect of existing 
periodontal pockets [42]. Addition-
ally, genetic factors are strongly in-
volved in the etiopathogenesis of 
periodontitis and peri-implantitis and 
they lead to a correspondingly high 
susceptibility to both diseases in the 
same patient group [12, 34–36]. The 
occurrence of peri-implant diseases 
clearly correlates with the predisposi-
tion and severity of existing period-
ontitis in the individual patient. 
However, due to the anatomical con-
ditions of peri-implant tissues, in-
flammation-induced bone resorption 
often proceeds faster than at natural 
teeth. Therefore, patients with severe 
forms of periodontitis have signifi-
cantly lower implant survival rates 
(88–98.4 %) than patients with mod-
erate periodontitis (92.8– 100 %) or 
periodontally healthy individuals 
(96–100 %) in a 5- to 10-year period 
after periodontal treatment and im-
plant placement [58]. Implant success 
after 10 years is significantly lower in 
patients with generalized, severe peri-
odontitis (83.33 %) than in period-
ontally healthy patients who have 
success rates of up to 100 % [66, 114]. 
Overall, periodontally treated patients 
with initial stage I–II periodontitis 
have higher implant survival rates 
and less bone resorption around im-
plants than patients with more pro-
nounced stage III–IV periodontitis 
[58, 86]. For more severe grade C peri-
odontitis, much lower survival and 
success rates and greater marginal 
bone resorption [21] are observed 
than for grades A and B [66, 86, 114]. 
In particular, patients with a history 
of severe periodontitis accompanied 
by poor plaque control and irregular 
maintenance therapy are at signifi-
cantly higher risk for the occurrence 
of peri-implantitis [23, 81, 86].

Currently, the strongest risk fac-
tors for peri-implantitis include re-
maining large pocket depths, lack of 
follow-up care, poor oral hygiene 
and severe forms of periodontitis. 
Even localized, remaining inflam-
mation (PPD ≥6 mm with BOP) leads 
to a 5-fold higher risk of inflamma-
tory processes around implants com-
pared to successfully treated period-
ontitis [17].

Poor oral hygiene/irregular 
maintenance therapy
The lack of compliance during main-
tenance therapy is associated with 
tooth loss and attachment loss [6, 8, 
121]. The relationship between 
microbial plaque and diseases such as 
gingivitis and periodontitis has been 
demonstrated in numerous studies 
[7, 8, 61]. Causal therapy in the sense 
of plaque removal showed improve-
ments in inflammatory lesions in 
plaque-associated forms of etiopatho-
genesis [61]. A subsequent study in-
volving mucositis patients demon-
strated that efficient plaque control 
was critical for the prevention of peri-
implantitis [18]. Thus, the incidence 
of peri-implantitis over a 5-year peri-
od was significantly lower in patients 
undergoing maintenance therapy 
(18 %) than in patients not under-
going maintenance therapy (44 %). A 
study by Roccuzzo et al [85] also 
found a higher prevalence of peri-im-
plantitis over a 10-year period in the 
absence of maintenance therapy 
(41 %) than in the presence of main-
tenance therapy (27 %). Patients who 
attended maintenance therapy less 
than 2 times per year showed an in-
creased risk of developing peri-im-
plantitis (OR 4.69; 95 % CI 1.17– 
18.79).

Moreover, a strong association be-
tween inadequate home-based oral 
hygiene and peri-implantitis was 
shown in 4 studies with an odds ratio 
ranging from 5 to 14 [3, 27, 90, 101]. 
However, conflicting findings have 
also been published [53, 65, 96], de -
spite the fact that a singular plaque 
index recording in these studies gen-
erally does not reflect an exhaustive 
means of measuring the long-term 
oral hygiene status. Serino and 
Stroem investigated the oral hygiene 
ability of patients who displayed peri-

implantitis at implant-supported res-
torations [110] and were able to show 
that peri-implantitis was diagnosed 
in only 18 % of the areas accessible to 
oral hygiene and in 65 % of the areas 
not accessible to hygiene.

Smoking
Smoking is associated with chronic 
periodontitis, attachment loss and 
tooth loss [9, 116]. There is also an as-
sociation between smoking and peri-
implantitis [25]. In a 10-year study by 
Karoussis et al, smokers displayed 
peri-implantitis at 18 % of all im-
plants and non-smokers at only 6 % 
of all implants. In addition to the in-
corporation of nicotine, cotinine, and 
their decay products into periodontal 
tissues, smoking produces hydroxide 
and peroxyl radicals which destroy 
host DNA, cause lipid peroxidation of 
the cell membrane, dam age endothe-
lial cells, and induce vascular smooth 
muscle growth, thus causing numer-
ous tissue changes [117]. Reactive 
oxygen species (ROS) also activate the 
formation of pro inflammatory medi-
ators such as interleukin-6, tumor ne-
crosis factor-alpha or interleukin-1 
beta which are important in the pa-
thogenesis of peri-implant diseases. 
Smoking also leads to a reduction of 
blood vessel density [84] and to the 
exacerbation of the inflammatory 
lesion through genetic variation in 
the biotransformation of N-acetyl-
transferase-2, cytochrome P450, 
CYP2E4, and gluthathione S-trans-
ferase [51, 52]. Moreover, the func-
tional capacity and number of poly-
morphonuclear neutrophil granulo-
cytes decreases in smokers [33, 72] in 
relation to a cytotoxic effect of nic-
otine on fibroblast migration [26].

Lindquist et al. showed consider-
ably greater crestal bone resorption in 
smokers than in nonsmokers [60]. 
However, contrasting results from 
Aguirre-Zorzano et al. showed a peri-
implantitis prevalence of 15 % in 
239 patients over 5 years, with no in-
creased risk among smokers [3, 20, 
23, 76].

On the whole, smoking cannot 
be considered a relevant predictor of 
peri-implantitis development, but it 
should be considered a cofactor, es-
pecially when other risk factors such 
as periodontitis are present. Patients 
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with existing cofactor smoking and a 
periodontally compromised denti-
tion have a 4.6-fold increased risk of 
peri-implantitis compared to period-
ontally compromised nonsmok -
ers [113].

Future studies should survey the 
cumulative amount of nicotine abuse 
in “pack-years” and differentiate be-
tween smokers, former smokers, and 
nonsmokers in order to further eluci-
date the associations [25].

Diabetes mellitus
With a worldwide prevalence of ap-
proximately 8 % in adults [111], dia-
betes mellitus is considered another 
important risk factor for peri-implant 
disease [11] and periodontitis [29]. 
Due to the parallelisms in the patho-
genesis of peri-implantitis and peri-
odontitis, it is suspected that biologi-
cal complications at implants are fa-
vored by this metabolic disease. Since 
there are bidirectional relationships 
between periodontitis, peri-implanti-
tis and diabetes mellitus, glycemic 
control (HbA1c value) and its re-evalu-
ation are mandatory as part of pa-
tient-specific treatment. Hyperglyce-
mia results in the formation of ad-
vanced glycation end products (AGE) 
which dock to inflammatory cells via 
their receptor (RAGE) and lead to an 
increased release of inflammatory 
molecules (reactive oxygen species 
and cytokines), a reduction in che-
motaxis and the adhesion perform-
ance of inflammatory cells as well as 
an increase in bacterially induced in-
flammation of peri-implant tis-
sues [31]. Collagen cross-linking via 
AGE also leads to more difficult turn-
over of the peri-implant connective 
tissue [31]. A large number of studies 
have found a higher risk of peri-im-
plantitis in patients with poorly con-
trolled diabetes mellitus. Ferreira et 
al. showed a peri-implantitis preva-
lence of 24 % in untreated diabetic 
patients or patients with a blood glu-
cose level of ≥126 mg/dL compared 
with 7 % in the control group of non-
diabetic patients, which corresponds 
to an odds ratio of 1.9 [27]. Patients 
who received their diabetes diagnosis 
at the time of implant placement 
showed a 3-fold higher risk of devel-
oping peri-implantitis at the time of 
the 11-year follow-up evaluation [19]. 

Tawil et al. studied 45 patients with 
diabetes mellitus over an average du-
ration of 42 months (1–12 years); 
they diagnosed no peri-implantitis in 
patients with an HbA1c ≤7 %, but in 
the group of patients with HbA1c 
values between 7 and 9 %, they diag-
nosed peri-implantitis at 6 of 141 im-
plants [115].

Diabetes is thus considered an 
important potential risk factor for 
peri-implantitis [76, 102]. More spe-
cifically, it has been shown that dia-
betics have a two-fold higher risk of 
peri-implantitis than non-diabetics 
(OR 2.5, 95 % CI 1.4–4.5) [25]. From 
3 studies in which the information 
on diabetes mellitus was collected, 
not only anamnestically, but also 
clinically, 2 studies showed a signifi-
cant effect of diabetes [27] or HbA1c 
levels [115] on peri-implantitis.

Attached and/or keratinized 
mucosa
Although previous reviews [119] 
have shown that the lack of attached 
mucosa has no negative influence on 
peri-implant health, further meta-
analyses, mainly based on cross-sec-
tional studies, have conveyed that 
lower plaque accumulation, less tis-
sue inflammation, recession, and 
clinical attachment loss occurs when 
a minimum width of 1–2 mm kera-
tinized mucosa is present in compari-
son to when this minimum width is 
absent [59]. A lack of attached muco-
sa may negatively affect the ability of 
the patient to clean [59]. Pain-free, 
home-based cleaning of implant 
superstructures is considered an im-

portant goal in patient-specific treat-
ment. The attached mucosa – inde-
pendent of muscle movements – 
should not allow any microorgan-
isms to deposit on the peri-implant 
transmucosal attachment due to 
crevice formation in the area of the 
implant neck [55]. Recent reviews 
have shown significantly less peri-
implant inflammation and lower 
plaque and gingival indices in pa-
tients with at least 2 mm of keratin-
ized or attached peri-implant mucosa 
[13, 44, 59]. Although less gingival 
recession and attachment loss oc-
curred with sufficient mucosa, no sig-
nificant differences could be seen 
with respect to probing depth values 
[2, 44, 96, 123]. A non-significant 
trend indicates increased bone re-
sorption when there is insufficient 
mucosa [46, 96]. Rokn et al. demon-
strated a lack of keratinized mucosa 
as a statistically significant risk factor 
for peri-implantitis (OR 3.89; 95 % CI 
2.34–5.98) [90]. Moreover, Souza et 
al. found increased discomfort dur-
ing home-based oral hygiene in areas 
where there is less than 2 mm of ke-
ratinized mucosa, which was accom-
panied by correspondingly higher 
plaque values and increased bleeding 
on prob ing [112].

Treatment options for peri-
implant inflammation

Prevention of patient-specific 
risk factors
Patient-specific treatment of peri-im-
plant inflammation comprises of a 
synoptic treatment concept with, on 

Figure 3 Illustration of the morphology 
of the mesial intrabony defect at 46 by 
means of simplified papilla preservation 
flap after re-evaluation of the previously 
performed conservative periodontal ther-
apy.

Figure 4 Debridement of the root sur-
face with subsequent membrane posi-
tioning in the context of guided tissue re-
generation and defect filling with auto-
logous bone.
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the one hand, attention to the de-
tailed risk factors so as to prevent the 
development or renewed progression 
of peri-implant infections and, on 
the other hand, anti-inflammatory, if 
possible reconstructive treatment of 
peri-implant lesions.

Fundamental to the success of 
implant treatment is the long-term 
avoidance of biological, technical 
and esthetic complications. At the 
biological level, the absence of peri-
implant mucositis, peri-implantitis 
and the establishment of stable soft 
tissue conditions is necessary, es-
pecially as part of maintenance ther-
apy after the active treatment of peri-
implant infections. Biological com-
plications at implants differ in their 
frequency and severity in patients 
with and without periodontitis. The 
implementation of careful anti-infec-
tive periodontal therapy with the re-
duction of inflammatory signs and 
probing depth values prior to the 
treatment of peri-implant inflam-
mation is thus mandatory (Fig. 3–4).

For the successful long-term treat-
ment of peri-implant inflammation, 
particularly from the patient-specific 
point of view, it is essential to design 
the prosthetic restoration as close as 
possible to the natural appearance of 
the teeth, with correspondingly good 
hygiene characteristics and an op-
tically and functionally satisfactory re-
sult; often, this can only be achieved 
by restoring the lost tissue dimensions.

