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Abstract

Aim: This randomized clinical trial presents a 12-month follow-up of the clinical and
microbiological results after application of minocycline microspheres as an adjunct to
mechanical treatment of incipient peri-implant infections compared with an adjunctive
treatment using 1% chlorhexidine gel application.

Material and Methods: Thirty-two subjects with probing depth >4 mm, combined
with bleeding and/or exudate on probing and presence of putative pathogenic bacteria
were given oral hygiene instructions and mechanical treatment of infected areas
adjacent to implants. The subjects were then randomly assigned adjunctive subgingival
antimicrobial treatment using either chlorhexidine gel or minocycline microspheres.
Sixteen patients in the minocycline group and 14 in the chlorhexidine group completed
the study. Follow-up examinations were carried out after 10 days, 1, 2, 3, 6, 9 and 12
months.

Results: The adjunctive use of minocycline microspheres resulted in improvements of
probing depths and bleeding scores, whereas the adjunctive use of chlorhexidine only
resulted in limited reduction of bleeding scores. For the deepest sites of the treated
implants in the minocycline group, the mean probing depth was reduced from 5.0 to
4.4 mm at 12 months. This study could not show any significant difference in the levels
of bacterial species or groups at any time point between the two antimicrobial agents
tested. The present findings encourage further studies on adjunctive use of minocycline
microspheres in the treatment of peri-implant lesions.

Conclusions: The use of a local antibiotic as an adjunct to mechanical treatment of
incipient peri-implantitis lesions demonstrated improvements in probing depths that
were sustained over 12 months.
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The concept that bacteria play a major
role in the aetiology of peri-implant
mucositis and peri-implantitis is well
documented (Berglundh et al. 1992,
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Pontoriero et al. 1994, Augthun & Con-
rads 1997, Salcetti et al. 1997, Mombelli
& Lang 1998, Quirynen et al. 2002).
Mombelli (2002) reviewed the role of

bacteria in causation of peri-implantitis
and found support for the concept that
the microflora present in the oral cavity
before implant placement influence the

© 2006 The Authors. Journal compilation © 2006 Blackwell Munksgaard



microflora developing on implants. Sev-
eral reports have indicated a healing
potential of peri-implant tissues follow-
ing suppression of the peri-implant
microbiota by mechanical and chemical
means (see reviews by Klinge et al.
2002; Mombelli 2002).

Owing to technical difficulties in
decontaminating implants by mechani-
cal means alone, the use of adjunctive
antimicrobial components has been pro-
posed for the treatment of peri-implant
infection (Flemmig 1994, Kao et al.
1997, Lang et al. 1997). Topical appli-
cation of chlorhexidine is one treatment
modality that has been proposed. How-
ever, Porras et al. (2002) did not find
additional improvements following use
of topical chlorhexidine to supplement
mechanical debridement as compared
with mechanical debridement alone.
Application of tetracycline fibres has
also been recommended (Lang et al.
1997). This adjunctive treatment seems
to have some support from the findings
of Schenk et al. (1997) and Mombelli
et al. (2001). In a recent publication by
Biichter et al. (2004), a significantly
greater gain in the mean probing attach-
ment levels in peri-implantitis lesions
treated with local application of a
slow release doxycycline (Atridoxk)
was reported. Subjects treated with
Atridox  also demonstrated a signifi-
cant reduction in bleeding on probing
(0.27 £ 0.06, p=0.001). Accordingly,
the use of slow-release antibiotics as an
adjunct to mechanical treatment of inci-
pient peri-implantitis lesions seems to
improve the healing results. Recently,
an agent using microspheres containing
minocycline hydrochloride (1 mg) was
developed (Arestin‘“). Studies on this
agent indicate clinically beneficial
effects when used as an adjunct to
supra- and subgingival mechanical deb-
ridement (Williams et al. 2001, Hender-
son et al. 2002, Oringer et al. 2002, Van
Dyke et al. 2002, Paquette et al. 2003).
In a previous publication evaluating the
short-term (3 months) effect of Arestin"
as an adjunct to mechanical treatment,
Renvert et al. (2004) reported clinical
improvements of incipient peri-implan-
titis lesions.

The aim of the present trial was to
study the clinical and microbiological
results during a period of 12 months
after application of Arestin’ as an
adjunct to mechanical treatment of
peri-implant infections compared with
an adjunctive treatment using 1% chlor-
hexidine gel application.

