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The success of dental implants depends on many factors, among which the treatment of peri-implant diseases, namely periimplant mucositis which can subsequently progress to peri-implantitis, play a key role. The main cause of peri-implant
disease is accumulation of bacterial plaque on the implant/abutment surface juxtaposed to the junctional epithelium and to
the connective tissue zone of the peri-implant soft-tissue unit. The different treatment approaches of peri-implant disease
can be categorised into non-surgical and surgical therapies. The non-surgical treatment involves mechanical therapy which
can be supplemented with locally and systemically delivered antibiotics. The surgical treatment involves resective and
regenerative surgical techniques including the use of bone substitutes and barrier membranes. Both mechanical and
chemical decontamination techniques should be applied alongside regenerative surgical procedures to obtain optimum reosseointegration and successfully treat peri-implantitis. This chapter reviews the current knowledge in the non-surgical
treatment of peri-implant diseases and discusses several antimicrobial treatment protocols.
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1. Introduction
The replacement of missing teeth with dental implants has been standard practice in dentistry for many years.
Osseointegration or osteointegration refers to a direct bone-to-metal interface without interposition of non-bone tissue
[1] and has been defined as: “direct structural and functional onnection between ordered living bone and the surface of a
load carrying implant” [2]. Long-term success of dental implants is dependent upon the maintenance of healthy
supporting tissues.
1.1. Definitions
The success of dental implants depends on many factors, among which the treatment of peri-implant diseases, namely
peri-implant mucositis which can subsequently progress to peri-implantitis, play a key role. Peri-implant mucositis,
defined as a reversible inflammatory reaction in the peri-implant mucosa surrounding an osseointegrated dental implant,
corresponds in basic terms of to gingivitis (only plaque-induced gingivitis is addressed in this comparison) [3], without
any consideration of the classification of gingivitis (chronic and acute) [4]. Peri-implantitis, defined as an inflammatory
reaction associated with loss of supporting bone around the dental implant, basically corresponds to adult periodontitis
[5]. Despite similarities regarding clinical features and aetiology of peri-implantitis and periodontitis, critical
histopathological differences exist between the two lesions. In human biopsy material it was observed that the apical
extension of the inflammatory cell infiltrate was more pronounced in peri-implantitis than in periodontitis and was in
most cases located apical of the pocket epithelium. The dominated cells in both types of lesions were plasma cells and
lymphocytes, whereas neutrophil granulocytes and macrophages occurred in larger proportions in peri-implantitis.
Differences were observed also in experimentally studies, where the placement of ligatures together with plaque
formation resulted in loss of supporting tissues around implants and teeth, while following ligature removal, a ‘‘selflimiting’’ process occurred in the tissues around teeth, while in peri-implant tissues the the inflammatory cell infiltrate
extended to the bone crest [6].
1.2. Prevalence
There are few cross-sectional studies on patients who have been treated with implants. In 2008 a systematic review
revealead that peri-implant mucositis occurred in approximately 80% of the subjects and in 50% of the implants while
peri-implantitis was found in 28 -56% of subjects and in 12 - 43% of implant sites [7]. In 2012, the summary of nine
studies with 1497 participants and 6283 implants estimates for the frequency of peri-implant mucositis were 63.4% of
participants and 30.7% of implants, while those of peri-implantitis were estimated at 18.8% of participants and 9.6% of
implant, with a higher frequency of occurrence for smokers (summary estimate of 36.3%) [8].
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1.3. Diagnosis
Peri-implant lesions may develop after several years, being often asymptomatic. Routine recall appointments and lifelong supportive therapy are an absolute necessity for the implant patient [9]. The diagnosis of peri-implant disease
requires the regularly assessment of the probing depth, the presence of bleeding on probing, suppuration and evaluation
of supporting bone levels around implants with radiographs (Fig. 1a) [10]. Bleeding on probing indicates the presence
of inflammation in the peri-implant mucosa and may be used as a predictor for loss of tissue support as well as for
prognostic classification systems of peri-implant mucosal inflammation [3]. Probing is essential for diagnosis of periimplant diseases as an increase in probing depth over time is associated with the loss of attachment and supporting bone
[10]. An assessment of pain on probing is also considered for prognostic classification systems of peri-implant mucosal
inflammation [3]. The presence of pus, as the result of infection and an inflammatory lesion, has been found to be
associated with progressive peri-implant bone loss [11]. Clinical mobility assessment may be performed similar to that
for natural teeth by exertion of force by finger or instrument pressure [12]. Additional noninvasive and more sensitive
methods to assess subclinical levels of implant mobility include resonance frequency analysis (Osstell; Integration
Diagnostics, Sävedalen, Sweden) [13, 14] and damping capacity assessment (Periotest). The two methods are useful and
comparably reliable, showing a strong association with each other in assessing implant stability [15]. As the typical
peri-implantitis bone defect is well demarcated and circumferential around the implant and the bottom part of the
implant retains perfect osseointegration, bone destruction may proceed without any notable signs of implant mobility
until osseointegration is completely lost [16]. The peri-implant crevicular fluid (PICF), an osmotically mediated
inflammatory exudate, changes in flow rate and profile occur according to the condition of the peri-implant tissue [17],
but his analysis is not considered a clinically useful diagnostic parameter for peri-implant disease [9]. Radiographs are
also required to detect loss of supporting bone; panoramic radiographs cannot replace the periapical radiograph because
its level of distortion prevents accurate comparisons (Fig. 1b).[10].

