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Abstract

Peri-implantitis can be explained with a multi-causality model. Many factors are
involved in the aetiology of peri-implantitis, however the patient compliance also
plays a key-role. Oral hygiene, attending recall-visits, smoking behavior and
therapy comprehension of patients are indeed relevant factors that contribute to
peri-implant health. The clinician should create the most optimal conditions for
the patients to facilitate adequate oral self-care and help the patient to improve
their oral hygiene skills. The implementation of a Supportive Periodontal Therapy
program is mandatory in controlling plaque accumulation and inflammation as
well as in keeping the incidence of peri-implant diseases low. Patient’s compliance
including plaque control and dental follow-up has to be optimal. Consequently, the
inclusion of patients treated with dental implants has to be with large precaution.



Introduction

It is well established that maintenance of healthy tissues around implants is one
of the key factors for the long-term success of implants. Plaque accumulation
induces an inflammatory process that may lead to a progressive destruction of soft
and hard tissues and ultimately to implant failure.1-3 The inflammatory process,
described as mucositis, like gingivitis around natural teeth, is a marginal
inflammation without attachment or bone loss.* The inflammatory process
associated with loss of marginal supporting bone around an implant in function is
defined as peri-implantitis.>®

A problem with the diagnosis of peri-implant diseases is that depending on the
used diagnostic criteria, a substantial variance in prevalence has been reported in
the same patient population.” The current guidelines for the definition and
diagnosis of peri-implant diseases have been established in the 6th, 7th and 8t
European Workshop on Periodontology.68° The prevalence of peri-implantitis
seems to be in the order of 10% at implant level and 20% at patient level during
5-10 years of function.1% A meta-analysis reported a weighted mean prevalence of
peri-implant mucositis of 43% (1196 patients and 4209 implants) and a weighted
mean prevalence of peri-implantitis of 22% (2131 patients and 8893 implants).
However, the authors stated that the heterogeneity in definition criteria of peri-
implantitis could be a confounder.

Peri-implantitis has been primarily described as a simple infectious pathological
condition of peri-implant tissues.'11 Later, many local factors such as implant
surface, topology and bacterial contamination at the implant/abutment junction
and patient factors such as smoking habit, poor oral hygiene, history or presence
of periodontitis, genetics and excessive alcohol consumption have been associated
with an increased risk to develop peri-implant diseases.12-16

The aetiology of alveolar bone loss (ABL) around implants plays a crucial role in
the classification of the disease. The most used theories to explain ABL are the
infection and overloading theories.l” The infection theory defines that implants
are susceptible to similar types of diseases as teeth, the major difference being the
term periodontitis reserved for teeth and peri-implantitis being reserved for
implants. The overload theory is not clearly determined, some studies have
suggested that overload may play a role when associated with plaque
accumulation or pre-existing inflammation.18 Next to these two, a third theory has
been developed where ABL is explained by the synergy of combined factors, such
as surgical procedures, prosthodontics and patient disorders.1? Following this
theory, a differentiation between primary and secondary peri-implantitis has
been presented. Primary peri-implantitis is diagnosed when the bacterial
infection is the primary cause for ABL, while secondary peri-implantitis may
originate from other factors.1? In a recent review, the risk indicators that can lead
to peri-implant infection and consequently to secondary peri-implantitis were
described.2? Hence, in its totality, peri-implantitis can be explained with a multi-
causality model. The following factors have been considered:



1) Genetics/host predisposition to disease, specifically the immune response that
determines the susceptibility of individuals. The patients that are more prone to
develop peri-implant diseases are those with a history of periodontitis, especially
aggressive periodontitis.

2) Life style of the patient. Oral hygiene is the most crucial factor, but also smoking
habits, diet and stress are relevant. Specifically smokers with an insufficient oral
hygiene have an increased predisposition to peri-implant diseases.

3) Environmental factors. The microbiota associated with peri-implantitis is
comprised of perio-pathogenic bacterial species and anaerobiosis of the bacterial
species.

4) Hardware. The implant and abutment surface roughness has been shown to be
relevant in bacterial contamination, with more ABL for rough implant surfaces.
Data comparing the connection between implant and abutment shows more ABL
for external compared with internal connection. The use of abutments with a
smaller diameter than their corresponding implants (platform switch) seem to
have benefits in bone stability.

5) Treatment procedure. There are several factors that can influence the implant and
peri-implant tissues. It has been proven that a frequent abutment dis- and
reconnection, the use of augmentation procedures (GBR), the type of restoration,
the treatment capacities of the clinician and the cleansability of the peri-implant
tissue will significantly influence the ABL.

6) Hard/soft tissues. Management of the soft and hard tissues pre-, per- and post
implant placement is a relevant factor on crestal bone stability. The influence of
gingiva thickness on ABL at abutment connection, the thickness of the buccal
bone, bone density and quality, vascularization of the osteotomy, bone
compression and early soft tissue perforation have been reported in several
papers.

7) Foreign body. The presence of foreign bodies, usually cement residues after crown
placement, is probably one of the main causes of iatrogenic peri-implantitis.

The clinical and technical abilities are not the only necessary skills of the clinician;
communication, education and motivation of patients are just as important.
Patients need to be active partners in the prevention and if needed the treatment
and management of peri-implant diseases. Communication is essential for
successful management, and behavior change of patients is mostly required.
Patient understanding and awareness of potential complications is likely to aide
prevention of peri- implant diseases.2! Therefore, patient compliance is one of the
key factors for success in implant therapy. There are several factors that can
determinate the success of peri-implant plaque control: oral hygiene, attending
recall visits, smoking behavior, therapy comprehension and compliance of
patients. These aspects are determinants in the prevention of peri-implant
diseases.



Oral hygiene

Experimental peri-implant mucositis and peri-implantitis

The relationship between plaque and gingivitis or periodontitis has clearly been
proven via the “classical” experimental gingivitis/periodontitis studies.?2-24 These
protocols have also been applied to implants.

A similar clinical study, now comparing teeth and implants after 3 weeks of
undisturbed plaque accumulation in 20 partially edentulous patients, reported no
statistically significant differences in Plaque Index (PI), Gingival Index (GI), Sulcus
Bleeding Index, Pocket Probing Depth and Marginal Recession. This indicated that
clinically the inflammatory changes were similar both on teeth and implants.3
Biopsies of peri-implant mucosa and gingiva revealed that, after 3-weeks of
undisturbed plaque accumulation, the connective tissue displayed an increased
volume of inflammatory cells with again no statistically significantly difference
between teeth and implants sites (e.g. size of the inflammatory cell infiltrate,
number of several immune cell populations).*

In contrast to these data, a comparison between experimental peri-implant
mucositis and experimental gingivitis in 15 partially edentulous patients
compared the healing sequence for both inflammatory processes. After 3-weeks
of undisturbed plaque accumulation both teeth and implants presented
significantly increased plaque deposits and gingival inflammation. However, the
implant sites showed higher GI compared with tooth sites, indicating that with a
similar bacterial challenge a more pronounced inflammatory response occurred
at implant sites. After the period of undisturbed plaque accumulation, a 3-week
period of optimal plaque control was instituted. Clinically, despite the resumed
plaque control, the soft tissue did not yield pre-experimental levels of gingival and
peri-implant mucosal health indicating that a longer healing period was needed.
Following the 6-week experimental period the GI at implant sites declined
significantly less than that at tooth sites. Furthermore, the inflammation-factor
matrix-metalloproteinase-8 (MMP-8) in the crevicular fluid was significantly
higher around implants. This result indicated that peri-implant soft tissues
developed a stronger inflammatory response to experimental plaque
accumulation compared with gingival tissues.2>

Clinical follow up

Although peri-implantitis has a multifactorial aetiology, the microbial challenge is
definitely the most important component. As soon as a dental implant is exposed
in to the microbe-loaded oral environment, microbial colonization and challenge

takes place.2627 [n case of suboptimal oral hygiene the microbiota of dental plaque
adhering to the implant surface will generate a plaque-related inflammatory soft
tissue infiltrate.28 Consequently, the implants are at risk of developing peri-
implant diseases. Especially the subgingival biofilm has been described as one of
the main aetiological factors for the initiation and maintenance of peri-implant
diseases and subsequently ABL.3:29-32



