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Antimicrobial Treatment of Peri-implant Diseases
Lisa J. A. Heitz-Mayfield, BDS, MDSc, Odont Dr1/Niklaus P. Lang, DDS, MS, PhD2

Purpose: To review the literature on the treatment of peri-implant diseases. Specific emphasis was
placed on the use of antimicrobial therapy, defined as local or systemic administration of antiseptic
and/or antibiotic agents. Materials and Methods: A search of MEDLINE, the Cochrane Controlled Tri-
als Register, and The Cochrane Health Group Specialized Register was conducted, and articles pub-
lished in English until July 31, 2003, were included. The results of experimental animal studies and
human research are presented. Results: A variety of antimicrobial treatment regimens in combination
with nonsurgical or surgical debridement with and without regenerative therapy were reported. Use of
antimicrobials varied between studies with respect to type of drug, dosage, delivery system, duration,
and commencement of antibiotic administration. Patient compliance and adverse effects related to
the antimicrobials were mostly not mentioned. Discussion: While the majority of the case reports and
studies presented showed positive outcomes following antimicrobial treatment, there were no non-
medicated controls included, so the relative effect of the antimicrobial agent(s) cannot be evaluated.
Conclusions: Although antimicrobials are widely used for the treatment of peri-implant diseases, evi-
dence of their benefit is limited, and randomized, controlled human trials should be initiated where
ethically possible. In addition, prospective cohort studies designed to monitor consecutive cases
treated using specific treatment protocols are required. INT J ORAL MAXILLOFAC IMPLANTS 2004;
19(SUPPL):128–139

Key words: antimicrobials, dental implants, peri-implant disease, peri-implant infection, peri-implantitis,
peri-implant mucositis, treatment

Biologic complications in implant dentistry
include peri-implant mucositis and peri-implan-

titis. At the first European Workshop on Periodon-
tology, peri-implantitis was defined as an inflamma-
tory process affecting the tissues around an
osseointegrated implant in function, resulting in
loss of supporting bone. Peri-implant mucositis was
defined as reversible inflammatory changes of the
peri-implant soft tissues without any bone loss.1

INCIDENCE OF PERI-IMPLANT DISEASES

There is limited information in the literature
regarding the incidence of peri-implant diseases, as
data referring to the presence or absence of peri-
implantitis are often not reported. Furthermore,
because of inconsistencies in peri-implant assess-
ment procedures and definitions of peri-implant
mucositis and peri-implantitis, the interpretation of
data is difficult. In a systematic review of implant
complications from prospective longitudinal follow-
up studies of at least 5 years, the incidence of peri-
implantitis in the included articles ranged from 0%
to 14.4%.2 There is recent evidence that the inci-
dence of peri-implantitis may be higher in patients
with implants replacing teeth lost because of chronic
periodontitis.3 The incidence of peri-implantitis
may well be related to the number of years the
implant has been in the oral cavity, and thus contin-
uous monitoring of peri-implant conditions, provi-
sion of a supportive care program, and the imple-
mentation of well-tested protocols for the treatment
of peri-implant diseases remain important.
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ETIOLOGY OF PERI-IMPLANT DISEASES

Evidence for the microbial etiology of peri-implant
diseases is overwhelming. Bacterial colonization of
the implant surface leads to mucositis4–6 and, if the
peri-implant bone levels are affected, to peri-
implantitis.7–10 The microflora associated with peri-
implantitis is complex and closely resembles that
found in chronic periodontitis, with high levels and
proportions of suspected periodontal pathogens
including Actinobacillus actinomycetemcomitans, Por-
phyromonas gingivalis, Prevotella intermedia, Tanerella
forsythensis, and Treponema denticola.11–19

It is therefore not surprising that therapies pro-
posed for the management of peri-implant diseases
appear to be based on the evidence available for
treatment of periodontitis. Most publications in
humans report individual cases treated with com-
bined procedures, aimed at reducing the bacterial
load within the peri-implant pocket, decontaminat-
ing the implant surface, and in many cases attempt-
ing to regenerate bone. Proposed therapies include
nonsurgical debridement, antimicrobial therapy,
access flap surgery, implant surface decontamina-
tion, bone grafts or bone substitute grafts, barrier
membranes, combinations of grafts and barrier
membranes, and supportive therapy. 

