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Abstract
Background: Non-surgical peri-implantitis therapies appear to be ineffective.
Limited data suggest that ER:YAG laser therapy improves clinical conditions. The
present study aimed at comparing the treatment effects between air-abrasive (AM) and
Er:YAG laser (LM) mono-therapy in cases with severe peri-implantitis.

Materials and methods: Twenty-one subjects in each group were randomly assigned
to one time intervention by an air-abrasive device or an Er:YAG laser. Clinical data
were collected before treatment and at 6 months. Data analysis was performed using
repeat univariate analysis of variance controlling for subject factors.

Results: No baseline subject characteristic differences were found. Bleeding on
probing and suppuration decreased in both the groups (po0.001). The mean probing
depth (PPD) reductions in the AM and LM groups were 0.9 mm (SD 0.8) and 0.8 mm
(SD � 0.5), with mean bone-level changes (loss) of � 0.1 mm (SD � 0.8) and
� 0.3 mm (SD � 0.9), respectively (NS). A positive treatment outcome, PPD
reduction X0.5 mm and gain or no loss of bone were found in 47% and 44% in the AM
and LM groups, respectively.

Conclusions: The clinical treatment results were limited and similar between the two
methods compared with those in cases with severe peri-implantitis.
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Over the last decades, dental implants
have become a commonly used treat-
ment alternative to other dental proce-
dures. The prognosis of implant therapy
in dentistry is perceived to be very good.
The survival rates of dental implants

after 10 years in function are in the
range of 95% (Roos-Jansåker et al.
2006a). Nevertheless, infections adja-
cent to implants occur. The term peri-
implant mucositis was proposed for
reversible inflammation of the soft tis-
sues surrounding implants, and if such
an inflammation is combined with loss
of bone, it is referred to as peri-implan-
titis (Albrektsson & Isidor 1994, Lindhe
& Meyle 2008). Peri-implantitis, if not
successfully treated, may lead to com-
plete disintegration and implant loss
(Esposito et al. 1999, Quirynen et al.
2002, Leonhardt et al. 2003). Data sug-
gest that the prevalence of peri-implan-
titis is in the range of 16–25% (Fransson
et al. 2005, Roos-Jansaker et al. 2006b,
Koldsland et al. 2010). With an increas-

ing population with dental implants, the
prevalence of implant-related infections
would most likely increase and cause
major challenges to therapy.

The primary aetiology of implant
mucositis and peri-implantitis is consid-
ered to be bacterial infections. After
installation in the oral cavity, bacterial
colonization occurs rapidly on oral
implant surfaces (Quirynen et al. 2006,
Fürst et al. 2007, Salvi et al. 2008), and
the development of a tightly fixed layer
of plaque binds to the implant surface as
a biofilm (Lamont & Jenkinson 2000).

The goal in non-surgical therapy of
peri-implant mucositis and peri-implan-
titis is to eliminate or significantly
reduce the amounts of oral pathogens
in the pockets around implants to a level
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that allows healing and re-establishment
of a clinically healthy condition. Using
conventional means of therapy, eradica-
tion of pathogens by mechanical means
on implant surfaces with threads and
often with rough surface structures is
difficult (Persson et al. 2010). Treatment
models, such as scaling and root plan-
ning, effectively used to treat teeth with
periodontitis, cannot be used in the same
way on rough threaded implant surfaces.
The implant rough surface structure
also provides the bacteria with ‘‘pro-
tected areas’’ inaccessible to conven-
tional mechanical removal. Treatment
attempts have been made with an
adjunct use of local antibiotics (i.e.
Mombelli et al. 2001, Porras et al.
2002, Renvert et al. 2004, 2006, Jorgen-
sen et al. 2004, Persson et al. 2006, Salvi
et al. 2007). The adjunct use of local
antibiotics to mechanical therapy has
been shown to reduce bleeding on prob-
ing (BOP) and probing pocket depth
(PPDs) in cases with peri-implantitis
(Renvert et al. 2008). Another treatment
model that may offer an advantage
over traditional mechanical treatment
includes the use of laser therapy. Data
have shown that treatments with
Er:YAG lasers have a bactericidal effect
(Kreisler et al. 2002). Er:YAG laser
treatment can debride the implant sur-
face effectively and safely (Takasaki et
al. 2007). Slightly better clinical results
have been reported by Er:YAG laser
treatment as compared with traditional
non-surgical mechanical debridement
(Schwarz et al. 2006a, b). In a recent
consensus paper on the treatment of
peri-implantitis, the authors concluded:
‘‘In peri-implantitis lesions, non-surgi-
cal therapy was not found to be effec-
tive’’ but that ‘‘minor beneficial effects
of laser therapy on peri-implantitis have
been shown’’ (Lindhe & Meyle 2008).