A significant dose dependent correlation between peri-implant diseases and
inadequate plaque control at implant sites has been reported in several papers
(Tab. 1). The association between inadequate plaque control and peri-implant
diseases is indeed supported by several studies. A prospective study reported
already in the eighties the correlation between oral hygiene and peri-implantitis.
27 subjects were included, 14 with poor and 13 with good oral hygiene. After 15
years a mean bone loss of 1,7mm was measured in the group with poor oral
hygiene, while a mean bone loss of 0,7mm was reported in subjects with good oral
hygiene.33

Another study including 212 partially edentulous non-smoking subjects
rehabilitated with dental implants examined the oral hygiene by the full-mouth
plaque scores. It showed an overall 64,4% prevalence rate of peri-implant
mucositis and a 8,9% prevalence rate of peri-implantitis. Plaque scores were
significantly dose dependent associated with peri-implant diseases, and a very
poor oral hygiene was highly associated with peri-implantitis. While peri-
implantitis was a rare finding around implants with proper plaque control, a very
poor oral hygiene was reported to be a risk factor for peri-implant diseases with
an odds ratio (OR) of 14.3.30

In contrast, a cross-sectional study observing the risk factors associated with peri-
implant lesions, showed a significant association between plaque and mucositis
on the implant level. However, no significant association between oral hygiene
and peri-implantitis was reported.3* The absence of a significant association
between oral hygiene and peri-implantitis in this study might be explained by the
cross-sectional design of the study and the time needed to develop peri-implant
diseases.

Therefore, proper oral hygiene measurements are crucial in patients rehabilitated
with dental implants.1220.35 [t is essential to create the most optimal conditions for
the patients, in order to perform adequate oral self-care and to help them to
improve their skills.



Cleansability (Tab. 2)
It is thus important not only to instruct the patient in his daily oral hygiene
routine, but also to follow surgically and prosthetic precautions before insertion
of a dental implant.3¢ There are indeed several factors, which may compromise
cleansability (Tab. 3):

e The presence of a circumferentially band of keratinized mucosa around
implants can be of influence for peri-implant health. The influence of
keratinized mucosa width on plaque accumulation has been observed in
several studies. They clearly demonstrated that a narrow keratinized
mucosa (<2mm) was associated with higher plaque accumulation around
implants (Fig. 1), especially in posterior regions.1537-40

e Implant surfaces exposed to bacterial contamination, may render oral
hygiene with conventional means extremely difficult.#1

e Several implants next to each other can impair the cleansability, especially
when placed in close proximity. (Fig 2).

e A narrow proximity of the implant with the neighboring teeth may also
make interproximal cleaning difficult if not impossible (Fig. 3).

e When a wrong positioning and/or angulation of the implants has to be
compensated, it may lead to unfavorable constructions with abrupt
emergence profile that are impossible to clean.#2

From a prosthetic point of view, it is essential to provide suprastructures with a
design that permits the patients to self-perform adequate oral hygiene. Even the
choice of prosthetic construction has an important impact on the cleansability of
the peri-implant tissue.

Full fixed prostheses

An increased risk of 16.1 times for peri-implantitis has been reported for total
rehabilitations with implants compared to single crown rehabilitations.43
Problems with cleansability are especially reported for extensive fixed
constructions.*4

The location of the restoration margin is also significant. Implants with supra-
mucosal restoration margins showed significantly greater reductions in probing
depth following treatment of mucositis compared with those with sub-mucosal
restoration margins.#> Especially when cemented implant restorations are
selected, the restoration margins should be located at the mucosal margin to allow
meticulous removal of excess cement. The correct fit of implant components and
the supra-structure has to be ensured to avoid additional niches for biofilm
adherence (Fig. 4).4¢ It should also be considered to avoid construction with over-
contoured and bulky crowns (Fig. 5).47 The latter often occurs unfortunately after
a wrong positioning of the implants that has to be compensated with over-
contoured suprastructures.



Furthermore, one should avoid fixed constructions with too extensive cantilevers
or limited embrasure spacing between implants (Fig. 6). These designs promote
plaque accumulation by retention and it is extremely difficult for the patient to
clean properly.

Overdenture

A bar construction for an overdenture can increase the susceptibility to peri-
implantitis by retention of plaque (Fig. 7). On average, an overdenture with milled
bars exhibits a higher plaque index, especially in case of a massive one-piece
milled bar, when compared to an overdenture retained by telescopic crowns (Fig.
8), resulting in a higher peri-implantitis frequency.484° This can be a problem
especially when the bar is positioned too close to the gingiva, impeding proper
oral hygiene. However, when the bar design allows to clean the peri-implant
tissue, similar parameters between ball and bar anchorage were reported.>0.51

Elderly patients

Caution should be taken when implants are placed in elderly patients who have
been edentulous for several years. They may have forgotten the plaque control
techniques. Therefore, it is advisable to reinstruct them in self-performed oral
hygiene procedures.52 Moreover, they often have impaired manual skills and

reduced visual capacity. Patients that have been edentulous for many years often
display advanced bone resorption. Therefore, implants have to be placed deeper
in the oral vestibule, which in turn may compromise the possibilities for adequate
plaque control by conventional oral hygiene means. In such a case, for example,
the patient has to be instructed to retract the lip, while brushing, to permit direct
access to the peri-implant tissue.

Sometimes a conventional removable solution should be proposed, especially for
the upper jaw. Several studies reported that mandibular two-implant overdenture
opposed by a maxillary conventional denture is a more satisfactory treatment and
provide better function and oral health-related quality of life than conventional
dentures.>35% Furthermore, it is advisable to avoid fixed prostheses when the
patient is not able to achieve acceptable oral hygiene standards. Removable long-
bar overdentures proved to provide significantly higher ratings of general
satisfaction than fixed prostheses. Patients also rated their ability to speak and
ease of cleaning significantly better with the removable overdentures.>>

A study done in partially edentulous patients clearly correlated accessibility for
oral hygiene at implants sites and the presence or absence of peri-implantitis. The
authors reported that 74% of the implants had no accessibility to proper oral
hygiene. 48% of the implants affected by peri-implantitis were those with no
accessibility for proper oral hygiene, while accessibility was rarely associated
with peri-implantitis.3>

Candida



When analyzing the importance of compliance and oral hygiene it is relevant to
remember the role of fungi, like candida. Candida species can be found in humans
as commensal yeasts. In the oral cavity the buccal mucosa is the most important
reservoir. In humans wearing a denture, the denture may favor the colonization
of the oral cavity by candida. Furthermore, these species can be found in
subgingival biofilm were they can co-aggregate with bacteria and adhere to
epithelial cells.

The role of Candida albicans in peri-implantitis has been investigated in vitro,
examining the virulence of candida species in mixed-species biofilms on titanium.
C. albicans biofilms containing Streptococci showed a significant up-regulation of
different virulence factors (ALS3, HWP1, SAP2, SAP6) and increased hyphal
production compared with C. albicans biofilms alone. Biofilm containing C.
albicans and Porphyromonas gingivalis showed a down-regulation of some
virulence genes and hyphal production was decreased. In contrast a mixed biofilm
containing C. albicans, streptococci and P. gingivalis showed up-regulation of
ALS3, SAP2 and SAP6. This mixed biofilm was also characterized by an increased
hyphal production. Depending on the associated bacterial species this in-vitro
study showed that in more complex microbial biofilms still hyphal development
and up-regulation of putative virulence factors can occur.>6

Another in-vitro study tested the effect of several peri-implantitis antiseptics on
mono-species biofilms on titanium surfaces. Regarding the C. albicans biofilm,
sodium hypochlorite, hydrogen peroxide, chlorhexidine and essential oils showed
an antifungal activity. This could not been found for citric acid and triclosan.
Furthermore, the authors concluded that only sodium hypochlorite was effective
on all three tested microbes (C. albicans, Streptococcus sanguinis and
Staphylococcus epidermidis).>”

A systematic review investigated the effect of oral health on candida in
hospitalized and medically compromised patients. The authors could not
determine an optimal protocol against yeasts. Different interventions were
investigated. Chlorhexidine as adjuvants to mechanical oral hygiene had some
effect on oral candida, although some studies reported unclear effects. Studies
successful at reducing oral candida used chlorhexidine at concentrations of 0.12%
or more. In some studies the control group were prescribed Nystatin as an
antifungal drug. The equivocal results observed in some studies could be due to
the reduced patient compliance and increased antibiotic usage in test groups
relative to control groups.>8

The possible role of candida spp., e.g. C. albicans, in biofilm formation and infection
should be taken into account during treatment and prevention of peri-implantitis.
Further studies are needed to investigate the role of antifungal therapy and which
antifungal therapy is most effective on C. albicans in peri-implant infections.
Furthermore, the high affinity of Candida to dentures should be taken into
account. Denture acrylic biofilms contain high numbers of Candida and are
frequently linked with tissue damage.