Tooth loss leads to both bone and 
soft tissue loss, which are often ex-

acerbated by atrophic bone remodel-
ing processes. It is not uncommon to 
have partially limited bone volume at 
the time of the indication for im-
plant placement. Augmentation of 
the alveolar ridge may be required in 
order to insert an implant in a 
physiological position, with suffi-
cient bone quantity, and a prostheti-
cally correct position.

The extent to which the crown-
to-implant length ratio has an in-
fluence on the survival, marginal 
bone level or prosthetic compli-
cations in the absence of augmen-
tation is controversially discussed. 
Some reviews concluded that no 
negative influences exist [69, 75]. In 
contrast, other systematic reviews ob-
served a higher incidence of pros-
thetic complications such as abut-
ment loosening or fractures, mainly 
in posterior jaw regions. Restoration 
of the near-original dimensions of 
the hard and soft tissues can mini-
mize these risks in the long term [64]. 
Moreover, the esthetic result is sig-
nificantly improved and the ability 
to maintain oral hygiene, thus ensur-
ing the prevention of inflammatory 
processes [44].

Treatment of peri-implant 
 mucositis
If peri-implant mucositis develops 
despite consideration of these recom-
mendations and risk factors, the 
causal therapy of the existing risk fac-
tors needs to start with the utmost 
priority; this includes smoking ces-

sation, control of diabetes mellitus 
and specific oral hygiene instruction. 
Localized plaque-induced inflam-
mation should be eliminated by non-
surgical mechanical plaque removal, 
optimization of oral hygiene skills, 
and inclusion in a regular mainten-
ance therapy program [73]. Efficient 
plaque removal without damaging 
the implant structure is the primary 
goal [63]. Home-based oral hygiene 
can be carried out using manual or 
electric toothbrushes and appropriate 
interdental brushes [83].

In the case of isolated inflamma-
tory sites in combination with ce-
mented restorations, remaining ce-
ment remnants should be taken into 
account and gently removed by non-
surgical cleaning. In cases where non-
surgical cleaning is unsuccessful, the 
removal of the prosthetic restoration 
and surgical cleaning and cemen-
tation under direct view are recom-
mended [83] because the removal of 
cement remnants leads to a signifi-
cant improvement of peri-implant 
tissue health [120].

The question of whether fixed 
prosthetic restorations should be 
screw-retained or cemented is still 
controversially discussed in literature. 
In a 2016 review, no clinically relevant 
differences were found with regard to 
marginal bone loss at the implant site 
for screw-retained or cemented resto-
rations [57]. Other authors found in-
creased plaque adhesion to cement 
remnants in combination with in-
creased incidence of peri-implant in-

Figure 6 Surgical treatment of peri-im-
plantitis in region 15 and 16 (horizontal 
bone resorption) and removal of the 
superstructure 8 weeks after closed scal-
ing and decontamination of the implant 
surface.

Figure 7 Implantoplasty using rotary in-
struments and subsequent removal of the 
granulation tissue and direct insertion of 
the restoration.

Figure 5 Peri-implantitis in region 15 
and 16 (initial clinical condition).
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flammation when methacrylate-based 
cements were used [71]. In periodonti-
tis patients, the use of screw-retained 
restorations appears to be desirable be-
cause it reliably excludes retention of 
cement remnants and makes the con-
struction easier to remove in cases of 
biological or technical complications. 
On the other hand, technical compli-
cations such as fracturing of the ve-
neering are more common among 
screw-retained restorations [99]. Thus, 
when choosing cemented restora-
tions, the fabrication of customized, 
anatomical abutments is helpful for 
preventing a deep subgingival posi-
tion of the cement gap and for ensur-
ing the removal of cement remnants. 
In addition, the avoidance of over-
hanging margins or concave surfaces 
on crowns and bridges should be 
aimed for in order to facilitate ideal 
home-based oral hygiene.

During mechanical cleaning, tita-
nium and carbon fiber instruments as 
well as plastic and teflon coated 
ultrasonic systems are used specifi-
cally in order to protect the implant 
surface [97]; this appears to be advan-
tageous for any potential augmen-
tative therapy approaches in the fu-
ture. However, it must be noted that 
debridement is in this case more inef-
fective and remnants may be left over 
on the surface [122]. In a randomized 
controlled trial, it was shown that the 
use of glycine powder systems gave 
better results for bleeding on probing 
in comparison to mechanical clean-
ing with carbon fiber instruments 

[40, 98]. Nonsurgical therapy is con-
sidered a successful treatment step in 
reversible peri-implant mucositis and 
is subsequently characterized by the 
absence of bleeding or suppuration 
on probing [73].

Treatment of peri-implantitis
Peri-implantitis lesions can be differ-
entiated into early and late infec-
tions. Early peri-implant inflam-
mation occurs immediately or in the 
first weeks after implant placement 
and it is mostly caused by postoper-
ative wound healing disorders. Late 
peri-implantitis is usually diagnosed 
after the implant’s osteointegration 
has been completed and its pros-
thetic restoration [82].

The removal of the affected im-
plant is usually indicated upon clini-
cal and radiological diagnosis, as well 
as, very low Resonance Frequency 
Analysis (RFA) values or very high 
Damping Capacity Analysis (DCA) 
values, deep tapping sounds, mobil-
ity and large probing values, which 
check for osseointegration [73]. In all 
other cases, the peri-implant inflam-
mation must be permanently re-
verted to a stagnation phase, begin-
ning with a non-surgical treatment 
phase and the adjustment of all oral 
hygiene parameters.

The basis for systematic and con-
tinuous prevention and treatment of 
peri-implant diseases is the original 
CIST concept (cumulative intercep-
tive supportive therapy or antiseptic 
cumulative supportive therapy) ac-

cording to Mombelli and Lang [68]. 
The CIST concept is a step-by-step 
model divided into 4 treatment steps. 
Depending on the diagnostic course, 
the modular therapy guide initially 
includes hygiene instructions and 
professional dental cleanings (part A), 
followed by chlorhexidine rinses, gel 
applications (part B) and systemic 
antibiotic medication (part C) as well 
as subsequent surgical interventions 
with either resective or regenerative 
treatment approaches (part D). How-
ever, especially in the further devel-
opment of patient-specific treat-
ments, the existing risk factors must 
be recognized and adjusted, and the 
evaluation of the treatment at each 
step must not be made according to 
rigid consideration of the probing 
values, but according to the change 
in probing values over time [43].

Nonsurgical treatment of peri-im-
plantitis can be expected to reduce 
bleeding on probing, but it can only 
result in a limited improvement in 
probing values [77, 118]. When adju-
vant irrigation solutions or anti-
biotics were used, such as minocyc-
line products and tetracycline deriva-
tives, they proved to be effective and 
improved the bleeding on probing 
values as well as the probing depths 
[10, 14, 78, 79, 100]. However, the 
administration of systemic antibiotics 
should be avoided for nonsurgical 
procedures [77]. The adjuvant use of 
Nd:YAG and Er:YAG lasers in addi-
tion to mechanical therapy has also 
been shown to have only short-term 

Figure 8 Condition after surgical peri-
implantitis treatment with insufficient 
soft tissue (3 months).

Figure 9 Harvesting of free mucosal 
graft (right palate) and vestibuloplasty in 
order to widen the keratinized mucosa.

Figure 10 Stable peri-implant and in-
flammation-free soft tissue condition at 
the time of a 3-year follow-up check of 
region 15 and 16.
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success, which lasted a few months 
in terms of bleeding on probing and 
probing depths [1, 80].

Six weeks after the nonsurgical 
procedure, surgical, mechanical de-
bridement including chemical de-
contamination of the implant sur-
face should be performed. Access 
flaps, resective therapy approaches 
with or without implantoplasty, or 
augmentative procedures can be used 
during this operative intervention. 
In this context, the bony defect mor-
phology and the position of the af-
fected implant – inside or outside the 
esthetic area – are considered to be 
the decisive factors in further treat-
ment planning. In principle, aug-
mentative measures for intrabony 
components such as bowl-shaped de-
fects (class Ie [108]) and 3- or 
4-walled bone defects can achieve 
improved clinical and radiological 
therapeutic results in addition to 
anti-inflammatory ones. The remain-
ing bony defect morphologies are 
usually treated with resective thera-
peutic procedures.

Surgical access flaps and resective 
treatment approaches are indicated 
for supracrestal bone defects (horizon-
tal bone resorption) with exposed im-

plant threads [45, 50]. Resective treat-
ment of peri-implant inflammation 
can recontour the bone and reduce 
probing values. This can be perform-
ed together with or without smooth-
ening of the implant surface. In the 
esthetic region, an access flap with a 
strictly intrasulcular incision can be 
used while preserving the soft tissue; 
in the posterior region, an apically 
displaced flap can be used [45]. In es-
thetic regions with moderate bone 
loss and shallow bone defects, the 
combination of surgical debridement 
with a free connective tissue graft is a 
recommended option in order to 
achieve significant clinical improve-
ment while still avoiding the high 
risk of recession [37, 105]. In posterior 
areas, resective treatment together 
with implantoplasty lead to improved 
clinical and radiological results after a 
3-year follow-up compared to the 
control group with only the resective 
approach without implantoplasty 
(STM: 1.64 ± 1.29 vs. 2.3 ± 1.45 mm) 
[93, 94] (Figs. 5–6). For implanto-
plasty, flame or ellipse shaped carbide 
burs (30 mm length) can be used with 
normal (12 cutting edges) and ultra-
fine (30 cutting edges) finishing 
grades. The smoothening of the sur-

face is finalized with Arkansas and 
Greenie tips. However, the remaining 
titanium particles in the tissue should 
be reduced by means of gauze expo-
sure and excision of the granulation 
tissue after implantoplasty or, de-
pending on the indication and diag-
nosis, implantoplasty should be lim -
ited to the supramucosal areas before 
flap formation, since the effect of tis-
sue reactions to the remaining tita-
nium with regard to progressive peri-
implant inflammation is currently 
unclear [45, 102]. In order to improve 
the course of treatment, it is recom-
mended to remove the superstructure 
before the respective operative inter-
vention, especially in the case of im-
plantoplasty; in this way, the super-
structure can be adapted with regard 
to its oral hygiene design before being 
reinserted [45]. Adjuvant systemic 
antibiotics in the case of resective pro-
cedures did not result in significant 
clinical and radiological long-term 
improvement [16].

Augmentative procedures are indi-
cated for bowl-shaped bone defects 
(Class Ie [108]) and 3- or 4-walled 
bone defects where the bone contour 
is preferably preserved as a scaffold 
shape, especially in the case of mod-
erately rough implant surfaces after 
considering the corresponding exist-
ing risk factors [29, 73, 88, 103, 108]. 
Pre-operatively, especially the implant 
position and design as well as the hy-
gienic suitability of the prosthetic re-
construction should be critically 
evaluated [73]. For the execution of 
augmentative surgical interventions, 
the use of bone or bone substitutes in 
combination with or without a mem-
brane technique for guided tissue re-
generation, or in combination with 
biologically active agents, primarily 
enamel matrix protein derivatives, 
bone morphogenetic proteins (BMPs) 
or platelet-rich fibrin membranes 
(PRF), is available [74]. In the major-
ity of studies, the augmentative inter-
ventions resulted in an improvement 
of the clinical and radiological par-
ameters over a study period ranging 
from 6 months to 7–10 years [74]. 
Bleeding on probing reduced by an 
average of 25.9 % [32] to 91 % [28] 
over the follow-up period of up to 
7 years. The probing values also de-
creased between 0.74 mm and 

Figure 12 Orthopantomogram 3 years postoperatively (final findings).

Figure 11 Clinical probing values of the entire dentition 3 years postoperatively (final 
findings).
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5.4 mm [48, 104]. The type of surface 
decontamination had no significant 
effect on these parameters [22, 
48, 54], and thus, cleaning with sa-
line-soaked gauze can be considered 
as the standard for all surgical pro-
cedures [107]. Titanium granules as a 
filler did not show a positive in-
fluence on clinical parameters in aug-
mentative proce dures compared to 
simple access flaps [5, 39]. In 
2 studies, there were no significant 
differences between the use of autolo-
gous bone alone and the combination 
with resorbable [95] and non-resorb-
able membranes [48]. In contrast, one 
study provided better clinical results 
when bone graft substitute was com-
bined with a membrane [106]. Fur-
thermore, the addition of enamel ma-
trix protein derivatives did not im-
prove probing depths and bleeding 
on probing compared to the control 
group with access flaps [38]. There-
fore, long-term studies currently show 
no evidence for the clinical superior-
ity of any particular combination 
in [74].