a)

b)

Fig. 1 Peri-implantitis lesions. a) Note the bleeding and suppuration following probing at one of the implants with peri-implantitis; b)
Radiograph from six implants exhibiting peri-implantitis, with crater-shaped defects formed in the left side at 2 years after
implantation.

Fig. 2 Peri-implant lesion in the anterior maxillary region. A surgical procedure with a full-thickness flap was performed to expose
the affected area.

1.4. Classifications
A standardized classification of the peri-implant diseases can serve as the basis upon which both researchers and
clinicians may further their knowledge [3]. Disease related to peri-implant mucosal inflammation has been reported as
one of the major factors leading to failure of dental implants and a simple prognostic system to help clinicians to foresee
the outcomes of peri-implant mucosal inflammation treatment has been proposed by Nogueira-Filho et al. [3]. A
classification for peri-implantitis based on the severity of the disease was proposed by Froum and Rosen in aim to
facilitate early detection and intervention, the effectively treatment of the disease as well as to help to more accurately
determine the exact prevalence of the disease [18]. A combination of bleeding on probing and/or suppuration, probing
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depth, and extent of radiographic bone loss around the implant is used to classify the severity of peri-implantitis into
early (probing depth ≥ 4 mm, bleeding and/or suppuration on probing, bone loss < 25% of the implant length), moderate
(probing depth ≥ 6 mm, bleeding and/or suppuration on probing, bone loss between 25-50% of the implant length), and
advanced (probing depth ≥ 8 mm, bleeding and/or suppuration on probing, bone loss > 50% of the implant length)
categories (Fig. 2) [18].

2. Etiopathogenesis of peri-implant diseases
2.1. Microbiology of peri-implant diseases
The main cause of peri-implant disease is accumulation of bacterial plaque on the implant/abutment surface juxtaposed
to the junctional epithelium and to the connective tissue zone of the peri-implant soft-tissue unit [19]. It was showed
that the rough implant surfaces were not more prone to colonization by pathogenic bacteria than the smooth surfaces
[20]. The analysis with various methods has shown that the microbiota associated with peri-implant disease is (i) mixed,
(ii) rather variable, and (iii) in most cases dominated by diverse Gram-negative anaerobic bacteria [16]. Table 1
indicates a microbiological similarity between peri-implant disease and chronic periodontitis, such as Fusobacterium
spp. and P. intermedia, with a difference in the composition of the peri-implant microflora in moderate and advanced
peri-implant lesions. However, a lack of marked microbiological differences between the two forms of peri-implant
diseases was reported, signifying that in most cases the disease evolves gradually from mucositis to peri-implantitis [16,
19]. More recent reports have showed that a limited number of peri-implantitis cases may harbour a different profile
than in chronic periodontitis, but rather similar to the microbiota generally associated with infections of implanted
medical devices, with a high numbers of peptostreptococci (i.e. P. micra), or staphylococci (i.e. S. aureus and S.
epidermidis) that may colonize implants immediately after placement [21,22]. However, it was previously showed that
documented that S.aureus can be associated with therapy-resistant (refractory) cases of periodontitis [23-26]. The
history of periodontal disease seems to be associated with periimplant disease, the bacteria Actinobacillus
ctinomycetemcomitans, Porphyromonas gingivalis, Prevotella intermedia, Tannerella forsythensis, and Treponema
denticola being present in periimplant sites clinically and radiographically characterized, as healthy periimplant tissues,
mucositis, and periimplantitis. [27]. As patients with treated generalized aggressive periodontitis were more susceptible
to mucositis and peri-implantitis, with lower implant survival and success rates, it has been suggested that the
periodontal pockets surrounding teeth may act as a reservoir for microorganisms that colonize the newly inserted
implants [28].
Table 1 Studies on microbiological data from samples taken from peri-implant disease condition
Author