For several years, an air-abrasive
method for the removal of bacterial
plaque on tooth surfaces has been in
use (Weaks et al. 1984, Berkstein et al.
1987, Horning et al. 1987, Petersilka
et al. 2003). This method has also been
used in the treatment of peri-implantitis,
demonstrating no relevant adverse
effects (Duarte et al. 2009). Until
recently, air-polishing devices have
used a slurry of water and sodium
bicarbonate (NaHCO3) and pressurized
air/water. A less abrasive method using
an amino acid glycine has been proven
to be effective in removing bacterial
biofilm structures in deep periodontal
pockets. According to the manufacturer,

a specially designed small, flexible and
thin disposable plastic nozzle is placed
in the infected pocket and the glycine
powder in a compressed air flow
removes biofilm structures under irriga-
tion. Recent data have suggested that
this treatment is safe by not causing
emphysema, and provides clinical
results comparable to those obtained
by sub-gingival debridement of teeth
using hand instruments (Moëne et al.
2010). The reasons for a low risk of
emphysema may be the specially
designed instrument tips, and the
reduced flow and pressure in compar-
ison with the previous methods used for
supra-gingival polishing will cause less
trauma to the tissues.

In vitro data have also demonstrated
that the use of an air-abrasive device
may change the surface characteristics
of titanium implant surfaces. This may
especially be the case when sodium
bicarbonate particles are being used
while the use of a glycine-based powder
does not seem to cause titanium implant
surface changes (Schwarz et al. 2009).

The aim of the present study was to
assess the clinical outcomes following
treatment with either a non-surgical
debridement using an air-abrasive
device or an Er:YAG laser in subjects
with implants and a diagnosis of peri-
implantitis.

Materials and methods

Study design

The design was a single masked, rando-
mized 6-month clinical intervention trial
including two study groups with a diag-
nosis of peri-implantitis.

Study population

The Ethics Committee of Lund Univer-
sity, Sweden, approved the study. Writ-
ten consent was obtained from all
enrolled subjects. The CONSORT
guidelines for clinical trials were fol-
lowed (Fig. 1). Subjects were enrolled
if they presented with at least one dental
implant with bone loss 43 mm at
implants identified on intra-oral radio-
graphs (Fig. 2), and having a PPDX

5 mm with bleeding, and/or pus on
probing as assessed by a 0.2 N probing
force. Subjects may have had more than
one implant, meeting the inclusion cri-
teria.

The study was conducted between
October 2007 and September 2009,
and was performed at the Specialty
Clinic for Periodontology, Region
Skåne, Kristianstad, Sweden. The fol-
lowing criteria were used to exclude
subjects from entry into the study: (I)
poorly controlled diabetes mellitus
(HbA1c47.0), (II) use of anti-inflam-
matory prescription medications, or
antibiotics within the preceding 3
months or during the study, (III) use of
medications known to have an effect on
gingival growth and (IV) subjects
requiring prophylactic antibiotics.

Before enrolment in the study, any
periodontal lesions at remaining
teeth had been treated. Subjects were
randomly assigned to one of the two
treatment regimens. The randomized
allocation was performed using a com-
puter software program (SPSS Inc.,
Chicago, IL, USA). A clinician not
involved with the study sequenced the
study subjects to the therapy allocated.
When performing their study tasks, the
study examiner (M. N.) and the therapist

Fig. 1. Consort flow chart.
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(C. L.) were not jointly present with the
study subjects. Study subjects were
instructed not to discuss therapy with
the study examiner. The study examiner
was unaware of study treatment alloca-
tions, and performed all clinical mea-
surements. The clinician performing
treatments had 410 years of clinical
experience in the mechanical treatment
of implants with a diagnosis of peri-
implantitis.

