J Clin Periodontol 2010; 37: 563-573 doi: 10.1111/j.1600-051X.2010.01561.x

Mechanical non-surgical
treatment of peri-implantitis: a
single-blinded randomized
longitudinal clinical study.

|I. Microbiological results

Persson GR, Samuelsson E, Lindahl C, Renvert S. Mechanical non-surgical treatment
of peri-implantitis: a single-blinded randomized longitudinal clinical study.

II. Microbiological results. J Clin Periodontol 2010; 37: 563-573. doi: 10.1111/
J.1600-051X.2010.01561.x

Abstract

Background: Peri-implantitis is common in patients with dental implants. We
performed a single-blinded longitudinal randomized study to assess the effects of
mechanical debridement on the peri-implant microbiota in peri-implantitis lesions.
Materials and Methods: An expanded checkerboard DNA-DNA hybridization assay
encompassing 79 different microorganisms was used to study bacterial counts before
and during 6 months following mechanical treatment of peri-implantitis in 17 cases
treated with curettes and 14 cases treated with an ultrasonic device. Statistics included
non-parametric tests and GLM multivariate analysis with p <0001 indicating
significance and 80% power.

Results: At selected implant test sites, the most prevalent bacteria were:
Fusobacterium nucleatum sp., Staphylococci sp., Aggregatibacter
actinomycetemcomitans, Helicobacter pylori, and Tannerella forsythia. 30 min. after
treatment with curettes, A. actinomycetemcomitans (serotype a), Lactobacillus
acidophilus, Streptococcus anginosus, and Veillonella parvula were found at lower
counts (p <0.001). No such differences were found for implants treated with the
ultrasonic device. Inconsistent changes occurred following the first week. No
microbiological differences between baseline and 6-month samples were found for any
species or between treatment study methods in peri-implantitis.

Conclusions: Both methods failed to eliminate or reduce bacterial counts in peri-
implantitis. No group differences were found in the ability to reduce the microbiota in
peri-implantitis.
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Current data suggest that the preva-
lence of peri-implant mucositis is high.
The prevalence of peri-implantitis may,
at the subject level, be >30% (for a
review, see Zitzmann & Berglundh
2008). There is a need to, comprehen-
sively, assess the microbiota at titanium
dental implants and to compare different
treatment modalities.

A complex bacterial biofilm with a
large variety of microorganisms develops
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on all types of surfaces (Lamont &
Jenkinson 2000). It is generally per-
ceived that many different bacterial
species are important in the aetiology
of peri-implant mucositis and peri-
implantitis (i.e. Pontoriero et al. 1994,
Augthun & Conrads 1997, Salcetti et al.
1997, Leonardt et al. 1999, Quirynen et
al. 2002, Renvert et al. 2007).

The oral and pharyngeal region is a
significant source of microorganisms in
humans.

Haemophilus influenzae, Bacteroides,
and Streptococci species are commonly
found in the oral-pharyngeal area (Chi
et al. 2003, Swidsinski et al. 2007).
Staphylococcus aureus, viridans Strep-
tococci, and Corynebacterium species
can also be found in the oral-pharyngeal
area of healthy subjects (Konno et al.
2006). A link between the presence of
bacteria in the oral and pharyngeal area
and oral health status has recently been
demonstrated for Streptococci, Staphy-
lococci, Candida, Pseudomonas, and
black-pigmented Bacteroides species
(Ishikawa et al. 2008).

Therapies proposed for the manage-
ment of peri-implant diseases are cur-
rently based on the evidence available
from the treatment of periodontitis. In a
systematic review, the authors con-
cluded that mechanical non-surgical
treatment of peri-implant mucositis
lesions might be effective but not in
cases of peri-implantitis. The data sup-
porting this were, however, scarce
(Renvert et al. 2008a). The treatment
of infected dental implants is difficult
and may require implant removal (Pye
et al. 2009).

Because of technical difficulties in
decontamination of infected dental
implants without surgical intervention,
adjunctive antibiotic therapy has been
proposed (Mombelli et al. 2001).
Results following non-surgical debride-
ment combined with adjunct adminis-
tration of local minocycline in the
treatment of peri-implantitis have shown
some effects on the clinical conditions
(Persson et al. 2006, Renvert et al.
2006). Only marginal effects on the
microbiota around implants treated
with adjunct minocycline were demon-
strated. Repeated applications of local
antibiotics may be necessary to obtain
both anti-bacterial and clinical effects
(Renvert et al. 2008b).

The clinical effects of two mechan-
ical therapeutic modalities in the man-
agement of cases with evidence of
peri-implantitis have been evaluated in

a 6-month clinical study demonstrating
some reduction in bleeding on probing
but with clinically non-relevant probing
pocket depth (PPD) reduction (Renvert
et al. 2009). We now report on the
microbiological changes over time.

The aims of the present study were
(1) to assess the microbiota at implants
with a diagnosis of peri-implantitis and
(2) to assess whether non-surgical
mechanical treatment of peri-implantitis
lesions, performed with titanium cur-
ettes, or by an ultrasound device speci-
fically designed for the treatment of
titanium implants, results in microbio-
logical differences by these treatment
modalities over time. Thus, the null
hypothesis was that (1) therapy had no
effects on the microbiota and (II) that
there were no differences in the micro-
biological outcomes between the two
treatment groups.