Treatment outcomes are most commonly
assessed using criteria that include peri-implant
probing depth (PD), presence of bleeding on prob-
ing (BOP), presence of suppuration, and changes in
radiographic bone level or density. In animal stud-
ies, evaluation at a histologic level enables assess-
ment of the resolution of the inflammation, and in
addition, possible re-osseointegration following
regenerative procedures.

The objective of this article was to review antimi-
crobial therapy, including the use of antiseptic
and/or antibiotic agents, administered locally or sys-
temically for the treatment of peri-implant diseases. 

MATERIALS AND METHODS

Search Strategy
A search of MEDLINE, the Cochrane Controlled
Trials Register, and The Cochrane Health Group
Specialized Register was conducted, and articles
published in English until July 31, 2003, were
included. The following search terms were used:
“peri-implantitis,” “periimplantitis,” “peri-implant
mucositis,” “periimplant mucositis,” “treatment
peri-implant infections,” “treatment periimplant

infections,” “treatment peri-implant mucositis,”
“treatment periimplant mucositis,” “treatment peri-
implantitis,” “treatment periimplantitis.” Manual
searches included bibliographies of previous reviews
and the following journals up to July 2003: Journal
of Periodontology, Journal of Clinical Periodontology,
Clinical Oral Implants Research, and The International
Journal of Oral & Maxillofacial Implants. 

Selection Criteria 

1. All levels available in the hierarchy of evidence
were included: systematic reviews, randomized
controlled clinical trials, controlled clinical trials,
prospective cohort studies, case reports in
humans, and experimental animal studies. 

2. For the treatment of peri-implant mucositis, only
publications with a minimum observation period
of 6 weeks following treatment, and where
implants were clearly defined as having peri-
implant mucositis, were included. 

3. For the treatment of peri-implantitis in humans,
only publications reporting a series of cases with
a minimum follow-up period of 6 months, and
providing data on treatment outcomes assessed
by clinical probing and/or radiographic or re-
entry measurements, were included.

4. For the treatment of ligature-induced peri-
implantitis, only publications reporting an obser-
vation period of at least 4 months were included.

RESULTS

Antimicrobial Treatment of Peri-implant
Mucositis: Human Studies
Table 1 summarizes the available evidence evaluat-
ing antimicrobial treatment of peri-implant mucosi-
tis. Three studies investigated the use of antiseptic
cleansing protocols using chlorhexidine20,21 or Lis-
terine (Pfizer, Morris Plains, NJ).22 One study eval-
uated the submucosal placement of tetracycline
fibers23 and another the submucosal application of
phosphoric acid gel.24

These studies, which were all of short duration
and involved only a small number of subjects,
demonstrated that effective plaque removal from
the implant crown and abutment surface resulted in
resolution of inflammation in the peri-implant
mucosa, probing depth reduction, and reduction of
bleeding on probing.25–27 However, there was no
obvious superiority of one treatment over another
in achieving these positive outcomes.
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Antimicrobial Treatment of Peri-implantitis:
Human Studies
Nonsurgical Debridement Combined with Antimicro-
bial Therapy. Table 2 describes human studies in
which treatment of peri-implantitis involved non-
surgical debridement combined with antimicrobial
therapy. Two prospective cohort studies evaluated
the treatment of peri-implantitis using mechanical
and antiseptic cleansing followed by antibiotics. In
one study, systemic ornidazole (1,000 mg �1) was
administered over 10 days,28 and in a subsequent
study, tetracycline fibers were placed around the
implants for 10 days.29 Two of 30 patients in the
study using tetracycline fibers required additional
treatment because of persistent peri-implantitis.
One of 9 patients in the study using ornidazole
showed no improvement. In the remaining patients,
probing depth reduction and resolution of inflam-
mation were achieved and maintained over a 1-year
observation period. Microbiologic monitoring was
performed in both studies, and a significant reduc-
tion in the proportion of gram-negative anaerobes28

and in the frequency of detection of several sus-
pected periodontal pathogens was observed.29