Clinical measurements and procedures

The PPD and bleeding on probing (BOP)
measurements were performed using a
plastic probe with a standardized probing
force of 0.2 N (Click-Probe, KerrHawe
SA, Bioggio Switzerland). All clinical
measurements were obtained after
removing the supra structure. The fol-
lowing clinical assessments were per-
formed at baseline and at month 6:
(I) full-mouth plaque score (FMPS)
recorded as the presence of dental plaque
along the gingival/mucosal margin fol-
lowing the use of disclosing dye and
expressed as a percentage of examined
sites within each subject (four sites per
tooth and implant), (II) local plaque score
defined as the presence of dental plaque
along the mucosal margin at four sites of
the treated implants, recorded after the
use of a disclosing dye, (III) PPD at four
sites per implant, (IV) full-mouth bleed-
ing scores, bleeding appearing after PPD
measurements of probing depth and

expressed as a percentage of examined
sites (four sites per tooth and the
implant), (V) presence/absence of BOP
at the implant (four sites/implant) and
(VI) the amounts of bleeding at
the implant sites was graded as follows:
(0) no bleeding, (1) point of bleeding, (2)
line of bleeding and (3) drop of bleeding.

Intra-oral standardized radiographs of
sites of interest were obtained at baseline
and at 6 months. Eggen holders were
used for standardization purposes. Radio-
graphs were analysed by one of the study
investigators (G. R. P.) masked to study
assignment, assessing digital images
using the ImageJ software program
1:43r (National Institute of Health,
Bethesda, MA, USA). For each image,
the distance between three threads with a
known thread distance was used for
image calibration to compensate for
image distortion. Thus, the distance
between a known reference point at the
implant to the deepest point of the bone
lesion was defined in mm values.

Analysis of bone height assessments
from 30 randomly selected digitized
images identified Crohnbach’s a5 0.96
with an intra-class correlation of 0.96
(95% CI: 0.91–0.98, po0.001).

Treatment procedures

Before the treatments, the supra-struc-
tures were removed and the baseline
measurements were performed (Fig. 3).
In order to avoid bias, a dental hygienist
who was not involved in the registra-
tions performed the treatments (C. L.).
After treatment, the supra-structures
were remounted. Implants in the air-

abrasive group were treated using the
PERIO-FLOWs device (Fig. 4). The
nozzle was placed in the pocket and
mesially, lingually, distally and buc-
cally, and used for approximately 15 s
in each position and circumferentially in
the pocket around the implant (Fig. 5).
Careful attempts were made to cover the
full circumference of the implant. The
PERIOFLOWs device utilizes a 25 mm
hydrophobic powder and a flexible tip
allowing access to periodontal and
implant pockets and with less biokinetic
pressure than the original device for
supra-gingival polishing.

Implants in the laser group were
treated using an Er:YAG laser (Key
Laser 3 Perio, KaVo, Biberach, Ger-
many) (Fig. 6) at an energy level of
100 mJ/pulse and 10 Hz (12.7 J/cm2)
using a cone-shaped sapphire tip. The
instrument tip was used in a parallel
mode using a semicircular motion
around the circumferential pocket area
of the implant.

Routine local anaesthesia was used as
needed. At all study time points, all
subjects received individualized oral
hygiene instructions. Each subject also
received a sonic toothbrush (FlexCar-
e1rechargeable sonic toothbrush, Phi-
lips Oral Healthcare, Snoqualmie, WA,
USA). The study subjects were carefully
instructed in the use of the toothbrush.
They were supplied with new brush
heads after 3 months.

Statistical methods

If a PPD difference in the change of
PPD between methods of 1 mm is to be

Fig. 3. Image representing implants to be measured after the removal of the implant
superstructure.