Diagnosis

Identification

Mombelli et al.
[29]

Peri-implantitis

Culture, Direct phasecontrast microscopy

Mombelli et al.
[30]

Failing implants

Culture, Direct phasecontrast microscopy

Becker et al. [31]

Failing implants

DNA-probe analysis

Rams et al. [32]

Peri-implantitis

Culture

Sanz et al. [33]

Diseased sites
around implants

Culture

Alcoforado et al.
[34]

Failing implants

Culture

Main findings
Actinomyces odontolyticus was first detected at Day 21 and
Fusobacterium spp. were first detected at Day 42; at Day 120
small spirochetes were found for the first time, pus formation
was noted clinically and a pocket probing depth of 6 mm was
recorded.
Unsuccessful sites harbored a complex microbiota with a large
proportion of Gram-negative anaerobic rods, Black-pigmented
Bacteroides and Fusobacterium spp. Spirochetes, fusiform
bacteria as well as motile and curved rods were frequently
found in these sites.
Moderate levels of Actinobacillus actinomycetemcomitans,
Bacteroides intermedius, and Bacteroides gingivalis were
detected
Periimplantitis lesions exhibited significantly higher
proportions of Staphylococci (15.1%) than gingivitis (0.06%)
or periodontitis (1.2%) lesions.
Diseased sites harbored a microbiota with a large number and
proportion of Gram-negative anaerobic rods, black-pigmented
Bacteroides, and surface translocating bacteria.
Peptostreptococcus micros was recovered from 6 failing
implants, Wolinella recta from 6, Fusobacterium species from
5, Candida albicans from 5, and Bacteroides intermedius from
4. Enteric rods or pseudomonads constituted a significant part
of the microflora in 5 failing implants. Actinobacillus
actinomycetemcomitans, nonpigmented Bacteroides species,
Capnocytophage species, and staphylococci were detected in a
few implant failures.
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Rams et al. [35]

Peri-implant
infections

Culture, Direct phasecontrast microscopy

Rosenberg et al.
[36]

Failing implants
from infection or
trauma

Culture, Direct phasecontrast microscopy

Mombelli & Lang
[37]

Peri-implant
infections

Culture

Kalykakis et al.
[38]

Implants in
maintenance

Latex agglutination
assays

Augthun &
Conrads [39]

Deep peri-implant
bone pockets (> 5 Culture
mm)

Danser et al. [40]

Peri-implantitis in
edentulous
subjects with a
Culture
past history of
periodontitis

Salcetti et al. [41]

Failing implants

DNA–DNA
checkerboard
hybridization

Mombelli et al.
[42]

Peri-implantitis

Culture, Direct phasecontrast microscopy

Rutar et al. [43]

History of periimplantitis

Culture, Direct phasecontrast microscopy

Hultin et al. [44]

Peri-implantitis

DNA-probe analysis

Leonhardt et al.
[45]

Peri-implantitis

Culture

Botero et al. [46]

Peri-implantitis

Culture

Covani et al. [47]