Materials and Methods

The Ethics Committee of Lund Uni-
versity, Sweden, approved the study. All
subjects enrolled signed written informed
consent. The CONSORT guidelines for
clinical trials were followed. Subjects
were enrolled if they presented with
at least one dental implant with bone
loss identified on intra-oral radiographs
>25mm and having a PPD>4mm
with bleeding and/or pus on probing
using a 0.2 N probing force. Subjects
could have more than one implant but
only one implant in each subject meet-
ing the inclusion criteria was studied. In
the case of more than one such implant,
only the implant with the most severe
condition was studied (all implants with
peri-implantitis were treated).

The study was conducted between
March 2007 and June 2008 at the Uni-
versity of Kristianstad, Sweden (clinical
study component), and at the University
of Bern, Switzerland (microbiological
analysis). The following criteria were
used to exclude subjects from entering
the study: (I) poorly controlled diabetes
mellitus (HbAlc>6.5), (II) use of anti-
inflammatory prescription medications,
or antibiotics within the preceding
3 months, and (III) identified bone loss
>2.5mm in comparison with findings
from radiographs taken immediately
following placement of the implant
supra-structure.

In the event that any subject had
clinical evidence of periodontitis, such
subjects were included if periodontal

lesions at the remaining teeth had first
been treated. Subjects without evidence
of periodontitis were included without
periodontal therapy. All included sub-
jects must have at least one dental
titanium implant meeting the diagnostic
criteria for peri-implantitis (Lindhe et al.
2008). Subjects were randomly assigned
to one of the two treatment regimens.
The randomized allocation was carried
out using a computer software program
(SPSS Inc., Chicago, IL, USA). When
performing their respective study tasks,
the study examiner and the therapist
were not jointly present with the study
subject. Study subjects were instructed
not to discuss the therapy with the study
examiner. The study examiner was,
therefore, unaware of study treatment
allocation. The study examiner per-
formed all clinical measurements and
collected samples for microbiological
analysis. The clinician performing treat-
ment had >7 years of clinical experi-
ence in the mechanical treatment of
implants with a diagnosis of peri-
implantitis. The treatment code was
not revealed until all microbiological
assays had been completed and the
electronic file (SPSS data file) had
been established.

Adverse events (bleeding, pain, swel-
ling) following therapy were evaluated
using a questionnaire at the 1-month
examination.

Checkerboard DNA-DNA hybridization,
microbiological sampling, and analysis

Before any tissue manipulation, sub-
gingival bacterial samples were taken
immediately before debridement of the
titanium implant at 30 min. after com-
pletion of the procedure, at 1 week, 1, 3
months, and at 6 months after the treat-
ment. The area to be sampled was first
isolated with cotton rolls to prevent
contamination with saliva. Samples
were taken with two sterile endodontic
paper points size 55 (Absorbent Paper
Points, Dentsply/Maillefer, Ballaigues,
Switzerland) at the site of the treated
titanium implant with the deepest prob-
ing depth. The paper points were simul-
taneously inserted and kept in situ for
20s. Efforts were made to insert the
paper points to the bottom of the space
between the implant and the soft tissue
lining. Size 55 endodontic paper points
provide stability to insert the paper point
into pockets around dental implants, and
have been used previously in our studies
on implant microbiology (Gerber et al.
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2006). The collected paper points were
placed in dry Eppendorf tubes (1.5 ml
natural flat cap DNAse and RNAse-free
microcentrifuge tubes, Starlab, Ahrens-
burg, Germany). All samples were
stored in batches at —20°C and for-
warded on a monthly basis on dry ice by
overnight carrier to the oral microbiol-
ogy laboratory at the University of Bern,
Switzerland. At the laboratory, 0.15 ml
Tris EDTA buffer (10mM Tris-HCL,
1.0mM EDTA, pH 7.6) and 0.10ml
0.5M NaOH were added to each eppen-
dorf tube. The tubes were vortexed for
20s. The paper points were then
removed. The remaining content was
pipetted onto slots and processed as
described for the checkerboard DNA-
DNA hybridization method (Socransky
et al. 1994, 2004, Agerbaek et al. 2006,
Persson et al. 2009). The species
assessed by the checkerboard DNA-
DNA hybridization method are pre-
sented (Table 1).

In order to obtain a fully detailed
account of the identified bacteria, the
digitized information was analysed
using a software program (ImageQuant,
Amersham Pharmacia, Piscataway, NJ,
USA) allowing comparison of signals
against standard lanes of known bacter-
ial amounts (10* and 10° cells) in the
appropriate checkerboard slot. Signals
were converted to absolute counts by
comparisons with these standards, and
studied as the proportion of sites defined
as having >1.0 x 10* and >1.0 x 10°
bacterial cells. Cross-reactivity was rou-
tinely tested in the microbiology labora-
tory between known pure bacterial
reference strains purchased or obtained
from other laboratories (Table 1). Our
quality control results were consistent
with those reported elsewhere (Socrans-
ky et al. 2004). This also applied to the
second panel of additional species stu-
died. Thus, our analysis failed to identi-
fy measurable amounts of bacteria that
could be explained as examples of
cross-reactivity. The oral microbiology
laboratory at the University of Bern,
Switzerland, is certified by the Swiss
Health Authorities (Bundesamt fiir
Gesundheit, Bern, Switzerland) to con-
duct clinical and laboratory microbiolo-
gical diagnostics.