Fig. 2. Intra-oral radiograph of a dental
implant with bone loss 43 mm.
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detected at a5 0.05 and a power of
b5 0.2, the appropriate number of sub-
jects per group would be around 20.
Hence, the inclusion of 42 subjects in
the study would yield the necessary
statistical power. The data were ana-
lysed using repeated univariate analysis
of variance adjusting for the subject
factor and the number of implants trea-
ted in each subject. The data were also
analysed using independent t-tests for
continuous variables with a normal dis-
tribution (equal variance not assumed)
PPD, bone level changes and using
Mann–Whitney U-tests for non-para-
metric data (BOP, PI, suppuration) and
by w2 analysis. A statistical software
package (SPSS PASW, Statistics 18.0
for MAC, SPSS Inc.) was used for the
statistical analysis. Statistical differ-
ences were defined by a p value
o0.05. PPD change was defined as the
primary outcome measure. The second-
ary outcome measure was a change in
bone height.

Results

All subjects completed the study, and no
implants were lost. The mean age of the
subjects was 68.5 (SD � 6.4) in the
laser group and 68.9 (SD 112.5) in the
air-abrasive group, with no group dif-
ference (p 5 0.91). Statistical analysis
also failed to demonstrate study group
gender differences (p 5 0.34), differ-
ences in smoke years (p 5 0.58) or
differences in the medications used
(p 5 0.17). Furthermore, statistical ana-
lysis also failed to demonstrate differ-
ences in the number of implants in the
upper (p 5 0.54) or the lower jaw
(p 5 0.19) between study groups.

In the laser group, 21 subjects had a
total of 55 implants (machined surface:
41, medium rough surface:14). Each
subject in this group had, on average,
2.6 implants (SD � 0.2, range: 1–8
implants) with a diagnosis of peri-
implantitis. In the air-abrasive group,
21 subjects had a total of 45 implants

(machined surface: 29, medium rough
surface: 16). Each subject in this group
had, on average, 2.0 implants (SD
� 0.2, range: 1–5 implants) with a

diagnosis of peri-implantitis. Subjects
in the laser group had more implants
(mean difference: 0.6, SE � 0.2, 95%
CI: 0.1–0.2, po0.05).

Analysis by independent t-tests
(equal variance not assumed) failed to
demonstrate differences in the treatment
outcomes (PPD change and bone height
change) as a result of implant surface
characteristics within each group.

Evidence of inflammation defined by
assessment of bleeding, presence of

visible plaque or suppuration

At the subject level, statistical analysis
failed to demonstrate baseline study
group differences in the gingival index
scores (p 5 0.67) and plaque scores
(p 5 0.55). Consistently, statistical ana-
lysis failed to demonstrate study group
differences in the gingival index and
plaque scores at the 6-week control
visit, or at 3- and 6-month controls.
Statistical analysis also failed to demon-
strate group differences in changes of
BOP scores between baseline and after 6
months by study group interventions
(p 5 0.79).

At the implant level, the distributions
of BOP at baseline and month 6 in the
two study groups are presented (Fig. 7).
At baseline, a point of bleeding was
found at 5.1% of all implant surfaces,
a line of bleeding at 37.8% and a drop of
bleeding at 57.1% of the sites. Statistical
analysis failed to demonstrate baseline
differences by BOP between different
implant surfaces (four surfaces per
tooth) (p 5 0.76). At month 6, no evi-
dence of bleeding was found at 30.9% of
the implants treated in the laser group
and at 25.0% of the implants treated in
the air-abrasive group. The decrease in
BOP was significant in both study
groups (po0.001). Statistical analysis
failed to demonstrate differences in
changes of BOP by study intervention
groups (p 5 0.22).

The proportions of implants with
visible plaque at baseline 2, 6, 12 weeks
and at 6 months after treatment for the
two study groups are presented (Fig. 8).
At baseline, the presence of visible
plaque was found at 35% of implants
in the laser group and at 21.7% of
implants in the air-abrasive group
(po0.01). At 2, 6 and 12 weeks after
treatment, statistical analysis (Mann–

Fig. 4. The PERIO-FLOWs device.

Fig. 5. Use of the air-abrasive device at an infected site with the supra-structure removed.
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Whitney U-tests) failed to demonstrate
differences in visible plaque between
treatment groups. At month 6, however,
less plaque was found at implants trea-
ted in the air-abrasive group (po0.05).