Failing implants

Histology of
abutment/implant
interface
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Streptococcus sanguis and Streptococcus mitis were the most
predominant organisms recovered from clinically stable
implants, whereas high proportions of Fusobacterium species
and Peptostreptococcus prevotii were isolated from the ailing
hydroxyapatite-coated implant.
For implants failing with infection, spirochetes and motile rods
averaged 42% of total morphotypes. Many suspected
periodontopathic organisms including Peptostreptococcus
micros, Fusobacterium species, enteric gram-negative rods and
yeasts, constituted high proportions of the cultivable
microflora. In contrast, implants failing from suspected
traumatic etiology demonstrated a morphotype profile
consistent with periodontal health and cultivable microflora
predominated by streptococci.
The implants which showed loss of bone and probing depths ≥
5 mm yielded subgingival microbial samples with ≥ 106
CFU/ml, including ≥ 20% gram-negative anaerobic bacteria.
Actinobacillus actinomycetemcomitans, Porphyromonas
gingivalis, and Prevotella intermedia in subgingival plaque
were identified. Sites harboring one of the three
microorganisms had significantly greater probing depth,
bleeding and crevicular fluid flow rate than non-colonized
sites.
The following bacteria dominated: species of the family
Bacteroidaceae (Prevotella intermedia, Prevotella buccae,
Prevotella oralis, Prevotella melaninogenica, Prevotella
denticola); Actinobacillus actinomycetemcomitans;
Fusobacterium nucleatum; Capnocytophaga spp; and
Eikenella corrodens. Bacteroidaceae and A.
actinomycetemcomitans were found particularly frequently.
The increased colonization of these bacteria in deep periimplant bone pockets is consistent with the currently held view
of advanced periodontal lesions
All subjects harbored Peptostreptococcus spp., Fusobacterium
spp., and other Prevotella species. Actinomyces odontolyticus,
Bacteroides forsythus, Campylobacter rectus, Pseudomonas
spp., and enterobacteria were detected less frequently.
A greater detection frequencies of P. nigrescens, P. micros, F.
nucleatum ss vincentii, and F. nucleatum ss nucleatum, in
mouths with failing implant sites as compared to mouths with
healthy control implants
A significant decrease in frequency of detection was noted for
Prevotella intermedia/nigrescens, Fusobacterium sp.,
Bacteroides forsythus, and Campylobacter rectus after local
delivery of tetracycline.
Statistical analysis revealed a significant relationship between
periimplant probing depth and the total anaerobic cultivable
microbiota as well as the frequency of detection of P.
gingivalis.
Patients with peri-implantitis harboured high levels of
periodontal pathogens, Actinobacillus actinomycetemcomitans,
Porphyromonas gingivalis, Prevotella intermedia, Bacteroides
forsythus and Treponema denticola.
A. actinomycetemcomitans, P. intermedia, or P. gingivalis were
identified in failing implants.
P. gingivalis (1.42%) was detected in peri-implant lesions but
not in stable implants. The frequency detection of Gramnegative enteric rods (75%) and P. intermedia/nigrescens
(25%) was higher in peri-implant lesions (P <0.05).
Histologic analysis at the level of abutment/implant interface in
2-stage implants identified heavy bacterial colonization. The
bacterial cells were composed of cocci and filaments, which
were adherent to the implant surface with an orientation
perpendicular to the long axis of the implant.
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Persson et al. [48]

Peri-implantitis

Shibli et al. [49]

Peri-implantitis

Emrani et al. [50]

Mucositis

Maximo et al. [51]

Mucositis and
peri-implantitis

Tabanella et al.
[52]

Failing implants

Persson et al. [53]

Peri-implantitis

Galassi et al. [54]

Peri-implantitis

Charalampakis et
al. [55]

Peri-implantitis

Heuer et al. [56]