Adjunctive antimicrobial treatment of peri-implantitis

Materials and Methods

This is a single-centre, single-blind,
randomized, two-arm clinical trial. The
randomization was performed before
initiation of the study. Sealed and num-
bered envelopes with the treatment code
were securely kept in a safe deposit box.
As the individuals were enrolled for
treatment, the treating clinician opened
the envelope with the same serial num-
ber as the patient, and the assigned
treatment was given. The clinician per-
forming the measurements was unaware
of the treatment given.

Subjects

Patients for this study were recruited
from individuals examined in a survey
evaluating the prevalence of mucositis/
peri-implantitis 10-12 years following
placement of Branemark implants.
Thirty-two patients, 41-75 years of
age, meeting the following criteria
were included:

e a minimum of one osseointegrated
implant with loss of bone limited to
<3 threads comparing radiographs
at the time of screening for this
study with those taken following
placement of the implant suprastruc-
ture 10-12 years previously;

e one or more peri-implant sites with
probing depth >4 mm, combined
with bleeding and/or pus on probing
using 0.2 N probing force; and

e results of microbial sample from
the deepest site around the implant
demonstrating: (1) occurrence of
anaerobic  bacteria present as
detected by anaerobic culturing
and (2) the presence of one ore
more of the following species: Por-
phyromonas gingivalis , Prevotella
intermedia, Prevotella nigrescens,
Tannerella forsythensis, Actinoba-
cillus  actinomycetemcomitans or
Treponema denticola, detected by
DNA probe analysis at a mini-
mum of level 2 on a five-grade
scale according to Papapanou et al.
(1997).

Patients with any of the following
conditions were excluded from the
study:

e pregnant or lactating females, or
females of child-bearing potential
not using acceptable methods of
birth control;
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e medication within 1 month of the
screening visit with agents known to
affect periodontal status;

e requirement of prophylactic antibio-
tics for treatment; and

e use of systemic antibiotics within 3
months before the study, and allergy
to tetracyclines.

Measurements

One and the same examiner, unaware of
the treatment group for the patient,
performed all the measurements.

Full-mouth plaque score

The presence of dental plaque along the
gingival/mucosal margin recorded after
use of disclosing dye and expressed as a
percentage of examined sites within
each patient (six sites per tooth and
implant).

Full-mouth bleeding score

Bleeding appearing after measurement
of probing depth and expressed as a
percentage of examined sites (six sites
per tooth and implant).

Local plaque score

The presence of dental plaque along the
mucosal margin at four sites of each
treated implant, recorded after use of
disclosing dye and expressed as a per-
centage of implant sites within each
patient.

Probing depth

Recorded at four sites of each treated
implant to the nearest millimetre using a
plastic probe with a standardized force
of 0.2 N (Hawe Click-Probe, Hawe Neos
Dental, Switzerland).

Bleeding on microbial sampling

Bleeding appearing at the mucosal
margin after paper point sampling of
the deepest site around each treated
implant and expressed as a percentage
of sampled implant sites within each
patient.

Bleeding on probing/microbial
sampling

A bleeding score for treated implants
based upon bleeding appearing at the
mucosal margin after paper-point sam-
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pling of the deepest site, and bleeding
after recordings of probing depth at the
other three sites, expressed as a percen-
tage of implant sites within each patient.
This combined probing/microbial sam-
pling bleeding score was used, as micro-
bial sampling of the deepest site was
made before probing depth recordings
and most likely would have affected the
bleeding tendency at a subsequent prob-
ing of these sites.

Microbial sampling

The deepest site of each qualifying
implant was isolated with cotton rolls.
Supragingival plaque was removed with
sterile cotton pellets. Four paper points
were inserted submucosally until resis-
tance was met and left for 20s. The tips
of two paper points were cut off with
sterile scissors and dropped into a vial
containing 3.3 ml reduced transport fluid
VMGA 1II and used for microbiological
culturing. The other two paper points
were placed in a sterile dry Eppendorf
tube to be used for DNA technique.

Experimental Procedures
Screening

The ethics committee at Lund Univer-
sity approved the study. At the screening
examination (performed 11-21 days
before baseline/treatment), a signed
written consent and a medical history
including current medications were
collected. Full-mouth plaque scores,
full-mouth bleeding scores, full-mouth
probing depths, local plaque scores,
microbial samples and bleeding on
probing/microbial ~ sampling  scores
were obtained.