At baseline, 30.9% (17/55) of im-
plants in the laser group presented with
suppuration while in the air-abrasive
group, 31.1% (14/45) of implants pre-
sented with suppuration. At 6 months
after treatment, 10.9% (6/55) of sites in
the laser-treated group presented with
suppuration. In the air-abrasive treatment
group, 11.1% (5/45) of sites presented
with suppuration. Statistical analysis
(Mann–Whitney U-test) failed to demon-
strate baseline differences by treatment
group assignment with regard to the pre-
sence/absence of suppuration (p 5 0.63).
The decrease in suppuration was signifi-
cant in both treatment groups (po0.001),
and with no group differences in the
change (decrease) of suppuration between
baseline and at 6 months after treatment
(p 5 0.42). Nevertheless, and among the
sites that presented with suppuration at

baseline in the laser-treated group, 37.9%
also presented with suppuration at the
examination at 6 months. Furthermore,
among the sites that presented with sup-
puration at baseline in the air-abrasive
treatment group, 46.0% also presented
with suppuration at the examination at
the study endpoint at 6 months.

Assessments of PPDs

The proportional changes in PPDs
between baseline and month 6 defined
at the implant level are presented (Table
1). The changes in PPD between base-
line and month 6 in the two treatment
groups at the subject level are illustrated
in a box-plot diagram (Fig. 9). Repeat
univariate analysis of variance adjusting
for subject factors and the number of
implants treated in each subject failed to
demonstrate differences in changes of
PPD by study group assignment
(p 5 0.76). At the implant level, the
PPD change (reduction) between base-
line and 6 months in the laser-treated

group was 0.8 mm (SD � 0.5), whereas
the PPD change (reduction) in the
air-abrasive-treated group 0.9 mm (SD
� 0.8). Statistical analysis failed to
demonstrate differences in changes of
PPD by study group intervention
(p 5 0.55).

Thus, at the subject level, 25% of the
subjects in the laser group had an aver-
age PPD reduction X1.0 mm whereas
38% of the subjects in the air-abrasive
group had an average PPD reduction
X1.0 mm.

Radiographic assessments

Analysis by repeat univariate analysis of
variance at the subject level adjusting
for subjects factors and number of
implants treated in each subject failed
to demonstrate differences in alveolar
bone changes between baseline and 6
months as an effect of intervention at the
mesial (p 5 0.46) and distal implant
sites (p 5 0.83). When the individual
implant was used as the unit of observa-
tion, statistical analysis (independent
t-test) also failed to demonstrate inter-
vention group differences in changes of
bone height for mesial (p 5 0.35), and
distal (p 5 0.55) aspects, or combined
mean values between mesial and distal
bone changes (p 5 0.42). The average
change in the bone level was a loss of
0.3 mm (SD 10.9) for the laser group
and a loss of 0.1 mm (SD � 0.8) bone
height for the air-abrasive group.

The proportional changes in bone
height levels between baseline and
month 6 assessed from radiographs and
defined at the implant level are pre-
sented (Table 2). The changes in bone
height levels between baseline and
month 6 at the subject level in the two
treatment groups are illustrated in a box-
plot diagram (Fig. 10).

Combined outcome assessment

Defining a positive outcome of therapy
as a subject-based reduction in PPD
X0.5 mm and gain or no further loss
of bone as successful and all other
treatment results as clinically not satis-
factory, statistical analysis failed to
demonstrate treatment group differences
at the subject level (p 5 0.84). When the
implant level was used to assess out-
come, the laser treatment resulted in
improved conditions at 44% of the
implants. Treatment with the air-abra-
sive device resulted in improved condi-
tions at 47% of the implants. However,

Fig. 6. Use of the Er:YAG laser at an infected site with the supra-structure removed.

Fig. 7. The distributions of bleeding on probing (no bleeding, point of bleeding, line of
bleeding and drop of bleeding) at baseline and month 6 in the two study groups.
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if defining a positive outcome as having
PPDX5 mm, with BOP and suppuration
at baseline but no PPDX5 mm, no BOP
and no suppuration at 6 months, none of
the cases in either group obtained this
level of treatment outcome.