Mucositis

Ebadian et al. [57] Peri-implantitis

At Day 10 after local administration of minocycline
microspheres (Arestin), lower bacterial loads for 6/40
individual bacteria including Actinomyces gerensceriae, A.
israelii, A. naeslundi type 1 and type 2, A. odontolyticus, P.
gingivalis and Treponema socranskii were found.
DNA–DNA
Higher mean counts of P. gingivalis, T. denticola and
checkerboard
T.forsythia were observed in the peri-implantitis group, both
hybridization
supra- and subgingivally.
Microbiological culture of three inflamed peri-implant sites
showed an almost identical spectrum of pathogens, including
Culture
P.gingivalis, T. forsythia, and other major pathogenic bacteria
characteristic of aggressive periodontitis.
DNA–DNA
Levels of T. denticola, T. forsythia and P.micra, and of
checkerboard
F.nucleatum, were significantly reduced after peri-implantitis
hybridization
therapy and after mucositis mechanical anti-infective therapy.
Peri-implant bone loss was associated with the submucosal
presence of the putative periodontopathogens T. forsythia,
Culture
Campylobacter species, and Peptostreptococcus micros. Pain
was associated with P. micros, Fusobacterium species, and
Eubacterium species.
At selected implant test sites, the most prevalent bacteria were:
F. nucleatum sp., Staphylococci sp., A.
Expanded DNA–DNA actinomycetemcomitans, Helicobacter pylori, and T. forsythia.
checkerboard
30 min. after treatment with curettes, A.
hybridization assay
actinomycetemcomitans (serotype a), Lactobacillus
acidophilus, Streptococcus anginosus, and Veillonella parvula
were found at lower counts (p<0.001).
Culture, real-time
With all three techniques, P. gingivalis was not very specific
PCR, fluorescence
for peri-implantitis cases.
resonance energy
transfer technology
culture and DNA–
Peri-implantitis showed increased number of aerobic GramDNA checkerboard
negative bacilli in 18.6% of the patients.
hybridization
A total of 20 different genera were found at the inflamed tooth
and implant sites. The microbial diversity of the microflora
PCR technique
surrounding the remaining dentition was significantly higher
than the diversity of the peri-implant microflora at implantretained crowns or bridges.
DNA–DNA
Significant differences were observed for T. forsythia, P.
checkerboard
intermedia, C. rectus, P. endodontic, P. gingivalis, T. denticola
hybridization
and P. Tannerae.
DNA–DNA
checkerboard
hybridization