Tooth brushing

The safety and effectiveness of manual, powered and sonic toothbrushes used by
patients who have been rehabilitated with implants has been examined in several
papers. All three methods did significantly reduced plaque, mucositis and bleeding
indices. Some reported that, when comparing to the manual toothbrush, the
benefit was greater with the counter-rotational powered or sonic toothbrush.59.60
An oscillating/rotating powered toothbrush was found to be effective, safe and
comfortable for partially or fully edentulous patients rehabilitated with implant-
supported fixed prostheses.6!

Interdental cleaning

To achieve an optimal oral hygiene and healthy peri-implant tissues, also
interdental cleaning is crucial. Dental floss and superfloss are usually the most
recommended, although some problems have been reported. Ten patients with
persistent peri-implantitis revealed, during exploratory surgery, the presence of
remnants of dental floss around the exposed rough part of dental implants. After
debridement, nine of ten cases resulted in a significant improvement in the peri-
implant condition. Afterwards, the application of various types of dental floss on
rough implant surfaces has been tested and it has been concluded that this may
easily lead to tearing of the floss fibers.2 These floss fibers, like residual cement
in the peri-implant sulcus®3-65, may have acted as ligatures and certainly may lead
to the development of plaque-related peri-implant inflammation and,
subsequently, bone loss. Consequently, the use of interdental brushes or wooden
toothpicks is to be preferred in situations with exposed rough dental implant

surfaces.62

All these data stress the importance of giving proper oral hygiene instructions to
the patients, hand on hand if needed, who are rehabilitated with dental implants
and of providing prosthetic constructions with a design that facilitates proper
maintenance and allows accessibility for oral hygiene around implants.
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Supportive Periodontal Therapy (SPT) and patient compliance

In order to achieve high long-term survival and success rates of dental implants
and their restorations, enrolment in regular well-designed SPT including anti-
infective preventive measures should be implemented (Tab. 4). Therefore,
implant therapy should not be limited to the placement and restoration of dental
implants, but complemented with a SPT-program, that stresses excellent oral
hygiene.29.66-73

Significant differences in the prevalence of peri-implant lesions existed when
comparing the long-term outcomes of patients enrolled or not enrolled in SPT
(Tab. 5).31L74 Patients following SPT programs have fewer peri-implant
complications.870.7275-82 Qbviously, patient compliance is a crucial factor.31.3570
A retrospective study observed subjects with pre-existing peri-implant mucositis,
and compared the peri-implant conditions, five years later. 43,9% of the group
without SPT progressed in peri-implantitis while of the group with SPT only 18%
progressed in peri-implantitis. These results evidenced that the lack of annual
supportive therapy in patients diagnosed with peri-implant mucositis is
associated with increased risk for progression from peri-implant mucositis to
peri-implantitis.2?

In a recent systematic review a minimum recall interval of 5 to 6 months
depending on the patient’s risk profile is recommended. In addition, patients with
a higher risk of developing peri-implant diseases due to, for example, a bulky
implant supra-structure and systemic or medical factors, such as smoking, should
be recalled more often. Although there is no consensus on the interval of SPT.83
During SPT several factors have to be examined (Tab. 6): condition of the soft
tissues, plaque index, clinical probing depth, bleeding on probing, suppuration,
stability of soft-tissue margins, keratinized mucosa, mobility and occlusion.
Radiographs should be taken pre-, (intra-) and post-operatively in order to get
information about the implantation site and to asses ABL.

Among patients not enrolled in SPT, peri-implant mucositis was reported with a
prevalence of 48% over an observation period of 9- 14 years.3! Especially in
patients who lost their teeth because of periodontitis, supportive dental visits
reduced the risk of peri-implant diseases. It has been reported that full-mouth
plaque and bleeding scores in periodontally healthy or compromised patients
rehabilitated with dental implants and adhering to SPT-program, were lower than
patients with a history of periodontitis, who did not fully followed a SPT-program.
These patients presented a statistically significant higher number of sites that
required additional treatment.80

The outcomes of a prospective cohort study showed that implants placed in
patients treated for periodontitis and enrolled in SPT yielded a low prevalence of
peri-implantitis (6%) and of peri-implant mucositis (20%) after 5 years.84 Hence,
it is important, before implant placement, to inform patients of the value of the
SPT-program, particularly those affected by periodontitis.
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Although different protocols have been proposed for SPT, no consensus is yet
available to advise the frequency of recall intervals or to propose a specific
protocol for hygiene treatments.85> However, all the tested procedures reported
that the implementation of a systematic hygienic protocol is effective in
controlling plaque accumulation as well as in keeping the incidence of peri-
implant diseases low.67.75.86,87

Compliance
Different studies evaluated the patient compliance rates to SPT programs for

“periodontal” patients. The results reported that the compliance often was
considered insufficient, particularly with regard to patients treated in private
practice.88-94 Insufficient oral hygiene and poor attendance of the recommended
recall appointments after periodontal treatment have been proven to be
significantly associated with the progression/recurrence of periodontitis?6.95-99,
root caries100-104 and tooth loss.105-108

Obviously, the compliance of the patient rehabilitated with implants is crucial.
Studies on the compliance of patients to SPT after implant treatment are scars. In
a 10 years follow-up, 147 patients treated with 2 mandibular implants and
overdenture were analysed. They reported that the patient compliance was quite
high, with regular recall attendance of >90%. Visits to a dental hygienist and
dentist resulted in an annual visit rate of 1.5 and 2.4, respectively.109

A retrospective study examined the compliance of 96 patients, determining the
impact of active periodontal therapy and the insertion of dental implants. After a
5 years examination period, 77.1% of patients completely complied with SPT
while 22.9% of patients had insufficient compliance or dropped out. Interesting is
that of the non-compliant patients, 54.5% dropped out at the end of the first year
and a total of 81.8% non-compliant patients dropped out in the first 2 years of
SPT. Consequently, this means that after the first 2 years, patients have a low risk
of dropping out.110

Another retrospective study included 236 patients that had been recommended
to attend a SPT-program with a 3-month recall in a private practice. After 3 years
6 patients (2.54%) attended recall four times a year and showed total compliance
and 34 patients (14.4%) did not comply for implant maintenance.””

A lack of compliance has been shown to increase the risk for problems in peri-
implant tissue. To underline the importance of compliance it has to be noted that
a significant correlation between increased PPD and lower compliance was
found.”” Even more, the patient’s compliance has a significant impact on peri-
implant bone loss.11! The prevalence of peri-implantitis has been reported to be
more in individuals with insufficient oral hygiene and in those who did not show
up at dental appointments.30112 Individuals with established peri-implant
mucositis, especially those without preventive maintenance, presented a high
incidence of peri-implantitis.2® The treatment success rate at patient level for
patients with acceptable compliance has been reported at 86% and was
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significantly higher compared with patients with poor compliance (50%). In
addition, the compliance was significantly lower for smokers.113 Smoking habits,
as well as poor compliance were significantly associated with prevalence of peri-
implantitis.114

Given this, it is not surprising that patient compliance may be of great impact on
the peri-implant health, it is important to understand why treated patients do not
attend regular recall. The influencing factors for non-compliance have been
analysed and it has been established that the “Geographical distance” was the
most significant one, followed by “Tobacco smoking” and “Diabetes”. “Pre-existing
experience in prophylaxis programs” and “Number of Implants” positively
impacted the patient compliance.”” When investigating periodontal patients, a
statistically significant difference was established between patients that had
received implant treatment or not. In the group of periodontal patients treated
with implants 11.9% had insufficient compliance, while 35.2% of the periodontal
patients that did not need implants treatment dropped out. It is presumed that an
additional surgery, such as the insertion of an implant, may have a psychological
impact on patient behaviour, increasing the patient’s motivation to go regularly
for the scheduled control appointments.110

13



Conclusion

Itis clear that implants are susceptible to plaque-related diseases in a very similar
way as teeth. Therefore, plaque scores (PI) and gingival inflammation scores (GI)
have to be and remain low. Before starting any implant therapy the clinician needs
to make certain that the patient has the oral hygiene skills to minimize the risk of
developing peri-implant diseases. It is not only important to show how to brush
with the different devices. More essential is that they acquire the skills and the
knowledge to understand “why” they are used. Furthermore, clinicians have to
construct a supra-structure that makes it easy for the patient to perform oral
hygiene. It is wise to avoid construction of over-contoured and bulky crowns and
bridges that restrict access around implants. It would be incongruous to expect
from patients to perform daily plaque control under such bulky constructions
when it is even challenging for the clinician to remove supramucosal and
submucosal microbial deposits during maintenance visits.