In another study, a similar protocol including
mechanical debridement, chlorhexidine irrigation,
and systemic antibiotics, which were selected on the
basis of antimicrobial susceptibility testing, resulted
in resolution of inflammation, as demonstrated by
reductions in peri-implant probing depth ranging
from 1.3 to 1.5 mm at 6 months.30 Patients in this
comparative study had initial bone loss greater than
50% of the implant length and following nonsurgical
antimicrobial therapy entered a surgical phase aimed
at eliminating the peri-implant defect by bone regen-
eration. In all 3 studies, nonsurgical antimicrobial
therapy resulted in only limited radiographic bone
fill. The relative importance of mechanical debride-
ment, topical antimicrobials, and systemic or local
antibiotics cannot be determined from these studies.

Antimicrobial Therapy Combined with Surgical
Debridement. There are no human studies compar-
ing the effect of surgical debridement with or with-
out systemic or local antibiotics.

Antimicrobial Therapy Combined with Regenera-
tive Surgery. Table 3 includes reports that combined
regenerative surgical procedures with systemic
antibiotics. 

Behneke and coworkers31 presented results of
treatment of 25 implants in 17 patients with initial
mechanical and antiseptic therapy for 1 month, fol-
lowed by surgical access, implant surface decontam-
ination, and autogenous bone grafting. Systemic
antibiotics were prescribed postoperatively for 7
days. Considerable probing depth reduction and

radiographic bone gain was reported at 1 and 3
years of follow-up; however, at 3 years only 10 of
the original 25 implants were evaluated. Complica-
tions included infection and graft removal for 2
implants and flap dehiscence for another 4 implants.

Treatment of peri-implantitis using barrier mem-
branes combined with antimicrobial therapy was
described in 2 case series involving 9 patients.32,33

Following a short period of antiseptic therapy, both
authors used a nonresorbable e-PTFE membrane
followed by postoperative systemic antibiotics and
achieved resolution of inflammation, probing depth
reduction, and radiographic bone gain. Membrane
exposure was reported in more than half of the cases. 

Table 3 also includes 2 publications reporting the
treatment of peri-implantitis using antimicrobial
therapy combined with barrier membranes and
graft materials. Khoury and Buchmann,30 in a com-
parative study, initiated systemic antibiotics at 4
weeks preoperatively for 1 week and administered
them again for 7 days postoperatively. The antibi-
otic was chosen based on antimicrobial susceptibil-
ity test results. Haas and associates34 investigated
regenerative surgery without prior initial therapy,
prescribing penicillin (Augmentin, SmithKline
Beecham, Mayenne, France) for 5 days postopera-
tively. Various methods for implant surface deconta-
mination were used, including photosensitizing
treatment34 and chlorhexidine + citric acid + hydro-
gen peroxide + saline irrigation.30 Both studies
reported radiographic bone fill and an improvement
of the soft tissue conditions in the majority of cases.
Two implant losses were reported in the series by
Haas and associates,34 and early membrane expo-
sure was a common complication in both studies.

Antimicrobial Treatment of Ligature-Induced
Peri-implantitis: Animal Studies 
Animal studies investigating antimicrobial treat-
ment of experimental ligature-induced peri-implan-
titis are described in Table 4.

In a study by Ericsson and colleagues, the effect
of antibiotic therapy with or without debridement of
the surgical defect was evaluated.35 Systemic antibi-
otic therapy (amoxicillin 375 mg �2 + metronida-
zole 250 mg �3), administered for 3 weeks, starting
1 week prior to flap surgery, was found to success-
fully reduce the inflammatory lesion when combined
with local debridement and decontamination of the
implant surface. There was no new bone formation.
The control implants, where no local treatment was
provided, had persistent infection. These results
emphasize the importance of local mechanical
debridement to disrupt the biofilm when systemic
antibiotics are administered. 