Treatment procedures

Dental titanium implants in group 1 were
treated with mechanical debridement
using titanium curettes (Deppeler SA,
Rolle, Switzerland). Implants in group 2
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were treated with mechanical debride-
ment using an ultrasonic device (LM
Instruments Oy, Parainen, Finland) and
with a specially designed tip for the
treatment of infections around implants
(LM Instruments Oy). All implants were
polished with rubber cups and polishing
paste. If needed, local anaesthesia was
administered. At all study time points,
subjects received oral hygiene instruc-
tions as necessary. Oral hygiene instruc-
tions were given specifically to manage
plaque accumulation at implant sites
using a soft toothbrush, inter-proximal
brushes, toothpicks, or dental floss at
each time point when subjects were
examined. Likewise, and consistent with
good clinical dental practice, oral hygiene
instructions were given to enhance oral
hygiene at natural teeth. This was also
performed at each clinical visit.

Statistical methods
Power calculation

In the absence of reliable data on
changes in the clinical conditions with
regard to treatment, we assumed a mean
difference of 0.6 mm in probing depth.
This resulted in a sample size estimation
of 18 subjects in each group. In the
absence of microbiological data, we
assumed a 40% difference between
methods. This also resulted in a sample
size estimation of 18 subjects in each
group. Assuming that treatment would
yield at least a 30% reduction in the
bacterial counts (independent of the
method), 36 subjects in the study would
provide statistical power at the 80%
level.

In order to assess microbiological
changes within each treatment modality,
the statistical analysis was performed
using Kruskal-Wallis anova and by
repeat Mann—Whitney U-tests. General
linear model multivariate analysis was
used to assess the effects of treatment
modality and time on the changes in the
bacterial counts for the different species
studied. The statistical software package
SPSS 16.0 was used for the analysis
(SPSS Inc.). Because of the number of
variables included in the assays, signifi-
cance was set at the p<0.001 level.
Statistical differences at the p<0.01
were identified as trends of change.

Results

A total of 37 subjects were enrolled.
Two subjects in group 1 and four sub-
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jects in group 2 discontinued the study.
Three subjects discontinued after ther-
apy and refused to return for recall
visits. One subject discontinued after
the 1-month follow-up due to the fact
that he moved away from the area. Two
subjects failed to return for the final
6-month examination (Fig. 1). Thus,
complete data were available for 17
subjects in the group treated with hand
instruments and 14 subjects in the group
treated with the ultrasonic device. Seven
subjects in each group were women
and a total of five subjects (15.6%),
three in group 1 and two in group 2,
reported a smoking habit. None of the
smokers changed their habit during the
6-month trial or had changed their
smoking habits within the preceding
6 months.

Details of the clinical data and lack
of statistically significant changes as
effects of the mechanical therapies
performed in the study are reported
elsewhere (Renvert et al. 2009). Full-
mouth bleeding on probing assessed at
six sites per tooth remained at approxi-
mately 30% at all time points. Plaque
scores decreased from 91% at dental tita-
nium implants in group 1 to 37% at month
6 and from 82% to 38% in group 2. Similar
changes in the plaque index scores were
found at teeth. Comparing baseline with all
other study time points, statistical analysis
failed to demonstrate differences in PPD
that were clinically relevant (Renvert et al.
2009). In this study, no adverse events
occurred.

The mean PPD at the implant sites
from which bacterial samples were col-
lected was 5.1 mm (SD =+ 0.6) in study
group 1 and 5.2mm (SD =£ 0.7) in study
group 2 (NS). At month 6, the corre-
sponding values were 4.9 mm (SD + 0.8)
and 49mm (SD =+ 0.9), respectively
(NS). Between baseline and month 6,
statistical analysis failed to demonstrate
differences in PPD change at the sites
from which bacterial samples were col-
lected. In addition, other dental titanium
implants in subjects with implants who
were diagnosed with peri-implantitis
were treated using the same method as
for the dental implant from which sam-
ples were taken. At baseline, all implants
presented with bleeding on probing in
group 1. At month 6, three of these
implants presented with no evidence of
bleeding on probing. All implants in
group 2 also presented with bleeding on
probing. At month 6, two of these
implants presented with no evidence of
bleeding.
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Table 1. Bacteria included in the Checkerboard DNA-DNA hybridization assays