To prevent peri-implantitis, patient’s compliance including plaque control and
dental follow-up has to be sufficient. Consequently, the inclusion of patients
treated with dental implants has to be with large precaution. Every potential risk
factor has to be considered and reflected. A specific recall program, individual for
each patient, should be established to provide professional care, to detect and
prevent the development of peri-implant diseases.

It seems that patients that are compliant in the first few years of scheduled
maintenance care tend to remain faithful in a long-term SPT, which may be
ensured by the improvement in patient communication and motivation after the
end of active therapy. Hence, before treatment, SPT should be presented as
essential and necessary part of implant therapy and the benefits should be pointed
out constantly.

14



10.

11.

12.

13.

14.

15.

15

Mombelli A, van Oosten MA, Schurch E, Land NP. The microbiota associated
with successful or failing osseointegrated titanium implants. Oral Microbiol
Immunol. 1987;2(4):145-151.

Albrektsson TO, Johansson CB, Sennerby L. Biological aspects of implant
dentistry: osseointegration. Periodontol 2000. 1994;4:58-73.

Pontoriero R, Tonelli MP, Carnevale G, Mombelli A, Nyman SR, Lang NP.
Experimentally induced peri-implant mucositis. A clinical study in humans.
Clin Oral Implants Res. 1994;5(4):254-259.

Zitzmann NU, Berglundh T, Marinello CP, Lindhe ]. Experimental peri-implant
mucositis in man. J Clin Periodontol. 2001;28(6):517-523.

Zitzmann NU, Berglundh T. Definition and prevalence of peri-implant
diseases. ] Clin Periodontol. 2008;35(8 Suppl):286-291.

Lindhe ], Meyle ]. Peri-implant diseases: Consensus Report of the Sixth
European Workshop on Periodontology. J Clin Periodontol. 2008;35:282-
285.

Koldsland OC, Scheie AA, Aass AM. Prevalence of peri-implantitis related to
severity of the disease with different degrees of bone loss. | Periodontol.
2010;81(2):231-238.

Lang NP, Berglundh T. Periimplant diseases: where are we now? - Consensus
of the Seventh European Workshop on Periodontology. J Clin Periodontol.
2011;38(11):178-181.

Sanz M, Chapple IL. Clinical research on peri-implant diseases: Consensus
report of Working Group 4. J Clin Periodontol. 2012;39(12):202-206.

Mombelli A, Miiller N, Cionca N. The epidemiology of peri-implantitis. Clin
Oral Implants Res. 2012;23:67-76.

Levignac]. Periimplantation osteolysis- periimplantosis - periimplantitis. Rev
Fr Odonto-Stomatol. 1965;12(8):1251-1260.

Heitz-Mayfield LJA. Peri-implant diseases: Diagnosis and risk indicators. |
Clin Periodontol. 2008;35(8):292-304.

Heitz-Mayfield LJA, Huynh-Ba G. History of treated periodontitis and smoking
as risks for implant therapy. Int ] Oral Maxillofac Implants. 2009;24:39-68.

Renvert S, Persson GR. Periodontitis as a potential risk factor for peri-
implantitis. J Clin Periodontol. 2009;36(10):9-14.

Canullo L, Penarrocha-Oltra D, Covani U, Botticelli D, Serino G, Penarrocha M.
Clinical and microbiological findings in patients with peri-implantitis: a
cross-sectional study. Clin Oral Implants Res. 2015;0:1-7.



16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

16

Pesce P, Menini M, Tealdo T, Bevilacqua M, Pera F, Pera P. Peri-implantitis: a
systematic review of recently published papers. Int ] Prosthodont.
2014;27(1):15-25.

Zarb GA, Koka S. Osseointegration: promise and platitudes. Int J Prosthodont.
25(1):11-12.

Chambrone L, Chambrone LA, Lima LA. Effects of occlusal overload on peri-
implant tissue health: a systematic review of animal-model studies. J
Periodontol. 2010;81(10):1367-1378.

Qian ], Wennerberg A, Albrektsson T. Reasons for Marginal Bone Loss around
Oral Implants. Clin Implant Dent Relat Res. 2012;14(6):792-807.

Renvert S, Quirynen M. Risk indicators for peri-implantitis. A narrative
review. Clin Oral Implants Res. 2015;26(11):15-44.

Turani D, Bissett SM, Preshaw PM. Techniques for effective management of
periodontitis. Dent Update. 2013;40(3):181-184, 187-190, 193.

Lindhe ], Hamp SE, Loe H. Experimental periodontitis in the beagle dog. Int
DentJ. 1973;23(3):432-437.

Loe H, Theilade E, Jensen SB. Experimental gingivitis in man. J Periodontol.
36:177-187.

Theilade E, Wright WH, Jensen SB, Loe H. Experimental gingivitis in man. IL
A longitudinal clinical and bacteriological investigation. | Periodontal Res.
1966;1:1-13.

Salvi GE, Aglietta M, Eick S, Sculean A, Lang NP, Ramseier CA. Reversibility of
experimental peri-implant mucositis compared with experimental
gingivitis in humans. Clin Oral Implants Res. 2012;23(2):182-190.

First MM, Salvi GE, Lang NP, Persson GR. Bacterial colonization immediately
after installation on oral titanium implants. Clin Oral Implants Res.
2007;18(4):501-508.

Quirynen M, Vogels R, Peeters W, Van Steenberghe D, Naert I, Haffajee A.
Dynamics of initial subgingival colonization of “pristine” peri-implant
pockets. Clin Oral Implants Res. 2006;17(1):25-37.

Renvert S, Polyzois 1. Risk indicators for peri-implant mucositis: A systematic
literature review. J Clin Periodontol. 2015;42(16):S172-5186.

Costa FO, Takenaka-Martinez S, Cota LOM, Ferreira SD, Silva GLM, Costa JE.
Peri-implant disease in subjects with and without preventive maintenance:
a 5-year follow-up. J Clin Periodontol. 2012;39(2):173-181.



30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

17

Ferreira SD, Silva GLM, Cortelli JR, Costa JE, Costa FO. Prevalence and risk
variables for peri-implant disease in Brazilian subjects. J Clin Periodontol.
2006;33(12):929-935.

Roos-Jansaker A-M, Lindahl C, Renvert H, Renvert S. Nine- to fourteen-year
follow-up of implant treatment. Part II: presence of peri-implant lesions. J
Clin Periodontol. 2006;33(4):290-295.

Zitzmann NU, Berglundh T. Definition and prevalence of peri-implant
diseases. In: Journal of Clinical Periodontology. Vol 35. Blackwell Publishing
Ltd; 2008:286-291.

Lindquist LW, Carlsson GE, Jemt T. A prospective 15-year follow-up study of

mandibular fixed prostheses supported by osseointegrated implants.
Clinical results and marginal bone loss. Clin Oral Implants Res.
1996;7(4):329-336.

Roos-]Jansaker A-M, Renvert H, Lindahl 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(4):296-301.

Serino G, Strom C. Peri-implantitis in partially edentulous patients:
association with inadequate plaque control. Clin Oral Implants Res.
2009;20(2):169-174.

Triplett RG, Andrews JA, Hallmon WW. Management of peri-implantitis. Oral
Macxillofac Surg Clin N Am. 2003;15(1):129-138.

Bouri A, Bissada N, Al-Zahrani MS, Faddoul F, Nouneh 1. Width of keratinized
gingiva and the health status of the supporting tissues around dental
implants. Int ] Oral Maxillofac Implants. 2008;23(2):323-326.

Crespi R, Cappare P, Gherlone E. A 4-Year Evaluation of the Peri-Implant
Parameters of Immediately Loaded Implants Placed in Fresh Extraction
Sockets. J Periodontol. 2010;81(11):1629-1634.