The question of whether to allow 
open or closed healing [92] and the 
benefit of adjuvant systemic antibiotics 
[74] also cannot be clearly answered on 
the basis of the current state of litera-
ture. If the superstructure permits a 
non-destructive removal and, in par-
ticular, the use of membrane technol-
ogy where a correspondingly increased 
risk of exposure is considered [48], 
closed healing may be favored.

Stabilization and improvement 
of the treatment outcome
The described augmentative tech-
niques, in contrast to the purely sur-
gical access flaps and resective treat-
ment approaches, aim not only to 
achieve an anti-inflammatory effect, 
but also to improve the therapeutic 
outcome in terms of probing depths, 
attachment level and defect filling. 
Additional options for hard and soft 
tissue management are described 
below.

Hard Tissue Management
Generally, augmentative procedures 
are limited to the intrabony region, 
so supracrestal implant surfaces 
should be treated with either debride-
ment only or supracrestal limited im-
plantoplasty, depending on the risk 
profile [104]. In the esthetic area, 3D 
restoration of the alveolar process in-
cluding the supracrestal portions may 
be considered in the absence of risk 
factors – currently without scientific 
evidence. The author recommends 
the shell technique as a modification 
to the autogenous block augmen-
tation for vertical bone resorption 
consecutive to peri-implantitis, so as 
to improve healing and bone stability 
[49] (Figs. 13–15). This concept of 
bone block grafting from the retro-
molar mandible uses a thin block 
graft as a biological membrane, 
which gives the particulate bone graft 
material the desired shape and di-
mension. Particulate bone has an in-

creased surface area with a high re-
generation potential and thus mostly 
improves osteoconduction. For 
closed healing, absolutely tension-
free wound closure with periosteal 
slitting or adjunctive rotation/swing 
flaps is mandatory.

Soft Tissue Management
Before, during and after surgical 
peri-implantitis treatment, all risk 
factors (e.g. lack of attached keratin-
ized mucosa) must be immediately 
checked [109]. If there is a strong 
muscular influence on the peri-im-
plant soft tissue, the width of the 
keratinized mucosa should be in-
creased previous to surgical aug-
mentation therapy in order to opti-
mize soft tissue handling, including 
primary wound closure. In the re-
maining cases, to prevent recur-
rence, this potential risk factor can 
be surgically resolved after success-
ful treatment of the peri-implant in-
flammation [109]. In most cases, 
there is a deficit of attached keratin-
ized mucosa after hard tissue aug-
mentative or resective surgery. In 
this regard, despite limited scientific 
evidence, the absence or inadequate 
width of keratinized peri-implant 
mucosa is considered a source of risk 
for recurrent peri-implant disease. 
The presence of an adequate kera-
tinized collar reduces plaque ac-
cumulation, tissue inflammation, 
mucosal recession, and attachment 
loss [44]. From a clinical perspec-

Figure 13 Combination of a supracrestal 
and Class Ie defect in the esthetic maxil-
lary anterior region. After non-surgical 
treatment, surgical cleaning and decon-
tamination of the implant surface is car-
ried out.

Figure 14 Augmentation of the defect 
using the biological 3D shell technique 
according to Khoury and retromolar 
bone harvesting with subsequent closed 
wound healing.

Figure 15 Re-entry at the exposed site 
after 3 months with complete reconstruc-
tion of the bony alveolar process and in-
sertion of the existing prosthetic restora-
tion.
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tive, a minimum width of 2 mm of 
keratinized, attached peri-implant 
mucosa is recommended in order to 
improve peri-implant soft tissue sta-
bility, allow the patient to ad-
equately clean and minimize sub-
sequent risks due to increased 
plaque accumulation. In the ab-
sence of this keratinized mucosa, it 
is imperative to utilize a free muco-
sal graft so as to improve the clinical 
situation. [15, 89, 109] (Figs. 8–10). 
In this regard, autologous free mu-
cosal grafts from the palate show 
better results in terms of widening 
the keratinized mucosa compared to 
vestibuloplasty alone, acellular der-
mal matrices, or xenogeneic col-
lagen matrices [15, 62].

Follow-up care
Follow-up care (supportive period-
ontal therapy) is key to the success-
ful, long-term treatment of peri-im-
plant inflammation [73] and it only 
functions when potential patient-
specific risk factors are taken into 
consideration. During maintenance 
therapy, intensive, repetitive instruc-
tion, demonstration, and motivation 
of the patient is indispensable [47]. 
Moreover, the peri-implant probing 
depth values must gently be recorded 
and the re-evaluation of effective 
home-based as well as professional 
hygiene skills must be carried out. 
The recall interval should be selected 
according to the individual’s risk pro-
file [56, 70], whereby patients with 
previous peri-implant inflammation 
are generally considered to be at an 
increased risk [73]. For this reason, a 
close-meshed 3-month interval for 
supportive periodontal therapy 
should always be selected initially, 
which can always be adapted on a 
patient-specific basis according to 
existing risk factors.

Conclusion
Patient-specific treatment of peri-im-
plant inflammation is based on a 
synoptic treatment concept with 
special attention to therapy-relevant 
risk factors. The prevention of newly 
recurring peri-implant infections and 
anti-inflammatory, if possible recon-
structive, treatment of peri-implant 
lesions is considered to be the thera-
peutic goal.

With successful active periodonti-
tis treatment, the establishment of 
adequate oral hygiene including 
prosthetic and/or soft tissue con-
ditioning, as well as, possible nic-
otine reduction and the adjustment 
of diabetes mellitus with HbA1c target 
value <7, significant risk factors can 
be eliminated and the initial con-
ditions for the subsequent treatment 
of peri-implant inflammation can be 
created.

Peri-implant inflammation 
should be initially treated with non-
surgical mechanical plaque removal 
and antimicrobial rinses. After re-
evaluation, surgical mechanical de-
bridement using access flaps, resec-
tive therapy approaches together 
with or without implantoplasty, or 
augmentative procedures may be 
used. In principle, resective therapy 
procedures together with or without 
implantoplasty can be used for supra-
crestal bone defects (horizontal bone 
resorption) and augmentative 
measures for intrabony components 
such as bowl-shaped defects. In the 
context of patient-specific treatment 
of peri-implant inflammation, par-
ticular importance is accorded to fol-
low-up care and the accurate re-
evaluation of risk factors.
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Introduction
In Germany alone, more than 
1,300,000 dental implants are placed 
annually [3]. The complication rate is 
still about 20 % over an observation 
period of 5 years, and peri-implant 
inflammation is one of the main 
causes of implant failure [2, 4]. Never-
theless, implantological treatment of 
the gap dentition or the edentulous 
jaw has become an indispensable part 
of the treatment spectrum in modern 
dentistry, especially because the range 
of indications for dental implants is 
constantly expanding due to further 
developments in manufacturing tech-
niques and materials. Today, modern 
pre-implantological and implanto-
logical surgical techniques allow im-
plant restorations in almost all areas. 
However, depending on various in-
fluencing factors, the long-term prog-
nosis varies.

The focus of this article is on 
those aspects that influence the risk 
of complications occurring during the 
surgical procedure of implant restora-
tion. General and general medical risk 
factors for implant complications, 
such as medications or pre-existing 
conditions, are not the focus of this 
article; rather, it is assumed that abso-
lute and relative contra indications are 
recorded and taken into account on a 
patient-specific basis.

Figure 1 shows a flow chart for a 
standardized procedure that can re-
duce the occurrence of complications 
in the period leading up to implant 
placement. The main focus is on 
avoiding unfavorable hard and soft 
tissue conditions in the implantation 
region or improving unfavorable 
conditions prior to implant place-
ment coupled with sensible backward 
planning and correct selection of the 
appropriate implant types.

In addition to the special require-
ments for the actual implantation, 
the planning of the desired implant 
position, taking into account the sub-
sequent implant-prosthetic restora-
tion, plays a particularly important 
role. Jepsen et al. demand that the se-
lected implant position and the pros-
thetic restoration must be chosen or 
designed in such a way that they are 
accessible to regular oral hygiene at 
home as well as to professional pro-
phylaxis [12]. According to Schwarz 

et al., however, there are still few data 
on this in the literature, so that the 
underlying evidence regarding the 
pre-implantological factors influenc-
ing the development of peri-implant 
inflammation is still limited [23]. Im-
plant planning that not only takes 
into account in advance surgical as-
pects such as bone quality and quan-
tity, but also considers the prosthetic 
restoration planned later in terms of 
the necessary implant diameter, sub-
sequent soft tissue management and 
hygiene capability, helps to reduce 
the risk of peri-implant soft tissue in-
flammation and established peri-im-
plantitis. For example, according to 
Romanos et al., larger diameter im-
plants show greater degradation of 
the buccal bone lamella over time 
than thinner implants with a diam-
eter ≤3.75 mm [21]. This shows that 
with regard to the selection of the 
correct implant position, the hard 
and soft tissue located in the desired 
area must be taken into account in 
addition to the planned restoration 
and its expected loading. Increased 
mucosal mobility, i.e., the absence of 
keratinized attached gingiva in the 
region of implants, may trigger peri-
implant inflammation [23]. Pre-im-
plant assessment of the surrounding 
soft tissue at the planned implant site 
is therefore particularly important. 
Often there is increased mucosal mo-
bility in the region of the frenulum 
and labial frenulum, especially if 
atrophy of the alveolar ridge has oc-
curred after tooth loss. Increased al-

veolar ridge atrophy also leads to a 
change in the positional relationship 
between the alveolar ridge and the 
enveloping folds, in the vicinity of 
which the proportion of keratinized 
attached gingiva is also reduced.

Today, drilling templates can be 
used to transfer the planned implant 
position(s) very precisely to the clini-
cal situation in the patient’s mouth 
[19]. Although the digitally supported 
modern planning and treatment op-
tions already offer good therapy 
safety, dental implants unfortunately 
exhibit the relatively high compli-
cation rate already mentioned above.

The aim of this review article is to 
first provide an overview of the so-
called backward planning method, 
followed by a closer look at pre-im-
plantological surgical strategies and 
guided implant placement. Finally, a 
brief review of the currently relevant 
literature will be given. By way of in-
troduction, the following general 
question should be asked: Is there an 
ideal implant position and how can 
it be found?

Pre-implantological back-
ward planning
An ideal implant position depends 
on various aspects. Surgically, good 
primary stability and subsequently 
good osseointegration are of decisive 
importance. A good initial bony situ-
ation, complication-free implant 
placement and postoperative bacte-
ria-proof mucosal closure are import-
ant for achieving these goals. In 

Figure 1 Basic strategies to reduce the peri-implant risk before and during implant 
placement.
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terms of implant prosthetics, the 
ideal implant position depends on 
the expected load from the denture 
and the available space. In particular, 
the expected load plays a prominent 
role in connection with the desired 
ideal long-term stability, as the ideal 
force distribution via the denture and 
the implant into the bone can only 
take place if the acting force has a di-
rect effect in the implant axis and the 
implant has been correctly selected in 
terms of shape and diameter. In addi-
tion, it is essential to consider aspects 
of subsequent hygiene capability.

Due to the individual anatomical 
conditions of each patient, ideal con-
ditions can only be found in ex-
tremely rare cases, so that in almost 
all cases the “ideal” implant position 
means the best implant position for 
the individual patient. Kalra et al. 
point out in their paper that optimal 
positioning taking into account bio-
mechanical, masticatory, esthetic and 
phonetic aspects is a prerequisite for 
an optimal implant restoration [16]. 
The design of the subsequent pros-
thesis must therefore be determined 
before the actual implant placement. 
The following applies: the more pre-
cisely the planning corresponds to 
the subsequent restoration, the more 
information can be included in the 
implant planning. It is important to 
remember that not only the position 
and angulation of the implant play a 
role. According to Yi et al., the se-
lected implant diameters with the re-
sulting emergence angles and emerg-
ence profiles also have a significant 
influence on the development of 
peri-implant inflammation and thus 
on the long-term success of the resto-
ration [28].

The influence of the final design 
of the prosthetic restoration on the 
risk of peri-implant inflammation is 
also an important aspect. This topic 
is the subject of another article in 
this issue and will therefore not be 
considered in depth below.