GROUP 4
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The importance of implant surface characteris-
tics36 and implant surface decontamination9,37,38 for
peri-implantitis treatment outcome has been
addressed in animal studies incorporating systemic
antimicrobials within the treatment protocol. 

In the majority of studies in Table 4, postopera-
tive systemic antibiotics were used in combination
with local debridement and regenerative procedures.
Barrier membranes were evaluated in 2 studies.39,40

Other treatment protocols applied bone augmenta-
tion procedures using membranes combined with
bone grafts (including demineralized freeze-dried
bone allograft,41,42 anorganic bovine bone,43–45 and
autogenous bone10,46) or bone substitutes (hydroxya-
patite41,42). Hanisch and coworkers47 evaluated the
use of recombinant human bone morphogenetic
protein-2 and systemic antibiotics for treatment of
peri-implantitis.

Antimicrobial therapy using lethal photosensiti-
zation in conjunction with surgical debridement was
investigated by Shibli and associates48 for the treat-
ment of ligature-induced peri-implantitis.

All experimental treatments listed in Table 4
resulted in resolution of the inflammatory lesion
and new bone formation, while some protocols
demonstrated varying degrees of re-osseointegra-
tion. The most common choice of systemic antibi-
otic was a combination of metronidazole and amox-
icillin, or metronidazole alone. The various
outcomes of the above-mentioned surgical proto-
cols in combination with the administration of
antimicrobials are reviewed elsewhere.49

Conclusions from the Available Evidence
Antimicrobial Treatment of Peri-implant Mucositis.
From the available evidence it may be concluded
that the treatment of peri-implant mucositis should
include patient motivation and instruction in oral
hygiene procedures, followed by mechanical/chemi-
cal plaque removal using a combination of profes-
sional and self-performed care.

Antimicrobial Treatment of Peri-implantitis with
Nonsurgical or Surgical Therapy: Human Studies.
While the results of the majority of human case
reports and studies presented suggest positive clini-
cal and radiographic treatment outcomes, some
cases treated were unsuccessful or required addi-
tional therapy. 

The antibiotic regimens used varied between
studies with respect to type of antibiotic, dosage,
delivery system, duration, and commencement of
antibiotic therapy. Adverse effects related to the
antimicrobial agents and patient compliance were
not considered. Antimicrobial susceptibility testing
was done prior to selection of the antibiotic in only

1 study.30 There were no controls included, and the
relative importance of mechanical debridement,
topical antimicrobials, and systemic or local antibi-
otics cannot be determined from these studies.
There is insufficient evidence to recommend a par-
ticular anti-infective protocol for the treatment of
peri-implantitis.

Antimicrobial Treatment of Ligature-Induced Peri-
implantitis: Animal Studies. All experimental studies
resulted in resolution of the inflammatory lesion
and new bone formation, while some protocols
demonstrated varying degrees of re-osseointegra-
tion. The most common choice of systemic antibi-
otic was metronidazole and amoxicillin combined,
or metronidazole alone. However, there are no ani-
mal studies comparing local therapy with or without
systemic antibiotics, and hence the value of adjunc-
tive antimicrobial therapy cannot be evaluated.

DISCUSSION AND CLINICAL 
IMPLICATIONS

Following successful periodontal and implant ther-
apy, patients should be offered an individualized
supportive care program. Diagnosis of peri-implant
disease requires continuous systematic monitoring
of the peri-implant tissue conditions. Parameters
recommended to assess the absence, presence, and
severity of disease include: presence of plaque or
calculus, peri-implant probing depth in relation to
baseline measurements obtained at the time of pros-
thetic reconstruction, presence of bleeding on gen-
tle probing, presence of suppuration, and, if indi-
cated, radiographic evaluation. 

Probing depths for conventionally placed 1-stage
implants generally range between 2 and 4 mm
under healthy conditions.50 In sites of esthetic pri-
ority, where the implant shoulder has intentionally
been placed submucosally, or where mucosal tissues
are thick, deeper baseline probing depths may be
present. Increases in probing depths above these
baseline values should be viewed as a sign of peri-
implant disease. 