Souza AB, Tormena M, Matarazzo F, Aratjo MG. The influence of peri-implant
keratinized mucosa on brushing discomfort and peri-implant tissue health.
Clin Oral Implants Res. 2015;0:1-6.

Zigdon H, Machtei EE. The dimensions of keratinized mucosa around
implants affect clinical and immunological parameters. Clin Oral Implants
Res. 2008;19(4):387-392.

Mombelli A. Microbiology and antimicrobial therapy of peri-implantitis.
Periodontol 2000. 2002;28(40):177-189.

Alani A, Corson M. Soft tissue manipulation for single implant restorations.
Br Dent].2011;211(9):411-416.



43.

44,

45.

46.

47.

48.

49.

50.

51.

52.

53.

54.

55.

18

Dalago HR, Schuldt Filho G, Rodrigues MAP, Renvert S, Bianchini MA. Risk
indicators for Peri-implantitis. A cross-sectional study with 916 implants.
Clin Oral Implants Res. 2016;0:1-7.

Schuldt Filho G, Dalago HR, Souza JGO De, Stanley K, Jovanovic S, Bianchini
MA. Prevalence of peri-implantitis in patients with implant-supported fixed
prostheses. Quintessence Int Berl Ger 1985.2014;45(10):861-868.

Heitz-Mayfield LJA, Salvi GE, Botticelli D, Mombelli A, Faddy M, Lang NP. Anti-
infective treatment of peri-implant mucositis: A randomised controlled
clinical trial. Clin Oral Implants Res. 2011;22(3):237-241.

Jepsen S, Berglundh T, Genco R, et al. Primary prevention of peri-implantitis:
Managing peri-implant mucositis. J Clin Periodontol. 2015;42(16):S152-
S157.

Armitage GC, Xenoudi P. Post-treatment supportive care for the natural
dentition and dental implants. Periodontol 2000.2016;71(1):164-184.

Frisch E, Ziebolz D, Ratka-Kriiger P, Rinke S. Double Crown-Retained
Maxillary Overdentures: 5-Year Follow-Up. Clinical Implant Dentistry and
Related Research. February 2013:22-31.

Rinke S, Rasing H, Gersdorff N, Buergers R, Roediger M. Implant-supported
overdentures with different bar designs: A retrospective evaluation after 5-
19 years of clinical function. / Adv Prosthodont. 2015;7(4):338-343.

Cune M, Burgers M, van Kampen F, de Putter C, van der Bilt A. Mandibular
overdentures retained by two implants: 10-year results from a crossover
clinical trial comparing ball-socket and bar-clip attachments. Int ]
Prosthodont. 23(4):310-317.

Naert I, Alsaadi G, Quirynen M. Prosthetic aspects and patient satisfaction
with two-implant-retained mandibular overdentures: a 10-year
randomized clinical study. Int ] Prosthodont. 2004;17(4):401-410.

Dunne JT. Prosthodontics for the Elderly: Diagnosis and Treatment. Spec Care
Dentist. 2000;20(1):35-36.

Awad MA, Lund JP, Dufresne E, Feine JS. Comparing the efficacy of
mandibular implant-retained overdentures and conventional dentures
among middle-aged edentulous patients: satisfaction and functional
assessment. Int | Prosthodont. 16(2):117-122.

Awad MA, Lund JP, Shapiro SH, et al. Oral health status and treatment
satisfaction with mandibular implant overdentures and conventional

dentures: a randomized clinical trial in a senior population. Int ]
Prosthodont. 16(4):390-396.

Heydecke G, Boudrias P, Awad MA, De Albuquerque RF, Lund JP, Feine |S.
Within-subject comparisons of maxillary fixed and removable implant



56.

57.

58.

59.

60.

61.

62.

63.

64.

65.

66.

67.

19

prostheses: Patient satisfaction and choice of prosthesis. Clin Oral Implants
Res. 2003;14(1):125-130.

Cavalcanti YW, Wilson M, Lewis M, Del-Bel-Cury AA, da Silva W], Williams
DW. Modulation of Candida albicans virulence by bacterial biofilms on
titanium surfaces. Biofouling. 2016;32(2):123-134.

Biirgers R, Witecy C, Hahnel S, Gosau M. The effect of various topical peri-
implantitis antiseptics on Staphylococcus epidermidis, Candida albicans,
and Streptococcus sanguinis. Arch Oral Biol. 2012;57(7):940-947.

Lam OLT, Bandara HMHN, Samaranayake LP, McGrath C, Li LSW. Oral health
promotion interventions on oral yeast in hospitalised and medically
compromised patients: a systematic review. Mycoses. 2012;55(2):123-142.

Truhlar RS, Morris HF, Ochi S. The efficacy of a counter-rotational powered
toothbrush in the maintenance of endosseous dental implants. | Am Dent
Assoc 1939.2000;131(1):101-107.

Wolff L, Kim A, Nunn M, Bakdash B, Hinrichs ]. Effectiveness of a sonic
toothbrush in maintenance of dental implants. A prospective study. J Clin
Periodontol. 1998;25(10):821-828.

Vandekerckhove B, Quirynen M, Warren PR, Strate ], van Steenberghe D. The
safety and efficacy of a powered toothbrush on soft tissues in patients with
implant-supported fixed prostheses. Clin Oral Investig. 2004;8(4):206-210.

van Velzen F]], Lang NP, Schulten EAJM, ten Bruggenkate CM. Dental floss as
a possible risk for the development of peri-implant disease: An
observational study of 10 cases. Clin Oral Implants Res.2016;27(5):618-621.

Linkevicius T, Puisys A, Vindasiute E, Linkeviciene L, Apse P. Does residual
cement around implant-supported restorations cause peri-implant disease?
A retrospective case analysis. Clin Oral Implants Res. 2013;24(11):1179-
1184.

Wilson Jr. TG. The Positive Relationship Between Excess Cement and Peri-
Implant Disease: A Prospective Clinical Endoscopic Study. J Periodontol.
2009;80(9):1388-1392.

Shapoff CA, Lahey BJ. Crestal bone loss and the consequences of retained
excess cement around dental implants. Compend Contin Educ Dent.
2012;33(2):94-96,98-101, 112.

Aguirre-Zorzano LA, Estefania-Fresco R, Telletxea O, Bravo M. Prevalence of
peri-implant inflammatory disease in patients with a history of periodontal
disease who receive supportive periodontal therapy. Clin Oral Implants Res.
2015;26(11):1338-1344.

Alani A, Bishop K. Peri-implantitis. Part 2: Prevention and maintenance of
peri-implant health. Br Dent J. 2014;217(6):289-297.



68.

69.

70.

71.

72.

73.

74.

75.

76.

77.

78.

20

Atieh MA, Alsabeeha NHM, Faggion CM, Duncan W]J. The frequency of peri-
implant diseases: a systematic review and meta-analysis. /| Periodontol.
2013;84(11):1586-1598.

Pjetursson BE, Thoma D, Jung R, Zwahlen M, Zembic A. A systematic review
of the survival and complication rates of implant-supported fixed dental
prostheses (FDPs) after a mean observation period of at least 5 years. Clin
Oral Implants Res. 2012;23(s6):22-38.

Salvi GE, Zitzmann NU. The effects of anti-infective preventive measures on
the occurrence of biologic implant complications and implant loss: a
systematic review. Int ] Oral Maxillofac Implants. 2014;29 Suppl:292-307.

Tonetti MS, Eickholz P, Loos BG, et al. Principles in prevention of periodontal
diseases: Consensus report of group 1 of the 11th European Workshop on
Periodontology on effective prevention of periodontal and peri-implant
diseases. J Clin Periodontol. 2015;42(S16):S5-S11.

Zangrando MS, Damante CA, Sant’Ana AC, Rubo de Rezende ML, Greghi SL,
Chambrone L. Long-term evaluation of periodontal parameters and implant
outcomes in periodontally compromised patients: a systematic review. J
Periodontol. 2015;86(2):201-221.

Pjetursson BE, Helbling C, Weber H-P, et al. Peri-implantitis susceptibility as
it relates to periodontal therapy and supportive care. Clin Oral Implants Res.
2012;23(7):888-894.

Wennstrom L, Ekestubbe A, Grondahl K, Karlsson S, Lindhe ]. Oral
rehabilitation with implant-supported fixed partial dentures in
periodontitis-susceptible subjects. A 5-year prospective study. J Clin
Periodontol. 2004;31(9):713-724.