Baseline

At baseline, assigned treatments were
provided.

Follow-up visits

At days 10, 30, 60, 90,180, 270 and 360,
local plaque scores, probing depths and
bleeding on probing were recorded at
each treated implant. Microbial samples

were obtained at screening and at days
10, 30, 90, 180 and 360.

Treatment

Oral hygiene instruction was provided,
together with supra- and subgingival

calculus and plaque removal from
implant surfaces using scalers specially
designed for implants (Hawe Neos
deplaquer, Hawe Neos dental, Switzer-
land) and a rubber cup with polishing
paste.

Patients were randomly assigned to
minocycline or chlorhexidine treatment,
with 16 individuals in each group. Cards
assigning adjunctive use of minocycline
microspheres or chlorhexidine gel were
randomly placed in sealed numbered
envelopes. The envelopes were opened
by the treating clinician and the assign-
ed treatment was given to the patient.
The examining clinician, responsible
for recording clinical parameters and
obtaining microbiological samples,
were unaware of the treatment per-
formed.

Minocycline treatment

Following cessation of bleeding and
isolating/drying the implant to be trea-
ted, a single unit dose of Arestin’ con-
taining 1 mg minocycline (OraPharma
Inc., Warminster, PA, USA) was
inserted submucosally at each of the
four sites around the implant with

a special dispenser. Microspheres
appearing at the mucosal margin were
condensed submucosally using an

appropriate instrument.

Chlorhexidine treatment

Following cessation of bleeding and
isolating/drying the implant to be trea-
ted, approximately 1 ml of 1% chlorhex-
idine gel (Corsodyl, Glaxo SmithKline,
MoIndal, Sweden) was inserted submu-
cosally into each of the four sites around
the implant using a disposable 2ml
syringe.

Patients were instructed not to brush
their teeth/implants for 12 h and to avoid
the wuse of inter-proximal cleaning
devices for 10 days in the treated area.
At the follow-up visits, additional oral
hygiene advice was given to patients

requesting such information. Apart
from this, no supportive treatment was
provided.

All treatments were carried out by
one and the same clinician.

Processing of the Bacterial Plaque
Samples

A volume 100 ul TE buffer (10 mM Tris
HCI, 1mM EDTA, pH 7.6) was added

to the Eppendorf tubes and mixed, and
subsequently another 100ul 10.5M
NaOH was added and the suspension
was boiled for 5Smin. After boiling,
800ul 5M ammonium acetate was
added to each tube and the samples
were processed with the checkerboard
methodology according to standardized
procedures (Socransky et al. 1994,
Papapanou et al. 1997). Immobilization
of bacterial samples onto nylon mem-
branes was performed by ultraviolet
(UV) light and incubated at 120°C, and
was completed within 4 weeks from
sample collection.

Digoxigenin-labelled, whole genomic
probes were prepared by random prim-
ing using the High-Prime labelling
kit (Roch Diagnostic, Indianapolis,
IN, USA) from the following 12 bacter-
ial strains: P. gingivalis (FDC381),
P. intermedia (ATCC 25611), P. nigres-
cens (ATCC 33563), T. forsythensis
(ATCC43037), A. actinomycetemcomi-
tans (FDC Y4), Fusobacterium nuclea-
tum (ATCC 10953), T. denticola
(OMGS 3271), Micromonas (formerly
Peptostreptococcus) micros (OMGS
2852), Campylobacter rectus (ATCC
33238), Eikenella corrodens (ATCC
23834), Selenomonas noxia (OMGS
3119) and Streptococcus intermedius
(ATCC 27335).

The hybrids formed between the bac-
terial DNA and the probes were detected
by application of an anti-digoxigenin
antibody conjugated with alkaline
phosphatase and incubation with a che-
miluminiscent substitute (CSPD, Roch
Diagnostic). Evaluation of the signal
was performed at a Lumilmager™ work-
station (Roch Diagnostic) by comparing
the obtained signals with those of pooled
standard samples containing 10° (high-
standard) or 10° (low-standard) of each
of the 12 bacterial species. The sensitiv-
ity and specificity of whole genomic
probes constructed as above have been
described previously (Socransky et al.
1994, 2004), and a comparison between
checkerboard hybridization and culture
in the identification of subgingival micro-
biota has also been published (Papapanou
et al. 1997). In addition, the probes were
cross-tested against the 12 species of the
panel in order to distinguish cross-
hybridizations. The chemiluminiscents
signals obtained were transformed into
a scale of scores from 0 to 5 according
to Papapanou et al. (1997). Thus, 0
indicated no signal; 1, signal density
weaker than the one of low standard
(<10%); 2, signal density equal to the