The basic procedure of backward 
planning is briefly described below 
using 2 examples: In the first 
example, a switching gap in the 
maxilla at position 26 is to be re-
stored with an implant-supported 
single crown (Fig. 2a–e). A DVT 
image is taken to evaluate the bony 
structures and the maxillary sinus. 
The subsequent crown is clearly 
predetermined by the extent of the 
gap and the position of the antago -
nists. In this case, therefore, a virtual 
tooth set-up on the computer in suit-
able software is sufficient if required, 
which is then used for the initial vir-
tual positioning of the implant. A 
three-dimensional data set of the 
clinical situation is required for the 
fabrication of the drilling template. 
This can either be obtained by scan-
ning a situation model, or intra-oral 
scanning systems can be used for di-
rect data acquisition. By merging the 
planning data and the model data 
set, all relevant information is avail-
able for the fabrication of the surgical 
guide, e.g. in 3D printing.

In the second example, a patient 
with a cleft jaw in the maxilla is to be 
restored with an implant-supported 
complete denture. No old denture is 
available. In this case, the subsequent 
position of the teeth and the volumes 
of the denture bases must first be de-
termined by means of jaw relation de-
terminations and wax-up, analogously 
to the procedure in conventional 

complete denture prosthetics. After 
the try-in on the patient, the wax-up 
and models can also be digitized.

If necessary, for example if the 
jaw relationship is unclear, the wax-
ups can also be converted into radi -
opaque templates for a DVT scan 
using barium sulfate. Alternatively, in 
some cases it is also possible to use 
the palatal soft tissue situation in the 
maxilla to match the digitized model 
data sets with and without a wax-up 
as a reference in the implant plan-
ning software (Fig. 3).

In this example, too, all the rel-
evant data for manufacturing the 
drilling templates are now available.

Today, digitally pre-planned im-
plant positions and corresponding 
drilling templates can already 
achieve a particularly high predicta-
bility of the subsequent real implant 
position. Van de Wiehle et al. studied 
the transfer accuracy of template-
guided implant placement and 
found deviations of the implant 
shoulder from the digitally planned 
position in both the vertical (0.5 ± 
0.5 mm) and horizontal (0.9 ± 
0.5 mm) directions [26]. Similar data 
have been found in other research 
groups, although maximum devi-
ations in all spatial directions of up 
to 2 mm have also been observed 
[15, 27]. According to Ruppin et al., 
the accuracy of navigated implant 
placement depends on the quality 
and image resolution of the under-
lying 3D radiographic data set and 
the available bone [22]. Therefore, 
even with theoretically very good in-
itial situations, slight deviations from 
the ideal implant position may ulti-
mately occur during implant place-
ment, e.g. in the maxilla due to the 

Figure 2a 3D data set of a switching 
gap in region 26 after direct intraoral 
scan.

Figure 2b Virtual set-up of a prefab-
ricated planning tooth 26 in the present 
3D data set.

Figure 2c Sectional view from planning 
DVT (before pre-implantological 
measures) with virtually positioned im-
plant 26, superimposed virtually posi-
tioned tooth and virtual drill sleeve. Here 
it is clear that a sinus lift is required be-
fore implant placement.
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lower density of cancellous bone 
(Fig. 4).

Pre-implant surgery and 
soft tissue management
The term pre-implant surgery covers 
all surgical procedures that serve to 
provide a biologically adequate hard-
tissue implant site and adjacent soft-
tissue site. This term must be distin-
guished from that of pre-prosthetic 
surgery. The latter includes surgical 
procedures that serve to improve the 
prosthetic bearing, especially in the 
era before the breakthrough of im-
plant-supported dentures [11]. Typical 
procedures include lowering of the 
mouth floor, vestibuloplasty, and re-
moval of slack ridges and ostoses [11].

A variety of different procedures 
exist to create a hard tissue implant 
site for subsequent implant place-
ment. Frequently, reconstructive or 
augmentative procedures are divided 
into autologous, allogenic and xeno-
genic procedures according to the 
origin of the biomaterial used. While 
autologous bone, either microsur-
gically anastomosed or avascular, is 
considered the gold standard for re-
construction of continuity defects, al-
logeneic and xenogeneic materials 
can be used in addition to autologous 
procedures for circumscribed, local 
augmentation. In addition to their 
use in pure form, biomaterials can 
also be used in combination. For this 
purpose, the admixture of xenoge-
neic or allogeneic materials to autolo-
gous bone has proven successful. In-
traoral donor sites for autologous 
bone, either as a block or in particu-
late form, include the retromolar re-
gion, the chin region, and for recon-
struction in the esthetic region, the 

crista zygomatico-alveolaris [9]. For 
the sake of completeness, alveolar 
ridge distraction and sandwich osteo-
plasty should also be mentioned 
here, although both are indicated 
much less frequently in daily practice 
[1, 10].

In principle, bone grafts must be 
fixed in a positionally and rotation-
ally stable manner to allow access by 
ingrowing vessels. Covering with a 
collagen membrane can improve the 
result and allows secondary wound 
healing without complications if de-
hiscence occurs.

Especially in the esthetically rel-
evant anterior region or if large 
extraction sockets are expected, the 
possibility of socket preservation 
must be considered. In their review 
from 2019, Juodzbalys et al. have 
elaborated that esthetic, functional 
and risk-associated aspects should be 
used for decision-making in this con-
text and presented a corresponding 
decision tree [14].

The use and success of allogeneic 
and xenogeneic materials in pre-im-
plantological surgery have already 
been demonstrated scientifically in 
large numbers. For this reason, many 
of these bone substitutes or bio-
materials are established as standard 
augmentative procedures for many 
indications. While the interaction be-
tween the implant surface and the 
hard tissue bearing is crucial for the 
initial osseointegration of dental im-
plants, the maintenance or gener-
ation of an adequate soft tissue situ-
ation around the implant is seen as a 
key factor for long-term success and 
for the prevention of peri-implant 
diseases. In their systematic review, 
Pranskunas et al. found that the ab-

sence of keratinized attached gingiva 
in the implant site is necessary to im-
prove hygiene and reduce the risk of 
peri-implantitis [18]. For this reason, 
soft tissue interventions, often in the 
form of various free connective or 
mucosal grafts, are an integral part of 
current dental implantology [24]. 
Soft tissue grafting can be performed 
temporally before, during, and after 
placement of a dental implant [25]. 
The goal of all procedures is basically 
to create a hem of 2 mm of keratin-
ized mucosa circularly around the 
implant [20].

Navigated, template-guided 
implantation
The targeted use of digital image 
analysis enables precise prediction for 
pre-implant bone augmentation and 
the creation of computer-assisted 
drill guides with pinpoint implemen-
tation of both bone augmentation 
and implant placement [8, 9].

In this context, too, the terms 
navigation and template-guided im-
plantation should be handled care-
fully, as they are often erroneously 
used synonymously. The basic pre-
requisite for both procedures is a 3D 
data set (DVT/CT) with a slice thick-
ness <1 mm. Navigation is a real-time 
scanning procedure. For this purpose, 
(drilling) instruments can be pro-
vided with reference markers, regis-
tered and used for real-time scan-
ning – so-called real-time navigation. 
In dental implantology, the implant 
drill can thus be registered (“track-
ed”), and the three-dimensional 
movement of the instrument can be 
followed in real time on the screen 
[29, 30, 31]. Three-dimensional con-
trol of the drill instrument is freely in 
the hands of the surgeon. The vector 
and length of the drill bit can be 
planned virtually, but are not fixed in 
a template. In contrast, in template-
guided implantation (“guided sur-
gery”) – depending on the nature of 
the template – implant position, 
length and vector are encoded. It 
usually does not include a real-time 
component, as the implant hole is 
coded in all dimensions in the tem-
plate. Theoretically, both methods 
could be combined, but this would 
not result in any additional gain in 
information and safety. It has been 

Figure 2d Projection of the virtually 
positioned implant onto the 3D dataset 
with additionally superimposed drill 
sleeve.

Figure 2e Teeth from DVT super-
imposed in the 3D dataset for correct 
matching of datasets with virtual im-
plant, drill sleeve, implant axis and virtual 
drill guide.



34

© Deutscher Ärzteverlag | DZZ International | Deutsche Zahnärztliche Zeitschrift International | 2022; 4 (1)

POTT, ULMER, ZIMMERER:
Implant planning and surgical aspects to reduce the risk of peri-implantitis

demonstrated in numerous scientific 
publications that guided and navi-
gated implant placement is superior 
to freehand implant placement for 
achieving the preoperatively virtually 
planned implant position [13]. In ad-
dition, both procedures provide addi-
tional safety to protect important ad-
jacent anatomical structures. It seems 
conceivable that precise implant po-
sitioning in accordance with the pre-
liminary planning can also reduce 
the probability of occurrence of peri-
implant diseases, but this has not yet 
been proven beyond doubt.

Brief overview of current 
relevant literature
Overall, the literature on surgical pre-
vention in particular is still very lim -
ited. Although there are many articles 
on surgical therapy of peri-implant 
diseases, there are only few on direct 
prevention of peri-implantitis. This 
brief review intentionally includes 
only articles from the past 5 years, as 
the authors believe that current litera-
ture is relevant for new patient care.

A PubMed search of current litera-
ture from the past 5 years on the 
topic of surgical prevention of peri-
implant inflammation with the 
search term “surgical prevention of 
peri-implantitis” resulted in a total of 
98 hits. After independent review of 
the hit list, 95 articles were excluded 
based on the titles that dealt with the 
therapy of peri-implant inflam-
mation and not with its prevention.

After reviewing the abstracts, a 
total of 3 articles remained, plus one 
additional article from the relevant 
secondary literature, which have 
been included in the following brief 
overview.

Romanos et al. describe that, in 
addition to implant-prosthetic com-
ponents, trauma during surgically in-
vasive treatment, the choice of the 
correct implant diameter and the mis-
placement of implants have an in-
fluence on the formation of biofilm 
and on the processes of bone remod -
eling. Biological aspects, such as suffi-
cient bone volume and an adequate 
attached mucosa in the surgical site, 
also play prominent roles [21].

Plonka et al. have dealt with ver-
tical ridge augmentation and de-
scribed a decision tree for augmen-
tation heights of less than 4 mm, be-
tween 4 and 6 mm, and of more than 
6 mm. Plonka’s group also empha-
sizes that anatomical, clinical, and 
patient-specific factors influence 
treatment success [17]. Fu and Wang 
already dealt with horizontal bone 
augmentations in 2011 and found 
that the thickness of the soft tissue, 
position and shape of the alveolar 
ridge and the availability of autogen-
ous bone in the augmentation area 
have an influence on the augmen-
tation success [5]. In their paper pub-
lished in 2020, Geisinger et al. also 
emphasize the particular importance 
of patient-centered and evidence-
based implant planning for long-

term treatment success. Above all, pa-
tient-specific risk factors must be 
taken into account in the therapy 
finding process. In particular, Gei -
singer et al. cite underlying systemic 
diseases, systemic medications, smok-
ing, existing periodontal disease, ef-
fectiveness of plaque control, quality 
and quantity of relevant soft tissue, 
and individual anatomical conditions 
as influencing factors [6]. All the 
groups of authors cited here agree 
that long-term successful implant 
treatment requires targeted planning 
of the implant placement, taking 
into account patient-specific ana-
tomical as well as anamnestic con-
ditions.

Conclusion
Finally, the question posed at the be-
ginning “Is there an ideal implant 
position and how can it be found?” 
will be answered.

Taking into account the patient-
specific risk factors, the individual 
hard and soft tissue situation, the 
requirements for high esthetics, long-
term functionality and the associated 
good hygiene, it can be summarized 
that the “ideal implant position” 
must be understood as a patient-spe-
cific optimum. This optimum can be 
achieved today with a high degree of 
planning reliability by means of a 
complete clinical assessment taking 
into account the aspects listed in this 
article with regard to pre-implanto-
logical surgical measures and ad-

Figure 3 Data sets from DVT and model scan (green line) and wax-up (violet line) 
superimposed on the basis of the mucosa reference. It is particularly clear which soft 
 tissue support can be expected from the anterior set-up.