Corbella S, Del Fabbro M, Taschieri S, De Siena F, Francetti L. Clinical
evaluation of an implant maintenance protocol for the prevention of peri-
implant diseases in patients treated with immediately loaded full-arch
rehabilitations. Int ] Dent Hyg. 2011;9(3):216-222.

Costa FO, Santuchi CC, Pereira Lages EJ], et al. Prospective Study in
Periodontal Maintenance Therapy: Comparative Analysis Between
Academic and Private Practices. ] Periodontol. 2012;83(3):301-311.

Frisch E, Ziebolz D, Vach K, Ratka-Kriiger P. Supportive post-implant therapy:
patient compliance rates and impacting factors: 3-year follow-up. J Clin
Periodontol. 2014;41(10):1007-1014.

Quirynen M, Abarca M, Van Assche N, Nevins M, Van Steenberghe D. Impact
of supportive periodontal therapy and implant surface roughness on
implant outcome in patients with a history of periodontitis. J Clin
Periodontol. 2007;34(9):805-815.



79.

80.

81.

82.

83.

84.

85.

86.

87.

88.

89.

90.

91.

21

Roccuzzo M, Bonino F, Aglietta M, Dalmasso P. Ten-year results of a three
arms prospective cohort study on implants in periodontally compromised
patients. Part 2: Clinical results. Clin Oral Implants Res. 2012;23(4):389-395.

Roccuzzo M, Bonino L, Dalmasso P, Aglietta M. Long-term results of a three
arms prospective cohort study on implants in periodontally compromised
patients: 10-year data around sandblasted and acid-etched (SLA) surface.
Clin Oral Implants Res. 2014;25(10):1105-1112.

Salvi GE, Ramseier CA. Efficacy of patient-administered mechanical and/or
chemical plaque control protocols in the management of peri-implant
mucositis. A systematic review. J Clin Periodontol. 2015;42(516):5S187-S201.

Serino G, Turri A, Lang NP. Maintenance therapy in patients following the
surgical treatment of peri-implantitis: a 5-year follow-up study. Clin Oral
Implants Res. 2015;26(8):950-956.

Monje A, Aranda L, Diaz KT, et al. Impact of Maintenance Therapy for the
Prevention of Peri-implant Diseases: A Systematic Review and Meta-
analysis. ] Dent Res. 2016;95(4):372-379.

Rodrigo D, Martin C, Sanz M. Biological complications and peri-implant
clinical and radiographic changes at immediately placed dental implants. A
prospective 5-year cohort study. Clin Oral Implants Res. 2012;23(10):1224-
1231.

Hultin M, Komiyama A, Klinge B. Supportive therapy and the longevity of
dental implants: A systematic review of the literature. Clin Oral Implants Res.
2007;18(SUPPL. 3):50-62.

Lang NP, Wilson TG, Corbet EF. Biological complications with dental
implants: their prevention, diagnosis and treatment. Clin Oral Implants Res.
2000;11(s1):146-155.

Todescan S, Lavigne S, Kelekis-Cholakis A. Guidance for the maintenance care
of dental implants: clinical review. ] Can Dent Assoc. 2012;78:¢107.

Checchi L, Pelliccioni GA, Gatto MR, Kelescian L. Patient compliance with
maintenance therapy in an Italian periodontal practice. J Clin Periodontol.
1994;21(5):309-312.

Demetriou N, Tsami-Pandi A, Parashis A. Compliance with supportive
periodontal treatment in private periodontal practice. A 14-year
retrospective study. J Periodontol. 1995;66(2):145-149.

Famili P, Short E. Compliance with periodontal maintenance at the University
of Pittsburgh: Retrospective analysis of 315 cases. Gen Dent. 58(1):e42-7.

Mendoza AR, Newcomb GM, Nixon KC. Compliance with supportive
periodontal therapy. J Periodontol. 1991;62(12):731-736.



92.

93.

94,

95.

96.

97.

98.

99.

100.

101.

102.

103.

104.

22

Novaes AB, Novaes AB. Compliance with supportive periodontal therapy.
Part 1. Risk of non-compliance in the first 5-year period. J Periodontol.
1999;70(6):679-682.

Ojima M, Hanioka T, Shizukuishi S. Survival analysis for degree of compliance
with supportive periodontal therapy. J Clin Periodontol. 2001;28(12):1091-
1095.

Wilson TG, Glover ME, Schoen ], Baus C, Jacobs T. Compliance with
maintenance therapy in a private periodontal practice. | Periodontol.
1984;55(8):468-473.

Delatola C, Adonogianaki E, Ioannidou E. Non-surgical and supportive
periodontal therapy: predictors of compliance. J Clin Periodontol.
2014;41(8):791-796.

DeVore CH, Duckworth JE, Beck FM, Hicks M], Brumfield FW, Horton JE. Bone
Loss Following Periodontal Therapy in Subjects without Frequent
Periodontal Maintenance. ] Periodontol. 1986;57(6):354-359.

Lorentz TCM, Miranda Cota LO, Cortelli JR, Vargas AMD, Costa FO.
Prospective study of complier individuals under periodontal maintenance
therapy: analysis of clinical periodontal parameters, risk predictors and the
progression of periodontitis. / Clin Periodontol. 2009;36(1):58-67.

Novaes AB, Novaes AB, Bustamanti A, Villavicencio B. J], Muller E, Pulido E. J.
Supportive Periodontal Therapy in South America. A Retrospective Multi-
Practice Study on Compliance. J Periodontol. 1999;70(3):301-306.

Nyman S, Lindhe ], Rosling B. Periodontal surgery in plaque-infected
dentitions. J Clin Periodontol. 1977;4(4):240-249.

Bignozzi |, Crea A, Capri D, Littarru C, Lajolo C, Tatakis DN. Root caries: a
periodontal perspective. J Periodontal Res. 2014;49(2):143-163.

Keltjens H, Schaeken T, van der Hoeven H, Hendriks J. Epidemiology of root
surface caries in patients treated for periodontal diseases. Community Dent
Oral Epidemiol. 1988;16(3):171-174.

Patel S, Bay RC, Glick M. A systematic review of dental recall intervals and
incidence of dental caries. ] Am Dent Assoc 1939.2010;141(5):527-539.

Pepelassi E, Tsami A, Komboli M. Root caries in periodontally treated
patients in relation to their compliance with suggested periodontal
maintenance intervals. Compend Contin Educ Dent Jamesburg NJ 1995.
2005;26(12):835-44; quiz 845.

Reiker |, van der Velden U, Barendregt DS, Loos BG. A cross-sectional study
into the prevalence of root caries in periodontal maintenance patients. J Clin
Periodontol. 1999;26(1):26-32.



105.

106.

107.

108.

109.

110.

111.

112.

113.

114.

23

Eickholz P, Kaltschmitt ], Berbig ], Reitmeir 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(2):165-174.

Hirschfeld L, Wasserman B. A Long-Term Survey of Tooth Loss in 600
Treated Periodontal Patients. J Periodontol. 1978;49(5):225-237.

Lorentz TCM, Cota LOM, Cortelli JR, Vargas AMD, Costa FO. Tooth loss in
individuals under periodontal maintenance therapy: prospective study.
Braz Oral Res. 24(2):231-237.

Miyamoto T, Kumagai T, Jones JA, Van Dyke TE, Nunn ME. Compliance as a
Prognostic Indicator: Retrospective Study of 505 Patients Treated and
Maintained for 15 Years. J Periodontol. 2006;77(2):223-232.

Rentsch-Kollar A, Huber S, Mericske-Stern R. Mandibular implant
overdentures followed for over 10 years: patient compliance and prosthetic
maintenance. Int ] Prosthodont. 23(2):91-98.

Cardaropoli D, Gaveglio L. Supportive periodontal therapy and dental
implants: An analysis of patients’ compliance. Clin Oral Implants Res.
2012;23(12):1385-1388.

Vervaeke S, Collaert B, Cosyn ], Deschepper E, De Bruyn H. A Multifactorial
Analysis to Identify Predictors of Implant Failure and Peri-Implant Bone
Loss. Clin Implant Dent Relat Res. 2015;17(S1):e298-e307.

Charyeva O, Altynbekov K, Zhartybaev R, Sabdanaliev A. Long-term dental
implant success and survival--a clinical study after an observation period up
to 6 years. Swed Dent J. 2012;36(1):1-6.