Discussion

In a recent Cochrane systematic review,
the authors concluded that there is very
little reliable evidence suggesting as to
which could be the most effective inter-
ventions for peri-implantitis (Esposito
et al. 2008). We have demonstrated
previously that there are no differences
in treatment outcomes in the treatment
of non-surgical debridement of implants
with a diagnosis of peri-implantitis com-
paring hand instrumentation or debride-
ment with an ultrasonic device, and
none of these treatment modalities
resolved the clinical conditions (Renvert
et al. 2009). The consensus report by the
European Workshop on Periodontology

2008 agreed that in peri-implantitis
lesions, non-surgical therapy was not
found to be effective, whereas minor
effects of laser therapy of peri-implanti-
tis have been shown (Lindhe & Meyle
2008). Given the fact that non-surgical
mechanical debridement of peri-implan-
titis has been found to be ineffective, we
did not use this as a control treatment
modality.

Treatment of peri-implantitis using
Er:YAG laser therapy has been investi-
gated (Schwarz 2006a, b). Thus, treat-
ment with an Er:YAG laser appears to
result in a more effective reduction in
bleeding around implants than non-sur-
gical debridement with hand instru-
ments and sub-gingival application
of chlorhexidine (Schwarz et al.
2006a). In order to treat the implants
with the laser or the air-abrasive device
in the present study, the superstructures
were removed, allowing the best access
possible to the implant surfaces. Thus,
the results of the present study are
limited to implants where the super-

structures can be removed. All implants
are not screw retained. It might be
difficult to gain access with the laser
tip or the air-abrasive nozzle if implant
super-structures are not removed.
Removing and repositioning of super-
structures add to the clinical time neces-
sary to provide care, thereby increasing
the treatment expenses.

In the present study, no differences in
the reduction of BOP 6 months after
treatment were found between laser
treatment and treatment with the air-
abrasive device. Although oral hygiene
improved greatly and absence of plaque
at implants treated was found at many
implants, a large proportion of the
implants continued to have BOP at the
month 6 post-treatment assessments. In
the present study, BOP was graded to
discriminate the severity of inflamma-
tion. It could be argued that when
measuring around an implant, it is easy
to traumatize the tissues, resulting in a
dot of bleeding. This may not represent
an actual inflammatory response. If
a line or a drop was considered
as representative of inflammation,
approximately 30% of implants in the
laser- and air-abrasive-treated groups
presented with bleeding, which was
consistent with other data (Schwarz et
al. 2006a).

In cases with periodontitis, good pla-
que control has been identified in many
periodontal studies as a prerequisite for
good treatment results (i.e. Axelsson et
al. 2004). Good plaque control is also a
prerequisite for success in implant main-
tenance therapy (Roccuzzo et al. 2010).
In a previous study (Renvert et al. 2009)
assessing the efficacy of non-surgical
mechanical debridement of implants
with a diagnosis of peri-implantitis
oral hygiene, although significantly
improved in comparison with baseline,
remained with insufficient plaque index
scores. In that study, following careful
instructions, manual toothbrushes were
used as the method of oral hygiene. In
the present study, subjects were
instructed in the use of a sonic tooth-
brush (Philips Oral Healthcare). The use
of a sonic toothbrush to maintain oral
hygiene around teeth appears to have
clinical benefits in comparison with the
use of manual toothbrushes (O’Beirne
et al. 1996, Zimmer et al. 2002). Differ-
ent from the study by Renvert et al.
(2009) although treated by the same
clinician (C. L.), the subjects in the
present study obtained a very good level
of plaque control at their implants. In

Fig. 8. Proportions of implants with a visible presence of plaque at baseline, 2, 6 and 12
weeks and 6 months after treatment in the two study groups.

Table 1. Proportional changes in probing pocket depth between baseline and month 6 defined at
the implant level (mean value of four sites/implant)

Probing depth changes Laser treatment (%) Air-abrasive treatment (%)

Decrease (mm)
X4 0.0 0.0
3.1–4.0 1.9 2.2
2.1–3.0 4.2 7.9
1.1–2.0 12.1 14.0
0.1–1.0 37.4 29.2

Unchanged (mm)
0.0 35.0 35.4

Increase (mm)
0.1–1.0 7.9 7.9
1.1–2.0 1.4 1.7
2.1–3.0 0.0 1.7
3.1–4.0 0.0 0.0
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spite of this, many of the study subjects
in both groups still had clinical evidence
of peri-implantitis and significant levels
of clinically visible inflammation
expressed both as BOP and suppuration,
indicating that both treatment modalities
are insufficient to treat deep peri-
implantitis defects.