A systematic approach for the prevention and treat-
ment of peri-implant disease was suggested by Lang
and coworkers.51 This protocol, referred to as cumula-
tive interceptive supportive therapy (CIST), includes 4
treatment modalities (A, mechanical debridement; B,
antiseptic treatment; C, antibiotic treatment; and D,
regenerative or access/resective surgery), which
should be used in sequence in a cumulative fashion,
depending on the diagnosis made at each recall.

Although this protocol has not been assessed in
its entirety, 2 prospective cohort studies have been
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published evaluating the treatment modalities A + B
+ C.28,29 Furthermore, an ongoing prospective
cohort study reported significant improvements in
clinical and microbiologic parameters at 3 months
in the treatment of peri-implantitis using local
application of minocycline microspheres as part of
the CIST protocol.52 In addition, Khoury and
Buchmann30 reported on the administration of sys-
temic antibiotics as part of an initial phase of ther-
apy prior to surgery. 

Limitations to nonsurgical therapy may necessi-
tate surgical intervention. According to the CIST
protocol, peri-implantitis lesions with more than 2
mm of bone loss require initial therapy followed by
either access/resective or regenerative surgery. A
number of issues associated with surgical treatment
of peri-implantitis have been investigated, including
methods for implant surface decontamination. Sev-
eral protocols have been suggested, including air-
powder abrasives, citric acid, or antimicrobial agents.
In a recent animal study, Schou and colleagues9 com-
pared 4 decontamination protocols and concluded
that alternating between gauze soaked in chlorhexi-
dine and gauze soaked in saline for cleaning was the
preferred method. There is no evidence for the
necessity of smoothing mechanical implant surfaces.

It is apparent that pre- and postoperative sys-
temic antibiotics are frequently empirically pre-
scribed in conjunction with regenerative surgical
procedures. Evidence for an advantage in using
adjunctive systemic antibiotics is lacking. However,
the severity and aggressive nature of the inflamma-
tory lesion around implants with peri-implantitis
recently documented by Gualini and Berglundh53

suggests that the use of systemic antimicrobials in
combination with surgical therapy may be indicated. 

While there is insufficient evidence to recom-
mend a specific postoperative antibiotic regimen,
the most commonly used antibiotics among pub-
lished protocols (Tables 3 and 4) are metronidazole
and amoxicillin. Systemic metronidazole alone or in
combination with amoxicillin has been shown to be
effective in suppressing gram-negative anaerobic
microorganisms generally associated with peri-
implantitis in humans.54 There is evidence that in
some instances peri-implantitis may be associated
with organisms such as Staphylococcus spp,55 Enter-
obacter spp, and yeasts.18 Based on these findings,
microbial diagnosis may be advantageous prior to
antibiotic selection. 

It should be emphasized that a prerequisite for
successful antimicrobial therapy is the establishment
and maintenance of proper oral hygiene and support-
ive care at regular intervals. With regard to mainte-
nance, there is no evidence that the use of powered

or sonic toothbrushes is superior to manual brushing
for efficacy in plaque removal around implants.56

CONCLUSIONS

The conclusions of this review are similar to those
of a recent systematic review by Klinge and associ-
ates.57 Evidence for antimicrobial treatment of peri-
implantitis is limited, and randomized, controlled
trials should be initiated where ethically possible.
There is a need to determine whether antimicro-
bials used for periodontal therapy are effective for
the treatment of peri-implant diseases. With respect
to antimicrobial treatment protocols, there is lim-
ited information as to what extent initial improve-
ment is sustained over the long term. There are no
studies investigating the influence of defect charac-
teristics or patient-related factors on treatment out-
come. Additional prospective cohort studies
designed to monitor consecutive cases treated using
specific treatment protocols are recommended.
Until the results of such trials are available, the
most logical and evidence-based protocol for use in
clinical practice is cumulative interceptive support-
ive therapy (see group 4 consensus statement). 
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