Bacteria Collection Bacteria Collection
Aggregatibacter actinomycetemcomitans (a) ATCC29523 Alloscardovia omnicolens GUHO071026
Aggregatibacter actinomycetemcomitans (Y4) ATCC43718 Actinomyces neuii GUHS550898
Actinomyces israelii ATCC 1201 Aerococcus christensenii GUHO070938
Actinomyces naeslundii ATCC121045 Anaerococcus vaginalis GUH290486
Actinomyces odontolyticus ATCC17929 Atopobium parvulum GUH160323
Capnocytophaga gingivalis ATCC33612 Atopobium vaginae GUHO010535
Capnocytophaga ochracea ATCC33596 Bacteroides ureolyticus GUHO080189
Capnocytophaga sputigena ATCC33612 Bifidobacterium bifidum GUHO070962
Campylobacter gracilis ATCC33236 Bifidobacterium breve GUHO080484
Campylobacter rectus ATCC33238 Bifidobacterium longum GUH180689
Campylobacter showae ATCC451146 Corynebacterium nigricans GUH450453
Eikenella corrodens ATCC238345 Corynebacterium aurimucosum GUHO071035
Eubacterium saburreum ASTCC33271 Dialister sp. GUHO071035
Fusobacterium nucl. naviforme ASTCC49256 Enterococcus faecalis GUH170812
Fusobacterium nucl. nucleatum ATCC25586 Enterococcus faecalis ATCC29212
Fusobacterium nucl. polymorphum ATCC10953 Echerichia coli GUHO070903
Fusobacterium periodonticum ATCC33993 Gardnerella vaginalis GUHO080585
Lactobacillus acidophilus ATCC11975 Haemophilus influenzae ATCC49247
Leptothrichia buccalis ATCC14201 Helicobacter pylori ATCC43504
Neisseria mucosa ATCC33270 Lactobacillus crispatus GUH160342
Parvimonas micra ATCC19696 Lactobacillus gasseri GUH170856
Prevotella intermedia ATCC25611 Lactobacillus iners GUH160334
Prevotella melaninogenica ATCC25845 Lactobacillus jensenii GUH160339
Prevotella nigrescens ATCC33563 Lactobacillusvaginalis GUHO0780928
Porphyromonas gingivalis ATCC33277 Mobiluncus curtisii GUH070927
Propionybacterium acnes ATCC11827/28 Mobiluncus mulieris GUHO070926
Selenomonas noxia ATCC43541 Peptoniphilus sp. GUHS550970
Streptococcus anginosus ATCC33397 Peptostreptococcus anaerobius GUH160362
Streptococcus constellatus ATCC27823 Porphyromonas endodontalis ATCC35406
Streptococcus gordonii ATCC10558 Prevotella bivia GUH450429
Streptococcus intermedius ATCC27335 Prevotella disiens GUH190184
Streptococcus mitis ATCC49456 Proteus mirabilis GUHO070918
Streptococcus mutans ATCC25175 Pseudomomas aeruginosa ATCC33467
Streptococcus oralis ATCC35037 Staphylococcus aureus ATCC25923
Streptococcus sanguinis ATCC10556 Staphylococcus aureus yellow strain GUHO070921
Tannerella forsythia ATCC43037 Staphylococcus aureus white strain GUH070922
Treponema denticola ATCC354405 Staphylococcus epidermis DSMZ20044
Treponema socranskii D40DR2 Staphylococcus haemolyticus DSMZ20263
Veillonella parvula ATCC10790 Streptococcus agalactiae GUH230282
Varibaculum cambriense GUHO070917

ATCC, American Type Culture Collection; D, sample from Forsyth Institute, Boston MA; GUH, Ghent University Hospital Collection, Ghent, Belgium;
DSMZ, The German Resource Center for Biological Materials, Braunschweig Germany.

Baseline microbiological findings

The proportional distributions of bacter-
ia identified as being positive based on
bacterial detection levels of >1.0 x 10*
and 1.0 x 10’ bacterial cells in the two
study groups are presented (Table 2).
The most prevalent bacteria were
Aggregatibacter  actinomycetemcomi-
tans Y4 (serotype b), Fusobacterium
nucleatum sp., Helicobacter pylori,
Staphylococci sp., and Tannerella for-
sythia. At baseline, statistically higher
counts of bacterial species (p<0.001)
were found for 3/79 species [A. actino-
mycetemcomitans (serotype a), Capno-
cytophaga sputigena, and Streptococcus
gordonii] in samples from implants to
be treated in the hand instrument group
in comparison with samples from

implants to be treated in the ultrasonic
treatment group.

Microbiological changes over time at
implant sites treated with hand
instruments

Statistical analysis demonstrated that
between baseline samples and samples
taken 30 min. after treatment, decreases
in the counts of bacterial species were
significant (p<0.001) for A. actino-
mycetemcomitans (serotype a), Lacto-
bacillus  acidophilus, Streptococcus
anginosus, and Veillonella parvula.
Trends of a reduction in the bacterial
counts (p<0.01) were found for
C. sputigena, Lactobacillus buccalis,
Streptococcus mutans, Streptococcus
oralis, and Streptococcus sanguinis.

Statistical analysis failed to demonstrate
other differences in the bacterial loads
of the other bacterial species included in
the microbiological analysis. At the
p<0.001 level, statistical analysis failed
to demonstrate differences in the counts
of bacterial species between baseline
and 1-week samples. A trend of lower
counts at week 1 was found for Trepo-
nema denticola (p = 0.013).

Statistical ~analysis demonstrated
significantly lower counts of bacterial
species at 1 month compared with
the baseline values for S. anginosus
(p<0.001). Statistical analysis also
found a trend of lower counts of bacter-
ial species at 1 month for L. acidophilus
(p<0.01).

L. acidophilus and S. anginosus were
found at significantly lower counts

© 2010 John Wiley & Sons A/S
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Fig. 1. A CONSORT E flowchart of the enrolment, allocation, follow-up, and analysis.