2.2. Main risk factors
Potential risk factors for peri-implant diseases have been addressed by many studies:
2.2.1. Poor oral hygiene
Clearly poor oral hygiene is associated with peri-implant mucositis and peri-implantitis and all patients should be
advised of both conditions and their need to adopt strict oral hygiene, with obvious attention paid to the gingival margin
[5, 58].
2.2.2. History of periodontitis:
Patients with treated periodontal disease have increased susceptibility to peri-implantitis especially with regard to
aggressive periodontitis [27, 28, 59, 60]. However, also patients with implants replacing teeth lost due to chronic
periodontitis demonstrated lower survival rates and more biological complications than patients with implants replacing
teeth lost due to reasons other than periodontitis during a 10-year maintenance period [61]. In periodontitis susceptible
patients, residual pockets (PPD ≥ 5 mm) at the end of active periodontal therapy represent a significant risk for the
development of peri-implantitis and implant loss. This may reveal the crucial role of adequate periodontal maintenance
in such patients [62]. Analyse of three cohort studies in a recent systematic review showed a higher risk of periimplantitis in patients with a history of treated periodontitis compared with those without a history of periodontitis
(reported odds ratios from 3.1 to 4.7)[63].
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2.2.3. Cigarette smoking
The possible relationship between smoking and implant failures has been evaluated in several clinical studies [64-70].
Most of the studies report the failure rate of implants in smokers as being more than twice that in nonsmokers. Smoking
also has a strong influence on the complication rates of implants, causing significantly more marginal bone loss after
implant placement, it increases the incidence of peri-implantitis and affects the success rates of bone grafts. The failure
rate of implants placed in grafted maxillary sinuses of smokers is again more than twice that seen in nonsmokers [5,71].
A recent systematic review reported an increased risk of peri-implantitis in smokers compared with nonsmokers
(reported odds ratios from 3.6 to 4.6)[62].
2.2.4. Diabetes
Diabetes with poor glycemic control, an established risk factor for periodontitis, has been also associated with increased
incidence of peri-implant disease [72].
2.2.5. Genetic traits:
Cytokine gene polymorphisms may modulate the host response to the bacterial challenge and influence susceptibility to
peri-implantitis. Many studies document that IL-1 polymorphism alone cannot be considered a risk factor for bone loss,
but in combination with smoking, it is closely associated with periimplant bone loss [73]. However, at the present time
routine genetic testing for the assessment of the risk of peri-implantitis cannot be recommended as a standard of care at
this time [74].
2.2.6. Implant surface
Implant surfaces are commonly classified into four categories depending on surface roughness values as: smooth,
minimally rough, moderately rough or rough [75, 76], with the majority of marketed implants having moderately rough
surfaces (Sa between 1.0 and 2.0 μm), which is optimal for bone healing response [77]. Presently only a few studies
provided data on how implant surfaces influence peri-implant disease with no evidence that implant surface
characteristics can have a significant effect on the initiation of peri-implantitis [78].
2.2.7. Implant placement-related factors
Cement-retained fixed implant-supported restorations involve the risk of excess cement, which can associate periimplantitis [79-82]. In a recent retrospective study, methacrylate cement residues (Premier Implant Cement, Premier®
Dental Products Company, Plymouth Meeting, PA, USA) were identified in 59.5% of the implants, being associated
with bleeding on probing and suppuration. After removal of the excess cement and recementation with Temp Bond
(Kerr Sybron Dental Specialities, Washington, D.C., USA), a 76.9% reduction in bleeding on probing was found at
follow-up [83].
2.2.8. Width of keratinized peri-implant mucosa
Whether or not keratinized tissue is needed around dental implants to maintain peri-implant health is a controversial
subject. Several studies suggested that the absence of keratinized mucosa around dental endosseous implants increases
the susceptibility of the peri-implant region to plaque-induced tissue destruction whilw increased width of keratinized
mucosa around implants is associated with lower mean alveolar bone loss and improved indices of soft tissue health
[84-87]. However, a recent systematic review stated that: „(i) the width of keratinized tissue did not influence the
survival rate of dental implants; (ii) there is no evidence to recommend a specific technique to preserve/augment
keratinized tissue; and (iii) factors including bone level, keratinized tissue and implant features have not been shown to
be associated with future mucosal recession around dental implants“ [88].
2.2.9. Occlusal factors
In human clinical studies, the role occlusal force as a risk factor in development and progress of peri-implant disease is
yet unclear [89] even if it was suggested that occlusal overload on implants may increase the incidence of marginal
bone loss [90, 91]. Overloading factors that may negatively influence on implant longevity include large cantilevers,
parafunctions, improper occlusal designs, and premature contacts [92]. In animal studies it has been showed that
occlusal overload may lead to bone loss in the presence of dental plaque and to an increase in bone density in areas
where plaque control is performed [93].
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3. Treatment options
3.1. Periodontal infection control including plaque control regimens and mechanical instrumentation
Antimicrobial oral mouth rinses in combination with mechanical treatment may be effective in the treatment of
mucositis [94, 95], while the non-surgical approaches to peri-implantitis demonstrated limited improvements [96].
3.2. Administration of local and systemic antimicrobials as an adjunct to mechanical and surgical therapy
In peri-implantitis lesions non-surgical therapy alone was not found to be effective [94, 95] and the adjunctive
chlorhexidine application had only limited effects on clinical and microbiological parameters [95]. Adjunctive
chlorhexidine gel application did not enhance the results compared with mechanical cleansing alone [97]. As showed in
Tables 2 and 3, adjunctive local or systemic antibiotics were shown to reduce bleeding on probing and probing depths
[94, 98]. It was revealed that peri-implantitis patients frequently yielded submucosal bacterial pathogens resistant in
vitro to individual therapeutic concentrations of clindamycin, amoxicillin, doxycycline, or metronidazole, but only
rarely to both amoxicillin and metronidazole [99]. Both mechanical and chemical decontamination techniques should be
applied alongside regenerative surgical procedures to obtain optimum re-osseointegration and successfully treat periimplantitis [100].

Table 2 Studies on systemic antimicrobials in the treatment of peri-implantitis

Author

Treatment

Mombelli &
Lang [101]

Mechanical cleaning, irrigation of all periimplant pockets > 3 mm with 0.5%
chlorhexidine and systemic antimicrobial
therapy (1000 mg ornidazole for 10
consecutive days).