Figure 4 Implant in region 15. The 
screwed-in impression post shows a 
slight mesial angulation of the implant.
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equate backward planning. Neverthe-
less, the risk of peri-implant infec-
tions cannot be completely elimin-
ated in the course of treatment, but 
can only be reduced.
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Patient-related risk factors for 
 peri-implantitis and pre-implant 
treatment

Introduction: Peri-implantitis represents a major complication for the long-
term preservation of dental implants and is often attributable to the combined 
effect of risk factors. This review aims to present patient-related risk factors 
that are linked to peri-implantitis and to discuss possible solutions in terms of 
a pre-implant therapy.

Material and methods: While implant characteristics and surgical tech-
niques are patient-independent risk factors for peri-implantitis, patient-related 
factors may also potentially contribute to an increased risk of developing peri-
implantitis. The most commonly discussed factors include patient age, medi-
cation and other medical treatments, existing periodontitis, plaque and lim -
ited oral hygiene, patient compliance related to supportive implant therapy, 
lack of attached gingiva, smoking, diet, diabetes, and patient genetics.

Conclusion: Whereas patient age was not found to diminish implant survival 
and the factor genetics is currently considered to be unpredictable, potential 
influencing measures could be identified for the other risk factors. These in-
clude a comprehensive anamnesis and diagnosis, attention to contraindi-
cations (e.g. i.v. antiresorptives, patients receiving radiotherapy and smoking 
simultaneously), treatment of existing periodontitis, smoking cessation, ad-
equate adjustment of HbA1c values in diabetics, dietary counseling, plaque re-
duction, attention to and creation of attached gingiva and sufficient hard tis-
sue as well as offering a well-structured supportive implant therapy.
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Introduction
Dental implant placement is now-
adays a routinely and widely used 
procedure for the replacement of 
teeth, which has the advantage of 
conserving the adjacent teeth. It is es-
timated that around 12 million im-
plants are placed annually world-
wide [1]. Implants show survival rates 
of over 90 % in 10-year follow-up 
studies [29, 44]. However, one of the 
main complications that limits the 
long-term success of implants is peri-
implantitis. It affects an average 22 % 
of implants and it is not treatable 
predictably using current methods 
[7, 14]. For this reason, the preven-
tion of peri-implantitis is of critical 
importance.

While the choice of implant ma-
terials and surgical techniques are 
two factors that the dental team can 
directly influence in the prevention 
of peri-implantitis, patients them-
selves harbor factors for the devel-
opment of peri-implantitis, namely 
the interplay between biofilm and 
the immunological response (Fig-
ure 1). Similar to the “host-mediated 
dysbiosis” described in the etiology 
of periodontitis, both the immune 
system as well as the patient’s beha-
vior play significant roles. Fur-
thermore, it is believed that the in-
flammatory process of peri-implant 
mucositis is a precursor stage to peri-
implantitis, which is then accom-
panied by irreversible bone resorp-
tion [51]. Taking into account the 
varying influences that can lead to 
peri-implantitis, it comes as no sur-
prise that a recent study was able to 
demonstrate strong interindividual 
differences in the immunohistologi-
cal response associated with peri-im-
plantitis (at the time of explan-
tation) [12]. The risk factors of peri-
implantitis can exert both a strong 
localized influence (such as plaque 
and attached gingiva), as well as a 
strong systemic effect (such as medi-
cations, age, smoking).

In order to identify patient-re-
lated risk factors that are involved in 
triggering such individually varying 
immune responses, it may be helpful 
to ask how tooth loss occurred in the 
first place before implants are placed. 
Apart from trauma and tumor-related 
reasons, it can be assumed that either 

genetic and/or behavioral factors (re-
sulting in caries and periodontitis) 
have resulted in tooth loss. While the 
development of caries is primarily de-
termined by the increased consump-
tion of processed carbohydrates (such 
as sugar, sweets, soft drinks, juices), 
on the one hand, and fluoridation 
through oral hygiene measures, on 
the other, other immunomodulatory 
risk factors play a role in the etiology 
of periodontitis [31, 47]. Besides the 
special factor, namely plaque, beha-
viors such as smoking, pro-inflamma-
tory diets, physical inactivity, and 
stress augment a possible genetic pre-
disposition [9, 13, 30, 47, 50, 71]. 
Even though many of these risk fac-
tors for periodontitis have been sub-

stantiated with robust evidence, they 
are poorly documented in the con-
text of peri-implant inflammation in 
the current scientific debate. In this 
respect, in what follows, the various 
peri-implant risk factors will be pres-
ented in terms of their varying im-
portance and preventive options will 
then be suggested, where possible.

Patient-related risk factors 
and recommended pre-im-
plant treatment measures

Factor age
Aging is associated with many immu-
nomodulatory processes that, collec-
tively, can result in an increased ten-
dency for inflammation. In this con-

Figure 1 Multifactorial etiology of peri-implant bone resorption. Besides implant-re-
lated and surgery-related factors, biofilm is a patient-related risk factor in the interplay 
between immunology and plaque control (”host-mediated dysbiosis”). Modified ac-
cording to Fretwurst et al. [19, 21].
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text, the term “inflammaging” is also 
used [18]. Nevertheless, based on a 
systematic review, chronological age 
alone does not seem to be a risk fac-
tor for implant survival over a period 
of 1–5 years [57]. However, it must be 
taken into account that in quite a few 
studies, a more or less arbitrary age 
threshold (e.g. definition of “old” at 
>75 years) was used, and long-term 
studies regarding an association be-
tween age and peri-implant bone re-
sorption or peri-implantitis are still 
missing [21]. Careful consideration 
should also be given to the fact that, 
with advancing age, the number of 
underlying diseases and prescribed 
drugs increases, too, and this may 
likewise have an impact on implant 
success. Last but not least, genetics, 
environmental and socioeconomic 
conditions as well as lifestyle and 
general health influence the aging 
process; this can lead to interindivid-
ual differences between chronologi-
cal and biological age [37, 48]. The 
value of chronological age as a risk 
factor alone is therefore questionable.
Recommended measures: Accord-
ing to current data, chronological age 
is not a risk factor for peri-implanti-
tis. For older patients, possible poly-
pharmacy should be carefully con-
sidered.

Factor drugs and other medical 
therapies
The effects of drugs (and their inter-
actions) on implant survival or suc-
cess are poorly investigated [10, 21]. 
Antiresorptive drugs are an excep-
tion: two systematic reviews have 
demonstrated that implant survival 
rates in patients who take low-dose 
(oral) bisphosphonates (BP) or antire-
sorptive drugs (denosumab: Prolia®, 
Xgeva®) are the same as in healthy 
patients who do not take such drugs 
[57, 63]. However, the risk of MRONJ 
(medication-related osteonecrosis of 
the jaw) must be considered and pro-
phylactic antibiotics are recom-
mended. High-dose BP and antibody 
therapy lead to the highest incidence 
of MRONJ, and consequently, im-
plant therapy is not recommended in 
this patient group at present [54, 64]. 
For risk evalulation prior to implant 
treatment, the DGI’s plan routing slip 
“Risiko-Evaluation bei antiresorptiver 

Therapie vor Implantation” is recom-
mended (https://www.dginet.de/
documents/10164/1523441/Laufzet-
tel_Farbe+_+2.pdf/
0bee9d86–22d7–4121-ad85-f531ab1
d6c9e) or the corresponding guide-
lines (S3 Guideline “Antiresorptiva-
assoziierte Kiefernekrosen”/”Antire-
sorptive drugs-associated necrosis of 
the jaw” (AR-ONJ) and the S3 Guide-
line “Zahnimplantate bei medi-
kamentöser Behandlung mit Kno-
chenantiresorptiva (inkl. Bisphos-
phonate)”/“Dental implants during 
drug treatment with bone antiresorp-
tives (incl. bisphosphonates)”). For 
patients with peri-implantitis who re-
ceive antiresorptive drugs, no treat-
ment schemes are available [21, 68].

Furthermore, omeprazole (proton 
pump inhibitor) and sertraline (selec-
tive serotonin reuptake inhibitor) are 
currently discussed as “potential” risk 
factors based on a low level of evi-
dence [10]. Levothyroxine and sim-
vastatin, which are also among the 
20 most commonly prescribed drugs, 
cannot be evaluated due to the lack 
of data. Moreover, it is unclear 
whether anticoagulants and the new 
direct oral anticoagulants are a risk 
factor for implant survival [25]. The 
increased postoperative bleeding risk 
should be taken into consideration in 
this patient group [6, 40].

A systematic review examining 
immunosuppression and implant 
survival for 24-month follow-up peri-
ods reported a median implant sur-
vival of 93.1 % in HIV patients, 
98.8 % in patients receiving chemo-
therapy, 88.75 % in patients with 
autoimmune diseases, and 100 % in 
patients following organ transplan-
tation [16].

In addition to drugs, other medi-
cal treatments such as radiotherapy 
can influence implant survival. In this 
regard, it is important to consider the 
risk of osteonecrosis. Implant survival 
tends to be lower in patients who 
have received radiotherapy as com-
pared to healthy patients, but there is 
no reliable data on peri-implanti-
tis [58]. An absolute contraindication 
is the condition after radiotherapy in 
smoking patients. According to the 
current guideline, the time interval 
between radiotherapy and implant 
placement has no effect on implant 

prognosis [56]. However, a waiting 
period of 6–12 months after radio-
therapy is recommended in order to 
allow early and delayed radiation ef-
fects, especially on the oral soft tis-
sues, to subside. Up to 6 months 
should be waited for implant healing 
to occur. Perioperative systemic anti-
infective prophylaxis (e.g. amoxicil-
lin, clindamycin) should be given ac-
cording to the shared statement of 
the DGZMK and DEGRO.
Recommended measures: Implant 
treatment in patients who take oral 
BP and have a low-risk profile is poss-
ible under antibiotic prophylaxis 
(prolonged perioperative systemic 
antibiotic administration with, for 
example, 1 g amoxicillin 1–1–1 or 
0.6 g clindamycin 1–1–1). The risk of 
MRONJ should be considered. Im-
plant procedures are contraindicated 
under i.v. BP therapy. Augmentative 
procedures should generally be 
avoided under BP therapy. Immuno-
suppressed patients usually do not 
show poorer implant survival than 
healthy patients during follow-up 
periods of up to 2 years. However, 
implant treatment should be care-
fully considered in these patients. 
Perioperative antibiotic prophylaxis 
is strongly recommended in this pa-
tient group. No evidence-based state-
ments can be made regarding im-
plant placement in patients who 
have undergone radiotherapy. Im-
plant placement should be delayed 
for 6–12 months after irradiation.

Factor periodontitis
Apart from the fact that periodontitis 
is considered the major cause of 
tooth loss from advanced adulthood, 
the presence of periodontitis can be 
understood as a sign of immune 
modulation [4]. In this respect, it 
does not seem surprising that exist-
ing periodontitis is likewise a risk fac-
tor for the development of peri-im-
plantitis [34, 41]. This is especially 
true in cases where there is a strong 
genetic component in the devel-
opment of periodontitis from a 
young age (formerly classified as “ag-
gressive periodontitis”, now grade C 
with possibly a molar-incisive pat-
tern). A prospective cohort study 
which examined 35 patients with 
“generalized aggressive periodontitis” 
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found a 5-fold increased risk of early 
implant loss, a 3-fold increased risk of 
peri-implant mucositis, and a 14-fold 
increased risk of peri-implantitis 
compared to 18 periodontally 
healthy patients who were treated 
with implants [66]. This result was 
also confirmed in a subsequent meta-
analysis [67]. Pre-existing periodonti-
tis seems to be a risk factor for the de-
velopment of peri-implantitis in 
older patients, too [34]. However, this 
risk is greatly reduced if patients who 
are affected by periodontitis receive 
adequate periodontal treatment in 
advance and are commited to partici-
pate in a recall system [27, 41].
Recommended measures: At least 
the periodontal screening index (PSI) 
must be recorded prior to implant 
treatment. If PSI values 3 are rec-
orded in 2 sextants, systematic peri-
odontal therapy is indicated prior to 
implant placement [3]. Optimally, as 
a prerequisitve for implant treatment, 
increased probing depths (>4 mm) 
should no longer be recorded in the 
re-evaluation of the periodontal 
treatment outcome [27]. Patients 
with grade C periodontitis should be 
informed about an increased risk of 
peri-implantitis.