(p<0.001) at month 3 as compared with
the baseline microbial values. Trends of
lower bacterial counts at the p<0.01
level at month 3 were also found for
A. actinomycetemcomitans Y4 (sero-
type b). Statistical analysis by Kruskal—-
Wallis aNova failed to demonstrate
differences in the bacterial counts
(Tables 3 and 4).

Microbiological changes at implant sites
treated with the ultrasonic device

Statistical analysis failed to demonstrate
that the treatment resulted in changes
between baseline and 30 min. post-treat-
ment samples for any of the bacterial
species studied.

Comparison between baseline and
1-week microbiological counts demon-
strated a trend of lower counts for
Enterococcus  faecalis  (p = 0.022).
Between baseline and 1 month and
baseline and 6 months, statistical analy-
sis failed to demonstrate any differences
between the samples at different time
points. Analysis by Kruskal-Wallis aNova
failed to demonstrate any differences, by

© 2010 John Wiley & Sons A/S

time and treatment, for any of the bacterial
species studied (Tables 3 and 4).

Differences in microbiological counts at
implant sites treated with hand
instruments or with the ultrasonic device

At none of the time points following
interventions could statistically signifi-
cant differences be identified for any of
the species studied between implants
treated with hand instruments or the
ultrasonic device, and furthermore,
with no trends of differences at
p-<0.01. The distributions of different
Staphylococci species and Pseudomonas
aeruginosa at the different study time
points are presented in box-plot dia-
grams for subjects treated with hand
instruments and with the ultrasonic
device. With regard to bacterial counts,
GL multivariate analysis failed to
demonstrate a significant difference as
an effect of time, subject, or treatment
performed. The 25th, 50th, and 75th
percentiles of select bacteria counts in
the groups treated with hand instruments
(group 1) and the group treated with the
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ultrasonic device (group 2) are pre-
sented for baseline and 6-month values
(Table 5).

Intent-to-treat analysis

Among the 43 subjects assessed for
eligibility, 19 subjects were allocated
to be treated with hand instruments
and 18 were allocated to be treated
with an ultrasonic device (Fig. 1). Dur-
ing the study, two subjects in group 1
and four subjects in group 2 (the ultra-
sonic group) were lost to follow-up. In
the intent-to-treat analysis, the latest
available microbiological data were
entered for each individual lost to fol-
low-up assessments. Analysis by Krus-
kal-Wallis anova failed to demonstrate
differences over time for individual
bacterial counts for all species included
in the study within treatment arms.
These findings were confirmed by repeat
Mann—-Whitney U-tests between base-
line values and those obtained at the
different time points. Furthermore, at
each time point, no differences were
found in the bacterial counts between
treatment groups.

Discussion

The present study demonstrated that the
clinical changes in both PPD and bleed-
ing on probing between baseline and
6 months after treatment suggested lim-
ited clinical improvements and with no
treatment group differences. The present
study demonstrated that mechanical
efforts with hand instruments designed
for the treatment of dental titanium
implants or with an ultrasonic device
designed for the treatment of dental
titanium implants, and oral hygiene
instructions as deemed necessary did
not result in important changes in the
microbiota in pockets around implants
with a diagnosis of peri-implantitis.
Trends of bacterial reductions were
soon lost, and 6 months after therapy,
conditions were similar to those before
treatment. These findings are consistent
with the clinical data demonstrating
limited clinical impact of therapy
(Renvert et al. 2009).

Several factors may explain the lim-
ited clinical outcomes of therapy. It is
likely that the instruments available for
debridement around implants are not
properly designed to reach the affected
area. Because of implant design, loca-
tion, and clinical conditions, it may be
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Table 2. Counts of bacterial species at baseline defined as the proportion of sites positive for the microorganism studied at >1.0 x 10* and

>1.0 x 10° bacterial cell detection levels

Bacteria >1.0 x 10* >1.0 x 10° >1.0 x 10* >1.0 x 10°
A. actinomycetemcomitans (a) 3 31.2 0.0 A. neuii 16.7 33
A. actinomycetemcomitans (Y) 50.0 6.2 A, christensenii 10.0 0.0
A. israelii 21.9 3.1 A. vaginalis 23.3 10.0
A. naeslundii 22.6 0.0 A. parvulum 20.0 0.0
A. odontolyticus 28.8 0.0 A. vaginae 26.7 10.0
C. gingivalis 15.6 3.1 B. ureolyticus 26.7 33
C. ochracea 34.6 3.1 B. biavatii 13.3 0.0
C. sputigena 21.9 3.1 B. bifidum 133 0.0
C. gracilis 12.5 3.1 B. breve 16.7 0.0
C. rectus 37.5 3.1 B. longum 13.3 6.7
C. showae 25.0 0.0 C. nigricans 10.0 0.0
E. corrodens 21.9 3.1 C. aurimucosum 20.0 0.0
E. saburreum 34.6 0.0 Dialister sp. 16.7 33
F. nucl. naviforme 31.2 6.2 E. faecalis Ghent 16.7 33
F. nucl. nucleatum 62.5 6.2 E. faecalis ATCC 6.7 0.0
F. nucl. polymorphum 40.6 3.1 E. coli 13.3 6.7
F. periodonticum 53.1 3.1 G. vaginalis 30.0 33
L. acidophilus 21.9 3.1 H. influenzae 33.7 33
L. buccalis 28.1 3.1 H. pylori 36.7 6.7
N. mucosa 31.2 3.1 L. crispatus 233 6.7
P. micra 25.0 3.1 L. gasseri 16.7 33
P. intermedia 31.2 3.1 L. iners 20.0 33
P. melaninogenica 31.2 6.2 L. jensenii 30.0 33
P. nigrescens 15.6 0.0 L. vaginalis 30.0 6.7
P. gingivalis 18.8 0.0 M. curtisii 16.7 0.0
P. acnes 15.6 0.0 M. mulieris 133 33
S. noxia 15.6 0.0 Peptoniphilus 26.7 0.0
S. anginosus 28.1 3.1 P. anaerobius 20.0 0.0
S. constellatus 19.4 0.0 P. endodontalis 13.3 6.7
S. gordonii 31.2 3.1 P. bivia 20.0 0.0
S. intermedius 18.8 3.1 P. disiens 16.7 0.0
S. mitis 15.6 3.1 P. mirabilis 13.3 33
S. mutans 28.1 3.1 P. aeruginosa 10.0 33
S. oralis 18.2 3.1 S. aureus 31.2 9.4
S. sanguinis 15.6 3.1 S. aureus yellow strain 26.7 6.7
T. forsythia 21.9 12.5 S. aureus white strain 233 33
T. denticola 18.6 3.1 S. epidermis 20.0 3.3
T. socranskii 344 3.1 S. haemolyticus 26.7 33
V. parvula 40.6 3.1 S. agalactiae 20.0 33
V. cambriense 23.3 33