Lagervall M, Jansson LE. Treatment Outcome in Patients With Peri-
Implantitis in a Periodontal Clinic: A Retrospective Study. J Periodontol.
2013;84(10):1365-1373.

Rinke S, Ohl S, Ziebolz D, Lange K, Eickholz P. Prevalence of periimplant
disease in partially edentulous patients: a practice-based cross-sectional
study. Clin Oral Implants Res. 2011;22(8):826-833.



Figure legends

Figure 1

The importance of keratinized mucosa (KM) surrounding implant supported
restorations should not be underestimated. A band of at least 2Zmm should be
present (A) to facilitate plaque removal and to preserve peri-implant bone height
(B). Absence of KM (C) can increase the risk of plaque/food impaction and bone
loss may be expected (D).

Figure 2
A narrow proximity of the implants may induce interproximal bone loss due to
insufficient vascularity (A). Gingival recession may occur in such cases (B).

Figure 3

Radiological appearance of implant 45 placed to close to the tooth (A). Interdental
cleansability is not achievable for the patient and caries distal of tooth 44 has
developed (B).

Figure 4

Radiological appearance of two implants, the crown on the 14 has been placed
properly, and conversely the crown on the 15 was not well fit to the abutment.
This creates a niche for biofilm adherence and unfavourable implant loading that
led to peri-implant bone loss.

Figure 5

Over-countered and bulky constructions should be avoided. In this case the
implant 36 is relatively small and the crown has an abrupt emergence creating a
plaque retentive shelf. Extensive bone loss is visible.

Figure 6

A full edentulous 62 years old patient with a bridge on implants in the lower jaw.
Notice the embrasure spacing between implants, it is crucial to control if the
patient is able to use interdental brushes.

Figure 7

A bar construction placed deep in the oral vestibule can be challenging to clean for
patient with impaired oral hygiene skills (A). Plaque and calculus retention can
result in peri-implant bone loss (B).

Figure 8

Radiological aspect of telescopic crowns with well preserved bone level (A, B).
Telescopic crowns are easy to clean, especially when surrounded with a sufficient
width of keratinized mucosa (C).

Figure 9

A 86 years old patient with a removable bar overdenture. Radiographs show the
health peri-implant bone level (A, B). Despite the impaired manual skills the
patient is able to self-preform oral hygiene (C).
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Table legends and table

Table 1 Oral Hygiene as risk indicator for peri-implantitis
Study (year) Follow up # Subjects  Criteria Study design Relevant results
(# implants)

Lindquist et 15 years 27 subjects / Prospective study 14 subjects had a poor and 13 a good oral hygiene.

al (1996) In the group with poor oral hygiene mean bone loss of 1.7 mm.
In the group with good oral hygiene mean bone loss of 0.7 mm.
The difference between both groups statistically significant.

Roos- 9-14 years 218 subjects Mucositis = PPD 2 4mm and BoP  Cross-sectional study Significant association between presence of plaque and mucositis. OR 1.9 [1.2-2.9]

Jansaker et al (999 implants)  Peri-implantitis = bone loss = 3 (p=0.005)

(20006) threads + BoP and/or pus No significant association between presence of plaque and peri-implantitis OR 1.7 [0.73-
3.8] (p=0.2)

Ferreira etal 42.5 (SD=17.1) 212 subjects Peri-implant mucositis = BoP Cross-sectional study Plaque scores were significantly dose dependent associated with peri-implant diseases.

(2006) months (mean (578 implants) Peri-implantitis = PPD = 5mm + A very poor oral hygiene (PI >2) had an OR of 14.3 [9.1-28.7] for peri-implantitis, which

Pontoriero et
al (1994)

Salvi et al
(2012)

loading time)

3 weeks

3-6 weeks

20 subjects

15 subjects

BoP and/or pus

induced
peri-

Experimental
gingivitis and
implant mucositis

induced
peri-

Experimental
gingivitis and
implant mucositis

is much higher when compared to the same level op plaque scores in peri-mucositis (OR
=2.9[2.0-4.1]).

A poor oral hygiene (PI >1 and <2) had an OR of 1.9 [1.2 - 2.3] for peri-mucositis and 3.8
[2.1 - 6.8] for peri-implantitis, which presents lower differences compared to a very poor
oral hygiene.

These results were statistically significant (p = 0.002).

Conclusion: a very poor oral hygiene was highly associated with peri-implantitis.

After 3 weeks of undisturbed plaque accumulation there was no statistically significant
difference between the mean values of plaque index, gingival index, sulcus bleeding
index, pocket probing depth and marginal recession at implant compared to tooth sites.
This demonstrated a similar cause-effect relationship between the accumulation of
plaque and the development of peri-implant mucositis as the cause-effect, similar to the
experimental gingivitis model.

Experimental undisturbed plaque accumulation (3 weeks) + 3 weeks of plaque control
During plaque accumulation, both at implants and teeth: increased median plaque and
gingival index. However, despite a similar bacterial challenge higher GI was shown at
implant sites indicating a more pronounced inflammatory response.

3 weeks of resumed plaque control was not enough to reach pre-experimental levels of
gingival and peri-implant mucosal health.

The crevicular fluid levels of MMP-8 were significantly higher at implants compared with
teeth (p < 0.05).

BoP = Bleeding on Probing; PPD = probing pocket depth; OR = Odds Ratio; MMP-8 = matrix-metalloproteinase-8
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Table 2

Cleansability as risk indicator for peri-implantitis

. . . Factor affecting
Study (year) Time Subjects Patients cleansability Relevant results
Bouri et al .>1 year Patients with 1 or more implant-supported Width of Kkeratinized e me.an.Gmglval ll:ldeX BN Plaql.le e B gaiadicsiaehiclbonggiess
implant in 2001/76P . . were significantly higher for those implants with a narrow zone (<2mm) of
(2008) restorations mucosa around implants .
place keratinized mucosa.
Souza et al .>1 year Patients with 1 or more implant-supported Width of keratinized Implant sites W.lth a narrow band of keratinized ucosa were .shown to be more
implant in 2701/80P . . prone to brushing discomfort, plaque accumulation, and peri-implant soft tissue
(2015) . restorations mucosa around implants ;
function inflammation.
Patients with implant-supported fixed . . . . . .
Schuldt et al. 1611/27P Tresliess (et afel met heve sy monine  InEem e e Implants w%t‘h less th‘ap 3 mm inter-implant distance were three times more likely
(2014) . to have peri-implantitis.
maintenance care
>1 year
implant in Patients treated with titanium implants and Total implant e iy .
l()za(:ig;; et al function with 9161/183P  implant-supported fixed prostheses installed rehabilitations vs. single '500;?111 rfeh?;)ﬁgga;ﬁ?ar;sovr\l/sere 16,1 more prone to develop peri-implantitis compared
final from 1998 to 2012 rehabilitations & '
restoration
Non-surgical mechanical debridement and oral hygiene were effective in the
4 WS S treatment of peri-implant mucositis. The results were not enhanced when
Heitz-Mayfield between initial Patients with one implant diagnosed with Localisation of . . oy . .
291/29P . o . . adjunctive chloorhexidine gel was used. However implants with supramucosal
etal. (2011) and last peri-implant mucositis restauration margin . . L L
restoration margins showed significantly more reduction in PPD compared to
measurements . : .
those with submucosal restoration margins.
\I;vailtl}?ntf)v‘;vrlfi}::niifgstmosl:xs n;?ﬁ;gae breSt(;::E Eightimplants (10.1%) in two patients (10%) showed peri-implantitis; both active
Frisch et al. Mean follow . . PP y Morse taper connection smokers (CSR: 88,75%). One implant was lost (CSR: 98.75%). All dentures were
801/20P implants with a Morse taper connection and - : ) . . R,
(2013) up 5,6%3,5y overdentures still functional (prosthetic survival rate 100%) possibly due to better accessibility
double crowns and attended an annual . . .
. for peri-implant hygiene measures compared to bar constructions.
maintenance program
Patients who were restored with 36 implant
Rinke et al. 5-19y of OD retameq overdenture§ (LI i 2 GhisEaraai Bar-retained The survival rates of the prostheses and implants were 100% and 97.7%. Peri-
. 360D/27P  bar designs (prefabricated round bars, one- . L . . .
(2015) function - . . . overdentures implantitis was diagnosed for 12.4% on implant level and for 37% on patient level.
piece anterior milled bars and two bilaterally
placed milled bars)
281/14P Clinical factors: healthy mucosal conditions.
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Cune et al
(2010)

Naert et al
(2004)

Serino et al
(2009)

Vandekerckhove
etal. (2004)

van Velzen et al.
(2015)
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>10y implant
in function

10y implant in
function

In function:

11 impl >10
years; 5 impl
5-10 years; 7
impl <5 years

Measurements

on baseline
3,6,12 months

3y

36P

23P

80P

10pP

Patients with two mandibular implants and a
overdenture with different types of
attachment

Patients with two mandibular implants and a
overdenture with different types of
attachment

Patients presented clinical signs of peri-
implantitis around one or more implants and
remaining teeth in the same and/or opposite
jaw

Patients rehabilitated with fixed prostheses
on implants who attended an annual follow-

up

Patients with progressive peri-implantitis
despite a well developed hygiene protocol
(including floss) and professional supra- and
submucosal cleaning

Ball-socket and bar-clip

overdentures

Bar, magnet,
attachment system

Accesibiity

oscillating/rotating

powered toothbrush

Floss vs.
brushes

or ball

Interdental

Radiographic: stable marginal bone levels.
PPD around implants provided with ball-socket were slightly shallower than those
with bar-clip after 10 years of function.