Factor plaque
Plaque is one of the best-studied fac-
tors that is known to promote gingi-
val and mucosal inflammation, not 
only around teeth, but also around 
implants [28, 51]. However, owing to 
the ubiquitous presence of biofilm in 
the oral cavity, this link has not been 
unequivocally proven as an etiologic 
factor [11]. In contrast, plaque con-
trol has been established as an evi-
dence-based measure to control peri-
implant tissue inflammation [28].
Recommended measures: Profes-
sional tooth cleaning and encour-
aging home-based plaque control. Be-
fore implant placement, professional 
tooth cleaning should be performed 
and adequate home-based plaque 
control should be established. This 
includes the collection of the plaque 
and bleeding indices and advice re-
garding which oral hygiene aids are 
best suited for the patient. Repeated 
follow-up checks are advisable when 
lots of plaque and severe gingivitis is 
present.

Factor compliance/recall beha-
vior
Studies investigating periodontal dis-
ease have substantiated the para-
mount importance of patient com-
pliance to participate in supportive 
periodontal therapy; similarly, an in-
creasing number of studies have ap-
peared in recent years that support 
the importance of compliance to par-
ticipate for long-term implant sur-
vival and prevention of peri-im-
plantitis [17, 23]. A retrospective 
study over a 7-year period was able to 
determine a 4.25-fold higher inci-
dence of peri-implantitis when only 
irregular participation in the program 
of supportive implant therapy was 
recorded [23]. When a well-struc-
tured, supportive implant therapy 
program was offered, participant 
compliance was determined at over 
60 % [42].
Recommended measures: Patient 
inclusion in supportive implant ther-

apy. A well-structured therapy pro-
gram includes regular, repeated clini-
cal examinations of implants, the re-
cording of probing depths and pos -
sible bleeding on probing as well as 
professional mechanical plaque re-
duction. It also includes patient moti-
vation and instruction on oral hy-
giene at home and the continuous 
minimization of possible risk factors.

Factor soft and hard tissue
In principle, soft and hard tissues di-
agnosis is required prior to implant 
treatment. In terms of soft tissue, at-
tention should be paid to the quan-
tity of attached gingiva, the gingival 
phenotype (thin/thick) and the pres-
ence of any pathological mucosal 
changes. Current literature suggests 
that >2 mm of attached gingiva is 
needed at the peri-implant site [5, 36]. 
Although the importance of the at-
tached gingiva with regard to the pre-
vention of peri-implant inflammation 

Figure 2 Implant and periodontal status (created using Parostatus.de©) of a 56-year-
old smoker with peri-implantitis in regions 16, 15, 12 and peri-implant mucositis in re-
gions 13, 23 and 26.
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has long been discussed [7], its im-
portance has been emphasized in 
more recent literature [26, 33, 35]. 
This may also affect the subsequent 
treatment of peri-implantitis [65].

The position of the adjacent and 
antagonist teeth (dimension of the 
subsequent prosthetic superstructure) 
as well as the jaw relation should be 
considered during implant planning.

For the assessment of hard tissue, 
imaging diagnostics are needed prior 
to implant treatment in order to vis-
ualize potential risk structures. Or-
thopantomograms (OPG) as well as a 
cone-beam CT (CBCT) represent im-
aging options for the visualization of 
hard tissue. With regard to the indi-
cation of a CBCT prior to implant 
treatment, reference is made here to 
the S2k Guideline [59]. Currently, 
1 mm, or preferably 2 mm, of peri-
implant bone is required [8].
Recommended measures: De-
tailed diagnosis of soft and hard tis-
sues prior to implant treatment. In 
cases of insufficient fixed gingiva, its 
creation, for example, by means of 
connective tissue transplantation 
from the palate is a recommended 
preventive measure after implant 
placement. Insufficient fixed gingiva 
can also be augmented by means of 
vestibuloplasty with a free mucosa 

graft. However, it is not clear which 
dimension (width, thickness) of fixed 
gingiva leads to a lower prevalence of 
peri-implantitis. Literature currently 
states that >2 mm of fixed, peri-im-
plant gingiva is needed [5, 36]. Con-
cerning hard tissue, at least 1–2 mm 
of peri-implant bone should be pres-
ent.

Factor smoking
Smoking has been recognized as a 
risk factor in the new classification of 
periodontal and peri-implant diseases 
and conditions [7, 28]. An increased 
risk (odds ratio 5.89) for the devel-
opment of peri-implantitis was found 
in smokers according to a cohort 
study performed in a practice-based 
setting [52]. In a long-term study, 
smoking was correlated with peri-im-
plant mucositis, bone resorption and 
peri-implantitis [53]. Figure 2 shows 
periodontal and peri-implant find-
ings in a female smoker with clinical 
release of pus after probing in 
regio 15 (Figure 3).
Recommended measures: Smok-
ing cessation and/or smoking with-
drawal is advisable. For the preven-
tion of peri-implantitis, a possible 
smoking status should be recorded in 
the anamnesis and smokers should 
be advised to stop smoking [70]. If 

professional help is not offered for 
quitting smoking in the practice set-
ting, a third party health psychol-
ogist or physician should be con-
sulted. Radiation in the head and 
neck region in patients who (con-
tinue to) smoke is an absolute con-
traindication for implants due to the 
increased risk of osteoradionecrosis.

Factor diet
Though the relationship between 
diet and caries has been scientifically 
confirmed for a long time, in recent 
decades, diet has become an increas-
ingly important etiological factor in 
the development of gingivitis and 
periodontitis. [47]. The most prob-
lematic macronutrients in this con-
text are processed carbohydrates (e.g. 
sugar, sweets, juices, soft drinks). 
Whereas these substances are found 
only in association with anti-inflam-
matory dietary fibers and anti-
oxidants in nature, they represent an 
excessively consumed substance in 
the dietary behavior of Homo sa-
piens, with approximately 35 kilo-
grams of sugar being consumed per 
capita per year [15]. The consump-
tion of sugar promotes both caries 
and gingivitis and it is associated 
with the presence of periodontitis 
[30, 31, 39, 71]. In terms of peri-im-
plantitis, initial studies actually show 
both a plaque-promoting effect of 
sugar consumption at implant sites as 
well as an association with peri-im-
plant mucositis and peri-implantitis 
[62, 69]. Experimental animal studies 
have also used processed, high-carbo-
hydrate diets to provoke correspond-
ing peri-implant inflammation [61].

Although several anti-inflamatory 
and pro-inflammatory dietary factors 
have now been identified in relation 
to periodontal inflammation [71], 
hardly any studies exist in the field of 
implantology. However, the few 
studies that are available are consist-
ent with evidence deriving from the 
field of periodontology, e.g. that sec-
ondary plant compounds may have 
an anti-inflammatory effect on peri-
implant inflammation [24]. Fur-
thermore, in the field of micro-
nutrients, the regulation of vit-
amin D is also of interest. According 
to recent studies, vitamin D levels ap-
pear to have an influence on peri-im-

Figure 3 Clinical image showing the outflow of pus at site 15 after probing in the same 
smoking patient.
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plant osseointegration, and low 
serum vitamin D levels can also be 
associated with cases of early implant 
loss [19, 22, 45]. However, rando-
mized, controlled intervention 
studies are lacking in this domain in 
order to provide causal evidence for 
this relationship. In the field of peri-
odontal therapy, a randomized, con-
trolled intervention study found 
clinical benefits of adjuvant vit-
amin D administration in patients 
with low serum vitamin D levels 
(<30 ng/ml) [49].
Recommended measures: Dietary 
counseling. Based on the available 
evidence, the patient should be ad-
vised to reduce or avoid processed 
carbohydrates (such as sugar, sweets, 
white flour, juices, soft drinks).

Previous to implant treatment, in 
cases where tooth loss occurred as a 
result of periodontitis, a plant-based 
whole food diet with possible supple-
mentation of vitamin B12, vit-
amin D, and omega-3 fatty acids may 
be advisable [71]. This nutritional for-
mula in turn has a positive influence 
on the whole body. In patients at 
high risk, serological testing can be 
considered for a more accurate reflec-
tion of their nutritional and micro-
nutrient status. Indicative factors 
may include cholesterol, HbA1c, and 
vitamin D. If no dietary counseling is 
offered in the dental practice, cooper-
ation with appropriate medical col-
leagues and/or nutritionists is recom-
mended.

Factor diabetes
Although the association between 
periodontitis and diabetes is well 
elucidated and considered highly rel-
evant [55], the assoication between 
diabetes and peri-implant inflam-
mation has not been fully eluci-
dated [28]. It is important to consider 
the HbA1c level, which reflects the 
blood glucose level in the last 
2 months, because diabetics with 
well-controlled HbA1c levels do not 
seem to have an increased risk of 
peri-implantitis [60]. One study 
found diabetes to be a stronger in-
fluencing factor than smoking in 
cases where HbA1c values were not 
well controlled [2]. However, accord-
ing to systematic reviews, diabetes 
mellitus does not seem to be a risk 

factor for short-term (≤5 years) im-
plant survival [44]. But no standard-
ised protocols are available regarding 
appropriate perioperative treatment 
(e.g. perioperative antibiotic therapy) 
and wound closure. Moreover, li-
mited evidence exists in literature re-
lating to bone grafting success and 
progressive loading protocols in pa-
tients with diabetes [21]. Complex 
surgical procedures should therefore 
be carefully considered, especially in 
diabetic patients.

Recommended measures: Sero-
logical control of the HbA1c value in 
diabetics. In cases of abnormal 
 values, the consultation with the 
general physician and the improve-
ment of medication by the general 
physician/diabetologist as well as 
further dietary counseling is advis-
able prior to implant treatment. 
Complex surgical interventions 
should be carefully considered in 
diabetics, as the data on long-term 
success is insufficient.
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Factor

Factor age

Drugs and other 
medical therapies

Periodontitis

Plaque

Adherence

Hard and soft tissue

Smoking

Nutrition

Diabetes

Genetics

Table 1 Patient-related risk factors – pre-implant checklist
Table 1: J. P. Wölber, T. Fretwurst

 Recommendation

Chronological age is not a risk factor according to current 
data. Polypharmacy in the age group should be considered. 

Implantation under oral BP therapy with a low risk profile is 
possible under antibiotic shielding. Implantological pro-
cedures under i.v. BP therapy are contraindicated. Augmen-
tative procedures should generally be avoided under BP 
therapy. Implantation in immunocompromised patients 
should be carefully considered; antibiotic shielding is 
strongly recommended.
Implantation after radiatio in the head and neck region is 
possible as long as there is no nicotine use.

When a PSI of ≥3 at ≥2 sextants is detected, systematic peri-
odontal therapy should be initiated prior to implant place-
ment. After periodontal therapy, increased probing depths 
>4 mm should no longer be present.

Professional dental cleaning and promotion of home plaque 
control. 

Inclusion in a program of supportive implant therapy (in-
cluding clinical examination and professional mechanical 
plaque reduction, motivation and instruction in home oral 
hygiene, and continuous minimization of possible risk fac-
tors).

Basic clinical and radiological diagnostics. Establishment or 
creation of sufficient bone supply. Creation of attached gin-
giva after implantation.

Smoking cessation recommendation. Offer of professional 
smoking cessation (by the practice or professional pro-
viders). 

Recommendation to avoid processed carbohydrates (such 
as sugar, sweets, juices, soft drinks). In patients with tooth 
loss due to periodontitis, a plant-based whole food diet 
with possible supplementation of vitamin B12, vitamin D 
and omega-3 fatty acids may be recommended.

Serological control of the HbA1c value in diabetics. In case 
of an imbalance, consultation with the general practitioner 
and improvement of the medication pre-implantologically 
via diabetology and nutritional counseling. Careful con-
sideration of complex surgical procedures in diabetics.

Genetic, microbiological or immunological diagnostics are 
currently not recommended due to lack of informative 
value.
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Factor genetics
The genetics of the patient is a funda-
mental factor that still cannot be in-
fluenced in practice, except for find-
ings in epigenetics that suggest the 
modifiability of the effect of 
genes [43]. Although various genes 
have been associated with period-
ontitis in genome-wide association 
studies (GWAS) in the field of period-
ontology, they have not been well 
documented for peri-implantitis [46]. 
Interleukin-1 gene polymorphism 
has long been considered a risk factor 
for peri-implantitis in scientific litera-
ture. However, on the basis of the 
current heterogeneous study results, 
no recommended course of action for 
diagnosis can be derived [32, 38].
Recommended measures: At pres-
ent, genetic, microbiological or im-
munological diagnostic tests (e.g. cy-
tokines and biomarkers) in the gingi-
val sulcus fluid of adjacent teeth, or 
existing implants, cannot be recom-
mended due to a lack of validity with 
regard to implant success/risk of peri-
implantitis [20].