Khoury &
Buchmann
[102]

Flap surgery + autogenous bone grafts
alone or plus non-resorbable (or
bioabsorbable barriers + systemic
antibiotics

Leonhardt et al.
[103]
Charalampakis
et al. [104]
Heitz-Mayfield
et al. [105]

Study
length

Surgical exposure of the lesions and
cleaning of the implants using hydrogen
peroxide were performed. The patients
were given systemic antibiotics according
to a susceptibility test of target bacteria
Bone plasty in conjunction to antibiotics
during surgery
Open flap debridement and implant
surface decontamination, with adjunctive
systemic amoxicillin and metronidazole

1year

Main findings
Reduction of bleeding scores and probing
depths

3 years At the 3-year visit, surgical treatment
revealed significant changes from baseline
for the controls and both of the test groups
for probing depths, probing bone levels,
mobility scores and intrabony defect height
5 years 58% of the implants were successfully
treated; 27% were lost

9 years In 54.7% of the patients it was not possible
to arrest progression of peri-implantitis
At 12 months all treated implants had a
1 year mean probing depth < 5 mm with no
bleeding in 47% of the implants. Overall a
100% survival of treated implants with
92% of implants having stable crestal bone
levels or bone gain.

Table 3 Studies on local antimicrobials in the treatment of peri-implantitis

Author

Treatment

Study
length
1 year

Mechanical
Mombelli
Debridement + tetracycline fibers 10
et al. [106]
days

Main findings
Two patients were discontinued from the study after
180 days because of persisting active peri-implantitis
with pus formation. The remaining subjects showed a
significant decrease of mean peri-implant probing
depth, reduced bleeding tendency and a significant
decrease in frequency of P. intermedia,
Fusobacterium sp., B. forsythus, and C. rectus.
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Büchter et
al. [107]

Renvert et
al. [108]

Renvert et
al. [109]

De Araújo
Nobre et
al. [110]

Instruction in oral hygiene + implant
scaling with a hand plastic instrument
+ randomly allocation to continue
with this treatment or to have in
addition mechanical debridement and
local application of 8.5% doxycycline
hyclate (Atridox)
Oral hygiene instruction + supra- and
submucosal scaling + Rubber cup
Polishing + subgingival antimicrobial
treatment using either chlorhexidine
gel 1% 1ml or minocycline
microspheres
Oral hygiene instruction + supra- and
submucosal scaling + Rubber cup
Polishing + subgingival antimicrobial
treatment using either chlorhexidine
gel 1% 1ml or minocycline
microspheres
Mechanical cleaning +Oral hygiene
instruction + 0.2% CHX gel with
plastic needle (repeated after 2
weeks)

18
weeks

Only subjects treated with Atridox had a significant
gain in mean bleeding on probing, gain in mean
probing attachment levels and a significant reduction
in pocket probing depths.

3
The combined mechanical/antimicrobial treatment for
months the chlorhexidine group did not result in any reduction
in probing depth and showed only limited reduction of
bleeding scores.
1 year

The adjunctive use of minocycline microspheres
resulted in improvements of probing depths and
bleeding scores, whereas the adjunctive use of
chlorhexidine resulted in only limited reduction of
bleeding scores

1 year

Treatment success was achieved in eight of the nine
patients (and in 11 of the 13 implants)

Six implants out of 31 were either rescued or exited
because of persisting active peri-implantitis.
Successful implants showed a statistically significant
reduction in both probing depth and bleeding on
probing.
1 year The use of minocycline resulted in significant
Renvert et Minocycline microspheres or 0.1%
improvements in probing depths compared to
al. [112]
chlorhexidine gel
chlorhexidine at days 30, 90, and 180 but not at 12
months
Oral hygiene program (OHI) then
6
Both treatment procedures resulted in comparable but
instrumenredented using either (1)
months limited clinical attachment level (CAL) gains at 6
Sahm et
AAD (amino acid glycine powder) or
months (0.4 ± 0.7 mm versus MDA: 0.5 ± 0.8 mm).
al. [113]
(2) mechanical debridement using
OHI+AAD was associated with significantly higher
carbon curets and antiseptic therapy
bleeding on probing (BOP) reductions than
with chlorhexidine (MDA).
OHI+MDA
Oral hygiene instruction +
Salvi et al. mechanical debridement+ 0.2%
[111]
chlorhexidine gel + Minocycline
microspheres (Arestin)