© 2006 The Authors. Journal compilation © 2006 Blackwell Munksgaard



one of the low standard (= 105); 3, signal
density higher than the one of low stan-
dard but lower than that of the high
standard (< 10°); 4, signal density equal
to the one of high standard (= 106); and
5, signal density higher than the one of
high standard (>10°). The occurrence of
individuals positive for each of the inves-
tigated bacterial species was described at
the cut-off level of Score 2 correspond-
ing to a level of 10° cells.

Culture analysis

The other two paper points transferred
to the VMGA 1II vial were processed in
the laboratory within 24 h. After suspen-
sion, the samples were diluted in VMG |
and plated on selective and non-selec-
tive media. A volume of 0.1 ml of each
dilution was inoculated on Brucella agar
plates enriched with 5% defibrinated
horse blood plus 0.5% haemolysed
horse blood and 5mg/l of menadione.
The plates were thereafter incubated
anaerobically for 7 days at 37°C in
jars, using hydrogen combustion in
95% H, and 5% CO,. In addition, one
blood agar plate and one selective Enter-
ococcosel agar (BBL, Microbiolgical
Systems, Cockeysville, MD, USA) plate
were aerobically incubated overnight.

The total viable count (TVC) was
determined as the total number of col-
ony-forming units (CFU) obtained on
the anaerobically incubated Brucella
agar plates. P. gingivalis and P. inter-
media/P. nigrescens were identified on
the Brucella agar plates by their capa-
city to form black-pigmented colonies.
They were differentiated by testing their
auto-fluorescence in UV light. Special
attention was paid to the aerobically
incubated blood agar plate for growth
of enteric rods. They were enumerated,
and further identified using the API 20E
system. Enteroccoci were identified and
enumerated on the selective medium by
the ability to form black colonies on
Enterococcosel agar.

Data analysis and statistics

The two treatment groups were com-
pared with respect to various character-
istics at screening using Fisher’s exact
tests for categorical variables and inde-
pendent sample #-tests for continuous
variables.

The effects of treatment were com-
pared with respect to plaque scores,
probing depths and bleeding on prob-

Adjunctive antimicrobial treatment of peri-implantitis

ing/microbial sampling. The outcome
measures were averaged within each
subject, followed by comparisons bet-
ween the two groups using independent
sample 7-tests.

For the microbiological data obtained
by checkerboard analysis, a mean value
for the different microorganisms of each
patient was calculated. TVC were esti-
mated by the number of CFU obtained
from anaerobic non-selective Brucella-
blood agar plate. Black-pigmented anae-
robic species (P. gingivalis and P. inter-
media/P. nigrescens), enteric rods and
enterococci were calculated as % of
TVC.

Results

Two patients in the chlorhexidine group
were excluded because of use of sys-
temic antibiotics for treatment of other
diseases, leaving 14 individuals in the
chlorhexidine group and 16 in the min-
ocycline group. Soreness in the gums as
a result of treatment was reported at day
10 by one subject in the chlorhexidine
group and by five subjects in the mino-
cycline group. Patient characteristics at
screening were not significantly differ-
ent between the two groups for any of
the tested variables (Table 1).

365

The mean plaque scores at screening
for all four sites of treated implants
amounted to 45% and 50% for chlor-
hexidine and minocycline groups,
respectively. The mean plaque scores
were reduced and at 12 months the
corresponding values were reduced to
21% and 27%. Compared with these
numbers, plaque scores for the deepest
sites of each treated implant were higher
throughout the study and although a
reduction as compared with baseline
was noted at 12 months, plaque was
detected in 27% for implants treated
with chlorhexidine and 48% for the
implants treated with minocycline.
However, no significant differences
were observed for any of these two
plaque scores between the chlorhexidine
and minocycline groups at any of the
time points during the study (Table 2).