Conclusions
According to the evidence presented, 
a variety of measures can be imple-
mented to lower the risk of peri-im-
plant inflammation. These include a 
comprehensive anamnesis and diag-
nosis, attention to contraindications 
(e.g., i.v. antiresorptives), treatment 
of existing periodontitis, cessation of 
smoking, adequate adjustment of 
HbA1c values in diabetics, nutritional 
counseling, plaque reduction, cre-
ation of attached gingiva, and offer-
ing well-structured aftercare pro-
grams.

Table 1 provides a possible work-
flow checklist for pre-implant treat-
ment.

Conflict of interest
The authors declare that there is no 
conflict of interest as defined by the 
guidelines of the International Com-
mittee of Medical Journal Editors.

References

1. Albrektsson T, Dahlin C, Jemt T, Sen-
nerby L et al.: Is marginal bone loss 
around oral implants the result of a pro-
voked foreign body reaction? Clin Im-
plant Dent Relat Res. 2014; 16: 155–165

2. Alqahtani F, Alqhtani N, Alkhtani F, 
Devang Divakar D et al.: Clinicoradio-
graphic markers of peri-implantitis in 
cigarette-smokers and never-smokers 
with type 2 diabetes mellitus at 7-years 
follow-up. J Periodontol. 2020; 91: 
1132–1138

3. Anon: Selbsttest | DG PARO. Available 
at: https: //www.dgparo.de/parodontitis/
selbsttest [Accessed March 1, 2021]

4. Bartold PM, Van Dyke TE: Periodonti-
tis: a host-mediated disruption of micro-
bial homeostasis. Unlearning learned 
concepts. Periodontol 2000. 2013; 62: 
203–217

5. Bassetti M, Kaufmann R, Salvi GE, 
Sculean A, Bassetti R: Soft tissue grafting 
to improve the attached mucosa at den-
tal implants: A review of the literature 
and proposal of a decision tree. Quintes-
sence Int. 2015; 46: 499–510

6. Bensi C, Belli S, Paradiso D, Lomur-
no G: Postoperative bleeding risk of di-
rect oral anticoagulants after oral surgery 
procedures: a systematic review and 
meta-analysis. International journal of 
oral and maxillofacial surgery. 2018; 47: 
923–932

7. Berglundh T, Armitage G, Araujo MG, 
Avila-Ortiz G et al.: Peri-implant diseases 
and conditions: consensus report of 
workgroup 4 of the 2017 World Work-
shop on the Classification of Periodontal 
and Peri-Implant Diseases and Con-
ditions. J Clin Periodontol. 2018; 45 
Suppl 20: S286-S291

8. Buser D, von Arx T, ten Bruggen-
kate C, Weingart D: Basic surgical prin-
ciples with ITI implants. Clin Oral Im-
plants Res. 2000; 11 Suppl 1: 59–68

9. Carra MC, Detzen L, Kitzmann J, 
Woelber JP et al.: Promoting behavioural 
changes to improve oral hygiene in pa-
tients with periodontal diseases: a sys-
tematic review. J Clin Periodontol. 2020

10. Chappuis V, Avila-Ortiz G, Araú-
jo MG, Monje A: Medication-related den-
tal implant failure: systematic review and 
meta-analysis. Clin Oral Implants Res. 
2018; 29 Suppl 16: 55–68

11. Coli P, Jemt T: Are marginal bone 
level changes around dental implants 
due to infection? Clin Implant Dent Relat 
Res. 2021

12. Cortellini S, Favril C, De Nutte M, 
Teughels W, Quirynen M: Patient com-
pliance as a risk factor for the outcome of 
implant treatment. Periodontol 2000. 
2019; 81: 209–225

13. Deinzer R, Granrath N, Spahl M, 
Linz S et al.: Stress, oral health behaviour 
and clinical outcome. Br J Health Psychol. 
2005; 10: 269–283

14. Derks J, Tomasi C: Peri-implant health 
and disease. A systematic review of cur-
rent epidemiology. J Clin Periodontol. 
2015; 42 Suppl 16: S158–171

15. Deutsche Gesellschaft für Ernährung 
ed.: 14. DGE Ernährungsbericht. Bonn; 
2020

16. Duttenhoefer F, Fuessinger MA, Beck-
mann Y, Schmelzeisen R et al.: Dental im-
plants in immunocompromised patients: 
a systematic review and meta-analysis. 
Int J Implant Dent. 2019; 5: 43

17. Eickholz P, Kaltschmitt J, Berbig J, 
Reit meir P, Pretzl B: Tooth loss after active 
periodontal therapy. 1: patient-related 
factors for risk, prognosis, and quality of 
outcome. J Clin Periodontol. 2008; 35: 
165–174

18. Franceschi C, Garagnani P, Parini P, 
Giuliani C, Santoro A: Inflammaging: a 
new immune-metabolic viewpoint for 
age-related diseases. Nat Rev Endocrinol. 
2018; 14: 576–590

19. Fretwurst T, Grunert S, Woelber JP, 
Nelson K, Semper-Hogg W: Vitamin D 
deficiency in early implant failure: two 
case reports. International journal of im-
plant dentistry. 2016; 2: 1–6

20. Fretwurst T, Hesse B, Nelson K: Neue 
Erkenntnisse zur Periimplantitis. ZMK. 
2020; 36: 418–422

21. Fretwurst T, Nelson K: Influence of 
medical and geriatric factors on implant 
success: an overview of systematic re-
views. Int J Prosthodont. 2021; 34: 
s21-s26

22. Fretwurst T, Wölber JP, Nelson K: Vit-
amin D zur Implantation – Ist ein Screen-
ing mit Substitution sinnvoll? Quintes-
senz Zahnmedizin. 2020; 71: 504–510

23. Frisch E, Vach K, Ratka-Krueger P: Im-
pact of supportive implant therapy on 
peri-implant diseases: a retrospective 
7-year study. Journal of Clinical Period-
ontology. 2020; 47: 101–109

24. Galarraga-Vinueza ME, Dohle E, Ram-
anauskaite A, Al-Maawi S et al.: Anti-in-
flammatory and macrophage polarization 
effects of Cranberry Proanthocyanidins 
(PACs) for periodontal and peri-implant 
disease therapy. J Periodontal Res. 2020; 
55: 821–829

25. Galletti G, Alfonsi F, Valente NA, 
Chatelain S et al.: Full-arch implant reha-
bilitation in patients taking rivaroxaban–a 
retrospective clinical study. Clinical Oral 
Implants Research. 2019; 30: 396–396

26. Grischke J, Karch A, Wenzlaff A, Foit-
zik MM et al.: Keratinized mucosa width 
is associated with severity of peri-implant 

WOELBER, FRETWURST:

Patient-related risk factors of peri-implantitis and pre-implant therapy



43

© Deutscher Ärzteverlag | DZZ International | Deutsche Zahnärztliche Zeitschrift International | 2022; 4 (1) 

mucositis. A cross-sectional study. Clin 
Oral Implants Res. 2019; 30: 457–465

27. Guarnieri R, Di Nardo D, Di Gior-
gio G, Miccoli G, Testarelli L: Evaluation 
of peri-implant tissues condition after 
10–15 years of loading in treated chronic 
periodontitis patients attending a private 
practice setting: A retrospective study. 
Clin Oral Implants Res. 2021

28. Heitz-Mayfield LJA, Salvi GE: Peri-im-
plant mucositis. J Periodontol. 2018; 89 
Suppl 1: S257-S266

29. Howe M-S, Keys W, Richards D: 
Long-term (10-year) dental implant sur-
vival: a systematic review and sensitivity 
meta-analysis. J Dent. 2019; 84: 9–21

30. Hujoel P: Dietary carbohydrates and 
dental-systemic diseases. J Dent Res. 
2009; 88: 490–502

31. Hujoel PP, Lingström P: Nutrition, 
dental caries and periodontal disease: a 
narrative review. J Clin Periodontol. 2017; 
44 Suppl 18: S79-S84

32. Huynh-Ba G, Lang NP, Tonetti MS, 
Zwahlen M, Salvi GE: Association of the 
composite IL-1 genotype with peri-im-
plantitis: a systematic review. Clin Oral 
Implants Res. 2008; 19: 1154–1162

33. Kabir L, Stiesch M, Grischke J: The ef-
fect of keratinized mucosa on the severity 
of peri-implant mucositis differs between 
periodontally healthy subjects and the 
general population: a cross-sectional 
study. Clin Oral Investig. 2020

34. Karoussis IK, Kotsovilis S, Fourmou-
sis I: A comprehensive and critical review 
of dental implant prognosis in periodont-
ally compromised partially edentulous 
patients. Clin Oral Implants Res. 2007; 
18: 669–679

35. Kungsadalpipob K, Supanimitkul K, 
Manopattanasoontorn S, Sophon N et 
al.: The lack of keratinized mucosa is as-
sociated with poor peri-implant tissue 
health: a cross-sectional study. Int J Im-
plant Dent. 2020; 6: 28

36. Lang NP, Wilson TG, Corbet EF: Bio-
logical complications with dental im-
plants: their prevention, diagnosis and 
treatment. Clin Oral Implants Res. 2000; 
11 Suppl 1: 146–155

37. Levine ME: Modeling the rate of se-
nescence: can estimated biological age 
predict mortality more accurately than 
chronological age? Journals of Gerontol-
ogy Series A: Biomedical Sciences and 
Medical Sciences. 2013; 68: 667–674

38. Liao J, Li C, Wang Y, Ten M et al.: 
Meta-analysis of the association between 
common interleukin-1 polymorphisms 
and dental implant failure. Mol Biol Rep. 
2014; 41: 2789–2798

39. Lula ECO, Ribeiro CCC, Hugo FN, 
Alves CMC, Silva AAM. Added sugars and 
periodontal disease in young adults: an 

analysis of NHANES III data. Am J Clin 
Nutr. 2014; 100: 1182–1187

40. Manfredi M, Dave B, Percudani D, 
Christoforou J et al.: World workshop on 
oral medicine VII: direct anticoagulant 
agents management for invasive oral pro-
cedures: A systematic review and meta-
analysis. Oral diseases. 2019; 25: 
157–173

41. Mengel R, Schröder T, Flores-de-Ja-
coby L: Osseointegrated implants in pa-
tients treated for generalized chronic 
periodontitis and generalized aggressive 
periodontitis: 3– and 5-year results of a 
prospective long-term study. J Period-
ontol. 2001; 72: 977–989

42. Mitschke J, Peikert SA, Vach K, Frisch 
E: Supportive Implant Therapy (SIT): a 
prospective 10-year study of patient 
compliance rates and impacting factors. 
J Clin Med. 2020; 9

43. Monje A, Asa’ad F, Larsson L, Gianno-
bile WV, Wang H-L: Editorial epigenetics: 
a missing link between periodontitis and 
peri-implantitis? Int J Periodontics Re-
storative Dent. 2018; 38: 476–477

44. Moraschini V, Poubel LA da C, Fer-
reira VF, Barboza E dos SP: Evaluation of 
survival and success rates of dental im-
plants reported in longitudinal studies 
with a follow-up period of at least 
10 years: a systematic review. Int J Oral 
Maxillofac Surg. 2015; 44: 377–388

45. Nastri L, Moretti A, Migliaccio S, Pao-
letta M et al.: Do dietary supplements 
and nutraceuticals have effects on dental 
implant osseointegration? A scoping re-
view. Nutrients. 2020; 12: 268

46. Nibali L, Bayliss-Chapman J, Almofa-
reh SA, Zhou Y et al.: What is the herita-
bility of periodontitis? A systematic re-
view. J Dent Res. 2019; 98: 632–641

47. Nyvad B, Takahashi N: Integrated hy-
pothesis of dental caries and periodontal 
diseases. J Oral Microbiol. 2020; 12: 
1710953

48. Patton GC, Sawyer SM, Santelli JS, 
Ross DA et al.: Our future: a Lancet com-
mission on adolescent health and well-
being. The Lancet. 2016; 387: 
2423–2478

49. Perić M, Maiter D, Cavalier E, Las-
serre JF, Toma S: The effects of 6-month 
vitamin d supplementation during the 
non-surgical treatment of periodontitis in 
vitamin-d-deficient patients: a rando-
mized double-blind placebo-controlled 
study. Nutrients. 2020; 12