1 year

3.4. Laser therapy
In recent years, lasers and photodynamic therapy have been investigated as methods for reducing bacteria on implant
surfaces [97]. Finally, as no reliable method has been identified to successful treat peri-implantitis, the early detection
and regular maintenance plays a principal role in reducing the occurrence of this inflammatory and distructive disease
[98]. As showed in Table 4, minor beneficial effects of laser therapy compared with conventional mechanical therapy
on peri-implantitis have been shown [114].
Table 4 Studies on laser therapy in the treatment of peri-implantitis

Author
Schwarz
et al.
[115]
Schwarz
et al.
[116]

1468

Treatment

Study Main findings
length
(1) Er:YAG laser (100 mJ/pulse), or (2) 6
Er:YAG laser resulted in a statistically significant
mechanical debridement using plastic
months higher reduction of bleeding scores than C. No
curettes and antiseptic therapy with
statistically significant difference regarding mean
chlorhexidine digluconate (0.2%) (C).
clinical attachment level changes, after 6 months.
Nonsurgically instrumented using either 1 year Er:YAG laser resulted in a significantly higher
(1) an Er:YAG laser (100 mJ/pulse, 10
bleeding scores reduction than C, but its
Hz) device or (2) mechanical
effectiveness seemed to be limited to a period of 6
debridement using plastic curettes and
months, particularly at advanced periimplantitis
antiseptic therapy with chlorhexidine
lesions.
digluconate (0.2%) (C).
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2 years

Schwarz
et al.
[117]
Person et
al. [118]
Schwarz
et al.
[119]

Schwarz
et al.
[120]

Improvements of all clinical parameters
investigated. However, histo-pathological
examination of tissue biopsies revealed a mixed
encapsulated chronic inflammatory cell infiltrate and
increased proliferation of vascular structures.
6
Modest probing depth reductions not significantly
One time tratment with an Er:YAG
months different in the two groups (0.9 ± 0.8 mm and 0.8 ±
laser or an air-abrasive device
0.5 mm)
Flap surgery then randomly allocation
6
At 6 months, Er:YAG laser treated sites failed to
to surface debridement/decontamination months reveal higher reductions in mean bleeding on
using either (i) an Er:YAG laser device,
probing (47.8 ± 35.5 versus 55.0 ± 31.1%) and
or (ii) plastic curets+cotton
clinical attachment level values (1.5 ± 1.4 versus 2.2
pellets+sterile saline (CP).
± 1.4 mm) when compared with the control group
2 years At 24 months, Er:YAG laser treated sites failed to
Access flap surgery, then either (i) an
reveal significantly higher reductions in mean
Er:YAG laser (ERL) device, or (ii)
bleeding scores and clinical attachment level values
plastic curets + cotton pellets + sterile
when compared with the CPS group. In both groups,
saline (CPS) augmented with a natural
after 2 years, mean clinical attachment level values
bone mineral and covered with a
were not significantly different when compared with
collagen membrane.
baseline.
A single episode of non-surgical
instrumentation using Er:YAG laser
(12.7 J/cm2)

A recent systematic review has been performed in aim to identify the most effective interventions for treating periimplantitis around osseointe-grated oral implants. Unfortunatelly, follow-up longer than 1 year suggested recurrence of
peri-implantitis in up to 100% of the treated cases for some of the tested interventions [121].

4. Conclusion
Treatment of peri-implantitis is extremely challenging and difficult. In aim to allow early diagnosis of peri-implant
disease, at least, annual monitoring of the peri-implant probing depths and the presence of bleeding on probing and
suppuration must be performed to allow comparisons with the baseline recordings. For the high risk patients a strict
maintenance programme should be adopted, with the recommendation to visit a hygienist at least every 3 months.
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