very difficult to provide adequate debri-
dement of dental implants.
Furthermore, the clinical data demon-
strated that although oral hygiene
improved, the efficacy of oral hygiene
efforts did not meet the expected stan-
dards. Thus, the design of implants and
placement of the dental titanium implants
and their superstructures might have
made it difficult to maintain a plaque-
and inflammation-free environment
around the dental titanium implants stu-
died. The development of a biofilm at
dental titanium implants with peri-
implantitis may specifically include
pathogens that are therapy resistant.
Few studies have assessed a broader
selection of bacterial species in perio-
dontal conditions than a selection of 40
individual species suggested by several
authors (Socransky et al. 1994, 2004,

Li et al. 2004, Paju et al. 2009, Torrun-
gruang et al. 2009). There are, however,
a large variety of bacteria to be identi-
fied in the oral cavity (Paster et al. 2006,
Konno et al. 2006). Although the micro-
biota in gingivitis and periodontitis has
been investigated extensively, the infor-
mation on bacteria around implants with
a diagnosis of peri-implantitis is limited.
The present study demonstrated that
different members of the genus Staphy-
lococcus can be found at dental titanium
implants with a diagnosis of peri-
implantitis and with a prevalence that
is higher than the prevalence of bacteria
such as T. forsythia and Porphyromonas
gingivalis. The natural habitat for
Staphylococci includes skin, mucous
membranes, and also the oral cavity
and the upper respiratory tract (Lederer
et al. 2007). Although most Staphylo-

cocci are part of the commensal bacter-
ia, they may become severe pathogens
in combination with trauma or implan-
tation of medical devices (Cook et al.
2009, Fujimura et al. 2009). It is well
established that S. aureus has a high
affinity to titanium surfaces (Gristina
1994, Harris et al. 2006, 2007, Gaudreau
et al. 2009, Khoo et al. 2009). In the
medical field, orthopaedic implant-
related bacterial infections have been
associated with high morbidity that
may lead to limb amputation, with
S. aureus as the dominant cause of
such infections (Lauderdale et al.
2010). In vitro studies have shown that
scraping an implant surface fails to
remove or collect S. aureus from a
biofilm development and that standard
culture methods therefore are negative
for S. aureus (Bjerkan et al. 2009).

© 2010 John Wiley & Sons A/S
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Table 3. Counts of bacterial species at month 6 (panel 1) defined as the proportion of sites positive for the microorganism at >1.0 x 10* and

>1.0 x 10° bacterial cell detection levels

Bacteria Hand instrument Hand instrument Ultrasonic Ultrasonic
>1.0 x 10* >1.0 x 10° >1.0 x 10* >1.0 x 10°
A. actinomycetemcomitans (a) 38.7 9.7 26.9 3.8
A. actinomycetemcomitans (Y) 48.4 3.2 38.5 7.7
A. israelii 25.8 3.2 26.9 3.8
A. naeslundii 32.3 3.2 23.1 7.7
A. odontolyticus 25.8 32 19.2 0.0
C. gingivalis 323 3.2 154 0.0
C. ochracea 48.4 16.1 30.8 7.7
C. sputigena 323 9.7 30.8 3.8
C. gracilis 35.5 9.7 30.8 0.0
C. rectus 54.8 6.5 26.9 0.0
C. showae 35.5 3.2 19.2 0.0
E. corrodens 32.3 3.2 26.9 7.7
E. saburreum 38.7 3.2 23.1 3.8
F. nucl. naviforme 58.1 12.9 46.2 7.7
F. nucl. nucleatum 81.0 129 53.8 7.7
F. nucl. polymorphum 48.4 6.5 34.6 3.8
F. periodonticum 79.0 9.7 34.6 3.8
L. acidophilus 29.0 3.2 23.1 3.8
L. buccalis 55.2 6.5 30.8 7.7
N. mucosa 35.5 129 30.8 11.5
P. micra 35.5 9.7 23.1 0.0
P. intermedia 58.1 3.2 34.6 0.0
P. melaninogenica 54.8 6.5 19.2 0.0
P. nigrescens 25.8 3.2 154 0.0
P. gingivalis 29.0 3.2 19.2 0.0
P. acnes 29.0 3.2 19.1 0.0
S. noxia 35.5 3.2 19.8 0.0
S. anginosus 355 32 15.4 0.0
S. constellatus 16.1 3.2 19.2 0.0
S. gordonii 45.2 6.5 19.2 0.0
S. intermedius 32.3 3.2 154 0.0
S. mitis 41.9 32 23.1 0.0
S. mutans 45.2 129 19.2 0.0
S. oralis 29.0 6.5 15.6 0.0
S. sanguinis 22.6 32 11.5 0.0
T. forsythia 38.7 3.2 54.4 23.1
T. denticola 29.0 3.2 30.8 0.0
T. socranskii 51.6 6.5 30.8 0.0
V. parvula 55.8 16.1 34.6 3.8