The mean probing depths at screening
for all four sites of treated implants
amounted to 3.9 mm for both the chlor-
hexidine and minocycline groups. At
12 months, the probing depth remained
the same for the chlorhexidine group,
while the depth was reduced to 3.6 mm
for the minocycline group. Probing depth
for the deepest sites at screening averaged
5.1 mm for the chlorhexidine group and
5.0 mm for the minocycline group. At 12
months, the corresponding depths were
4.9 and 4.4 mm, respectively. Reductions

Table 1. Patient characteristics at screening for chlorhexidine and minocycline groups
(means £ SD; proportions; ranges within brackets)

Characteristics Chlorhexidine Minocycline
(N=14) (N=16)
Age 61.1 + 8.6 65.6 £ 8.6
Gender (female/male) 11/3 7/9
Smoker (never/former/present) 4/7/3 5/6/5
Full-mouth plaque score (%) 52 +£25 52 +£28
Full-mouth bleeding score (%) 55+ 16 64 + 19
Number of treated implants 2.6 (1-6) 3.1 (1-5)

Table 2. Mean plaque scores £ SD (%) throughout the 12-month observation interval for treated
implants at all four sites per implant and at the deepest site of each implant for chlorhexidine and

minocycline groups

Observation interval

All four sites/implant

Deepest site/implant

Chlorhexidine Minocycline Chlorhexidine Minocycline

(N=14) (N=16) (N=14) (N=16)
Screening 45 + 27 50 £ 25 67 + 39 76 + 33
10 days 46 + 25 49 + 19 67 + 43 77 + 34
1 month 22 £ 18 17+ 19 35 +35 32+ 41
2 months 22 +20 26 +£23 35 +£37 44 + 42
3 months 22 £20 26 + 20 36 +41 42 £35
6 months 31 £27 31 £24 49 + 45 52 + 41
9 months 24 £20 28 + 23 42 £ 44 60 + 41
12 months 21 £ 18 27 £ 24 27 £ 30 48 + 44
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of probing depths from screening were
significantly greater for the minocycline
group than for the chlorhexidine group
after 1, 2, 3, 6, 9 and 12 months both for
scores at all four sites and for scores at
deepest sites only (Table 3).

Mean bleeding on probing/microbial
sampling scores at screening for all four
sites of treated implants amounted to
86% and 88% for the chlorhexidine and
minocycline groups, respectively. At 12
months, the corresponding values were
78% and 71%. In the chlorhexidine
group, 100% bleeding on microbial
sampling was recorded after 12 months
as compared with 86% for the minocy-
cline group. Reductions of bleeding on
probing/microbial sampling scores from
screening were significantly greater for
the minocycline group than for the
chlorhexidine group after 1, 2, 3 and 6
months for all four sites of the treated
implants. A comparison of bleeding on

microbial sampling for the deepest sites
between the two groups, in spite of
numerical mean differences, revealed
significant differences only after 1, 6
and 12 months (Table 4).

The microbiological analysis, as
determined by the checkerboard techni-
que, revealed similar longitudinal
effects of the two antimicrobial agents.
In Fig. 1, six species are shown
(A. actinomycetemcomitans, P. gingiva-
lis, T. forsythensis, T. denticola, F.
nucleatum and P. intermedia). A similar
pattern was also found for Micromonas
micros, E. corrodens, S. noxia, C. rec-
tus, P. nigrescens and S. intermedius
(data not shown). For all the bacterial
species investigated the mean values
were the highest at visit one and gradu-
ally decreased during the experimental
period. No statistical significance was
obtained between the two antimicrobials
for any bacteria and at any time point.

Table 3. Mean probing depths £ SD (mm) throughout the 12-month observation interval for
treated implants at all four sites per implant and at the deepest site of each implant for

chlorhexidine and minocycline groups

Observation interval

All four sites/implant

Deepest site/implant

Chlorhexidine Minocycline Chlorhexidine Minocycline
(N=14) (N=16) (N=14) (N=16)

Screening 39403 39+0.7 5.1+05 50+09
10 days 37+£03 3.8 +£0.7 50=£06 48 £1.0
1 month 3.74+0.3 3.6 £ 0.7%* 4.8 +£0.7 4.4 4+ 0.9%
2 months 3.8+03 3.5+ 0.7 4.9 +0.7 42 +0.8*"
3 months 39+03 3.5 £ 0.6 5.0+0.7 4.1 £ 0.8
6 months 39+£04 3.6 £ 0.6™ 50=£07 43 £ 0.7
9 months 39+04 3.6 £ 0.7%* 49+ 06 444+ 0.8*
12 months 39+04 3.6 £ 0.6 49 £ 0.6 44 £ 0.7

Reductions from screening significantly greater for the minocycline group than for the chlorhexidine

group (*p<0.05; *p<0.01; **p<0.001).