50. Ramseier CA, Anerud A, Dulac M, 
Lulic M et al.: Natural history of period-
ontitis: disease progression and tooth loss 
over 40 years. J Clin Periodontol. 2017; 
44: 1182–1191

51. Renvert S, Polyzois I: Risk indicators 
for peri-implant mucositis: a systematic 

literature review. J Clin Periodontol. 
2015; 42 Suppl 16: S172–186

52. Rinke S, Nordlohne M, Leha A, Ren-
vert S et al.: Risk indicators for mucositis 
and peri-implantitis: results from a prac-
tice-based cross-sectional study. J Period-
ontal Implant Sci. 2020; 50: 183–196

53. Roos-Jansåker A-M, Renvert H, Lin-
dahl C, Renvert S: Nine- to fourteen-year 
follow-up of implant treatment. Part III: 
factors associated with peri-implant 
lesions. J Clin Periodontol. 2006; 33: 
296–301

54. Rugani P, Luschin G, Jakse N, Kirn-
bauer B et al.: Prevalence of bisphos-
phonate-associated osteonecrosis of the 
jaw after intravenous zoledronate infu-
sions in patients with early breast cancer. 
Clin Oral Investig. 2014; 18: 401–407

55. Sanz M, Herrera D, Kebschull M, 
Chapple I et al.: Treatment of stage I–III 
periodontitis – The EFP S3 level clinical 
practice guideline. J Clin Periodontol. 
2020; 47 Suppl 22: 4–60

56. Schiegnitz E, Al-Nawas B, Grötz KA: 
Implantat-Versorgung zur oralen Rehabili-
tation im Zusammenhang mit Kopf-Hals-
Bestrahlung. AWMF Registernummer. 
2015; 7: 089

57. Schimmel M, Srinivasan M, McKenna 
G, Müller F: Effect of advanced age and/
or systemic medical conditions on dental 
implant survival: a systematic review and 
meta-analysis. Clinical oral implants re-
search. 2018; 29: 311–330

58. Schmitt CM, Buchbender M, Lutz R, 
Neukam F-W. Oral implant survival in pa-
tients with bisphosphonate (BP)/antire-
sorptive and radiation therapy and their 
impact on osteonecrosis of the jaws. A 
systematic review. Eur J Oral Implantol. 
2018; 11 Suppl 1: S93-S111

59. Schulze R, Deppe H, Betz W, Beuer 
O, Bargholz C: s2k-Leitlinie dentale digi-
tale Volumentomographie. Arbeitsge-
meinschaft der Wissenschaftlichen Medi-
zinischen Fachgesellschaften. 2013: 
083–005

60. Sghaireen MG, Alduraywish AA, 
 Srivastava KC, Shrivastava D et al.: Com-
parative evaluation of dental implant fail-
ure among healthy and well-controlled 
diabetic patients – a 3-year retrospective 
study. International Journal of Environ-
mental Research and Public Health. 
2020; 17: 5253

61. Singh G, O’Neal RB, Brennan WA, 
Strong SL et al.: Surgical treatment of in-
duced peri-implantitis in the micro pig: 
clinical and histological analysis. J Period-
ontol. 1993; 64: 984–989

62. Souza JGS, Cury JA, Ricomini Filho 
AP, Feres M, Faveri M de, Barão VAR: Ef-
fect of sucrose on biofilm formed in situ 
on titanium material. J Periodontol. 2019; 
90: 141–148

WOELBER, FRETWURST:

Patient-related risk factors of peri-implantitis and pre-implant therapy



44

© Deutscher Ärzteverlag | DZZ International | Deutsche Zahnärztliche Zeitschrift International | 2022; 4 (1)

63. Stavropoulos A, Bertl K, Pietsch-
mann P, Pandis N et al.: The effect of 
antiresorptive drugs on implant therapy: 
systematic review and meta-analysis. Clin 
Oral Implants Res. 2018; 29 Suppl 18: 
54–92

64. Stopeck AT, Fizazi K, Body J-J, Brown 
JE et al.: Safety of long-term denosumab 
therapy: results from the open label ex-
tension phase of two phase 3 studies in 
patients with metastatic breast and pros-
tate cancer. Support Care Cancer. 2016; 
24: 447–455

65. Strenzke R, Ratka-Krueger P, Frisch E: 
Therapy for peri-implantitis: significant 
radiographic bone fill after keratinized 
mucosa augmentation surgery with sup-
portive implant therapy (SIT): A novel ap-
proach. J Oral Implantol. 2020

66. Swierkot K, Lottholz P, Flores-de-Ja-
coby L, Mengel R: Mucositis, peri-im-
plantitis, implant success, and survival of 
implants in patients with treated general-
ized aggressive periodontitis: 3– to 
16-year results of a prospective long-term 
cohort study. J Periodontol. 2012; 83: 
1213–1225

67. Theodoridis C, Grigoriadis A, Men-
exes G, Vouros I: Outcomes of implant 
therapy in patients with a history of ag-
gressive periodontitis. A systematic re-

view and meta-analysis. Clin Oral Inves-
tig. 2017; 21: 485–503

68. Troeltzsch M, Cagna D, Stähler P, 
Probst F et al.: Clinical features of peri-
implant medication-related osteonecrosis 
of the jaw: is there an association to peri-
implantitis? J Craniomaxillofac Surg. 
2016; 44: 1945–1951

69. Vilarrasa J, Peña M, Gumbau L, 
Monje A, Nart J: Exploring the relation-
ship among dental caries, nutritional ha-

bits and peri-implantitis. J Periodontol. 
2021

70. Windael S, Vervaeke S, De Buyser S, 
De Bruyn H, Collaert B: The long-term ef-
fect of smoking on 10 years’ survival and 
success of dental implants: a prospective 
analysis of 453 implants in a non-univer-
sity setting. J Clin Med. 2020; 9

71. Woelber JP, Tennert C: Chapter 13: 
diet and periodontal diseases. Monogr 
Oral Sci. 2020; 28: 125–133

WOELBER, FRETWURST:

Patient-related risk factors of peri-implantitis and pre-implant therapy

Corresponding author:
PROF. DR. JOHAN PETER WOELBER

Department of Operative Dentistry 
and Periodontology at the Medical 

Center – University of Freiburg

Ph
ot

o:
 Z

ah
nä

rz
te

 fü
r 

N
ie

d
er

sa
ch

se
n 

e.
V.

 PD DR. TOBIAS FRETWURST
Clinic for Oral and Maxillofacial 

 Surgery/Translational Implantology, 
Medical Faculty, University of Freiburg,
Hugstetter Straße 55, 79106 Freiburg
tobias.fretwurst@uniklinik-freiburg.de

Ph
ot

o:
 F

re
ib

ur
g

 U
ni

ve
rs

ity
 H

os
p

ita
l



45

© Deutscher Ärzteverlag | DZZ International | Deutsche Zahnärztliche Zeitschrift International | 2022; 4 (1) 

DZZ International
German Dental Journal International

Publishing Institution
International Journal of the German Society of 
Dentistry and Oral Medicine/Deutsche Gesellschaft 
für Zahn-, Mund- und Kieferheilkunde e.V.  
(Zentralverein, gegr. 1859), Liesegangstr. 17a, 
40211 Düsseldorf, Phone: +49 211 610198-0, 
Fax: +49 211 610198-11

Affiliations
German Society of Periodontolgy (DG PARO) 
German Society for Prosthetic Dentistry and  
Biomaterials 
German Association for Conservative Dentistry
German Society of Craniomandibular Function  
and Disorders in the DGZMK
German Society of Paediatric Dentistry
German Academy of Oral and Maxillofacial Surgery
German Association of Dento-Maxillo-Facial  
Radiology (GSDOM)
German Academy of Dental Ergonomics
Group of Basic Science in Dentistry

Editors
Prof. Dr. Guido Heydecke 
Editor in Chief | DZZ International  
Chairman Department of Prosthetic Dentistry 
University Medical Center Hamburg-Eppendorf  
Martinistraße 52 | 20246 Hamburg  
Phone +49 (0) 40 7410-53261  
Fax +49 (0) 40 7410-54096  

Prof. Dr. Werner Geurtsen
Editor | DZZ International
Chairman, Department of Conservative Dentistry, 
Periodontology and Preventive Dentistry
Hannover Medical School 
Carl-Neuberg-Str. 1 | 30625 Hannover
Phone +49 (0) 511 532481-6 
Fax +49 (0) 511 532481-1  

Associate Editors
Prof. Nico H.J. Creugers, D.D.S., PH.D., Nijmegen/NL 
Prof. Dr. Henrik Dommisch, Berlin/GER 

Prof. Dr. Dr. Marco Rainer Kesting, Erlangen/GER 
Prof. Dr. Torsten Mundt, Greifswald/GER
Prof. Dr. Falk Schwendicke, Berlin/GER
Univ.-Prof. Dr. med. dent. Michael Wolf, M.Sc., 
 Aachen/GER

Publisher
Deutscher Ärzteverlag GmbH
Dieselstr. 2, 50859 Köln;  
Postfach 40 02 65, 50832 Köln
Phone: +49 2234 7011-0; Fax: +49 2234 
7011-6508
www.aerzteverlag.de

Executive Board
Jürgen Führer, Patric Tongbhoyai

Product Management
Carmen Ohlendorf, Phone: +49 02234 7011-357; 
Fax: +49 2234 7011-6357;  
ohlendorf@aerzteverlag.de

Editorial Office
Susanne Neumann, Phone: +49 2234 7011-219, 
neumann.extern@aerzteverlag.de
Thomas Volmert, Phone: +49 2234 7011-253, 
 volmert@aerzteverlag.de 

Frequency
6 times a year 

Layout 
Larissa Arts

Account
Deutsche Apotheker- und Ärztebank, Köln,  
Kto. 010 1107410 (BLZ 370 606 15),  
IBAN: DE 2830 0606 0101 0110 7410,
BIC: DAAEDEDD,  
Postbank Köln 192 50–506 (BLZ 370 100 50),
IBAN: DE 8337 0100 5000 1925 0506,  
BIC: PBNKDEFF

4. Volume
ISSN 2627-3489

Copyright and Right of Publication

Diese Publikation ist urheberrechtlich geschützt 
und alle Rechte sind vorbehalten. Diese Publikation 
darf daher außerhalb der Grenzen des Urheber-
rechts ohne vorherige, ausdrückliche, schriftliche 
Genehmigung des Verlages weder vervielfältigt 
noch übersetzt oder transferiert werden, sei es im 
Ganzen, in Teilen oder irgendeiner anderen Form. 
Die Wiedergabe von Warenbezeichnungen, Han-
delsnamen und sonstigen Kennzeichen in dieser 
Publikation berechtigt nicht zu der Annahme, dass 
diese frei benutzt werden dürfen. Zumeist handelt 
es sich dabei um Marken und sonstige geschützte 
Kennzeichen, auch wenn sie nicht als solche be-
zeichnet sind.

Disclaimer

Die in dieser Publikation dargestellten Inhalte die-
nen ausschließlich der allgemeinen Information 
und stellen weder Empfehlungen noch Handlungs-
anleitungen dar. Sie dürfen daher keinesfalls unge-
prüft zur Grundlage eigenständiger Behandlungen 
oder medizinischer Eingriffe gemacht werden. Der 
Benutzer ist ausdrücklich aufgefordert, selbst die in 
dieser Publikation dargestellten Inhalte zu prüfen, 
um sich in eigener Verantwortung zu versichern, 
dass diese vollständig sind sowie dem aktuellen Er-
kenntnisstand entsprechen und im Zweifel einen 
Spezialisten zu konsultieren. Verfasser und Verlag 
übernehmen keinerlei Verantwortung oder Ge-
währleistung für die Vollständigkeit, Richtigkeit 
und Aktualität der in dieser Publikation dargestell-
ten Informationen. Haftungsansprüche, die sich 
auf Schäden materieller oder ideeller Art beziehen, 
die durch die Nutzung oder Nichtnutzung der in 
dieser Publikation dargestellten Inhalte oder Teilen 
davon verursacht werden, sind ausgeschlossen, so-
fern kein nachweislich vorsätzliches oder grob fahr-
lässiges Verschulden von Verfasser und/oder Verlag 
vorliegt.

© Copyright by Deutscher Ärzteverlag GmbH, Köln

LEGAL DISCLOSURE