S. aureus is a coagulase-positive oppor-
tunistic pathogen commonly found in
post-operative wounds. Nasal carriage
of the methicillin-resistant S. aureus
(MRSA) is common in adults, and the
nasal prevalence (Choi et al. 2006) is
similar to what has been found at
implant sites with peri-implantitis in
the present study. In a recent study,
S. aureus was identified in aggressive
periodontitis (Fritschi et al. 2008). Other
studies have shown that S. aureus is
prevalent at titanium implants with vary-
ing degrees of inflammation (Renvert
et al. 2008¢c). If S. aureus has been
identified at implant sites within 3 months
after the implants have been inserted,
the likelihood that S. aureus will remain
at 12 months is considerable (Salvi et al.
2008). Between baseline and month 6 in
the present study, both the mechanical

© 2010 John Wiley & Sons A/S

therapy using hand instruments and
ultrasound treatment failed to change
the proportion of S. aureus (three dif-
ferent subspecies), S. epidermis, and
S. haemolyticus. Data suggest that the
absence of protective antibody titres to
S. aureus may be explanatory in dental
implant failures (Kronstrom et al. 2000,
2001). Further studies are therefore
needed to assess the role of S. aureus
as well as other pathogens currently not
routinely assessed at infected dental
titanium implants.

One of the problems with the anti-
bacterial therapy of S. aureus is also an
increased risk for colonization of
P. aeruginosa (Ratjen et al. 2001).
S. aureus and P .aeruginosa are com-
monly found on orthopaedic implants
(Arcioloa et al. 2005). In the present
study, P. aeruginosa was found at some

of the dental titanium implants both at
baseline and at month 6. P. aeruginosa
has been found in oral samples but the
information on P. aeruginosa in the oral
cavity is limited (Fritschi et al. 2008).
Data suggest that P. aeruginosa can also
be retrieved from dental impressions
(Egusa et al. 2008). It appears that
bacteria associated with periodontitis
can enhance the ability of P. aeruginosa
to invade respiratory epithelial cells
(Pan et al. 2009). In other studies of
dental implants diagnosed with peri-
implantitis, high rates of A. actino-
mycetemcomitans, Fusobacterium spp.,
P. gingivalis, P. aeruginosa, and
T. forsythia have been found (Van de
Velde et al. 2009). Thus, the symbiosis
between Bacteroides species and
P. aeruginosa may enhance the persis-
tence of P. aeruginosa in subgingival
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Table 4. Bacterial counts at month 6 (panel 2) defined as the proportion of sites positive for the microorganism at >1.0 x 10* and >1.0 x 10°

bacterial cell levels

Bacteria Hand instrument Hand instrument Ultrasonic Ultrasonic
>1.0 x 10* >1.0 x 10° >1.0 x 10* >1.0 x 10°
A. neuii 12.9 0.0 8.0 0.0
A, christensenii 19.4 0.0 16.0 0.0
A. vaginalis 25.8 32 16.0 0.0
A. parvulum 16.1 32 0.0 0.0
A. vaginae 35.5 19.4 35.0 24.0
B. ureolyticus 25.8 3.2 40.0 0.0
B. biavatii 16.1 0.0 12.0 0.0
B. bifidum 16.1 0.0 16.0 0.0
B. breve 19.3 0.0 12.0 0.0
B. longum 22.6 0.0 16.0 0.0
C. nigricans 25.8 0.0 16.0 4.0
C. aurimucosum 12.9 0.0 12.0 0.0
Dialister sp. 16.1 0.0 20.0 0.0
E. faecalis (GUH) 16.1 0.0 8.0 0.0
E. faecalis (ATCC) 9.7 0.0 4.0 0.0
E. coli 16.1 32 28.0 16.0
G. vaginalis 35.5 6.5 36.0 4.0
H. influenzae 29.7 9.7 53.0 4.0
H. pylori 58.9 9.7 56.0 12.0
L. crispatus 38.7 32 36.0 0.0
L. gasseri 29.0 32 16.0 0.0
L. iners 323 3.2 23.0 0.0
L. jensenii 28.7 3.2 32.0 4.0
L. vaginalis 35.5 3.2 20.0 4.0
M. curtisii 16.1 0.0 16.0 0.0
M. mulieris 9.7 0.0 16.0 0.0
Peptoniphilus 25.8 0.0 4.0 0.0
P. anaerobius 22.6 0.0 24.0 0.0
P. endodontalis 323 0.0 24.0 0.0
P. bivia 22.6 0.0 16.0 0.0
P. disiens 22.6 0.0 20.0 0.0
P. mirabilis 29.0 32 20.0 8.0
P. aeruginosa 19.4 0.0 20.0 4.0
S. aureus 29.0 6.5 26.9 3.8
S. aureus yellow strain 16.1 0.0 20.0 0.0
S. aureus white strain 35.5 0.0 16.0 0.0
S. epidermis 29.0 32 24.0 0.0
S. haemolyticus 323 3.2 36.0 0.0
S. agalactiae 16.1 3.2 16.0 0.0
V. cambriense 22.6 0.0 16.0 0.0