Ball group scored best taking into account the retention of the overdenture, soft
tissue complications, and patient satisfaction at year 10.

High proportion of peri-implantitis implants (48%) were associated with no
accessibility for appropriate oral hygiene measures, while implants with good
capability to clean were rarely (4%) associated with peri-implantitis. In total 74%
of the implants didn't have a good accessibility to proper oral hygiene.

After switching from manual to powered tooth brushing periodontal parameters
were improving. The mean PPD decreased from 3,3mm at baseline to 3,0mm at 12
months. There was even a slight gain in attachment after 1 year. Consequently the
powered toothbrush can be considered safe, comfortable and effective for implant
patients.

After explorative surgery all 10 patients presented remnants of dental floss
around the rough part of the dental implants. In 9 of the 10 cases peri-implant
mucosa improved significantly after debridement. Consequently, the use of
interdental brushes or wooden toothpicks is to be preferred in situations with
exposed rough dental implant surfaces.



Table 3 Factors negatively involved in cleansability

Surgical

Prosthetic

Patient

Non-keratinized tissue
around implants

Wrong angulation of the
implant(s)

Surgical trauma

Implants placement in close
proximity
Too many implants

Wrong positioning of the
implant(s)

Limited embrasure spacing
between implants
Bulky crowns

Fixed constructions with
too extensive cantilevers
Bar for overdenture too
close to gingiva

Level of the restoration
margin

Poor oral hygiene

Poor compliance
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Table 4 SPT routine for patient with implants

SPT

Routine

Clinical control
Radiographic assessment

Professional instrumentation

Oral hygiene (re)instructions

(Table 6)

Because incidence of peri-implantitis is
more likely soon after placement, it is
advisable to take a radiograph every year
for the first 5 years. Afterwards, a
radiograph every 3 years or when needed
due to clinical changes.

It is advisable to always polish supra-
gingivally (also to remark to patient how
important it is to keep it clean). When
needed, sub-gingival instrumentation with
titanium scaler may be performed.
Chlorhexidine disinfection may be used as
well

Always stress the importance of self
performed oral hygiene and were needed
repeat instructions.
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Table 5

SPT and Compliance as risk indicator for peri-implantitis

Study (year) Followup Subjects Patients SIT intervals Relevant results
Cardaropoli 5 years 96 Patient treated SPT/SIT 3, 4 or 6 months More than 80% of non-compliant patients dropped out in the first 2 years of SPT.
& Gaveglio for periodontitis  intervals according to Periodontal patients with =1 implants had a higher rate of compliance with SPT
(2012) individual needs (88.1%) than patients that did not have implant surgery (64.8%)
Corbellaetal 6 months 61 Patient with full- 6 months for +2 years, then Systematic hygienic protocol was effective in preventing peri- implant mucositis as
(2011) to 5 years arch yearly up to 4 years well as in controlling plaque accumulation and clinical attachment loss
rehabilitation Incidence of peri-implant mucositis was less than 10%
Costa et al 5 years 80 (39 Patients with  Test: Atleast 1 time a year Individuals with pre-existing peri-implant mucositis, especially those without
(2012) with SIT, peri-implant Control: no maintenance preventive maintenance, presented a high incidence of peri-implantitis.
41 mucositis The incidence of peri-implantitis in the “maintenance group” was 18% compared to
without 43.9% in the group that did not receive maintenance.
SIT)
Frisch et al 3 years 236 Patients with  Every 3 months Non-compliance rate increased over the 3 years
(2014) implant- Clinicians who introduce patients to SIT programs with a 3-month recall after implant
supported therapy may expect encouraging compliance rates over the first 3 years
restorations Patients with greater geographical distance may have lower compliance rates
Lagervall & 26 + 20 150 Patients referred According to individual The success rate was significantly lower for patients with poor compliance and a non-
Jansson months for peri- needs acceptable oral hygiene level. In addition, the compliance was significantly lower for
(2013) implantitis smokers.
treatment The effectiveness of the therapy was impaired by severe periodontitis, severe mean
marginal bone loss around the implants, poor oral hygiene, and low compliance.
Pjetursson et 3-23years 70 Periodontally According to individual SIT at the University: 31.9% of the patients had one or more implants affected by peri-
al susceptible needs implantitis.
(2012) patient treated SIT at referring practitioners: 52.2% of the patients had one or more implants affected
with implants by peri-implantitis.
Rentsch- >10 years 147 Patients with an At least one or two Compliance was high, with a regular recall attendance of >90%
Kollar et al implant scheduled visits per year Visits to a dental hygienist and dentist resulted in an annual visit rate of 1.5 and 2.4,
(2010) overdenture respectively
Rinke et al 68.2+24.8 89 Partially First year: every 3 months Significant association between peri-implantitis and compliance (OR:0.09; P=0.011)
(2011) months edentulous After: every 6 months
patients with
implants
Roccuzzo et 10 years 101 Implants placed According to individual A significant difference in peri-implant disease was found between individuals with a
al in patient with needs history of periodontal disease group adhering or not to SIT.
(2012) and without a Patients with a history of periodontal disease must be accounted for a SIT program.
history of
periodontal
disease
Roccuzzo et 10 years 123 Implants placed According to individual A significant difference in peri-implant disease was found between individuals with a

al

in patient with

needs

history of periodontal disease, adhering or not to SIT.
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(2014)

Serino et al
(2015)

Vervaeke et
al
(2015)

5 years

>2 years

27

376

and without a
history of
periodontal
disease

SIT on patients
surgically
treated for peri-
implantitis.

Patients referred
for implant
treatment

6 months

According
needs

to

individual

In individuals without a previous history of periodontitis attending an individualized
SIT program the biological complications at implants are low

In patients with a high standard of oral hygiene and enrolled SIT, the peri-implant
conditions were maintained stable for the majority of subjects and implants during a
5-year period

Probing attachment loss occurred in only 13% of the implants in four patients during
the 5-year period.

Presence of residual pockets around implants seemed to be a high predictor for
disease progression

The present study showed more failures in the group of patients responding to the
recall invitation after implant placement. As most failures were early failures, this
could be interpreted as meaning that patients who experienced implant failure were
more compliant compared with patients with successfully integrated implants

SPT = supportive periodontal therapy; SIT = supportive implant therapy; OR = Odds Ratio
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Table 6 Supportive periodontal therapy: check points

SPT

How

Medical history

Soft tissue condition

Plaque, bleeding and suppuration

Probing

Occlusion

Mobility

Contact point

Medical record should always be up to date.
Ask for changes in health condition and
modification in medications.

Control variation in stability of soft tissue
margin  (recession) and width of
keratinized mucosa.

Note presence of plaque, bleeding and
suppuration to compare with previous
visits. Repeated oral hygiene instruction
may be necessary. The manifestation of
bleeding and suppuration may indicate the
presence of inflammation.

Use a specially designed flexible plastic
probe to check the implant at 4 places.
Increase in depth should be noted and
proper therapy instituted.

Check the occlusion of the implant and
neighboring teeth to prevent occlusal
overload.

Mobility could be induced by loss of
integration, fracture of the implant or
restorative complication (loosening or
fracture of the screw or abutment).

Control with dental floss. A loose contact
point could favors plaque accumulation.
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