Table 4. Mean bleeding on probing/microbial sampling scores == SD (%) throughout the 12-
month observation interval for treated implants at all four sites per implant and at the deepest site
of each implant for chlorhexidine and minocycline groups

Observation interval

All four sites/implant

Deepest site/implant

Chlorhexidine Minocycline Chlorhexidine Minocycline
(N=14) (N=16) (N=14) (N=16)
Screening 86 + 14 88 + 12 100 £ 0 100 +£ 0
10 days 69 + 24 56 £ 24 74 + 34 58 +43
1 month 63 + 24 40 4 16™ 71 + 42 42 4 34*
2 months 62 + 17 38 £ 21% 71 £ 37 60 =+ 37
3 months 71 + 14 45 4 26™* 73 £ 35 57 +35
6 months 79 £ 14 55 4 25%* 87 £29 58 =+ 33*
9 months 72+ 18 62 + 24 85 £+ 30 73 + 36
12 months 78 + 13 71 +22 100 + 0 86 + 23*

Reductions from screening significantly greater for the minocycline group than for the chlorhexidine

group (*p<0.05; *p<0.01; **p<0.001).

At the deepest site, bleeding was assessed after microbial sampling, while bleeding at the other three

implant sites was assessed after probing.

Using culture, the TVC showed a
significant increase after 6-12 months
and reached a maximal mean value of
10° cells/ml of transport medium (Fig.
2). This increase was similar in the two
groups. Regarding P. gingivalis, a sig-
nificant drop of the viable count was
found after treatment in both groups and
remained at a very low level in the
minocycline group (<0.2% of TVC)
during the 1-year experimental period.

Both enteric rods and enterococci
were recovered on several occasions,
however, in low percentages of TVC.
However, at visit three (after the anti-
microbial treatment), enteric rods
showed a slightly and temporarily high-
er level (not statistically significant) in
both treatments groups.

Discussion

The patients of this comparative trial
showed peri-implant lesions not exceed-
ing three threads of bone loss at the
implants selected for study. Surgical
therapy and open debridement was not
considered a first choice for these
lesions. It was anticipated that closed
mechanical debridement combined with
topical antimicrobial treatment should
lead to some or adequate improvement.
An agent using microspheres containing
minocycline was compared with the use
of chlorhexidine gel as an adjunct to the
mechanical treatment. Chlorhexidine
was selected based on previous recom-
mendations (Flemmig 1994, Kao et al.
1997, Lang et al. 1997).

In a pharmacokinetic study of locally
delivered minocycline microspheres
(Paquette et al. 2000), it was concluded
that subgingival administration of min-
ocycline microspheres (1 mg minocy-
cline) resulted in detectable levels of
minocycline in the serum but at levels
lower than would be expected from a
similar oral dose by a factor of four to
five. Saliva levels were far higher
(by factor 10*) and were still present in
some subjects after 14 days, indicating a
sustained release of minocycline from
the minocycline microspheres.

Improvements of the levels of muco-
sal inflammation and probing depth in
incipient peri-implant lesions following
mechanical or combined mechanical/
antimicrobial treatment have previously
been accomplished as evidenced from
some case reports (Bra & Anil 1991,
Ciancio et al. 1995, Mombelli et al.
2001) and a few comparative studies
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(Schenk et al. 1997, Porras et al. 2002)
(see a review by Roos-Jansaker et al.
2003, and recently Biichter et al. 2004).

Adjunctive antimicrobial treatment of peri-implantitis

A comparison between the results of the
above studies and the results of the
present trial, however, is difficult to
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make because of the uncertainties about
the nature of the lesions before treat-
ment in the various studies.

The results over 12 months of the
present study demonstrated similar, but
moderate, improvements of the plaque
scores at the treated implants for both
study groups, especially for the scores at
the deepest sites of the implants. This
may be related to the fact that plaque
control was not systematically rein-
forced during the study.