lesions when inflamed and infected tis-
sues are not surgically removed.

The intent-to-treat analysis carrying
forward the latest known values for
subjects who never completed the
study further confirmed that neither
treatment modality had an impact on
the bacterial counts for any of the spe-
cies studied. This strengthens our per-
ception that not even shortly after
treatment could a relevant reduction in
the counts of bacterial species be
obtained by either of these two treat-
ment modalities.

Although both treatment arms seemed
to reduce the counts of bacterial species
commonly associated with periodontitis
(i.e. A. actinomycetemcomitans Y4 (ser-
otype b), P. gingivalis, T. forsythia, and

T. denticola) during the first weeks after
the treatments, these effects disappeared
within a few weeks. This may point to
the difficulties in the debridement of the
implant surfaces, and that these patho-
gens remain at the sites of infection. It is
of interest that the mechanical therapy
with the hand instrument appeared to be
more efficient in reducing the counts of
bacterial species at the 30min. post-
treatment time point, whereas the counts
of bacterial species remained similar
immediately after treatment in the group
treated with the ultrasonic device. At
1 week, however, the ultrasonic treat-
ment seemed to have reduced the counts
of some of the bacterial species.

The proportion of sites with positive
counts of bacterial species at the 10° cut

of level of bacterial counts was low,
whereas at the 10* cut-off level, higher
counts of bacterial species were found.
This may be reflected by the fact that the
paper points had been sterilized three
times to increase the stiffness of the
paper points. This may have reduced
the fluid absorption capacity of the
endodontic paper points such that bac-
teria would not aggregate on these. In
previous studies, it has been shown that
originally sterilized endodontic paper
points yield higher bacterial counts
than sampling with curettes at dental
implant sites (Gerber et al. 2006).

The study may be considered as
underpowered. However, the statistical
power analysis of the previous study
was based on anticipated changes for

© 2010 John Wiley & Sons A/S



ultrasonic
0.00
0.00
0.02
0.00
0.00
0.11

S. aureus

hand instr.
0.00
0.00
0.11
0.00
0.06
0.20

ultrasonic
0.00
0.00
0.06
0.00
0.00
0.24

P. aeruginosa

hand instr.
0.00
0.00
0.24
0.00
0.00
0.12

ultrasonic
0.00
0.17
0.44
0.00
0.00
0.44

H. pylori

hand instr.
0.00
0.00
0.44
0.00
0.20
0.69

ultrasonic
0.00
0.00
0.00
0.00
0.24
0.93

T. forsythia

0.00
0.24
0.93
0.00
0.00
0.10

hand instr.

ultrasonic
0.00
0.00
0.00
0.00
0.00
0.16

P. gingivalis

hand instr.
0.00
0.00
0.09
0.00
0.00
0.13

ultrasonic
0.00
0.00
0.37
0.00
0.00
0.24

0.00
0.05
0.18
0.00
0.00
0.12

actinomycetemcomitans

hand instr.

Percentile
25th
50th
75th
25th
50th
75th

Table 5. Results by hand instrument- and ultrasonic-treated groups presented as 25th, 50th, and 75th percentile values (all at values x 10° bacterial cells) for selected bacteria at baseline and at month 6

Instr., instrument.

Time

© 2010 John Wiley & Sons

the primary clinical study outcome para-
meters (Renvert et al. 2009). In the
absence of microbiological data for
bacteria specifically associated with
peri-implantitis, we were unable to per-
form a similar power analysis for the
microbiological data.

Conclusions

We failed to demonstrate differences in
the counts of bacterial species studied
within each study group over a follow-
up period of 6 months.

We failed to demonstrate that the two
treatment methods studied resulted in
differences in the counts of the bacterial
species studied.
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Clinical Relevance

Scientific rationale for the study:
Peri-implantitis is a complication in
implant dentistry. Data on treatment
efficacy are scarce.

Principal findings: The study showed
that mechanical debridement alone

with hand instruments equipped
with titanium tips or with an ultra-
sonic device equipped with specific
tips to be used at implants can neither
improve clinical conditions nor
effectively reduce bacterial counts
at implants with peri-implantitis.

Peri-implantitis infection includes
several virulent microorganisms.
Clinical implications: In order to
care for subjects with peri-implantitis
lesions, other treatment modalities
should be developed and tested.
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