BOP appears to be a common finding
around oral implants (Bonde et al. 2010,
Koldsland et al. 2010). The width of
keratinized mucosa around implants
may or may not explain plaque accu-
mulation and bleeding (Kim et al. 2009,
Schrott et al. 2009). One of the primary
problems in assessing the extent of
inflammation around implants is the
design of the supra-structures. Thus, it
is often difficult to gain adequate access
to the implant surfaces for clinical mea-
surements. In the present study, all
supra-structures were removed before
measurements and clinical procedures
providing the best access possible. In
the present study, we also applied two
methods for the assessment of tissue
inflammation: (I) the conventional

bleeding index (bleeding or no bleeding)
and (II) an index suggested for assess-
ments around implants (Mombelli et al.
1987, Schrott et al. 2009). There appears
to be a need to develop specific methods
for the assessment of inflammation
around titanium dental implants.

The scientific literature on the use of
radiographs to assess alveolar bone
conditions around dental implants is
extensive. Early evaluations of interven-
tions and follow-up are also common
using 3-, 6-, 9- or 12-month follow-up
periods (Huynh-Ba et al. 2008, Bergk-
vist et al. 2009, Kronstrom et al. 2010).
A 6-month period to assess bone
changes by analysis of the intra-oral
radiographs may be considered as a
short evaluation period.

Approximately 50% of subjects in
both the groups showed improved clin-
ical conditions as an effect of the study
intervention. One explanation why the
two treatment modalities had similar
and limited success might be the fact
that due to the severity of disease, the
instrumentation was unable to have an

impact on the microbiota around the
implants. Further studies are needed to
assess the impact of laser and air-abra-
sive treatments of cases with peri-
implant mucositis and peri-implantitis,
and whether there are threshold values
beyond which non-surgical intervention
may not be possible.

Another explanation may be that both
treatment modalities resulted in tissue
trauma resulting in progressive bone
loss around the implants. The settings
for the Er:YAG laser in the present
study were, however, below the defined
risk values reported recently (Stubinger
et al. 2010). None of the subjects in the
laser study group presented with serious
adverse events following therapy. Like-
wise, and consistent with studies using
the air-abrasive device in periodontal
pockets around teeth (Moëne et al.
2010), no serious adverse events were
identified in subjects treated with the
air-abrasive device.

A common problem in clinical dental
research is the availability of study
subjects who meet the defined inclusion
criteria. This problem also exists in
studies related to the treatment of peri-
implantitis. Furthermore, the criteria for
clinically relevant treatment outcome in
the management of peri-implantitis vary
considerably between available studies.
In the present study, we considered
potential errors in measurements of
probing pocket depth and what might
be a reasonable clinical improvement.
Given the time-consuming and expen-
sive removal of implant prosthesis
before treatment with either of the two
devices, we decided that for one method
to be superior to the other, a 1 mm
difference in the clinical change of
PPD would be required.

In conclusion, the results of therapy
of subjects with peri-implantitis after 6
months are similar between treatments
using an Er:YAG laser or by the air-
abrasive PERIO-FLOWs for debride-
ment of implants diagnosed with severe
peri-implantitis. Both methods resulted
in a reduction of PPD, the frequency of
suppuration and bleeding at implants
with a diagnosis of peri-implantitis.
The overall clinical improvement was
limited.
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Clinical relevance

Scientific rationale for the study:
Presently, limited evidence exists
on the efficacy of treatment interven-
tions following non-surgical treat-
ment of peri-implantitis.
Principal findings: The overall clin-
ical improvement was limited. Simi-

lar treatment results were obtained
for the implants treated by the air-
abrasive PERIO-FLOWs or with the
Er:YAG Key 3 laser. Both methods
resulted in a reduction of probing
pocket depth, the frequency of sup-
puration and bleeding.

Clinical implications: Clinical condi-
tions at advanced peri-implantitis
lesions improve following laser or
air-abrasive treatments. Neither laser
nor air-abrasive treatments predicta-
bly resolve advanced cases of peri-
implantitis.
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