The combined mechanical/antimicro-
bial treatment for the chlorhexidine
group did not result in any reduction in
probing depth and only limited reduc-
tion of bleeding scores. In part, these
results corroborate the findings by Por-
ras et al. (2002), who did not find any
adjunctive effects of local 0.12% chlor-
hexidine irrigation+submucosal 0.12%
chlorhexidine gel application+10 days
of 0.12% chlorhexidine mouthrinse.
These results suggest that chlorhexidine
applied as rinses and gels may have
limited antimicrobial effects in peri-
implant lesions. Inter-dental cleaning
was avoided for the first 10 days in
both groups. This may have been more
negative for the chlorhexidine group
because of the low substantivity of the
chlorhexidine gel.

The results of the microbiological
analysis show an expected pattern gen-
erally; however, there are some interest-
ing notes to be commented on. The
patients showed an overall low preva-
lence and level of the target bacteria as
compared with advanced periodontitis
cases (Renvert et al. 1996). The selected
patients were required to have the pre-
sence of one or more of the following
species: P. gingivalis , P. intermedia ,
P. nigrescens, T. forsythensis, A. actino-
mycetemcomitans or T. denticola,
detected by DNA probe analysis at a
minimum of level 2 on a five-grade scale
according to Papapanou et al. (1997). It is
possible that we would have found more
pronounced microbiological effects of
the treatment if a more sensitive method
had been used or if more heavily infected
patients had been selected. The low TVC
obtained in the beginning of the study
confirms that the bacterial load was low
at the start of the study. It is also possible
that another sampling strategy should be
used in case of sampling from failing
implants. The tip of the paper point might
harvest only a small fraction of bacterial
flora of the peri-implantitis lesion, leading
to a risk of false-negative samples com-
pared with a selective culture method.
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Another interesting finding is the
gradual decrease of the target bacteria
of the DNA-DNA hybridization values
in the checkerboard method. A more
immediate drop as seen for cultured
P. gingivalis would have been expected;
however, it is important to note that this
distinction method records the presence
of specific DNA and non-viable bacter-
ial cells. It should be noted that 1% of
TVC 10° cells corresponds to 1000
cells, which is considerably lower than
the detection level of the checkerboard
technique. Both groups were treated
with antimicrobial agents (Arestin "
and chlorhexidine), both of which have
a bacteriostatic/bactericidal effect on the
target bacteria. If this exposure for anti-
microbials is not followed by a mechan-
ical cleaning or irrigation of the
subgingival area, it may be so that the
clearance period for the persisting DNA
in the deep pocket is extended by sev-
eral months.

Enteric rods and enterococci were
included to study in order to analyse
whether more resistant bacteria would
increase in number because of the anti-
microbial treatment and increase the
risk for ‘‘super-infection’’ as noticed
for certain cases of peri-implantitis in
previous studies (Leonardt et al. 1999,
2003). A slight increase in the level of
enteric rods could be noticed; however,
the risk for super-infection did not seem
to be important.

The use of adjunctive minocycline
microspheres resulted in improvements
in both probing depths and bleeding
scores. The reductions of bleeding
scores, although greater than for the
chlorhexidine group, were modest.
This may be related to the fact that the
bleeding scores included bleeding
assessed after microbial sampling. This
sampling was made using four paper
points placed at the deepest sites, which
may have increased the potential to
provoke bleeding at these sites. The
use of microspheres containing minocy-
cline has previously been found to be
effective as an adjunct to mechanical
treatment of periodontal (Williams et al.
2001, Henderson et al. 2002, Oringer
et al. 2002, Van Dyke et al. 2002,
Paquette et al. 2003) and peri-implantitis
lesions (Heitz-Mayfield et al. 2003,
Renvert et al. 2004). In the present
study, the effectiveness could also be
demonstrated for peri-implant lesions,
as evidenced by improved results com-
pared with the use of adjunctive chlor-
hexidine gel. The present study also

indicates that clinical improvements
obtained after use of minocycline
microspheres may be sustained after
a 12-month period. Nevertheless, the
question to what extent the combined
mechanical/minocycline treatment could
be considered adequate for the treated
lesion remains to be answered.
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Clinical Relevance

Scientific rationale for the study:
Infections (peri-implantitis) do occur
around dental implants. Peri-implan-
titis lesions are difficult to treat
mechanically depending on the pre-

sence of threads and/or a rough sur-
face that may retain the microflora.
Principal findings: This paper has
demonstrated that the use of an
adjuncti(\ée local antibiotic therapy
(Arestin ) demonstrated improve-

ments in probing depths that were
sustained over 12 months.

Practical implications: It seems
reasonable to combine mechanical
treatment of peri-implantitis with
local delivery of minocycline.
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